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NATIONAL INSTITUTES OF HEALTH
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 to June 30, 1971
Office of the Director

During FY 1971 the National Heart and Lung Institute expanded its programs
and operations to achieve increased understanding of the cardiovascular and
respiratory systems in health and disease, and to improve control of diseases
of the heart, lungs and circulation. The scope of Institute programs ranged
from research, development, to training. Studies directed toward prevention,
diagnosis, and control of disease were continued in six key research areas:

1) arteriosclerosis (coronary, cerebrovascular, and peripheral); 2) cardiac
diseases (congenital and rheumatic heart disease, heart failure and shock);

3) hypertension and kidney disease; 4) chronic lung disease; 5) thrombosis
and hemorrhagic diseases; and 6) cardiac replacement, including transplanta-
tion, circulatory assist, and artificial heart development. These disease-
oriented activities were supported by extensive fundamental research on the

structure, function, metabolism, performance, and regulation of the circula-
tory and respiratory systems and their components. Over the years the Insti-

tute has generated a broad data base of fundamental knowledge. Much effort
is currently being expended to translate basic findings of special preventive
or therapeutic promise into broadly based action programs. The reorganization
of the Institute along functional lines has improved its ability to respond
to the changing needs for cardiovascular and respiratory programs. The Insti-

tute is currently seeking new ways to synthesize the results of fundamental
research, for planning and implementing the application and utilization of
these results in the practice of medicine, and for disseminating information
about new developments of interest and value to the professional and lay com-

munities. Attempts are being made to make the programs of the Institute more
responsive to identified national needs and to close the current gap between
what is known and what is practiced in clinical medicine. Resources are being
mobilized to exploit opportunities for significant advances likely to evolve
from the accumulation of knowledge. The Institute is planning an integrated
series of activities focused on the central problem of conquering circulatory
and respiratory diseases, involving teams of experts trained in different dis-

ciplines, and coordinating the expertise available in the Institute's various
research and training activities.

*

Cardiovascular disease continues to be the leading cause of death responsible
for about 54% of all deaths, as compared with cancer, the next common cause,

at about 16%. Recently emphysema and other chronic lung diseases have begun

to rival heart disease as a cause of disability, and the mortality from these

diseases is also rising alarmingly. Thus, the mission of the Institute re-

mains a matter of vital concern to the health of the nation.

A number of organizational and program changes were initiated or implemented

during 1971. In November 1969, the name of the National Heart Institute was

changed to the National Heart and Lung Institute to reflect the amplification
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nf ,-tc mi^inn to include the support of research, investigations, and demon-

sJrat on relating to the lung as well as to the circulatory system. The In-

stUule's Advisor? Council was expanded to provide expertise in pulmonary

d ea es and on June 23, 1970, an Office of the Associate Director for Lung

oroarams was established to implement the new functions of the Institute.

Th?Tfice is responsible for assessing the national need for research in the

causes prevention, diagnosis, and treatment of pulmonary disease and for the

tr n ng f profe sional manpower in this categorical disease area by evalu-

ating current resources in each area and identifying operational objectives

for satisfying the program plan for meeting the identified objectives. It

will establish and maintain cooperative working relationships with orgamza-

tonal units within the federal structure, and with the National Advisory

Heart and Lung Council and other advisory committees Dr Claude Lenfant was

appointed Associate Director for Lung Programs in October 19/0.

The Institute has moved rapidly ahead to identify critical problems in respi-

ratory diseases. In June 1970, the Institute sponsored a meeting of Pulmo-

nary Directors to discuss the research and training needs in the pulmonary

disease field. The topics considered included: 1) training in pulmonary

disease control; 2) research opportunities and needs in the pulmonary field;

3) intensive respiratory care; and 4) problems of clinical management of pa-

tients with chronic luna disease. The report and recommendations of this

qroup of 150 scientists and physicians have proved valuable in shaping the

Institute's pulmonary disease program. One of the key problems identified

was the need for more physicians well trained to treat pulmonary diseases.

As mentioned below a Pulmonary Academic Award was established later in the

year in response to this need.

In order to proceed with the implementation of the Lung Program's goals a

Respiratory Diseases Branch was established within the Institute's Collabora-

tive Research and Development Program. This branch will plan, develop, and

administer a directed program in the field of detection and prevention of

chronic respiratory disease, and the identification and improvement of methods

of care for respiratory patients. Intramural research and extramural grants

activities in the pulmonary area are also in progress.

On June 12-13, 1970, the National Heart and Lung Institute convened a panel

on Hyperlipidemia and Premature Atherosclerosis. Its mission was to evaluate
the opportunities and requirements for a program which would apply the most
sophisticated techniques available to the detection and management of pre-
mature atherosclerosis associated with hyperlipidemia. The panel concluded
that further federal assistance is necessary to effect the optimal application
of new knowledge acquired through many man-years of research. It foresaw an

opportunity to benefit a large number of patients in individual studies. The
panel recommended that the Institute fund a number of coordinated lipid labo-
ratories where quality control of both methods and interpretation will be
monitored, new diagnostic tests developed and evaluated, physicians will pro-
vide consultation on diagnosis and therapy (including assistance from dieti-
cians), data on prevalence will be uniformly collected and forwarded for central
collation, and important research questions relevant to hyperlipoproteinemia
will be studied by the most sophisticated techniques available. The preven-
tion of premature atherosclerosis through the treatment of hyperlipidemia is
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a primary goal of the Institute. In order to capitalize on recent advances

in the understanding of hyperlipidemia, the Institute has established a Lipid

Metabolism Branch, This Branch will plan, develop, and administer a national

program to improve the diagnosis and management of lipid-related disorders

and will coordinate the efforts of the lipid laboratories recommended by the

panel. The Branch is headed by Dr. Robert I. Levy.

The mandate of what was formerly called the Artificial Heart Program has been

broadened to include the development of devices needed to support patients

with chronic lung disease and the name of the program has been changed to Med-

ical Devices Applications Program. Dr. Frank W. Hastings, a prominent figure

in artificial heart development and chief of the program died in February 1971.

The new directed research programs in Respiratory Diseases and Lipid Metabolism,
the amplified Medical Devices Applications Program, and the two previous pro-

grams on Myocardial Infarction and National Blood Resources have all been

grouped under the post of Associate Director for Collaborative Research and

Development.

During FY 1971 the Institute convened a Task Force on Arteriosclerosis to de-

velop plans designed to prevent and control the disease process and treat its

complications, in order to reduce the number of victims and minimize the loss

of health and of productive life. Specifically, the NHLI Task Force on Arte-

riosclerosis will: 1) make a thorough assessment of the realistic opportuni-
ties for reducing the premature morbid event and death rate resulting from
the disease process; 2) make recommendations for any new studies necessary to

make feasible the control and prevention of arteriosclerosis; 3) consider
what measures should be made available to the public for minimizing the effects
of the disease; and 4) assess the adequacy of the Federal Government's role in

dealing with the problem of arteriosclerosis. The report by the Task Force
will be submitted to the Institute on June 30, 1971, and will be used for pur-
poses of future program planning in this area.

A Workshop on Teaching Aids in Cardiology was held on April 7-8. Scientists
and physicians with experience in the use of modern teaching technology met
to discuss current educational needs in cardiology, and the role of the Insti-
tute in meeting these needs. The increased student enrollment, the increased
amount of knowledge to be taught as science advances, and the pressure to re-

duce the number of years of training in medicine have created an educational
crisis which calls for new approaches to education. Also, the rapid advances
in medical knowledge have created a need for continued self-education and re-
fresher courses for medical practitioners. The Workshop participants will
submit their conclusions and recommendations in a report to be considered by
the Institute in future program planning.

Some of the new appointments within the Institute during FY 1971 were: Dr. W.

Glen Moss became Deputy Associate Director for Extramural Research and Train-
ing; Dr. Manning Feinleib was made Chief of the Epidemiology Branch in the
Clinical Applications Program; Mr. Lyman Moore was appointed Executive Officer
for the Institute; and Mr. James E. Pierce, Jr. was named Institute Personnel
Officer.
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The backbone of the Institute's activities in fulfillment of its mission con-

tinued to be its large, diversified research grants program, which during FY

1971 supported approximately 1,700 research projects. In addition to these

regular research grants, the Institute carried on a number of special research

and development programs supported through grants or contracts. In these di-

rected research programs the Institute is seeking to expedite the development

of methods for reducing premature deaths and disability from disease by stan-

dardization and reduction to practice of new diagnostic and therapeutic pro-

cedures for seeking out and treating individuals at high risk of developing

disease.

In the case of arteriosclerosis, research supported by the Institute has pro-

duced a substantial body of knowledge on the physiological mechanisms of the

disease, on factors which influence its progressive development, and on the

management of its major clinical manifestations: heart attacks, stroke, and

peripheral vascular disease. It is now timely to exploit this body of infor-

mation in a total coordinated approach by: 1) seeking out susceptibles , par-

ticularly among the prime age groups; and 2) reducing to practice methodol-

ogies and procedures which have heretofore only been available in highly so-

phisticated research settings. The Institute has issued specific requests

for proposals for implementing each facet of this collaborative program. It

is the intent of the Institute to continue this program until it brings the

desired results, i.e., until the physiological mechanisms of the disease, the

factors that influence its progression, and the management of its clinical

manifestations can be defined, and recommendations made for the prevention and

treatment of the disease in the population at large.

Among the various manifestations of arteriosclerosis, the Institute places

major emphasis on programs in coronary heart disease (CHD) because it repre-

sents the nation's number one killer. The major thrusts against CHD are:

1) the earliest possible identification of the highly susceptible individual;

2) modifications or elimination, where possible, of factors known to increase

CHD risk in the hope of preventing the development of the disease or else

aborting or delaying the onset of its severer consequences, such as acute

heart attacks; 3) development of improved techniques of diagnosis, patient

monitoring, and treatment to improve survival among victims of acute heart

attacks; and 4) the development and evaluation of therapeutic measures to min-

imize residual disability among heart attack survivors and to protect them

against recurrent attacks and other complications of pre-existing coronary

heart disease. While there are at present no cures for atherosclerosis and

coronary heart disease the outlook for immediate and long-term survival has

been improved by new concepts of intensive medical care, improved resuscita-

tive measures, drugs for coping with heart failure and other complications of

the acute attack. Clot-dissolving agents such as urokinase may provide still

other powerful weapons against coronary thrombosis and other thromboembolic

complications of atherosclerosis and these are being evaluated by the Insti-

tute as well. But the greatest hope for substantially reducing mortality

from coronary heart disease lies in devising effective means of prevention

and the Institute now has several studies underway to achieve this goal.

Further understanding has been gained of risk factors of importance in coronary

disease, stroke, and peripheral vascular disease. Data from the Framingham
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study provide strong evidence that the three risk factors of elevated blood
pressure, elevated blood cholesterol, and cigarette smoking are significantly
related to excessive risks in these three forms of arteriosclerosis. Major
goals of the present Framingham study are to verify the data collected since
1948 on the frequency of heart disease and of factors increasing the individ-
ual's risk of developing coronary heart disease, to document events surround-
ing the acute episode, and to determine why some patients delay in seeking
medical assistance despite serious symptoms.

Basic research has shown that two groups of patients are especially prone to
develop heart attacks early in adult life. They are designated Types II and

IV hyperlipoproteinemias on the basis of specific disorders of the lipids in

their blood. Both types, but particularly Type II, appear to pass the dis-
order from parents to children. In both cases the high blood lipid levels
can be corrected by specific, although different diet and drug regimens. In

its new Lipid Research Clinics, the Institute plans to determine how many such

people there are in the population at large, how best to diagnose their ab-
normality, and most importantly, determine just what effect lowering of the

blood lipids has on their risk of heart attack. It is expected that reduction
of blood lipid levels will reduce the risk of heart disease in these patients
but this fact remains to be proven. The Coronary Drug Project is another
study aimed at prevention. This study involves about 8,000 patients in 55

clinics across the United States. The drugs under study are: conjugated
equine estrogens, d-thyroxine, clofibrate, and nicotinic acid. The project
is designed to determine whether and to what extent lipid-lowering drugs con-

fer protection against recurrent heart attacks and other complications of pre-

existing coronary heart disease in men who have previously experienced one or

more heart attacks. The Institute is also planning a program to prevent
heart disease and strokes by controlling high blood pressure in patients in

the community. Studies conducted in Veterans Administration hospitals have
provided strong indications that blood pressure can be controlled and the com-

plications of persistent high blood pressure prevented. Proof that control-
ling blood pressure in the general population will reduce heart attacks and

strokes has yet to be established and this will be the aim of the study.

The Institute has many studies underway on therapeutic measures for cardio-
vascular patients. The myocardial infarction research units continued to pro-

vide new knowledge on how to care for patients who arrive at a hospital having
had a heart attack. The Myocardial Infarction Branch also has a number of

projects concerned with the detection of individuals at high risk of sudden
death, and the development of effective therapy for these patients, as well

as rehabilitation of the patient following the heart attack. The Medical De-

vice Applications Program is seeking to reduce death and disability from
cardiovascular and respiratory diseases through the development of devices
and techniques providing temporary or permanent assistance for patients with
failing vital functions. The Institute has established a test and evaluation
program where these new devices are subjected to thorough and extensive test

and evaluation prior to use in patients.

Blood clotting is a problem in heart and lung disease as well as in the devel-

opment of life support devices. The Institute's National Blood Resources Pro-

gram (NBRP) has just completed a clinical trial of urokinase, a substance
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which dissolves blood clots. The results have been so promising that the In-

stitute is moving forward to the second phase of the trial to compare uroki-

nase with another clot-dissolving drug streptokinase and to evaluate these

drugs in myocardial infarction as well as pulmonary embolism cases. The NBRP

has also been successful in attacking the problem of hepatitis which can be

acquired from blood transfusions. New tests have been developed which will

detect the presence of hepatitis virus in blood so that the use of contami-

nated blood will be minimized for transfusion. The NBRP is currently develop-

ing new therapeutic regimens for treating patients with sickle cell crisis.

This disease is limited to black people. Until recently, the only therapy

available was massive blood transfusion. The new therapeutic efforts will be

coordinated with other institutes at NIH as well as with the Health Services

and Mental Health Administration. The Sickle Cell Anemia Study has been de-

signed to achieve the following objectives: 1) to determine the most effec-

tive therapy against sickle cell crisis; 2) to develop new knowledge to eluci-

date and overcome the fundamental biological problems in sickle cell anemia;

3) to ascertain the feasibility and value of community-screening programs for
sickle cell disease and sickle cell trait; and 4) to improve public knowledge
concerning the disease. Another blood problem under study by the Institute
is present blood banking practices as they relate to the special needs of
hemophiliacs for fractions of blood rather than whole blood.

The National Heart and Lung Institute bears primary responsibility for the
conduct, support, and coordination of basic and clinical research concerned
with increasing the store of medical knowledge of the structure and function
of the pulmonary system and with developing improved methods for the preven-
tion, diagnosis, and relief of chronic lung diseases. The NHLI programs are
coordinated with those of the National Institute of Allergy and Infectious
Diseases - which has strong research programs in acute pulmonary infectious
diseases and allergies that may operate in the development of chronic lung
diseases or complicate their clinical course - and the National Cancer Insti-
tute, whose programs focus on pulmonary malignancies. During FY 1971 the
Institute initiated several new pulmonary programs. A Pulmonary Academic
Award Program was established in response to the identified need for more
physicians well-trained to treat lung diseases. A study is planned to deter-
mine how many people have a genetic predisposition to emphysema by virtue of
the fact that they lack a particular enzyme called alpha-i antitrypsin. In-
tensive respiratory care units are planned and the Institute is starting a

systematic study of the whole field of respiratory assist devices. Plans are
also underway for an intramural research laboratory.

Bearing directly on the program activities previously described is a new NHLI
program for the establishment and support of a limited number of Specialized
Centers of Research, each attacking high-priority research or clinical prob-
lems in one of the following disease areas: arteriosclerosis, hypertension,
thrombosis, and pulmonary diseases. By focusing resources, facilities, and
manpower on particular disease problems, the Institute hopes to expedite the
development and application of new knowledge essential for improved diagnosis,
treatment, and prevention of these disorders. The Institute will coordinate
the research in the Specialized Centers with the collaborative contract re-
search effort and the results of basic research supported by the Institute.
These centers will emphasize research approaches which are not adequately
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covered by the research grant, program project grant, or contract mechanisms
and which are needed for a balanced Institute program covering all aspects of
respiratory and circulatory diseases.

Among the many accomplishments of the Intramural Research program during FY

1971 the elucidation of the complete structure of the parathyroid hormone by
NHLI scientists received a great deal of scientific attention. Since the last
annual report numerous honors and awards have been conferred on NHLI staff
members: Dr. Donald S. Fredrickson , Director of Intramural Research and Chief
of the Molecular Disease Branch, received a 1971 Modern Medicine Award for
Distinguished Achievement and also the DHEW Distinguished Service Award; Dr.

Robert L. Ringler, Deputy Director was given the DHEW Superior Service Award;
Dr. Bernard B. Brodie, Chief of the Laboratory of Chemical Pharmacology re-
ceived four honors: from the New York Academy of Sciences, the New York Med-
ical College, the American Therapeutic Society, and the American Academy of
Achievement for outstanding achievement in experimental therapeutics; and Dr.

Frederic C. Bartter, Medical Director and Chief, Endocrinology Branch, Intra-
mural Research and Dr. Robert L. Bowman, Medical Director and Chief, Labora-
tory of Technical Development, both received DHEW Meritorious Service Medals.
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PHS - NIH
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 to June 30, 1971

OFFICE OF HEART AND LUNG INFORMATION

The primary goals of the Office of Heart and Lung Information are

. to promote public understanding of the National Heart and Lung
Institute and to enlist public support for its research and
training activities directed against cardiovascular and lung
diseases.

. to disseminate to the general public and to the health profes-
sions the results of research carried out or supported by the
Institute.

. to publicize and promote new programs in order to generate
interest and encourage participation by members of the
scientific community.

This report will summarize OHLI activities during Fiscal Year 1971 in the
following areas: 1) publications, 2) press and media services, 3) exhibits,
and 4) information retrieval.

PUBLICATIONS

During this reporting period, the OHLI Publications Unit distributed 1,360,827
publications, more than double the total number distributed during FY 1970.
Most of the publications were distributed in conjunction with a major physi-

cian education campaign on the diagnosis and dietary management of
hyperlipoproteinemia, utilizing the Handbook for Physicians and dietary
manuals for each of the five types of hyperlipoproteinemias produced under

the direction of the NHLI Molecular Disease Branch. The series is currently
in its sixth printing, and more than one million copies have been distributed
since its publication in February 1970.

Companion literature, consisting of summary charts on the hyperlipoproteinemias
and on diet and/or drug therapy, was prepared by OHLI for use with exhibits
and for answering lay and professional inquiries. An order form pad for use
with exhibits was also produced.

The Publications Unit is also assisting in the preparation and distribution of

a leaflet describing the Type II Hyperlipoproteinemia Coronary Prevention
Study to be carried out by the NHLI Cardiology and Molecular Disease Branches.
The leaflet will be mailed to all medical societies in the Washington metro-
politan area to assist in recruiting patients for the 5-year study, which is

scheduled to begin in July 1971.

The Publications Unit provided assistance to other NHLI components in the

preparation, editing, production, and distribution of the following publica-
tions: Proceedings of the Conduction Development Conference; NHLI Orientation
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Factbook; Report of the NHLI Panel on Hyperlipidemia and Premature Athero-

sclerosis; the NHLI Twin Study (coronary risk factors); a fact sheet on

Federal Assistance Programs in Pulmonary Disease; the monthly issuances of

the Framingham Cardiovascular Survey; and the monthly Heart Transplantation

Summary. Currently being readied for printing is the Report of the NHLI Task

Force on Atheriosclerosis.

In addition, OHLI reprinted its catalog of information and educational

materials and three earlier publications: A Handbook of Heart Terms, How

Doctors Diagnose Heart Disease, and Inborn (Congenital) Heart Disease.

Assistance was also provided throughout the year in the production of numerous

slides used by the Office of the Director in conjunction with speeches, orien-

tation sessions, and outside meetings.

As in past years, the Publications Unit continued to make effective use of

promotional mailings, press releases announcing the availability of publica-
tions, radio spots, and other means to generate interest in OHLI or NHLI

publications.

PRESS AND MEDIA

OHLI issued 21 press releases during the year announcing new programs, new
staff appointments, and research findings reported by NHLI scientists or
grantees. OHLI also provided assistance to numerous science writers and
newspaper reporters developing stories on research or program developments
within the Institute.

The NHLI studies on hyperlipoproteinemia were the subject of a great many
followup articles, including a major piece in Look Magazine. Other stories
receiving major coverage were Dr. Henkin's studies on taste perception in
health and disease; Brewer's studies establishing the chemical structure of
parathyroid hormone; Anderson and co-workers' studies on the role of initiatioi
factors as regulators of hemoglobin synthesis; and the results of the clinical
trials of urokinase against pulmonary embolism.

EXHIBITS

During FY 1971 OHLI presented exhibits at 16 meetings with a total attendance
of about 134,000. The two exhibits most extensively used during the past
year were

"Hyperlipoproteinemia," a 20-foot exhibit describing the NIH
system for identifying and classifying blood-lipid abnormalities
on the basis of blood lipoprotein patterns. It describes the
steps involved in lipoprotein analysis, provides examples of a
normal pattern and patterns indicative of each of the 5 recognized
types of hyperlipoproteinemia, and illustrates physical signs and
symptoms commonly resulting from these disorders. The exhibit
also features a slide show discussing in considerable detail the
diagnosis and treatment of all 5 types. The exhibit serves as a
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distribution point for the hyperlipoproteinemia booklets described

earlier under "Publications."

"The NHLI Artificial Heart Program" is a 20-foot exhibit displaying

all components and subsystems of two types of heart assist devices

developed under AHP contracts. One is the Bernhard-TECO blood

pump, which takes up blood from the left ventricle as the normal

heart contracts and discharges it into the descending aorta as

the heart refills. The other is an intra-aortic balloon that,

when inflated and deflated in proper synchrony with heart beat

helps maintain systemic blood pressure while reducing the cardiac

workload.

INFORMATION RETRIEVAL

Whatever the medium used for disseminating information—pamphlet, report, press

release, film, speech, exhibit, script, letter—authentic and adequate subject

matter is the required ingredient. Hence an activity basic to operation of

the Office of Heart and Lung Information is systematic development of informa-

tion resources. This assures that essential stores of data and documents will

be at hand from which to draw facts for the substantive content of

informational products and services.

The Office of Heart and Lung Information collects and has available elements

of information in three main categories: 1) on the various aspects of the

National Heart and Lung Institute and its activities, 2) on the results and

contributions of the Institute's research and research support programs to

biomedical progress, and 3) on the existing and developing knowledge of the

heart, lung, and circulation, and diseases that affect them.

Acquisition of materials in all categories was continued during the year.

Resources in the first category provided organizational, legislative, back-

ground, biographical, and other kinds of information and data to the OHLI

staff and also assisted other parts of the Institute.

Documentation of research conducted and supported by the National Heart and

Lung Institute provided elements of research information essential for research
reporting and other functions of the Information Office. An estimated 3,500
NHLI-credited scientific papers and 600 abstracts were located and recorded
through regular screening of approximately 475 journals. Reprints of many
were quickly obtained and added to OHLI ' s research reference materials. Such
information was continuously furnished the OHLI staff for immediate informa-
tional uses. The resources were often utilized to provide information to
other NHLI units. Two Institute offices were supplied with special "current
awareness" service.

Reference materials in the third category, comprised of index volumes, texts,
reports, journals, and source files of selected items on subjects on special
interest, were broadened only slightly as lack of space limited desirable
expansion. Frequently consulted, available materials gave ready access to
subject matter needed for a variety of informational purposes.
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THE LUNG PROGRAM

of the

NATIONAL HEART AND LUNG INSTITUTE

ANNUAL REPORT

July 1, 1970 through June 30, 1971

In November, 1969, the Institute's mandate was broadened to Include pulmonary

diseases, and in October 1970 Dr. Claude Lenfant joined the Institute as

Associate Director for Lung Programs, This program now comprises a Pulmonary
Diseases Branch, established August 1969 within the Extramural Program; a

Respiratory Diseases Branch, established January 1971 within the Collabora-

tive Research and Development Program; and a Pulmonary Function Laboratory,

established March 1971 as a service to the Clinical Center activities. In

addition, a Pulmonary Training Committee was designated in October 1970

within the Training Grants and Awards Branch of the Extramural Program. The

planned Intramural Pulmonary Program is still to be implemented. The former

Cardiovascular Study Sections of the NIH have been renamed Cardiovascular

and Pulmonary Research Study Sections to reflect the increased emphasis on

diseases of the lung.

Broadly stated, the objectives of the Lung Program are to eliminate or to

minimize the health problems and economic burdens accruing from diseases of

the lung. To achieve its goals, the Program is using various supportive

mechanisms (grant and contract) , encouraging various research approaches

(fundamental and clinical), capitalizing on opportunities for training

pulmonary physicians (academic and care delivery) , and is activelv fostering

close working relationships with other agencies whose goals are similar or

complementary. Because related activities are often supported by diverse
mechanisms, the Program is actively encouraging and helping to implement

meetings where participants in different research and training programs can

exchange ideas and information, so that these programs will be mutually

reinforcing and redundance will be minimized.

The Lung Program is placing special emphasis on those respiratory diseases

that represent national health problems. These include chronic obstructive

pulmonary diseases (COPD) , acute respiratory distress syndromes (RDS) , and

interstitial diseases. While the public health problems of COPD and RDS are

well documented, it is less well recognized that almost 200 different

syndromes have been identified as interstitial diseases of infectious,

allergic, or occupational origin. These are diseases of extreme morbidity,

are on the increase, are a major cause of respiratory problems in the young

adult, and may be implicated as a cause of COPD.
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Recognizing that the problems of lung diseases must be attacked on many
fronts, the Lung Program welcomes diverse approaches, but will particularly
encourage those which show promise and have been receiving insufficient
attention from the biomedical community. A better understanding of the
natural history and epidemiology of respiratory diseases is essential to
elucidate the roles of genetic, environmental, or occupational factors as

causes or as exacerbating agents. Fundamental studies of defense mechanisms,
immunologic reactions of the lung, pharmacology of lung tissue and airways,
and of non-respiratory functions of the lung are important approaches to

finding clues to more effective prevention and treatment. Also essential
are the development of animal models and their use to develop sensitive
pulmonary function tests that will lead to methods for detecting lung disease
in humans before the appearance of obvious—often irreversible—symptoms.
Well-controlled studies and demonstrations are needed to assess the effective-
ness of rehabilitative regimens, which pilot studies indicate to be useful
in reducing the morbidity and economic burdens from lung diseases. Finally,
it is abundantly clear that these goals can only be achieved if professional
manpower is available both in sufficient number and adequately trained to

conduct research, to care for patients and to train pulmonary phvsicians.
Hence, the Lung Program will foster activities to attract scientists and
physicians to pulmonary medicine and to train them properly for their
future roles.

The Lung Program's direct responsibilities include assessing national needs,
developing plans to meet them, and initiating specific activites that draw
together the various threads of its program. However, the supportive
mechanisms for implementing the program are administered through the
Institute's various Branches. The details of activities initiated or
continued during fiscal year 1971 are elaborated in the sections of this
Annual Report prepared by the Extramural, Collaborative, Clinical Applications,
and Intramural Program Offices. In addition, the Lung Program Office has
planned activities that were implemented through other programs, has arranged
meetings, prepared informational material, and generally maintained close
liaison to insure a cohesive lung program that represents a coordinated effort
throughout the Institute.

Experts from the research community and professional pulmonary societies have
been invited to assist the Lung Program Office in identifying major issues
that should be addressed. In addition to the June 1970 meeting of Pulmonarv
Program Directors, a small group of consultants was invited, in December,
1970, to advise about research areas and diseases that should be encompassed
when the Institute designates a task force to survey research needs in the
pulmonary field. The task force will be activated in the early fall of
1971, and its activities will be coordinated with those of workshops on
specific problems such as epidemiology, pediatric pulmonary disease, and
lung pathology.

LP-

2



As an initial step in its long-range plans to attract and provide training
opportunities for professional manpower, the Program Office awarded a con-

tract to survey the manpower presently available and to assess manpower
requirements in the pulmonary field.

For the information of pulmonary researchers and physicians, the Program
Office issued a fact sheet ("Federal Assistance Programs Relative to

Pulmonary Diseases") which describes the kinds of pulmonary-related

activities supported by various Federal agencies and names the persons or

offices where more information can be obtained.

To assure coordination among the various segments of the lung program, the

Program Office plans to arrange meetings of (1) Directors and key investi-

gators of the Pulmonary SCOR program; (2) Participants in the Pulmonary

Academic Award program; (3) Workshops that will include participants whose

work is supported by grants, contracts or awards, and that will be addressed

to topics selected because they need strengthening in various facets of the

lung program.

Although development of an Intramural Pulmonary Program has been delayed

because of lack of space and available professional staff, the Program Office

has initiated a pulmonary function laboratory which will serve the needs of

the Clinical Center. Space has been provided, equipment ordered, and

minimal professional staff recruited. It is anticipated that the laboratory

will be operational by the early fall, 1971.

To provide a comprehensive view of the Institute's Lung Program, the

activities supported during the current fiscal year are highlighted below

in terms of the Program's goals rather than in terms of supportive mechanisms,

- Epidemiologic studies to determine prevalence, incidence .

etiologic factors and risk factors in respiratory diseases are

focused primarily on chronic obstructive lung diseases and

strongly emphasize the role of alpha^ antitrypsin deficiency

in its etiology. Epidemiologic studies represent onlv a small

segment of the regular research grant activities, but the

Pulmonary SCOR Program includes four Centers with a major

emphasis on epidemiology (one on interstitial diseases) and

two Centers that have an epidemiologic component as part of a

broader program. The Clinical Applications Branch of the

Institute is drawing upon resources of its Honolulu Heart Pro-

gram to explore the possibility of using available frozen sera

to determine alpha^ antitrypsin. If this proves feasible, the

studies will be extended to the Framingham, Puerto Rico, and

possibly Israel, population studies. More recently, the Respiratory

Diseases Branch of the Collaborative Research and Development

Program has awarded contracts to several institutions for studies

of alpha^ antitrypsin. Two of the contracts are for studies closely

related to the Center programs at the same institution. It is

anticipated that the planned workshop on epidemiology will serve

to weld these activities into a more effective program and to

minimize false starts and redundant studies. Two other contracts
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may be viewed as providing a national resource in that they will

be reference laboratories with capabilities for a large number

of analyses and for research on new techniques and on identifi-

cation of new phenotypes.

The reliability and practical significance of an epidemiologic

survey will depend in large measure on suitable, sensitive tests

for detecting respiratory disease . Tests that permit early

detection, i.e., before overt and often irreversible symptoms

develop, are also essential to the establishment of effective

treatment regimens. Fundamental studies of pulmonary physiology

provide the scientific base for the development of sensitive

tests and the Extramural research grant program supports most

such studies, although several of the Pulmonary Centers also

include them.

Treatment of lung diseases , particularly chronic lung diseases,

is notably ineffective and a variety of approaches are being

explored. These include inhalation therapy, intensive res-

piratory care, rehabilitative therapy, and transplantation.

The development of membrane oxygenators represents an important

segment of the program supported by the Medical Devices
Applications Branch of the Collaborative Research and Develop-

ment Program, is also part of the Institute's Intramural Program
activities, and, to a small extent, is supported through regular
research or program project grants. The emphasis on oxygenator

development reflects the urgent need for devices more effective

than any now available to support patients requiring respiratory
assistance. Such devices are necessary in respiratory failure

as a consequence of various diseases, in open-chest surgery and

during post-operative care, and in the care of patients with
respiratory distress syndrome.

Because so many modes of therapy involve the use of rich oxygen
mixtures or pure oxygen, and because of the known toxicity of
these gas mixtures under some circumstances, the Respiratory
Diseases Branch is supporting several contracts addressed to

oxygen toxicity and ventilatory assist devices. Along this line
the Medical Devices Applications Branch is surveying the current
status with regard to ventilatory assist devices and the types
of patients that might benefit from them.

Lung transplantation is being explored as a possible therapy but
is still in the experimental phase. In addition to several research
grants, one of the Pulmonary Centers is also involved with studies
of lung transplantation. Methods of organ preservation, which are
important to the field of transplantation, are developed through the
Medical Devices Applications Branch.
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Intensive respiratory care units are available for patient

care at a number of institutions, including community hospitals,

but their use for well-planned research has been minimal. The

regular research grant program supports only a few studies of

intensive care for post-operative patients, and the Pulmonary

Center Program supports research in an intensive care unit at

one institution.

The importance of environment pollutants as causative or

aggravating agents in respiratory diseases cannot be overstated.

Studies addressed to the role of pollutants are included in two

of the epidemiologic programs supported as Pulmonary Centers as

well as in a few research project grants. The Program Office is

mindful of the importance of studies to clarify the question of

whether smoking is a cause of respiratory disease or exacerbates

the disorder. It is evident that the role of environmental

pollutants needs more attention and it is a topic that will be

included in the workshop meeting on epidemiology.

Pediatric pulmonary disease is an important facet of the Institute's

lung program, not alone because of the public health problems that

these diseases present in themselves but also because chronic

pulmonary disease in the adult may have its inception in childhood.

Two Pulmonary Centers have their primary focus on pediatric pulmo-

nary diseases and three other Centers have a sizeable segment

devoted to them. In view of their importance, the Lung Program

plans a workshop devoted to pulmonary diseases of childhood.

Insight into the mechanisms by which respiratory diseases develop

and by which therapeutic regimens delay or reverse the clinical

course are essential to an effective program of prevention and

treatment. This knowledge can only come from fundamental genetic,

biochemical, immunologic, physiologic and pharmacologic studies.

Several of the Pulmonary Centers include studies of one or more

of the following: mucociliary clearance mechanisms, immunologic

reactions in the pulmonary system, pharmacologic and metabolic

disturbances in the lung, and biochemical studies of surfactant.

In addition a sizeable segment of the regular Extramural research

grant program supports such fundamental approaches to disease

mechanisms.

Lung pathology is also an important area which is the focus of

some studies in the research grant program, but is, on the whole,

receiving insufficient attention. For this reason, the Lung

Program plans to arrange a workshop to alert investigators associated

with Pulmonary Centers to the need and opportunities in this

discipline and to encourage the development of this facet of their

programs.
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Although pulmonary training is supported directly only through the post-

graduate training grant, research career award and fellowship programs,
a suitable environment for training receives support through the program
project grant and Pulmonary Center programs. In addition, the new
Pulmonary Academic Award program will enable schools to strengthen their

undergraduate pulmonary teaching and to foster the careers of young
physicians who will devote themselves to pulmonary teaching as well as

research. The Lung Program views the availability of adequate numbers

of well-trained professional pulmonary manpower as central to the success
of its various goals.
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COLLABORATIVE RESEARCH AND DEVELOPMENT
OFFICE OF ASSOCIATE DIRECTOR

ANNUAL REPORT
July 1, 1971 through June 30, 1971

In January, Dr. Ringler, acting Associate Director, relinquished this

function, which was then assumed by Dr. C. Lenfant. During this fiscal

year two Branches were added to the program:

- Lipid Metabolism Branch
Dr. R. Levy

Engaged in studying the structure, metabolism, and functions of

lipids and lipoporteins as they relate to premature athero-

sclerosis. Presently supporting a broad clinical study directly

related to improving the diagnosis and management of hyperlipo-

porteinemia and establishing opportunities for further research

into the causes and treatment.

- Respiratory Diseases Branch
Dr. C. Lenfant, Acting

Conducts programs of research into methods of detecting symptoms

of respiratory disease prior to the occurrence of irreversible

disease; also interested in the improvement of treatment of

respiratory failure and the care and rehabilitation of patients

with advanced chronic respiratory disease.

The other Branches are:

- Myocardial Infarction Branch
Dr. P. Frommer, Chief

- National Blood Resources Branch

Dr. J. Stengle, Chief

- Medical Devices Applications Branch

Dr. L. Harmison, Acting Chief since the death of Dr. F. Hastings

on March 15, 1971.

The resources of the Collaborative Programs have greatly increased during

this year. The total budget for FY '71 rose to over $25 million compared

with over $19 million in FY '70. The distribution of these resources

among the Branches is as follows:

Lipid Metabolism Branch 2.7

Respiratory Diseases Branch .7

Myocardial Infarction Branch 7.6
National Blood Resources Branch 5.4

Medical Devices Applications Branch 8.9
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A. Substantive

The entire program encompasses a great number of activities which are
complementary to those supported by the research grant program.
Indeed, great efforts are made to avoid duplication with regular
grants. Each contract is selected on the basis of several charac-
teristics: the work is timely, relevant to a problem or necessary
to spped up the solution to a specific problem, and is not being
done under another support mechanism. The need for such careful
selection becomes even more apparent with the launching of the
Specialized Centers of Research program through the Extramural
program. The proposals received from the SCOR arteriosclerosis pro-
gram were carefully compared with those coming to the Lipid Metabolism
and Myocardial Infarction Branches. Also, proposals received for
the SCOR pulmonary program were assessed in comparison to those for
the Respiratory Diseases Branch.

In brief, each request for proposal and each contract proposal was
acted upon in light of the unsolicited work supported by the grant-
line mechanism.

The overall program balance was also monitored by comparing and
synchronizing the activities of the various Branches. The Lipid
Metabolism Branch and the Myocardial Infarction Branch compared
their programs. Also, the plans to solicit work on non-invasive
monitoring instrumentation for patient with coronary disease was
done in common by the Medical Devices Application Branch and the
Myocardial Infarction Branch. A trial on the effect of urokinase
in myocardial infarction was developed by the National Blood Resources
Branch in consultation with the Myocardial Infarction Branch.

Distribution of the resources was based on several factors:

- Progress made in the field;
- Advances needed in the field;
- Logistic facilities.

This of course explains why the younger Branches have the smaller
budgets. It may however be anticipated that the distribution could
develop differently on the basis of an evaluation of the program
emphasis which is presently being done.

B. Administrative

The acting Associate Director has made two site visits to examine the
relationship between the various program offices and the contracting
institutions. In general, this relationship is good; both the con-
tractors and the Program Office look upon this association as a

partnership. It is apparent however, that in some instances there is

room for improvement and ways to accomplish this are being examined.

Especially important is the problem of review of the contract proposals.
The entire method is presently being reassessed for the purpose of
assuring high scientific merit and to meeting program needs. Related
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to this is the need for an advisory group for each Branch. The
function of the advisory group will be to survey the field and to make
recommendations to the Branch Office. Work is presently in progress
to provide such an advisory body for each Branch.

Another administrative aspect of importance is personnel recruitment.
It is indeed extremely difficult to find qualified personnel, es-
pecially personnel with good medical backgrounds. New Branches have
difficulty acquiring proper staffing and older Branches replacing
those Project Officers who are leaving.
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THE MEDICAL DEVICES APPLICATIONS PPOGRAM
OF THE

NATIONAL HEART AND LUNG INSTITUTE

ANNUAL REPORT
July 1, 1970 through June 30, 1971

Effective July 29, 1970, the name of the Artificial Heart Branch of the

National Heart and Lung Institute was changed to the Medical Devices Appli-

cations Branch. This change in name indicates the enlarged mission of the

Program following the addition to the Institute of responsibility for lung

disease research. The aim of the Program is the development of a variety

of devices to permit the maximum rehabilitation of patients with different

kinds of heart or lung disease requiring different kinds of therapy. To

implement this, the Medical Devices Applications Program (MDAP) covers the

following areas: 1) the development of a variety of circulatory devices

and supporting technology to assist the weak or diseased heart or to re-

place the irreversibly damaged heart; 2) the development of devices and

supporting technology for monitoring and treating patients with pulmonary

diseases (including emergency, temporary and permanent assistance to the

pulmonary function); 3) research and development of materials that are com-

patible with blood and other body organs and tissues (for use with circula-

tory and respiratory devices to be implanted in the body and for other med-

ical and surgical applications); 4) development of new biomedical instru-

mentation for improved monitoring of patients and earlier and more effective

diagnosis of disease; and 5) the testing and evaluation of the devices de-

veloped by the Program. The testing and evaluation is aimed at ensuring the

transition of these medical devices from the laboratory to the health care

community as expeditiously as is consistent with the protection and maximum

rehabilitation of the potential recipients.

Dr. Frank W. Hastings, who had been head of the Artificial Heart Program

since 1965, died on March 15, 1971. The work of the Proqram has continued

since then under Dr. Lowell T. Harmison, who was designated Acting Chief.

Under the modified systems development approach to medical device develop-

ment, initiated and put into effect earlier by Dr. Hastings, the Program has

continued to enlist the collaboration and expertise of physical scientists

and biomedical groups in medical schools, hospitals, and industry. This

modified systems development approach (as opposed to the sequential step-by-

step approach which is customary in the medical field) is one whereby all

subsystems are considered concurrently and their design, development, test-

ing and assemblage into complete systems is achieved by the coordinated and

directed effortsof various individuals and institutions, each concentrating

on specific problems lying within a particular area of expertise. In accord-

ance with its program plan, which is subject to constant updating, the Pro-

gram Office issues Requests for Proposals (RFPs) requesting work directed at

the solution of specific problems related to the achievement of the program

goals. Responses to such RFPs in the form of proposals are reviewed by three

separate review groups and selections are made on the basis of their likeli-

hood of contributing to the solution of the identified problems. Within the
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relatively broad scope of each RFP the Medical Devices Applications Program

encourages prospective contractors to submit new and oriqinal ideas and

techniques as well as improvements and modifications of existing concepts
and devices.

Several new materials and surfaces have been developed over the last few years
that will not cause blood to clot when used in implanted devices. One of the
most important problems facing the development of circulatory and respiratory
assist devices is the need for materials that are compatible with the blood
and other tissues of the body. Further tests of these materials are being

made to determine whether they are durable enough for long periods of im-

plantation.

An improved capillary membrane oxygenator, which has been under development
by the Program since early 1969, represents a significant advance. The de-
velopment efforts of the Program involved bringing together capillary spin-
ning techniques with materials suitable for 02 and C0£ transport that ex-
hibited acceptable nonthrombogenic characteristics, as well as protein and
enzyme compatibility. The oxygenator is of expected value in support of
longer surgical procedures, as well as in a decrease in current post-opera-
tive complications. It should also be of life saving importance in instances
of acute pulmonary injury, such as physical trauma, (e.g., crushed chest
syndrome), thermal injury (burn patients), and chemical injury.

A device called a "heart squeezer" has been developed that offers great
promise as an organ preservation technique. It consists of a mechanical
cardiac assist cup, drive console, and volume respirator. The results of
current testing on dogs and calves have shown that it is possible to main-
tain organs such as kidneys and lungs for periods up to at least 24 hours.
It should fill a critical gap in supporting transplant therapy. Used in

cadavers, it may double or triple the time doctors have to identify appro-
priate recipients for such organs as livers, kidneys, lungs, and pancreases
and transplant the organs into them.

Tiny engines (some using electrical motors and others using radioisotope
fuels) have been developed that are small enough to be totally implanted
and powerful enough to drive artificial hearts; they are now undergoing
further development to improve reliability and responsiveness to changing
physiological demands.

Two comprehensive Test and Evaluation Centers have been established to pro-
vide thorough, objective evaluation of devices developed under the MDAP.
These Centers will subject devices to intensive tests on the bench and in
animals; devices that pass these tests will be used in carefully controlled
clinical situations before being judged ready for widespread clinical use.

During the next year, it is planned to continue and intensify the evalua-
tion of several devices that are ready to enter the test and evaluation
phase. One of these is an improved oxygenator that can be used for longer
periods of time than any currently available, for use in onen heart and
other types of surgery and in the treatment of such pulmonary ailments as
respiratory distress of the newborn. Several types of circulatory and
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respiratory assist devices for emergency and longer term temporary use will

be sent to the Test and Evaluation Centers. It is expected that toward the

end of next year a number of these devices will be ready for use and fur-

ther evaluation in patients. A systematic study of the whole field of

respiratory assist devices will be made next year. The study will ascer-
tain the numbers and types of patients with various kinds of respiratory
diseases, and identify the most promising approaches to the development of

effective diagnostic, monitoring and therapeutic devices.

Directed research and development under contracts to the Program during the

past year has been in these areas: development of circulatory assist de-

vices and oxygenators, physiologic effects of devices in animals, develop-
ment and evaluation of materials for use in circulatory and pulmonary assist
devices, effects of additional endogenous heat, blood flow studies, instru-

mentation, biological fuel cells, and energy systems. In addition, service

or procurement contracts were awarded for specific tasks. A contract for

supplying atherosclerotic minipigs for investigators was continued. Durinq

the past year the investigators at Albany Medical Colleqe have produced an

important animal model for advanced coronary atherosclerosis, myocardial

infarction and "sudden death" in miniature swine. The approach contains a

number of techniques to induce the development of atherosclerosis, including

high fat, high cholesterol diets plus propylthiouracid and X-irradiation to

the precardial region. Reimbursable agreements with another Government

agency provided testing of special catheters and advisory services on mater-

ials research. The care and feeding of miniature swine, used in the work of

contract investigators, was provided by another reimbursable agreement. Of

the 89 research and development contracts of the Medical Devices Applications

Program in fiscal year 1971, 28 were terminated during the year. It is ex-

pected that 14 new contracts will be awarded by June 30, 1971, or shortly

thereafter, bringing to 75 the number of contracts at the beainning of next

year's work. Below is a list of the contracts of the MDAP followed by sum-

maries of the work of each during the past year.
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NATIONAL HEART AND LUNG INSTITUTE

RESEARCH AND DEVELOPMENT CONTRACTS OF THE MEDICAL DEVICES APPLICATIONS PROGRAM

(Active during FY 1971)

:iRCULATORY ASSIST AND TOTAL HEART REPLACEMENT MD-11
Emergency Assist System s

Hamilton Standard Division (NIH-71-2069) MD-11
Windsor Locks, Connecticut

Johns Hopkins University (PH43-68-1434) MD-12
Baltimore, Maryland

New England Medical Center Hospitals (PH43-68-1438) MD-12
Boston, Massachusetts

Temporary Cardiac Assist Systems
Westinghouse Electric Corporation (PH43-67-1139) MD-12

Pittsburgh, Pennsylvania
Permanent Implantable Assist Systems

Litton Industries (NIH-69-2183) T MD-13
Minneapolis, Minnesota

NUMEC, Nuclear Materials and Equipment Corp. (NIH-71-2053) MD-13
Apollo, Pennsylvania

Thermo Electron Corporation (PH43-67-1116) MD-13
Waltham, Massachusetts

Thermo Electron Corporation (NIH-69-2182) MD-14
Waltham, Massachusetts

University of Mississippi Medical Center (PH43-67-1118) MD-15
Jackson, Mississippi

Total Heart Replacement Systems
Cleveland Clinic (NIH-69-2184) MD-15

Cleveland, Ohio
University of Mississippi Medical Center (NIH-69-2185) MD-16

Jackson, Mississippi
University of Utah (NIH-69-2181 ) MD-17

Salt Lake City, Utah

MPROVED OXYGENATORS MD-18
Abcor, Inc. (PH43-67-1405) - Capillary Membrane MD-18

Cambridge, Massachusetts
Abcor, Inc. (PH43-68-1393) - Liquid-Liquid MD-18

Cambridge, Massachusetts
Columbia University (PH43-68-1383) MD-19

New York, New York
Dow Chemical Company (PH43-68-1387) MD-19

Walnut Creek, California
Hauser Research & Engineering Company (PH43-68-1404) MD-20

Denver, Colorado
Medical College of Virginia (PH43-67-1426) MD-20

Richmond, Virginia
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OXYGENATOR TESTING
Brown University (NIH-69-2047) MD-21

PHYSIOLOGIC EFFECTS OF ASSIST DEVICES IN ANIMALS . MD-22

Baylor University (PH43-67-1424) . MD-22

Houston, Texas
(formerly Case Western Reserve University, Cleveland, Ohio)

Meloy Laboratories, Inc. (PH43-67-1418) MD-22

Falls Church, Virginia
Travenol Laboratories, Inc. (PH43-67-1425) MD-23

Morton Grove, Illinois

BLOOD FLOW THROUGH BLOOD PUMPS AND VALVES MD-24

University of Minnesota (PH43-67-1122) MD-24

Minneapolis, Minnesota

EFFECTS OF ADDITIONAL ENDOGENOUS HEAT MD-25

Battelle Northwest (PH43-66-1130) . MD-25

Richland, Washington
Thermo Electron Corporation (PH43-66-982) . . MD-26

Waltham, Massachusetts

MATERIALS FOR USE IN MEDICAL DEVICES
Development of Materials MD-27

Abcor, Inc. (NIH-71-2047) MD-27

Cambridge, Massachusetts
Amicon Corporation (PH43-66-1129) MD-28

Lexington, Massachusetts
Battelle Memorial Institute (PH43-68-649) MD-28

Columbus, Ohio
Carnegie-Mellon University (PH43-66-977) MD-29

Pittsburgh, Pennsylvania
Dow Corning Corporation (PH43-66-979) MD-29

Midland, Michigan
Epoxylite Corporation (PH43-68-1379) MD-30

South El Monte, California
Epoxylite Corporation (PH43-68-1409) MD-30

South El Monte, California
Franklin Institute Research Laboratories (NIH-69-2237) MD-31

Philadelphia Pennsylvania
General Electric Company (NIH-69-2186) MD-31

West Lynn, Massachusetts
Gulf General Atomic, Inc. (PH43-67-1411

)

MD-32
San Diego, California

Meloy Laboratories, Inc. (PH43-67-1413) MD-33
Falls Church, Virginia

Monsanto Research Corporation (PH43-66-975) MD-33
Dayton, Ohio

Polysciences, Inc. (PH43-66-1124) MD-34
Rydal , Pennsylvania

Shell Development Company (PH43-68-1 299) . . MD-34
Emeryville, California
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Stanford Research Institute (PH43-64-84) MD-35
Menlo Park, California

Thermo Electron Corporation (PH43-66-1126) MD-35
Waltham, Massachusetts

Union Carbide Corporation (PH43-68-1388) MD-36
Bound Brook, New Jersey

Union Carbide Corporation (NIH-71 -2067 ) MD-37
Bound Brook, New Jersey

Development of Heteroprostheses MD-38
Battelle Memorial Institute (NIH-71 -2058) MD-39

Columbus, Ohio
Providence Hospital (NIH-71 -2060) MD-39

Seattle, Washington
University of Michigan (NIH-71 -2054) MD-40

Ann Arbor, Michigan

Testing and Evaluation of Materials MD-41

Battelle Memorial Institute (PH43-67-1404) MD-42

Columbus, Ohio
Cordis Corporation (PH43-66-980) MD-42

Miami, Florida
Institute of Medical Sciences (NIH-69-2244) MD-43

San Francisco, California

Johns Hopkins University (PH43-68-84) MD-43

Baltimore, Maryland
State University of New York (PH43-68-75) MD-44

Brooklyn, New York
Travenol Laboratories, Inc. (PH43-68-1411

)

MD-44

Morton Grove, Illinois
University of California (PH43-68-1378) MD-45

San Diego, California
University of Vermont (PH43-68-1427) MD-45

Burlington, Vermont
Western Gear Corporation (PH43-68-1426) MD-46

South Gate, California

FABRICATION OF DEVICES AND COMPONENTS MD-47

Franklin Institute Res. Labs. (NIH-71 -201 7) MD-47

Philadelphia, Pennsylvania
The Holter Company (PH43-68-1402) MD-48

King of Prussia, Pennsylvania
Tecna Corporation (NIH-71 -2035) MD-48

Berkeley, California
Thermo Electron Corporation (NIH-71 -2065) MD-49

Waltham, Massachusetts
Werner P. Schulz (NIH-71 -2043) MD-49

San Bruno, California
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INSTRUMENTATION APPLICABLE TO ARTIFICIAL HEART DEVELOPMENT AND USE . . . MD-50

General Electric Company (NIH-69-2238) MD-50

Schenectady, New York

Geomet, Incorporated (NIH-69-2023) MD-51

Rockville, Maryland
International Technical Industries (NIH-69-2240) MD-52

Santa Cruz, California
Konigsberg, Instruments (NIH-69-2241 ) MD-52

Pasadena, California
Smith Kline Instruments, Inc MD-53

Palo Alto, California
Thermo Electron Corporation (NIH-69-2242) MD-53

Waltham, Massachusetts
Westinghouse Electric Company (PH43-68-661 ) MD-54

Pittsburgh, Pennsylvania

IMPLANTABLE ENERGY SYSTEMS
Thermal Energy . MD-55

Aerojet-General Corporation (PH43-68-1435) MD-57
San Ramon, California

Air Products & Chemicals, Inc. (NIH-69-2156) MD-58
Allentown, Pennsylvania

McDonnell Douglas Corporation (PH43-67-1408) MD-58
Richland, Washington

Thermo Electron Corporation (PH43-68-1455) . MD-59
Waltham, Massachusetts

Electrical Energy MD-61
Anatole J. Sipin Company (NIH-69-2155) MD-62

New York, New York
Anatole J. Sipin Company (NIH-71-2051

)

MD-62
New York, New York

Argonne National Laboratories (Reimbursable Agreement) MD-63
Argonne, Illinois

Arkon Scientific Laboratories (NIH-70-2045) MD-63
Berkeley, California

Avco Corporation (NIH-71-2052) .... MD-64
Lowell, Massachusetts

General Electric Company (PH43-68-1445) MD-64
Schenectady, New York

Physics International Company (NIH-69-2253) . MD-65
(Formerly PH43-67-1115)
San Leandro, California

Stanford Research Institute (NIH-69-2154) .... MD-66
Menlo Park, California

Stanford Research Institute (NIH-69-2157) MD-66
Menlo Park, California

Stanford Research Institute (PH43-67-1422) Md_67
Menlo Park, California

Statham Instruments, Inc. (PH43-68-1502) MD-67
Oxnard, California
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Biological Fuel Cells
'

MD-69
Esso Research & Engineering Company (PH43-68-1 390) ......... MD-69

Linden, New Jersey
Leesona Moos Laboratories (PH43-68-1380) MD-70

Great Neck, New York
Pennsylvania Research Associates, Inc. (PH43-68-1417) MD-71

Philadelphia, Pennsylvania
Tyco Laboratories, Inc. (NIH-69-32) MD-71

Waltham, Massachusetts
Union Carbide Corporation (PH43-68-1391

)

MD-72
Cleveland, Ohio

TEST AND EVALUATION FACILITIES MD-73
I IT Research Institute (NIH-69-2125) MD-74
Chicago, Illinois

University of Utah (NIH-70-2081 ) MD-75
Salt Lake City, Utah
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CIRCULATORY ASSIST AND TOTAL HEART REPLACEMENT

The Medical Devices Applications Program has been involved in the research
and development of emergency and temporary circulatory assist devices along
with the permanent type of assist device since 1967. Devices that primarily
are emergency assist have been developed which are relatively light-weight,
efficient, noninvasive and easily applied. An example is the Hamilton
Standard Sequenced Pulsation suit which operates as a counterpulsation de-
vice just as does the intra-aortic balloon, which is a temporary cardiac
support device developed by Westinghouse-Johns Hopkins but the latter needs
a femoral artery incision for insertion. Currently, both of these devices
are approaching the preclinical stage in terms of safety, effectiveness and
reliability. Other work in the area involves Thermo Electron Corp. inves-
tigating the effects of bilateral circulatory support with modified bypass
pumps, Johns Hopkins Medical School with mechanical ventricular assist, and
initial studies involving the use of Litton system's non-pulsatile pump.

Programs have been supported for research and development of implantable
total artificial heart devices since June 1969. During this time note-
worthy progress has been made. Major modifications in design and fabrica-
tion techniques have been developed. Innovative approaches to surgery and

implantation techniques have resulted. Fundamental requirements for ob-
taining meaningful data are the maintenance of long-term animal models on

a consistent basis and the establishment of clearly defined protocols for

testing the interfacing of a mechanical device with the biological system.

Progress has been made toward realizing both of these objectives. Prior
to 1970 the longest surviving animal reported lived 55 hours. During the

past year survival times in excess of four days have been achieved, and the

likelihood of achieving one-week survivors in the near future is quite real.

Extended survival time is important for it now becomes possible to obtain

critical data relating to design constraints and limitations of the devices

as well as information bearing on clinical indications and applications.
Complete answers will not be forthcoming within the next year or possibly
the next few years. A long-term investment in basic and applied research

in this area is required.

Below are summaries of work done under MDAP contracts for the research and

development of circulatory assist and total heart replacement devices.

HAMILTON STANDARD DIVISION, Farmington, Connecticut

Contract Amount: $84,635 Contract Number: NIH-71 -2069

SEQUENCED EXTERNAL PULSATION IN THERAPY OF CARDIOGENIC SHOCK

(Dean Porterfield, p.i.)
The purpose of this type of counterpulsation is to develop a non-invasive,

emergency device that is simple and easily applied to provide effective

counterpulsation to cardiac patients. The concept utilized here is se-

quencing; the pressure cuffs on the lip are timed to allow for optimal uni-

directional flow and therefore provide more effective volume displacement

per heart beat. Initial studies on Seqeunced Pulsator II indicate the effi-

cacy of this method. The current contract is working on the fabrication of
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a suit that (1) is regid during operation, (2) is collapsible for storage,

and (3) will maintain hemodynamic effectiveness. Following the feasibility

study it is planned to fabricate enough suits for entry into the Medical

Devices Applications Program's T&E Center.

JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE, Baltimore, Maryland

Contract Amount: $48,745 Contract Number: PH43-68-1434

NEW MODIFICATIONS FOR MECHANICAL VENTRICULAR ASSISTANCE (MVA)

(D. B. Skinner, p.i.)

The purpose of this contract was to evaluate the effect of mechanical ven-

tricular assist for both cardiac resuscitation and organ preservation.

Design studies concerning flexible cups that are relatively atraumatic to

the myocardium were carried out and better cup materials were investigated.
The MDAP is continuing the idea of using the MVA cup for organ preservation
and is currently engaged in fabricating a combined volume respiratory and
cup for evaluation by the T&E Center. Johns Hopkins has studied the hemo-
dynamic and physiologic effect of synchronizing MVA with human cardiac
arrhythmias, using cineangiocardiography to evaluate the effects and has

studied the effects of intra-aortic balloons used in conjunction with the
MVA. This contract terminated November 30, 1970.

NEW ENGLAND MEDICAL CENTER HOSPITALS, Boston, Massachusetts
Contract Amount: $25,000 Contract Number: PH43-68-1438

COMBINED PERIPHERAL AND THORACIC MODALITIES OF SYNCHRONOUS EXTERNAL
PRESSURE ASSIST

(W. C. Birtwell, p.i.)
This contractor has been investigating the effects of combined thoracic
and periphery external synchronous assist. Problems have mainly involved
diaphragm compliance and timing the two modalities for optimal counter-
pulsation effects. NEMC has also incorporated a negative pressure seal
on their peripheral unit which preliminary data indicate is a marked im-
provement over their original system. Studies involving synchronizing
the unit with alternate heart beats and the development of double synchro-
nous electronic control units have been completed under the current con-
tract. The suit has been used clinically, not with NHLI funds, and results
appear promising. This contract terminated June 20, 1971.

WESTINGHOUSE ELECTRIC CORPORATION, Pittsburgh, Pennsylvania
Contract Amount: $95,332 Contract Number: PH43-67-1139

DEVELOPMENT OF AN INTRA-AORTIC BALLOON ASSIST DEVICE
(J. M. Evans, p.i.; V. Gott, Johns Hopkins University)

During the past year, this contractor continued physiological evaluation
of the intra-aortic balloon and maintained and modified the consoles at the
T&E Centers. Hemodynamic studies concerning various balloon configurations
including the carrot-shaped design were performed at Johns Hopkins School of
Medicine. Westinghouse will continue to modify and maintain the balloon
consoles to prepare them for clinical trials in the various hospitals in the
near future.
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LITTON SYSTEMS, Minneapolis, Minnesota
Contract Amount: $7,974 Contract Number: NIH-69-2183

NONPULSATILE PUMP FOR CIRCULATORY ASSIST AND TOTAL HEART REPLACEMENT

(E. Rafferty, p.i.)

The purpose of this contract is to perform engineering, fabrication and

testing of implantable pumps to study the effect of nonpulsatile vs. pulsa-

tile flow. This pump employs the constrained force-vortex principle of

pumping which operates as follows: fluid enters centrally and is acceler-
ated by contact with disk-shaped plates; the fluid, having beel accelerated
by these rotators, imparts its acceleration to adjacent fluid. This fluid

becomes its own prime mover, hopefully being an atraumatic method for mov-

ing blood. Pumps were coated with pyrolytic carbon to minimize interface
problems. In vitro and in vivo studies were performed to evaluate the

physiological effects of nonpulsatile flow. Data concerning these tests

are still too preliminary to evaluate the effectiveness of the nonpulsatile
pump. This contract terminated December 31, 1970.

NUMEC (Nuclear Materials and Equipment Corporation), Apollo, Pennsylvania
Contract Amount: $149,050 Contract Number: NIH-71-2053

RADIOISOTOPE POWERED ARTIFICIAL HEART

(D. L. Purdy, p.i.)

The overall objective of this program is to develop a radioisotope-powered
heart replacement system. The concept uses the thermal energy from a PU-238

source to operate a thermoelectric converter and Rankine cycle steam engine

connected in series. An electronic control unit is used to regulate the

heart output based on the body's physiological requirements. The anticipated

system life is ten years. This effort was initiated late in 1970. The nine

month first phase effort is being directed toward component development and

proof of feasibility of a breadboard model of the energy conversion subsys-
tem. Future efforts will be devoted to engineering development of a series

of sequentially more refined models. Effort will also be devoted to long-

term reliability tests of materials and components.

THERMO ELECTRON CORPORATION, Waltham, Massachusetts
Contract Amount: $439,452 Contract Number: PH43-67-1116

NEW CIRCULATORY ASSIST DEVICES
(Walter Bornhorst, p.i.)

The objectives of this effort are to develop a two valved blood pump (LVAD)

interposed between the left ventricular apex and the descending aorta, and

to evaluate the short and long term physiological effects of such devices.
The pump functions by accepting blood during cardiac systole and ejecting
it into the aorta during diastole (counterpulsation). The feasibility of

the LVAD concept has been established in 124 animal implantations and the

procedure performed without cardiopulmonary bypass. The pump is capable of
producing substantial reductions in left ventricular pressure in both normal
and failing hearts. The blood material interface has permitted chronic pump-
ing up to 140 days without significant evidence of hemolysis. Postmortem
examinations revealed no evidence of tissue or organ abnormalities. Likewise

MD-13



no evidence of peripheral emboli have been observed. The present program in-

cludes the further analysis of the LVAD in the chronic ventricular failure

preparation, including the reversal of hemodynamic, physiological and patho-

logic effects of chronic failure. Improvements of the LVAD design are under

investigation to allow for easier coupling to implantable energy systems,

improved flow dynamics across the pump and valvular areas, the replacement

of the valve discs with bi- and tricuspid leaflet designs, and modification

in configuration required for human implantation.

THERMO ELECTRON CORPORATION AND BOSTON CHILDREN'S HOSPITAL, Waltham,

Massachusetts
Contract Amount: $395,338 Contract Number: NIH-69-2182

NEW CIRCULATORY ASSIST DEVICES
(William Bernhard, p.i.)

During the past several years this contract effort has involved the area of

combined right and left sided circulatory assist. The results to date may

be summarized as: (a) the demonstration of the overall feasibility of the

right sided assist device; (b) the refinement and simplification of surgical

techniques while satisfying anatomical constraints; (c) maintenance and per-

formance of appropriate right sided hemodynamics while noninjurious to pul-

monary parenchyma and function; (d) development of nontraumatic blood com-
patible surfaces; (e) achievement of an appropriately responsive and reli-

able control system; and (f) the use of combined right and left sided cir-
culatory assist in chronic myocardial failure and ventricular fibrillation
states. The recently developed right ventricular blood pump has an over-
all capability of 138 cc and a stroke volume of 100 cc. The inflow of the

pump is inserted into the infundibulum of the right ventricular body. The
outflow connection is attached to the main pulmonary artery. The system
is driven pneumatically from an external control console. The inner sur-

face of the pump bladder is lined with Dacron fibrils and layered with
fetal fibroblasts to accelerate pseudoendothelial formation. Triggering
of the console is either synchronous from the R wave of the EKG or nonsyn-
chronous at a fixed rate. Survival of seven animals with the right sided
assist device alone range from 6 to 92 days. Survival of those animals
with bilateral support system ranged from 9 to 60 days in 21 calves. The
hemodynamic data may be summarized as follows: (1) peak right and left
ventricular pressure may be reduced to when the pump accepts total car-
diac output; (2) phasic and mean pulmonary artery pressures are slightly
increased but never exceed 40 mmHg; (3) pulmonary resistance, respiratory
rate and compliance have remained within observed physiological limits;

(4) heart rate is unchanged with the right-sided assist and decreased with
left-sided assist secondary to baroreceptor reflex response; (5) left ven-
tricular pressure and external work are slightly increased due to a small
increase in cardiac output as a result of additional atrial filling; (6)

angiograms have confirmed the persistence of normal pulmonary vasculature
during prolonged bypass; and (7) chronic hematological studies indicate no
destruction of formed elements and maintenance of blood gas status. Modi-
fications and regulation of airline pressure and sensing have been designed
to give profiles which are appropriate for controlling pulmonary artery
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pressure wave forms generated by the pump while permitting sufficient fill-

ing time. Future activities include continued evaluation of bilateral sup-

port during ventricular fibrillation and study of the interaction of the
right pump with the pulmonary system.

UNIVERSITY OF MISSISSIPPI MEDICAL CENTER, Jackson, Mississippi
Contract Amount: $24,878 Contract Number: PH43-67-1118

DEVELOPMENT OF A LEFT VENTRICULAR ASSIST DEVICE
(T. Akutsu, p.i.)

A V-shaped implantable series-type device with an air-driven outlet valve

has been constructed and implanted in animals. The volumes of two sizes

of this device are 65 and 95 ml, respectively. The control system for this

series-type device has a rate compensation circuit which can automatically
change the systole-diastole ratio with changes in pulse rate. A control

system which can be used for either the bypass-type device or the in-series

type allows pumping once every 2nd to 8th trigger, and can adjust the number

of functioning chambers from 6 to 3. For the past year, experiments on the

in-series type device were continued to determine the physiologic effects

of chronic pumping and to define the optimal pumping characteristics and

methods of clinical application. During the same period, the control system

has undergone durability studies and has been functioning continuously for

over seven months on a mock circulatory loop. During the coming year, the

control system which has now achieved final design will be evaluated by

other contractors with in vivo and in vitro experiments. Having obtained

extensive physiological data with respect to this device and recognizing

the limitations with regard to clinical application, it was decided to sus-

pend further development of this device. The development of the control

system was transferred to contract NIH-69-2185, to be used in conjunction

with the total artificial heart being developed in this laboratory.

CLEVELAND CLINIC FOUNDATION, Cleveland, Ohio

Contract Amount: $82,660 Contract Number: NIH-69-2184

DESIGN AND EVALUATION OF A NATURAL RUBBER WAVE-PULSATING TOTAL HEART

(Y. Nose, p.i.)

A natural rubber wave-pulsating totally implantable heart (N.R.W.P.T.H.

)

has been developed. The device is undergoing design and fabrication modi-

fications directed toward improving anti-thrombogenicity as well as per-

formance characteristics. Six hearts have been completed and tested to

establish optimal driving parameters. In addition, in vitro blood studies

were performed, including hematological and biochemical studies. A dis-

tinguishing feature of this artificial heart is that the inlet and outlet

valves are molded as an integral part of the ventricles. All four valves

(of tricuspid, low resistance design) are actuated pneumatically. The in-

flow valves are actuated with the same drive line used to drive the ven-

tricles, while a separate pneumatic line actuates the outflow valves. Thus,

the pneumatic actuations of the inflow and outflow valves are out of phase

with each other. During the past year a new concept has been developed,
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resulting in the production of a ''biolized" heart. This device is con-

structed with biological tissue components such as aorta, aortic valves,

and pericardium. The aldehyde treated tissues have shown excellent anti-

thrombogenicity. The pericardial sac has been fabricated to form the pump-

ing chamber of the device. In some instances it has been coated with

"Uacron" velour. Two three-week continuous flow-through experiments have

revealed the device to be free of thrombi. Post mortem revealed no evi-

dence of thromboemboli . Protein coating and fixation onto the pericardial

pumping chamber has been successfully accomplished. In addition, the sur-

face of the fabricate can be altered from hydrophobic to hydrophilic.

Useful data has been generated with respect to both these types of devices.

The effort, however, will be de-emphasized during the coming year, in order

to permit acceleration of the further development and testing of the wave
pulsating heart. Further investigations will be directed to obtaining basic

physiologic data, extended survival time, and evaluating the performance
characteristics and endurance studies of this heart.

UNIVERSITY OF MISSISSIPPI MEDICAL CENTER, Jackson, Mississippi
Contract Amount: $75,000 Contract Number: NIH-69-2185

DEVELOPMENT OF A SILASTIC TOTALLY IMPLANTABLE HEART
(T. Akutsu, p.i.)

A four-chambered Silastic total heart has been developed and is currently
undergoing testing and design modifications to improve performance charac-
teristics, antithrombogenicity, and fabrication techniques. The design is

somewhat similar to that of the natural heart chambers. The inlet valve is

monoleaflet, elliptical-shaped and the outlet valve is a low-resistant
bicuspid type. All valves are integrally molded to the chambers so as to
form one continuous uninterrupted single Silastic layer interfacing with the
blood stream. An external pneumatic drive and control system is used. A
new automatic control and drive system has been developed, which enables the
device to simulate the natural heart action. During the past year approxi-
mately sixteen total heart replacement experiments have been performed.
Recent experiments have used calves as the experimental model; promising
results have been obtained. The latest reported experiment resulted in a

survival beyond nine days. It is anticipated that two-week survivors will
be realized during the coming year. Continued in vivo and in vitro experi-
ments will be performed to permit further characterization of the device.
Physiological and hematological studies are also planned to elucidate the
effects of the total artificial heart on total body homeostasis and to de-
termine the optimal mode of pumping as well as the characteristics of the
control system. Thus far, one of the devices actuated by the control and
drive system has been subjected to continuous pumping for more than six
months on the in vivo mock circulatory loop.
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UNIVERSITY OF UTAH, Salt Lake City, Utah

Contract Amount: $80,000 Contract Number: NIH-69-2181

DEVELOPMENT OF TOTAL ARTIFICIAL HEARTS
(Willem J. Kolff, p.i.)

Two distinctly different total artificial hearts together with a control

and drive system have been developed. Modifications of design and fabrica-

tion continue to be the main thrust. The soft shell mushroom heart (Kolff-

Kralios) consists basically of an outer cylindrical shell of Dacron-rein-

forced Silastic which is collapsible but non-distensible and an inner rubber

mushroom-contoured pumping chamber. Work on this mushroom type heart has

been de-emphasized during the past year in an effort to accelerate the

further development of the hemispherical diaphragm (Kwan-Gett) heart which

has had greater success in terms of survival times. Computer analysis of

flow patterns had yielded important data concerning transvalvular flow. As

a result of these studies the inflow and outflow valves have been completely

redesigned. Conventional hinged valves have been replaced by a uni leaflet

monocusp, integrally molded valve. The hemispherical, diaphragm, polyure-

thane total heart (Kwan-Gett) has undergone extensive in vitro testing of

endurance and performance criteria. In addition, six drive systems have

been developed and are presently undergoing continuous long-term testing for

durability and performance criteria. During the past year intimal surfaces

have undergone continual modification in an effort to reduce the blood

damage and clotting effects. Selected polyurethanes have been synthesized

for this purpose and have been coated with non-thrombogenic surfaces.

Recent efforts have produced a microfibril cell seeded pseudo-intimal sur-

face. Markedly improved survivals have been obtained. In recent weeks

successful implantation in animals have been reported in excess of one week.

Perhaps the most significant contribution of this group, resulting from the

extended survival times, has been the data collected on the pathophysiology

of mechanisms of death and in particular the syndrome designated as dissemi-

nated intravascular coagulation. The major thrust during the coming year

will be to improve fabrication techniques, finalize design and obtain im-

plantation of total hearts in chronic animal tests so as to permit long-term

assessment of the device and its effects upon the biological system. It is

expected that two-week survivors will be achieved during the coming year.
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NEW AND IMPROVED BLOOD OXYGENATORS

The Medical Devices Applications Program has been supporting the development
of new and improved blood oxygenators for short-term use in present heart-
lung perfusion systems as an adjunct to the implantation of temporary
and permanent heart assist devices, and for long-term perfusion to support
the failing cardiopulmonary system. The concepts which have been supported
are those which eliminate the blood-air interface which has been shown
to damage blood by denaturization of the blood proteins and destruction of
the cellular elements. During the course of this developmental program
concepts have been supported in which oxygenators have been fabricated from
new materials that decrease the denaturization and destruction of blood, and
materials and designs have been utilized which reduce the thrombus formation.
Now, it appears that thrombus formation is initiated by two different mecha-
nisms. An incompatible blood material interface will initiate thrombus
formation, as will faulty hemodynamic design which leads to flow separation,
stagnation, and turbulence. During the past year the MDAP has supported
oxygenator development in the following areas: 1) liquid/liquid interface
oxygenators; 2) capillary membrane oxygenators; 3) peristaltic membrane oxy-
genators; and 4) capillary network oxygenator. The oxygenator contracts which
have been supported by the MDAP are described below.

ABCOR, INC., Cambridge, Massachusetts
Contract Amount: $44,064 Contract Number PH43-67-1405

DEVELOPMENT OF A CAPILLARY MEMBRANE BLOOD OXYGENATOR
(Grady W. Harris, p.i

.

)

This contract is for continuation of the development of the capillary mem-
brane oxygenator in which blood flows through the capillary and gas flows
over the surface. During the present contract year a quadrant baffling sys-
tem was designed which required gas to flow linearly through each quadrant.
Other materials (ethyl cellulose, silicone-polycarbonate) were evaluated
for use as capillaries. Difficulty was encountered in obtaining capillaries
of sufficient quality for oxygenator fabrication of the silicone-polycarbon-
ate material, and ethyl cellulose was found to have a gas permeability too
low for use in an oxygenator. Several devices of the silicone-polycarbonate
material were fabricated and were shown to transfer approximately 25cc/min/M2
of oxygen. In view of the fabrication difficulties encountered and the low
mass transfer of oxygen demonstrated in these devices, it was the decision of
the MDAP not to continue funding of this contract. The contract terminated
January 31 , 1971

.

ABCOR, INC., Cambridge, Massachusetts
Contract Amount: $56,060 Contract Number PH43-68-1393

DEVELOPMENT OF A LIQUID/LIQUID BLOOD OXYGENATOR
(Grady W. Harris, p.i

.

)

This contract was for the development of an oxygenator in which blood is di-
rectly in contact with a fluorocarbon liquid. During this contract year, a

single channel fluorocarbon oxygenator was fabricated and tested in vivo .
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This oxygenator of the parallel plate design was shown to function adequate-
ly at the rated flow for oxygen and carbon dioxide transfer. However, the

instability of the parallel plate design led to bridging of the fluorocarbon
sheets and ultimately led to thrombus formation within the device. A six-

channel scale-up model of the parallel plate design was fabricated and tested
in vivo . It was found that the outlet ports for the blood were too small,

and this, associated with thrombus formation, rapidly led to shut down of the
device. Although this oxygenator concept shows some promise, marked improve-
ment over membrane oxygenators has not been achieved. The contract terminated
May 31, 1971.

COLUMBIA UNIVERSITY, New York, New York
Contract Amount: $3,285 Contract Number PH43-68-1383

DEVELOPMENT OF A TIDAL FLOW OXYGENATOR
(Edward F. Leonard, p.i.)

This contract is for the development of a tidal flow oxygenator based on the

previously developed tidal flow hemodialyzer. The basic construction in-

cludes a continuous strip membrane folded transversely to convenient size and

supported by frames die-cut from a suitable material. The frames are sand-

wiched between two end plates forming a unit. The membrane divides the en-

closed volume into blood and gas spaces. Six such units are packaged into

one cartridge to form a complete oxygenator. This contract was extended to

allow redesign of the gas exchange cartridges in an attempt to achieve better

gas transfer; these redesigned cartridges are presently being evaluated in

vivo . The feasibility of this approach has not been well demonstrated, and

the tidal flow oxygenator was felt to be not competitive with other existing

designs at this time. This contract was terminated October 30, 1970.

DOW CHEMICAL COMPANY, Walnut Creek, California

Contract Amount: $145,185 Contract Number: PH43-68-1387

HOLLOW FIBERS FOR USE IN MEMBRANE OXYGENATORS

(Ben J. Lipps, p.i .)

The purpose of this contract is to produce and evaluate hollow fibers from

a variety of materials for the potential use in fabrication of blood oxygen-

ators. Several materials, (poly-4-methyl pentene, and a thermo-plastic

silicone subber co-polymer), were found suitable for oxygenator fabrication.

In an attempt to find polymers with better gas transport characteristics,

a number of new materials were evaluated and silphylene-siloxane co-polymer

and silicone-polycarbonate co-polymer were spun into hollow filaments for

oxygenator fabrication. Units have successfully been fabricated and

evaluated j_n vitro and j_n vivo from both of these materials. With both

materials oxygen transport has been in the 40-50cc/min/M 2 range. During the

coming contract year, efforts will be made to scale-up and fabricate 3L and

6L/min rated flow devices, and attempt to reduce the thickness of the potting

compound of the tube sheet by developing a technique for centrifugal potting,

to evaluate new materials and surface treatments, and to improve hemodynamic

design in an attempt to further reduce the thrombosis problem. The Dow
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Oxygenator is currently in the Test and Evaluation Center at Illinois Insti-

tute of Technology Research Institute for evaluation for clinical implemen-

tation.

HAUSER RESEARCH AND ENGINEERING COMPANY, Boulder, Colorado

Contract Amount: $13,579 Contract Number: PH43-68-1404

DEVELOPMENT OF A CAPILLARY NETWORK MEMBRANE OXYGENATOR

(Roy L. Hauser, p.i .)

This contract was for the development of a modified capillary network oxygen-

ator using a unique geometry, consisting of an inner connecting capillary

network formed by coating the permeable material onto an open-cell foam and

then removing the foam. During the past year numerous attempts have been

made to coat the open-cell network with various types of silicone rubber

compounds. However, to date, leak free elements have not been made with

sufficient oxygen diffusion to oxygenate blood. Due to the inability to

fabricate leak-free devices, work on this contract was discontinued on October

24, 1970. Also under this contract, feasibility studies were undertaken on a

peroxygenator. This involved using a cellophane dialysis kidney as a mem-

brane for transferring oxygen to the blood from a peroxide solution. This

approach led to considerable hemolysis of the blood, and in all instances

it was not possible to remove sufficient carbon dioxide from the blood. This

approach to blood oxygenation does not appear to be a feasible one. The con-

tract terminated October 24, 1971.

MEDICAL COLLEGE OF VIRGINIA, Richmond, Virginia
Contract Amount: $14,960 Contract Number: PH43-67-1426

DEVELOPMENT OF A CAPILLARY MEMBRANE OXYGENATOR
(T. Leigh Williams, p.i.)

This contract is for the development of a capillary membrane oxygenator in

which gas flows through the capillaries and blood flows on the outside of the
capillaries. To permit uniform blood flow distribution, the capillaries are
woven into a fabric which is then stacked and sealed at the edges to form an
oxygenator unit. Progress on this concept to date has been slow for the
following reason: those fibers which have suitable gas transport properties
have physical characteristics which make them unsuitable for weaving, lead-
ing to the fibers being crushed and broken during weaving, while those fibers
that have suitable physical properties to withstand the weaving process do
not have adequate gas transport characteristics. Most of the work done
during this contract year has been done using the methyl pentene fiber. Oxy-
gen transport with this fiber has been adequate at best, but C0^ transport
has been very low. Due to the problem of finding suitable materials for
weaving with good gas transfer characteristics, this contract was discon-
tinued on June 30, 1971.
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BROWN UNIVERSITY, Providence, Rhode Island

Contract Amount: $113,300 Contract Number: NIH-69-2047

TESTING AND EVALUATION OF BLOOD OXYGENATORS
(Pierre M. Galletti, p.i.)

This program was initiated to evaluate and compare various oxygenators
being developed by contractors to the MDAP Program. This program has used

a three prong approach: 1) evaluation of gas transfer capacity in membrane

lungs under standardized conditions; 2) engineering evaluation of flow

dynamics and flow distribution to identify the causes of sub-optimal per-

formance; and 3) biological evaluation of damage associated with blood cir-

culation through the oxygenator, as ascertained from the study of the blood

(formed elements and coagulation system) of the test animal (target organs

such as the natural lung) and of the oxygenator itself (detailed autopsy

of artificial lung following performance evaluation). Under this contract
the gas-to-gas transfer method has been developed which allows the resist-

ance to gas transfer across the membrane to be evaluated. A gas-to-water
transfer test has also been developed which allows an investigation of the

transfer performance of an oxygenator purely as an exchange device. Data

collected on the water test from the evaluation of approximately 40 oxygen-
ators indicate that the performance of an oxygenator as a gas-to-blood ex-

changer can be closely correlated with its performance in the gas-to-water
test. This will provide an inexpensive method of evaluating the manner in

which an oxygenator will function in vivo . During the past year baseline
studies have been done on the Lande-Edwards oxygenator, the General Electric-

Peirce oxygenator, the Dow capillary oxygenator, the Abcor capillary oxygen-

ator, the Abcor liquid/liquid fluorocarbon oxygenator, and the Columbia

University Tidal Flow oxygenator. It is anticipated that during the up-

coming contract year partial long-term cardio and/or cardiopulmonary by-

pass experiments will be undertaken.
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PHYSIOLOGICAL EFFECTS OF ASSIST DEVICES IN ANIMALS

Studies on the physiological effects of circulatory assist devices

in animals and on the performance characteristics of such devices are

required before they can be considered for use in humans. Groups that

are developing circulatory assist devices under the Program are to some

extent making such studies of their own devices. In addition, the Pro-

gram Office is having such studies made by other groups to ensure depth,

breadth, and objectivity of evaluation required for circulatory assist
device development. In particular, Meloy (PH43-67-1418) and Travenol

Laboratories (PH43-67-1425) are two such outside facilities involved with
the early testing of various devices supplied by the Program Office and
their respective developers. These studies, for example, range from early
feasibility testing, considering anatomical constraints and engineering
components, to late stage evaluation of overall system performance on the

hematologic and cardiovascular systems.

BAYLOR UNIVERSITY College of Medicine, Houston, Texas
Contract Amount: $20,000 Contract Number: PH43-67-1424

MECHANICAL PUMP DEVICES AND CARDIOVASCULAR CONTROL
(John H. Kennedy, p.i.)

A major portion of this contract year involved the retooling and redesign
of a Hamilton Standard co-pulsator unit developed under Contract PH43-67-1112
which was employed in the ongoing experimental studies aimed at the defini-
tion of baroreceptor, autonomic reflex loops. Because of the many intricate
redesign problems involved in converting this device, initial studies did not
begin until late in the contract year. Concurrently, efforts were made to

construct other experimental hardware. The initial objective has been to ex-
amine and compare autonomic reflex alterations in response to "co-pulsation"
and "diastolic augmentation" modes of circulatory assistance. Results from
carotid sinus experiments indicated that the relative timing of synchronized
carotid sinus pulsation with one/both vagi intact was strikingly inconse-
quential with respect to heart rate. Changing from "co-pulsative" to

"counter pulsative" caused the rate to decrease. A possible explanation for
these results is that the experimental conditions may be determined predomi-
nantly by extra-carotid factors. An attempt will be made to elucidate the
systemic effects initiated by pulsatile and nonpulsatile circulatory devices.
This data is expected to provide important insight into the control param-
eters of circulatory assist devices.

MELOY LABORATORIES, INC., Springfield, Virginia
Contract Amount: $388,600 Contract Number: PH43-67-1418

PHYSIOLOGICAL EFFECTS OF BLOOD PUMPS IN ANIMALS
(Francis J. Heck, p.i

.

)

This contractor has served as an in vivo bench testing facility for the
Program Office over the past several years. As a service contract this
group has provided an interface between the device developer, the biolog-
ical system and the Program Office. This includes assessments early in

the devices' development, such as the feasibility of surgical implantation
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within anatomical constraints and adequacy and performance of engineering
components, as well as late stage testing and evaluation. Specific accom-
plishments have included: (a) the successful implantation of a totally
implantable and energized left ventricular assist device devoid of ex-

ternal controls; (b) implantation, mechanical and physiological evaluation
of both electrical and thermal engines; (c) early feasibility testing of a

bi-ventricular replacement system, including surgical and engineering prob-
lem solving; (d) the recent evaluation of the intra-aortic balloon, includ-

ing physiological, hematological, pathological and surface character-
istic assessments; (e) the implantation and evaluation of the organ preser-
vation system (ventricular cup squeezer) coupled with a respirator; and
finally, (f) an assessment of various prostheses designated by the Program
Office. With this early phase testing having been completed and the appro-
priate modifications and deletions made the devices will now move on to the

more extensive evaluation at the T&E centers. The future work effort at

this laboratory is directed at four principal areas: (1) the continued
evaluation of the intra-aortic balloon including various balloon and cathe-

ter configurations; (2) the combined ventricular squeezer and respirator

unit will be studied in larger animals (calves); (3) the initiation of veno-

arterial bypass/capillary membrane oxygenator studies in the open and closed-

chest calf; and (4) the continued assessment of thermal and electrical drive

systems in concert with the ventricle-to-descending aorta bypass device.

TRAVENOL LABORATORIES, INC., Morton Grove, Illinois

Contract Amount: $299,809 Contract Number: PH43-67-1425

PHYSIOLOGICAL EFFECTS OF CIRCULATORY ASSIST DEVICES
(Fred T. Galysh, p.i.)

Over the past several years this contract effort has been engaged in eval-

uating devices for the Program Office. They have studied the following:

the Avco-Kantrowitz left ventricular assist device; Westinghouse and Western

Gear intra-aortic balloons with the Avco and Westinghouse consoles; the trig-

gering capacity of the Schiff synchronizer and the University of Mississippi

control unit against various arrhythmias; anatomical and dimensional analyses

of sheep and calf hearts using plaster casts; and finally the development of

cardiopulmonary bypass techniques for calves. Specific accomplishments from

these areas of investigation include the catheter kinking problem associated

with the intra-aortic balloon and the TDMAC-heparin surface; the comparisons

and measurements of ventricular geometries for the calf, sheep and pig for

organ preservation system; the specifics of cardiopulmonary bypass (i.e.,

anesthesia, ventilation, anticoagulation and various perfusion methods) neces-

sary for the calf; and the establishment of the triggering capability during

a variety of post-myocardial infarction arrhythmias for the Schiff and

Mississippi drivers.
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BLOOD FLOW THROUGH BLOOD PUMPS AND VALVES

The area of blood flow and rheology of the microcirculation is of

importance to all involved with prosthetics and artificially supported

circulation. The objective of this work is to provide support for the

development of more reliable theoretical guidelines, both to improve

efficiency of laboratory testing and also to be sure that current theo-

retical assumptions as to optimal characteristics and avoidable faults

are correct. Specific examples of applicability include: the exchange

of oxygen in capillary or membrane oxygenation; the surface deposi-

tion of fibrin, protein, and blood cells along the blood-pump interface;

red cell hemolysis in rigid tubes; and the effects of entrance and exit

phenomena on blood cells.

UNIVERSITY OF MINNESOTA, Minneapolis, Minnesota

Contract Amount: $39,212 Contract Number: PH43-67-1122

BLOOD FLOW RELATED TO BLOOD PUMPS AND VALVES

(Perry L. Blackshear, Jr., p.i.)

For the past two years this group has been studying the problem of fluid

dynamics as it relates to and is affected by artificial conduits. Specifi-

cally, their primary concern has been in the area of cell-wall interaction

and aspects of separated flow, hemolysis, surface deposition and phenomena

occurring in the skimming layer. The results of these studies are intended

for use in establishing design criteria for artificial systems and to ana-

lyze existing designs. Their activities and findings to date include:

(a) the hemolysis which occurs in small tubes was felt to result from en-

trance phenomena and separated flow (Increased fluid viscosity, temperature

fluctuation, protein precoating or the age of blood [> 1 wk] were insig-

nificant and did not alter the degree of cell destruction.); (b) the ob-

taining of ghost cells by improved techniques (electrical conductivity) for

the measurement of velocity profiles in 0.38 to 2.26 mm channels; (c) cell-

wall interactions are increased by hematocrit, flow velocity and platelet
count as measured by ATR microscope; (d) the development and calibration of
3-D microscope in combination with computer programming for the measurement
of shear rate, cell density distribution and three directional velocity vec-

tor in a flow system; and (e) surface analysis of cell and protein deposi-
tion by scanning EM and quartz crystal techniques. The present effort repre-
sents a continuation of these developmental techniques and focuses on the
areas of separated flow as occurs in bends, constrictions and expansions.
Specifically, the determination of the degree of hemolysis induced by various
tube configurations, the establishment of minimizing design criteria and
the measurement of pressure loss as a result of separated flow across con-
duits are being assessed. Skimming layer studies with Couette flow experi-
ments are used to measure wall repulsive red cells at varying hematocrit,
shear rates, with and without platelets and as a function of cell shape and
membrane rigidity. A flow model system is utilized with (a) 3-D microscope
to study the effect of shear rate and initial concentration on velocity and
particle distribution and to evaluate the distribution and motion of cells
of different size and (b) an electrolyte conduction meter to study the elon-
gation of cells in shear flow, skimming layer size on tubes of varying dimen-
sions, and to determine the effect of changes of cross-section on the skim-
ming layer.
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STUDY OF THE EFFECTS OF ADDITIONAL ENDOGENOUS HEAT

The programs in this erea have been in effect for a number of years.
The objective of this work has been to define the levels of endogenous
heat production which can be satisfactorily tolerated. They are regarded
as an important long-term investment which would provide needed informa-
tion on the thermal effects of using electrical and nuclear power sources
in biological systems. Presently there are two programs involved in these
studies. One, Battelle Memorial Institute, is related to the heat source/
energy conversion portion of the implantable artificial heart. This group
has implanted electrical heat exchangers producing up to 60 watts of power
continuously over a period in excess of two years. The other program,
Thermo Electron-Boston City Hospital, has been studying the combined ef-
fects of heat and radiation. For this purpose they have implanted 24 watt
Pu-238 power sources in one group of animals while a second group has been
implanted with radiation equivalent sources (RES) which emit no heat.
Important progress has been made and fundamental questions now appear to

be resolved to a considerable degree. The ability of animals to tolerate
excessive heat dissipated via the main blood stream, over extended periods,
is well -documented. Basic acute experiments were conducted in the first
two years. During the last year, further data on chronic preparations were
obtained.

BATTELLE MEMORIAL INSTITUTE, Pacific Northwest Laboratories, Richland, Wash.
Contract Amount: $79,775 Contract Number: PH43-66-1130

THE EFFECTS OF ADDED ENDOGENOUS HEAT AND HEAT EXCHANGER
(Murlin F. Gill is, p.i.)

The study was designed to define the limits of tolerance of added endogenous
heat from an internal source, using blood as a coolant. Barring high ambi-
ent temperature, concurrent system infection causes fever or occlusion of
blood flow through the exchanger by thrombus formation at the junction of
DeBakey prostheses and aorta. The specimens (H.M. swine) weighing 53-80 kgms,

can tolerate 60 watts added endogenous heat via an electrically energized
standard GBH heat exchanger placed in the thoracic (descending) aorta (4.7
watts/cmS 1.1 watts/kgm body wt.) for periods in excess of 14 months with-
out gross alterations in physiologic function. Changes are minimal to absent
in both heated and control (0 watt) animals. Extended area heaters having
longitudinally finned lumens of carbon (antithrombogenic coating by Gulf
Atomic Corporation) appear to be compatible with hemic and hemodynamic re-
quirements as well as increasing heat transfer per unit length over straight
tubular designs. During the coming year, it is planned to continue the
chronic studies. Investigations directed toward determining the stability
of mirofibril cell seeded surfaces have just begun, and will continue through-
out the course of the coming year. Thermal resistance will be measured, and
maximum values for heat transfer obtained. Reticulocyte depression, reported
in the previous year, continues to be an unexplained phenomenon in both heat-
ed and control groups.
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THERMO ELECTRON CORPORATION, Waltham, Massachusetts

Contract Amount: $44,280 Contract Number: PH43-66-982

EFFECTS OF INTRACORPOREAL HEAT AND RADIATION ON DOGS

(Fred Huffman, p.i .)

The body must be capable of dissipating the reject heat from the power source

which drives the blood pump(s) of an implantable circulatory support system.

If the energy source is a radioisotope, the body must also tolerate nuclear

radiation exposure. The objective of these studies is to characterize the

effects of additional heat and nuclear radiation on dogs by implanting Pu-238

(Plutonium-238) capsules as well as RES (radiation equivalent sources) cap-

sules, which simulate the Pu-238 neutron and gamma radiation environment.
Implantation entails excision of a segment of the descending thoracic aorta
and replacement with a titanium tube heat exchanger. All surviving radio-
isotope dogs are in apparent good condition except for chromosomal changes
in their lymphocytes cultured in vitro after phytohemaglutinin stimulation,
similar to those found in patients after radiation therapy. Serial hemato-
logic, endocrine, hepatic and renal function tests are within normal limits.
The 24 watt Pu-238 implanted dog lived for over two years at which time he

sustained an accidental death. Extensive autopsy studies of surrounding
tissue, all vital organs and nearly complete extirpation of thoracic and
abdominal lymph nodes revealed no significant abnormalities which could re-
late to effects of radiation. These continuing studies indicate that the
temperature regulation mechanisms of mongrel dogs adjust to dissipate addi-
tional endogenous heat loads up to 0.8 watts/kg (corresponding to a heat
flux of 1 watt/cm2 and a maximum blood temperature rise of 4°C within the
exchanger) and that the anticipated reject heat and dose rate levels from
an implantable circulatory support system may be permissible. Heat transfer
studies across the surface of a bladder pump were continued this year and
have produced important data with respect to the problem of heat transfer
across a pseudo-endothelialized bladder pump. It is planned to continue
the same effort during the coming year. Just recently, two 25 watt RES (36
months post implantations) mongrel dogs were successfully mated and delivered
seven apparently normal pups on May 25, 1971. At the time of this writing,
the litter was too young to be subjected to extensive hematological and/or
biochemical studies. However, to all outward appearances, the litter appears
to be healthy, no gross deformities were noted. Animals will be carried as
long as possible. In the event that an animal is lost, the source will be
reimpl anted. Implantation will be attempted in primates as well as con-
sidering relocation of the site for implantation.
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DEVELOPMENT OF MATERIALS FOR USE IN MEDICAL DEVICES

During the past year, emphasis has been placed on the practical aspects of

materials development. Among the most significant advances was the success-
ful chemical bonding of hydrogels to polymeric surfaces which permits the

coating of medical devices. Until recently one of the greatest problems has

been the lack of sufficient mechanical strength of hydrogels despite their
promising blood compatibility. By the use of either eerie (IV) ion-induced
grafting techniques or an atomic grafting process, hydrogels can now be uni-

formly and permanently bonded to devices such as intra-aortic balloons and

others in the thickness range of one to two microns. In the heparinization
area, an improved one-step method has been developed involving the complex
tridodecyl methyl ammonium chloride/heparin. This improved process impreg-
nates the material with a thromboresistant coating that is resistant to elu-

tion by saline or whole blood. The covalent bonding of heparin appears to

have been successful with silicone rubbers but less successful with other

polymers. The further development of fluorinated silicones gave encouraging

in vitro and in vivo results. Work in the area of pyrolite carbons showed

that rough surfaces removed sterile from the deposition chamber and implant-

ed without further treatment are thrombogenic. In contrast, polished unal-

loyed LTI Pyrolite carbons can be cleaned by detergent and sterilized by

either steam or ethylene oxide without detracting significantly from the

thromboresi stance. These phenomena underline the effect of surface prepara-

tion and sterilization on thromboresi stance. A number of segmented block

polyurethanes have been developed and are successfully used in the fabrica-

tion of intra-aortic balloons and heart massage cups. An improved method

of fabricating intra-aortic balloons from these polymers has been worked out

based on the use of wax mandrels and employing a two-step process. This

eliminates the use of slip joints in the intra-aortic balloons and permits

better inspection and quality control procedures in comparison to the pre-

vious one-step technique. Due to budgetary constraints and increasing em-

phasis on device fabrication, several contracts were not renewed. Some of

these non-renewed contracts, however, have either reached a technological

plateau or the data indicated no significant thromboresistant properties

for the materials.

ABCOR, INC., Cambridge, Massachusetts
Contract Amount: $65,850 Contract Number: NIH-71-2047

MICROFABRIC SUBSTRATE DEVELOPMENT
(El ie S. Nuwayser, p.i.)

The major objective of this contract which has been in effect only six months,

is to prepare microfabric substrates for tissue culture and intimal lining

development. In the area of nonwoven fabrics, the work has involved assem-

bling equipment necessary for melt extrusion of thermoplastic materials;

establishing process parameters for preparing microfiber nonwoven webs from

various thermoplastic polymers; preparing microfiber nonwoven webs from can-

didate materials; characterizing the physicochemical properties of webs; and

preparing composite structures from fabric webs, silicone rubber and other

suitable materials.
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AMICON CORPORATION, Lexington, Massachusetts

Contract Amount: $36,578 Contract Number: PH43-66-1129

DEVELOPMENT OF POLYELECTROLYTE COMPLEXES AS THROMBORESISTANT MATERIALS FOR

USE IN COMPONENTS OF ARTIFICIAL HEARTS

(David W. Marshall , p.i.)

The work is concerned mainly with the development of a thromboresistant

polyelectrolyte complex, Ioplex 101, based on polyvinyl benzyl trimethl-

ammonium chloride) and poly(styrene sulfonate), and its use in various cir-

culatory assist devices. Devices which have been coated include blood pump

diaphragms and circulatory assist device bladders. The Dacron velour on

the diaphragms was impregnated with Ioplex 101 and the diaphragms tested on

a flexural fatigue tester developed at Amicon. Diaphragms ran for as long

as 210 hours in this test. Bladders were made from natural rubber and a

polybutadiene rubber with styrene end groups, Shell Chemical 's Kraton rub-

ber. These bladders were then grafted to Ioplex 101 via two techniques:

the first consisted of using high energy irradiation to activate the sur-

face of the bladder and the second using eerie ion as a chemical initiator.

Techniques for obtaining good adhesion of Ioplex to certain types of ure-

thane rubber were developed and a simplified sterilization procedure for

Ioplex based on ethylene oxide was developed. Several samples of various

types were sent to other NHL I contractors for their evaluations. Tests
performed included those for thromboresi stance, immunogenic effects on

plasma and enzymes, and blood compatibility among others. The contract
terminated on January 31, 1971 at the end of the contract year.

BATTELLE MEMORIAL INSTITUTE, Columbus, Ohio
Contract Amount: $35,757 Contract Number: PH43-68-649

STUDIES ON THE DEVELOPMENT OF MATERIALS FOR USE IN ARTIFICIAL HEART DEVICES
(Richard D. Falb, p.i.)

Methods for the treatment of materials and devices have been developed to

treat a device in one simple step involving the exposure of a material at
ambient temperatures to an organic solvent containing a tridodecymethyl-
ammonium chloride/heparin (TDMAC/heparin) complex. This process impreg-
nates the material with a thromboresistant coating which is very resistant
to elution by saline or whole blood. Besides materials such as silicone
rubber which swell in the presence of organic solvents, it is possible to
treat the material throughout the bulk of the polymer so that abrasive or
wearing actions uncover only a new heparin interface. Preliminary tests
on a tricaprylmethylammonium chloride (TCMAC/heparin) indicate this product
might also find use as a thromboresistant coating. The major advantage for
the use of this material is the fact that TCMAC is commercially available.
However, stability in whole blood of this heparin complex is not quite as
good as the TDMAC/heparin complex stability. In vitro evaluations of re-
actions of this complex at the blood-heparin interface indicate an extreme-
ly low level of damage to blood components. Efforts to covalently bond
heparin have been made. To date, cyanuric chloride is the only coupling
agent which has been used reproducibly with silicone rubber under aqueous
conditions, and the resulting surfaces have a significantly improved throm-
boresistance as determined by both in vitro tests in this laboratory and
in vivo tests at Johns Hopkins. Sterilization studies on heparinized sur-
faces indicate that autoclaving either in an aqueous medium, a heparin
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solution, or a dry pack works well and does not change the thromboresistant
characteristics of the sterilized product, even though heparin solutions
when autoclaved lose approximately 18 percent of their biological activity.

Both gas (ethylene oxide) and chemical (Cidex or Wescodyne) preparations of

glutaraldehyde techniques neutralize the biological activity of heparinized

surfaces. However, these methods can be used prior to heparinization if a

sterile technique is followed during heparinization. Future efforts will

include the further improving of the heparinization techniques and the
heparizination of devices for the Program Office.

CARNEGIE-MELLON UNIVERSITY, Pittsburgh, Pennsylvania
Contract Amount: $68,931 Contract Number: PH43-66-977

STUDIES RELATIVE TO MATERIALS SUITABLE FOR USE IN ARTIFICIAL HEARTS

(Robert L. Merker, p.i.)

Work has continued to further improve the methods to heparinize silicone
rubber and to covalently bond negative polar functional groups to silicone

rubber. Methods have been devised for covalently bonding a number of organo-

silyl moieties to silicone rubber. Dimethylsilicone rubbers treated with

tri f 1 uoropropyl trimethoxysi 1 ane or heptaf 1 uoroi sopropoxypropyl trimethoxy-
silane were significantly more thromboresistant than the untreated polymer.

Dimethylsilicone rubber treated with trifluoropropyltrimethoxysilane and

gamma-aminopropyltriethoxysilane followed by heparinization via the sol-

vent swelling technique yielded a material possessing excellent thrombo-

resistance. Techniques for producing pinhole-free dimethylsilicone rubber

membranes in the thickness range of 1 to 2 mils have been developed. The

oxygen and carbon dioxide permeabilities of heparinized and plain dimethyl-

silicone rubbers are essentially the same. Future work will include the

further development of methods to fabricate this pinhole-free, heparinized
silicone rubber membranes for oxygenators and to adapt the heparinization

technique for hollow fiber oxygenators.

DOW CORNING CORPORATION, Midland, Michigan
Contract Amount: $69,705 Contract Number: PH43-P6-979

DEVELOPMENT OF BLOOD COMPATIBLE SILICONE ELASTOMERS

(Martin C. Musolf and Virgil L. Metevia, p.i.)

The blood compatibility and bio-engineering properties of silicone elasto-

mers containing a 3,3,3-trifluoropropylmethylsilicone high polymer or a

blend of this polymer with a dimethylsilicone high polymer were studied.

These fluorosilicone elastomers can be fabricated into devices in a manner

analogous to that of common dimethylsilicone elastomers. Fluorosilicone

elastomers have oxygen and carbon dioxide permeabilities which are less

than those of dimethylsilicone elastomer, however, the permeabilities

increased in the "blend" elastomers as the dimethylsilicone content in-

creased. The fluorosilicone containing elastomers studied had poor cut

growth resistance and fair resistance to flex fatigue. In vivo data

showed that fluorosilicone elastomers exhibited better blood compatibility

than a dimethylsilicone elastomer. In vitro studies indicated that both

fluorosilicone and dimethylsilicone elastomers were relatively inert to

blood. Blood clots and cellular debris appeared to adhere less to fluoro-
silicone elastomers. A preliminary study was made of two fluorosilicone
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low consistency low iemperature curing sealants. One material similar to

Dow Corning Silastic*' Medical Adhesive A would be useful as an adhesive.

The other material has the potential of being an encapsulation medium.

The thromboresi stance of these two materials has not been evaluated at

this time. Current work (commenced on January 26, 1971) includes the

fabrication of their pinhole-free oxygenator membranes in thicknesses
ranging from 0.001 inch to 0.005 inch from fluorosilicone homopolymers
and mixtures of fluorosilicone homopolymers and dimethylsiloxane homo-
polymers, the determination of the oxygen and carbon dioxide permeabili-
ties of the membranes, and the development of techniques to coat various
devices with fluorosiloxane homopolymers.

EPOXYLITE CORPORATION, South El Monte, California
Contract Amount: $35,404 Contract Number: PH43-68-1379

DEVELOP MATERIALS FOR ARTIFICIAL HEARTS AND BLOOD OXYGENATORS
(Henry Lee, Jr. , p.i

.

)

A blood contact layer artificial endothelium which is produced by attaching
cholesterol half esters to a polyvinylalcohol (PVA) substrate by the acid
chloride intermediate is under investigation. Model compounds containing
bromine were obtained from 2,2,2-tribromoethanol and glutaric anhydride
and by adding bromine to the double bond of the cholesterol moiety in adipic
acid monocholesterol ester. Neutron activation analysis indicated that PVA
surfaces esterified with these model compounds revealed surface attachment
of the molecules, with a greater degree of surface esterification being
noted with the brominated adipic acid monocholesterol ester, more nearly
analogous to our actual systems. Satisfactory adhesion of the artificial
endothelium to a hydrophilic polyurethane suitable as the middle layer of a

three-layered vascular prosthesis was demonstrated. Work continued on the
spandex structural outer layer of the prosthesis aimed at obtaining poly-
urethanes of improved solubility. A material was produced by combining
Royalar spandex polyurethane with Estane 2710 in a ratio of 3:1. Species
synthesized from polybutylene oxide (mol . wt. 1000) and 4,4-dicyanato-
phenyl ether produced specimens of high elongation and elastic recovery,
but of indifferent solubility. Future work will stress the optimization
of the preparative process and the preparation of specimens for biological
evaluation.

EPOXYLITE CORPORATION, South El Monte, California
Contract Amount: $23,520 Contract Number: PH43-68-1409

DEVELOP IMPROVED ENCAPSULATION MATERIALS FOR IMPLANTATION
(Henry Lee, Jr. , p.i .)

Twenty-two complete heart assist devices were encapsulated and/or insulated
in a combination of epoxy resin formulations and silicone rubber overcoat-
ings. Of units implanted to date, leakage at a lead exit site represented
a problem in one early unit, but the condition has been corrected. Complete
process specifications for encapsulation and insulation were given for de-
vices of Statham Instruments, Inc., Stanford Research Institute, Bendix
Laboratory, and Aerojet General Corporation. Future work will include cus-
tom encapsulation service as required by the Program Office.
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THE FRANKLIN INSTITUTE RESEARCH LABORATORIES, Philadelphia, Pennsylvania
Contract Amount: $26,100 Contract Number: NIH-69-2237

DEVELOPMENT OF SENSORS TO MONITOR BLOOD CONSTITUENTS IN VIVO
(Paul L. Kronick and Harvey Scott, p.i.)

The ultimate objective of this program was the preparation of insertable
sensors for blood-plasma ions based on lipid elements. Materials were
sought which would provide mechanical support, in which the membrane was

to be imbedded to compensate for its fragility. Glycerol -water mixtures
were experimented with, and also two solids: agarose and "Hydron" hydro-

gels. Glycerol media increased the lifetimes of the bilayer membrane
considerably but changed their ion transport properties when sensitized

by cyclic polypeptide antibiotics. Stabilization was not achieved in

the aqueous gels. Membranes were formed on a small hole in the side of

one millimeter catheter tubing, providing an insertable configuration.

The very rigid mechanical support developed for forming the membranes

does not seem to be necessary, but a smooth, thin edge on the hole is

of great importance. A prototype insertable sensor was constructed, con-

sisting of a catheter tube filled with agarose gel with a membrane on the

hole in the tube. Current efforts include the evaluation of the sensi-

tivity, response time and mechanical stability of lipid bilayer membranes

stabilized by 1 mm thick hydrogel and/or non-antigenic agar layers and the

determination of the selective performance of the lipid bilayer membranes

in the presence of ions such as sodium, potassium, calcium and organic

blood constituents.

GENERAL ELECTRIC COMPANY, Lynn, Massachusetts

No Additional Funds Contract Number: NIH-69-2186

DEVELOPMENT OF AN ELECTRICALLY-ACTIVATED ARTIFICIAL MUSCLE SYSTEM

(James R. Boyack, p.i.)

An electrically-activated artificial muscle system was developed which

uses weakly acidic contractile polymers sensitive to pH changes. pH

changes are produced through electrodialysis of a solution compartment

containing the muscle membrane. Mathematical equations were derived

which adequately describe the response of an artifical muscle in this

system to passage of electric current. The calculations show that in

order to obtain significant dimensional changes in the muscle mem-

brane, the membrane material must contain weakly acidic groups with a

dissociation constant in excess of 10" J eq/1 . In addition, the mobility

ratio of neutral electrolyte cation in the muscle membrane compartment

to the hydrogen ion, which is added in small amounts to suppress ini-

tial ionization, should be as small as possible. An electrically-

activated stimulation apparatus was fabricated and tested with certain

weak acid ion exchange membranes. The results were in good agreement

with those predicted by the mathematical model. A study was made of

the response of the muscle membrane as a function of pH, solution con-

centration, compartment size, certain cations and membrane fabrication.

The contract terminated on September 27, 1970, at the end of the con-

tract year.
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GULF ENERGY & ENVIRONMENTAL SYSTEMS, INC., San Diego, California

Contract Amount: $53,807 Contract Number: PH43-67-1411

BIOCOMPATIBILITY OF CARBON
(Jack C. Bokros, p.i .)

Results from tests of a variety of Pyrolite carbon surfaces in canine

venae cavae have provided new information about the effect of surface

preparation and sterilization on thromboresi stance. It was found that

rough surfaces removed sterile from the deposition chamber and implanted

without further treatment are thrombogenic, a consequence probably of

hydrocarbon residue on the surface. Further investigation showed that

polished unalloyed LTI Pyrolite carbon can be cleaned by detergent wash-

ing and sterilized by either steam or ethylene oxide without detracting

significantly from the thromboresistance. Data for silicon-alloyed LTI

carbon showed that while polished and outgassed rings with 12% silicon

are thromboresistant, rings with 18% silicon are not. Furthermore,

autoclaving detracts significantly from the thromboresistance. Out-

gassed LTL Pyrolite carbon also proved to be very thromboresistant.
Supporting data by other contractors indicate that LTI carbon surfaces

owe their compatibility to the fact that they can maintain in dynamic
equilibrium an adsorbed protein layer at the surface without altering
the protein molecules. Parts for several prototype devices were fabri-
cated, e.g., disk-type occluders for the valves of the Thermo Electron
assist device, a blood heat exchanger, all the parts of the Rafferty-
Kletschka pump that are exposed to blood, and catheter tips with a

heparinized reservoir. Electrochemical studies have been performed to

get a more quantitative picture of the surface charge behavior of LTI
pyrolytic carbon in saline and pooled blood plasma. Data were acquired
for the surface charge density of pyrolytic carbon over a potential
range from +400 mV (versus SCE) to -400 mV (versus SCE) at intervals of
100 mV. Capacitance measurements may also be used to determine the
surface charge of an electrode. An investigation was made of the cur-
rent-voltage behavior for GGA electrodes in plasma and saline, and it
was established that the extent of Faradaic reaction was sufficiently
small in most cases in the potential range from +400 mV (versus SCE)
to -400 mV (versus SCE) to justify the capacitance analysis. It ap-
pears that pyrolytic carbon does bear a net negative surface charge
in saline even at fairly positive potentials. In plasma the potential
of zero charge is pushed cathodically to approximately +100 mV. Ex-
ploratory studies have begun on vacuum vapor deposition of thin (a

few thousand angstroms thick) films of carbon on polymer substrates.
Several substrate materials have been found on which smooth, continu-
ous adherent carbon films can be deposited. The major difficulty en-
countered is caused by the mismatch between the thermal expansion co-
efficients of carbon and the polymer substrate. Deposition conditions
have been found which minimize this difficulty for suitable substrates.
Future work will emphasize the vapor deposition of thin carbon films on
selected polymeric substrates.
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MELOY LABORATORIES, MEL-LABS, INC., Springfield, Virginia
Contract Amount: $7,530 Contract Number: PH43-67-1413

EVALUATION OF BIOPOLYMERS AS BLOOD COMPATIBLE MATERIALS
(Robert G. Nemchin, p.i.)

During the past year investigations designed to develop a practicable blood
compatible cellulosic material have been completed. The work has concen-
trated on the preparation and characterization of a new derivative of car-
boxymethyl cellulose (CMC), with chemical and physical properties suitable
for the construction of vascular prosthetics. This derivative is the mixed
ether-ester, CMC-acetate. CMC was originally selected for critical evalu-
ation on the basis of the first year study which showed that anionic (nega-
tively charged) cellulose polymers interacted favorably with the components
of blood, whereas neutral and cationic cellulose derivatives had the oppo-
site effect. The most consistent results were obtained with highly-
substituted anionic cellulose derivatives. Earlier findings indicated that
the acetyl group itself was not compatible with blood. Accordingly, to

make CMC-acetate useful, the surface acetyl groups of a blood contacting
prosthesis must be removed. Sodium methoxide was used as a deacetylating
agent and multiple attenuated internal reflectance infrared spectroscopy
was used to assess the depth of deacetylation. It was found that under
rigidly specified conditions, deacetylation can be achieved to a depth of
approximately 0.5u without substantially affecting the material's physical
properties. Contact angle measurements proved that the deacetylation
treatment to this depth does indeed produce a hydrophilic surface compara-
ble to that obtained with unmodified CMC. This contract terminated on
November 26, 1970 at the end of the contract year.

MONSANTO RESEARCH CORPORATION, Dayton, Ohio
Contract Amount: $13,420 Contract Number: PH43-66-975

MATERIALS AND COMPONENTS FOR CIRCULATORY ASSIST DEVICES
(Albert J. Blardinelli, p.i.)

Development of materials and components for use in circulatory assist
devices was continued with emphasis on further refinement and defini-
tion of epoxy and urethane polymers containing the nonthrombogenic ad-
ditive polyoxypropylene/polyoxyethylene glycol (P0P/P0E glycol) and
their use in fabrication and evaluation of left ventricular assist de-
vice bladders, Statham-DeBakey diaphragms, and intra-aortic assist
balloons. However, the most promising results with bladders and dia-
phragms were obtained using the POP/POE/glycol modified (3% by weight)
polyether polyurethane. P0P/P0E glycol modified epoxy and polyurethane
were prepared to be examined by the contractors for blood and cell cul-
ture compatibility, surface characteristics, immunogenic reaction, ef-
fects on plasma proteins and enzymes, and thrombo-embolic phenomena.
The evaluation was completed in part with mixed but significantly posi-
tive results. This contract terminated on October 22, 1970, at the end
of the contract year.
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POLYSCIENCES, INC., Warrington, Pennsylvania

Contract Amount: $50,832 Contract Number: PH43-66-11 24

POLYMER STUDIES RELATED TO PROSTHETIC CARDIAC MATERIALS WHICH ARE NON-

CLOTTING AT A BLOOD INTERFACE
(B. David Hal pern, p.i.

)

Although polyacryl amide hydrogels exhibit significant non-thrombogenic

properties, until recently their practical use has been limited by the

lack of sufficient mechanical strength. The chemical bonding of poly-

acryl amide hydrogels by grafting to polyurethanes has been accomplished
by the use of eerie (IV) ion catalyzed technique. This approach yielded

better results than radiation-induced grafting. The chemical parameters
involved in the grafting reaction have been identified. Chemical tests

to detect the presence of grafted polyacrylamide hydrogel surfaces have
also been developed. Initial data indicate that polyurethanes can be

successfully coated with polyacrylamide hydrogel in the thickness range
of one to two microns, including intra-aortic balloons. Future work will

include the further improvement of the hydrogel -coating technique and its

adaptation to medical devices.

SHELL DEVELOPMENT COMPANY, Emeryville, California
Contract Amount: $68,861 Contract Number: PH43-68-1299

DEVELOPMENT OF SEGMENTED ELASTOMERS FOR USE IN BLOOD PUMPS AND OXYGENATORS
(Eugene T. Bishop, p.i.)

The objectives of this research were to prepare and characterize certain
three-segment block copolymers, to cooperate with other contractors in

evaluating these materials for biocompatibility, and to fabricate prototype
cardiovascular devices. The materials examined in this work were derived by
proprietary methods from polymers containing a mid-segment of polyisoprene
and end-segments of polystyrene. Among these materials, the fully saturated
derivatives having the formal composition: polyvinylcyclohexane-ethylene/
propylene copolymer-polyvinyl cyclohexane received the major attention. The
particular composition of this type which has been evaluated most thoroughly
and has been used most extensively in the fabrication of prototype devices
is coded BM-1 . A more extensible, lower modulus version is coded BM-2; and
a rather rigid, higher modulus version is coded BM-1 9. Although in vitro
tests showed no serious incompatibility with blood, in vivo implantation of
vena cava rings showed that BM-1 has only moderate thromboresistance, but
the results were partly due to surface cracks on the rings. Initial effort
was devoted to developing a BM-1 intra-aortic balloon in cooperation with
the Western Gear Corporation, but its modulus characteristics led to a bal-
loon which was too extensible at operating pressures. Higher modulus block
copolymers were developed, including BM-3 and BM-1 9, but these were ruled
out in very brief tests. Prototype blood bladders for evaluation in a mate-
rials test pump were fabricated by dip-coating on a blown glass mold. Dia-
phragms for the Statham "De Bakey pump" were fabricated by dip-coating on an
EPON5' Resin mold and operated successfully for a two-week trial, by pumping
saline solution at 60 pulses per minute. Prototype blood bladders for the
four chambers of the NHLI-designed total artificial calf heart were fabri-
cated on glass molds. A solvent-cement welding technique was developed for
joining flaps in the atrium and ventricle bladders to form the intervening
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heart valves. The bladders were submitted to the Thermo Electron Corpora-
tion for assembly. Prototype heart massage units were fabricated for evalu-
ation in both calves and dogs. These units were made with an inner cup of
the flexible BM-1 and an outer cup of the more rigid BM-19. A procedure was
developed for making the units in a novel one-piece construction. A further
objective of the work was to develop chemically modified block copolymers
having improved inherent thromboresistance. This was attempted by incor-
porating polar functional groups in the elastomeric segment of copolymers
having the polystyrene-polyisoprene-polystyrene and polystyrene-ethyl ene/
proprylene copolymer-polystryrene compositions. Biological results on the
modified polymers indicate toxic response. Blood compatibility tests at
Battelle also revealed a strong tendency toward platelet adsorption and
activation although much better behavior in this regard was observed at the
Stanford Research Institute. None of the three polymers showed more than
moderate thromboresistance in the in vivo tests at Johns Hopkins. The con-
tract terminated on December 31, 1970, at the end of the contract year.

STANFORD RESEARCH INSTITUTE, Menlo Park, California
Contract Amount: $117,715 Contract Number: PH43-64-84

THE EFFECT OF CHEMICAL STRUCTURE AND SURFACE PROPERTIES OF SYNTHETIC
POLYMERS ON THE COAGULATION OF BLOOD

(John L. Brash, p.i.)
The main objectives of the program are (1) to develop elastomers for intra-
aortic balloons, heart massage cups and other heart assist devices and (2) to
explore fabrication technology for those elastomers and to fabricate proto-
type devices. Toward those objectives a number of polyether urethane elas-
tomers have been prepared. These materials are based on polypropylene glycol,
methylene bis(4-phenylisocyanate) and a variety of diamines and range from
tough, hard materials to soft snappy rubbers. The elastomers are formed in

solution as essentially linear polymers and can best be fabricated by solu-
tion techniques. A method of fabricating intra-aortic balloons has been
developed based on dip coating on wax mandrels. Prototypes of balloons,
heart massage cups, circular materials test pump bladders and other blood
pump bladders have been fabricated. Several of these elastomers have under-
gone extensive biological evaluation and have shown above average biocom-
patibility. In addition to the above, work was carried out to synthesize
sulfonated polystyrenes with controlled degree and distribution of sulfonate
groups. Initial in vitro and in vivo data indicate encouraging thrombore-
sistance for these polymers. Future efforts will include the continuation
of this work and the development of liquid-casting polyether urethane materi-
als with specific mechanical properties.

THERMO ELECTRON CORPORATION, Waltham, Massachusetts
Contract Amount: $22,500 Contract Number: PH43-66-1126

DEVELOPMENT OF ELECTRIFIED POLYMERS FOR USE IN CARDIAC ASSIST DEVICES

(Preston V. Murphy, p.i.)
Recent work by the contractor involved the surface physical and electrostatic

characterization of electrified materials and the submission of selected sam-

ples for biological evaluation. The efforts included Shell Development's

BM-18, Dow Coming's poly(dimethylsiloxane) 372 and poly(fluorovinylsiloxane)
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422, Estane 5714 polyurethane, carnauba wax, and SRI's segmented polyurethane.

Good mechanical flex endurance was found for Estane 5714 polyurethane pump

diaphragms and bladders and the charge stability for Silastic 422 was esta-

blished as about 103 esu/cm2 . Diaphragms fabricated from siloxane 422 and

electrified, gave reasonably good charge stability of 1,100 esu/cm2 after

flexing for 175,000 cycles in comparison to the unflexed sample that showed

a charge of 1,980 esu/cm2 . The BM-18 sample furnished by the Shell Develop-

ment Company could not be electrified apparently due to the possibility that

the functional groups of this polymer are turned away from the surface and

cannot be oriented by electrification. Negative electrets of both Estane

5714 and Silastic 422 showed good blood compatibility in both acute and chron-

ic vena cava tests. Electrified carnauba wax showed good blood compatibility
in two-hour vena cava tests with chronic evaluations as yet incomplete. Elec-

tret materials have not as yet been tested in devices and it is planned to

evaluate these materials in intra-aortic balloons and in oxygenators.

UNION CARBIDE CORPORATION, Bound Brook, New Jersey
Contract Amount: $176,937 Contract Number: PH43-68-1388

FIBER SUBSTRATES FOR TISSUE CULTURE AND INTIMAL LINING DEVELOPMENT
(Joseph S. Byck, p.i .

)

This contract is for the continuation of a program to develop improved ultra-
thin fiber web structures for use as neointimal substrates in circulatory
assist devices. During the first year of the program, a method had been de-
veloped for producing an ultrathin microti ber nonwoven fabric to be bonded to

the interior of the circulatory assist devices for the purpose of organizing
and anchoring intimal linings thin enough to be maintained indefinitely with-
out degenerative changes. This material, consisting of micron diameter poly-
propylene fibers, is prepared by extraction and transverse drafting of two
component immiscible polymer tapes and can be conformally coated with vapor
deposited parylene polymers to increase the strength of the gossamer micro-
fiber web and to provide a passive surface which should be nontraumatic to
growing tissue. Recent research activities have largely been devoted to modi-
fication of the porosity of the nonwoven fiber webs to optimize infiltration
by cells. Dilute acid treatment of extracted and drafted fiber webs, followed
by freeze drying, permits production of continuous rolls of fiber web having
extremely high void volumes. A process known as "vertical drafting" has also
been developed which permits changes in fiber web porosity to be made even
after sheets of the 50 micron thick nonwoven microti ber have been bonded to
nonporous substrates, such as polyurethane and silicone elastomers. A novel
property of the vertical drafting process is its capacity to produce highly
porous nonwovens which can possess either high porosity throughout or a po-
rosity gradient with maximum porosity at the surface to optimize cellular in-
filtration. Experiments by intimal lining contractors indicate that Wish
amnion cells and fibroblasts can grow into the porous mesh of parylene C-coat-
ed vertically drafted polypropylene microfiber webs bonded to polyurethanes.
Other work during the last year has included investigation of novel parylene
coatings to enhance the characteristics of parylene C as a substrate for cell
growth and evaluation of methods for constructing devices lined with the ultra-
thin nonwoven fabric.
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UNION CARBIDE CORPORATION, Bound Brook, New Jersey
Contract Amount: $8,880 Contract Number: NIH-71-2067

POLYELECTROLYTE DEVELOPMENT
(Joseph S. Byck, p.i .

)

The two major objectives of this contract are: 1) preparation of amino acid-
containing block copolymers and 2) polyelectrolyte preparation. Considerable
progress has also been made in polymer synthesis research devoted to investi-
gation of factors influencing the blood compatibility of anionic polyelectro-
lytes and development of novel hydrophilic polyelectrolytes displaying en-

hanced compatibility. The first phase of this program--a study of ethylene/
acrylic acid copolymers and ionomers at varying acid concentrations and lev-
els of neutralization by monovalent and divalent cations--has been completed,
with in vitro and in vivo blood compatibility data having been reported by

five test groups. Hydrophilic polyelectrolytes newly prepared in the second
phase of the program for evaluation in this study have been vinyl acetate/
crotonic acid copolymers and ionomers and vinyl acetate/vinyl sulfonate and

vinyl alcohol/crotonate ionomers, all of which can be crosslined to form hy-

drogels. Several vinyl acetate/crotonic acid copolymers and ionomers exhibi-
ted a high degree of antithrombogenicity. The best of these appears to be

the 60% neutralized sodium salt of a 2.3% crotonic acid copolymer. Ongoing
research on polyelectrolytes is directed at improving the durability and
mechanical strength of polymers based on the vinyl acetate/crotonic acid
system, as well as continuing development of carboxylic acid-containing N-

vinyl pyrrol i done copolymer hydrogels.
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HETEROPROSTHESIS DEVELOPMENT

There are two main approaches in the development of prosthetic materials

for cardiovascular use. The first could be designated as a "hornoprosthesis"

which is composed entirely of foreign material whose surface has been

treated in one of several ways to render it non-thrombogenic and, hopefully,

chemically inert as well. The second can be designated as a "heteropros-

thesis" which consists of a combination of foreign material and some form

of living tissue. The characteristics of the foreign material are chosen

to promote cellular adherence and growth. A material coated (endothelial-

ized) in this way has been shown to have a decreased tendency to promote

clotting and/or hemolysis of blood in vivo . The really major advantage of

a heteroprosthesis is that it can be potentially self-renewing allowing

cell growth to repair damage areas,

In preparation for the "heteroprosthesis" materials research and develop-

ment effort the Medical Devices Applications Program contractors have

developed many different types of microfabric linings over the last two

years. According to specifications provided by the Program Office, these

microfabric linings have been developed to have high porosity, microfibers
in the range of 1 micron in diameter, and less than 50 microns pile height.

The factors of high porosity, fine filaments, and minimum thickness were
felt to be important in favoring the development of very thin cell linings,
nourished completely by diffusion from the blood stream, and thin enough
that they would not cause mechanical obstruction of the devices in areas

of critical dimensions, nor develop areas of necrosis in the deeper cell

layers. Microfabrics having these properties have been developed. These
novel surface textures have been screened by yet other contractors who have
conducted preliminary biological tests to determine the suitability of the

linings for use as "cell anchoring devices," and made recommendations as to

which of these microfabrics appear most suitable in terms of biocompatibil-
ity, ease of fabrication, and application to the internal surface of com-
plex device configurations. On the basis of these recommendations and the
current state-of-the-art in materials development, fabrication, and appli-
cation, two of these microfabric approaches were selected for further in

depth in vitro and in vivo evaluation and for intimal lining development at
this time. Many additional approaches are also available for development
and application if there is a need to consider alternative systems in the
future. Techniques for applying these ultrathin linings to simple device
surfaces were then developed, and techniques for applying them to increas-
ingly complex device configurations are currently under development. Also,
limited in vitro and in vivo feasibility studies have been conducted within
the scope of current biological evaluation contracts. These studies have
shown that the "heteroprosthesis" approach to cardiovascular replacement
devices is feasible.

The program requirements for further development in this area include re-
search leading toward simple, effective techniques for uniform, rapid seed-
ing of these microfabric surfaces with cells, and research and development
of techniques for the preparation, application, development, and maintenance
of these cell linings. The scope of the program needs also encompasses the
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capability of short-term storage procedures, suitable for use in shipping
the sterile, tissue-lined devices to their points of destination if such
proves to be necessary.

Types of devices or components on which cell linings are to be developed
include tubular implants, test pumps, permanent assist devices as well as
permanent total heart replacements designed by other Medical Devices Appli
cations Program contractors.

BATTELLE MEMORIAL INSTITUTE, Columbus, Ohio
Contract Amount: $86,758 Contract Number: NIH-71 -2058

DEVELOPMENT OF INTIMAL LININGS
(J. B. Boatman, p.i.)

The objective of this program is to develop methods for preparing a viable,
homogeneous coating of cells on new microfiber materials or substrates, to

simulate a pseudo intimal lining of these materials, and evaluate in vivo
the viability and long-term survival of these coatings. A variety of pri-
mary cell cultures have been successfully prepared from tissues of the
adult sheep such as muscle, aortic and venous intima and peritoneum lining.
One of the major problems with intimal type cells is the small quantities
obtainable, hence culturing is necessary. Fibroblasts and Wish human amnion
cells have been seeded both by spraying and by gravity sedimentation. It

appears that if loops of microfiber material are large enough, either appli-
cation method will permit cells to penetrate. It has been recently shown
that in cases where intimal cells were applied over fibroblasts, the intimal

cells migrated to areas where there are fibroblasts, and they overlay the

fibroblasts. Single vertically drafted microfiber webs supplied by Union
Carbide have been found to allow significant penetration of cultured fibro-

blast and intimal cells into raised portions of the web, allowing for better
anchoring of the cell layer to the implant. Currently, linings are being

prepared on microfiber-lined tubes and standard evaluation pump bladders for

subsequent implantation and evaluation within the thoracic aorta.

PROVIDENCE HOSPITAL, Seattle, Washington
Contract Amount: $52,836 Contract Number: NIH-71 -2060

DEVELOPMENT OF INTIMAL LININGS
(Peter B. Mansfield, p.i.)

The main objectives of this contract are: 1) development of techniques

for autologous and allogenic cell linings of prostheses; 2) development

of techniques for applying cells to the microfabric devices without sub-

sequent in vitro culturing of the devices; and 3) studies of factors in-

fluencing cell lining thickness. The ultimate goal of this work is to

develop the practical capability of generating a biologically satisfactory

blood/artificial conduit interface. This will be accomplished by estab-

lishing a cellular lining on artificial conduits which is essentially non-

thrombogenic, living and self-perpetuating tissue, nourished from the blood

stream, and which is immunologically compatible with the host. Initial

techniques are those based on previous studies by the investigator. These
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utilize granulation tissue as a source of a mixed population of cells, fol-

lowed by tissue culture of these cells on device surfaces, and the develop-

ment of an intima-like surface upon subsequent insertion in vivo . In

parallel with this already partially successful technique the contractor

will attempt to develop techniques based on the development of intimal

linings composed of endothelial cells growing on top of fibroblasts infil-

trated into the microfiber surface. To date the investigators have devel-

oped the capability of procuring host cells (calf), growing them in tissue

culture, adhering them to conduit materials in culture, and surgically im-

planting these cell-lined tubes as aortic replacements in host animals.

Samples of vertically drafted materials from Union Carbide have supported

tissue cultured cells well, with essentially complete covering from seeding

in from 48 to 72 hours.

UNIVERSITY OF MICHIGAN, Ann Arbor, Michigan

Contract Amount: $21,403 Contract Number: NIH-71-2054

PRODUCTION OF MULTIPLE-LAYERED INTIMAL LININGS BY PERFUSION CULTURE

(Raymond H. Kahn, p.i.)

The major effort of this contract is to establish and define conditions

and procedures regarding cell sources, critical mass necessary to rapidly

seed devices, methods of stimulating cell deposition and adherence to a

wide range of microfabrics, and methods to stimulate cellular propagation.

Perfusion cell cultures rather than stationary cultures will be used. Two

human cell sources are being employed for these screening studies: WI-38

and Buffy coat from human donors. The WI-38 cells have the advantage of

being readily available, easily stored in the freezer, presumably compat-

ible with human tissue, have a long history of rapid proliferation, orient
themselves in one or more layers when propagated by perfusion technique,

lack known viruses, and presumably are not carcinogenic. Buffy coat is

readily available in quantity and is immunologically compatible when the

cell source is derived from the same patient to be exposed to the hetero-
prosthesis. Based upon his extensive previous experience the contractor
feels that some of the cells derived from the Buffy coat are multi potential
and might give rise to both endothelial cells and fibroblasts upon cultur-
ing. The contractor is also utilizing fibroblasts and endothelial cells
derived from calf tissues. To date, WI-38 cell adhesion to the micro-
fabrics supplied by Union Carbide has been studied only in stationary cul-
ture. The vertically drafted fabrics are distinctly better in exhibiting
cell attachments when compared with the non-vertically drafted fabrics.
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MATERIALS TESTING AND EVALUATION

Materials which are truly compatible with blood and tissue are essential to

further progress in reaching the specific objectives set for the Medical

Devices Applications Program. At the present time, the Program is intensi-
fying its efforts to integrate the new design and materials technology de-
veloped by its contractors during the past couple of years. Devices fab-

ricated from the new materials and materials combinations are subjected
to extensive in vitro and in vivo testing by other Program contractors
charged with the responsibility of assessing the relative merits of the

various materials and designs under actual operational conditions. The re-

quirements for materials to be used for cardiovascular or pulmonary replace-
ment devices are necessarily stringent and will vary with the type and

length of application. Thus, in addition to being blood-compatible, these
materials must also satisfy requirements from an operational, safety, and

reliability standpoint. The forces known to operate at the site of the

device must be considered in making recommendations and decisions on which
materials are to be used for the construction of a given device. The fail-

ure of a cardiovascular or pulmonary replacement material can have grave
implications and might well mean death to the patient. The program, there-
fore, places great importance on the research, development, and continuous
evaluation of safe and reliable materials, tailor-made for specific end uses,

Clotting and thrombosis are the most obvious evidence of incompatibility of

materials in contact with blood, but they are not the only ones. Investiga-
tions initiated by the Program and verified by others have shown that there

are a number of proteins, enzymes, and even blood clotting factors which
are either destroyed or seriously interfered with as a result of blood-
materials contact. The Program has developed a number of new materials
which are compatible with blood to the extent that devices fabricated from

them do not initiate clotting or thrombosis for a limited period of time
in vivo and appear to be tolerated by the organism for this period of time.

However, other biocompatibility tests indicate that a number of these prom-
ising materials, even though they do not clot blood on contact, may alter
blood proteins and have deleterious effects on the structure and function
of the cellular elements of the blood as well as adjacent cardiovascular
tissues, raising serious questions regarding their ultimate suitability for

long-term use in humans. Also, most of these candidate materials surfaces
do not appear to be as permanent as would be required for chronic devices.

The Medical Devices Applications Program is supporting further materials
research and development aimed at materials or materials combinations which
do not produce any of these identified harmful effects, which are well tol-
erated by the body, and which will be more suitable for chronic use. Prog-

ress is being made in this area and a definite improvement in the blood and
tissue compatibility of new candidate materials developed for the program
has been noticed particularly during the last year. Thus, while the pre-

dominant pattern of biological response recorded during previous years of
the program was one of identifiable, specific damage to one or more blood
and tissue parameters, a number of new materials are now able to pass these
same routine biological screening tests with little or no evidence of bio-
logical damage, within the limits of detection afforded by these short-term
tests.
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BATTELLE MEMORIAL INSTITUTE, Columbus, Ohio

Contract Amount: $115,934 Contract Number: PH43-67-1404

FURTHER IN VITRO EVALUATION OF PROSTHETIC MATERIALS

(Carl Pennington, p.i.)

This continuation program has two main objectives: 1) in vitro evaluation

of formed blood element adherence to candidate cardiovascular prosthetic

materials; this evaluation includes determination of the morphological

state of platelets by scanning electron microscopy; 2) in vitro evaluation

of cultured mammalian cell interaction with the surfaces of the prosthetic

materials including toxicological determination as well as critical analy-

sis of morphological and growth alterations. In addition, selected mater-

ials were subjected to partial thromboplastin time determinations. The

overall objective for this program has been the specification of meaningful

in vitro biocompatibility standards for new and improved materials. It has

become clear that fine distinctions can be made using the above methodolo-

gies, especially in the case of platelets and cultured cells. Over the

three and one-half years of work on this program, a steady improvement in

materials has been noted to the extent that some recently evaluated mater-

ials have caused no detectable platelet or cellular damage. Paramount

among new materials has been the improvement in heparin application to sur-

faces. It is believed that the in vitro systems described are valuable in

first-line biocompatibility determinations of new materials. This contract

terminated May 31, 1971.

CORDIS CORPORATION, Miami, Florida
Contract Amount: $56,155 Contract Number: PH43-66-980

ANALYSIS AND MEASUREMENT OF THE EFFECTS OF MATERIALS ON BLOOD
(Seymour P. Halbert, p.i.)

In the development of cardiovascular prostheses, and in the current attempts

to develop artificial assist devices, recurrent problems concerning the com-

patibility of the materials used with the blood and its contents have been

revealed. In addition to the difficulties related to intravascular thrombo-

sis and to destruction of the cellular elements of the blood, evidence has

been uncovered which suggests that more subtle changes may be caused to the

plasma proteins upon exposure to these plastics. In order to more precisely
evaluate the potential direct denaturing effects of different potentially
useful plastics on human plasma proteins in vitro , the Cordis Corporation
contract has been funded over the past several years. The tests were de-

signed to eliminate extraneous factors (i.e., air interface) from the ma-
terial in question exposed to human blood. The experimental plasma aliquot
was exposed to a large surface of the plastic in granular form which was

kept in constant gentle motion, in order to approximate the clinical situa-

tion. A wide variety of tests were then undertaken to evaluate the possible
changes in the plasma proteins. These included: quantification of differ-
ent specific plasma proteins by radial immunodiffusion immunoassay; measure-
ment of plasma enzyme activities; immunoelectrophoresis with potent antisera
to human sera; calcium replacement clotting tissues; and disc electrophore-
sis patterns on acrylamide gels. Results of these studies have been inform-
ative to the Program Office and the material developer. These include,
broadly: plastics may reduce rather specific denaturation changes to only
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a few of the plasma proteins; different materials cause denaturation of dif-
ferent proteins; materials with appropriate mechani co-physical properties
are compatible with the proteins. Specific examples in which these tests
have been quite useful include the quarternary ammonium salts - heparin com-
pounds; the incorporation of pluronic F-68 with epoxy resin; and the substi-
tution of potassium and sodium ions for lithium in acrylic acid polyelectro-
lyte plastics. This contract terminated March 31, 1971.

INSTITUTE OF MEDICAL SCIENCES, San Francisco, California
Contract Amount: $52,275 Contract Number: NIH-69-2244

PHYSIOLOGICAL EFFECTS OF ARTIFICIAL DEVICES ON BLOOD
(Myer L. Coval , p.i .)

The contract effort has centered on the evaluation of the physiological
effects of various oxygenators on human plasma proteins. This work has

been under support for the last two years and has included the development
of improved acrylamide gel electrophoresis techniques, permitting the sep-

aration of over 40 human plasma proteins; a comparison of the effects of

various oxygenators used experimentally and clinically (bubble, disk and

membrane) on plasma proteins as determined by these methods; and an analysis

of the physiological responses of recipient dogs to intravenous injections
of recycled bypass plasma. Their findings and observations include:

(a) the infusion of recycled bubble oxygenator plasma into a recipient dog

produced, rapid, profound hypotension and ultimately death; (b) the search,

preparation, isolation and characterization of the toxic factor(s) has been

initiated; (c) with the disk oxygenators, several proteins increased,

primarily haptoglobins; (d) the Bramson membrane oxygenator likewise alters

proteins, however only after a longer perfusion exposure; (e) the length of

perfusion and the type of oxygenator have determined the altered electro-

phoretic patterns observed; and (f) the demonstration of enzyme activation

with increased plasma proteolytic activity. Further testing of membrane

oxygenators will be done at the T&E Centers; in view of this and limited

program funds, this contract was terminated June 25, 1971.

JOHNS HOPKINS UNIVERSITY, Baltimore, Maryland

Contract Amount: $39,579 Contract Number: PH43-68-84

IN VIVO SCREENING OF POTENTIAL THROMBORESISTANT MATERIALS

This program has been in effect for the past three years and the contractor

has evaluated prosthetic rings in approximately five hundred animals each

year. New materials from materials research groups under contract to the

MDAP have been evaluated in vivo . The materials have been fabricated into

the shape of standard inferior vena cava test rings for acute and chronic

implantation into the canine vena cava. In the acute test the rings are

evaluated for a period of two hours. Materials demonstrating significant

thromboresistance in this test are then further evaluated for a two-week

period. Rings also have been used to study the effect of various methods

of sterilization on the thromboresistance of the various biomedical mater-

ials. Evaluation has also been made of the effects of new surfaces when
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applied to a variety of substrates. A subcontract with the Cornell Aero-

nautical Laboratories, Inc. has provided surface chemistry tests, including

MAIR infrared spectroscopy and Zisman contact angle studies, on a number of

rings prior to and following two-hour caval implantation. These studies

have been highly valuable in characterizing the outermost surface of these

rings prior to implantation, and also in characterizing the nature of the

deposit after a two-hour implant. This contract has provided an acceptable

screening mechanism for the materials program, and it is planned to continue

this work during the next year.

STATE UNIVERSITY OF NEW YORK, DOWNSTATE MEDICAL CENTER, Brooklyn, N.Y.

Contract Amount: $40,349 Contract Number: PH43-68-75

NEW APPROACHES IN THE SELECTION OF MATERIALS COMPATIBLE WITH BLOOD
(Philip N. Sawyer and Supramaniam Srinivasan, p.i.)

Electrochemical characterization of blood compatible materials was carried
out. In vitro and in vivo streaming potentials were measured on insulators.
The antithrombogenic characteristics of these materials were evaluated by

tube and valve implantation studies. The heparinized materials (silicone
rubber and epoxy), untreated epoxy, fluorosilicone/dimethylsilicone copoly-
mer, partially neutralized ethylene acrylic acid copolymers, etc., were
relatively antithrombogenic and all these exhibited negative zeta poten-
tials. Stellite and aluminum proved quite antithrombogenic as expected
from electrochemical standpoint. Ellipsometric studies showed that the
adsorption of thrombin and fibrogen is potential dependent. Potential sweep
studies to determine the electro-activity of blood coagulation factors
(thrombin, prothrombin and Factor IX) were also conducted. These proteins
take part in at least two electron transfer reactions. Continuing work
includes the study of the adsorption of the individual blood coagulation
factors by capacitance techniques over a potential region of -600 mV to
+600 mV (and extended regions) in normal saline as the supporting electro-
lyte, and the ellipsometric determination of the thickness of the adsorbed
individual blood coagulation factors.

TRAVEN0L LABORATORIES, INC., Morton Grove, Illinois
Contract Amount: $1,500 Contract Number: PH43-68-1411

IMMUNOGENIC EFFECTS OF MATERIALS ON PLASMA PROTEINS
(Ivan J. Stern, p.i .

)

Work under this contract has been directed at detecting relative tendencies
for materials to promote surface denaturation of autologous plasma proteins
which would render them antigenic for the host. The basis for these inves-
tigations lies in observations that foreign materials immersed in plasma
acquire at least a monomolecular coating of protein which is subtly dena-
tured. Denaturation of this type has been demonstrated to increase greatly
the immunogenicity of heterologous antigens. The possible immunogenic
effects of materials for implantation have implications for long term toxic
potential. If autologous protein were adsorbed, denatured and released, a
constant antigenic stimulus would be present in the implant recipient.
Apparatus and techniques have been assembled to permit immunogenic testing
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of materials. The immunogenic tests have been performed in vitro with ma-

terials in configurations which ideally have smooth surfaces, and which

present large surface area to volume ratios. Small spheres are the ideal

form, but monofilament, corrugated sheets, or coatings on matrices, although

less suitable, have also been accepted for testing during the current con-

tact. When plasma was exposed to various materials positive reactions were

observed with whole autologous plasma as the antigen. With human gamma-

globulin as antigen, positive reactions were observed less frequently.

Although this is an interesting and potentially very important area of mater-

ials evaluation, this contract was terminated October 24, 1970 because of

Program priorities.

UNIVERSITY OF CALIFORNIA, San Diego, California
Contract Amount: $13,161 Contract Number: PH43-68-1378

N0NTHR0MB0GENIC AUTOLOGOUS CELL SURFACES FOR USE AS CARDIAC LININGS

(Nina S. Braunwald, p.i.)

Work of the past contract period has been involved with development of a

method for accelerating or preforming nonthrombogenic tissue layers, in-

tended to be used as linings on the inner surfaces of artificial hearts.

In vitro tissue culture techniques have been employed to pregrow the tissue

on fabric lattice, prior to implantation in the body. The materials inves-

tigated in this study are the microstructure materials developed for this

purpose by other Program contractors. The effectiveness of these layers in

repelling platelet deposition has been investigated. In addition, investi-

gations have been directed toward the understanding of the mechanism of

formation of these biological covers, as well as to control the factors

responsible for their morphological characteristics, most particularly

their initial thickness, microcirculation and rate of proliferation. Al-

though the study has relevance to the present Program efforts, the contract

was terminated December 31, 1970, because of Program priorities.

UNIVERSITY OF VERMONT, Burlington, Vermont
Contract Amount: $45,000 Contract Number: PH43-68-1427

THE EFFECTS OF MATERIALS ON BLOOD LEUKOCYTES, ERYTHROCYTES AND PLATELETS

(Bert K. Kusserow, p.i.)
The renal embolus test system has been used to evaluate the thromboembolic

propensity of a number of test materials supplied by other contractors in

the form of ring implants. These materials have included various fluoro-

silicone and dimethylsilicone polymers, epoxy and polyurethane coated epoxy

rings, and elastomeric materials such as saturated hydrocarbon, carboxylated,

and sulfochlorinated block copolymers. A total of 25 ring implantations

and evaluations were carried out with materials. The results indicated that

all rings gave evidence either of some degree of surface thrombosis and/or

renal embolization with infarction. Of all rings tested the saturated

hydrocarbon block copolymer rings appeared to give the most promising over-
all results. Leukocyte glucose metabolism was studied in samples of blood
previously pumped under in vitro circumstances in the standard pumping cir-

cuit. An analysis of the data in 20 experiments revealed that pumped cells
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produced significantly less radioactive carbon dioxide than control or

passively rotated cells. These findings suggest a decreased ability of

pumped and passively rotated cells to metabolize glucose completely to CO2.

A total of 13 experiments were conducted in an effort to assess the effect

of circulating blood through the standard perfusion system upon platelet

adhesion and clot retraction. Significant differences in the adhesion index

and the clot retraction index of pumped and control samples could not be

demonstrated in these experiments despite the fact that final plasma hemo-

globin levels in pumped blood samples reached values of several hundred mil-

ligrams percent. A series of nine experiments were conducted to determine

whether a change in the ratio of intracellular Na
+
/K+ could be demonstrated

in leukocytes obtained from blood which had previously been pumped in the

standard in vitro perfusion circuit. The data indicated that no significant
alterations in the Na

+
/K

+
ratio were produced in leukocytes following pro-

longed periods of in vitro pumping in the standard perfusion circuit.
In vivo exposures and testing appears to be essential inasmuch as this rep-

resents the ultimate or definitive environment for a given test surface or
material. Attempts were made to develop a suitable in vivo exposure system
which possessed a sufficiently large blood-surface interface for the produc-
tion of measurable or detectable cell injury phenomena. The approach used
consisted of a number of experiments in which a completely unsuspended, free
floating, flexible, slender implant was inserted into either the aorta or

vena cava. Experience to date suggests that this technique may represent a

feasible approach to the creation of a chronic, free roving animal prepara-
tion with a completely implanted blood trauma test system possessing a rela-
tively large surface area. Further work is necessary to confirm this im-

pression, and such studies are currently underway.

WESTERN GEAR CORPORATION, South Gate, California
Contract Amount: $103,819 Contract Number: PH43-68-1426

INTRA-AORTIC TEMPORARY ASSIST DEVICE
(John B. Gilmour, p.i .

)

The main project task was to develop and fabricate intra-aortic balloon
catheters from materials specified by the Program Office. A dipping process
pilot plant operation was developed to fabricate 70 acceptable 22 mm diame-
ter devices/month, then 50/month total of 19 and 16 mm diameter devices.
In addition to many minor process and product improvements, major product
improvements were made: a new shape to minimize thrombogenic transverse
creasing of a deflated balloon, a heat shrinking process for balloon dimen-
sional stability, a material and construction change to give a rugged distal
balloon tip, and a catheter tube development program. Other accomplishments
include evaluation of alternate film materials, development and verification
of sterilization procedures, techniques for investigating the surface quality
of transparent films, and a technique for rapid construction of prototype
balloon catheters. A complete current fabrication procedure has been devel-
oped for making balloon catheters by the dipping process. This contract
terminated on November 24, 1970, at the end of the contract year.
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FABRICATION OF DEVICES AND COMPONENTS

As artificial heart and lung devices and components are developed, they will

be tested, evaluated, and modified by their developers as part of the normal

process of therapeutic device development. It is imperative, however, that

in addition to such testing and evaluation activities conducted by the devel-

oper, devices and components developed under the Medical Devices Applications

Program must undergo rigorous, comprehensive, and standardized test and eval-

uation by other groups. To accomplish this, existing materials and fabrica-

tion techniques, as well as new and improved techniques, must be applied to

the preparation of a variety of devices and components according to designs,

models, and specifications furnished by the Program. These devices and com-

ponents will be subjected to exacting tests in vitro , in vivo (animals), and

eventually, in patients. The data derived from such tests will be used as

the basis for accepting, rejecting, or modifying the devices or components.

Programs for the fabrication and physical testing of small numbers of devices

and components for preliminary study and fabrication of pre-production quan-

tities for more comprehensive study must satisfy a number of requirements be-

fore they can be considered acceptable. The entire fabrication process must

be carefully controlled and documented in order to maintain reproducibility

of the technique as well as the material, to characterize the resulting prod-

uct, and to ensure that no extraneous matter has been introduced inadvertently.

The processes used should ultimately be adaptable to large-scale production

techniques on an economic basis. Materials prepared for and incorporated in

devices must be tested for a range of physical characteristics (including

hardness and wear, flexural properties, permeability, leak rate and adhesion)

and for thermal and environmental effects on the mechanical and physical prop-

erties.

Types of devices or components to be fabricated or coated include intra-aortic

balloons, left ventricular bypass pumps, total hearts, blood oxygenators,

catheters, and other components or adjuncts or artificial hearts. Materials

to be used include polymers (polyurethanes, silicones, block and random co-

polymers, polycarbonates, polyesters, and polymer gels), ceramics, and metals.

Following is a description of the work currently being done under fabrication

contracts for the Program.

THE FRANKLIN INSTITUTE RESEARCH LABORATORIES, Philadelphia, Pennsylvania

Contract Amount: $29,000 Contract Number: NIH-71-2017

APPLICATION OF HYDROGELS TO POLYMERIC SURFACES

(Paul L. Kronick and Harvey Scott, p.i.)

The objectives of this work are to bond thin hydrogel surfaces to polymeric

substrates and devices using atomic grafting techniques, to evaluate the

physical and mechanical characteristics of the hydrogel -bonded materials

and to supply specimens for i_n vitro and in vivo testing. Two types of

hydrogel s were used, one based on glycol methacrylate and the other on

acrylamide (the latter supplied by Polysciences, Inc. under Contract PH43-

66-1124). During the current efforts, several types of intra-aortic bal-

loons were successfully coated with hydrogels, including those fabricatea
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by Western Gear Corporation, Stanford Research Institute, and TECNA Corpor-

ation. The coatings were uniform, smooth and less than one micron thick.

The process is adaptable to most any polymer that has replaceable hydrogen

atoms either on its main or side chains and which can be wetted by the hy-

drogeis. Future work will include work to hydrogel coat oxygenator mem-

branes and possibly the inside of hollow fibers.

THE HOLTER COMPANY, Division of EXTRACORPOREAL MEDICAL SPECIALTIES, INC.

King of Prussia, Pennsylvania
Contract Amount: $35,106 Contract Number: PH43-68-1402

THE FABRICATION OF IN VITRO UNITS AND BLOOD PUMPS FOR IN VIVO TESTING

(John H. Hausner)

This contract is concerned with the development of fabrication techniques

to produce devices for the Medical Devices Applications Program. The major

efforts were directed to the fabrication of materials test pumps having

silicone or fluorinated silicone test bladders and to the fabrication of a

new "Devcon" mold. Despite the fact that fluorinated silicones exhibit

decreased flow characteristics in comparison to dimethyl si loxanes, two test

bladders were successfully made from the former polymer. In view of the

fact that better flow characteristics may be obtained only by the use of

increased pressure, the continued use of the "Devcon" mold is not possible.

The available data indicate that a stainless steel mold would have to be

fabricated should the continued production of fluorinated silicone bladders
be required. Efforts are continuing to fabricate stipulated quantities of
silicone test bladders and silicone housings.

TECNA CORPORATION, Berkeley, California
Contract Amount: $171,568 Contract Number: NIH-71-2035

FABRICATION OF IMPLANTABLE ARTIFICIAL HEART DEVICES
(Thomas C. Robinson, p.i.)

One of the primary goals of the fabrication contract with TECNA was to de-
velop the capacity to produce clinical quality intra-aortic balloons. At
the time the program was initiated, in November 1970, it was decided to
attempt to make the balloons from a polymer developed by the Stanford Re-
search Institute but never before used for balloons and to try to develop
new manufacturing techniques that would improve the reliability of the
balloon and reduce its cost. By April 1971 TECNA had established the ca-
pacity to produce 50 intra-aortic balloons per month. These balloons appear
to be of extremely high quality. No failures have been observed to date of
balloons that have passed TECNA' s quality control standards. In addition,
TECNA has developed rapid techniques to explore new balloon designs. The
TECNA balloons are currently receiving MDAP evaluation. Another portion of
this program is devoted to the development of flexible shell ventricular
cup squeezers and the associated cup drive console. This provides the po-
tential for organ preservation and/or cardiopulmonary support.
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THERMO ELECTRON CORPORATION, Waltham, Massachusetts
Contract Amount: $115,615 Contract Number: NIH-71-2065

FABRICATION OF IMPLANTABLE ARTIFICIAL HEART DEVICES
(Walter Bornhorst, p.i.)

This contract, which has been in effect for only six months, provides for
the fabrication of devices and components in accordance with specifications
provided by the MDAP. Effort has been directed toward the fabrication of
blood pumps and supporting consoles. The specific blood pump fabrication
activities include the development of improved flocking techniques, the
development and fabrication of more efficient valve concepts, blood pump
bladder development, impregnated fabric forming, and system integration
and testing. A portion of the effort has been devoted to supporting con-
sole development, capitalizing on the latest materials, design and fabri-
cation improvements.

WERNER P. SCHULZ, San Bruno, California
Contract Amount: $4,732 Contract Number: NIH-71-2043

DEVELOPMENT TECHNIQUES FOR PRODUCTION OF PRESSURE TRANSDUCERS
(Werner P. Schulz, p.i.

)

The purpose of this contract is to investigate new and advanced fabrication
methods to construct capacitive pressure transducers of the NASA/AMES type.
Since this contract was negotiated in March 1971, this report reflects only
the first several months progress. The contractor has completed a compre-
hensive mechanical and electrical analysis of the transducer and triaxial
cable. From this analysis resulted a design which is expected to have a

highly reproducible calibration. More important, the analysis shows how
to build this type of transducer for any pressure range design. Initial
attempts are aimed at building an 80-mil diameter transducer. The new de-
sign eliminates the critical subassemblies encountered by a previous con-
tractor in this area. This is done by the extensive use of glass and ad-
vanced metal technology. The contractor will build prototypes of this
design and test them thoroughly. If the design proves successful, a smaller
version of this transducer will be developed with a preamplifier mounted
behind the head to eliminate the complex triaxial cable. In addition, sev-
eral passive "resonant pill" pressure transducers will be fabricated for
evaluation.
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INSTRUMENTATION APPLICABLE TO MEDICAL DEVICES DEVELOPMENT AND UTILIZATION

Considerable sophistication in instrument technology will be required for the

development, selection, control, and utilization of the broad spectrum of as-

sist and total replacement devices which the MDAP is currently developing. The

program's need for instrumentation falls into these general areas: device
research, physiological research, device control, device evaluation, and clini-

cal evaluation. The progression of the development of an assist device is a

good indicator of the role that instrumentation must play. The device must be

developed with the aid of reliable and accurate pressure transducers, flow
meters, etc. It must be tested both by the developer and in other laboratories
and experimental animals under continuous operation for days, weeks, months, or

years (depending upon its anticipated clinical use) using similar instrumen-
tation. A group of potential patient candidates for the device must be defined
and characterized prior to therapy. Complete and accurate information must be

obtained describing the cardiac, hemodynamic, metabolic and general medical
status of these patients using appropriate sensors and diagnostic techniques.
Once treatment is started the effect of the device must be closely monitored
and the data so obtained must be properly and efficiently stored and analyzed.
The instrumentation must be complete enough to indicate either modification,
alteration, or completion of mechanical assistance as the therapy develops.
If the device is permanently implanted it must be responsive to the patient's
varying physiological needs. These requirements usually involve miniaturizing
and stabilizing the existing instrumentation techniques rather than making sub-
stantial changes in the state of the art. However the Program Office must be

continually aware of new concepts and techniques for data acquisition and manip-
ulation that will improve our knowledge of both device performance and the
patient's physiological state. Consequently, some support has been provided
for concepts which have an indication for success but which are years from
stabilization as refined techiques. Instrumentation programs supported this
past year included: detection of mechanical performance and of the onset of
the incipient failure of implanted devices through acoustic analytic techniques;
a feasibility study of a microwave Doppler flow meter and the study of Doppler
shifted, back-scattered waves; the continued development of miniature pressure
transducers with long term stability to provide improved types for program use;
the continued development of a disposable pressure transducer which uses materi-
al properties instead of a diaphragm to sense pressure; the continued develop-
ment of an improved blood gas meter to detect both pOo and p^; and the devel-
opment of new techniques to fabricate capacitive pressure transducers.

GENERAL ELECTRIC COMPANY, Schenectady, New York
Contract Amount: $104,930 Contract Number: NIH-69-2238

DEVELOPMENT OF METHODS TO DETECT INCIPIENT FAILURE IN DEVICES
(Paul Griffen, p.i.)

The use of remote acoustic monitoring is based on the observation that
mechanical devices in failure emit sounds different from the sounds of nor-
mal operation. By analyzing these sounds it should be possible to determine
noninvasively both performance and incipient failure of implanted cardiac
assist devices. During the course of the past contract year, General
Electric was asked to analyze a 100 cc left ventricular assist blood pump
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and a single-chambered intra-aortic balloon (IAB). The analysis of the blood
pump was a continuation of an effort begun during the previous contract year.
Research then indicated that numerous defects as subtle as the detachment
of a biological layer on the lining of the pump could be detected. This
year's work was aimed at providing both short and long term i_n vi_vo_ verifi-
cation of these hypostulates. The goal of the intra-aortic balloon work
was to develop clear discriminants to indicate the performance and condi-
tion of a balloon in clinical use. During the contract year, G.E, identi-
fied six basic balloon failure modes which range from improper timing and
inflation to small leaks in the balloon film. G.E. performed in vivo tests
for each of these failure modes and was successful in developing clear dis-
criminants for each. During the next contract year, G.E. is expected to com-
plete the analysis of these two devices particularly of the IAB so that the
first clinical trials of the MDAP IAB might be followed acoustically. G.E.

is continuing to develop new noninvasive monitoring techniques and will be

asked to study other biomechanical problems as the need arises.

GEOMET, INC., Rockville, Maryland
Contract Amount: $32,708 Contract Number: NIH-69-2023

IDENTIFICATION OF SERUM ENZYME LEVEL DETERMINATION TECHNIOUES
(Rudolph H. Moyer, p.i.)

The main objective of this contract was to establish rapid, accurate, and

simple methods for the determination of serum enzymes which can be used

to monitor the progress of experimentally induced myocardial infarction

in laboratory animals. The technique utilizing screening plates has been

developed by Geomet, Inc. specifically for the enzyme, creatine phospho-

kinase; however, the procedure is rapidly adaptable to a number of other

enzymes which appear in the blood following infarction. The test for CPK

is based on a reaction sequence which links adenosine triphosphate (ATP),

a product of CPK reaction, to reduction of nitro blue tetrazoleum for visu-

alization of the extent of reaction in a given time interval. All reagents,

together with the CPK standards, are freeze-dried in discs of absorbent

material which are held between two matching polystyrene slides or plates.

The screening plate technique requires no centrifugation, temperature con-

trols, incubation time or any other laboratory facilities or instrumenta-

tion. The plates can be used by untrained operators since the only manip-

ulations required are opening a package and distributing 3 drops of water

and 2 drops of blood, none of which require either measurement or skill.

After a few minutes, the intensity of blue color in one of the spots where

blood was placed is compared with that of the standards for a direct reading

of CPK activity. Many problems occurred in attempts to optimize the test

plates. At the termination of the contract period (January 22, 1971) satis-

factory solutions still were lacking to problems regarding hemolysis, reduc-

ing agent stability, calibration and storage of the discs.
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INTERNATIONAL TECHNICAL INDUSTRIES, Santa Cruz, California

Contract Amount: $49,942 Contract Number: NIH-69-2240

AN INEXPENSIVE MINIATURE PRESSURE TRANSDUCER

(Warren W. Kaufman, p.i.)

This contract was for the development of a small pressure transducer utilizing

the magnetostrictive effect in ferrites. At the beginning of this program a

magnetostrictive effect was known which was sensitive to pressure changes

over the range of to 2,000 psi. In the first contract year the investiga-

tors at ITI developed encapsulation techniques which substantially increased

sensitivity in the biomedical range. However, the sentivity, stability and

signal-to-noise ratio of this transducer was still not competitive with other

designs on the market. Therefore, much of the effort for this past contract

year was devoted to developing improved encapsulation techniques and to the

identification of noise contributing sources in order to improve the sensi-

tivity and signal-to-noise ratio. Pre-production prototypes were placed in-

to test. At the conclusion of these tests several transducers will be re-

leased to other MDAP contractors for evaluation. Plans are now being con-

sidered for incorporation of this device into other MDAP devices such as the

intra-aortic balloon. It is now felt that if the sensitivity, drift and noise

levels can be controlled, the cost-effectiveness of this transducer will be a

significant improvement over the cost-effectiveness of other transducers now
on the market. Continuation of this work beyond the current contract year
will depend on evaluation of the transducers scheduled for delivery to the
Program Office.

KONIGSBERG INSTRUMENT, Los Angeles, California
Contract Amount: $30,000 Contract Number: NIH-69-2241

TRANSDUCER IMPROVEMENT PROGRAM
(Eph Konigsberg, p.i.)

The purpose of this contract was to continue improvement of already developed
transducers, to provide long term baseline stability, to initiate work on new
methods of fabrication and materials which would improve the state-of-the-art,
to develop a compact differential pressure transducer and to develop test
equipment and protocols. During the course of the last contract year, Konigs-
berg Instrument achieved all of the accuracy and stability requirements out-
lined in its initial work goals. A comprehensive pressure cycling program
was undertaken and it was found that after long cycle aging procedures the
transducers would meet the stability specifications. A quasi -differential
pressure transducer was designed and built that met design goals. In the
course of developing this transducer, the contractor discovered a new design
for a true differential pressure transducer that offers a significant improve-
ment over the quasi-differential pressure transducer. In addition, a compre-
hensive failure analysis program was undertaken for all transducers built un-
der this program and there has been a zero failure rate for transducers pro-
duced in the last thirteen months. Comprehensive test protocols were devel-
oped for both in vitro and in vivo testing of pressure transducers. This con-
tract will continue with the goals of designing, developing and testing the
true differential pressure transducer and developing accelerated aging proce-
dures to achieve stable transducers in a shorter time.

MD-52



SMITH KLINE INSTRUMENTS, INC., Palo Alto, California
(formerly Corbin-Farnsworth, Inc.)

Contract Amount: No additional funds Contract Number: PH43-68-666
MINIATURE CATHETER TIP CAPACITOR PRESSURE TRANSDUCER

(M Kienitz, p.i.)

This program was directed to the development and manufacture of ultra high
performance capacitor pressure transducers for intravascular pressure meas-
urement. The transducers were first developed by NASA Ames Research Labo-
ratories which built them in small quantities for testing in dogs. This
contract had the goal of developing production techniques to make improved
types of these transducers available for use by the MDAP and others. The
transducer built by Smith Kline Instruments is only 0.043" in diameter and
is mounted on a catheter cable. A transducer sensing diaphragm forms the
front plate of a capacitor. The rear plate of the capacitor is a vacuum
deposited gold spot on a glass plug behind the diaphragm. The transducer
is attached to a 40" long catheter cable which has a central airway to per-
mit the measurement of relative pressure. When in place, the transducer
measures changes in blood pressure by measuring tiny deflections of the
diaphragm at the end of the cable. Capacitance changes on the order of

0.02 pf are measured. The freqeuncy response has been observed to be in

excess of 1 kz and pressures as small as 0.1 mm Hg can be resolved over a

300 mm Hg range. SKI delivered to the Program Office 10 transducers and
2 sets of electronics for operating the transducers. These transducers are
currently being evaluated by other MDAP contractors. The contract termina-
ted February 28, 1971

.

THERMO ELECTRON CORPORATION, Waltham, Massachusetts
Contract Amount: No additional funds Contract Number: NIH-69-2242

FEASIBILITY STUDY OF A MICROWAVE D0PPLER FLOWMETER
(F. Huffman and R. Parker, p.i.)

This contract was directed at demonstrating the feasibility of scattering
microwaves off erythrocytes in blood to produce a Doppler blood flow meter.
The feasibility study was to define microwave tissue penetration, the
erythrocyte cross section, a suitable operating frequency, necessary focus-
ing configuration, the signal-to-noise ratio, the resolution in vivo , and
the optimum method of display. To date, all experiments performed have
been in vitro on a mock loop. Various antennae designs have been built.
The present design involves a flow tube passing through a C band wave guide
packed with dielectric. Various materials can be used to simulate blood
but the most common material now is a slurry of plastic microspheres in

water. During the course of the present contract it was realized that ultra-
sonic techniques offer the probability of higher resolution and device minia-
turization. The emphasis was then shifted to better understanding the nature
of the back-scatter Doppler signal. Analysis and confirming experiments
have shown that the shape of the Doppler spectrum is highly dependent upon
the type of fluid flow. Spectra from plug flow, from laminar flow and from
turbulent flow are distinctively different. Expressions were derived that
express the theoretical resolution of the device in terms of transducer
parameters. A modeling analysis was performed that indicates the necessary
parameters in order to model blood more exactly for future acoustical or
electromagnetic Doppler experiments. The contract terminated on June 20, 1971
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WESTINGHOUSE ELECTRIC CORPORATION, Pittsburgh, Pennsylvania

Contract Amount: $89,815 Contract Number: PH43-68-661

DEVELOPMENT OF A CONTINUOUS BLOOD p0 2 MEASURING SYSTEM

(P. Reichner, p.i.)

The measurement of blood gases and pH is fundamental to the assessment of

cardiopulmonary function. Continuous in vivo analysis of these parameters

has particular application for circulatory assist and the failing cardio-
pulmonary system. The performance of a p0 2 monitor using a solid electro-
lyte oxygen cell and a null balance technique has been established in vitro
and in vivo tests and three prototypes are under construction for evaluation
by the Program Office. These devices have a measurement accuracy of ±2 mmHg

p0 2 and a 90% response time of 1 to 2 minutes using anticipatory circuitry.
Catheters suitable for in vivo tests using low cost fabrication techniques
are being developed. A pCOo monitoring unit compatible with this system and
also based on the null balance method will be selected and a bench model of

the integrated p0 2/pC02 monitor constructed and evaluated by the end of the
present contract period. The accuracy of the present technique (null bal-
ance) is not dependent on mass transfer characteristics of the sensing mem-
brane and blood interface. Consequently, continuous 2 analysis can be a-

chieved with freedom from continuous in vitro calibration, temperature depend-
ence, regional flow patterns at the membrane surface and finally, protein
deposition as seen with polari graphic methods. By providing a direct p0 2
readout it likewise does not require simultaneous data on blood temperature,
pH and hemoglobin as are required when measuring % saturation (oximetry).
Complex and costly apparatus with high vacuum requirements, such as seen with
the mass spectrophotometer and catheter system, has been obviated. Future
plans call for continued development and improvement of disposable, low cost
catheters; thorough in vivo testing; and completion of the PO2/PCO2 monitoring
unit.
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IMPLANTABLE THERMAL ENERGY SYSTEMS

The potential merits of implanted power for driving circulatory assist and/or
total heart replacement devices are significant. The major advantages of
implanted power include patient mobility, freedom from external electrical
sources, and the elimination of potential sites for infection. MDAP is pro-
ceeding along two specific approaches for achieving completely implanted
power systems to permit patient rehabilitation. These approaches include:

1) the use of thermal energy derived from an implantable nuclear heat source
(radioisotope), and 2) the utilization of energy from within the body as both

the fuel and the oxidizer. This section summarizes those efforts which are

devoted to thermal energy systems. The overall objective of these programs

is to develop and test completely implanted nuclear powered cardiac assist
systems that will completely assume the cardiac output of the left ventricle

and operate in a synchronous counterpulsation manner. Each of these nuclear

systems is being developed to operate with radioisotope-produced heat or by

electrical energy which is transmitted across intact skin and stored in a

thermal storage unit for subsequent operation of the internal blood pump sys-

tem. No external connections are required. Each of the systems under devel-

opment is composed of a series of subsystems. MDAP is attempting to trans-

late existing technology and generate the new technology required to perfect

each of the systems being developed. Key design criteria include system

efficiency, response characteristics, weight, noise, vibration, and physio-

logical performance characteristics.

During the past year, the research and development in this area has been car-

ried forward under four contracts. Three of the contractors are developing

modified Stirling engines. The fourth contractor is developing a direct-

acting engine blood pump system utilizing a combined Rankine-Stirling thermo-

dynamic cycle. Prototypes of each system have been fabricated and tested.

Several key accomplishments of the effort leading toward the implanted nu-

clear heart assist system are given below in chronological order:

1. Experimentally demonstrated and quantified acceptable endogenous heat

loads to the animal that would result from an implanted electrical or thermal

energy system - 1968.

2. Tested the first implantable-sized thermal engine under mock loop condi-

tions - 1968.

3. Accomplished four months of continuous cardiac assistance with a blood

pump completely implanted within the animal (external power) - early 1969.

4. Demonstrated the feasibility of implanted control systems for thermal

engine blood pump systems from an engineering standpoint - early 1969.

5. Performed the first animal tests with a completely implanted blood pump

with internal control - 1969.

6. Successfully demonstrated the first totally implanted electrically heated

thermal engine blood pump system in animals - late 1969.

7. (Projected) Perform the first completely implanted regulated heart system

test in animals - late 1971.

The implantable thermal energy systems have been designed and built to accept

heat from either an electrical or radioisotope heat source, to minimize the
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time and cost of system development. As a result, heat for driving the ther-

mal systems may be obtained either from electrical energy transmitted across

the intact skin or from the decay of a radioactive isotope implanted as a

part of the system. The modified Stirling cycle engines convert the heat di-

rectly to pressurized gas by heating and cooling the working gas (helium).

The energy converter package consists of the engine, heat source, and heat

storage unit. The engine is coupled to a pneumatically controlled pump actu-

ator that supplies hydraulic fluid for driving the blood pump. The control

actuator contains the hydraulic fluid and the control logic for synchronizing

the blood pump with the sick heart. The hybrid Rankine-Stirling thermody-

namic cycle under development converts a fraction of the heat from a radio-

isotope source into useful and controlled hydraulic power for operating the

implanted blood pump in a counter-pulsation manner. The heat that is pro-

duced from either a radioisotope or electrical heat source is converted to

high pressure - volume energy by means of an electronically controlled vapor

cycle engine. Steady and continued progress has been made in an effort to

produce a totally implanted artificial heart assist system.

The control system is set to achieve counterpulsation, i.e., all blood in the

assist pump is ejected during diastole, the filling phase of the biologic
heart. The assist pump, therefore, minimizes filling pressures and, conse-
quently, reduces left ventricular pressures. Normal aortic pressures are ob-
tained by the usual physiological regulatory mechanism if cardiac output is

maintained.

The MDAP plans to have a totally implanted nuclear artificial heart assist
system operating in animals during the coming year. The specific objectives
to be accomplished in this effort are to: 1) determine the internal heat
transfer and thermodynamic characteristics of the thermal conversion system
when integrated with the radioisotope and the blood pump; 2) characterize
the thermal storage performance profile for various mismatched power require-
ments (i.e., blood pump energy requirement less than that generated by the
radioisotope); 3) define the engine - blood pump - control system kinematics
when operating on the bench and in the animal; 4) define the radiation dose
rates (both neutron and gamma) on the surface of the implanted system and at
selected critical organ locations within the animal; 5) develop information
on the fueling procedures for the radioisotope system (i.e., the fueling of
the implanted engine with the radioisotope, storage, and safety procedures);
6) determine physiological heat loads resulting from the implanted power sys-
tem in the bulk mean blood temperatures); and 7) acquire hemodynamic, physio-
logic, and pathophysiologic data under both acute and chronic test conditions
with the nuclear heart assist assuming all of the cardiac output of the ani-
mal. In general, new knowledge will be provided on all elements of the work
from radioisotope fueling to chronic in vivo testing of the implanted nuclear
system.
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AEROJET-GENERAL CORPORATION, San Ramon, California
Contract Amount: $357,169 Contract Number: PH43-68-1435

DEVELOPMENT OF A MODIFIED STIRLING CYCLE HEART ENGINE
(Mark Rudnicki , p.i .

)

The goal of this effort is to develop an implantable, long-life, energy con-

version system for heart assist and replacement devices. Specifically, the

goal is successful development of a modified Stirling cycle energy conver-
sion system utilizing either radioisotope energy storage or electrically
recharged thermal storage. Steady progress has been made and results to

date indicate excellent prospects for attainment of the goal. A power sys-

tem has been developed which can convert radioisotope energy to useful

pneumatic flow work for driving implantable circulatory assist devices.

Five prototype engines have been developed. Mark I and Mark II were engi-

neering prototypes which were developed to characterize engine performance.
Mark III was developed and integrated with a ventricular assist device.
In vivo tests demonstrated the basic feasibility of this system. Two ad-

vanced engines, Mark IV and Mark V, have also been developed. Mark IV is

an instrumented prototype while Mark V is an implantable system. The Mark V

engine design can accept a 50 watt radioisotope heat source or periodic
electrical recharges. Compactness and weight reduction advancements were
achieved with these units by drastic bearing load reduction. Key engine
component testing has been conducted on Mark V bearings, reverser, and check

valves. A pump actuator and control (PAC) unit was developed through sev-

eral iterations to a PAC-3 version. PAC-3 converts gas flow work to hy-

draulic oscillating flow work for driving and controlling a ventricular
assist blood pump. PAC-3 was operated in vivo with a Mark III engine and

a blood pump. The system successfully demonstrated reduction in ventricu-
lar systolic pressure. An advanced PAC-4 has been designed which, when
integrated, drives a blood pump in a controlled manner to provide ventricu-

lar assist. Recent test results and planned design innovations indicate
that the following milestones will be accomplished during the next twelve

months program period:

. Reliable two year operating life;

. In vivo system operation with radioisotope energy source;

. Twenty-seven percent overall engine thermal efficiency;

. 1.15 liter system envelope volume including blood pump.

The proposed continuation program will include the completion of very

thorough bench testing of the compact Mark IV and Mark V engines and PAC-4

actuator. This testing will be complemented by in vivo testing with ven-

tricles and radioisotope energy sources. Design modifications will be de-

veloped to attain the objectives. New design concepts will be explored to

advance the system capability beyond the stated objectives. Elimination

of all engine wear services, including check valves, will be explored by

application of features such as magnetic bearings, sleeve valving, and

flexure supports.
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AIR PRODUCTS AND CHEMICALS, INC., Allentown, Pennsylvania

Contract Amount: $100,816 Contract Number: NIH-69-2156

DEVELOPMENT PROGRAM FOR AN ENERGY CONVERSION SUBSYSTEM
(Clarence J. Hornbeck, p.i.)

The objectives of the Air Products program were to design, build, and test

a speed controlled modified Stirling converter and a pneumatic actuator con-

trolled subsystem. This system uniquely incorporates a varied, light dis-

placer unit which imposes minimum inertial forces on the system and permits

the use of a self actuator and control mechanism to adjust the speed auto-
matically upon demand. With this direct mode of control the engine power
is varied to meet physiological demands. This minimizes the internal un-

swept volume, thereby reducing the thermodynamic inefficiencies. The system
provides a wery compact overall design which yields a high power density
energy system. A breadboard engine has been developed and tested. This
engine ran in a self-sustaining mode at speeds varying from 100 to 1975 rpm.

At 350 rpm, the total heat input was 35.6 watts. These tests showed that
a thermal reservoir can be used effectively to store energy from a 50 watt
resource. The practicality of the actuator concept was also verified. Un-
like the constant speed resonance type Stirling engines, this positive dis-
placement actuator has a no-stall characteristic. The combination of the
positive drive actuator and very light moving parts results in an engine
system capable of very fast response. The system operated at normal design
pressures of 1000/1200 psi, showing that high pressure engines with in-
herently smaller components can be fabricated. The compressor flow was
lower than expected, and it appears that the development of compressor check
valves must be emphasized. Actuator flow was about 20% of the ideal com-
pressor output, but analysis indicates that this pneumatic loss may be cut
by a factor of two. The accomplishments of the present program have added
a practical new engine concept. The knowledge gained in low inertia, posi-
tive displacement systems operating at higher pressures permits the concepts
to be considered in mating the Stirling engine with the blood pump. Due to
funding limitations this program is being phased out in an orderly manner.

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY, Richland, Washington
Contract Amount: $454,166 Contract Number: PH43-67-1408

DEVELOPMENT OF THE THERM0C0MPRESS0R AS THE POWER SOURCE FOR AN ARTIFICIAL
HEART

(William R. Martini, p.i.)
The objectives of this effort are to design, fabricate and test radioisotope
and electric powered implantable Stirling engines in auxiliary equipment to
permit in vitro and in vivo testing of engines with circulatory assist sys-
tems. The heat engine being developed in a modified Stirling engine which
employs a moving thermal regenerator oscillating in a hollow cylinder be-
tween a heated and a cooled end. This regenerator serves to increase and
decrease the average gas temperature almost reversibly, resulting in pres-
sure and/or volume surges. Several different types of regenerators have
been developed for the modified Stirling engine, including both porous and
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hollow-plug regenerators. The artificial heart energy system under devel-
opment has progressed logically through four distinct systems, each repre-
senting a significant improvement over the previous. The operational feasi-
bility of a total thermal system was demonstrated by in vitro and in vivo
tests during the current contract year. The engine system has ope rafted
for over 1300 hours without any indication of failure. The complete sys-
tem operated for 21 hours in vivo without any mechanical difficulty. The
thermal efficiency of the engine was approximately 12%, with a total heat
input requirement of 50 watts of thermal energy. The key current accomplish-
ments include: the reduction of thermal energy input from approximately 100
watts to 50 watts, an increase in engine efficiency from 5% to over 12%, an

increase in overall system efficiency from approximately 2% to 4%, improved
system thermal control, improved energy regeneration within the Stirling
engine, and the separation of working gas from the internal drive system of
the Stirling converter. Major emphasis in the next contract year will be on

improved operational performance, controllability of the engine, and longev-
ity of operation. Several complete design and test iterations are planned
to yield a system with an operational life of approximately two years. A

reevaluation of the regenerator drive system will be made in an attempt to

replace the fly wheel drive with a linear free piston drive. Pump control,
system heat rejection, and power management will receive special attention.
Advanced component development activities will be continued.

THERMO ELECTRON CORPORATION, Waltham, Massachusetts
Contract Amount: $349,261 Contract Number: PH43-68-1455

DEVELOPMENT ON AN IMPLANTABLE RANKINE CYCLE CIRCULATORY SUPPORT SYSTEM
(Fred Huffman, p.i .

)

The objective of this program was the development of a combined direct-acting

energy blood pump system that converts a fraction of the thermal energy from

a plutonium-238 fuel capsule into hydraulic energy that operates an implanted

blood pump. The heat produced from the decaying radioisotope is converted

into pressure volume energy by means of an electronically controlled vapor

cycle engine termed the tidal regenerator engine (TRE). The TRE energy con-

verter is a vapor cycle analog of the regenerative gas cycle converter which

combines the advantages of the Rankine engine, (i.e., high pressure differen-

tials for a moderate heat source temperature and small compression work),

with the advantageous characteristics of the Stirling engine, (i.e., pressure

balance and absence of valves in the conversion cycle). This concept has no

sliding surfaces and eliminates the requirement for valves. The system oper-

ates at heart beat frequency and is pressure balanced within the system,

thereby eliminating any high stress regions in the engine. The system will

ignore all signals that may result from premature ventricular contractions

unless significant blood is pumped during the contraction. If the natural

heart undergoes fibrillation, the implanted circulatory engine system will

automatically switch to a fixed internal pumping rate to provide normal car-

diac outputs during the period of fibrillation. It will automatically re-

synchronize upon defibrillation and the appearance of the control signal.

Individual subsystems have been designed, fabricated, and tested. A bread-

board system has been fabricated and tested using a mock circulatory loop.
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These tests have yielded promising performance characteristics. Some of the

more important milestones achieved include: 1) demonstrated feasibility of
heart-sized TRE (actuation rates to 140 BPM); 2) demonstrated engine opera-
tion with low power binary solenoid (approximately 210 mw); 3) demonstrated
attitude insensitivity of engine; 4) design and fabrication of direct-acting
assist pump prototype; 5) compatibility test of thermal energy storage and
candidate fuel capsule materials; 6) demonstrated thermal control heat pipe;

7) design and analysis of a 50 watt Pu-238 fuel capsule; 8) preliminary haz-
ards evaluation of a Pu-238 fueled, direct-acting system; 9) TRE operation
with trifluoroephanol working fluid; 10) demonstrated condenser heat rejec-
tion through direct-acting assist pump; 11) eighty hour continuous run of
direct-acting system of mock circulatory loop; 12) completion of Thermo
Electron module design; 13) coupling of power conditioner unit and elec-
tronic logic breadboards; 14) breadboard demonstration of electronic logic
coupled to engine and sensor (i.e., direct-acting system counterpulsed as
a slave to simulated left ventricle). The goal of this program in the com-
ing year is to develop a totally implanted nuclear blood pump system with an
operational life of two years. The effort includes engineering development,
the implementation of a reliability program, in vivo system tests, and the
development of advanced systems concepts.
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IMPLANTABLE ELECTRICAL ENERGY SYSTEMS

For the past few years numerous technical approaches have been explored for

the purpose of developing compact, efficient, compatible, safe, and reliable

energy systems for transmitting, converting and storing electrical energy for

artificial heart system use. During the past year the research and develop-

ment in energy systems was carried out under 16 contract programs. Many of

the original options have been satisfactorily investigated in programs under

contract to the Medical Devices Applications Program and understood well

enough to conclude that some of them are less likely to be effective than

others.

The intrinsically high energy conversion efficiency, high specific power,

and potentially high reliability of certain electrical energy conversion

systems continue to make them attractive candidates for further development

as potential systems for powering artificial hearts and heart assist devices.

In addition, control of energy in electrical form lends itself to rapid and

flexible variation in matching the output of the mechanical pumping system to

instantaneously changing physiologic demands. On the other hand, there is as

yet no readily available implantable primary source of electrical power which

would permit an electrical energy system to be totally implanted within the

body in the near future, and primary power for electrical systems must be

transmitted into the body from an external source by means of a transcutane-

ous power transformer. (Biological fuel cells as an implantable primary power

source are discussed later in this report.) Use of percutaneous electrical

leads is ruled out by reason of the infection which inevitably develops. Al-

though it is possible to convert the heat energy from an implanted radioiso-

tope into electrical energy by means of thermoelectric conversion at rela-

tively low power levels such as are required for pacemakers, such thermo-

electric stages are too inefficient in the present state of the art for con-

version of the main power of many watts required to drive an artificial heart

without dissipating excessive amounts of heat in the body. The options of in-

terest for electrical energy conversion are narrowed down at present to de-

vices in three main categories: 1) piezoelectric converters, 2) controlled

solenoid actuators, and 3) electric motors. In addition, there have been two

new feasibility studies in progress to determine whether either of two novel

approaches, electromagnetic pumping and ferrofluid techniques, shows any prom-

ise for future applications in pumping blood. Rotating dc electric motors

have been redesigned under the Program to produce very highly efficient, com-

pact energy converters for actuating blood pumps These latter systems have

been operating in animals to obtain important physiologic data regarding the

interactions of the artificial heart with the body. Piezoelectric converter

devices have shown cycle lives approaching 400 million cycles in initial en-

durance tests. Several recent advances in piezoelectric technoloqy in the

past year, including selection and development of improved ceramic materials

(from the standpoints of strain, voltage-holding capability, and bonding of

stack elements) as well as new system design concents, now make possible for

the first time a piezoelectric energy conversion system whose components are

small enough to be implantable. The high conversion efficiency recently ob-

tained in the development of the controlled solenoid actuator makes it an

important candidate for full system testing and evaluation as a linear actu-

ator for a blood pump.
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Implantable energy storage for electrical systems is required for emergency

and other purposes, such as voluntary, temporary separation from the exter-

nal power supply. The search for a lightweight, implantable, rechargeable

battery having high energy density continues, with one contractor making proq-

ress in improving the cycle life and other properties of lithium-selenium

secondary batteries. Nickel -cadmium secondary batteries have been used for

some time in animal experiments within the Program.

ANATOLE J. SIPIN COMPANY, New York, New York

Contract Amount: $4,550 Contract Number: NIH-69-2155
DEVELOPMENT OF AN ELECTROSTATIC ENERGY CONVERSION SYSTEM

(Anatole J. Si pin, p.i .)

Design, fabrication and test work has been carried out to produce a new
type of electrostatic motor and to characterize its performance and limi-

tations as a potential energy conversion device for actuating a blood pump.

Analytical work to support the experimental program was carried out by

computer simulation at Stevens Institute of Technology. The design is

based upon a linear oscillating armature comprising many close-spaced, thin
metallic plates interleaved with a matching set of insulated stator plates
with oscillatory motion produced by excitation of the metal plate system
with an alternating electric field of the order of 600 volts/mil at an

operating frequency of the order of a few hundred hertz. Motor models were
constructed and tested in specially designed test apparatus under atmos-
pheric pressure and high vacuum and the parameters of force, velocity,
acceleration, displacement, and input and output powers were measured and
recorded. Because of electric breakdown between adjacent plates in the
existing models, the maximum electric field was limited and the maximum
output power attained was 18% of the design goal of 1 watt for a pilot
scale model employing 10 stages of plates. Measured efficiencies of shaft
output power relative to the electrical input power to the motors under
two conditions were 51% and 86%, confirming the intrinsic high efficien-
cies predicted for this type of electrostatic motor. A limited amount of
hydraulic testing was accomplished with a simple piston and valve hydraulic
subsystem. An attempt was made to explore the possibility of using ferro-
fluid as the basis for a new type of hydraulic valve, but the response of
the fluid used was too slow for high-frequency valve operation. A consid-
erable amount of work was done in constructing and testing a number of
types of control circuits and power excitation circuits to achieve the de-
sired operating characteristics. Tight tolerances required on the plate
spacings and electrical breakdown behavior appear to be practical limita-
tions of the present type of motor without considerable additional devel-
opment. This contract was terminated on December 25, 1970.

ANATOLE J. SIPIN COMPANY, New York, New York
Contract Amount: $8,120 Contract Number: NIH-71-2051

MAGNETIC ENERGY CONVERSION SYSTEM
(Anatole J. Si pin, p.i

.

)

A six month study has been initiated to determine the feasibility of devel-
oping an implantable energy conversion system for powering an artificial
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heart based on the principle of olectromagnetic pumping. Preliminary indi-
cations from the literature indicate that systems having efficiencies con-
siderably higher than those usually encountered in electromagnetic pumoinn
for nuclear reactor cooling purposes can be achieved in special designs.
The concept involves no moving parts other than the conducting fluid and a

blood pump actuator interface element. Principal Problem areas being
examined include miniaturization with adeauate efficiency, physiological
compatibility, controllability of Dumping, and safety and reliability as-
pects. The study will extend into the first oart of the next fiscal year.

ARGONNE NATIONAL LABORATORIES, Argonne, Illinois
Contract Amount: $50,000 Reimbursable Agreement

DEVELOPMENT OF A LITHIUM/SELENIUM SECONDARY THERMAL BATTERY FOR IMPLANTATION
(Elton J. Cairns, p.i

.

)

Work has been continued to develop an implantable thermal secondary battery
to provide 120 watt-hours of electrical energy storage in a component that
weighs less than 1.1 kg. The battery is made up of 5 individual three inch
cells enclosed in a vacuum-foil thermal insulation for operation at 375°C.
The objective of the second year of work has been to extend the power rating
of the 10-watt battery developed and tested in the first year to 30 watts in

a package of the same size and weight and to improve the cycle life. The
individual cells have a liouid lithium anode and a liouid selenium cathode
separated by a paste electrolyte disc. This is composed of lithium-fluoride,
lithium-chloride, lithium-iodide electrolyte and finely divided lithium-
aluminate filler. Cycling tests and detailed studies of sealing technioues

and thermal insulation have been continued. Considerable progress has been

made toward the solution of a cell deterioration nroblem resulting from the

transport of selenium to the anode by adding thallium to the liouid selenium

cathode. Individual laboratory cells employing selenium-thallium cathodes

have been shown to attain a steady state condition with respect to selenium

transfer for operating periods of over 800 hours and more than 150 cycles.

A typical cell operates at an average voltage of 1.75 volts with a current

density of the order of 40 ma/cm . Further experimental work will be aimed

at increasing the cycle life of individual cells and batteries using both

paste and liquid phase electrolytes and selenium cathodes containing thallium.

ARK0N SCIENTIFIC LABORATORIES, Berkeley, California

Contract Amount: $170,045 Contract Number: NIH-70-2045

DEVELOPMENT OF EFFICIENT SOLENOID ENERGY CONVERSION SYSTEMS FOR ACTUATING

BLOOD PUMPS
(Peer Portner, p.i.)

Theoretical and experimental work has been continued leading to the develop-

ment of a highly efficient controlled solenoid actuator as an energy conver-

sion device for actuating a blood oump. Electrical energy is converted to

kinetic energy by the solenoid system and temporarily stored as potential

energy in a decoupling spring for subsequent release during mechanical sys-

tole. High saturation induction materials have been employed. Many de-

tailed experimental studies have been completed on component aspects and

parts of the overall system, including analysis of fringing effects, arma-

ture and stator configuration, armature supnort and alignment, decoupling
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spring design, lamination and assembly techniques, clamping circuits, mo-

tion amplification, and dynamic performance testing. A solenoid actuator

has been developed which weighs approximately 250 grams (including stator,

armature, windings and decoupling spring) which will deliver two joules per

stroke at an electrical -to-mechanical conversion efficiency of 70%. Overall

efficiency of the present benchtop prototype from electrical input power to

the solenoid to simulated hemodynamic output power usinq a non-optimum

diaphragm pump is 30%. Work being continued in the next phase will empha-

size coupling of the actuator to a blood pump to achieve matched load con-

ditions of operation, development of a reliable and responsive control

system for pumping under variable load, development of associated driver,

control, and interface components, and in vitro and in vivo performance
testing of a complete, implantable energy conversion - blood pump system.

AVCO CORPORATION, Lowell, Massachusetts
Contract Amount: $12,000 Contract Number: NIH-71-2052

A FEASIBILITY STUDY FOR AN IMPLANTABLE FERR0FLUID PUMP
(G. Miskolczy, p.i.)

This contract is to study the feasibility of using ferrofluids to power an
artificial heart, A ferrofluid is a material that has magnetic as well as
fluid properties. It is made by placing in suspension minute (40 angstroms
or less) ferrite particles. AVCO pioneered this technology and now can pre-
pare a ferrofluid with almost any viscosity or magnetic permeability. The
MDAP became interested in this technology when it was realized that the fluid
might be used to form the liquid equivalent of a solenoid. This might have
an advantage over conventional solenoids in that the attraction is between the
magnetic field and almost point particles so that armature losses should be
negligible. AVCO began work on this contract in February 1971. To date, the
contractor has built several prototype systems and is now performing a para-
metric study to identify the design parameters required to build an efficient
but realistic device to power an artificial heart. The continuation of this
contract will depend upon a technical assessment to be made at the end of the
feasibility study.

GENERAL ELECTRIC COMPANY, Schenectady, New York
Contract Amount: $7,202 Contract Number: PH43-68-1445

IMPLANTABLE NICKEL-CADMIUM BATTERIES
(Robert P. Hamlen, p.i.)

A Drastic Accelerated Cycling Mode (DACM) has been developed for testing
implantable nickel-cadmium batteries for artificial heart application.
This mode has been used on V0-2 and V0-4 cells eauipned with 3 and 4 elec-
trodes. For 3-electrode cells the DACM is characterized by hiqh current
ratings (approximately C rate), good capacity and charging efficiency,
approximately 12 cycles per day, and moderately hiqh maximum gas pressure
(about 50 psig). DACM performance and degradation after a few hundred
cycles are satisfactory and fairly independent of the six cell modifica-
tions investigated. For 4-electrode cells DACM can be performed at a sub-
stantially lower gas pressure (about 5-10 psiq). Approximately 200 NiCd
cells of various design specifications have been fabricated during this
period. Of these, 125 VO-4 cells have been eauipped with polypropylene
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separators for improved high temperature stability. Fourteen groups of eleven

matched cells each have been delivered.

An exploratory development program has also been carried out in an attempt to

produce an external, sealed cadmium-oxygen battery capable of being recharged

and of indicating the state of charge at any time by means of a pressure gauge.

Improvements in design have resulted in experimental cells with a one sauare

inch double-faced active area and a theoretical capacity of 0.6 AH, whose aver-

age voltages were around 0.84 V/cell at 150 ma discharge rates (12ma/ciTr). The

cell voltage has been increased from the earlier value of 0.56 V to 0.78 V.

Cycling and state of charge indication were demonstrated in an 8-cell hermeti-

cally sealed cadmium-oxygen battery. Performance tests indicated that future

improvements are needed in quality control of fabrication and of battery

electrolyte retention within the cells in order to lower the self-discharge
rate and maintain uniform, low cell temperatures. Since evaluation and deliv-

ery of implantable NiCd batteries for animal experiments have been completed,

this development program will not be extended beyond the present phase.

PHYSICS INTERNATIONAL COMPANY, San Leandro, California
Contract Amount: $77,105 Contract Number: NIH-69-2253

DEVELOPMENT OF A PIEZOELECTRIC DRIVER FOR AN ARTIFICIAL LEFT VENTRICLE

(C. Gary O'Neill, p.i.)
Several advances in both systems and component work have been achieved in this

research and development program aimed at producing a piezoelectric conversion

system for driving a circulatory assist device. An improved bench model piezo-

electric driver system was designed, built, and tested. The driver system,

when coupled to a Bernhard-TECO blood pump, delivered 5 1/min at 60 strokes/

min and 11 1/min at 150 strokes/min when pumping against an aortic pressure of

120/80 mmHg. The mean power required by the pulser was 12 watts at 60 strokes/

min and 28 watts at 150 strokes/min. The overall efficiency of the system

from electrical input to the pulser to hydraulic input to the blood pump was

25%. A new two-stack piezoelectric converter was successfully developed and

tested, in which the electrical energy is alternately transferred from one

stack to the other at high efficiency, thereby eliminating the need for a

large storage capacitor. The piezoelectric driver of this system operated at

a frequency of 30 Hz rather than at cardiac rate. Approximately 6 months of

development effort was devoted to the design, fabrication and testing of bonded

stacks of piezoelectric discs 0.040 inch, 0.030 inch, and 0.020 inch thickness.

The ceramic discs interleaved with thin metallic electrodes were bonded to-

gether into integral units under the influence of heat and pressure and with

the use of bonding agents including indium, epoxy cement and gold. Stacks of

10 discs each showed good bonding characteristics under ultrasonic analysis

and good mechanical strengths and compliances. In addition, they showed im-

proved voltage holding capability. Improved ceramic materials have also been

identified and developed which have greater strength for a given electric

field, thereby requiring lower total voltage for a given work output result-

ing from a combination of the above advances in miniaturization, voltage

holding capability, and reliability promise to permit an implantable system

to be designed in the near future which will occupy approximately 300 cc in

volume and weigh approximately 700 grams.
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STANFORD RESEARCH INSTITUTE, Menlo Park, California
Contract Amount: No additional funds Contract Number: NIH-69-2154

DEVELOPMENT OF A VARIABLE DISPLACEMENT ROTARY HYDRAULIC PUMP

(Peter M. Newgard, p.i.)

Further testing and optimization were carried out using the computer programs

and experimental data previously developed to improve the performance of an

energy conversion system based on a variable displacement, rotary ball piston
hydraulic pump. Performance of the first generation ball piston pump yielded
a flow of 20.9 1/min against a head of 205 mmHg at a rotational speed of 4000
rpm. The measured volumetric effeciency was 84.4%, close to the predicted
value of 89%. Power losses, due principally to rolling friction between the

ball and the reaction ring and to leakage and viscous wedging losses around
the balls, were identified and reduced to an acceptable, if marginally high,

level of 10.8 watts by substituting ceramic balls for steel balls and by choos-
ing a diametral clearance of 0.5 mil. A motor-pump system has been designed
which, with the use of a new compact electric motor, will provide a calculated
44.8% steady state efficiency and a 27% cyclic efficiency; this system will be

three inches long by three inches in diameter and weigh 2.0 lbs. Because of
other Program Office needs, further development of this system is not planned
at the present time. This contract terminated November 25, 1970.

STANFORD RESEARCH INSTITUTE, Menlo Park, California
Contract Amount: $45,752 Contract Number: NIH-69-2157

EVALUATION AND FURTHER DEVELOPMENT OF A RESONANT PIEZOELECTRIC ENERGY
CONVERTER

(George Eilers, p.i .)

This analytical and development program was aimed at testing and evaluating
the properties and performance of a high frequency resonant piezoelectric
converter developed by Energy Research and Generation Inc. under a previous
contract. Extensive analysis and testing were carried out to determine its
static and dynamic characteristics. Before disassembling and active testing
were undertaken, elaborate measurements were made including gamma radiographs
to document the alignment and clearances of assembled parts. The ERG hydrau-
lic reed valves were repaired and achieved 39% efficiency in hydraulic pumping
tests. When all the tests prior to modification were completed, two new models
were developed and tested by SRI using the same ERG piezoelectric stack but
hydraulic reed valves and experimental housings designed by SRI. The pumping
performance of the system prior to modification fell considerably short of
the design expectation. One SRI model was able to achieve the design pumping
performance by increasing the electric field applied to the stack to nearly
twice the original design value and modifying the initial loading, but elec-
trical breakdown in the stack occurred after a short period of operation at
this level. It was subsequently determined that, because of surface roughness
of the piezoelectric ceramic discs of which the stack was composed, a signifi-
cant compliance existed with a resultant mismatch between the motion multipli-
cation system and the piezoelectric stack. This mismatch was sufficient to
account for the lower pumping performance of the original converter. An elec-
trical circuit analog was developed as a theoretical aid to understanding
mechanical compliance, and the basic principles of design involved in the
resonant system were verified. However, it was concluded that a hiqh frequency
(100 Hz or higher) reciprocating pump operating at low fluid pressure (4 psi
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or less) tends to produce cavitation, low efficiency, excess noise, and poor

component endurance. Although a modified design of this kind of system employ-
ing high pressure in the output was conceived, it was decided not to extend
this contract beyond the present study. The contract terminated May 31, 1971.

STANFORD RESEARCH INSTITUTE, Menlo Park, California
Contract Amount: $390,561 Contract Number: PH43-67-1422

TRANSCUTANEOUS POWER TRANSMISSION SYSTEM

(Peter M. Newgard, p.i.)

Stanford Research Institute has developed two implanted electrical energy con-
version units for integration with blood pumps. These units involved redesign
of the power transmission circuit, the power supply electronics, and a new
energy converter. The principal accomplishments included the development of

power control electronics which eliminated a high power dc-dc converter. This

was accomplished through increasing the number of battery cells and taking the

energy directly to the converter from the batteries. This in turn eliminated

the power loss in the inverter and makes it possible to remove two large elec-

trolytic capacitors (approximately 1" in diameter and 3" long), and two trans-
formers occupying about 4 cubic inches each from the system. Significant im-

provement was made in the skin transformer over the units previously used for

physiological evaluation. Specifically, the transformer weight was reduced

from 500 grams to 390 grams. The reduction in weight also produced a signifi-

cant reduction in size of the implanted components without any compromise in

power handling capability or efficiency of transmission of energy across intact

skin. Improvements in the mechanical drive components were also achieved in

terms of high efficiency and controllability in the final conversion stage of

transforming the energy from mechanical motion to pumpinq blood. Specifications

were developed for a new series of dc brushless motors, and motors were devel-

oped according to those specifications and integrated into the mechanical test

systems for physiological evaluation. These efforts involved changes as new

information was obtained from both engineering mock loop evaluation and animal

testing. Specifications on geometry, minimum efficiencies, and power output

requirements were modified. These had effects on each component in the power

and control systems of the overall implanted system. Thus, several generations

of energy conversion test systems evolved during last year's development period,

The continuation program will be concerned with miniaturization of existinq

components of the system, enhancement of reliability and life characteristics

of the system to permit its use in extended physiologic experiments, modifica-

tions in the electrical and mechanical portions of the system, further integra-

tion with blood pumps, and fabrication and delivery of additional improved

systems.

STATHAM INSTRUMENTS, INC., Oxnard, California

Contract Amount: $384,937 Contract Number: PH43-68-1502

ENERGY SYSTEM FOR IMPLANTED CIRCULATORY ASSIST DEVICES

(Jack Chambers, p.i .

)

A series of energy converters suitable for direct coupling to implanted cir-

culatory assist devices was developed. The first models of these energy con-

verters incorporated the brush-type dc torque motor, and the later versions

which were supplied for test and evaluation in animals included brushless DC
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torque converters with external bread board-type electronics. Both system con-
trol electronics and motor drive circuit electronics were developed to effi-
ciently drive the brushless dc converters for animal implantation. The main
emphasis in these development efforts has been on functional and operational
characteristics to yield control and desired physioloqic outputs regarding
both waveform and flow. The systems have been completely characterized when
operating in a mock loop and under acute animal evaluation. Extensive devel-
opment efforts were placed on the control circuits for the brushless motor in

order to optimally blend input electrical energy with the desired output mech-
anical energy to minimize inertia! effects, control, as well as acceleration
and deceleration losses that consume unnecessary power and influence the degree
to which control over the energy system can be exercized by the drive circuits.
The developments in the motors themselves represent signficant technological
contributions in brushless motors and control motor technology. The control
electronics have been miniaturized based on data from the physiological test
and evaluation effort. Ten implantable energy converters for use in biological
evaluation experiments in animals were delivered. The continuation program
will include failure analysis, enhancement of reliability and efficiency of the
system, and development and delivery of prototype systems of second generation
design.
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BIOLOGICAL FUEL CELLS

The objective of this research area is to develop an implantable biological

fuel cell as an energy source within the epithelial envelope to power elec-

trical types of artificial heart systems. The operation of biological fuel

cells of the types under development depends on the utilization of chemical

energy derived from the reaction of blood carbohydrates with oxygen from

the blood. Realization of this objective would permit maximum patient free-

dom and rehabilitation by eliminating the dependence of the patient on ex-

ternal electrical power sources and equipment. Following completion of

earlier studies of the kinetics of oxygen reduction, the development of spe-

cific electrocatalysts, and the investigation of porous and flow-through

electrode configurations, emphasis was placed on the development and testing

of complete fuel cell systems. In one design concept the blood flows past

glucose and oxygen permeable membranes which cover the anode and cathode,

respectively, so that the blood sees only surfaces which are potentially

compatible with blood. This approach envisions a stack of very thin unit

cells to achieve high surface area and the production of several watts of

power within an implantable sized package. In the other approach blood is

flowed past synthetically grown endothelial cell membranes covering fine

gold fiber mats on which specific gold-palladium electrocatalyst has been

deposited to produce the cathode. Thus oxygen and glucose from the blood

are supplied to the cathode and anode by means of the extravascular fluid

which permeates the cell membrane. Work is continuing on the development

of a special non-woven mat of gold filaments, and considerable progress has

been made in improving the control of the process for electrodepositing the

gold-palladium catalyst material and on the pulsed operation of the fuel

cells. It has been shown that pulsed operation yields significantly higher

power levels than steady state operation. The results of glucose oxidation

studies indicate that high efficiency reactions are possible, including con-

version of all 24 electrons in the glucose molecule.

ESSO RESEARCH AND ENGINEERING COMPANY, Linden, New Jersey

Contract Amount: $8,310 Contract Number: PH43-68-1390

IMPLANTABLE BIOLOGICAL FUEL CELLS

(John S. Batzold, p.i .

)

Further work was carried out on two approaches to overcome intrinsic prob-

lems of operation of biological fuel cells in contact with body fluids.

One is the use of a flowing electrolyte system in which concentration polar-

ization is minimized by increasing the mass flow of electrolyte through a

porous electrode. The other is the solid state mediator fuel cell concept

which seeks to avoid the use of body fluid as the fuel cell electrolyte by

interposing an impermeable redox membrane between the body fluid and the

electrode. Data resulting from experimental tests which show sizeable reduc-

tion in pH changes using the flowing electrolyte method indicate that at a

flow rate of 175 cc/min a total cell might be produced which would operate
at 0.5, 0.4, or 0.2 volts with current densities of 5, 10, and 20 ma/cm^,
respectively. Problems have been identified experimentally which appear to
depend upon the adsorption of body fluid components on electrode surfaces
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causing poisoning effects in fuel cell operation. Data have been obtained

for flow rates required to maintain the cathodic reaction at the 12 watt

level when arterial plasma, 30% fluorocarbon emulsion, 70% fluorocarbon

emulsion, and arterial blood are used as the oxygen carrier for single path

operation utilizing 100% oxygen consumption; the corresponding rates are

27,000 cc/min, 3,700 cc/min, 1,800 cc/min and 402 cc/min, respectively.

Single and dual feed cell concepts have been devised as approaches to total

fuel cell designs. The very long equilibration time (many hours) of the

solid state mediator cell using presently available redox membranes does not

permit practical use of this concept at the present time. This contract

was terminated October 28, 1970.

LEES0NA MOOS LABORATORIES, Great Neck, New York

Contract Amount: $100,384 Contract Number: PH43-68-1380

OXYGEN REDUCTION ON GOLD-PALLADIUM ALLOYS IN NEUTRAL MEDIA
(Jerry Fishman, p.i .)

Work has been directed to the development of an implantable fuel cell in

which the electrodes operate behind a natural cell membrane which prevents

the transport of all the formed elements and a large fraction of the pro-

teins contained in blood but permits the passage of all other blood compo-
nents including glucose and oxygen. Until suitable natural cell membranes
can be employed, evaluation of electrode performance has been carried out
for long periods in vitro in the absence of membrane protection using
specially developed gold-palladium alloy electrocatalysts and ACD human

blood flowing under gravity pressure. Extensive experimentation has re-

sulted in the successful development of a fabrication method for electro-
depositing uniform, active layers of selective Au-Pd catalysts on fine
filament substrates of 99.99% gold using mixed solutions of Au and Pd

chlorides. Electrodes formed in solutions with gold content in the range
25-40% (wt.) acted as cathodes in ACD human blood with stable rest poten-
tials in the range of 750-850 mV (vs. Pt/H2 in blood). Electrodes formed
in solutions with gold content in excess of about 40% (wt.) acted, after
pretreatment, as anodes. Their rest potentials ranged from 300-400 mV
(vs. Pt/H2 in blood). The cathodes supported one-second pulsed current
densities of about 0.3 mA/crn^ at 150 mV polarization. Electrode perform-
ance was found to be very sensitive to current density and rate of agita-
tion during plating. In order to improve the adhesion, cohesion, and
activity of the electrodeposits, additives which are often used in plating
techniques were introduced into the Au-Pd plating baths. All solutions
yielded unsatisfactory electrodes, except metal chloride solutions in 15%

H3PO4, which under carefully controlled conditions yielded superior elec-
trodes. A typical test electrode pair consisting of a 1 cm^ cathode and a

2 cm2 anode, operating in agitated ACD human blood exhibited 0.55 V open
circuit voltage and delivered a one-second pulsed current of 0.22 mA at

0.3 V. Cell potential recovered rapidly on current interruption. A con-
siderable effort was also devoted to devising techniques of operating an

implantable fuel cell at high performance levels by pulsed operation.
All electrodes decrease rapidly in performance level in steady state oper-
ation. It has been experimentally verified that if, in an array of elec-
trode pairs, each pair is operated transiently in an ordered sequence, the
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total continuous power output of the assembly will be higher than when all

pairs are continuously drained. Continuous power output per given total
electrode area was shown to be greater by a factor of over 20 when the sys-
tem is subdivided into individual electrode pairs which are pulsed in
succession. Preliminary work has been carried out on mathematical models
for determining optimum selection of the parameters of time-on, time-off,
and number of pairs in the assembly. The design under development plans
to employ a very fine microfiber mesh as the cathode, as part of a hetero-
prosthesis, whose average pore size is of the order of 20 microns so that
nearly all the oxygen present in the extravascular fluid traversing the
fuel cell will be reduced electrochemically before it reaches the anode.

PENNSYLVANIA RESEARCH ASSOCIATES, Philadelphia, Pennsylvania
Contract Amount: $10,874 Contract Number: PH43-68-1417

THE DESIGN OF CATALYSTS FOR BIOLOGICAL FUEL CELLS
(Carlo V. Bocciarelli, p.i.)

Work was continued on a half-year basis along two lines, the search for a

specific anode electrocatalyst and the study of mechanisms of electrochemical
oxidation of glucose. Exploratory work was carried out on gold-copper cata-
lysts doped with cobalt and iron as well as on finely divided crystalline
platinum-nickel catalysts. The latter material matched the performance of
platinum black at low currents and high voltages. The production of the
finely subdivided catalyst crystals was achieved by grinding techniques fol-
lowed by hydrogen annealing to eliminate strain. In the glucose oxidation
mechanism studies a number of analytical and electrochemical measurements
were carried out including radiocarbon labeling of all the carbon positions
in the glucose molecule. Current-potential relationships, reaction orders,
and activation energy have been obtained for oxidation of both glucose and

gluconic acid. The main overall product of the reaction was found to be

carbon dioxide. The overall Faradaic efficiency of conversion to carbon
dioxide has been established to be in the range of 18 to 24 electrons per

molecule of glucose. Pentoses are absent from the reaction products and re-

ducing sugars are either absent or at a wery low level. A product of two-

electron oxidation (hypothetical ly gluconic acid) is probably the reactant

in the rate determining step. Gluconic acid was found to be oxidizable in

the same potential range as glucose. Glucose can be oxidized with high Fara-

daic efficiency to carbon monoxide in a usable potential range (300 mv vs.

RHE). The reaction sequence can be divided into two different parts involv-

ing a relatively fast conversion of glucose into another product with a

transfer of approximately 2 electrons and a relatively slow conversion of

this product to carbon monoxide (with transfer of 18 to 22 electrons). The

high Faradaic efficiencies obtained in these glucose oxidation studies em-

ploying platinum black as anode indicate the possibility of achieving effi-

cient biological fuel cells. Because of Program priorities this contract

terminated March 26, 1971.
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TYCO LABORATORIES, INC., Waltham, Massachusetts

Contract Amount: $115,296 Contract Number: NIH-69-32

DEVELOPMENT OF AN IMPLANTABLE BIOLOGICAL FUEL CELL

(Jose Giner, p.i.)

A research and development program has been carried out to produce an im-

plantable biological fuel cell with a design goal of 5 watts for use as the

primary power source in artificial circulatory assist devices. This power

is based on the extraction of the fuel and oxidant (blood carbohydrates and

oxygen, respectively) from the blood stream through selective oxygen and

glucose permeable membranes placed directly on the back of the oxygen and

glucose electrodes, respectively. Under these conditions, the blood does

not contact the electrodes directly and is exposed only to surfaces which

are potentially blood compatible. This fuel cell concept relies on the use

of many, ultra-thin (order of 0.010 inch) unit cells to compensate for the

low concentrations of the reactants and low current densities available

with the present state-of-the-art electrocatalysts. Fabrication techniques

have been developed for the production of such thin fuel cell components

which will allow the facile assembly of these individual units into a multi-

unit fuel cell stack. In preliminary tests of complete unit cells at 0.5 V,

20% of the design power densities have been obtained using simulated body

fluids in short term tests, while in half-cell experiments 100% of the de-

sign current density (1.0 ma/cm2 ) has been obtained for each electrode.

Means are being investigated to minimize chemical short circuitry within

the complete cell. A multicell stack suitable for in vivo testing is pres-

ently under construction.

UNION CARBIDE CORPORATION, Cleveland, Ohio
Contract Amount: $8,010 Contract Number: PH43-68-1391

SPECIFIC CATALYSTS FOR ELECTROCHEMICAL OXYGEN REDUCTION IN NEUTRAL NaCl

(Ralph J. Brodd, p.i.)
Experimental work was continued on the study of the specific oxygen reduc-

tion catalyst, ferric phthalocyanine on graphite, which had previously
given excellent performance in saline solutions and in whole blood. The
rotating ring-disc electrode technique was used to study the kinetics of
oxygen reduction in saline and KOH solutions. Hydrogen peroxide was iden-
tified as a soluble intermediate in the reaction using these solutions but
was not found in studies using whole blood as the electrolyte. Studies of
oxygen reduction were extended to porous flow-through electrode structures,
and electrodes were constructed and tested as performance approached real-
istic current densitites for fuel cell use. Experimentally, lower polari-
zation for oxygen reduction was found for faster flow rate, thicker elec-
trodes, and smaller pore diameters. Analysis of blood before and after
short term studies in porous electrode experiments revealed the red blood
cell count, hemoglobin and hematocrit values were unchanged, but there was
a decrease in the white blood cell count. No significant changes occurred
in these components for exposure to smooth electrodes. The data from cur-
rent experiments indicate a complete fuel cell could be made which would
operate at 1 ma/cm2 at a power density of 0.66 mw/cm2

. A mathematical model
which describes the behavior of porous electrodes was developed for use in
predicting cathode structures which will provide optimum performance. Due
to Program Office priorities this contract was terminated October 28, 1970,
following completion of the current research studies.
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TEST AND EVALUATION FACILITIES

At the time that the Artificial Heart Program was organized in 1964-65, it

was recognized that a critical link in the chain of health care delivery
would be testing for clinical suitability of a device, and the establishment
of support for clinical implementation of effective, safe devices. In par-

ticular, it was felt that adequate protection of the patient and clinician,
reducing the likelihood of premature use, would lessen the likelihood of re-

jection of promising concepts before they were evaluated. Provision was made

for these responsibilities as a part of the overall program plan developed at

that time.

In February 1968 an RFP was issued and notice appeared in the Commerce Busi-

ness Daily describing the proposed purpose of the Test and Evaluation Facil-

ity and asking for proposals. The proposed work to be done in this first

phase was to define a detailed plan for establishing such a Facility, and to

indicate how the plan would be executed by the proposer if he were selected

for follow-on funding. Twenty-seven responses were received. Thirteen six-

month planning contracts were awarded in June of 1968. The products of these

planning studies were detailed documents for the establishment of Test and

Evaluation Facilities. After another detailed review by the Director's of-

fice, IITRI and the University of Utah were selected for funding.

The primary purpose of a Test and Evaluation Facility is to take devices,

thought by their developers to be ready for clinical use, and establish in-

dependently that they are safe, reliable and effective. Given these con-

straints, it was felt imperative to establish a method which would accomplish

the transfer from development to clinical use in as rapid and efficient a way

as possible. This meant: (1) the Facility would have to include pre-clinical

tests as well as clinical trials as part of its stated role, since the devices

were complex, and pre-clinical evaluation was often of significant value in

assuring an adequate and safe clinical trial; and (2) because these devices

are often complex and difficult to use, the Test and Evaluation Facility would

have to occupy a significant role in assisting and training personnel in the

use of the devices, and disseminating information as to their appropriate
application. Establishment of the Facility included a firm administrative
connection with a nearby medical institution of high quality, and the expec-

tation that the participating clinical staff would be actively involved in

pre-clinical testing in the associated T&E Facility. At the time that clin-

ical trials would begin, those involved in the trials would have had a sig-

nificant backlog of experience. Many of the devices would require coordi-

nated testing in a variety of facilities in order to assure an adequate number

of patients for statistical evaluation within a reasonable period of time.

This will be accomplished by linking satellite clinical facilities to the T&E

Medical Center, with a common protocol to assure comparability of results.

Establishment of these satellite clinical centers is now being initiated.

During March a request for expression of interest was mailed to all the ac-

credited hospitals in the United States. It is expected that from the re-

spondents, arrangements will be made for trial of specific devices under a

particular protocol as the devices reach the clinical stage of testing.
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It was felt to be absolutely essential to provide a review mechanism which

would allow the scientific community to have a direct significant influence

on the quality of work performed in the Facilities and the standards against

which devices would be measured. To accomplish this, a task force composed

of knowledgeable members of the scientific disciplines represented by the de-

vice was to be appointed by the Program Office for each device. They were

to establish a protocol for testing, to review testing and progress, and to

issue a formal public report at the conclusion of the test and evaluation
phase. The first task force meeting was held in September 1969.

Clinical devices which will be ready for submission to one of the two Test
and Evaluation Facilities by the end of 1971 include a modified and improved
intra-aortic balloon, an organ preservation system, a similar system for
emergency resuscitation, and a veno-arterial bypass. It appears likely that
improved versions of membrane oxygenators will be available for consideration
in the Test and Evaluation Facilities in early to mid-1972.

ILLINOIS INSTITUTE OF TECHNOLOGY RESEARCH INSTITUTE (IITRI), Chicago, Illinois
Contract Amount: $1,800,000 Contract Number: NIH-69-2125

ESTABLISHMENT AND OPERATION OF A TEST AND EVALUATION FACILITY
(G. H. Strohmeier, p.i.)

The contract with IITRI (the Illinois Institute of Technology Research Insti-
tute) was signed in June 1969. Their charge was to begin operation of the
Test and Evaluation Facility as soon as was practically and economically pos-
sible. One of the contractual obligations, which IITRI incurred in establish-
ing a Test and Evaluation Facility, was to provide working space for the pri-
mary operations of the Facility. Eighteen thousand square feet were remodeled
under plans approved by the MDAP, and the work was essentially complete by
February 28, 1970.

Several long-lead items are not completed. It was recognized in the planning
stages that careful control of data acquisition and processing would be essen-
tial to assure validity and reliability. Detailed studies indicated that
automated data processing techniques would, over several years, be less expen-
sive and more reliable than conventional techniques. Comprehensive evaluation
was made of available competing equipment and essentially identical machines
were purchased in a coordinated effort by both UTAH and IITRI, and the pro-
gramming is proceeding on a basis which divides and coordinates the primary
efforts. It is anticipated that both machines will be providing significant
support to the Facilities by the end of the fiscal year 1972.

It was also agreed that a catheterization laboratory would be essential to
provide necessary testing information. Because of the cost of such a facil-
ity, and the unusual technical requirements, in addition to those customarily
imposed by a clinical center, review has proceeded with some care and a pur-
chase order was not given until the Summer of 1970. The Facility is expected
to be operational by June 1971 including full capability for biplane cinean-
giography. A subcontract was signed early in 1971 with Presbyterian St. Luke's
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Hospital in Chicago to act as the clinical arm of the Facility. Arrangements
for a subcontract with Children's Hospital, Chicago, are complete; it will be
signed when pediatric trials appear imminent.

The first unit of the first device for testing, the Westinghouse/Hopkins
intra-aortic balloon and console, was delivered in September 1969. By April
of 1970 a total of 35 units had been delivered. The sequence of testing, as

identified in the work statement of the contract, defined a screening phase
to determine whether detailed testing was appropriate, in vitro and in vivo
testing phases, a preclinical evaluation phase in which^ata would be re-

viewed in detail, and clinical trials. Because of findings made by IITRI in

the course of screening, the balloons and consoles have undergone a number of

The Test and Evaluation Facility has also received a second limited assign-
ment to take four other kinds of consoles developed under the program, and

with a strictly limited protocol from the Program Office, to evaluate them
and submit a formal report as to their function and acceptability. This work
is called Testing, as opposed to Test and Evaluation, and is designed to

utilize Facility personnel in establishing firm baseline information on rela-
tively finished devices, which are not directly intended for clinical use.

The results of this information may be used elsewhere in the Program, but

there will be no opportunity for the Facility personnel to interact in

development, in order to insure their impartial standing. The console test

program was completed in January and a draft of the final report has been

received in the Program Office.

The IITRI Facility has also received a second device for clinical test and

evaluation. The Dow oxygenator, a new type of capillary membrane oxygena-

tor thought to represent a means of significantly reducing blood trauma

from artificial oxygenation, was submitted for screening in January. Test-

ing is currently underway.

UNIVERSITY OF UTAH, Salt Lake City, Utah

Contract Amount: $1,400,000 Contract Number: NIH-70-2081

ESTABLISHMENT AND OPERATION OF A TEST AND EVALUATION FACILITY

(Reed Harker, p.i .

)

The Utah contract was signed in December 1969. Utah was required to develop

a plan whereby the Facility could become fully operational at the earliest

possible date, having personnel, equipment and other resources added only as

required to meet that deadline. As part of their original proposal, they

had indicated that it would be necessary to build a special purpose building

to match the requirements of the facility. The rate-limiting step in reach-

ing full operation has been construction of this facility. Accordingly a

program plan was drawn which reflected this fact, adding personnel, equip-

ment, etc., commensurate with progress and physical construction. Under the

original program plan, ground was to be broken in June 1970 with completion

of the building in June 1971. Schematic drawings were discussed and prelim-
inary approval was obtained early in 1970 with the working drawings scheduled
for completion of August 1970. Construction was to be accomplished by a

private developer.
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On July 15, 1970 when ground was to be broken, it was found that the devel-

oper was unable to obtain the financing which he had earlier assured the

University was committed. The University provided an additional 45 days for

the developer to obtain other financing; when that failed, the University

assumed this obligation themselves. They quickly found that because of

statutory constraints on the purposes to which State and University funds

could be put, it would not be possible for them to finance the building
under the year-to-year lease then included in the contract. They then came

to the Government to ask that a firm ten-year lease be obtained so that suit-
able financing could be secured and building construction could be started.

A firm lease was provided on these terms, signed in December 1970, and ground
was broken the same day. The projected construction time remains at one year,
indicating that occupancy will be possible in December of 1971. (It is worth
noting that the cost of construction under the University of Utah lease will
be $2.5 million. When the plans were reviewed by the Facilities Engineering
Construction Agency (FECA) staff at HEW, no significant omissions in the
building plan were discovered, and it was estimated that the Government could
not construct the building for less than $3 million.) Construction is cur-
rently running within a few days of the original schedule, and is expected to
be completed on time.

As previously noted, the University of Utah Facility will not be fully trans-
ferred to its new facility until mid-December 1971. The operating Program
Plan demands that the new Facility be up to full operating capability as de-
fined in the plan by one month later, January 1972. It is recognized that,
as part of the plan to establish full scale operation on this schedule, not
only must equipment and facilities be provided but suitable personnel must
be hired and trained, including many of the key technical personnel. To
further these goals, two test programs have already been assigned to the
Facility. One, the Mississippi pump console, is a device built to drive
a variety of experimental devices used for circulatory assistance in the
MDAP's efforts. The second is the evaluation of pressure transducers. It
is expected that both devices will be valuable in assisting in training of
T&E personnel, and the test information obtained in this process will be of
great value to the MDAP.
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ANNUAL REPORT July 1, 1970 through
MYOCARDIAL INFARCTION BRANCH June 30, 1971

BRANCH SUMMARY

The Myocardial Infarction Branch has the responsibility for the design
and administration of a national research program leading to the reduction
of death and disability from heart attack. The Program is fostering the
development of new knowledge and the translation of results into methods
which will have wide clinical application.

To achieve these goals, the Program has sought to focus the attention of
the scientific community upon heart attack, and it has attracted new people
and new disciplines to work upon the problem. Broad multidisciplinary
research programs have been established, as well as programs of more limited
scope. Special resources to facilitate research upon heart attack are being
developed. Effective techniques for targeting and structuring research
are evolving.

To study the acute illness and follow up of the hospitalized patient, nine
Myocardial Infarction Research Units are now active. Each has a multidisci-
plinary program emphasizing clinical investigation, and supported by more
fundamental studies. They are designed to answer specific questions about
the disease process and its therapy; at the same time, they are to nurture
creative research upon the problem of heart attack. The basic measurements
and historical information which characterize the patients coming into
the studies and during the investigations have been standardized. Careful
postcoronary care unit and hospital follow up are provided. Most of the
specific research projects of each MIRU, however, are varied since they
are designed to capitalize upon the unique resources and interests at each
institution and thus provide a broad and balanced total program.

From the studies of acute myocardial infarction, two specific areas were
identified where further research efforts were most needed and most opportu-
ne. These were 1) methods suitable for use in living man for quantifying
the size of ischemic, infarcted and/or scarred myocardium and 2) development
and evaluation of possible interventions which would protect the ischemic
myocardium, minimize infarct size and enhance myocardial repair. To attack
these problems two separate requests for proposals were written and distributed
widely throughout the scientific community in the past year. A total of
60 proposals were received, 28 involved methods of quantifying infarct
size and 32 were directed at interventions for modifying the damaged or
endangered myocardium. These proposals were reviewed by two separate extramural
scientific review committees and the most promising were selected for possible
support. The selected projects are in the final stages of contract negotiations
and should become active early in the coming year.

Sudden death within minutes of the onset of symptoms accounts for a very
substantial fraction of the deaths from heart attack; indeed, more than
half of the deaths occur out of hospital. A program of research on this
topic and upon the intimately associated questions regarding the onset
of myocardial infarction has been developed. It is designed to elucidate
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the apparent precipitating factors for myocardial infarction and sudden
card'iac death, and the physiological and environmental settings in which
they occur; it is to clarify the physiological events leading to and immediate]

following the onset of the acute event as well as the pathology associated
with sudden death; it is to identify risk factors sensitive for sudden
cardiac death and to identify premonitory symptoms of impending heart attack
which have heretofore been unrecognized; it is to begin the development
of prophylactic measures and methods of early therapy. Six ongoing projects
are all focused on the problems of sudden cardiac death and the onset of

acute myocardial infarction. Although each project has certain unique
characteristics, close cooperation among five of the units and a common
format for collection of historical and pathology data form a well-unified
collaborative study and a basis for the comparison of other results.

In the past year a second request for proposals on the topic of sudden
cardiac death and onset of acute myocardial infarction was sent to the
scientific community. Fifty-nine proposals were received and reviewed
by an extramural committee as well as intramural reviews, The selected
projects are in the final process of contract negotiations. These projects
all involve the problem of sudden cardiac death and the onset of acute
myocardial infarction. Specific emphasis is on evaluation of interventions
early in the course of the acute episode or in the prevention of the acute
episode. Work on the approved projects will begin early in the coming
year.

In the out-of-hospital studies of myocardial. infarction and sudden cardiac
death in high risk ambulatory patients, there is a need for equipment which

can record the electrocardiogram continuously and the blood pressure inter-

mittently and automatically over 24 hour periods. In addition adequate methods

for rapid analysis of the large amount of recorded data are required. In order
to obtain satisfactory data acquisition and analysis equipment a request
for proposals was distributed to all vendors and institutions. Proposals
for 17 different systems were received in the Program Office and reviewed.
From the proposals received, it is expected that within the next year an
adequate system will be available and in use for clinical research studies.

The internal operations of the Branch include the direction and administration
of ongoing contracts, the development of requests for proposals and the
review of proposals, the planning and integration of the overall Program,
a very limited direct participation in research, and routine administration.
In the direction and administration of contracts, emphasis is placed upon
scientific excellence and Program relevance, upon the development of people
and resources, and upon the fulfillment of long term as well as early Program
goals. There is recognition of the need for flexibility in the scientific
content and in the operation of the projects - within the bounds of Program
structure and priorities - and of the need for sound administrative and
fiscal practices. The cooperation of the Research Contracts Branch, ODA,

in contractual matters and the cooperation of the Biomedical Engineering
and Instrumentation Branch, DRS, and of the Computer Systems Laboratory,
DCRT, in technical matters is valued. In the review of proposals, primary
technical review is by experts predominantly from the extramural scientific
community; their recommendations are considered in light of the additional
study of the proposals by Program staff and in the context of Program needs;

MI-2



Program Office recommendations are further considered by reviewers advisory
to the Director, NHLI, before contact is made with potential contractors.
Scientific discussions between Program staff and potential contractors
precede formal contract negotiations.

In the coming year, the Myocardial Infarction Program will continue along
the directions previously outlined. The Myocardial Infarction Research
Units represent a long term investment; they have made important contributions
to date, but their full contributions will be achieved in the coming years.

In addition to ongoing projects in the units, new projects will focus on

combining data and on therapeutic interventions. The new efforts at quantify-

ing and modifying infarct size hold considerable promise for interesting

and pertinent results. The program of research on sudden death from heart

attack and the closely related problems of precipitating factors, pathophysiology

and pathology of myocardial infarction has been productive and the new

contracts in this area should add significantly to the results of the overall

program. The new data acquisition and analysis equipment will markedly

enhance the capabilities of this and other programs. Most of the new projects

will begin early in the coming year. Only those new activities will be

implemented which are most critical to program needs and also most favorable

in a cost/benefit sense.
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MYOCARDIAL INFARCTION RESEARCH UNITS

In recognition of the magnitude of the problem of acute myocardial infarction

and the relatively small per cent of effort directed at its solution, the nine

myocardial infarction units were established after competitive selection (5 in

June 1967, 4 in June 1968). They were designed to describe in detail the course

of the acute episode, understand the causative pathophysiologic mechanisms and

attempt to prevent or minimize the existing high morbidity and mortality asso-

ciated with the acute syndrome. To obtain these goals the units were to direct ,

the attention and energy of established and new investigators at the problem

of myocardial infarction. They were to provide facilities where adequate

clinical investigations could be pursued and to supply the necessary research

support in data management, pathology, clinical, biochemical and animal labora- :

tories.

In the past year the 9 units have made further significant progress toward their A

original goals. Each of the units has established a group of investigators who
;

devote much of their research energies towards solving the problems of acute

myocardial infarction. These investigators range from cardiac fellows up

through senior established investigators. Many of these investigators now

involved in research related to myocardial infarction were well recognized for

their work in other fields of cardiology prior to the inception of the MIRUs.

At the more junior level young and promising research investigators are now

actively involved on the MIRUs.

The definitive clinical study areas, many of which were still undergoing altera-

tions and renovations a year ago, are now completed and fully operational at the

9 units. (One area does have to be relocated next to a new intensive care unit
in the near future) . Each completed unit has from 2 to 4 beds adjacent to the

standard CCU. Each bed has the capability for continuous monitoring of multiple
intracardiac and intravascular pressures in addition to standard electrocardio-
graphic monitoring. Within each unit image intensification or standard X ray
equipment is available for catheter placement and evaluation of heart motion and

size. Many of the beds are radiolucent to allow for X ray studies without dis-
turbing the acutely ill patient. Attached to each of the patient areas is a
clinical support laboratory for rapid analysis of blood and urine chemistries
and blood gases. In addition the units each have a full complement of support
personnel which includes nurses, technicians, and "paramedics". Personnel
coverage now available at each unit permits study of the acutely ill patients
at any time during the day or night. In the past year each unit has also ex-
tended its capability for patient studies up to and after hospital discharge.

Data management which includes a MIRU dedicated digital computer is also present '

at each unit. Computer systems installed prior to the current year can now
monitor, analyze and return information back to the bedside in real time. In
addition the computers have the ability to store and retrieve much of the per-
tinent patient information from data files on discs or tapes. The systems in-
stalled in the past year are now being programmed and should become fully
operational in the coming year.

In pathology, special cardiac pathologists with necessary equipment, facilities ;

and technical help are associated with each unit and work closely with the
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clinical teams. In addition to special individual studies (described in

individual MIRU reports) and standard post mortem examinations, a detailed
standardized MIRU pathology form is completed on each case.

As a complement to the facilities and capabilities present at all the MIRUs as

outlined above, each of the units has a varying number of individual research
laboratories where special types of investigations can be pursued, as well as

capabilities for special projects within the common facilities. These individual

laboratories, capabilities and projects are described in more detail in the

reports on individual MIRUs which follow.

A major research effort, and one which is active at each MIRU, is the character-

ization of the patient with acute myocardial infarction. The basic studies all

include special history and physical examinations, intracardiac and intravascular

pressure monitoring, cardiac outputs, ECG monitoring, blood gases, chemistries

and enzymes. These studies have included patients with uncomplicated and compli-

cated infarctions and have varied from approximately 1 hour up to 2 weeks with
the usual study lasting about 3 to 5 days.

Results of these studies in the past year have described in large measure the

pattern of various alterations seen in patients with acute myocardial infarction

as well as the post mortem findings. Special attention has been directed
particularly at the importance of alterations of left ventricular function which
can now be measured directly with new catheters developed within the MIRUs.

Prognostic indicators of heart failure, shock, and death have been formulated
from these results and a sounder basis for therapeutic inventions has been
developed (these results are described in more detail in the individual MIRU
reports). Plans and preliminary trials for pooling the information obtained at

the various MIRUs have been started in the present year and will represent a

major effort in the coming year. Much of this information is to be collected on
a prospective basis in the future and will be used as a basis for evaluation of

therapeutic interventions. In addition some of the special studies at various
MIRUs mentioned below will also be incorporated into the overall evaluation of

the patient with acute myocardial infarction.

Other evaluations which have been developed or modified for the characterization
of patients with acute myocardial infarction have included determinations of

left ventricular size, segmental heart motion, mitral valve motion, blood levels

of drugs, changes of infarct size, conduction system morphology and function,
hormone levels, thrombotic and thrombolytic system, hemoglobin affinity for

oxygen, stress tests and myocardial contractility.

In addition to patient characterization, research studies on the effects of

therapeutic interventions in acute myocardial infarction have been active in the

past year. Most of these patient studies have represented serial observations
of changes before, during, and after specific interventions such as volume
loading, drugs, oxygen, electrical pacing, and surgery. Anti-arrhythmic studies
in acute myocardial infarction have been randomized. One cooperative study with

circulatory assist has been initiated at 3 units and is presently active.

Communication and collaboration among the MIRUs have been encouraged by the

Myocardial Infarction Program. In addition to informal communications between

MI-
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units, selected investigators from each unit attended a two day meeting prior

to the American Heart Association meetings in November 1970 to present research
results and to participate in workshops devoted to special program areas.

Progress at each unit over the past year was evaluated by the MI Review Committi

as well as the MI Program staff. In addition, in the past year the five MIRUs
established in June 1967 were carefully evaluated by formal site visit teams,

their progress since the inception of the MIPJJ examined and long-range future
plans assessed. Reports of the site visits were reviewed by the MIRU Renewal
Review Committee and recommendations made. Similar special reviews and
extension plans are envisioned for the remaining four units.

In the coming year more research emphasis is planned on the development and
evaluation of interventions which will favorably alter the course of acute
myocardial infarction. Attempts at cooperation between units wherever feasible
is proposed. These studies will depend in many cases on the information about
the natural progress of the disease which has been accumulated. Major areas
where randomized therapeutic trials are planned include: 1) prevention of

impending infarction in the "preinfarction state," 2) prevention of ventricular
fibrillation and reinfarction in uncomplicated patients after coronary care
unit and hospital discharge, and 3) reduction of morbidity and mortality of

the complicated patient.

Copies of the Annual Report of each of the MIRUs can be obtained by contacting
the National Technical Information Services, 5285 Port Royal Road, Springfield,
Virginia 22151. The accession number specified in the heading of each MIRU
in the following pages identifies that MIRU's Annual Report for this year.
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Myocardial Infarction Research Unit

The University of Alabama

Contract No. PH 43-67-1441
Contract Amount: $2,809,273 (6-29-67 - 6-28-71)
Principal Investigator: Charles E. i'.ackley, M.D.

Accession Number: PB 198 568 *

The overall goal of this Myocardial Infarction Research Unit is the understanding
and treatment of myocardial infarction by identifying, quantitating, and thera-

peutically altering the mechanisms operative in patients with acute myocardial
infarction. Clinical investigations in the four bed study area are analyzing

history and physical examinations, hemodynamic measurements, blood and urine

changes in both the uncomplicated and complicated patients with myocardial

infarctions. Specific clinical research projects include evaluations of ultra-

sound, ventricular function curves, multiple dipole surface mapping, drugs

effect, coronary sinus effluents, and pathology correlations. Other projects

have been analyzing the indications for circulatory assist with the Bramson

membrane lung, the normal distribution of the blood supply of the human His

bundle and its branches, the determination of the intracardiac route of the

von Bezold-Jarisch reflex, and the chronotropic pharmacology of morphine sulfate.

Data management facilities interface with all these studies and include a dedi-

cated computer and staff.

In the clinical studies, ventricular function- curves in the clinically uncompli-

cated patient have been depressed with an elevation of the left ventricular

filling pressure. In complicated patients, Frank-Starling ventricular function

curves peak at left ventricular filling pressures in the range of 20-24 mm. Hg.

Further increases in LVFP are usually associated with a flattened or even a

descending curve. The systolic time intervals derived from the ECG, carotid

pulse contour, and phonocardiograms have closely reflected these alterations

in ventricular function. Dextran infusion which increased left ventricular

filling pressure, cardiac index and stroke volume, decreased the PEP/LVET

stepwise; venous tourniquet or lower body negative pressure which decreased

LVFP, CI, and SV , increased the PEP/LVET ratio.

The echocardiogram, which is being interfaced with the computer, has been used

to measure left ventricular dimensions, left ventricular wall thickness, left

ventricular mass, stroke volume, and cardiac output. Reliability of these

measurements has been good when calibrated with direct angiographic and hemo-

dynamic measurements.

During the past year, the results in anterior and inferior infarctions were

compared. Hemodynamic alterations were consistently more severe, ventricular

gallops more frequent, and hospital mortality higher in anterior infarction.

Patients with left bundle branch block were hemodynamically similar to the

patients with anterior infarction. When a ventricular gallop and left ventri-

cular pressure greater than 30 mm. Hg. were both present, the mortality was

100%.

* See page MI-6.
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MIRU follow-up now includes lipid profiles, exercise testing, coronary arterio-

graphy, repeat ventricular function curves, quantitation of left ventricular

volumes, mass, wall movement, and wall forces. The ventricular function curves

begin to show improvement in early convalescence and continue to gradually

shift upwards and to the left after 3 to 12 months. Simultaneous ventriculo-

grams and coronary arteriograms showed abnormally contracting areas which
correlated with coronary arterial obstruction and electrocardiographic Q waves.

Residual left ventricular dysfunction persists as dilatation, hypertrophy and

a reduction in ejection fraction.

The data management system has collected, stored, and statistically analyzed
information from all aspects of the program. Preprocessing techniques utilizing
the comparator interrupt of the analog to digital converter have aided the auto-

matic on line analysis of physiological signals in these studies.

Investigators in clinical pathology continue to collect data from detailed
studies of the coronary arteries and the conduction system in patients that
expire on the MIRU or during the follow-up~periods. These results are cor-
related with core data.

In the coming year, clinical data will be analyzed retrospectively and prospec-
tively within this MIRU as well as collaboratively with other MIRUs . The
investigators will continue to concentrate on acute myocardial infarction and
study the effects of veno-ar terial bypass and coronary artery surgery in selectee
patients. A prospective study of patients with preinfarctional angina will be
performed to determine whether early coronary arteriography and surgery for
operable coronary arterial obstruction is beneficial. The project on the
pathophysiology of myocardial infarction will continue the exploration of basic
mechanisms operative in infarction. Information on arrhythmias and conduction
disturbances in patients will be collected and analyzed. Other projects will
continue.
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Myocardial Infarction Research Unit

University of California, San Diego

Contract No. PH-43-68-1332
Contract Amount: $2,222,180 (6/20/67 - 6/27/71)
Principal Investigator: John Ross, Jr., M.D.
Accession No. PB 198 564 *

The major goal of the UCSD MIRU is to provide a well characterized hemodynamic
and biochemical setting from which the natural history of acute myocardial
infarction can be determined and from which the benefits of therapeutic in-
terventions can be analyzed. Major steps have been taken in the past year
to accomplish this task. Serial studies were completed from more than 60
patients during this period in the UCSD MIRU clinical facilities. An active
circulatory assist group is intensively studying the problem of cardiogenic
shock.

Of particular interest to this MIRU is the serial assessment of circulatory
function of patients with acute myocardial infarction which will permit a

better evaluation of progress and prognosis. A new method of measuring
cardiac output from the right side of the heart which uses inert gas is
operational and has been shown to correlate well with standard indicator
dilution methods. This procedure requires small blood samples and permits
multiple serial cardiac output determinations.

The radiograpnic transverse dimension from the spine to the lateral wall of the

left ventricle, the left heart diameter (LED), was shown to correlate well
with left ventricular chamber size measured angiographically. Accordingly,
a standardized method for obtaining the LHD in acutely ill patients was
developed, using a standard degree of inspiration and an ECG synchronized
X ray exposure. The method is reproducible and allows serial studies of
the left ventricular size over long periods of time. Using this technique
to predict survival, 97% of patients with normal LHD are alive after an
18 month followup period whereas over 60% of patients with persistently
enlarged LHD have died.

A heart motion video tracker (radarkymograph) which assesses wall motion
in acute myocardial infarction can define akinetic, dyskinetic and paradoxically
pulsating areas of the left ventricle. Using this technique, asynergistic
motion of the left ventricle was recorded in 79% of patients studied as
early as four hours after acute myocardial infarction. Sixty-seven per
cent of patients retained abnormal left ventricular wall motion during
the followup period and 25% of those with persistent paradoxical motion
have expired.

A method has been developed for obtaining serial studies in patients using
a computer processed 35 lead ST segment array and is being used to follow
the size of myocardial infarction and determine the effect of therapeutic
interventions.

* See page MI-6.
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Another technique employed within the MIRU is the gamma scintillation camera.

Initial efforts have been directed towards the study of regional pulmonary
ventilation-perfusion relationships following acute MI and the usefulness

of this distribution pattern as an indicator of left atrial pressure. In

addition radionuclide angiographic studies are underway and show promise

as a new technique for assessing myocardial function in acute myocardial
infarction.

In the biochemical laboratory methods were developed for the analysis of

CPK and LDH and their isoenzymes. Glyceraldehyde phosphate dehydrogenase
(GAPDH) has been shown to be useful in providing a sensitive, and transient

index of myocardial necrosis. The ratio of LDH]_ to LDH2 has been found

to be abnormally increased in virtually all patients with acute myocardial
infarction in the first available blood sample. The ratio has been found

to have diagnostic value even when the total serum LDH activity is within
normal limits. An approach has been developed in the conscious experimental
animal to quantify the extent of myocardial infarction with serial serum
CPK levels. Accurate prediction of infarct size has been possible and

extension of infarction documented. Studies using this technique are now
underway in patients.

Additional studies have been conducted on the changes of collateral circulation
during myocardial infarction, and the effects of experimental drugs and

therapy on myocardial mechanics during infarction. An animal model
which uses ST segment electrograms and myocardial CPK levels is being used to

study the effects of altering cardiac performance on infarct size and to

determine the extent of myocardial infarction. These studies have indicated
that the hemodynamic factors which influence cardiac oxygen consumption can
substantially increase or decrease the ST segment area and the size of the
acute myocardial infarction. It has been shown clearly in the non-shock
preparation that increased heart rate, positive inotropic stimuli, and hypo-
tension increase the area and magnitude of ST segment elevation. Conversely,
circulatory assist, arterial hypertension and propranolol administration
have diminished the area of involvement

.

In the past year the Sigma III digital computer system has been installed
and initial programs have been written. The new computer will improve the

capability for cardiovascular research on myocardial infarction patients and
will permit the development of effective means for evaluating a patient's
progress and prognosis.

In the coming year these projects will continue and major advances in under-
standing the treatment of myocardial infarction are anticipated. In addition,

new studies are planned which will determine factors which are associated with
morbidity and mortality post myocardial infarction. Studies of the effect
of MI on the oxyhemoglobin dissociation curve will be undertaken. In

addition, an objective evaluation will be undertaken on the effects of

myocardial revascularization by saphenous bypass graft in selected patients
with acute coronary disease.
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Myocardial Infarction Research Unit

Cedars-Sinai Medical Center

Contract No. PH 43-68-1333
Contract Amount: $2,021,000 (6-28-68 - 6-27-71)
Principal Investigator: H. J. C. Swan, M.D.
Accession No. PB 198 565 *

The primary goal of the Cedars-Sinai MIRU is to develop a data base to fully
characterize patients with acute myocardial infarction from a hemodynamic,
biochemical, and clinical standpoint which will lead to a better understanding
of the pathophysiology of the disease process and to more efficacious modes
of therapeutic interventions. During the past year, considerable progress has
been made toward completing the extensive preparations required to create an
effective research environment. The new MIRU facilities have been completed,
an effective data management system is being implemented, and the experienced
senior staff of experimental investigators is actively studying acute myo-
cardial infarction. A total of more than 90 patients have been extensively
studied in the MIRU facilities. These studies have resulted in the development
of a method of evaluating atrioventricular refractory period, an assessment of

ejection time-heart rate relationships, an evaluation of coronary sinus blood
flow, and an assessment of pulmonary capillary wedge pressure and its correla-
tion with radiographic observations. Other research projects include an eval-
uation of renal function utilizing clearance techniques, an evaluation of

myocardial force velocity relations and measurement of pressure-volume relations
in acute myocardial infarction.

Biomedical instrumentation has been developed for the purpose of obtaining more
precise hemodynamic data and includes techniques for the measurement of coronary
sinus blood flow and cardiac output by thermodilution. All of these techniques
have been thoroughly investigated in animals and are presently being introduced

in the clinical situation. Most noteworthy is the development of a new flow dir-
ected balloon catheter for measurement of pulmonary artery and pulmonary capil-

lary wedge pressure without fluoroscopy. These catheters have shown great

promise and are presently being used routinely in this MIRU and in other MIRUs to

provide safe pulmonary artery catheterization. Recent modifications of the

catheter have been made for their use in right-sided thermodilution cardiac

outputs. In the animal laboratory, valuable experience in the use of circulatory

assist devices is being gained for future clinical evaluations.

The computer science facility of the Cedars-Sinai MIRU is presently developing,

in conjunction with the inter-MIRU Data Management Committee, a comprehensive

clinical research computer system to permit systematized and efficient data

collection and patient monitoring capability. The Sigma III computer system

purchased last year in collaboration with 4 other MIRUs is now operational and

application programs are presently being written.

In the coming year, most of the ongoing activities will continue. With the

availability of an expanded MIRU facility, new projects will be implemented,

including development of a method for rapid percutaneous intracardiac pacing,

evaluation of peripheral circulation in acute myocardial infarction, deter-
mination of right and left ventricular function curves in patients with acute

* See page MI-6.P 6
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myocardial infarction, an evaluation of echocardiography in revealing com-
plications of acute myocardial infarction, and an assessment of the role of
surgical therapy in acute coronary disease.

MI-12



Myocardial Infarction Research Unit

University of Chicago

Contract No. PH 43-68-1334

Contract Amount: $1,588,000 (6-28-68 - 6-27-71)

Principal Investigator: Leon Resnekov, M.D.

Accession Number: PB 198 566 *

The clinical unit of the University of Chicago Myocardial Infarction Research

Unit is now complete and consists of a two bed area equipped with monitoring
apparatus to permit investigations at the bedside and the collection and analysis

of data over days or hours as needed. In studies to date the investigators

report that there is close correlation between clinical and hemodynamic findings

in the completely uncomplicated patient with acute myocardial infarction. In

complicated patients high ventricular end diastolic pressures often precede
clinical signs of "failure" by many hours. Studies continue in both groups of

patients with acute myocardial infarction and include serial hemodynamic, bio-

chemical and electrophysiological evaluation of the patient.

In the experimental laboratory a stable closed-chest preparation of myocardial
depression following selective coronary arterial mercury embolization has been

developed and the time course of the depressed circulatory parameters has been

defined. Pacing studies with this model have indicated that neither paired nor

coupled ventricular stimulation seems advisable as routine management of de-
pressed cardiac function following myocardial infarction and paired stimulation

is probably contraindicated due to the high incidence of ventricular fibrilla-
tion. The combination of low dose isoproterenol, which enhances ATP formation,

with theophylline, which prevents ATP degradation, was investigated as a positive

inotropic intervention in this model. An enhanced effect was found when theo-

phylline was added to low dose isoproterenol.

The investigators in pathology continue to gather data on autopsy material as

outlined in the standardized MIRU pathology protocol for anatomical examination
of hearts. Plans are being developed to improve examination of conduction
system and to explore other methods of evaluating early ischemic changes.

In the electrophysiology laboratory excitation-contraction coupling is being

studied in mammalian tissue using potassium contracture and voltage clamp
techniques. This study is directed to determining the voltage and time depend-

ence of contraction and, in particular, the role of the steady membrane
potential in the activation and recovery of contraction. The basic relations
between membrane voltage and tension development have been worked out and

studies with agents which influence cardiac function will be undertaken.

A program for monitoring the ECG for arrhythmias in patients with acute myo-
cardial infarction has been developed on a small digital computer. The
patient's clinical record has been placed in the computer and is being used
in the clinical situation. Efforts continue in this area.

* See page MI-6.
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The origin of the elevation of serum enzymes following myocardial infarction was

investigated in the laboratory animal and the studies are completed. The CPK

isoenzymes, as currently developed, were not satisfactory for discriminating

myocardial and skeletal muscle injury in the dog after coronary occlusion.

Efforts to measure the effects of anoxia or hypoxia on the uptake and exchange

of potassium, calcium, and magnesium in cardiac cells have led to the development

of a method for estimating myofibrillar mass from the magnesium bound to the

myofibrils. After baseline measurements of myofibrillar mass are defined in

ventricles from animals of different ages and in different parts of the heart,

this technique will be applied to human post mortem material.

The study of the factors that lead to destruction of cardiac muscle cell com-

ponents in myocardial infarction and to repair and resynthesis of these com-

ponents continues. The investigators report that myosin and membrane proteins

are less sensitive to the destructive effects of hypoxia than cardiac mito-
chondria. Regulation of turnover rates of these cell components will be studied

to better evaluate therapeutic manipulation of such processes.

In the coming year these activities will continue. In addition the clinical
studies will include Vmax determinations as an index of ventricular contrac-
tility for immediate and late prognosis. The role of peripheral vascular changes

following acute myocardial infarction will also be studied. A clinical follow-up
investigation of all MIRU patients after hospitalization will become active. In

the animal laboratory contractile responses and dynamic interactions of the right

and left ventricles during acute myocardial infarction will be investigated.
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Myocardial Infarction Research Unit

Cornell Medical Center

Contract No. PH 43-67-1439
Contract Amount: $2,453,519 (2/26/67-2/25/71)
Principal Investigator: Thomas Killip, M.D.
Accession No. PB 189 366 *

Clinical studies on the hospitalized patient with acute myocardial infarction,
supported by coordinated investigations in myocardial metabolism, pharmacology,
hematology, and pathology, have continued to be the central focus of research
activities at this MIRU during the past year. In addition, a post-hospital
follow-up clinic has been established and a MIRU dedicated digital computer
installed.

The core clinical studies are characterizing the pathophysiology and clinical
course of acute myocardial infarction from the patient's clinical status, hemo-
dynamics, myocardial contractility, myocardial metabolism, arterial blood gases,
hemoglobin affinity for oxygen, renin angiotensin system, platelet function,
and the kallikrein-kinin system. The goals are to identify critical factors
which influence or correlate with the course of the illness and to assess
existing and new therapeutic interventions. Special attention has been given
to cardiogenic shock and an evaluation of balloon counterpulsation in

collaboration with three other MIRUs . Intraventricular conduction defects,
the pathophysiology of spontaneous angina decubitus and the pre-infarction
state are other areas which are being studied in detail.

More than 200 hemodynamic studies have been performed on patients with acute
myocardial infarction. In these studies pulmonary artery diastolic pressure
has correlated closely with left ventricular mean filling pressure, while
central venous pressure has not. The calculated cardiac work has been the
best prognostic indicator of ultimate survival (better than 90% accuracy)
examined to date. Preliminary results with the intra-aortic balloon indicate
that it is a useful tool for temporary support in cardiogenic shock, although
it is not yet clear whether the eventual prognosis is altered. Left bundle
branch block has been associated with a 70% incidence of significant, life

threatening arrhythmias and should be an indication for long term prophylactic
antiarrhythmic therapy. Studies on the dynamics of spontaneous angina
decubitus have demonstrated hemodynamic changes several minutes before the

perception of anginal pain suggesting that these changes play a primary rather

than a secondary role in the pathophysiology of the syndrome.

Initial studies of myocardial contractility in the animal laboratory have

been performed. Refinements in the technique of using catheter tip pressure

transducers will permit clinical studies of myocardial contractility to

determine the time course of acute myocardial infarction and to assess more

accurately the effect of various therapeutic interventions.

* See page MI-6.
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Studies of hemoglobin affinity for oxygen has shown that patients with

uncomplicated myocardial infarctions have normal oxyhemoglobin dissociation,

while patients whose course is complicated by cardiogenic shock have a

decreased affinity of hemoglobin for oxygen. During the coming year, these

studies will be extended to patients with the impending coronary syndrome.

Experimental studies of myocardial metabolism on isolated perfused rat hearts

have demonstrated a tighter substrate control and inhibition of glucose uptake

by free fatty acids at elevated work loads. Lactate production during hypoxia

was found to be depressed and mechanical performance enhanced in the presence

of palmitate. Clinical studies have now been initiated which assess myocardial

metabolism and will be used during the coming year to assess the effect of

various therapeutic interventions in patients with acute myocardial infarction

and the impending coronary syndrome.

Plasma angiotensin and renin activity have been abnormal only in patients with

"pump failure", while 44% of all patients with acute myocardial infarction

have abnormalities in one or more of the plasma proteolytic enzymes. During

the coming year, these studies will continue, and platelet function and cir-

culating arterial intimal antigens utilizing methods developed during the

past year will be studied in patients.

Pharmacologic studies with IV lidocaine have demonstrated a 120 minute
metabolic half-life. This fact which is contrary to previous reports is

important in the formulation of dose-regimen schedules. Radioimmunoassay
studies of cardiac glycosides have established normal therapeutic and toxic

levels for digoxin and digitoxin. During the coming year, the pharmacokinetics
and efficacy of intramuscular lidocaine will be assessed.

Pathologic studies continue to provide correlates to the clinical studies on
MIRU patients. Patients dying of cardiogenic shock due to myocardial infarction
have shown involvement of approximately 50% of the myocardial mass of the left
ventricle and the interventricular septum. The patent luminal diameter of

the distal segments of major epicardial coronary arteries in patients dying
with acute myocardial infarction were over 1 mm. in diameter in 95% of cases
and over 2 mm. in diameter in 36% of cases, thus constituting suitable
potential sites for aortocoronary vein surgery. The pathologic correlates
of intraventricular conduction defects will be assessed by serial sectioning
of the conduction pathways during the coming year.
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Myocardial Infarction Research Units

Duke University Medical Center

Contract No. PH 43-67-1440

Contract Amount: $3,050,115 (6/28/67 - 6/27/71)

Principal Investigator: Andrew G. Wallace, M.D.

Accession No. PB 198 560 *

The major objective at this unit has continued to be the characterization of

all suspected and proven acute myocardial infarction patients admitted to the

coronary care unit.

Each patient on admission has direct recordings of right heart, pulmonary

artery and systemic arterial pressures, cardiac output, blood gases, and

biochemical determinations. Depending on the severity of the attack, the

measurements are repeated at variable intervals during coronary care unit

stay. Computerized history, physical, and laboratory records are maintained
for efficient and rapid data analysis. Repeated determinations of CPK and

LDH isoenzymes are correlated with the clinical course. In selected cases,

anatomic, physiologic and metabolic evaluation of the coronary circulation
is studied after hospitalization during the late recovery phase. These
studies which include coronary cineangiograms have measured multiple inter-

coronary myocardial segment length velocities and degrees of shortening.

On each non-surviving patient, in addition to a complete anatomic post-mortem
examination, special attention is directed toward the major coronary arteries,
pattern of microvascular supply, all gross and microscopic evidences of in-

farction, quantitative analysis of the infarction areas which is correlated

with clinical isoenzymes levels, and a careful search and investigation of

lesions in the conducting system of the heart.

The data management system has focused on patient file systems, hemodynamic
monitoring and automated scanning of cineangiogram films. Other projects

involve ECG surface maps, myocardial electrograms in the operating room and

animal laboratory, further refinements of the PVC detector, hormonal analyses

and changes in the clotting mechanism.

Multifactorial analyses of the admission data collected to date and correlated

with the subsequent in-hospital course and post hospital follow-up have

identified significant predictors of short term morbidity and mortality.

Changes on admission can be used to predict with good accuracy the development

of congestive heart failure and the chance of in-hospital mortality. Use of

similar information for determining late morbidity and mortality has been
poor and a new system for prognostic stratification is being developed. New
patient information can now be entered directly into the computer, analyzed,

subgrouped and rapidly retrieved. Plans for extending this system to other

MIRUs have been proposed.

Longer term hemodynamic monitoring has been used mainly in the post operative

recovery room. These studies which have identified the value and limitations of

* See page MI-6
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continuous pulse pressure analyses for determinations of changes in stroke

volume as well as the continuous recording and analyses of other intracardiac

pressures will be implemented on the MIRU. These will be combined with con-

tinuous arrhythmia analyses which incorporate the PVC detector developed

within the MIRU.

Other studies on the unit have shown the value of CPK and LDH isoenzymes for

the clinical diagnosis of infarction whereas total CPK and LDH determinations

have been disappointing. These isoenzyme changes have also shown good cor-

relations with post mortem findings. ECG analysis done on the unit and

correlated with the subsequent clinical course have shown that evidence of

Mobitz type II or trifasicular block during the acute episode is associated

with a high incidence of sudden death within one year while a similar cor-

relation was not found with bifasicular lesions.

In patients who return for further studies at 3 to 6 months after the acute

episode, ECG surface maps, ventriculograms, coronary cine arteriograms and

hemodynamic studies are used to determine myocardial status. While patients

who have a history of infarction do show akinetic areas, their myocardial

function is not significantly different from patients with a history of

angina alone. Those patients who subsequently have cardiac operative pro-

cedures have intraoperative electrograms for comparison with the previous

surface maps and also placement of epicardial clips for post operative

evaluation of segmental motion which can be compared with the preoperative

segmental changes determined from the measurement of intercoronary distances.

In the coming year a major goal will be to increase the number of patients in

the data file in order to refine the indices for prognostic stratification of

patients. The more sensitive index is to be used as a base for evaluation of

therapeutic interventions. Hemodynamic observations on patients with acute

myocardial infarction will be extended over a 3 to 4 day period to determine

changes in the early phases of the acute episode. In addition, hemodynamic
reevaluations will be carried out immediately prior to and at selected inter-

vals after hospital discharge.
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Myocardial Infarction Research Unit

Johns Hopkins Hospital

Contract No. PH 43-67-1440

Contract Amount: $1,944,000 (6/29/67 - 6/28/71)
Principal Investigator: Richard Ross, M.D.

Accession Number: PB 198 562 *

Clinical studies on the hospitalized patient with acute myocardial infarction,
supported by coordinated investigations in the pathology and animal labora-
tories have continued during the past year. In addition, a post-hospital
follow-up clinic has been established to extend clinical studies in time to

obtain longer term prognostic information. A MIRU dedicated computer pro-

viding real time patient monitoring and hemodynamic analysis is now opera-

tional and forms an integral aspect of present and planned research activities.

The core clinical studies are characterizing the pathophysiology and clinical

course of acute myocardial infarction from the patient's clinical status,

hemodynamics, coronary artery morphology, left ventricular size and synergy

of ventricular wall motion, infarct size, CPK isoenzymes, coronary sinus

potassium, pH, and blood gases. The goals are to identify critical factors

which influence or correlate with the course of the illness and to assess

the effects of existing and new therapeutic interventions. Special

attention is being given to cardiogenic shock and an evaluation of balloon

counterpulsation in collaboration with 3 other .MIRU&- Another area of

special interest is the "pre- infarction" syndrome in which assessment of

acute aorto-coronary vein bypass graft surgery is planned.

The hemodynamic studies have demonstrated that patients with mild left

ventricular failure have an excellent prognosis. The effect of digitalis

on left ventricular function was evaluated and great variability in response

of left ventricular end diastolic pressure and stroke work index was demon-

strated suggesting that the myocardium of some patients is incapable of

responding to an inotropic stimulus due to regional or generalized dysfunction.

During the coming year, this hypothesis will be tested by comparing the

response to digitalis with the response to other inotropic agents. Contrary

to the implication in published reports, heparin, despite causing an increase

in free fatty acids, was not found to cause an increase in arrhythmias in

acute myocardial infarction.

Experimental studies of regional myocardial blood flow using radioactive

microspheres have demonstrated transmural differences in myocardial perfusion

which may be important in clinical endocardial ischemia. During the coming

year these studies will focus on studying the mode of action of various anti-

anginal pharmacologic agents. From these experimental studies of regional

myocardial blood flow has grown the development, refinement and clinical

application of techniques using the gamma camera to assess infarct size with

K43, and to determine left ventricular dimensions using technetium 99 albumin.

The latter is an extremely promising non- invasive technique to assess left

ventricular performance in acutely ill patients.

* See page MI-6.
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Coronary arteriographic studies during the acute phase of myocardial infarc-

tion are being instituted in certain specified sub-groups of patients. Com-

bined with previous studies from this institution defining the prognostic

significance of arteriographic findings these studies will establish prog-

nostic indices by which the efficacy of various therapeutic interventions

such as aorto-coronary graft surgery can be assessed.

Studies are presently being instituted to determine the subcellular location

and distribution of the various CPK isoenzymes. It is anticipated that this

information will be of use in indirectly following subcellular events within

ischemic myocardium which reflect the status and viability of endangered

myocardium within or surrounding an area of infarction.

A real time hemodynamic data analysis and display system is now operational

and being used in studies on patients with acute myocardial infarction. A

new method has been developed to compute beat by beat stroke volume from

aortic pressure which is being incorporated into the real time hemodynamic

system. A fully documented EKG test tape was prepared and used in the

evaluation of various QRS detection devices, and has been distributed to other

MIRU ' s

.

Careful pathologic studies, employing the common MIRU pathology protocol,

provide detailed pathologic correlates to the clinical studies. Further

studies carefully analyzed the hearts in 64 patients dying with myocardial
infarction. These studies revealed that the infarcts, with one exception,

were within the area of distribution of the major coronary artery branches,

and in 90 of the 96 infarcts a lesion was found in the coronary artery
supplying the area of the infarct which occluded or was interpreted as having
previously occluded the lumen. The conclusion from these studies is that most
myocardial infarcts are secondary to coronary artery occlusions. Further
pathologic studies have suggested that infarcts which heal with an overlying
mural thrombus tend to form stiff, collagenous scars while infarcts which
heal without a thrombus tend to heal with a more compliant elastic scar.
The quality of the scar formed may have important implications on subsequent
left ventricular function. Rupture of the ventricular septum during the post-
infarction period has been another area of active interest. During the coming
year, studies will attempt to more precisely define the nature of the coronary
occlusion by serial sectioning of involved coronary arteries.

The past year has marked the end of the development phase of the Johns
Hopkins MIRU with attainment of the definitive MIRU clinical study area,
an operational real time hemodynamic analysis system, and a solid core
of competent clinical investigators. The studies to date have formed the
nidus for the many promising studies now being instituted which should pro-
vide much valuable new information on myocardial infarction and its therapy.
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Myocardial Infarction Research Units

Massachusetts General Hospital

Contract No. PH-43-67-1443
Contract Amount: $2,832,000 (6/29/67 - 6/28/71)
Principal Investigator: Charles A. Sanders, M.D.

Accession No. PB 198 561 *

Research at this unit over the past year has continued to be focused primarily

on the intensive clinical investigations of the complicated and uncomplicated
patient with acute myocardial infarction. The two fully equipped patient study
areas are being used for continuous extended investigations of the physiological
changes of the acute disease process and the effects of various interventions.

The total coronary care unit population is being used for randomized studies
of antiarrhythmic drugs and psychiatric studies. The biochemistry laboratory
is continuing to work on the development of new assays while techniques
developed previously in this laboratory such as determinations of digitalis
blood levels are now being used in the clinical studies. The pathology
laboratory continues to be active in work with special projects in addition
to providing essential pathological correlations with the clinical studies.

The data management group has been aiding in the analysis of information
and is presently programming the new MIRU dedicated digital computer which
will further enhance the capabilities for MIRU research at MGH.

The major emphasis in the intensive study area has been the characterization
and therapy of the acutely ill patient with shock or severe congestive
failure secondary to acute myocardial infarction. The effects of mechanical
circulatory assistance with synchronized intraaortic balloon counterpulsation
has been evaluated in a selected group of the most seriously ill patients.
In these patients, in addition to the standard hemodynamic studies, coronary
sinus metabolites and coronary blood flow measurements, the unit has also
been obtaining coronary arteriograms and ventriculograms during mechanical
assist. Initial results with acute revascularization by aortocoronary
bypass graft surgery while maintaining circulatory assist have been encouraging.

Other studies on complicated patients have evaluated effects of pacing,

inotropic agents, and volume loading.

In the uncomplicated patients, randomized studies include the antiarrhythmic
effects of alprenolol, diphenylhydantoin and procaineamide and another
study is determining the optimum length of hospital stay following acute
myocardial infarction. Other investigations involve the effects of pacing
on heart block, the pharmacokinetics of bretylium, significance of blood
gas measurements, and importance of biographical information in predicting
the course and determining optimum therapy. Pulmonary studies in these
patients have correlated the ventilation perfusion abnormalities and respiratory
mechanisms with direct hemodynamic measurements both during the acute process
and in the follow up period. These studies have now been expanded to include
more sensitive radioisotope measurement of pulmonary extravascular water
spaces, terminal airway closure, and membrane diffusion capacity. The

effects of diuretic therapy on the measurements also have been analyzed.

* See page MI-6.
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Psychiatric studies have focused primarily on the role of denial in patients

with. myocardial infarction. The psychiatrists have been attempting to

obtain more objective determinations of emotional status with special rating
scales, galvanic skin potentials, "nurses' call counters" and "j iggleometers"

(which measure total patient activity). Psychiatric responses have been
compared in different groups of patients and the correlations with long-

term post hospital followup have been reported.

In the biochemistry laboratory in the past year work has been completed
on immunoassays for digoxin, digitoxin, renin, angiotensin, and the endo-

and exopeptidases of angiotensin. Development of the kallikrein assays
completed earlier are now part of the clinical studies. Major developmental
work in the past year has involved immunoassays for aldosterone and identifi-
cation of binding sites for norepinephrine and epinephrine which can be

used as a sensitive assay technique for plasma catecholamines. Work with
digoxin antibodies to reverse toxicity have been developed and reported.

Special studies in pathology have focused on the effects of drugs, revasculari-
zation and clinical findings on infarct size and wound healing. Attention
has also been directed at small vessel lesions, pattern of collateral vessel
development and types of large vessel lesions and thrombi.

For the coming year continuing emphasis is to be directed at the severely
ill patient. The surgical studies will be expanded to include preoperative,
intraoperative and postoperative evaluations on a broader series of patients
undergoing coronary artery bypass graft surgery. A new double blind randomized
study of antiarrhythmic agents in the post hospital phase will be initiated.
New animal studies will investigate the influence of hyperosmolar solutions
on ischemic hearts. In the biochemistry laboratory work will begin on identi-
fication of fibrinogen breakdown products. Other projects now underway will
be continued into the coming year.
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Myocardial Infarction Research Unit

University of Rochester

Contract No. PH-43-68-1331
Contract Amount: $1,849,366 (6-28-68 - 6-27-71)
Principal Investigator: Paul N. Yu, M.D.
Accession No. PB 198 563 *

The major objective at this MIRU during the past year has been the longitudi-
nal study of acute myocardial infarction by intensive clinical, physiological,
biochemical and psychological investigations throughout the acute phase of
the disease. In addition to extensive in-hospital studies, the clinical
research has also focused on the earliest phase of the acute attack prior to

hospitalization. The pathology laboratory provides support for the clinical
studies

.

Specific objectives of individual in-hospital projects during the past year
have been to determine in patients with acute myocardial infarction: 1) the
validity of non-invasive diagnostic techniques for the measurement of ventri-
cular volumes, cardiac output, and mitral valve dysfunction with the ultrasonic
echocardiogram and for the evaluation of ventricular function by calculating
the pre-ejection period from simultaneous recordings of the phonocardiogram,
electrocardiogram and carotid artery pulsation, 2) alterations of pulmonary
extravascular volume determined with double radioisotope techniques, 3) the
relationship of psychological and behavioral characteristics of patients to

the onset and prognosis of their acute illness, 4) significance of changes in

catecholamine excretion rates, and 5) studies of respiratory mechanics which
do not require maximum patient cooperation. These and other studies are
carried out in a two-bed clinical research unit with a specially designed
data acquisition system. To handle the large amounts of research data the

group has participated in the design, purchase and installation of a digital
system similar to the system at four of the other MIRU's.

In the pre-hospital program, major goals have been the evaluation of possible
precipitating factors and the description of the earliest hemodynamic and

biochemical events of the acute attack. To obtain this information, employees

at a large industrial firm in the Rochester area are seen immediately after

the onset of symptoms suggestive of a myocardial infarction. A tentative
diagnosis is made and optimum therapy administered early in the course of the

attack. Continuous ECG monitoring is begun immediately and blood and urine

samples taken. Clinical and hemodynamic information is obtained according to

a specially designed research protocol up to the time of hospitalization.

In the department of pathology, non-surviving subjects have a detailed exam-

ination of the heart and vascular system which follows the common MIRU path-

ology protocol. Special attention has been directed toward abnormalities of

the cardiac valves and conduction system in relationship to the clinical

course.

* See page MI-6.
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Projects at this unit have shown considerable progress over the past year.

Patient intake into the pre-hospital program is progressing well. The

clinical course, ECG tapes, blood lipid and hormone levels and urine catecho-

lamines in the earliest phase of myocardial infarction have been analyzed

on 50 patients. The investigators have shown an increased endocrine stress

response with augmentation of blood growth hormone, Cortisol and NEFA and

urinary epinephrine excretion. ECG monitoring has revealed ventricular

irritability with frequent and paired ectopic beats in patients who

developed definite infarcts. Patient delay in seeking medical help

has been attributed to rationalization rather than denial.

In the hospital program, continuous hemodynamic monitoring has focused

mainly on the uncomplicated patient. Recent introduction of the right

sided hydrogen dilution techniques has permitted repeated determinations

of cardiac output with increased reliability in low flow states. Left

ventricular filling pressure, estimated either from the pulmonary artery

diastolic pressure or the pulmonary capillary wedge pressure, was elevated

in approximately one third of patients with acute myocardial infarction who

had no clinical evidence of left ventricular dysfunction. This group did

not differ from the other two thirds, who had a normal left ventricular

filling pressure, in terms of cardiac output, heart rate or stroke work.

In several of the patients with marked elevations of left ventricular filling

pressure on admission, the filling pressures have fallen to a normal range in

24-48 hours without any specific therapy. Patients, previously normotensive,

who were hypertensive on admission all had an increased urinary catecholamine
excretion rate. The subsequent decline in blood pressure was associated with
a decrease in urine catecholamines.

The measurements of pulmonary extravascular water volume have correlated well
with pulmonary congestion on the chest X ray and the pulmonary capillary
wedge pressures. Studies of the mechanical properties of the lungs have
shown consistently abnormal values for the forced expiratory volume in

three seconds with elevation of total pulmonary resistance. These findings
which have persisted up to the time of hospital discharge, have been inter-
preted as a moderate degree of airway obstruction probably in the small air-
ways .

For the coming year, the projects listed above are to be continued. Clinical
studies are to include complicated patients with proposed evaluation of
mechanical circulatory assist. Follow-up sutdies are planned to evaluate
patients late in the course of their hospitalization and after their return
to the home and work environment. Studies in the animal laboratory will
investigate changes in collagen formation in relation to available collateral
blood supply.
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Sudden Cardiac Death

Sudden cardiac death occurring outside of hospitals, accounts for about

one-half of almost 600,000 annual deaths from arteriosclerotic heart

disease. While an improvement in the early availability of medical
care will somewhat reduce this death toll, the large number of sudden
cardiac deaths necessitates a better understanding of the acute disease
process and the development of new modes of therapy. To this end, the

Myocardial Infarction Branch has formulated a program of research on the

onset of myocardial infarction and sudden cardiac death. This program
consists of two parts. A group of first generation contracts which have

now been operational for approximately one year, and a second generation

of contracts which are presently being negotiated.

The six contracts now in force comprise an effective and balanced program to

provide information and insight into external precipitating factors for myo-
cardial infarction and sudden cardiac death and the physiological and environ-

mental settings in which they occur; as well as into the physiological events

which precede myocardial infarction and sudden cardiac death and into early

physiological consequences of the acute illness. They are designed to elucidate

the antecedent chronic and acute pathology underlying sudden cardiac deaths

and to permit their correlation with historical events and physiological

observations. They provide insight into the epidemiology and risk factors,

and elicit heretofore overlooked symptoms premonitory to impending myocardial

infarction and sudden cardiac death. They will make possible the develop-

ment of methods for the very early therapy of myocardial infarction.

Four ongoing contracts consist primarily of a collaborative study of the

correlations between necropsy findings and antecedent events in persons

under 65 sustaining sudden cardiac death. For the purpose of these studies,

persons are selected who were thought to be free of heart disease or impaired

no more than Class II NYHA and who die within 24 hours of the onset of their

acute terminal illness (and if hospitalized, no later than 1 hour after

admission) . These are conducted in four major and varied communities

yielding approximately 600 cases of sudden cardiac death annually and a

comparable number of controls. Interviews of family, friends, physician,

and witnesses of the acute illness are conducted to focus upon details of

the events in the immediate proximity of the acute events. Research

necropsies are designed to identify the chronic and acute pathologic findings

for correlation with the historical events, as well as to gain fundamental

data on pathological processes associated with sudden cardiac death. These

four contracts will have a common core of necropsy and investigative approach.

The fifth contract provides for acquisition of early physiological data

from patients sustaining myocardial infarction or sudden cardiac death

while in attendance at athletic events at two large stadia. Cardiologists

equipped with coronary care ambulances care for patients at the stadium,

making all pertinent observations and recordings, and correlating findings

with subsequent interviews of witnesses, families, and previous physicians.

The sixth contract is a long-term prospective study to gain insight into

the physiological antecedents and pathophysiological mechanisms leading
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to myocardial infarction and sudden cardiac death, the precipitating factors,

risk, factors, and overlooked antecedent symptoms. A total of 400 men at

high risk for myocardial infarction and controls in the 40 to 60 age group

are being studied in their everyday working environment as well as in the

laboratory setting. Baseline studies have characterized a population with
physical examinations, biochemical measurements, interviews, and 24 hour

ambulatory electrocardiographic records; these will be repeated at three-
month intervals. Persons developing myocardial infarction or sudden cardiac
death are to be studied in detail directly and by interview of family, friends,
observers, and physicians, regarding the events that preceded and accompany
the acute episode, to elucidate pathophysiological mechanisms, precipitating
factors, and risk factors.

All projects are now fully operational and using core pathology and
interview protocols. Data for the four collaborative studies is put
onto computer cards and is being evaluated at the computer center at
Ohio State University. These contracts are now entering their second year
and will have considerable stores of data by mid 1972. A third year to

close out these operations is anticipated for most.

In response to the request for proposals entitled, "Sudden Cardiac Death
and the Onset of Myocardial Infarction", which was distributed to the medical
community, 55 proposals were received by the Program Office. The proposals
were reviewed and selected ones are in the final stages of negotiation.
These are to be directed to the development and assessment of effective
prophylactic therapy for the prevention of sudden cardiac death and/or acute
myocardial infarction and the amelioration of their subsequent course; the
elucidation of factors which convert chronic coronary artery disease into
its acute manifestations, as well as further understanding of the pathophysiology
involved; the development of methodology for high risk recognition; and
finally the pursuance of laboratory and clinical studies fundamental to the
above.
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The University of Miami

Contract Number: NIH-70-2072
Contract Amount: $455,643 (4/1/70 to 5/10/72)
Principal Investigator: Eugene Nagel, M.D.

This group is one of the four participating in the collaborative necropsy-
history study. To date, more than 75 core cases and approximately half
that number of matched controls have been studied. The entire city of
Miami is served by five fire department rescue squads who have been
trained in cardiopulmonary resuscitation and defibrillation, and who perform
these following telemetered instructions from a physician at the Jackson Memorial
Hospital Recovery Room. A large number of early electrocardiographic
records have been accumulated and tabulated, and are now being studied by
cardiologists in the study group who correlate these findings with both
the historical and pathologic data obtained on these patients. This
group is now operating at a rate of between 200 and 250 core sudden cardiac
death cases per year and approximately half that number of controls.

Johns Hopkins University

Contract Number: NIH-70-2071
Contract Amount: $322,000 (4/15/70 to 5/10/72)
Principal Investigator: Lewis Kuller, M.D.

This group is also one of the four participating in the collaborative
necropsy history study. It focuses on an area of Baltimore City which
is typical of many large urban centers with a population of about

500,000. More than 100 core sudden cardiac death cases and an equal

number of controls have been identified from the medical examiner's
office, reviewing death certificates, reviewing charts from all area

hospitals, and communicating with local physicians. Historical,

epidemiologic, and pathologic data on these cases are being correlated

at weekly meetings by the entire study staff. This group is now operating

at a rate of 200 core cases per year and an equal number of controls.

Mt. Zion Hospital

Contract Number: NIH-70-2073
Contract Amount: $144,887 (2/27/70 to 5/10/72)

Principal Investigator: Meyer Friedman, M.D.

This group is also one of four participating in the collaborative necropsy

history study. To date, more than 35 core sudden cardiac death cases and

20 matched controls have been studied. In addition to the core question-

naire, this group delves deeply into each case searching for possible

psychological factors which might predispose to sudden cardiac death.

These investigations will be an extension of previous personality typing

studies first developed by this group. Concerning the pilot portions of
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this project, the validity studies of its post mortem biochemical analyses of:

1) blood samples for lipids, triglycerides, cholesterol, and phospholipids

2) pituitary glands for growth hormone, 3) urine samples for catecholamines and

epinephrine, and 4) adrenal glands for cholesterol content have been completed

in test animals (rabbits). From these studies, the group has concluded

that the above determinations do not significantly change between pre and

post mortem status, up to 24 hours, and, therefore, are valuable indicators

of physiologic status immediately prior to death. This information is

now being correlated with historical and pathologic data obtained on all

core cases. This group is now operating at an annual rate of between 100

and 125 core cases per year, and an equal number of controls.

Ohio State University

Contract Number: NIH-70-2074
Contract Amount: $105,000 (6/22/70 to 6/21/72)
Principal Investigator: Martin Keller, M.D.

This group is the fourth member of the collaborative necropsy history
study. They are studying all cases of sudden cardiac death in Franklin
County. These are identified from the Coroner's office, and from review
of death certificates, hospital records and contact with local physicians.
Over 65 core cases as well as approximately half that number of controls
have been studied to date. The study group meets bimonthly to correlate
historical, pathologic, and epidemiologic data obtained as well as to bring
together findings obtained from the mobile coronary care unit operated
by the University Department of Medicine as well as data from the Coronary
Artery Disease study operated by the University Department of Preventive
Medicine. The predicted operating rate of this group is 125 core sudden
cardiac death cases per year and an equal number of controls.

Emory University

Contract Number: NIH-70-2070
Contract Amount: $32,768 (4/1/70 to 5/10/72)
Principal Investigator: Nanette Wenger, M.D.

This group is collecting early physiologic and electrocardiographic data
from victims sustaining myocardial infarction or sudden cardiac death
while in attendance at major athletic events at Atlanta's two large
stadia. University cardiologists are stationed at all major events.
While caring for victims, they make pertinent observations and correlate
these with subsequent interviews of witnesses, family, friends, and
previous physicians. Historical data is collected in the same manner
as that collected by those groups participating in the collaborative
necropsy-history study. Those victims who do not survive are studied
by the same necropsy procedures. To date, seven acute episodes have
occurred. Among these, there have been two successful defibrillations
with long-term survival.
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Cornell University Medical Center

Contract Number: NIH-70-2069
Contract Amount: $511,970 (5/11/70 to 5/10/72)
Principal Investigator: Lawrence Hinkle, M.D.

This project is a long-term prospective study of sudden cardiac death.
To date one hundred high risk subjects and 100 age and job matched
controls have been selected from twelve industrial companies in New York.
The initial laboratory examinations have been completed on more than 175
subjects, and intake is continuing at a rate of 12 per week. The subjects
are undergoing a battery of tests, including continuous twenty-four hour
recording of electrocardiogram under standardized laboratory circumstances.
Follow-up is anticipated at three month intervals. Subjects sustaining
myocardial infarction or sudden cardiac death will have extensive retro-
spective interviews and these observations will be correlated with prior
data on each patient to elucidate pathophysiologic mechanisms, precipitating
factors, and risk factors. It is planned in the coining year to approxi-
mately double the study cohort.

MI- 29



OTHER CONTRACT AREAS

Indicator Dilution Measurement of Cardiac Output with Dissolved Hydrogen

Research Foundation of the State University of New York at Buffalo

Contract No. PH 43-69-28
Contract Amount: $69,978 (7/1/68 to 8/31/71)

Principal Investigator: Francis J. Klocke, M.D.

The major goal of this contract is to develop and evaluate improved methods

for measuring cardiac output at frequent intervals in the acute phase of

myocardial infarction.

One of the most promising agents is dissolved hydrogen which is uniquely a

suitable tracer for use in constant-rate injection indicator dilution tech-

niques. Because of its low solubility, hydrogen is eliminated almost completel

from mixed venous blood in a single passage through the lungs, is not recir-

culated, and individual measurements may be repeated at 10-15 second intervals.

In the early phase of the contract, major improvements were made in the chromat

graphic system employed for the analysis of blood hydrogen concentration.
During the past year, a detailed study has been completed defining the advan-

tages and limitations of the technique in conscious man, including patients wit

acute myocardial infarction. Intra-pulmonary hydrogen elimination was measured

directly and averaged 98 + 1.5% (S.D.), confirming the lack of recirculation
of hydrogen. Coefficients of variation for triplicate determinations of cardia

output in 25 consecutive patients averaged only 3.4+2.0%. In addition,
comparative measurements showed reasonable agreement between absolute values

for cardiac output obtained with the hydrogen and direct Fick techniques. Com-

parative studies employing dye dilution indicated a small but systematic under-
estimation output by the dye technique in the presence of moderate to severe
valvular regurgitation.

A high priority has been assigned to making the technique available to other
investigators in the Myocardial Infarction Program, and it has now been intro-
duced into two MIRUs. It appears uniquely useful for identifying trends in
cardiac output in individual patients even when absolute changes are small.

Progress has also occurred in the development of more stable platinum electrode
for in vivo detection of hydrogen and in the development of an external cuvette

suitable for the simultaneous recording of hydrogen and dye dilution curves.
Work under the contract has also stimulated a systematic investigation of the

kinetics of the reaction of indocyanine green dye when diluted in water-
protein solutions and blood. This study is intended to clarify the factors
which affect the development and maintenance of a stable optical density of

indocyanine green in blood.

It is expected that the work of the contract will be concluded during the

forthcoming year..
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OTHER .CONTRACT AREAS (continued)

Laboratory and Clinical Investigations of Electrocardiography and
Electrophysiology in Areas of Relevance to Myocardial Infarction

Research Foundation of the State University of New York at Syracuse, Buffalo

Contract No: PH-43-68-49
Contract Amount: $44,306 (9/1/67 - 10/25/70)
Principal Investigators: Francis J. Klocke, M.D., (initially J. A. Abildskov, M.D.)

Work on this contract was successfully completed during the past year.

Developments over recent years in fundamental electrophysiology and electro-
cardiography have been considered in the context of the clinical problem of
acute myocardial infarction. A review of the literature for the past decade
has been conducted and two groups of experts have assembled to discuss
advances and their potential implications in this field. A final report of
this review has been completed and filed with the MI Program and is available
from the National Technical Information Services //PB 197745.

Laboratory studies in electrophysiology under the contract have centered on
the possible role of increased heart rate in the production of arrhythmias,
with digitalis-induced disturbances being used as a prototype. An animal
study of the effects of transient increases in heart rate on latent ventricular
pacemakers, has been completed in which vagal stimulation was used to assess
baseline ventricular automaticity and atrial pacing to produce different
increments of rate. During digitalization, prior to the onset of spontaneous

ventricular arrhythmias, increases in rate were found to accelerate latent

ventricular pacemakers consistently. This is in contrast to the situation
in the absence of digitalis where increases in rate are known to suppress

latent pacemakers

.

Several additional studies were undertaken to further evaluate this altered

response to rapid drive which suggest (1) that heart rate is the primary

determinant of increased ventricular automaticity during digitalization, and

(2) that the level of ventricular automaticity can be manipulated by changing

heart rate during digitalization. These studies have included electrophysiologic

observations in isolated canine Purkinje fibers. Rate-dependent decreases in

maximum diastolic potential and rate-dependent increases in slow diastolic

depolarization have been evident at 50% of the dose of ouabain required to

produce spontaneous increases in automaticity. These changes presumably underlie

the findings in the intact animal.
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NEW CONTRACT AREAS

Quantifying the Size of Ischemic, Infarcted, and Scarred Myocardium

A program of research is being instituted for the development of clinically

practical methods of quantifying the absolute size and change in size of in-

farcted, ischemic, and scarred myocardium. Such measurements will be used to

determine responses to therapy and to follow the natural course of the acute

illness. Investigators were requested to submit proposals for the development

and evaluation of techniques which could ultimately be implemented with minimal;-

trauma in large patient groups

.

Proposals from 28 institutions were received and reviewed. Selected proposals

are in the process of contract negotiation and should commence in June of 1971.

Protection of Ischemic Myocardium and Minimization of Infarct Size

A program of research is being instituted with the goal of developing inter-

ventions to protect ischemic myocardium and minimize infarct size. Surrounding

and within an acutely infarcted area of myocardium, there are populations of

endangered but still salvagable cells whose metabolic disturbances are still

reversible. Interventions which would support the viability of such cells

could be expected to minimize the size of infarct and the attendant impairment ;

in cardiac function resulting in an ultimate reduction in the morbidity and

mortality of myocardial infarction.

Biochemical, physiological, pharmacological, and pathological studies will seek:

to precisely define the cellular catastrophe which occurs in the myocardial

cell resultant to ischemia, identify the metabolic processes which are crucial

to cell survival, and develop interventions which will support these processes

and prevent the key malfunctions of ischemic myocardial metabolism.

After competitive review of proposals from 32 institutions, negotiations are

presently underway with selected institutions for interrelated but discrete

studies towards these goals. Contracts will commence in June 1971.

Portable Automatic Electrocardiographic and Blood Pressure Data Acquisition
and Central Data Analysis System

A program of research is being instituted for the development, fabrication, and

delivery of equipment needed for the assessment of cardiac rhythm and blood
pressure fluctuations in ambulatory subjects. This equipment will be used to

assess the interaction of heart rate, rhythm, and blood pressure in the course
of normal activities and in response to the subjective symptoms and stress
factors. It will be used to identify prognostic indicators for the onset of

myocardial infarction and sudden cardiac death and to assess the effectiveness
of pharmacologic interventions.

After review of proposals from 17 institutions, negotiations are presently
underway for the development, fabrication and delivery of equipment which
will accomplish the goals of this program. Work will commence in June of 1971.

MI-32
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PHS-NIH
NATIONAL HEART & LUNG INSTITUTE
July 1, 1970 through June 30, 1971

NATIONAL BLOOD RESOURCE PROGRAM

BACKGROUND : The National Blood Resource Program was established in FY 1967

with a 1.95 million dollar appropriation by Congress in the National Heart
and Lung Institute budget. These funds were provided in response to a

critical problem relative to the national supply of blood and blood components
for transfusion. Specifically, the acquisition of scientific information
regarding fractionation techniques resulted in an increasing identification
of the cellular and protein components of blood as separately useful.
However, there was at that time and there remains today a serious techno-
logical lag which prevents the large-scale application of this knowledge.
This problem is made acute by the rapidly increasing civilian and military
needs for blood components. It was determined that these critical demands
could be met if component blood transfusion therapy was more extensively
employed and if non-utilization of whole blood due to outdating in storage
could be diminished. Consequently, early in the development of the Program,

emphasis was on research and blood preservation and fractionation. Initial

contracts were awarded in support of studies of adenine as a blood pre-
servative. Much of the work in this area was completed during FY 1969.

In FY 1967 a major project was undertaken in the field of blood fractiona-

tion with the American National Red Cross. Work under this contract is still

in progress. More recently research in methods of platelet preservation
has been undertaken. In recognition of the need to utilize stored blood

in a more intelligent and effective fashion, four contracts in computerized

automation of donor blood inventory and donor-recipient information systems

were let in FY 1968. This work is near conclusion. Beginning in FY 1969

contracts were let to improve the effectiveness of detection of hepatitis

in transfused blood in donors.

In FY 1971 the Blood Program underwent a large expansion in response to the

pressing need for programmed research in blood banking and blood therapy.

This expansion encompassed an enlargement of research in the detection and

prevention of hepatitis transmission in blood and blood products, improved

donor-recipient identification systems in blood transfusion, preparation of

histocompatibility antigen-poor blood, and standardization of cryo-

precipitate preparations. New program areas include research in the pre-

natal diagnosis of inherited hematologic diseases, specifically hemophilia
and sickle cell disease, and clinical trials in the therapy of sickle cell
crisis. Finally, a systematic study of blood banking techniques and blood

therapy in this country has been initiated through a contract with a major
management consultant firm. Staff of the National Blood Resource Branch

will work closely with members of the consultant firm in this effort.

1. The American National Red Cross : In 1967 a major project was under-
taken in the field of blood fractionation with the American National Red
Cross (ANRC) . The ANRC collects more than 3 million units of blood
annually from 59 regional blood centers, all of it from volunteer donors.
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This represents about one half of the national blood resource and about 60%

of the blood collected from volunteer donors. The objective of this contract

has been to develop and improve methods for the preparation of component

plasma fractions to serve the greatest number of patients. This can only

be achieved by a carefully integrated program which must be concerned with

preservation, packaging, shipping, separation of components and fraction-

ation of plasma under conditions of maximum safety. Therefore the contract

with the ANRC involves the following areas: a. Purification from plasma

of blood factors II, VII, IX and X. b. Purification of IgA, IgM, and

alpha 2 macroglobulin. c. Production of intermediate and high potency

antihemophilic globulin and d. Methods to preserve red cells using a high

concentration of glycerol with a slow freeze in liquid nitrogen, e. Studies

on platelet preservation, f. Studies of plastic blood containers to preserve

blood and blood components, and g. Detection of hepatitis in blood.

The purification of factors II, VII, and IX and X from plasma was success-

fully completed in fiscal year 1970 and no new support was provided in

fiscal year 1971 for work. A successful method was developed by the Red

Cross for purifying these fractions which are needed in patients with low

levels of these clotting factors (e.g. patients with hemophiliac B -

Christmas Disease) . The purification of IgA, IgM and alpha 2 macro-

globulin is still being supported by the National Blood Resource Program.

During the past fiscal year, purification of these factors has proved

feasible but the pyrogenicity of these concentrates has not yet been

eliminated. Therefore the National Blood Resource Program is continuing

support in this area until pyrogen free preparations are available for

clinical testing in patients with septicemia who could benefit from this

type of treatment. Also under this contract the ANRC successfully

developed methods of purifying and producing intermediate and high potency

antihemophilic globulin. This was successfully completed in fiscal year

1970 and no new support was allocated to this part of the program in

fiscal year 1971. The ANRC's effort to develop a practical, efficient

method of freezing red cells was successfully completed in fiscal year 1971.

They have developed a method of using a high glycercol, slow freeze liquid

nitrogen procedure which preserves greater than 95% of frozen red cells.

During fiscal year 1970 freezing equipment was placed in many Red Cross

blood centers throughout the United States and automation procedures for

this freezing were developed. The ANRC is now expected to use this

freezing method on a routine basis. No new support for the project in this

fiscal year is anticipated. Another part of the contract with the ANRC
dealt with the development of new plastics for blood containers used at
either normal or below freezing storage temperatures. Since the present
polyvinylchloride used in blood containers has detrimental effects on
blood and blood components, numerous new plastics were examined in

cooperation with the pharmaceutical industry. Test lots of different
containers and plastics were tested and new plastics were identified. Since
enough information is now available to commercial manufacturers concerning
these plastics, the National Blood Resource Program does not intend to
further support this part of the program. Finally the program to detect
hepatitis in blood by the ANRC was funded for the first half of fiscal
year 1971. This research involved the observed cytosuppressive effect
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of blood contaminated with, the hepatitis virus measured by lymphocytes
inhibition of mitosis or by a decrease of cell count utilizing a Coulter
counter. Since Dr. Mella, who is carrying on this research at the ANRC,
resigned during fiscal year 1971 this part of the program was terminated
in January, 1971.

American National Red Cross PH43-67-1364
Washington, D. C.

Principal Investigator: Dr. Tibor Greenwalt
FY 1971 Support: -0- Previous funding: $1,515,025

2. Automated Donor Blood Inventory - Donor Recipient Information System: In
fiscal year 1968 the National Blood Resource Program initiated studies
of the advantages, disadvantages, and general applicability of an automated
inventory information system for the management of whole blood and blood
products in the United States by both a theoretical approach such as the
development of hypothetical simulation models and a practical approach
involving a trial of sample systems. This program supported four contracts
which are now coming to completion. Much has been developed by these
contracts and programs, and supporting documentation is now available to

blood centers throughout the United States. These centers can adopt one
of these inventory information systems without having to invest the enormous
expense and energy necessary for the development of these systems. These
systems offer a great advance in the control and processing of blood so

that shortages are reduced and urgently needed products are more available
to the patient.

Community Blood Council of Greater New York PH 43-68-1403
New York, New York
Principal Investigator: Dr. Robert L. Hirsch
FY 1971 Support: -0- Previous funding: $757,416

Michael Reese Research Foundation NIH 69-57
Chicago, Illinois
Principal Investigator: Dr. Aaron M. Josephson
FY 1971 Support: $142,880 Previous funding: $641,000

Milwaukee Blood Center PH 43-68-1425
Milwaukee, Wisconsin
Principal Investigator: Dr. Richard Aster
FY 1971 Support: $235,763 Previous funding: $470,984

Research Foundation of State University of New York PH 43-68-1281
Buffalo, New York
Principal Investigator: Dr. Edward L. Wallace
FY 1971 Support: $20,000 Previous funding: $490,259
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3. Hepatitis Program ; In fiscal year 1970 the National Blood Resource

Program expanded its research program in hepatitis. This program may be

divided into three areas 5 a. Refinement of testing procedures to detect

the hepatitis associated antigen (HAA) , b. Methods to produce the hepatitis

associated antibody (HAAB) in large animals, and c. Distribution of the

hepatitis associated antibody to blood banks throughout the United States.

a) Testing for the Hepatitis Associated Antigen - During the last several

years it has become evident that blood that is serologically positive for

the hepatitis associated antigen carries a very high risk of transmitting

the hepatitis virus. If it were possible to remove all units of blood that

contained the HAA, then the incidence of post transfusion hepatitis would

undoubtedly be significantly reduced. Unfortunately present available

serological tests detect only 25% of blood units that transmit hepatitis.

If these tests could be further developed and refined then many more units

of potentially infectious blood could be identified and removed prior to

transfusion. Two different serological tests offer the possibility of

greatly increasing sensitivity of testing for this antigen. Both of these
tests, the radioimmunoassay and the hemmaglutination inhibition test, have
been used in other viral systems and have proved to be extremely effective.
During fiscal year 1971 the National Blood Resource Program supported the
contractors listed below to refine these tests. Significant progress has
been made for both of these tests so that they are now practical on a
research basis in many laboratories. They have been shown to be much more
sensitive than the presently available gel precipitation type of serological
testing. The National Blood Resource Program plans to continue support
in this area to reduce the time necessary to complete these new tests and
to make them simple enough for routine blood bank screening of blood. Both
of these goals are feasible and once these tests are automated most blood
in the country can be tested by these extremely sensitive techniques.

Baylor College of Medicine NIH 70-2231
Houston, Texas
Principal Investigator: Dr. Joseph Melnick
FY 1971 Support: $165,995 Previous funding: $171,834

Cordis Corporation NIH 70-2232
Miami, Florida
Principal Investigator: Dr. Seymour Halbert
FY 1971 Support: $72,700 Previous funding: $109,880

Community Blood Council of Greater New York NIH 70-2236
New York, New York
Principal Investigator: Dr. Alfred Prince
FY 1971 Support: $212,494 Previous funding: $206,480
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New York State Department of Health NIH 70-2240
Albany, New York
Principal Investigator: Dr. James Pert
FY 1971 Support: $38,954 Previous funding: $41,833

Atlanta Regional Red Cross
Atlanta, Georgia
Principal Investigator: Dr,

FY 1971 Support: -0-

NIH 70-2229

Shirley Rivers
Previous funding: $17,000

Blood Research Institute
Boston, Massachusetts
Principal Investigator: Dr,

FY 1971 Support: -0-

NIH 70-2230

Calvin Saravis
Previous funding: $19,545

Institute for Cancer Research NIH 70-2234
Philadelphia, Pennsylvania
Principal Investigator: Dr. Baruch Blumberg
FY 1971 Support: $86,900 Previous funding: $88,900

Mason Research Institute NIH 70-2235
Worcester, Massachusetts
Principal Investigator: Dr. Florian Menninger
FY 1971 Support: -0- Previous funding: $21,920

Meloy Laboratories
Falls Church, Virginia
Principal Investigator:
FY 1971 Support: -0-

Dr.

NIH 70-2280

Anne Jackson
Previous funding: $99,782
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b) Production of Antibody to the Hepatitis Associated Antigen (HAAB) in

Large Animals - Although it was evident in fiscal year 1970 that testing

for the hepatitis associated antigen and removal of blood containing it

would significantly reduce the incidence of post transfusion hepatitis, the

reagent (hepatitis associated antibody) used in these tests was extremely

scarce. For this reason a program was developed to produce the HAAB in

large animals so that a supply of this material would be available for

testing all bloods in the United States. Several contracts were let in

this area during fiscal year 1970 and successful immunization schedules

and techniques were worked out. Since this problem was essentially solved

and the product has been licensed for commercial production, the National

Blood Resource Program intends to renew only one of its contractors, the

Cordis Corporation ,to continue certain refinements in this area. Large

amounts of HAAB were produced which the National Blood Resource Program

is storing in case an emergency need arises.

Baylor College of Medicine NIH 70-2231

Houston, Texas
Principal Investigator: Dr. Joseph Melnick
Funding given in section a)

Cordis Corporation NIH 70-2232

Miami, Florida
Principal Investigator: Dr. Seymour Halbert
Funding given in section a)

Community Blood Council of Greater New York NIH 70-2236

New York, New York
Principal Investigator: Dr. Alfred Prince
Funding given in section a)

New York State Department of Health NIH 70-2240

Albany, New York
Principal Investigator: Dr. James Pert
Funding given in section a)

c) Distribution of Hepatitis Associated Antibody to State Laboratories -

Prior to February 1971 no hepatitis associated antibody was commercially
available to blood banks in the United States for testing for the

hepatitis associated antigen. Since the presence of this antigen in

blood correlates highly with the transmission of hepatitis, removal of

these blood units is highly desirable. Anticipating this shortage, the

National Blood Resource Program in cooperation with the National Hemophilia

Foundation and the Division of Biologies Standards undertook a program in

fiscal year 1970 to plasmapherese hemophiliacs throughout the United States

for the purpose of obtaining large amounts of the hepatitis associated
antibody. This material was then bottled and distributed under contract
with the Massachusetts State Laboratory to State Health Departments. The
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State Health Departments then redistributed this material to all blood banks
within their states who requested it. This program was extremely successful
in that several months prior to February 1971 blood banks throughout the
United States were supplied with an adequate amount of reagent to test and
remove blood from their inventory which was potentially infectious for
hepatitis. In addition to this distribution of antibody for routine
screening of blood, the National Blood Resource Program has made the
hepatitis associated antibody available to State Health Departments who wish
to conduct training programs to teach technicians how to perform the
necessary serological tests for HAA. This program will be continued over
the next fiscal year if the National Blood Resource Program feels that a
definite need for the hepatitis associated antibody for such training
programs exist. Since February 1971 no material has been distributed for
routine screening of blood banks since commercially produced hepatitis
associated antibody is now available to blood banks.

National Hemophilia Foundation NIH 70-2174
New York, New York
Principal Investigator: Dr. Louis Aledort
FY 1971 Support: $30,000 Previous funding: $18,125

Harvard School of Public Health NIH 71-2064

Boston, Massachusetts
Principal Investigator: Dr. George Grady
FY 1971 Support: $31,895 Previous funding: -0-

4. UROKINASE STREPTOKINASE PULMONARY EMBOLISM TRIAL : The first phase

of this major cooperative trial was completed in August 1970.

Seventy-eight patients were randomized to heparin therapy and 82 to

urokinase therapy followed by heparin. The trial was designed to measure

primarily the thrombolytic capicity of urokinase and possible therapeutic

benefits. The urokinase and subsequent heparin regimen significantly
accelerated clot resolution as evidenced by angiograms, photoscans and

hemodynamic measurements. Principal results have been published:

1. The Urokinase Pulmonary Embolism Trial Study Group, "Urokinase

Pulmonary Embolism Trial Phase I results" JAMA - 214 pp 2163-2172, 1970

2. The Pulmonary Embolism Trial Study Group, "Urokinase in the

Treatment of Pulmonary Embolism," THROMBOSIS ET DIATHESIS HAEMORRHAGICA

(accepted for publication).

3. Hyers, T. M. , Stengle, J. M. , Sherry, S. - "Treatment of Pulmonary

Embolism with Urokinase - Results of Clinical Trial (Phase 1),"

CIRCULATION (Editorial) - _42 pp 979-980, 1970

Upon completion of the first phase of the trial, a second phase was entered

in which a 24 hour streptokinase regimen, a 24 hour urokinase regimen and

a 12 hour urokinase regimen are being randomized in patients with pulmonary

embolism. All patients receive subsequent heparin. Seventy- three patients



have been treated as of May 15. Whereas the first phase of the trial

offered the initial data on the thrombolytic capacity of a thrombolytic

agent in a controlled clinical study, this study will compare the

thrombolytic capacity and toxicity of the two most common thrombolytic agents.

This data will be of value in planning trials in disease states where

direct visualization of thrombus resolution is not possible. The

participating institutions in the current trial are:

Boston City Hospital NIH 70-2297

Boston, Massachusetts
Principal Investigator: Joseph V. Messer, M.D.

FY 1971 Support: $55,740 Previous funding: $55,000

University of Cincinnati PH 43-68-1381

Cincinnati, Ohio
Principal Investigator: Noble 0. Fowler, M.D.

FY 1971 Support: -0- Previous funding: $114,208

University of Colorado Medical Center PH 43-68-1385

Denver, Colorado
Principal Investigator: Edward Genton, M.D.

FY 1971 Support: $37,312 (est.) Previous funding: $74,980

Emory University School of Medicine NIH 69-2120

Atlanta, Georgia
Principal Investigator: Nanette K. Wenger, M.D.

FY 1971 Support: $68,925 Previous funding: $83,500

Johns Hopkins University PH 43-68-1398

Baltimore, Maryland
Principal Investigator: William Bell, M.D.
FY 1971 Support: $62,124(est)Previous funding: $122,000

Marshfield Clinic Foundation for Medical Research and Education
Marshfield, Wisconsin PH 43-68-1399
Principal Investigator: Richard D. Sautter, M.D.
FY 1971 Support: $32,406 Previous funding: $107,764

University of Michigan NIH 69-2121
Ann Arbor, Michigan
Principal Investigator: Park W. Willis, III, M.D.
FY 1971 Support: $40,350 Previous funding: $74,130

Mt. Sinai Hospital of Greater Miami NIH 69-2122
Miami Beach, Florida
Principal Investigator: Frank J. Hildner, M.D.
FY 1971 Support: $62,453 Previous funding: $65,461

University of Texas Medical Branch NIH 69-2124
Galveston, Texas
Principal Investigator: William deGroot, M.D.
FY 1971 Support: $66,771 Previous funding: $65,700
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Veterans Administration Hospital
West Roxbury, Massachusetts
Principal Investigator: Arthur A. Sasahara, M.D.
FY 1971 Support: $34,286

University of Washington ph 43-68-1429
Seattle, Washington
Principal Investigator: J. R. Blackmon, M.D.
FY 1971 Support: $d7,056(est) Previous funding: $186,226

5. Platelet Preservation : The preservation of blood platelets for
transfusion to thrombocytopenic patients is limited by platelet fragility
and short life span. Platelets recovered from blood that has been stored
at 4°C remain viable for only six hours and must be transfused within this
time period. In fiscal year 1970 the National Blood Resource Program
undertook, a program to increase this life span either by freezing the

platelets for long term storage or storing the platelets at room
temperature. The four contracts (listed below) are involved in developing
methods to improve procedures for storing platelets. Much progress has
been made since the initiation of these contracts and it is now clear
that storage at 22°C (room temperature) permits the platelet to be stored up

to four days prior to transfusion. This extension from six hours to four
days permits blood banks to supply an adequate number of platelets to

patients who are thrombocytopenic. In addition, studies are continuing
in an effort to prolong survival to an even greater period than four days.

Although recovery of platelets after freezing is still relatively low (30%)

new cryoprotective agents and refinements of standard ones offer promise
that eventually freezing of platelets may permit their storage for up to

or greater than one year.

King County Central Blood Bank NIH 70-2214

Seattle, Washington
Principal Investigator: Dr. Sherrill Slichter

FY 1971 Support: $60,990 Previous funding: $51,830

Milwaukee Blood Center, Inc. NIH 70-2213

Milwaukee, Wisconsin
Principal Investigator: Dr. Richard H. Aster

FY 1971 Support: $116,500 Previous funding: $116,950

Presbyterian University of Pennsylvania NIH 70-2212

Philadelphia, Pennsylvania
Principal Investigator: Dr. Frank H. Gardner

FY 1971 Support: -0- Previous funding: $118,000

The Community Blood Council of Greater New York, Inc.
New York, New York
Principal Investigator: Arthur W. Rowe, Ph.D.
FY 1971 Support: -0- Previous funding: $95,910
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6. Study of Oral Contraceptive Agents in Thromboembolism : In fiscal year

1969 the National Blood Resource Program undertook a study primarily aimed

at determining the relationship between oral contraceptives and thrombo-

embolism. To do this, methods had to be developed to detect the

"hypercoagulability state" that may exist prior to clinical thrombosis.

Dr. Anthony P. Fletcher at Washington University Medical School developed

a method under this contract to determine fibrin-fibrinogen complexes in

circulating blood. Over the last two fiscal years he has shown that

these fibrin-fibrinogen complexes correlate with the development of clinical

thrombosis. Since these methods have now been developed, this program

was transferred to the Child Health and Developmental Institute under

their studies of oral contraceptives.

Washington University NIH 69-2263

St. Louis, Missouri
Principal Investigator: Dr. A. P. Fletcher

FY 1971 Support: $122,892 Previous funding: -0-

7

.

Standardization of Techniques for Measuring Platelet Aggregation:

Montiefiore Hospital & Medical Center NIH 70-2270

New York, New York
Principal Investigator: Theodore A. Spaet

This work arose from the need to standardize platelet aggregation techniques

for cross reference between individual hospitals and for possible future
clinical trials of platelet anti-aggregants. In the first year of the
contract, Dr. Spaet has used optical density methods to measure various
factors which influence in vitro platelet aggregation including effects of

platelet concentration, contaminating cells, pH, platelet storage time,

cuvette size, stirring methods and cuvette surfaces and temperature.
This work has been completed. However, the study of variation in healthy
human subjects and in patients with disease states remains to be done and
this contract has been extended for three months with a $5,000 supplementation
for this purpose.

FY 1971 Support: $5,486 Previous funding: $20,562

8. Workshop on the Epidemiology, of Venous Thrombosis : In 1966 the Task
Force on Thrombosis of the National Research Council pointed out that
thrombosis was not being properly appreciated as a public health problem,
especially since the lesion probably represented the leading cause of
serious acute morbidity and mortality in this country today (e.g. from
acute myocardial, cerebral and pulmonary infarction). The Task Force
stressed the need for the development of an appropriate focus on
thrombosis, and recommended that measures be instituted which could
accelerate significantly the prevention and solution of this most important
clinical problem.
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A number of important measures have been taken since the Task Force
Report. These events, which have laid the groundwork for a major attack
on the thrombosis problem in this country, include: an International
Conference on Thrombosis, held in Washington in 1967, creation of an
Advisory Committee on Thrombosis to the NHLI; the formation of a Council
on Thrombosis of the American Heart Association, the founding of the
International Society on Thrombosis and Hemostasis; the institution of
NHLI supported Special Centers of Research in Thrombosis (SCOR)

.

One of the long-term goals set by the Advisory Committee on Thrombosis
of NHLI is the elaboration of the epidemiology of thrombosis including
identification and clarification of important risk factors. The need
to develop or define tests which will identify thrombosis-prone patients
as well as those undergoing incipient thrombosis is an integral aspect
of this goal of risk factor identification.

In an effort to focus on the neglected area of risk factors in venous
thrombosis, a workshop on the Epidemiology of Venous Thrombosis was held
on March 22-23,1971 at NIH. The workshop was sponsored by the NHLI,
the Epidemiology and Disease Control Study section of the Division of

Research Grants of NIH, and by the Council on Thrombosis of the American
Heart Association. The specific goals of the workshop were:

1. To review the existing data, both epidemiologic and laboratory,

which relate to an increased risk of venous thrombosis.

2. To identify those risk factors which appear well established

on the basis of the available data.

3. To identify those risk factors suspected of being important but

for which definitive data are backing.

4. To attempt to develop the format for a protocol which could

establish the significance of a suspected factor.

The participants in the Workshop represented an excellent mix of

epidemiologists, basic scientists, clinical investigators and clinicians,

both from the United States and abroad. It is because of this mix that

from the Workshop the first authoritative review and critique of the

current state of knowledge of the epidemiology of venous thrombosis emerged.

Publication of the proceedings is anticipated in January, 1972, in the

Milbank Memorial Fund Quarterly.

B 11



NEW PROGRAMS

In FY 1971, The National Blood Resource Program enlarged the research

in detection of hepatitis in blood and blood products. In addition

eight other new areas of investigations have been undertaken. The new

hepatitis contracts are:

University of California Medical Center

San Francisco, California
Principal Investigator: Dr. Girish N. Vyas

FY 1971 Support: $80,396 (est) Previous funding: -0-

University of California at Los Angeles

Los Angeles, California
Principal Investigator: Dr. Gary Gitnick

FY 1971 Support: $19,359 (est) Previous funding: -0-

Washington University
St. Louis, Missouri
Principal Investigator: Dr. Richard Aach

FY 1971 Support: $60,092 Previous funding: -0-

Aerojet Medical & Biological Systems
El Monte, California
Principal Investigator: Dr. A. F. Wells
FY 1971 Support: $49,955 (est) Previous funding: -0-

Syracuse University
Syracuse, New York
Principal Investigator: Dr. James E. Smith
FY 1971 Support: $27,790 (est) Previous funding: -0-

The new areas of investigation are:

1) Removal of Hepatitis from Blood and Blood Products : The present
serological tests for the hepatitis associated antigen detect approximately
25% of blood that have been shown to transmit the hepatitis virus. Since
the remaining 75% of blood still causes post transfusion hepatitis, the
National Blood Resource Program in fiscal year 1971 has undertaken a
program to develop methods for removing this virus from blood and blood
components. This will hopefully be done with polyelectrolytes which are
polymers of malelic acid. This material has been shown to remove other
viruses from such fluids as sewage. The following contracts have been
initiated to develop methods of using this material to remove the virus
from blood without damage to cellular or protein components.
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Baylor College of Medicine
Houston, Texas
Principal Investigator: Dr. Joseph Melnick
FY 1971 Support: $50,000(est) Previous funding -0-

New York University Medical Center
New York, New York
Principal Investigator: Dr. Alan Johnson
FY 1971 Support: $94, 650 (est) Previous funding -0-

New York State Department of Health
Albany, New York
Principal Investigator: Dr. James Pert
FY 1971 Support: $57,638(est) Previous funding -0-

Blood Research Institute
Boston, Massachusetts
Principal Investigator: Dr. Hinman
FY 1971 Support: $154,527 (est) Previous funding -0-

Community Blood Council of Greater New York
New York, New York
Principal Investigator: Dr. Alfred Prince

FY 1971 Support: $64,785(est) Previous funding -0-

2) The Removal of Histocompatibility Antigens from Blood : Patients who
receive transplanted organs especially kidneys, often require blood
transfusion prior to the transplantation. When this is done patients
may become sensitized to the white cell histocompatibility antigens present
in whole blood. When this occurs the incidence of rejection of the
transplanted organ is much higher than if the patient has not received
blood transfusions. Since many of these patients are anemic and require
blood, the transfusion of red cells without white cells or serum is

desirable. If this could be accomplished then theoretically no
sensitization of histocompatibility antigens on white cells would occur.
The National Blood Resource Program in fiscal year 1971 has undertaken
a program with the following contractors to develop methods to remove
these white cell histocompatibility antigens from blood.

Irwin Memorial Blood Bank

San Francisco, California
Principal Investigator: Dr. Herbert A. Perkins

FY 1971 Support: $66,448 Previous funding: -0-
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American National Red Cross

Washington, D.C.

Principal Investigator: Dr.

FY 1971 Support: $104,265

University of Kentucky
Lexington, Kentucky
Principal Investigator: Dr.

FY 1971 Support: $47,311

Harold Meryman
Previous funding: -0-

Miller
Previous funding: -0-

Minneapolis War Memorial Blood Bank
Minneapolis, Minnesota
Principal Investigator: Dr. Polesky
FY 1971 Support: $55,350 Previous funding: -0-

3) Cryoprecipitate : Since 1965 when Dr. Judith Pool discovered a method
to concentrate factor VIII antihemophilic globulin (Human) from blood,

this material has been the main stay of treatment for hemophiliacs
throughout the United States. Unfortunately no good standardized method

now exists for production of this material. Transfusion of hemophiliacs
with cryoprecipitate is extremely variable. In fiscal year 1971 the

National Blood Resource Program has undertaken a project to study the

variables important in producing cryoprecipitate and to develop a

standard process whereby blood banks can be assured of maximum yields
of this material from blood. The following contracts have been awarded
in this area.

Jefferson Medical College
Philadelphia, Pennsylvania
Principal Investigator: Dr. Edward Burka
FY 1971 Support: $95,000 (est) Previous funding: -0-

University of Southern California
Los Angeles, California
Principal Investigator: Dr. Carol K. Kasper
FY 1971 Support: $42,231 (est) Previous funding: -0-

Blood Research Institute
Boston, Massachusetts
Principal Investigator: Dr. Marshall Melin
FY 1971 Support: $78,556 (est) Previous funding: -0-

American National Red Cross
Washington, D.C.

Principal Investigator: Dr. D.C. Triantaphyllopoulos
FY 1971 Support: $24,383 (est) Previous funding: -0-
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King County Central Blood Bank
Seattle, Washington
Principal Investigator: Dr. Laurence A. Harker
FY 1971 Support: $75,482 (est) Previous funding: -0-

Children's Hopsital, Boston
Boston, Massachusetts
Principal Investigator: Dr. Sherwin Kevy
FY 1971 Support: $20,802 (est) Previous funding: -0-

4) A Systematic Study of Blood Banking in America : In fiscal year 1971
the National Blood Resource Program has undertaken a study to examine the
problems facing blood banking in the United States. This study will
cover both present and future resources and needs. Questions relating
to the procurement, processing, and distribution of blood from donor to
recipient will be examined. To help carry on this study a contract was
made with Booz-Allen and Company, who will perform this work under the
direction of the National Blood Resource Program with the help of its
medical advisory committee. This study is extremely important since
little comprehensive information is available on the various aspects of

blood banking in the United States.

Booz-Allen Public Administration Services, Inc.

Washington, D. C.

Principal Investigator: Mr. Donald Cook
FY 1971 Support: $325,000 (est) Previous funding: -0-

Research Foundation of State University of New York
Buffalo, New York
Principal Investigator: Dr. Douglas Surgenor

FY 1971 Support: $146,000 (est) Previous funding: -0-

5) Patient Identification : One of the most pressing problems facing

blood bankers daily is having a patient receive a unit of blood that has

been assigned to another recipient. Although several methods and

techniques have been devised in the past to solve this problem, to date no

effective means of insuring the proper identification of the donor is

available. Since this is the case many transfusion accidents occur per

year with some resulting patient deaths. In fiscal year 1971 the National

Blood Resource Program awarded contracts to the following investigators to

develop methods to insure that human mistakes involving patient identification

will be avoided.
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develop methods to insure that human mistakes involving patient identification

will be avoided.

Medical Laboratory Automation Inc.

Mt. Vernon, New York
Principal Investigator: Mr. John J. Hartnett

FY 1971 Support: $142,040 (est) Previous funding: -0-

Georgetown University-

Washington, D. C.

Principal Investigator: Martin Rubin, Ph.D.

FY 1971 Support: $122,242 (est) Previous funding: -0-

University of California Medical Center

San Francisco, California
Principal Investigator: Dr. George Brecher

FY 1971 Support: $55,500 (est) Previous funding: -0-

6) Studies on Oxygen Transport by Stored Blood (2,3 - PPG) : A storage

of human blood prior to transfusion is now accepted to be 21 days when

citrate (ACD) is the anticoagulant and 28 days if citrate phosphate

dextrose (CPD) is the anticoagulant. Although red cells may be stored up to

this time, it is not clear that when they are transfused they are effective

in carrying oxygen to the patients tissue. This is true because certain

substances within the red cell are depleted rapidly and blood which has

been stored for 21 days may be effected adversely by this reduction. One
of these substances is 2,3 Diphosphoglycerate (2,3 - DPG) which allows

the red cells to release oxygen to the tissues. Studies have shown that

when blood is stored for longer than two weeks in ACD, the level of 2,3 DPG

is so low that the blood is not able to release oxygen to the tissues as

readily as fresh blood. In fiscal year 1971 the National Blood Resource
Program undertook several studies to determine what effect a low level
of 2,3 DPG in stored blood has on the recipient's ability to recover
from a stressful situation which requires a blood transfusion. This
information has extremely important implications since patients who receive
many transfusions are likely to be transfused with blood that will not
transport oxygen. If this is the case, a new blood preservative must
be found which will maintain the oxygen carrying capacity of hemoglobin.

Ohio State University
Columbus , Ohio
Principal Investigator: Dr. Stanley Balcerzak
FY 1971 Support: $78,338 Previous funding: -0-

Laboratory for Comparative Biochemistry
San Diego, California
Principal Investigator: Dr. Grant R. Bartlett
FY 1971 Support: $22,390 Previous funding: -0-
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Children's Hospital Medical Center
Boston, Massachusetts
Principal Investigator: Dr. Sherwin Kevy
FY 1971 Support: $45,670 Previous funding: -0-

King County Central Blood Bank
Seattle, Washington
Principal Investigator: Dr. Robert D. Woodson
FY 1971 Support: $42,656 Previous funding: -0-

Washington University School of Medicine
St. Louis, Missouri
Principal Investigators: Dr. Harold S. Kaplan and Dr. John A. Collins
FY 1971 Support: $41,713 Previous funding: -0-

7) Prenatal Diagnosis of Inherited Hematologic Diseases : The increasing
use of amniocentesis in the abnormal and normal pregancy for diagnostic
purposes and recent developments with devices for intra-uterine
visualization of the fetus point up the need for programmed research in the

prenatal diagnosis of inherited diseases. Hemophilia and sickle cell
disease were chosen for the prime focus because these diseases are of

concern to the Blood Program and exert a disproportionate demand on the nation's
blood and medical resources when one considers their prevalence. Both
direct and indirect (genetic linkage) approaches will be investigated in this

research. Initial studies will focus on prenatal diagnosis of sickle cell
disease since it appears more likely that significant results will be
obtained quicker here. Material will be obtained at amniocentesis from
fetuses scheduled for abortion. Appropriate safeguardsto the mother will
be sought and instituted. Methods used to identify the type of hemoglobin
present in the fetus at 13 - 16 weeks will include radioimmunoassay,
various column chromatography techniques, immunological methods using
a specific antibody to the hemoglobin S, 3 chain, microcompliment fixation
and polyacrylamide gel electrophoresis. In addition, research and
development efforts will be undertaken to develop new methods for the
safe sampling of very small amounts of fetal blood and tissue in utero.
This will involve microf iberoptic and other optical techniques. Investi-
gators are:

1. University of Rochester, School of Medicine and Dentistry
Principal Investigators: Richard A. Doherty, M.D. and

Peter T. Towley, M.D.

Recommended Action: FY 1971 - $65,728 (est) Previous
funding: -0-

2. University of Rochester, School of Medicine and Dentistry
Principal Investigator - Lowell R. Weitkamp, M.D.

Recommended Action: FY 1971 - $59,249 (est) Previous
funding: -0-
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Johns Hopkins University School of Medicine

Principal Investigators: Samuel H. Boyer, M.D.

McKusick, M.D.
Recommended Action - FY 1971 - $50,000

and Victor A.

Johns Hopkins University School of Medicine
Principal Investigators: H. S. Kazazian, M.D.

Kaback, M.D.

Recommended Action - FY 1971 - $31,644

and Michael M.

8) Clinical Trials of Therapeutic Approaches to Sickle Cell Crisis : In

spite of the degree of refined molecular knowledge about sickle cell hemo-

globin, little is known about the pathophysiological mechanisms involved

in precipitating and sustaining the painful vaso-occlusive crisis of sickle

cell disease; and no treatment of proved efficacy is yet available for crisis.

The National Blood Resource Branch solicited proposals from collaborative

groups of investigators to test the efficacy of promising approaches to the

therapy of painful crisis. Thirty-four proposals were received in response

to RFP-NHLI-71-8 "Clinical Trials of Therapy for Sickle Cell Vaso-occlusive

Crisis." The following proposals were recommended by the review committee -

for approval and funding:

University of Tennessee
Knoxville, Tennessee
Principal Investigator: Dr. Alfred Kraus
FY 1971 Support: $145,697 (est) Previous funding -0-

Bowman-Gray School of Medicine
Winston-Salem, North Carolina
Principal Investigator: Dr. Robert Cooper
FY 1971 Support: $36,425 Previous funding -0-

Emory University
Atlanta, Georgia
Principal Investigator: Dr.

FY 1971 Support: $30,471
B.R. Gendel

Previous funding: -0-

Duke University
Durham, North Carolina
Principal Investigator: Dr. Wendell Rosse
FY 1971 Support: $41,845 Previous funding: -0-

Travenol Laboratories, Inc.

Morton Grove, Illinois
Principal Investigator: Dr,

FY 1971 Support: $162,950
Thomas A. Garrett

Previous funding: -0-
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Meharry Medical College
Memphis, Tennessee
Principal Investigator: Dr.

FY 1971 Support: $99,398
Robert S. Rhodes

Previous funding: -0-

9) Clinical Trials of Thrombolytic Agents in Acute Myocardial Infarction :

Recognizing the importance of congestive heart failure and cardiogenic shock
as contributors to mortality from acute myocardial infarction, the National
Blood Resource Branch has a continuing interest in the possible role of
thrombolytic agents in salvaging ischemic myocardial tissue in acute myocardial
infarction. Positive evidence of the efficacy of the agents from European
studies with streptokinase in acute myocardial infarction and the Urokinase
Pulmonary Emoblism Trial encouraged the National Blood Resource Branch to

issue RFP-NHLI-71-13 "Clinical Trials of Thrombolytic Agents in Acute
Myocardial Infarction." Eight of the proposals received were approved for

funding by the Advisory Review Committee:

Marshfield Clinic
Marshfield, Wisconsin
Principal Investigator: Dr. Richard Sautter
FY 1971 Support: $67,573 (est) Previous funding: -0-

University of Michigan
Ann Arbor, Michigan
Principal Investigator: Dr,

FY 1971 Support: $68,097
Park W. Willis, III

Previous funding: -0-

George Washington University
Washington, D.C.

Principal Investigator: Dr. George A. Kelser, Jr.

FY 1971 Support: $70,379 Previous funding: -0-

Temple University
Philadelphia, Pennsylvania
Principal Investigator: Dr.

FY 1971 Support: $77,111

James F. Spann, Jr.

Previous funding: -0-

University of Colorado
Denver, Colorado
Principal Investigator: Dr.

FY 1971 Support: $35,618

Edward Genton
Previous funding: 0-

Boston City Hospital
Boston, Massachusetts
Principal Investigator: Dr.

FY 1971 Support: $41,347

Joseph V. Messer
Previous funding: -0-
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University of Texas

Galveston, Texas
Principal Investigator: Dr. Daniel C. Allensworth

FY 1971 Support: $38,369 Previous funding: -CD-

Veterans Administration Hospital
Durham, North Carolina
Principal Investigator: Dr. Abe Walston
Reimbursable agreement to be funded - FY 1972
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ANNUAL REPORT

RESPIRATORY DISEASES BRANCH
January 1, 1971 through June 30, 1971

The Respiratory Diseases Branch, established in January 1971, is fostering
collaborative research and development programs which are designed to comple-
ment current research supported from other sources. The Branch emphasizes
those aspects of respiratory disease problems that are timely and that hold
promise of leading to results of immediate and practical significance.
Studies to these ends may be either fundamental or clinical, but they must
be directed to such practical problems as developing methods for detecting
symptoms prior to the occurrence of irreversible disease, improving treat-
ment of respiratory failure, or improving the care and rehabilitation of
patients with advanced chronic respiratory disease. The ultimate goal of
the program is prevention of chronic respiratory disease.

A request for proposals on "Oxygen Therapy vs Oxygen Toxicity and Methods
of Ventilatory Assist" was issued February 9, 1971. Another request on
'Alpha, Antitrypsin Deficiency and Chronic Respiratory Disease," was issued
February 16, 1971. The amount budgeted for these two RFPs was $330,000
and $383,000, respectively.

The proposals now being supported for work on 0„ toxicity vs 0_ therapy
constitute a program having the following features: Some activity will
focus on cellular constituents and biochemical pathways affected by high
0„ exposure. Other work will concentrate on the mechanism of 0_ toxicity
and will include correlation of biochemical and pathological observations.
As lipid metabolic pathways and surfactant synthesis are of the utmost
importance in problems related to 0„ toxicity, a set of studies will be
exclusively concerned with the subject. Another study will evaluate the
possibility of synergetic effect of respiratory infection and 0„ exposure
in causing toxic response. One study will attempt to determine maximum
time limits of exposure for specific oxygen pressure and safe level of
exposure. Finally, one program will be concerned with direct observation
of the 0„ exposure on the mucociliary function and will also study the mode
of 0„ administration.

The proposals supporting work on alpha-, antitrypsin deficiency and respira-
tory disease constitute a program with the following features: Two
reference laboratories will be developed with capabilities that will allow
for a large number of analyses and for research on new techniques and on
identification of new phenotypes. These laboratories may be looked at as
a national resource. At two institutions general populations, divided into
several categories, will be studied in depth for respiratory disease at an
early stage and for phenotype identification. In Arizona, an area that
has a high prevalence of C0PD, a population made up of patients with chronic
respiratory disease will be studied from the genetic point of view. A study
at another institution will concentrate on a population in the childhood
and young adult age group. Finally, another study will be concerned with
prevalence of COPD and genetic variant in a Negro population.
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The contracts awarded on CL Toxicity vs 0„ Therapy are:

1. Albert Einstein College of Medicine of Yeshiva University NIH-71-2152

New York, N.Y.
Project Director: Robert M. Rosenbaum, Ph.D.

Project Title: Mechanisms of Structural-Functional Defects

in Pulmonary Oxygen Toxicity
FY 1971 Support: $119,630
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

This study, to be carried out in adult rats and guinea pigs, will focus

on cellular constituents (studied by electronmicroscope) and biochemical

pathways affected as a result of pulmonary 0„ toxicity or adaptation to

a high inspired 0„ concentration.

2. Rancho Los Amigos Hospital NIH-71-2151

Downey, California
Project Director: Jack D. Hackney, M.D.

Project Title: Effects of 0~ Toxicity on Cell Division in Lung
Alveoli of Squirrel Monkeys

FY 1971 Support: $20,905
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

This study relates most closely to the question of the mechanism of
oxygen toxicity in man. The effects of hyperoxia on cell division will
be studied by pulse labeling with H-'-Thymidine and autoradiolography.
In combination, with EM, deconstration of the cell types affected by
0„ will be obtained. Study includes 0„ 100% for up to 10 days; 40,
60 and 80% 0„ in N~ over longer time periods and recovery phases.

3. The Memorial Hospital NIH-71-2153

Pawtucket, Rhode Island
Project Director: Ralph A. Redding, M.D.
Project Title: Effects of 0„ on Lung Surfactant Production
FY 1971 Support: $52,026
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

The dominate theme of this contract is to study the effect of varying
oxygen concentrations in the ambient air surrounding rats upon their
lipid metabolism and surfactant production. This will be correlated
with pulmonary physiological measurements and light and electron micro-
scopy over the exposure period.

4. IIT Research Institute 71-448L NIH-71-2155

Chicago, Illinois
Project Director: James D. Fenters
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Project Title: Interaction of Respiratory Infections in Oxygen
Toxicity

FY 1971 Support: $53,250
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

Under this contract the changes and effects will be measured in an ex-
perimental animal host exposed to the combined stresses of infectious
challenge and inhalation of oxygen. The parameters will include mortality
rates, survival times, serological reactions and presence of pathological
changes

.

5. Duke University NIH-71-2154

Durham, North Carolina
Project Director: Aaron P. Sanders
Project Title: Determination of the Biochemical and Pathological

Changes in Animal Lungs
FY 1971 Support: $49,828
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

In this project specific biochemical functions to be studied are respira-
tion and oxidative phosphorylation, certain Krebs ' cycle enzyme systems,
ATP concentration, ATPase activity and surfactant properties. Efforts
will be made to determine if there is a cardiopulmonary interrelationship
in pulmonary oxygen toxicity.

6. The Mount Sinai Hospital of Greater Miami NIH-71-2205

Miami Beach, Florida
Project Director: Marvin A. Sackner, M.D.

Project Title: Studies in Oxygen and Humidity on Mucus Clearance Rates
FY 1971 Support: $33,540
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

A technique for measuring mucus clearance rates in the dog by a broncho-

fiberscopic method will be developed. After this method is established,

mucus clearance rates will be measured in patients on endotracheal tubes

who have had open heart surgery. The effect of graded inspired 0_

clearance rates in those patients will then be ascertained. Human

volunteers will be exposed to high concentrations of 0„ and mucus clear-

ance rates and appearance of the tracheal mucosa will be observed.

Selective cultures of the lower respiratory tract will also be obtained.

Finally, the effects of 0. on mucus clearance rates in patients with

chronic bronchitis will be evaluated and correlations will be made with

lower respiratory tract flora.

The contracts awarded on Alpha.. Antitrypsin Deficiency are:

1. Johns Hopkins University NIH-71-2216
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Baltimore, Maryland
Project Director: Bernice H. Cohen, Ph.D.

Project Title: A Family Study of Alpha^titrypsin Defect and its

Relationship to Pulmonary Disease and Aberrant Pulmonary

Function
FY 1971 Support: $30,000
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

This project involves the study of available family members of chronic

obstructive pulmonary disease patients, lung cancer and nonpulmonary

disease index subjects (approximately 3 first degree relatives per

index subject) along with the study of a general population and industrial

series

.

The purpose of this ancillary study is to carry out an intensive and

comprehensive investigation of the kindreds of any subjects—index sub-

jects of any series, relatives, or population etc.,—having quantitatively
and/or qualitatively detectable a, at variation.

2. Massachusetts General Hospital NIH-71-2217

Boston, Massachusetts
Project Director: Richard C. Talamo, M.D.

Project Title: Development of an Alpha, Antitrypsin Reference
Laboratory

FY 1971 Support: $36,670
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description:
The aim is to serve as a reference or resource laboratory for the study
of alpha, antitrypsin and its electrophoretic variants. This laboratory
will analyze samples by quantitative methods of function and concentration
and by methods for identifying the phenotype of the alpha, antitrypsin.

3. Washington University NIH-71-2218

St. Louis, Missouri
Project Director: John A. Pierce, M.D.
Project Title: Studies of Proteinase Inhibitor Phenotypes

(A Reference Facility)
FY 1971 Support: $69,201
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

A reference laboratory will be established for the purpose of studying
proteinase inhibitor phenotypes. The gene frequencies of proteinase
inhibitor (antitrypsin) allels in several population groups will be
determined. Subjects and families of subjects with odd proteinase in-
hibitor phenotypes will be indexed and examined in an effort to determine
a relationship to chronic obstructive pulmonary (or other) diseases.

RD-4



The starch-gel method of antitrypsin analysis for the acquisition of
knowledge about the inhibitor will be utilized.

4. The University of Arizona College of Medicine NIH-71-2219

Tucson, Arizona
Project Director: Benjamin Burrows, M.D.

Project Title: Genetic Predisposition to Chronic Obstructive Lung
Disease (COLD)

FY 1971 Support:
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

A survey of families will be made and those with members showing mild
or severe evidence of COLD will be compared to a matched but nonpre-
disposed group. A subsample of each group will be followed longitudinally
with more elaborate pulmonary function studies, and will become the
control groups.

5. The University of Oklahoma Medical Center NIH-71-2220

Oklahoma City, Oklahoma
Project Director: James F. Hammarsten, M.D.

Project Title:

FY 1971 Support:
Date of Award:

Alpha.. Antitrypsin Deficiency and Chronic Respiratory
Disease
$50,965
Approximately June 15, 1971 - June 14, 1972

Description :

This will be a feasibility study to assess (1) the overlap of trypsin
inhibitory capacity determinations in separating heterozygotes for

antitrypsin factor from normals; (2) to determine the prevalence of
heterozygosity and homozygosity in the identified populations; (3) to

determine the distribution of various phenotypes ; and (4) to assess the

prevalence of respiratory disease in a group of homozygous deficient
subjects, a group of heterozygous deficient subjects, and a group which
is normal for antitrypsin factors.

The University of Rochester School of Medicine and Dentistry NIH-71-2221

Rochester, N.Y.

Project Director:
Project Title:

FY 1971 Support:
Date of Award:

Robert H. Schwartz, M.D.

Alpha.. Antitrypsin Deficiency and Chronic Respiratory
Disease
$100,000
Approximately June 15, 1971 - June 14, 1972

Description :

This is a project to study the relationship between alpha., antitrypsin
and chronic respiratory disease. Aspects of this contract are: a pilot
study designed to define the prevalence of AAT deficiency and the various
Pi phenotypes in approximately 200 persons; the testing of the hypothesis
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that heterozygous subjects for AAT deficiency are more likely to have

lung disease than subjects with normal AAT levels, establishment of

the prevalence of heterozygous AAT deficiency and the various Pi

genotypes in patients with emphysema, and development of original ap-

proaches to the diagnosis of heterozygous AAT deficiency.

7. Howard University NIH- 71-2222

Washington, D.C.

Project Director: R.L. Hackney, Jr., M.D.

Project Title: The Prevalence of Alpha, Antitrypsin and Chronic

Respiratory Disease

FY 1971 Support: $41,000
Date of Award: Approximately June 15, 1971 - June 14, 1972

Description :

The investigators propose to study two points: (1) What is the normal

range of alpha., antitrypsin in a black population? (2) What is the

incidence of antitrypsin deficiency in the same population? To do

this they plan to study a group of 200 normal black subjects and 200

patients with chronic obstructive lung disease, and then compare
histories, physicals and cursory pulmonary function studies in the

two groups

.
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ANNUAL REPORT OF
THE LIPID METABOLISM BRANCH

July 1, 1970 through June 30, 1971

BRANCH SUMMARY

In December 1970 the Lipid Metabolism Branch was created in the
National Heart and Lung Institute's Collaborative Research and Development
program. Part of its impetus was drawn from the findings and recommendations
of the National Heart and Lung Institute Panel on Hyperlipidemia and Premature
Atherosclerosis which met June 12-13, 1970, in Bethesda. Its aim was to

help implement a primary goal of the National Heart and Lung Institute-- the
prevention of premature atherosclerosis through the diagnosis and treatment
of hyperlipidemia.

The Lipid Metabolism Branch will plan, develop and direct a collaborative
program of research into the structure, metabolism and functions of lipids

and lipoproteins as they relate to premature atherosclerosis. It will

support and coordinate a national research program designed to increase
knowledge related to the diagnosis and management of lipid disorders especially

those associated with premature vascular diseases.

Supported by an initial budget for FY 1971 of about 2.7 million dollars

the Lipid Metabolism Branch has begun implementation of its program project
goals by issuing RFP's for the establishment of a network of Lipid

Research Clinics and a patient registry and coordinating center. The Lipid

Research Clinics will serve to improve the diagnosis and management of hyper-

lipoproteinemia and establish opportunities for further research, including
determination of prevalence of abnormalities, their causes and treatment
and the effect of this treatment on premature atherosclerosis. The coordinated
ventures of the Clinics will require common study protocols, comparable
patients, random assignment, double blind evaluation, placebo control,

long term observation and central collection, editing and monitering of data.

The Central Patient Registry and Coordinating Center will thus be vital

to the achievement of the goals of the Lipid Research Clinics. Initial

operational goals of the Lipid Research Clinics include the following:

1. The evaluation and standardization of current techniques for the

diagnosis of hyperlipoproteinemia and development of better ones.

2. The improvement of detection, diagnosis and medical care for hyper-

lipidemic patients by providing guidance and assistance to physicians on the

management of these patients. Such "service" to be in the context of study

and evaluation.

3. The acquisition of data on the prevalence of different types of

hyperlipoproteinemia especially among young age groups with special

emphasis on the nature and frequency of genetic forms and on the prevalence

and incidence of atherosclerosis in the different types of hyperlipoproteinemia.



4. The evaluation and development of improved therapy (both dietary

and drug ) for specific disorders.

5. The derivation of information bearing on the ultimate question of

whether drug or dietary intervention designed to lower plasma lipid

concentrations will have any effect on reducing the development and/or

progression of premature atherosclerosis.

It is expected that the first task of the Lipid Research Clinics will

be to set up and standardize basic techniques for the evaluation of
hyperlipidemia. Standardization of basic and sophisticated laboratory
techniques and diagnosis is sorely needed. It is essential to validate the

basic lipid techniques needed to define hyperlipoproteinemia. The
"definitions of lipoprotein types" is almost as plentiful as the number
of lipoprotein laboratories. There is a clear need for collective
standardization of techniques, terminology and "jargon." New and simpler
techniques must be evaluated collectively. Education both within and

outside the lipid field, prevalence studies and intervention must await
this standardization.

After methodology is established the clinics will seek to determine the
prevalence of hyperlipoproteinemia in the United States. Only when the
true prevalence of the primary and secondary hyperlipoproteinemias have
been defined, and we have learned about the incidence of vascular diseases
and natural history in these disorders will we know how much of a national
health hazzard hyperlipoproteinemia is.

Ultimately the high risk subjects defined and registered by the Lipid
Research Clinics will provide the ideal populations to gain the answer
to the fundamental question, i.e., will lowering lipids reduce the
development and/or progression of coronary vessel disease. Familial Types II

and III are, for example, clearly associated with a high rate of new coronary
events between ages 30 and 50. With our present armamentarium 30-60% reductions
of plasma lipid levels can be achieved with drug and diet. Well-designed
centrally-coordinated randomized double-blinded intervention studies could
give us answers in 4-6 years with 2-5,000 patients and at a reasonable cost.

Negotiations are now in progress for the establishment of the first six
Lipid Clinics and the coordinating center. It is apparent that a good deal of
re-education, reorientation, direction and coordination will .be required
over the next year to speed the clinics along their collective path. During
this same time period it is envisioned that six additional clinics (regionally
distributed) will be necessary (if funds allow) to achieve The Lipid
Metabolism Branch's objectives. Such additional clinics would allow the
gathering of the numbers needed for meaningful intervention studies. They
would also allow the clinics to be truely "regional" and improve the gathering
of prevalence and natural history information and the dissemination of new
medical concepts.

Lipid Research Clinics

RFP-NHLI-71-3 "Lipid Research Clinics" was distributed widely on
December 15, 1970. Over 45 letters of intent and ultimately 32 proposals



were received on or about the due date of February 15. The proposals were
reviewed for their scientific excellence and relevance to the program goals

by an ad hoc technical review panel of 12 research scientists representing
the fields of lipid metabolism, clinical pharmacology, nutrition, cardiology,
pediatrics, epidemiology, clinical chemistry and biostatistics. Ten of the

initial 32 proposals were site visited and extensively reviewed. At a

second full meeting of the technical review panel, these proposals were
re-evaluated and recommendations were made for funding and evaluation. The
program office concurred with the panel recommendations which were sent to

the directorate of the National Heart and Lung Institute April 9, 1971.

Those 6 proposals recommended for funding are now undergoing scientific
discussion between program staff and potential contractors for formal

contract negotiations. All six clinics should complete all contract
negotiations and be funded by June 15, 1971.

Patient Registry and Coordinating Center

RFP NHLI-71-17 "Patient Registry and Coordinating Center" was initially

released locally for biding on February 16, 1971. After the initial date

for return of proposals past on March 15, 1971, without receipt of an

adequate proposal the RFP was redistributed on recommendation of its ad hoc

technical review panel of scientists (representing the field of lipid metabolism,

internal medicine, biostatistics and epidemiology) on April 1, 1971, to 12

university groups with capability and expertise in this area. The RFP is now

due May 13 and it is planned that a single contract will be recommended and

negotiated by June 15, 1971.
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REPORT OF ASSOCIATE DIRECTOR FOR CLINICAL APPLICATIONS, NHLI
July 1, 1970 - June 30, 1971

The Clinical Applications Program is comprised of the Office of the Associate
Director and three branches, Biometrics Research Branch, Epidemiology Branch,
and the Therapeutic Evaluations Branch. The organizational structure is
identified below:

Office of Associate Director for Clinical Applications: Dr. W.J. Zukel
Biometrics Research Branch: Chief, Dr. Max Halperin
Therapeutic Evaluations Branch: Acting Chief, Dr. W.J. Zukel
Epidemiology Branch: Chief, Dr. Manning Feinleib

Framingham Heart Disease Epidemiology Section: Chief, Dr. W.B. Kannel
Field Epidemiology Research Section: Chief, Dr. Manning Feinleib
Geographical Diseases Section: Chief, Dr. W.J. Zukel

During the year, the professional and supporting staff of 60 members have
participated in direct research and collaborative research with emphasis on
epidemiological studies, biostatistical research and clinical trials relating
to cardiovascular diseases and lung diseases. The relative allocation of
research effort by disease categories is indicated below:

Disease Areas Percent of Program Activities

Atherosclerotic Coronary Artery Disease
including Angina Pectoris, Myocardial
Infarction, Sudden Unexpected Death, and
Pathological Studies of Atherosclerosis 50
Hypertension & Hypertensive Heart Disease 20
Cerebrovascular Disease 10
Chronic Obstructive Pulmonary Disease 10
Peripheral Vascular Disease, Diabetes, Other 10

The direct research and collaborative research activities within the Clinical
Applications Program make use of a variety of research support mechanisms
including direct funds, contract funds, research grants and P.L. 480 counter-
part currency funds. Staff participation with NHLI investigators and with
outside scientists is considerably increased by use of this variety of
mechanisms

.

Highlights of research activities during the year are summarized below:

1. The Biometrics Research Branch under Dr. Max Halperin has maintained an
active consultation, research and statistical service program for NHLI
projects and to some degree for investigators in other Institutes.

Direct assistance has been provided to planning efforts of the Task Force on
Arteriosclerosis; direct statistical support to the Framingham Study;
statistical coordinating center functions to the Urokinase-Streptokinase
pulmonary embolism trial; participation in data monitoring for the Coronary
Drug Project; development of statistical theory and in planning for new
clinical trials.
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Although the Branch has lost two senior statisticians to the newly established

Office of Biometry of the National Eye Institute, the junior staff are growing

in capability and should be able to maintain program development responsibili-
ties while additional recruitment is undertaken.

2. The Coronary Drug Project continues its planned protocol of study of 8400

myocardial infarction subjects to determine the efficacy of 4 lipid altering
drugs in the prevention of premature recurrences and death from coronary

heart disease.

The 53 clinics in the study completed enrollment of the desired quota of

patients in July 1969 and the final 5 year follow-up would be completed in

September 1974.

Findings at an average of 18 months of follow-up have led to the discontinua-
tion of the 5.0 mgm Estrogen regimen because of excessive side effects and a

significant increase in non-.fatal events of myocardial infarction and

pulmonary embolism compared with the placebo group. The 2.5 mgm Estrogen
regimen did not show such adverse effects so that it has been continued along

with the other drugs, Clofibrate, Dextrothyroxine and Nicotinic Acid.

Data monitoring reports on morbidity and mortality are produced every 3 months
and a full review of the data by the Data Monitoring Committee is made every
6 months

.

3. In cooperation with the National Blood Resources Branch, the Biometrics
Research Branch has provided the statistical coordinating center role for the

Urokinase-Streptokinase Pulmonary Embolism Clinical Trial. The study involves
14 clinical centers and as of June 1, 1971 some 77 patients had been enrolled
for study.

4. The planned report of an excess of cancer cases among the diet study
participants of the Los Angeles Domiciliary Study by Pierce and Dayton
resulted in some active effort by Mr. Fred Ederer, BRB, to review the data
and conduct further analyses to determine the validity of the preliminary
findings

.

Data from the experience of 4 other long-term diet studies was obtained
through the cooperation of the involved investigators in Norway, Finland,
United Kingdom and the University of Minnesota. The findings revealed a

lower risk of cancer in the experimental diet group than in the controls.

Combined experience of the Los Angeles and 4 other studies revealed a relative
risk of 1.15 for cancer incidence and 1.11 for cancer death. None of these
relative risks were significantly different from 1.0 leading to the conclusion
that the evidence did not indicate an increased cancer risk among subjects
on long-term polyunsaturate diets.

The presentation of these added data by Mr. Ederer at the time of the Pierce

-

Dayton report at the American Heart Association's Annual Scientific Meeting
effectively removed a potential public alarm over the use of fat modified
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diets to lower blood lipids.

5. The Framingham Heart Disease Epidemiology Study continued a morbidity and
mortality follow-up with its core staff of 5 who maintain the reduced level
of this prospective epidemiological study.

Under contract arrangement, approximately 1800 subjects have had lipoprotein
phenotyping according to the NHLI system. The prevalence of specific Types
within this cohort and among subjects who have survived a myocardial infarction
will become available from this supplementary study. At this point it appears
that less than 257» of the known coronary cases fall into a typable classifica-
tion, which suggests that the majority of cases of myocardial infarction do
not arise from the specific Types of lipid disorder.

Autopsy data are limited, however, an analysis of findings from 137 decedents
studied under a special standardized protocol revealed a significant correla-
tion of premorbid cholesterol levels to the amount of atherosclerosis in the
coronary arteries of deceased men. These are the first prospective data
strengthening the important association of cholesterol levels in men and
tissue coronary atherosclerosis rather than with the intermediate clinical
endpoint of myocardial infarction.

Accumulated data still coming to analysis will require a number of years to

exploit to the fullest extent. Some 15 publications were produced including
new findings relating to electrocardiographic abnormalities as predictors of
coronary events, prognosis of Angina Pectoris and Myocardial Infarction, the

relationship of systolic versus diastolic blood pressure in risk of coronary
disease and in stroke.

Dr. T. R. Dawber of Boston University has received a 5 year research grant of

$60,000 per year from NINDS to conduct a further study of stroke in the

Framingham cohort. Donations to a private research fund at Boston University
have provided an additional $140,000 for reinstituting the re -examination of
the Framingham subjects.

These outside sources of funds will allow an appreciable restoration of

research projects at Framingham. It, however, introduces major complications
over access to prior data and appropriate mechanisms for maintaining
scientific supervision of new activities which do not conflict with NHLI

responsibilities and interests. A compatible collaborative arrangement will
be sought to make these joint efforts mutually productive.

6. Monographs of statistical data from the Framingham Study have extended

the resource documentation of detailed findings for reference purposes.

Sections 25 and 26 of the Monograph Series have been produced under the

supervision of Mr. Tavia Gordon:
Section 25 Survival Following Certain Cardiovascular Events

Section 26 Some Characteristics Related to the Incidence of Cardio-

vascular Disease and Death. 16 Year Follow-up.
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Multivariate risk function analysis using the 16 year Framingham follow-up

data has identified the relative importance of five risk factors related to

atherosclerotic disease in men and in women between the ages of 35-74. For

coronary heart disease the order of importance for men and women was:

Men

1. Systolic blood pressure

2. Cigarette smoking

3. Serum cholesterol

4. LVH on ECG
5. Blood glucose

Women

1. Systolic blood pressure

2. Serum cholesterol

3. LVH on ECG
4. Blood glucose

5. Cigarette smoking

The risk factor relationships unexpectedly were as strong for women as for

men. Likewise in atherothrombotic brain infarction and in intermittent

claudication the same risk factors are also important.

Using the risk function analysis we can identify one tenth of the population

at highest risk where 25 per cent of CHD incidence is expected and 50 per

cent of the incidence of brain infarction is predicted. The practical

impli:ation of these findings is to provide a firmer basis for preventive

effor:s directed at prevention or intervention on these risk factors.

7. T*7in studies conducted by the Field Epidemiology Research Section under

Dr. Manning Feinleib have expanded to 300 pairs who have received intensive

examinations under standardized protocols including clinical, biochemical
and lipoprotein typing data. Analyses are being conducted and the results

will oe prepared for presentation and publication.

8. The Cardiovascular Disease Survey within the total Framingham population
will *->e completing its planned one year of incidence reporting to provide
gener ll population incidence of morbidity and mortality to compare with the

resul :s within the Framingham cohort.

Preliminary data suggest that the incidence of major cardiovascular events of

myocardial infarction in the total community is the same as seen in the

Framingham cohort. Angina Pectoris is less frequently reported by practicing
physicians than found in the examination of cohort subjects. A total of 615
CVD events were reported to date and these will provide general community data
on incidence, precipitating factors and resources used by symptomatic patients
in set king medical care. Delay by the patient himself appears to be a major
factor in obtaining medical care in myocardial infarction cases.

9. A study of Medical Facility Utilization during Acute Coronary Episodes
was completed and is in preparation for publication. A report presented at
the Arnual Scientific Meeting of the American Heart Association in November
1970 provided preliminary data on 138 patients aged 34-75 years dying
outsice the hospital.
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Some 35% were dead within 15 minutes, 547„ were dead within 1 hour and 84Z
within 6 hours. Two thirds died at home and it was estimated that only 237.

could have been aided by the most sophisticated of mobile facilities while
the remainder were found dead or arrested prior to an ambulance being called.

10. The Israel P.L. 480 Project: Epidemiologic Study of Hypertension and
Ischemic Heart Disease in a Defined Segment of the Adult Population in Israel
has continued with the analysis of data from 3 completed examination cycles
in 1963, 1965 and 1968.

The 10,232 males in this prospective study provide more than 50,000 person
years of observation within this population of diverse cultural, geographical,
educational and occupational backgrounds. A series of reports are in prepara-
tion, however, those factors found to be significantly associated (<C.01) with
increased risk of developing myocardial infarction over the 5 years of follow-
up (single variable age-adjusted) were:

Socio-demographic factors
Age
Birthplace (Eastern or Central Europe high vs Asia-Africa low)

Number of persons living together (inversely related)

Clinical factors
Weight/height
Blood pressure (systolic and diastolic)
Pulse rate
Angina pectoris
Peripheral arterial disease
Intermittent claudication
ECG computer diagnosis of infarct (called normal by cardiologist)

;

ischemia, RBBB : LVH, left axis deviation
Non-specific T wave changes

Biochemical
Total cholesterol
Cholesterol in alpha lipoprotein (inversely related)

% cholesterol in alpha lipoprotein (inversely related)

7» cholesterol in beta lipoprotein
Hemoglobin/Hct
Blood group A1BJK
Glucose (casual)

Behavioral
Smoking cigarettes

Remaining P.L. 480 funds to continue further areas of data analysis will be

insufficient to complete the major aspects of remaining work within the study.

Contract funds may be needed to provide a further year of work. Considerable
data of interest on factors related to incidence of hypertension, peripheral
vascular disease, diabetes mellitus, respiratory function, psychosocial aspects
and cerebrovascular disease have not yet been analyzed.
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11. The Honolulu Study of Japanese -American Men completed its second cycle of
examinations in November 1970. Some 7498 or 94% of those examined initially
returned for this re -examination for determination of incidence of new disease.

During the 2 year interval 101 men developed new coronary heart disease,
giving annual incidence rates below those of Framingham men but higher than
found in the Hiroshima population.

A preliminary analysis of selected variables reveals systolic blood pressure
as the most significant factor differentiating coronary cases from controls.

Measures of adiposity such as skinfold measurements, cholesterol levels and

non-fasting triglyceride levels were also significantly associated with
risk of coronary heart disease.

A discriminant function analysis reveals factors of age, sum of skinfolds,
cigarette smoking, systolic blood pressure and cholesterol level as

significant predictors of coronary heart disease incidence in the

Japanese-American men studied.

Comparisons with data from the Hiroshima population are planned including
dietary data by 24 hour and 7 day diet record.

Standardized autopsy protocols have been adopted and blind readings are being
made to assess severity of atherosclerosis of the coronary arteries and aorta.

The NHLI will participate with the National Cancer Institute in a further re-
examination cycle on this population to increase the number of cases of
cardiovascular disease and stroke which will be available for detailed
analysis. The different patterns of cancer of the gastrointestinal tract
between Japan and Honolulu are of special interest for the NCI study.

12. The Puerto Rico Study is concerned with a natural U.S. population with
a low incidence of myocardial infarction and low mortality from coronary
heart disease.

Of the 9814 urban and rural men examined in the first cycle, 90% will have
been re-examined to determine incidence of coronary heart disease by July 1971,

Preliminary analysis of incidence within 4 completed Municipios show higher
rates of definite MI, CI, AP among urban males aged 45-54 than among rural
males (18 per 1000 vs 9. per 1000) over 2% years. There was less of a

difference among older men aged 55-69 (20.8 per 1000 vs 18.5 per 1000)

between uran and rural populations.

The age-adjusted mean levels for the CHD cases were higher than for non-cases
for the variables of systolic and diastolic blood pressure, LVH, fasting
glucose, fasting and non-fasting cholesterol, fasting and non-fasting
triglycerides. A further number of incidence cases will be needed to

establish these differences as statistically significant, however, the initial
results appear promising. The finding of triglyceride elevations as a risk
factor from prospective observation would be of importance, particularly if

this is independent of elevations of cholesterol.
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The relationship of dietary variables to incidence of myocardial infarction
also will be of special interest. Dietary data on 24 hour recall were
obtained at the baseline examination and subsequently an extended Burke type
interview was obtained on a sample of this population.

From the First Cycle data it has been determined that one-half of the difference
in serum cholesterol between the urban and rural population and two-thirds of
the difference in fasting serum glycerides in these populations would be
explained on the basis of 3 factors: differences in relative weight, blood
glucose and physical activity index rather than from per cent of calories
from fat in the diet.

13. Nutritional studies to determine the relationship of dietary nutrient
intake to incidence of coronary disease have been undertaken within the
Israel, Framingham, Puerto Rico and Honolulu studies. Within such populations
with a range of diet intake as well as differences in incidence of myocardial
infarction, the relationship of levels of nutrient intake to serum lipids and
to incidence of coronary disease is being sought.

The data collection for these nutritional studies has been coordinated by
Miss Jeanne Tillotson, Consultant Dietitian for the Clinical Applications
Program. Principal differences emerging from these populations with lower
serum cholesterol levels are: (1) lower levels of fat intake; (2) lower
intakes of saturated fat; (3) lower intake of dietary cholesterol; (4)
a larger proportion of carbohydrate intake as starch and (5) lower mean
caloric intakes with generally higher levels of physical activity and

correspondingly less obesity.

As the incidence data from these prospective studies become available for

correlation with dietary intake, some clearer view of the possible importance

or lack of importance of diet as a determinant of premature coronary disease
should emerge. At this point, it appears that body weight or caloric balance
is more highly correlated with fasting triglycerides than is any specific
nutrient.

14. While the final answers to the diet-heart disease problem are still to be

clarified, there is clear evidence that diet modification can result in

lowering of blood lipids; both cholesterol and triglycerides showing such

response under appropriate dietary regimens.

Miss Marilyn Farrand, Nutritionist in the Therapeutic Evaluations Branch, with

previous experience with the Diet-Heart Feasibility Study, has been providing

consultation to health agencies in planning and implementing studies and diet

counseling services. Considerable interest is apparent within dietitian groups

to learn of recommended procedures for diet education related to lipid lowering

diets and diets for the management of hyperlipoproteinemia. The needs for

further research in techniques of dietary management have been brought out in

a working group held in August 1970 producing "The Report of the Nutritionists

Meeting on Dietary Management of Hyperlipoproteinemia, August 26, 1970".
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A pilot Lipid Intervention Project among the employees of the Social Security

Administration has been undertaken in cooperation with the cardiology staff

of the Baltimore PHS Hospital. The degree of effectiveness of different

approaches to teaching of patients with hyperlipoproteinemia is being tested

in the practical circumstances of an employee health program in which persons

with hyperlipoproteinemia have been detected by a screening program.

15. Studies of prevalence and incidence of obstructive lung disease have now

been incorporated within the ongoing epidemiological studies on a more formal

basis under Dr. Roberts' supervision. Additional emphasis has been directed

toward determining the significance of serum ai-entitrypsin (AAT) deficiency

in relation to emphysema.

A wide range of prevalence of chronic obstructive lung disease has emerged

from these direct or collaborative studies among men aged 40 and over as

classified by pulmonary function impairment:

Framingham 9 . 1%

Israel 7.6%
Honolulu 3,0%
Puerto Rico 11.07.

Yugoslavia 22.8%

The opportunity exists in these well characterized general populations to

study the epidemiology of chronic obstructive lung disease in addition to

the previous emphasis in the cardiovascular problems.

A formal new study of obstructive lung disease has been developed to take

advantage of the unusually high prevalence of this disorder in the Yugoslavia
study. The proposed study has been submitted for P.L. 480 counterpart funding
support in order to become implemented during 1971.

16. A cooperative clinical trial of drug therapy for hypertension in the
general population has been approved for implementation under contract funding
support. On the basis of competitive proposals to an RFP for undertaking
controlled clinical trials of anti-hypertensive therapy within defined general
populations, nine principal investigators with access to large numbers of
hypertensive subjects have been selected and a coordinating center also
selected for this collaborative study. The NHLI project officer for this
major study is Dr. Gerald H. Payne, Coordinator for Hypertension Studies
within the Therapeutic Evaluations Branch. The selected investigators are:

Coordinating Center - Dr. Richard Remington, Sch. Pub. Health, U. Texas
Dr. Virginia Beamer, U. Utah College of Med.
Dr. Maureen Henderson, U. Maryland Sch. Med.
Dr. Frank Finnerty, Georgetown U. Med. Center
Dr. Curtis Hames , Evans County Health Dept., Claxton, Georgia
Dr. Edward Kass, Channing Laboratory, Boston City Hosp.
Dr. Herbert Langford, U. Mississippi Med. Center
Dr. Morton Maxwell, Cedars Sinai Med. Center
Dr. Harold Schnaper, U. Alabama Sch. Med.
Dr. Jeremiah Stamler, Chicago Health Res. Foundation
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Dr. Herbert Langford has been elected as the Chairman of the Steering Committee
of participant investigators. Other planning committees have been established
and have held initial meetings to establish uniform definitions, criteria, and
methods for the central aspects of Phase I planning. The Phase I study period
of approximately one year will be directed toward conducting pilot studies and
baseline studies to determine the effectiveness of various approaches to
motivate patients to participate in this hypertensive treatment program,
including studies of factors of non-compliance or barriers to compliance.

A protocol for a Phase II standardized controlled clinical trial will be
developed and the progress evaluated at the end of the Phase I period to
determine whether or not to proceed with Phase II.

Summary

The staff of the Clinical Applications Program has maintained an active
research program in Epidemiology, Biometrics Research and in Clinical Trials
during the year. Knowledge of risk factors in coronary disease has become
more firmly established and the relative importance of such factors as
determinants of premature clinical events is becoming clarified.

There is increasing urgency to determine whether active preventive programs
should be undertaken on the basis of present knowledge or whether definitive
clinical trials should be undertaken before there is justification for
widespread application.

Medical and public actions are already showing increasing acceptance for
intervention and some major effort will be warranted to devise studies which
can measure the effect of such changes upon the incidence and mortality from
coronary disease. It is probable that the traditional types of clinical trials
may not be possible and some combined new epidemiological-clinical intervention
approach may be needed to measure new trends of disease in this changing
environment. The NHLI will have to come to grips with this important problem
and seek the resources needed to undertake and study the effects of
intervention programs.

The added responsibilities in lung disease will need sound epidemiological
studies and studies to determine the efficacy of treatment or rehabilitative
regimens. The experience within the Clinical Applications Program in under-
taking direct studies and collaborating with outside investigators in the
design and implementation of epidemiological studies and clinical trials
should provide a basis for developing the needed lung research program.

Staff positions remain the major impediment to a more active implementation
of a lung research program.
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PHS-NIH
July 1, 1970 through June 30, 1971

\

National Heart and Lung Institute
Clinical Applications

Biometrics Research Branch

Personnel turnover was especially marked during this fiscal year.

Proceeding more or less chronologically, Paul Woosley and William Fair-weather

both completed their two year stints as Health Service Officers and departed

to take another position and to continue post-graduate training in statistics

respectively. Mr. Woosley was replaced in his work as programmer-statistician

with the Urokinase Pulmonary Embolism Trial coordinating center by Mr. James

Neaton, a new HSO appointee. Jacob Lieberman, a member of our statistical

consulting group, retired upon becoming eligible for retirement early in the

fiscal year. We were fortunate in being able to add Miss Lorraine Girard to

our group working on Framingham data; Miss Girard, a statistical assistant,

had been with Dr. Kannel's group in Framingham for a number of years and her

experience there has proved a valuable asset to us. Mrs. Elizabeth Gardiner,

a statistical assistant and a well-liked and valued member of the coordinating
center staff for the Urokinase Trial died in late fall and was replaced by
Mrs. Barbara Cullinan, formerly employed on contract work related to the

Migrant Study. At about this same time Miss Tamyra Petonic joined Mr. Ederer'sj

coordinating center group as a secretary replacing Mrs. Zoe Bradley who turned

to full time involvement as a statistical assistant there.

Mrs. Ethel Black, a senior statistical assistant working with Mr. Gordon
on Framingham and allied studies left the branch in mid-year to accept a

position with the National Center for Health Statistics. It is hoped to
fill this position slot with a statistician but, as of this writing, we have
not been successful. Mr. Paul Sorlie, a programmer-statistician working with
Mr. Gordon's group finished his two year service as an HSO and has accepted a

position as a statistician with another organization. Sorlie was replaced by
Mr. Wayne Fercho, who comes to us from Texas A. and M. where he has just

received the M.S. in Statistics. Mr. Harold Kahn also left us about mid-year
to formally assume his new post as Chief of the Office of Biometry and
Epidemiology in the National Eye Institute. His responsibilities in connection

with the Israeli and Yugoslavia studies have been assumed by Tavia Gordon. As

replacements for Fairweather and Lieberman, Miss Marthana Hjortland joined the

branch in mid-October 1970 while Dr. James Ware joined us in early April 1971-

Miss Hjortland came from the University of Minnesota and has completed all
requirements for the Ph.D. in Biostatistics except the dissertation. She has

a background in nutrition (having considerable experience as a professional
dietitian). She has been assigned to Mr. Gordon's group working on data from
Framingham and allied studies and has also been working with Dr. Feinleib,
Chief of the Epidemiology Branch, on the analysis of dietary data from his
twin studies. Dr. Ware, a recent Ph.D. in statistics from Stanford, has been
assigned to our consulting group and is spending some of his time in a theore-
tical investigation directed toward developing some new methods of statistical
monitoring of long term clinical trials like the Coronary Drug Project. In
early May 1971 > Fred Ederer left the Branch to accept a position with Mr. Kahn

in the National Eye Institute and Miss Joan Gurian left our consulting group
to accept a position with the FDA. As a partial consequence of Miss Gurian 's
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departure, responsibility for the maintenance of data files on the NHLI-MD
study of Familial Hyperlipoproteinemia has been transferred to DCRT. As of
this writing replacements are being sought for the positions vacated by
Mr. Ederer and Miss Gurian. Before the end of the fiscal year Mr. Dorsey
Offut and Mrs. Alcyone Facey, respectively statistical assistants with Mr.
Gordon's group and Mr. Rogot's group working on the migrant study and VA
study are retiring while Marian Sorlie (n^e Mc Inerny) is leaving to join
her husband in his new location. Finally, Miss Petonic is leaving before
the end of the fiscal year and is being replaced by Helen Frances. Efforts
are currently being made to fill the vacant positions.

The work of Mr. Rogot's group on the migrant study continued during the
year and one result of keen interest was the establishment of a morbidity
questionnaire as a successful instrument for predicting death from cardio-
respiratory disease. It was found, fcr a two year incidence period, that
these answering positively to questions used to define syndromes like "angina,"
"possible infarction," "persistent cough and phlegm," "chronic bronchitis"
had significantly higher mortality than those answering negatively; the excess

came largely from CRD among those defined in the questionnaire as having a

cardiovascular syndrome and from chronic non-specific -lung disease among
those with respiratory symptoms. Work on the mortality phase of the study

continues and statistical analysis of 5 years (1963-67) of migrant deaths is

underway. It is anticipated that analyses will be completed within the next

fiscal year and that the results will be ready for publication at the end

or shortly after the end of that period. This would be the end of any major
effort on this study.

Joyce Schiffman has been spending a large part of her time in consulting and

consequent analytic activity related to the Puerto Rico epidemiological study.

The second round of examinations is almost complete and at least a 90$ response

rate seems certain. A paper has been written discussing possible bases for

urban-rural serum lipid differences and a number of papers presenting analyses

of Exam 1 data are well underway.

Max Halperin, responding to data analytic problems in both Framingham and

Honolulu, investigated the problems which arise in estimating simple regression

relationships for a pair of variables, when the estimation is done in a

sub-sample selected on other than a strictly random basis. The results of this

investigation are currently being applied in both programs ; the results appear

to be of wider interest and a manuscript has been prepared and submitted for

publication.

William Blackwelder has been attempting to develop methods for estimating

a linear regression relationship between two variables when the dependent

variable measurement is subject to a time trend. This effort was stimulated

by the interest in relating serum cholesterol to weight in the Framingham study

where it is quite certain that there is trend in the laboratory determinations

of cholesterol.

This work has been almost completed and early application to Framingham

data appears to confirm the strong suspicion of a laboratory trend and a

remaining significant regression of cholesterol on weight after adjusting for

trend. It is anticipated that a paper presenting both theoretical and

substantive results will be prepared and submitted for publication.
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Mr. Ederer's coordinating center group, now under the supervision of

Christine Cole, continues to serve the needs of the Urokinase Pulmonary

Embolism Trial and the Urokinase-Streptokinase Pulmonary Embolism Trial.

Work on the former trial is in its final phase consisting largely of prepara-

tion of data analyses for inclusion in a detailed monograph on the study; th<

study terminated its active phase in August 1970- The latter trial has been

in its active phase only since that time so that the center is currently enga<

in data processing, preparation of monthly progress reports and periodic

confidential reports containing data and analyses of results on complications

of treatment, morbidity, mortality and results of radiographic and hemodynamic

studies. This effort is expected to last at least through the next fiscal

year with the strong possibility of phasing in to a coordinating center

function for the contemplated trial of Urokinase in Myocardial Infarction.

Mr. Rogot, taking advantage of the death certificates obtained primarily

for Migrant Study needs , has engaged in a study of mortality data from

Chicago, Illinois for 1967, to relate climatological factors to mortality froi

cardiovascular disease and respiratory disease. Of particular interest was

a study of the association between coronary deaths and snowfall which could

not be determined from an earlier small similar study of mortality in Memphis

Tennessee. Statistical analyses are now in progress; some tentative findings

for CHD are (a) that there is an apparent inverse relationship between number

of CHD deaths per day and average temperature on day of death and (b) after
adjustment for temperature, there is a significantly larger number of CHD
deaths on days with snowfall than on days with no snowfall.

A moderate amount of further work was done by William Blackwelder and
Max Halperin on comparing two methods of fitting incidence data to a multiple
logistic risk function (involving a number of different baseline characteris-
tics). In last year's report, it was noted that one of the methods, although
more laborious, was better in the sense of being valid under much broader
assumptions then the other but that results by the two methods were qualita-
tively similar although there might be quantitative discrepancies. Since
then, it has additionally been shown that the "other" poorer method can be
qualitatively incorrect as well, i.e. suggest that a. risk factor is signifi-
cant when, in fact, it is irrelevant; this can occur even with massive amounts
of data. It should be stated however that this does not appear important in
most of our problems. A paper reporting the results of this investigation wiJ
appear shortly in the Journal of Chronic Diseases.

Mr. Rogot is continuing work on the V.A. study of the relationship of the
use of Tobacco to Health. Our files are now being updated to include all
known deaths from 19p4 through 1969. After a certain amount of editing,
statistical analyses will begin. It is anticipated that these analyses will
be completed within the next year and a monograph prepared for publication
within that period or shortly thereafter. This will, in large measure,
terminate efforts on this study.
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The major efforts by Mr. Gordon and his group continue to he those of
providing statistical consultation and services to the Framingham Study,
playing a similar role for Puerto Rico, Honolulu, Israel and Yugoslavia and

attempting to coordinate the various studies so as to achieve comparability.
Description of findings and proposed course of efforts in these areas will

be found in the reports of the Epidemiology and Clinical Applications Branches.

Fred Ederer, before his transfer to the National Eye Institute, engaged

in a review of available data bearing on the issue of possible increased
incidence of cancer among men on cholesterol lowering diets. Review of the

available data led to the conclusion that the data, in toto, are consistent
with the hypothesis that a cholesterol lowering diet does not influence cancer

risk. A manuscript has been completed and submitted to Lancet for possible
publication. Mr. Ederer also initiated (in conjunction with the NHLI Blood
Resource Program and the Veterans' Administration) a review of some data
bearing on the hypothesis that aspirin can prevent the development of throm-

boembolism. This work is in a very preliminary stage and Mr. Ederer will
continue the analysis of this data so that no further report will be forth-

coming from BRB.

Joan Gurian, prior to her transfer to FDA, continued to work with NHLI-MDB

on the conversion of the study of Familial Hyperlipoproteinemia to EDP equip-

ment. Additional data, both on subjects already in the data-file as well as

for new subjects were edited and added to the tape. The forms on which the

data is recorded for EDP input were revised in light of the experience of the

last several years, adding some information and removing information not deemed

useful or available, and the data already existing on magnetic tape was revised

to conform with the new forms. Tabulations of data for subjects with specific

characteristics were prepared for Drs. Alan Rider and Neil Stone. Forms for

a study by Dr. Stone of the disease and mortality experience of certain kindreds

were designed. During her last few weeks with the branch Miss Gurian arranged

for the orderly transfer of the data file, relevant computer programs and

documentation to a DCRT representative.

Special mention should be made of Dr. Friedewald's activities aside from

the consultative aspect. Because of his medical qualifications he has been

assigned additional duties by the Associate Director for Clinical Applications.

Thus, since the departure of Dr. Richard Havlik in the fall of 1970, he has

served as project officer for the Lipoprotein Typing Project, as liaison

officer to the Coronary Drug Project and as liaison officer to the USPHS

Cooperative Study of Mild Hypertension.

As in past years, a book seminar has been carried on in both the Biometrics

Branch and the Epidemiology Branch. This year's topic was regression analysis.

The remainder of this narrative gives a number of examples of the consul-

tation activity of the Branch and a listing of the publication and other activi-

ties generated by the Branch. Publications listed are only those not listed

in year end reports of other NIH components by the senior author.
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PHS-NIH
July 1, 1970 through June 30, 1971
National Heart and Lung Institute

Clinical Applications
Biometrics Research Branch

Consultation

William Blackwelder consulted with:

-Dr. John Yarbrough, NHLI-SURG, on analyses of stroke work and
corresponding left ventricular and diastolic pressure for pooled
data from dogs

,

-Dr. Edward Mullin, NHLI-SURG, on analyses of various physiological
measurements of cardiac patients when on and off respirators and on
and off the drug isuprel.

-Dr. Jay Moskowitz , NHLI-LCP, on data analyses involving comparisons
of ratios of specific activity of cyclic AMP to specific activity" of
ATP in radioactively tagged fat cells using different radioactive
tracing materials and different amounts of the drug theophylline.

Fred Ederer consulted with:

-Dr. Stephen Foster, NHLI Blood Resource Program, on plans for a
collaborative clinical trial of thrombolytic agents in acute myocardial
infarction.

-Dr. Thomas Hyers, NHLI Blood Resource Program, on plans for a
collaborative clinical trial of aspirin in the secondary prevention
of myocardial infarction.

-Dr. Alan Pinkerson, MLI-MI, on a proposal for a collaborative
study of circulatory assist devices in Myocardial Infarction Research
Units.

-Mr. Edward Podolak, Federal Aviation Administration, on a physiological
aging study.

William Fairweather consulted with:

-Dr. Claude V. Perrier, NIAMD-D&HD, on data analyses relating to the
effect of certain drugs and chemicals on the enzyme-producing activity
of various organ tissues of the guinea pig.

-Dr. Richard N. Winickoff, NIAMD-MD, on data analyses relating to the
effects of pituitary hormone on the comparative excretion rates of
controls and of patients suffering from basal ganglia calcification.
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Consultation

William Friedewald consulted with:

-Dr. Neil Stone, NHLI-MD, on design of a survey to estimate prevalence
of Coronary Heart Disease in first degree relatives of Type II hyper-
lipoproteinemic patients.

Morton Raff consulted with:

-Dr. Hinrich Cramer, NHLI-LCP, on data analyses relating to the effect
of sleep deprivation on brain serotonin and tryptophan in rats.

-Drs. Jerome G. Green and W. Glen Moss, NHLI-OADERT, on ways of scoring
research grant proposals on a common basis when they are reviewed by
different study sections having possibly different standards.

-Dr. Harriet Maling, NHLI-LCP, on design and analysis of a variety of
randomized block experiments involving Stimulation and inhibition of

salivation, inflammation, and temperature responses in mice.

-Dr. Robert J. Mason, NHLI-MD, on data analyses relating to the compari-

son of the proportions of different phospholipids in fractions of the

homogenized phagocytic vesicles of guinea pigs and rabbits.

-Dr. Douglas R. Rosing, NHLI-C, on data analyses relating to drug effects

on exercise ability in angina patients and on diurnal changes in fibri-

nolytic activity.

-Dr. Paul Tecklenberg, NHLI-SURG, on data analyses relating to the

effect of various interventions on the left ventricular and end diastolic
pressure in dogs.

William Blackwelder and Morton Raff consulted with:

-Dr. Robert Goldstein, NHLI-C on data analyses relating to the difference

in contractility of the papillary muscle between patients who responded

to glucagon and those who did not.

Joan Gurian and Morton Raff consulted with:

-Drs. D. Luke Glancy and Richard L. Shepherd, NHLI-C, on the relative

merits of alternative methods of measuring cardiac output.

-Dr. David Redwood, NHLI-C, on data analyses relating to the effect of

exercise training on the "triple product" at the onset of chest pain

in angina patients.
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Consultation

William Friedewald and Morton Raff consulted with:

-Dr. John F. Brensike, NHLI-MD, in the planning of an angiographic

study to determine whether a drug which lowers cholesterol will also

arrest the development of plaques in the coronary arteries.

-Dr. Robert I. Henkin, NHLI-ET, on the analysis of a past study and

the planning of a future study of the efficacy of zinc sulfate in the

treatment of idiopathic hypogeusia.

William Friedewald and Fred Ederer consulted with:

-Dr. Louis A. Knasno on continued analysis of the results of a clinical

trial of clofibrate in the primary and secondary prevention of fatal
and non- fatal myocardial infarction.

William Friedewald and Joan Gurian consulted with:

-Dr. Robert Levy on redesign of forms used in the ongoing Familial
Hyperlipoproteinemia.

Morton Raff and James Ware consulted with:

-Drs. Weal Salomon and Paul Tecklenberg, NHLI-SURG, on analysis of
data relating to the effect of certain drugs on heart contractility in
dogs.

-Dr. Harriet Maling, NHLI-LCP, on analysis of data relating to the
effect of various doses of caffeine on the motor activity of rats.

Eugene Rogot and William Blackwelder consulted with:

-Dr. Winfred F. Malone, R-ES, on studies to estimate the potency of
quaternary ammonium compound upon Pseudomonas bacteria and related
laboratory standardization procedures.

Eugene Rogot and Albert Roberts consulted with:

-Mr. Thomas W. Smith, Project Manager, Respiratory Diseases, Internatio:
Printing Pressmen and Assistants' Union of Worth America, on a study of
mortality from cardio-respiratory diseases among the Union members.
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Publications

Balogh, M. , Kahn, H.A. , Medalie, J.H: Random repeat 2^-hour dietary recalls.
Am. J. Clin. Nutr . 2k: 304, 1971.

Gordon, T. , and Kannel, W.B.: The Framingham Study Twenty Years Later. In
the Community as an Epidemiologic Laboratory : A Casebook of Community
Studies . Kessler, I. J. and Levin, M. L. (Editors). John Hopkins Pres

s

(1970), pp. 123-1U6.

Gordon T., and Kannel, W. B. : Premature Mortality from Coronary Heart Disease:
The Framingham Study. JAMA 215: 1617-1625. March 1971.

Halperin, M. , Blackwelder, W.C., and Verter, J.I.: Estimation of the Multi-
variate Logistic Risk Function: A Comparison of the Descriminant Function
and Maximum Likelihood Approaches. To appear, Journal of Chronic Diseases .

Halperin, M. , and Gurian, J.: Estimation of Slope in Straight Line Regression
When Both Variables are Subject to Error. To appear, Journal of the
American Statistical Association .

Halperin, M. : Inverse Estimation in Linear Regression. Technometries 12:

727-36, November 1970.

Herman, J.B., Medalie, J.H. , Kahn, H.A . , Neufeld, H. N. , Riss, E., Perlstein,
T. : Diabetes incidence. A two-year follow-up of 10,000 men in a survey
of ischemic heart disease in Israel. Diabetes 19*. 938-9^3 > 1970.

Kahn, H.A. : Change in serum cholesterol associated with changes in the U.S.

civilian diet 1909-1965. Am. J. Clin. Nutr . 23: 879, 1970.

Kahn, H.A. , Medalie, J.H., Neufeld, H. N. , Riss, E. : The screening efficiency
of two variable cross-classifications compared to discriminant functions.

Cardiology—Current Topics and Progress. New York/ London, Academic Press,

1970, p. 96.

Kahn, H.A. , Herman, J.B. , Medalie, J.H. , Neufeld, H.N., Riss, E., Goldbourt, U.

Factors related to diabetes incidence: A multivariate analysis of two

years observation on 10,000 men. J. Chron. Pis, (in press).

Kozarevic, D. , Pirc, B. , Dawber, T.R. , Kahn, H.A . , Zukel, W. : Prevalence and

incidence of coronary disease in a population study. The Yugoslavia
Cardiovascular Disease Study. J. Chron. Pis , (in press).

Krueger, D. E., Rogot, E . , Blackwelder, W.C . , and Reid, D.D.: The Predictive

Value of a Postal Questionnaire on Cardio-Respiratory Symptoms. J. Chron .

Pis . 23: 1*11-421, 1970.
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Publications

Medalie, J.H., Riss, E., Neufeld, H.N. , Kahn, H.A . , Perlstein, T., Balogh, M.

,

Baruch, D. , Sive, P., Goldbourt, U.M. : Some practical problems of observer
variation in a large survey. Cardiology—Current Topics and Progress.
New York/London, Academic Press, 1970, p. 100.

Medalie, J.H., Kahn, H.A . , Neufeld, H.N. , Riss, E., Goldbourt, U.M. , Oron,

Association between blood pressure and peptic ulcer incidence. Lancet
II: 1225, 1970.

D.

Schiffman, J.: Survival Following Certain Cardiovascular Events. Section 25
of The Framingham Study : On Epidemiological Investigation of Cardiovascular
Disease . Kannel, ¥. B. , and Gordon , T

. , (Editors ). U.S. Gov't. Printing
Printing Officer, Sept. 1970.

Sive, P.H., Medalie, J.H. Kahn, H.A . , Neufeld, H.W., Riss, E.: Correlation of
weight-height index with diastolic and with systolic blood pressure. Brit .

J. Prev. Soc. Med . 24: 201-204, 197O.

Shurtleff, D.: Some Characteristics Related to the Incidence of Cardiovascular
Disease and Death. Section 26 of The Framingham Study : An Epidemiological
Investigation of Cardiovascular Disease . Kannel, W.B. and Gordon, T.
(Editors). U.S. Gov't Printing Office, March 1971.

Sive, P.H., Medalie, J.H. , Kahn, H.A . , Neufeld, H.N., Riss, E.: Distribution
and multiple regression analysis of blood pressure in 10,000 Israeli men.
Am. J. Epid. (in press).
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Unpublished Papers and Talks

Blackwelder, W.C.: On Correlated Estimates in Linear Regression. Submitted
for publication in Biometrika .

Cole, Christine and Tillotson, Jeanne: Correlation of Nutrient Intake with
Serum Cholesterol and Adipose Tissue L/0 Ratio. A talk given by Miss

Tillotson at the American Heart Association Conference on Cardiovascular
Disease Epidemiology, March 1, 197I»

Halperin, M. : Estimation of Simple Regression Coefficients from a Sub-sample

of a Larger Sample. A paper submitted for publication to Biometrics .

Halperin, M. , Blackwelder, W.C., and Gurian, J.: Models for Sample Size

Determination in Long Term Clinical Trials. An invited paper given at

the spring meetings of the Biometrics Society, April 23, 1971

•
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Participation in Outside Committees and Organizations

William Blackwelder:

-served as a referee for the Journal of the American Statistical
Association

.

Fred Ederer

:

-was appointed to the. Committee on Criteria and Methods, Cardiovascular
Disease Epidemiology Council, American Heart Association.

-served as 1970 Biometrics (BEAR) Program Chairman and was appointed to
Regional Advisory Board, 1970-72.

-served as session chairman at the annual meetings of the American
Statistical Association in Detroit, December, 1970 and of the Cardiovas-
cular Disease Epidemiology Council, San Diego, March 1971

•

-served as a member of several committees of the Urokinase-Pulmonary
Embolism Trial (USPET).

-served as a member of the Coronary Drug Project (CDP) Committee on Data
Analysis and Safety Monitoring.

-served as member of an Ad Hoc Review Committee to select a coordinating
center for the Lipid Research Clinics Program.

-served as member of a DRG Special Studies Section to review a proposal
for a collaborative therapeutic trial of Crohn's Disease.

Christine Cole:

-served as a member of the Urokinase-Pulmonary Embolism Trial (UPET

)

Advisory Committee for Statistical Analysis.

William Friedewald:

-served as a member of the Urokinase-Pulmonary Embolism Trial (UPET) and
the Urokinase, Streptokinase-Pulmonary Embolism Trial (USPET) Advisory
Committee for Statistical Analysis.

-became a Diplomate of the American Board of Internal Medicine, American
College of Physicians.
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Max Halperin

:

-served as referee for Technometrics , Journal of the American Statistical
Association, Annals of Mathematical Statistics

-was appointed an Associate Editor of the Journal of the American Statis-
tical Association

-served on the Biostatistics Fellowship Review Panel of DRG

-served on the CDP Steering Committee, Data Analysis Committee and Safety
Monitoring Committee

-served on the UPET and USPET Advisory Committees on Statistical Analysis

-served as chairman of an Ad Hoc Review Committee to select a coordinating
center for the Lipid Research Clinics Program

-served on an advisory committee to NICHHD relative to further extension of
the ongoing longitudinal studies being done by the Gerontology Research
Center

Harold Kahn:

-continued to serve as a statistician member of the editorial board of the

American Heart Journal
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Project Title: Statistical Problems Related to the Cooperative Study of

Drugs and Coronary Heart Disease

Previous Serial Number: None

Principal Investigators: James Ware and Max Halperin

Other Investigators: None

Cooperating Units : None

Man Years

:

Total: .25

Professional: .25

Others:

Project Description:

Objectives : To provide statistical methods for the appropriate analysis

of long term clinical trials like the Coronary Drug Project, alternative to

those so far proposed. A special focus of the project is an attempt to

provide criteria allowing the conclusion, during the course of the trial that

on a purely statistical basis one or more treatments or placebo should be

terminated. The basis for such a conclusion would be that a statistically

significant result for particular treatment placebo comparisons at the end

of the trial is very unlikely or contrariwise very likely. A particular

aspect of the investigation differentiating it from other approaches is that

it is based upon a putative analysis of data at the projected end of the trial

and thus at any point during the study considers data so far obtained and

projections of what can reasonably be expected by the end of the trial.

Methods Employed : The basic idea and methodologies involved in this

problem are not new. In a situation where it can be argued that every

individual will suffer the event of interest and that the trial can continue

till this happens, the question of early stopping has been investigated in

detail by other workers. It has been shown in such a setting that marked

savings in the number of total events required (and thus time) can be

achieved. Our investigation is an attempt to generalize the procedure to a

setting where the trial is of fixed duration so that, in general, assuming

the event would happen to each individual eventually, one can expect at

most that a fraction of the individuals at risk will have the event; in

addition we wish to consider the case where the event of interest is not
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certain to occur eventually. Methods of classical mathematics and theoretical
statistics are the essential tools.

Major Findings : For the case of comparison of two cohorts and assuming

an event certain to happen eventually (e.g. death) as well as some contraints

on the total number of events occurring during the trial, it has been found

that early stopping can be anticipated in a wide variety of circumstances

and the criterion for early stopping has been explicitly described.

Significance to Bio-medical Research and the Program of the Institute :

From both economic and ethical standpoints it is imperative that clinical

trials be terminated as soon as it is clear that the treatment is better than

placebo or vice versa. The current investigation, if successful, will

provide one means of deciding whether early termination is warranted and

would he applicable to clinical trials in a broad context.

Proposed Course : Ongoing work will he continued; it is aimed at investi-

gating whether the findings just described can he extended to the case where

entry into the trial can reasonably be modeled as a set of cohorts entering

at different points in time. Also, as noted above, the case of non-certain

events will be studied.
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Project Title: Cardiovascular and Respiratory disease among British and

Norwegian migrants in the United States

Previous Serial Number: NHT-BRB-3

Principal Investigator: Professor Donald D. Reid, London School of Hygiene

and Tropical Medicine

Other Investigators: Eugene Rogot, NHLI; William C. Blackwelder, HHLI;
Charles E. Sydenstricker, NHLI; Dean E. Krueger,
National Center for Health Statistics; Jerome Cornfield,
University of Pittsburgh; William Haenszel, NCI; Dr.

Peter Lambert, London School of Hygiene and Tropical
Medicine; Dr. Einar Pedersen, Dr. Tjorborn Mork,
Norwegian Cancer Registry

Cooperating Units: Bureau of the Census; Department of Commerce; National
Cancer Institute; National Center for Health Statistics;
University of Pittsburgh; London School of Hygiene and
Tropical Medicine General Register Office, England, Wales,
and Scotland; Norwegian Cancer Registry; Central Bureau
of Statistics, Norway

Man Years

:

Total

:

1-35
' Professional: .85

Others

:

.50

Project Description:

Objectives : To determine morbidity and mortality from chronic respira-
tory and cardiovascular diseases among British and Norwegian migrants in the
United States and to compare this with corresponding data for native born
residents of Great Britain, Norway and the United States. This is part of
an investigation to determine reasons for the difference in the incidence of
these diseases in the three countries.

Methods Employed : Information on morbidity from cardiovascular and
chronic respiratory diseases, residence history, occupation, use of tobacco,
and other environmental variables has been collected by two-stage mail
questionnaires (a health screen, and a detailed health query) from a sample
of 50,000 British and Norwegian migrants in the United States and from a
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sample of 20,000 U.S. native born. Death certificates for all deaths of
British born persons in 1963 and I96U and for all deaths of Norwegian-born
persons in 1963-66 in the twelve states sampled for the morbidity survey, and
for a 2$ sample of deaths of the native born in I963-6& have been secured
from the National Vital Statistics Division. Personal and environmental data
about the decreased have been obtained by mail questionnaire from the informant,
listed on the death certificate; diagnostic data and the nature of evidence
supporting them have been obtained from the medical certifier of the death.
Data on air pollution and water quality have been obtained from other Federal
agencies.

Corresponding morbidity studies in Great Britain and Norway have been
carried out on the siblings of the migrants and on representative samples of
the resident native population. A sample of death certificates in Great
Britain has been secured and questionnaires have been sent to a subsample of
medical certifiers.

Since much of the information collected in the mortality phase is similar
to that obtained in the morbidity phase, death rates are being analyzed with
respect to a number of factors. In this way, deaths in the entire migrant
population rather than only those of persons included in the morbidity sample
are being used. This method of analysis is being carried out for 1963 and

196^ deaths for the British and for 1963-66 deaths for the Norwegians and will
include about 13,000 British, 6,700 Norwegians and 15,000 native-born deaths.

A much more detailed mortality analysis is underway for the migrant
groups. Under this plan, persons queried in 1962 are considered as cohorts
who may be followed for X years with survivorship experience to be measured.
Since detailed information is available on cardiorespiratory symptoms, smoking,

occupation, income, age at migration and many other factors from the morbidity
survey in 1962, cohorts may be distinguished on the basis of these characteris-
tics and analyzed in a prospective fashion. With sufficient numbers of deaths

the cohort study will prove especially valuable in furnishing data on probabil-
ities of death by cause for the migrant groups. It is now planned to collect

copies of death certificates for the migrants for a 5-year period. These will
be matched against the morbidity survey listings.

Major Findings : Preliminary findings of the morbidity survey of British

and Norwegian migrants to the U.S. and U.S. natives were published earlier
(NCI Monograph No. 19, January 1966). These included (l) prevalence of symp-

toms of chronic respiratory disease which is no higher among British migrants
than among U.S. natives, in contrast with the much higher prevalence in

Britain; and (2) prevalence of symptoms of angina and myocardial infarction

which is lower among British migrants than among U.S. natives, in accord with
mortality differentials between the two countries.
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In Britain, selected findings of their morbidity survey have now "been

published (Lambert, P. M. , and Reid, D. D. : Bronchitis in Britain: smoking
and air pollution. Lancet, 1970). The results were SLimmarized as follows:

A postal survey of the prevalence of respiratoiy symptoms has been
carried out in a large sample of the British population. Analysis of the

9; 975 replies from men and women aged between 35 and 69 (7^- percent of these
presumed able to reply) showed satisfactory agreement with census and other
data.

Increasing prevalence with aging and cigarette consumption has been
confirmed. A male excess is seen among non-smokers as well as smokers.

Urban: rural gradients are not explained by smoking differences alone. Symp-
toms prevalence rates rise with increasing levels of air pollution indepen-
dently of cigarette consumption. Without cigarette smoking, local pollution
seems to have little effect. In smokers, however, high levels of pollution
are associated with more frequent respiratory symptoms. The frequency of
more serious bronchitis increases most steeply with age among smokers in the
more polluted districts.

In the U.S., findings related to the success of the morbidity question-
naire as an instrument in predicting death from cardiorespiratory disease
have been published (Krueger, D„ E. , Rogot, E., Blackwelder, W. C, and Reid,
D. D.: The predictive value of a postal questionnaire on cardiorespiratory
symptoms. J. Chronic Pis . 23:^11-^-21, 1970 )• These results were summarized
as follows

:

A two-year follow-up has been carried out on 1,201 deaths occurring
among 38,2*1-9 British and Norwegian male and female migrants living in the
United States who answered a postal questionnaire on cardiac and respiratory
symptoms. Supplementary data were obtained from, the physicians certifying
death or from other sources. Those answering positively to questions used
to define syndromes of 'angina,' possible infarction, ' 'persistent cough and
phlegm' and 'chronic bronchitis,' were found to have higher risks of death in
the 2-year period than those answering negatively; and the excess came largely
from coronary heart disease in those defined as having either cardiovascular
syndrome and from chronic non-specific lung disease in those with respiratory
symptoms. The potential of this novel method of establishing relative prevalenc
of cardiorespiratory disease in different populations is discussed.

Work continues in the U.S. on the analysis of mortality data.
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Significance to Bio-medical Research and the Program of the Institute :

Data on multiple causes of death and on other diseases present in
British migrant decedents will reveal whether chronic respiratory disease
not apparent in official mortality statistics is more common in this group
than in the U.S. native-born. The morbidity surveys in Britain and Norway
will show the levels of prevalence of symptoms in those countries and iden-
tify environmental and personal characteristics related to the differences.
Surveys of siblings of migrants may help explain the low prevalence of symp-
toms among migrants to the U.S. Differences in cardiovascular mortality
between U.S. -born and migrant groups will be studied. The 5-year cohort
study should permit a wide variety of mortality analyses of British and

Norwegian migrants. Prospective studies relating cardiorespiratory symptoms,

smoking, occupation, income, age-at-migration, and many other factors to

cause of death are planned.

Proposed Course : In the United States the morbidity survey has been

completed and preliminary findings have been published. Further analyses

may be undertaken. The major emphasis however will be in completing the

mortality phase of the study. Analyses planned for 2-year British and 4-year

Norwegian mortality rates will focus upon such factors as age-at-migration,

year of migration, relative weight and occupation.

Coding of medical certifier and informant data has been completed for

1965 and 1966 Norwegian deaths. Cards have been punched and a final edited

tape has been prepared. The statistical analysis of these data will begin

shortly.

All morbidity questionnaire respondents who died in the years I963-I966

have been identified and medical certifier and informant questionnaires secured.

Death records for 1967 have been scanned to identify British and Norwegian

migrants; these furnish us with 5 years (1963-67) of migrant cohort deaths.

The statistical analysis of these data is underway.

It is anticipated that the statistical analysis of the U.S. material will

be completed within the next year and the results prepared for publication.

In Britain and Norway morbidity questionnaires have been secured from the

siblings of migrants as well as from samples of the general populations. All

data have been edited, and most have been transferred to magnetic tape. A

sample of deaths in the general population of Britain has been secured and

multiple-cause coded. In both countries respondents to the morbidity ques-

tionnaires who die are being identified and their death certificates are being

secured.
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Project Title: Epidemiologic Study of Coronary Atherosclerosis in Puerto

Rico (This refers to statistical services provided by the

Biometrics Research Branch only. See general description in

Clinical Applications Section.)

Previous Serial Number: NHLI-BRB-4

Principal Investigators: Joyce Schiffman (Study Chief is Dr. Mario Garcia-
Palmieri)

Man Years

:

Total: .40

Professional: .40

Other:

Project Description;

Objectives : To study the factors related to development of cardiovascular
diseases in a population of middle-aged men where the death rate from coro-
nary heart disease is about one-third that in the U.S. mainland population.
The study has been planned to make use of the unusually high autopsy rate
(50%) and to maximize the heterogeneity in mortality rates, diet and physical
activity observed in preliminary surveys of rural and urban residents.

Methods Employed : Anticipating a response of 80% or better, the study area
was defined to yield 4,000 mountain dwellers and 8,000 city dwellers for a
sample of 10,000 split 1:2 rural-urban. All males born in the years 1900
through 1919 and residing in the defined mountain areas or in specified muni-
cipios in the San Juan metropolitan area were enumerated in a household
canvass by the Puerto Rico Planning Board. A 90% (or better) response rate to
Exam 2 is expected soon. A paper explaining urban-rural serum lipid differ-
ences has been presented; other papers analyzing Exam 1 data are underway.
After the data for Exam 2 has been punched and edited incidence analyses can
be started. A limited third cycle is to be started soon in conjunction with
the Lipoprotein Project. The laboratory is being expanded to take care of
the sophisticated lipid analyses.

Routine surveillance of response rates, mortality rates, and CHD incidence is
undertaken. In addition, we supply consultative and backup statistical
services.
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Methods Employed :

Data processing procedures and programming have been worked out with the

Medical Center Information Processing Division in San Juan. Periodically
data from the project has been converted to tape compatible with the NIH
computer system to allow for exploratory tabulations here.

Significance to Bio-Medical Research and the Program of the Institute:
See general description in Clinical Applications Section.

Major Findings :

See general description in Clinical Applications Section.

Proposed Course : The second round of examinations has been almost com-
pleted with an anticipated response rate greater than 90Z. A limited third

round of examinations in the municipios of Bayamon, Naranjito, and Comer io
will be started. The lipoprotein study will be done on a sample from these
municipios.
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Project Title: Estimation of a Simple Regression Coefficient in Selected
Sub-samples

Previous Serial Number: None

Principal Investigator: Max Halperin __

Other Investigator: Tavia Gordon

Man Years

Total: .08

Professional: . 08

Other :

Project Description

Objectives : In epidemiological studies one has a large group each member
of which has one or more baseline measurements. In following such a group,
one may subsequently wish to estimate the linear regression of baseline
measurements on a subsequently measured variable or estimate the linear
regression of a subsequently measured variable on another subsequently
measured variable. For reasons of economy or simplicity, one may wish to
estimate the regressions from a sub-sample of the baseline group. If the
sub-sample is not strictly random, intuition suggests the estimated regressioi

coefficients may be biased. This investigation was directed toward settling
this question in the framwork of a multivariate normal distribution of
variables being studied.

Methods Employed : Standard methods of theoretical statistical analyses.

Major Findings : It is shown for both of the problems discribed under
objectives that, for other than strictly random sampling, regression
coefficients estimated from the sub-sample in the usual way are biased, i.e.

on the average will differ from the regression coefficient estimated from a

strictly random sample. Expressions for the biases are obtained and their
magnitudes explored. In addition, it is shown how, using baseline data,
approximately unbiased estimates of the regression coefficients can be obtain*

Providing the sub-sampling is randon but not strictly random (e.g. the sub-

sample consists of individuals whose cholesterols are among the 20$> largest
in the baseline 'group) that the revised estimates are unbiased for large
samples.
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Significance to Bio-medical Research and the Program of the Institute :

The research described above was motivated by problems actually occurring in

NHLI sponsored epidemiological investigations. Such problems have occurred

in other epidemiological investigations, can be expected to occur again
and although in the past they may have been treated in much the manner found

appropriate by this investigation, no method has ever been published. The

results obtained should constitute a useful addition to the battery of

statistical methods appropriate for the analysis of epidemiological data.

Proposed Course : A paper describing the results has been submitted to a

statistical journal. No further research in this problem is comtemplated.
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Project Title: Investigation of a Regression Relationship Allowing for a

Time Trend in the Determination of the Dependent Variable.

Previous Serial Number: None

Principal Investigator: William Blackwelder

Other Investigator: Tavia Gordon

Cooperating Unit: Framingham Heart Disease Epidemiology Study

Man Years

Total: 0.30
Professional: 0.25
Other

:

0.05

Project Description:

Objectives : To derive estimates of "average" intercept and regression
coefficients and their standard errors for a population, in the presence of

a time trend in the dependent variable; to apply these results to data on
cholesterol and relative weight from Framingham.

Methods Employed : The relevant parameters are estimated statistically
by the method of least squares, assuming a different regression model for
each individual but a common time trend for the dependent variable for all
individuals. Currently a quadratic relationship with time is being considered
as the form of the trend. Intercept and regression coefficients are estimated
for each individual and combined to obtain "average" values for a population
in order to assess the strength of the relationship between the dependent
and independent variables for the population.

Significance to Bio-medical Research and the Program of the Institutes :

Particularly in the Framingham study, the relationship between serum
cholesterol and weight is of great interest. However, there is substantial
evidence of shifts in laboratory determination of cholesterol, and in this
project we hope to apply the mathematical results to assess the cholesterol-
weight relationship after substantially eliminating the effect of shifts
in laboratory determination.
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Major Findings : The mathematical work necessary to apply the proposed
model has essentially been completed. Computer programming to apply the
methods to Framingham data has been begun. Substantive findings have not
been completed, but thus far it appears that under the model used

1. the time trend in laboratory measurement is of definite statistical
significance]

2. after allowing for time trend, the regression of cholesterol on
weight is significant.

The above conclusions are based on data for men under k-5 at Exam 2.

Proposed Course : Farther analysis is anticipated for various age-sex
groups in the Framingham study. It is anticipated that a paper containing
both substantive results and mathematical derivations will be submitted for

publication.
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Project Title: Coordinating Center Operations for the Urokinase -Pulmonary
Embolism Trial

Previous Serial Number: NHLI-BRB-6

Principal Investigators: Fred Ederer, Christine Cole

Other Investigators: Thomas Hyers, James Neaton, Paul Woosley

Cooperating Units: NHLI Program Office and Medical Liaison: Blood Resource
Program, NHLI; New York University Medical Center:

Central Laboratory, 17 clinician-investigators

Man Years

:

Total: 3.2.5

Professional: 2.00
Other: 1.2 5

Project Description:

Objectives : To provide coordinating services required for the effective
administration of a controlled cooperative clinical trial. The objective of

the study was to compare the effects of two methods of therapy on the reso-

lution rate of pulmonary thromboemboli: a 12-hour infusion of urokinase
followed by heparin vs. infusion of heparin only.

Methods Employed :

1. Consultation on study design, including such aspects as methods
of organizing a personnel structure for decision making, delegation of author-
ity,- and the smooth operational functioning of the study; standardization of
methodology, and definitions; choice, methods of evaluation and quantification
of endpoints; methods to prevent bias in the evaluation and interpretation of

results; double- or single -blind; uniformity of procedures of observation,
measurement, and data collection.

2. Preparation of a protocol, manual of operations, and forms.

3. Preparation of randomization procedures; prevention of bias in
treatment assignment.
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h. Planning and developing systems for automatic data processing,
including:

a. manual edit procedures
b. punch card layouts for data and summary cards
c

.

coding procedures
d. computer edit procedures
e. tabulation plans
f

.

writing and de -bugging computer programs for tabulations and
computations

5. Data processing:

a. manual edit
b. coding punching, and verifying data
c

.

computer edit of data
d

.

data tabulation and computation

6. Preparation of periodic (monthly) progress reports containing data
on patient screening and accession, information on problems encountered in
implementing the protocol and how to deal with them, progress on pilot studies,
therapeutic results for control group, schedules of meetings, etc. These
reports were distributed to all participants.

7. Preparation of periodic confidential reports containing data and
analyses of results on complications of treatment, morbidity, mortality, and
results of radiographic and hemodynamic studies. These reports were dis-
tributed to the Policy Board and the Advisory Committee for Statistical
Analysis.

Major Findings : Urokinase and subsequent heparin therapy, when com-

pared to heparin therapy alone, significantly accelerated the resolution

rate of pulmonary thromboemboli at 2k hours as shown by pulmonary angiograms,

lung scans, and right -sided pressure measurements.

Course of Project : Planning for the study started in September 1967

.

An organizational structure was drawn up: Chairman, Policy Board, Steering

Committee, Coordinating Center, Central Laboratory, various committees, sub-

committees, and review panels. Coordinating Center personnel are represented

on the Steering Committee, the Protocol Committee, the Committee for Standard-

ization and Analysis of Data, on Subcommittees for Analysis of Pulmonary

Angiogram, Pulmonary Photoscans and Hemodynamic Data, and Biochemical Data,
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and on the Hemodynamic Data Analysis Panel. A protocol and manual of

operations were prepared and approved by the Steering Committee and- Policy

Board. The study was approved by primary and secondary contract review

boards

.

In addition to the five institutions which participated in the planning

in 1967-68, eight institutions joined the study in the fall of 1968, of which
four later withdrew, and eight more in the spring of 1969, so that a total
of 17 institutions eventually participated.

Pilot studies were undertaken to develop methods for the analysis of

angiographic, pulmonary photoscan and hemodynamic data, the results of which
are being applied to the evaluation of the data from the study.

The shakedown phase of the study began in the summer of 1968, and the
official phase in the fall. Through August 1970, over a 22-month period,
l6l official study patients were accessioned. Pulmonary angiographs and
pulmonary photoscans were reviewed and evaluated "blind" by independent
panels. The quality of the films and of other data was generally high,
inter-reader comparability of angiograms and lung scans good, and cooperation
of participating groups excellent. Data were processed continuously and
results tabulated periodically.

The study was terminated in August 1970, and a new phase, a comparison
of three modalities, was started: 12-hour infusion of urokinase, 24-hour
infusion of urokinase, and 24-hour infusion of streptokinase.

A preliminary report of the findings has been published in the Journal
of the American Medical Association. A detailed monograph is now in prepa-
ration, for which the Coordinating Center is preparing final tabulations
of data.
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Project Title: A E seasonal mortality in 1967 for Chicago, Illinois

Previous Serial Number: NHI-BRB-8

Principal Investigator: Eugene Rogot

Other Investigator: Charles E. Sydenstricker

Man Years

Total: 1.4
Professional: .7
Other : .

7

Project Description:

Objectives : We plan to study the relation of a number of climatological
:---.- zrs ~.z mortality from cardiovascular disease, respiratory disease, p-n<i

other diseases; multiple cause of death data will be utilized. In particular,
we plan to examine the association between coronary deaths and snowfall, which
we were unable to do in the Memphis study. Also, data on sudden deaths from
coronary heart disease will be evaluated for seasonal patterns.

Methods Employed : r.eels of microfilm of death certificates for 1967 in
Illinois have been made available for use in the British-Norwegian migrant
study. Multiple cause of death data has been coded from these microfilm
reels for a total of 39>4l8 deaths occurring in Chicago in 1967. One advan-
tage in using Chicago deaths is that multiple cause data are entered on these
certificates routinely.

Information coded for each death includes residence (Chicago or other),
age at death, race, sex, date of death, hour of death, I.S.C. 4-digit code

for each cause of _ea _
.'r- jj ihrough si. - interval between onset and

death for the innediate cause. In addition, daily climatological data for
Chicago have been obtained for 1967 --- axiarai, minimum, and average tempera-
ture; total precipitation: 11 and sleet; average and maximum wind speed;

aximc: ani roioior-ro re_i^ " - .-'" ~-~'~y, ari ether variables.

Tabulations ar^ stared to show variation of mortality from various
causes with pertin? " logical variables, with deaths categorized by
age, sex, and race.
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Major Findings : The statistical analysis is now in progress.

Some tentative findings for coronary heart disease (CHD) are:

1. There is an inverse linear relationship between average temperature on day

of death and average number of deaths per day from CHD.

2. Controlling for temperature, there are on the average more CHD deaths on

days with snowfall than on days with no snowfall.

3. Controlling for temperature ,there are on the averagfe more CHD deaths on

days with rain than on days with no rain.

h. Controlling for temperature, there appears to he a direct relationship
between CHD mortality and the average daily wind speed.

5. Controlling for temperature, there appears to be a direct relationship
between CHD mortality and the maximum daily relative humidity.

6. Controlling for temperature, there appears to be an inverse relationship
between CHD mortality and hours of sunshine per day.

Significance to Bio-medical Research and the Program of the Institutes :

A study of seasonal mortality patterns in a large northern city should
be valuable in determining the generality of the relationships found in
Memphis. It is believed that the use of multiple cause of death data from
a large city to study seasonal patterns in mortality, including studies of
sudden coronary deaths and of the possible association between coronary-

deaths and snowfall, is new.

Proposed Course : It is anticipated that the statistical analysis will
be completed within the next year and the results prepared for publication.
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Project Title: Comparison of Maximum Likelihood and Discriminant Function
Approaches in Estimating Multivariate Logistic Risk Function
Parameters

Previous Serial Number: NHLI-BRB-8

Principal Investigator: William C. Blackwelder

Other Investigators: Max Halperin, Joel I. Verter

Cooperating Units

:

Man Years

Total: •25

Professional: .20

Others

:

.05

Project Description:

Objectives : In various studies, for example in current studies in

Framingham and in Israel, it may be useful to fit incidence data by a multiple

logistic risk function. The object of this investigation is to compare fits

obtained by conditional maximum likelihood and discriminant function methods.

The maximum likelihood approach is more generally valid theoretically, requir-

ing fewer assumptions than the discriminant function method; however, the

discriminant function method is computationally simpler.

Methods and Findings : In all cases the maximum likelihood method should

give unbiased estimates asymptotically (i.e., for large samples). Theoretical

comparisons have been made for the cases of one and two attribute variables;

here it was found that the discriminant function approach yielded unbiased

estimates asymptotically for regression coefficients which were truly zero,

but not for those which were non-zero. However, for more than two independent

variables which are attribute variables, the discriminant function estimates

were biased for large samples even for regression coefficients which were

truly zero; in this case the discriminant function method could lead to

misleading inferences concerning the significance of a variable. A number of

empirical comparisons have been made, using data from Framingham, and the

results were comparable with the theoretical results. These empirical

investigations, utilizing mixtures of attribute and "continuous" independent

variables indicate that the two methods usually result in similar assessments

of significance for a variable; however, estimates of individual parameters

and of probabilities of events can differ widely, and the maximum likelihood
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method generally gives somewhat better fits to the logistic model. On. all

grounds except convenience and possible economy, then, the maximum likelihood

method seems preferable to the discriminant function method except when the

assumptions required for the latter hold.

Significance to Bio-Medical Research and the Program of the Institute :

This investigation is relevant to the search for valid multivariate methods
in the analysis of epidemiological data, particularly as an effort to deter-
mine to what extent and for what purposes the discriminant function approach
is applicable.

Proposed Course : A paper giving theoretical results and empirical
comparisons using Framingham data has been accepted for publication by the
Journal of Chronic Diseases . Wo further investigation is anticipated.
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Project Title: Relationship of the Use of Tobacco to Health

Previous Serial Number: NHT-BRB-10

Principal Investigator: Eugene Rogot

Other Investigators: Tavia Gordon, Charles E. Sydenstricker

Cooperating Units: Department of Data Processing and the Veterans
Benefit Office, Veterans Administration

Man Years

:

Total: 1.8
Professional: .h

Other: l.k

Project Description:

Objectives : To evaluate the relation of tobacco usage to subsequent
mortality

.

Methods Employed : Information concerning residence, occupation, and the
use of tobacco has been collected from about 2^8,000 persons out of a total
of 29^,000 persons who held U.S. Government Life Insurance policies in
December, 195 3 • As each person included in the study terminated a policy, the

procedure was for the Biometrics Research Branch to be notified by the Veterans

Administration. If the policy terminated as a result of death, the death
certificate was to be obtained. If the policy terminated for reasons other
than death the VA was to be queried periodically for advice as to whether the

individual was still living.

The study has now been set to end with data for the year 1969. Thus,

the follow-up period is l6 years, from 1-1-54 through 12-31-69-

Significance to Bio-Medical Research and the Program of the Institute :

This study continues to be one of the fundamental sources for information
about smoking and health.

Major Findings : None this period.
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Proposed Course : The file is now being updated to include all known
deaths from 195^ through 1969- It will then he necessary to do selected edits
after which the statistical analysis can begin. The proposed major analyses
will take the form of life tables inwhich annual probabilities of dying (from
all causes) are presented, as well as cumulative survival probabilities over
the l6-year study period. Life tables will be specific for smoking, age and
other categories. It is anticipated that the statistical analysis will be
completed within the next year and a monograph prepared for publication.
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Project Title: Framingham Study (This refers only to statistical services
provided by the Biometrics Research Branch. The principal
investigator for the study itself is Dr. William B. Kannel)

.

Previous Serial Number: NHLI-BRB-10

Prinicpal Investigators: Dewey Shurtleff, Tavia Gordon, Paul Sorlie, and
Wayne Fercho. (See above).

Other Investigators: (See above).

Cooperating Units: None

Man Years

Total: 6.5
Professional: 3.5
Other: 3.0

Project Description:

Objectives : To assist in data collection, tabulation and analysis for
this long-term prospective study.

Methods and Findings : Since data collection by routine re-examination
ended June 30, 1970 planning and preparations for subsequent data collection
has been sharply reduced. Operations during the current year have focussed
on data editing of Exam 10—which has been completed—and the 18-year
follow-up for changes in cardiovascular status, which has largely been
completed. Updated tape files are being prepared and should shortly be

available for analytical use. Consultation has been provided Framingham on

a continuing basis with respect to operation, analysis of data for talks and

papers and on specific projects undertaken by outside collaborators.

Significance to Bio-Medical Research and the Program of the Institute :

See Clinical Applications Section.

Proposed Course : See Clinical Applications Section.
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Project Title: Collaborative Studies (This refers only to statistical

services provided by the Biometrics Research Branch. See

general description in the Clinical Applications Section)

.

Previous Serial Number: NHLI-BRB-11

Principal Investigators: Joyce Schiffman, Tavia Gordon

Cooperating Units: Collaborative Studies

Man Years

:

Total: 1.5

Professional: 1.3
Other: 0.2

Project Description:

Objectives : To provide consultative services and statistical coordination
and control to the collaborative studies which include the Framingham Study
and the studies in Honolulu, Puerto Rico, Israel and Yugoslavia.

Methods : While each of the field epidemiological studies has its own
objectives there is a need to compare results from the various studies. This
requires work which is directed toward obtaining comparable data separate from
that obtained as part of the individual studies. We have introduced inter-
laboratory quality controls between Framingham, Hawaii and Puerto Rico. ECG's
were exchanged among these three studies to establish a population at risk of
developing myocardial infarction. The incidence of myocardial infarction in
these studies will be determined by exchange of incidence ECG's and death
certificates. This effort to attain comparability will provide a large
diversified population in which to examine risk factors. Routine surveillance
of response rates and follow-up is undertaken. In addition we supply consul-
tative and backup statistical services.

Significance to Bio-Medical Research and the Program of the Institute : See
the Epidemiology Section.

Major Findings : See the Clinical Applications Section.

Proposed Course : See the Clinical Applications Section.
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Project Title: Coordinating Center Operations for the Urokinase-Streptokinase
Pulmonary Emboli sm Trial

Previous Serial Number: NONE

Principal Investigators: Fred Ederer, Christine Cole

Other Investigators: Thomas Hyers, James Neaton

Cooperating Units: NHLI Program Office and Medical Liaison: Blood Resource
Program, NHLI; New York University Medical Center:
Central laboratory, lU clinical investigators

Man Years:

Total: 3.25
Professional: 2.00
Other: I.25

Project Description:

Objectives : To provide coordinating services required for the effective
administration of a controlled cooperative clinical trial. The objective
of the study is to compare the effects of three methods of therapy on the
resolution rate of pulmonary thromboemboli: a 12-hour infusion of urokinase,
a 2^-hour infusion of urokinase, and a 24-hour infusion of streptokinase.

Methods Employed :

1. Consultation on study design.

2. Preparation of a protocol, manual of operations, and forms.

3. Preparation of randomization procedures; prevention of bias in

treatment assignment.

k. Planning and developing systems for automatic data processing.

5- Data processing.

6. Preparation of monthly progress reports.
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7- Preparation of periodic confidential reports containing data and
analyses of results on complications of treatment, morbidity, mortality, and
results of radiographic and hemodynamic studies. These reports are distrib-
uted to the Policy Board and the Advisory Committee for Statistical Analysis.

Ma.jor Findings : These will be made available at the completion of the
study

.

Course of Pro.iect : This study is the second phase of the Urokinase
Pulmonary Embolism Trial which was terminated in August of 1970. The present
phase was started immediately after the conclusion of the first phase.
Planning for the second phase began in the early part of 1970. The organi-
zational structure and participating personnel are similar to those for the
first phase. Fourteen of the 17 clinical investigators from the first phase
are participating in the second phase. As of April 22, 1971 a total of 6k
patients had been accessioned into the study.
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Project Title: NHLI-VA Arthritis -Thromboembolism Study

Previous Serial Number: NONE

Principal Investigators: Fred Ederer, Thomas Hyers, Louis Mesard, and
Lawrence Shaw

Other Investigators: James Neaton

Cooperating Units: NHLI Blood Resource Program and Veterans Administration

Man Years:

Total: .05

Professional: .05
Other:

Project Description:

Objectives : To determine whether an association exists between arthritis
and thromboembolism. Recent laboratory work on the ability of aspirin to
inhibit platelet aggregation suggests the hypothesis that aspirin can prevent
the development of thromboembolism. Most rheumatoid arthritics take at least
6 tablets daily.

Methods Employed : The stated hypothesis will be tested in two inter-
related studies, one a retrospective cohort study, the other a case-control
study. The primary information source is the Veterans Administration In-

patient Discharge Data System (IDDS).

In the retrospective cohort study, the "incidence" of thromboembolism
in arthritics and several non-arthritis control groups will be measured.
Study patients will be selected from VA hospital discharges 1963-69, and

their thromboembolism incidence, both venous and arterial, will be measured
by the frequency of thromboembolism discharges from VA hospitals up to

December 31, 1969. The names of study patients will also be matched against

the VA "notice of death" file to determine vital status as of December 31, 1969*

Death certificates will be obtained and analyzed by cause. Aspirin usage

and prevalence of thromboembolism risk factors among study patients will be

investigated from a sample of hospital records.
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In the case-control study, thromboembolism and several groups of non-

thromboembolism discharges during 1963-69 will be identified, and the fre-

quency with which arthritis is recorded as an associated diagnosis will be

used .as a measure of arthritis prevalence.

Ma.ior Findings : None yet

Course of Project : A detailed protocol for the study, including defi-

nitions of terras, classifications of diseases, case selection and exclusion
criteria, control of co-variables, avoidance of bias, sample size consider-
ations, methods of sampling hospital records and of statistical analysis,
etc., has been drawn up. An advisory group has been appointed, and it will
meet on May 5 , 1971 to review the protocol and make recommendations to the
investigators. The Veterans Administration is preparing a data tape of
pertinent 1963~69 discharges from the IDDS. The protocol will be finalized
after the May 5 meeting. When the data tape becomes available, a duplicate
tape will be submitted to the VA notice of death file to identify the deaths,
and the original tape will be submitted to NHLI for sample selection and
data analysis

.

Significance to Biomedical Research : Some small-scale clinical trials
of aspirin in the prevention of thromboembolism, both venous and arterial,
have been conducted or are in progress now. The NHLI Committee on Thrombosis
has discussed the possibility of large-scale field trials. Such trials
require millions of dollars and many years to complete. While the possibilit
of such trials are discussed, and tentative plans are formulated, the results
of the present study could either weaken or strengthen the need for such
field trials, or indicate whether, if aspirin is a potential prophylactic
agent, whether it is more likely to prevent venous or arterial thromboemboli.
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Project Title: Cancer Among Men on Cholesterol -Lowering Diets

Previous Serial Number: NONE

Principal Investigator: Fred Ederer

Other Investigators: Paul Leren, Osmo Turpeinen, and Ivan D. Frantz, Jr.

Cooperating Units: Department of Medicine (vTIl) Ullevaal Hospital, Oslo
University Medical School, Norway; College of Veterinary
Medicine, Helsinki, Finland; University of Minnesota
Medical School, Minneapolis, Minnesota; Research Committee
of the Medical Research Council, U.K.; and Department
of Medicine, University of California-Los Angeles School
of Medicine, Los Angeles.

Man Years:

Total: .U5

Professional: .25

Other: .20

Project Description:

Objectives : To compare the cancer experience in h recent clinical
trials of serum cholesterol lowering diets with that reported by Pearce and

Dayton in the trial at the Los Angeles Veterans Domicile.

Methods Employed : Caee information on new cases of cancer and deaths

from cancer were obtained from each of the 5 studies, both for the diet

phase and, where possible, the post-diet phase of the experiment. The results

were statistically analyzed for the k studies excluding Los Angeles and also

for all 5 studies. The experimental and control group results were adjusted

for differences in age and cigarette smoking, and relative cancer risks for
the men on the experimental diet were estimated.

Major Findings : The Los Angeles study showed an excess cancer incidence

and mortality among the experimental diet subjects. One of the h other

studies was in accord with the Los Angeles results, and the remaining 3 had

opposite results. For h studies combined (excluding Los Angeles), the esti-

mated risk of cancer development in the experimental group relative to that

in the control group was 0.75, and the relative risk of cancer death was
0.62. When Los Angeles was included, the relative risk became 1.15 for
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cancer incidence and 1.11 for cancer death. None of the relative risks
differed significantly from 1, so that the combined results are consistent
with the hypothesis that the experimental diet does not influence cancer risk.

Course of Project : The project has been completed. A manuscript has
been submitted for NIH clearance and publication in the Lancet .
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ANNUAL REPORT OF THE HEART DISEASE EPIDEMIOLOGY STUDY

FRAMINGHAM, MASSACHUSETTS

July 1, 1970 - June 30, 1971
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The activities of the Framingham Heart Disease Epidemiology Study

have been curtailed over the past year in accordance with the N. H. L. I.

directive and restricted primarily to a morbidity and mortality surveillance

for additional cardiovascular disease outcomes determined primarily from
hospital and death certificate information. Plans for continuing biennial re-

examinations of the population for changes in risk attributes, living habits

and unreported or unrecognized cardiovascular and cerebrovascular disease

under N. H. L. I. auspices have been abandoned.

The N. H. L. I. has established the following program priorities for the

Framingham Study for which minimal personnel and resources have been
allocated:

1. Maintenance of a system of morbidity and mortality surveillance to

keep the survivors of the original cohort (approximately 4000 persons)
under observation for the development of overt cardiovascular and
cerebrovascular events. To achieve this a core of five persons are
being maintained at the facilities in Framingham. They will be respon-
sible for continued daily monitoring of Framingham Union Hospital
admissions and for continued mortality surveillance through death
certificates, obituaries, and medical examiner reports. They will also

monitor Framingham Union Hospital deaths to insure that special autopsy
studies are obtained. The group will continue to review all new cases
of cardiovascular disease uncovered, applying uniform criteria to all

deaths. The accumulated data will be transmitted to the Biometrics
Research Branch at Bethesda for processing and analysis in collabora-
tion with the Framingham investigators.

2. To implement a study of a sample of approximately 2000 offspring of

lipoprotein "typable" persons and controls within the Framingham cohort
during fiscal year 1972. The objective is to elucidate the role of famil-
ial factors in hyperlipoproteinemia and other personal attributes incrimi-
nated in cardiovascular disease in the course of the Framingham Heart
Study. In order to achieve this objective the N. H. L. I. will continue to

support three part time persons and will maintain a clinic facility at the
Framingham Union Hospital. Laboratory services to provide lipoprotein
typing and other relevant biochemical determinations, electrocardio-
grams and secretarial assistance will be obtained under a contractual
arrangement with the Framingham Union Hospital under the supervision
of Dr. W. P. Castelli. Examination of these offspring and their blood
samples will be obtained by the core staff of the Heart Study which will
also be responsible for processing the data collected and for transmitting
the completed, coded and edited forms to Bethesda for further processing
and analysis.

3. To collaborate with the Boston University group under the direction
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of Dr. T. R. Dawber (former director and principle architect of the

Framingham Study) in continuing further periodic examinations of the

entire surviving cohort. This is to begin in September 1971, funded

from private sources. As part of the collaborative effort to achieve the

enumerated objectives the N. H. L. I. will make available in fiscal 1972

the clinic facilities at the Framingham Union Hospital on an approxim-

ately 60% basis for recycling of the Framingham cohort. The core staff

will train the newly recruited personnel, supervise the recycling exam-
inations, and aid in the design of forms. The staff of the Biometrics

Branch in Bethesda will advise the statisticians in this group on the

editing procedures and provide current analytic programs. The statis-

tical core staff at Framingham will supervise the data processing and

coding.

N. H. L. I. - B. U. M. C. Collaboration

The N. H. L. I. Framingham Study has entered into a new era of partner-

ship with the Boston University Medical Center. An active, close collabora-

tion will be phased in over the next few years. Under the leadership of

Dr. T. R. Dawber the Boston University group has obtained a grant from the

N. I. N. D. S. , in the amount of $60, 700 for the first year, to support a stroke

surveillance study. Further funding has been obtained from private sources

to recycle the entire cohort periodically for re- examination. The N. H. L. I.

has reaffirmed its commitment to maintain the Framingham Heart Study as

a continuing direct program operation confined largely to a cardiovascular

morbidity and mortality surveillance under the supervision of the Director.

Since it is desireable that a unified continuing concept of the "Framingham
Study" be maintained, the current director will be the general spokesman

for the program activities and findings and will coordinate collaborative

ventures. Major coUaborative responsibilities will be allocated as study

proposals evolve and are implemented. Dr. T. R. Dawber will be the spokes-

man for the Boston University collaborative effort.

Once recycling of the cohort has been established, it was agreed that

accessibility to the cohort would be open to other investigators provided an

appropriate protocol is submitted and passes review by a Joint Committee of

N. H. L. I. and B. U. M. C. investigators and a Research Policy Committee.

B. U. M. C. - N. I. N. D. - Stroke Surveillance Grant

The B. U. M. C. grant for $60, 700 per annum will be implemented under

the direction of Dr. T. R. Dawber, principle investigator. The implemen-

tation of the study proposals depends on a periodic recycling of the cohort

under private .funding obtained through the Department of Epidemiology at

B. U. M. C. From these sources the Boston University group will support a
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team of five part time physicians including epidemiologists, cardiologists,

and neurologists; and the required clerical and statistical services required

to carry out the stroke surveillance as well as the periodic re-examination

of the cohort. A protocol is being drawn up which will provide a formal
basis for access to the cohort from N. H. L, I.

Upon receiving clearance from N. H„ L. I. , the Boston University group

will develop appropriate examination forms and proceed to recall the sur-

viving cohort for examinations. Tentative plans call for a September 1971

starting date. They will take responsibility for editing and processing in-

coming data under the supervision of N. H. L. I. , "core personnel" staff at

Framingham.

They will report to N. H. L. I. , Framingham Study staff all cardiovascular

endpoints ascertained in the course of examinations and hospital stroke sur-

veillance. These new incidence cases will be reviewed jointly by both groups

using a uniform set of established criteria and incorporated into the master
Framingham file.

The Boston University group will have the responsibility for analyzing new
data obtained from the stroke surveillance and from the recycling of the cohort.

When deemed advantageous analyses will be done at both facilities.

N. H. L. I. Morbidity and Mortality Surveillance

The N. H. L. I. objective of cardiovascular morbidity and mortality sur-

veillance employing the remaining five core personnel has been implemented
using the previously established medical surveillance procedures. This pro-

vides a less comprehensive assessment of morbidity and mortality than for-

merly when biennial cardiovascular examinations were conducted. However,
this will soon be remedied when periodic re-examinations under B. U. M. C.

auspices is implemented under private funding. The funding of the B. U. M. C.

grant to study stroke in the cohort will also help to insure complete cardio-

vascular morbidity and mortality surveillance.

There is every reason to expect that the N. H. L. I. 's Framingham Study

will continue to enhance its international reputation by applying the already
collected data characterizing the population sample over 20 years to the

accumulated incidence of new cardiovascular disease. The rate at which
additional disease endpoints are occurring in the cohort makes it highly

profitable to continue the surveillance. In the interim between the last com-
pletely analyzed follow-up (16-yrs. ) and the latest being readied for analysis

(18-yrs. ), there were 94 additional cases of coronary heart disease, 50 each
of cerebrovascular disease and congestive failure and 26 of occlusive arterial

peripheral vascular disease. There have been 1001 deaths to date. Ideally
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this population should be followed to extinction.

The rate at which new disease is accumulating should allow, over the
next five years an examination of the relation of factors introduced late in the
study (e.g., lipoprotein type, endogenous triglyceride, diet, emotional stress,
PBI, glucose tolerance, etc. ) to cardiovascular disease outcomes. It will

also allow a full exploration of the precursors of cardiovascular disease in

women, including the influence of premature menopause.

Investigation of the natural history of established coronary, cerebral,

and peripheral vascular disease within the general population, including sur-
vival, recurrences, case fatality rates and disability in a relatively com-
prehensive and undistorted manner should be possible with the collaboration

of B. U. M. C. , to provide comprehensive surveillance by periodic re-examin-
ation. The overall impact of the recently installed coronary care unit on
coronary mortality in this cohort compared to that of the past can be assessed
after additional follow-up.

Since N. H. L. I. , curtailed periodic re-examination and reassessment
of population traits, major emphasis has been placed on data analysis. Data
for 18 years of follow-up are now being readied for analysis. The total num-
ber of cardiovascular disease outcomes available for analysis has now reached
substantial proportions allowing a more detailed examination of the precursors

of each (Table 1). Even so, there are still noteable deficiencies for analytical

purposes, in numbers of sudden deaths, unrecognized myocardial infarctions

and the coronary insufficiency syndrome, particularly in women. The num-
bers of cerebral infarctions are also still quite modest and intracerebral

hemorrhage is grossly deficient. Major attention will be focused on previ-

ously unanalyzed, or insufficiently analyzed variables including: anxiety index,

premature menopause, diet, glucose intolerance, thyroid function, intra-

ventricular block, familial factors and others. Also more emphasis will be

placed on analysis of the natural history and precursors of disease endpoints

not yet fully explored including occlusive arterial peripheral vascular disease,

and congestive heart failure.

In collaboration with N. H. L. I. Biometrics Research Branch additional

sections of the Framingham Monograph series have been completed: Section

24 dealing with Diet; Section 25 dealing with Survival Data for each of the

disease endpoints and Section 26 with 16- year follow-up of incidence of

cardiovascular disease in relation to established precursors.

Highlights of Framingham Research Completed Over the Past Year

Hemoglobin and Risk of Cerebral Infarction:

Risk of cerebral infarction over 16 years was ascertained in the cohort
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of 5185 men and women classified according to their blood hemoblobin, blood

pressure, cigarette habit and other relevant factors. Within the normal
range of hemoglobin values (those with polycythemia vera excluded) risk was
found to be proportional to the blood hemoglobin concentration. The risk of

initial development of 82 atherothrombotic brain infarctions was also strik-

ingly related to blood pressure status and the cigarette habit. Both blood

pressure and cigarette habit were modestly correlated with the hemoglobin.

Men with hemoglobin values of 15 gms. or greater and women with

values of 14 gms. or greater developed twice as many cerebral infarctions

as did their cohorts with lower values. However, when allowance is made
for associated blood pressure and cigarette status a smaller residual effect,

no longer statistically significant, is discernible. The pathogenetic impli-
cations of the interrelationship of blood hemoglobin, blood pressure, cigar-

ette habit and brain infarction require further exploration. This was pre-
sented at the Clinical Society Meeting in Galveston April 1971 by Dr. W. B.

Kannel in collaboration with Dr. P. A. Wolf of B. IX M. C.

Relation of Antemortem Characteristics to Cardiovascular Findings at Necropsy

Dr. Manning Feinleib presented the first in a series of autopsy studies
from Framingham at the Conference on Cardiovascular Epidemiology in San
Diego, March 1971. A unique opportunity to study the relation of character-
istics measured in the premorbid state on free living persons at repeated
examinations over a long period with findings later obtained at autopsy is

provided by the Framingham Study. Through June 1970 there were 914 deaths
among the 5209 men and women in the original cohort. Autopsies were per-
formed on 281 (31%). Of these, 127 (45%) were done according to a special
autopsy protocol which involved careful dissection of the coronary arteries
and planimetric estimation of the areas of atherosclerotic intimal involve-
ment and degree of occlusion. Necropsy findings analyzed in this report
included: heart weight, left ventricular muscle thickness, percent intimal
involvement with atherosclerosis and percent luminal insufficiency of the
coronary arteries. The relation of these to measurements made one year,
five years and nine years prior to death were studied.

All four necropsy measurements were correlated with age at death in
women but not men. Heart weight was correlated with body weight. Measures
of weight and obesity were not strongly related to the degree of coronary
atherosclerotic involvement. Diastolic blood pressure showed little inde-
pendent correlation with any of the necropsy findings in either men or women.
Systolic blood pressure correlated strongly with heart weight, ventricular
muscle thickness, and with degree of atherosclerotic involvement in women.
Antemortem cholesterol levels whether measured just prior to death or five
or nine years earlier were related to the degree of luminal insufficiency of
the coronary vessels in men. In women, the degree of atherosclerotic
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involvement was related to serum cholesterol measured only nine years prior
to death. Cholesterol did not seem to be strongly related to heart weight or
left ventricular muscle mass in either men or women.

Prognosis and Persistence of ECG Findings According to ECG Location of

Myocardial Infarction:

Patricia McNamara studied the natural history of myocardial infarction

according to its ECG location. To date 21 5 men and 64 women of the cohort
of 5127 developed ECG documented myocardial infarctions. Survival was
little different in those sustaining anterior as compared with those having
inferior myocardial infarctions. After 10 years 47% of the men and 28% of

the women (who were older) were still alive. ECG location of the infarction

did not influence this long term survival. There were nine men and five

women who had a combined anterior and inferior myocardial infarction as a
first event. In four years, four of the men and all but one of the women had
died.

There was no relation between angina and the ECG location of the infarc-

tion. Prior angina was present in 16% of those developing anterior and 18%
of those with inferior infarctions. Half of those without prior angina (followed

for at least two years) developed it following myocardial infarction irrespec-

tive of its ECG location. •

Persistence of diagnostic ECG findings of infarction - based on serial

readings (including the premorbid tracing) differed according to ECG location.

On serial readings the ECG evidence was more apt to disappear in those

sustaining inferior infarctions (83% persist as compared to 90% with anterior

infarctions). Reversion to non-diagnostic patterns on independent readings,

(without reference to the premorbid tracing) occurred at least twice as often

as for serial ECG evidence of myocardial infarction - 37% of inferior infarc-

tions revert as compared to 29% with anterior infarctions.

Serum Lipid Precursors of Coronary Heart Disease

If a substantial reduction in coronary mortality is to be achieved, vul-

nerable persons will have to be detected and placed under continued surveil-

lance and prophylactic management. The background of the potential coronary

candidate has been delineated and a profile capable of estimating risk over a

wide range devised. One of the most potent contributors to this profile is the

serum lipid value. While any lipid or lipoprotein can be used, none proved

more convenient than, or superior to a simple total cholesterol determination.

However, for determining the nature of the lipid disorder and for choosing

the most appropriate therapy, a lipid profile may be useful.

Most of the coronary incidence arose out of those with moderate
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hypercholesterolemias (in the range of 250-350 mg. ) and not "typable'
:

according to the criteria of Fredrickson. Therapy appears to be indicated

in these moderate hypercholesterolemias, particularly when associated with

other abnormalities such as hypertension, ECG-LVH, or diabetes. Even
though asymptomatic, such persons were extremely vulnerable to lethal

coronary attacks. This finding, even of mild degree, must not be regarded
as medical trivia.

This was requested as part of a seminar in "Human Pathology" and
published March 1971 by William B. Kannel et al.

Diabetes as a Force of Morbidity and Mortality

On the first eight examinations in the Framingham cohort 225 persons
(111 men, 114 women ) manifested diabetes. Of this number 93 were insulin

treated, 87 were on oral hypoglycemic agents and 45 were treated by diet or

were untreated. Most of the insulin treated diabetics (two-thirds) were
evident on or near entry, whereas the incidence of other forms of diabetes

was more dispersed over the period of observation.

In the 16 year follow-up 55 of the 225 diabetics died. Overall, mortality
was twice that of the non-diabetic cohort. The largest number of these deaths

(32) occurred in the insulin treated group. Mortality in this group was nearly
two and a half times that for non- diabetics. The excess mortality was espec-
ially marked in insulin treated diabetic women; higher than that for insulin

treated diabetic men.

The excess mortality derived chiefly from cardiovascular causes.
Mortality from CHD was more than double that of non-diabetics. CHD inci-

dence was especially great in insulin-treated diabetic women, where it was
triple that of comparable non- diabetics. In insulin-treated diabetics ( but

not other diabetics ) the CHD cases were more frequently fatal. There was
also an excess mortality from other cardiovascular causes.

It is of interest that C-V mortality was no greater in those treated with
hypoglycemic agents than those on diet alone - in fact, mortality was some-
what lower. These data were presented to the A. D. A. by Dr. M. Garcia.

Comparison of Risk Factors in Men and Women for Major Atherosclerotic
Events :

Based on 16 year incidence of coronary heart disease, atherothrombotic
brain infarction and intermittent claudication In the Framingham cohort the

relative potency of five risk factors common to these diseases were compared.
In coronary heart disease the strongest risk factor over the age range 35-74
was systolic blood pressure. The other contributors to risk in order of
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importance were serum cholesterol, cigarette smoking and blood glucose.
The order is the same for women as for men, except for cigarette smoking
which was an important factor for women only in coronary heart disease
other than angina pectoris. LVH-ECG was also an important risk factor.
Unexpectedly, the risk factor relationships were at least as strong for women
as for men.

In atherothrombotic brain infarction and intermittent claudication the

same risk factors are also important. There were, however, some differ-

ences in their relative roles. Systolic blood pressure is a more potent
contributor to atherothrombotic brain infarction incidence than coronary
heart disease or intermittent claudication. Blood glucose level was most
strongly related to intermittent claudication. Cigarette smoking appears to

be even more strongly related to atherothrombotic brain infarction and inter-

mittent claudication, than to coronary heart disease. The general effect of

multivariate analysis was to raise the relative importance of cigarette smok-
ing and to reduce the relative importance of ECG-LVH.

Using the risk factors in a multivariate risk function analysis it was
possible to identify a tenth of the population at highest risk where 25% of the

coronary heart disease incidence is found. Similarly the multivariate risk

function for intermittent claudication identifies 40% of the incidence within

the upper decile and a similar risk function for atherothrombotic brain in-

farction locates half the incidence in the upper decile.

This was presented by Tavia Gordon, Biometrics Research Branch, at

the American Heart Association Cardiovascular Epidemiology meeting in

San Diego, March 1971.

Prevalence of Chronic Airway Obstruction

During the 5th biennial examination timed vital capacities and data on

respiratory symptoms and relevant population attributes were recorded in

1300 men and 1500 women aged 30-69 years. The prevalence of moderate

and severe airway obstruction (FEV-1 <60%) was 9% for men and less than

half this for women (3. 5%). The prevalence of mild obstructive disease

(FEV-1 60-69%) was 20% for men and 10% for women.

Heavy cigarette smokers had lower FEV-1 values than non-cigarette

smokers. FEV-1 was little different in blue versus white collar workers.

Lower FEV-1 values were observed in those with asthma, particularly if it

had its onset after age 16. A history of pneumonia or other recent lung in-

fection had no effect on FEV-1. A history of pulmonary tuberculosis was

associated with a reduced FEV-1 in men, but not women. Reduced FEV-1

values correlated well with cough and breathlessness in men but not women.

Cough with sputum was significantly related to FEV-1 in both sexes.
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This report was prepared by Dr. A. Roberts of N. H. L. I. , and Paul

Sorlie of Biometrics Research Branch.

Serum Lipids, Lipoproteins and Coronary Heart Disease in Women

Risk of coronary heart disease over 14 years was examined prospectively

in 2845 women in the Framingham cohort according to their antecedent choles-

terol and lipoprotein status. In women under 50, high cholesterol values, as

in men, were associated with an increased risk of coronary heart disease.

This was true even when adjustment was made for concomitant pre-beta
lipoprotein and other factors related both to coronary risk and to blood lipid

content. In women over 50, however, triglyceride-rich pre-beta lipoprotein

was superior to cholesterol for identifying potential coronary cases. Risk

of coronary heart disease in women is thus better estimated by cholesterol

under age 50 and by pre-beta lipoprotein, and by inference, endogenous tri-

glyceride, after that age.

Knowledge of the contribution of lipids, as well as hypertension, and
abnormal glucose tolerance to risk of coronary heart disease in women has
increased relevance in view of the effect of contraceptive pills on these

parameters.

LIPOPROTEIN PHENOTYPING PROJECT

The N. H. L. I. personnel at Framingham have supervised the implemen-
tation of a contract to complete lipoprotein typing of the Framingham cohort.
Under the direction of Dr. W. P. Castelli the typing has been carried out by
Framingham Union Hospital personnel. Collection of blood specimens and
the examination of subjects called for the the protocol as well as processing
of the data have been carried out by the core N. H. L. I. personnel supplemen-
ted by a part-time nurse and typist-receptionist.

Of the 2100 specimens called for, 1800 have to date been processed. It

is anticipated that the project will be virtually completed on schedule by the
end of the fiscal year. Specimens were processed according to the specifi-
cations of Fredrickson et al in consultation with Dr. Robert Levy.

This will provide data on the prevalence of lipoprotein types as defined
by Fredrickson et al within a general population sample as called for in the
protocol. Of more value to the Framingham goals, it will provide the propositi!
of "typable persons" for studies of familial aggregation of lipoprotein abnor-
malities in offspring of the Framingham cohort currently under consideration.
In addition, the prevalence of lipoprotein types in persons with the major
atherosclerotic disease will be contrasted with that in the general population.
Further, it will form the basis for a prospective evaluation of the relation of
"lipoprotein types" to future atherosclerotic disease morbidity and mortality
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ascertained from additional cardiovascular surveillance. By providing the

B- cholesterol, triglyceride and alpha cholesterol values in the general pop-

ulation it will be possible to further define the hyperlipoproteinemias; examine
the partition of cholesterol in the lipoprotein fractions of cases versus con-

trols and relate these prospectively to future disease incidence for the first

time.

FRAMINGHAM CARDIOVASCULAR DISEASE SURVEY

Remaining core N. H. L. I. personnel of the Framingham Heart Disease

Epidemiology Study have been cooperating with the Field Epidemiologic

Research Section of N. H. L. I. in conducting a survey of cardiovascular dis-

ease in Framingham. This study was implemented by Doctors Manning
Feinleib and James Margolis in June 1970. Its goal is to determine the in-

cidence of cardiovascular disease over a one year period. The 1970 census

provided a unique opportunity to do this accurately. It will allow an assess-

ment of current cardiovascular morbidity and mortality in Framingham as

recognized and reported by private physicians. A second goal is to determine

events surrounding the acute episode so that prodomata and possibly warning

signs and precipitating factors of myocardial infarction and sudden death can

be elicited. A third goal is to identify factors which cause patients to delay

in seeking care following the onset of chest pain through an examination of the

patients' course of action in seeking medical attention. Data on cardiovas-

cular morbidity and mortality are being obtained from death certificate re-

cords, surveillance of hospital admissions, and reports of all non-hospital-

ized events by private physicians. The latter information is obtained by a

WAE interviewer visiting physician's offices, the former by a clerk. Data

on the prodromal cause and confirmation of the event are being obtained by

Dr. J. Margolis by interview and examination of surviving patients and

friends and relatives.

These functions are being carried out on the premises of the Framingham
Heart Study and uses its facilities to interview and examine patients. Pro-

tocols of new cases uncovered are being reviewed by Framingham Heart Dis-

ease Epidemiology Study "core personnel" to validate diagnoses according to

established standardized criteria.

To date there have been 366 definite and 249 possible cardiovascular

events uncovered including 73 definite myocardial infarctions, 26 sudden

deaths, 90 cases of congestive failure and 59 cases of cerebrovascular acci-

dents. There have been 142 deaths. At the close of the years' data gathering

there will be a considerable number of cases (possibly 500) which remain to

be reviewed to validate the diagnosis according to Framingham Heart Study

criteria.
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Collaborative Studies

Framing-ham-Albany Collaborative Study of Sudden Death

Because of the small numbers of sudden death accumulated to date a

collaborative venture pooling data with the Albany Study has been implemented.
This has doubled the number of sudden deaths available for analysis. Checks
of comparability of data, procedures and criteria have been carried out to

determine poolability of data. A preliminary pooling has been carried out and
the results reported to the American Heart Association meeting November
1970. It was determined that more than half of coronary deaths are not hos-

pitalized and 80% of these are sudden. Most of these sudden deaths were un-

heralded, few in retrospect casting before them more than the faintest shadow
of the impending catastrophe.

Persons at high risk of coronary mortality, including sudden death, could

be identified long in advance of the unexpected catastrophe. These persons
had the same precursive coronary stigmata, risk increasing in proportion to

the intensity and number of such traits. However, no proven characteristic

has been identified which will discriminate with precision between the candi-

date for sudden death and delayed death from coronary heart disease. It is

not yet possible to identify coronary candidates with a negligible risk of sudden
death. The inevitable conclusion appears to be that the prevention of sudden
death is the prevention of coronary deaths in general. Sudden death is a com-
mon and possibly incidental expression of lethal coronary heart disease.

Preliminary results were presented at the American Heart Association meet-
ing in Atlantic city November 1970 by Dr. W. B. Kannel.

American Heart Association Pooling Project

The first major report of this pooled data involving the Framingham
cohort was presented by Drs. J. J. Doyle and W. B. Kannel at the World
Congress of Cardiology September 1970. The other collaborators included

the Western Electric Study, the People's Gas Light and Coke Co. , Los
Angeles Study, Minnesota Study and the Albany Study. The pooling project

was supported by Grant H. E. 13107 from N. H. L. I.

Ten year findings relative to coronary risk factors in 8600 American
men was presented. It was pointed out that owing to the high proportion of

deaths which are sudden and unexpected, improved management of symptom-
atic CHD can not alone achieve a substantial reduction in coronary mortality.

Epidemiologic investigation of the evaluation of CHD in several north Ameri-
can population samples has succeeded in identifying highly vulnerable persons
and factors which place them at high risk, providing the key to prevention.

While the factors dealt with in the pooled data on the 8600 men are
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established contributors to coronary incidence in the U. S.
,
pooling allowed

detailed analysis of the association of these factors with each other and their

net and combined impact in promoting CHD. This brings us closer to optimal
predictors of potential CHD, useful in selecting from the general population,

prime candidates. Using only five findings, simply and atraumatically obtained,

risk scores over a 20-fold range were completed for each participant using
multiple logistic analysis.

Significantly, it was possible to predict with good agreement from char-
acteristics at entry the number of CHD cases observed over the 10 year per-

iod in each of the six prospective studies. It is now demonstrated that it is

indeed possible to predict the occurrence of CHD in a variety of population

samples in the U. S. A.

Autopsy Studies

Protocols are being developed for uniform detailed quantitative collection

of autopsy data designed to characterize the status of the coronary and cere-

bral vessels. Post-mortem angiography of the coronary and cerebral vessels

is also being explored. The condition of the heart and brain relative to infarc-

tion and other ischemic pathology is also being assessed. This is being done

in an effort to take advantage of the unique opportunity to relate pre-morbid

findings over a long period prior to death to the condition of the vessels at

death.

Owing to the uncertainty of the future of the Heart Study over the past

year and a change in the management of the pathology department, new

arrangements will have to be negotiated. The effort will also have to be co-

ordinated with the neuropathology department at B. U. M. C.

STATUS OF FOLLOW-UP

Despite the uncertainty of the future of the program over the past year

as regards future re-examination - equated by the population cohort with

.closing of the study - follow-up continues reasonably complete. There is

still less than 2% completely lost and about 10% have failed to complete their

last possible examination. About 85% have taken every possible examination

as in the past. Follow-up has been accelerated over the past year owing to

the need to complete the lipoprotein typing under contract within the fiscal

year. Of a total of 3958 who were scheduled to return for their 10th biennial

examination 95% were processed (up to March 1971). Of a total of 2136

scheduled for examination 11, 86% have been processed to date pending a

final clean up of examination 11 follow-up in conjunction with the lipoprotein

typing.
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17. Physical activity and coronary vulnerability. The Framingham Study.

Kannel, W. B. , Gordon, T. , Sorlie, P., and McNamara, P.M.:
Cardiology Digest.

18. Serum lipids, lipoprotein and coronary disease in women. The Framing-

ham Study.

Kannel, W. B. : Medical Times.
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19. The Natural history of arteriosclerosis obliterans. The Framingham
Study.

Kannel, W. B. : Cardiovascular Clinics.

20. The Role of diet in atherosclerosis. The Framingham Study.

Kannel, W. B. : Nutrition Today.

21. Cholesterol: A potent contributor to atherogenesis ? The Framingham
Study.

Kannel, W. B. : Counterpoint.

22. Lipid profile and the potential coronary victim. The Framingham
Study.

Kannel, W. B. : Journal of Clinical Nutrition.

23. The Natural history of angina pectoris: Prognosis and survival. The
Framingham Study.

Kannel, W. B. , Feinleib, M. : American Journal of Cardiology.
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Table I

Cardiovascular Disease Outcomes Available for Analysis

16-year Incid. Interim Cases
Totals

18-year

CHD

CHF

CVA

ABI

I.C.

Men
Women

Men
Women

Men
Women

Men
Women

Men
Women

Deaths to date

Men
Women

373
207

81

61

78

75

41

42

85
44

5/5/71

+ 49

+ 45

+ 23

+ 27

+ 17

+ 23

+ 9

+ 16

+ 13

+ 13

422
252
674

104

88
192

95
98
193

50

58

108

98
57

155

571

430
1001
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PHS-NIH

NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

FIELD EPIDEMIOLOGY RESEARCH SECTION

The Field Epidemiology Research Section has been engaged in studies of

genetic factors and the natural history of cardiovascular disease and in
conducting surveys of the incidence and circumstances surrounding the occur-

rence of cardiovascular morbidity.

During fiscal 1970 the NHLI Twin Study was extended to two areas in

California. Under a contract to the Mt. Zion Hospital Center with Dr. Ray

Rosenman as principal investigator, 55 sets of adult male twins living in the

San Francisco Bay Area have been examined according to the core Twin Study

Protocol. An additional 35 sets of twins residing in Northern California

were examined under a contract to the University of California at Davis with

Dr. Nemat 0. Borhani as principal investigator. These twins also underwent
special dietary and serum lipoprotein evaluations and detailed psychological
investigation to assay their personality behavioral types. These data will
be processed and incorporated for further analysis into a file with 200 sets

of twins examined on the East Coast. Preliminary analyses of the data on the

twins examined on the East Coast are proceeding and will be prepared for pub-
lication. During the fiscal year 1970 two publications describing the method-

ological approaches of the NHLI twin studies have appeared (see publications).

Members of the staff of the Field Epidemiology Research Section have
continued to collaborate with the staff of the Framingham Heart Program in
continued analysis of the extensive Framingham data. A report of the results
of a special necropsy study on 137 decedents of the Framingham Heart Study
were reported at the 11th Annual Meeting of the Cardiovascular Epidemiology
Council. It was found that premorbid cholesterol levels correlate highly
with the amount of atherosclerosis found in the coronary vessels of deceased
men. It was further found that the major determinant of heart size in men
was the overall body size, whereas in women heart size was primarily deter-
mined by antecedent blood pressure levels. No variable stood out as a major
predictor of coronary atherosclerosis in women after adjustment had been made
for age. These differences in the sexes point to the possibility of there
being further variables which may be causally related to the development of
atherosclerosis in women as compared with men.

The Framingham Cardiovascular Disease Survey was launched in June of
1970 and has been proceeding well during this fiscal year. This 12-month
survey of mortality and morbidity in the entire town of Framingham, Massa-
chusetts is enumerating all new episodes of cardiovascular disease in this
defined population. The estimates of incidence of mortality of CVD obtained
from this cross-sectional survey will be compared with the rates obtained
from the longitudinal data from the Framingham Heart Study, which has fol-
lowed a subsegment of the town for the last twenty years. The cooperation
of the physicians and hospital staffs in the community have been excellent.

CA 68



Through April 14, 1971, 615 new cases of cardiovascular disease have
been identified. Preliminary results indicate that the major differences
between the cross-sectional and longitudinal data are in the softer end
points such as congestive heart failure and angina pectoris and that there

is reasonable concordance in the incidence of the hard end points such as

hospitalized myocardial infarction and CHD death.

Collaborative efforts have been proceeding on the analysis of data
obtained from a study of 345 acute coronary events which occurred in
Montgomery County, Maryland during 1969. This study attempted to delineate
the pattern of action taken by individuals who avail themselves of medical
care and contrasted these actions with those people who do not avail them-
selves of medical facilities and who subsequently die outside of hospital.
It has been clearly documented that the major source of delay in obtaining
medical assistance is in the patient's indecision about the true signifi-
cance of his early symptoms. A relatively short part of the delay interval
in getting to hospital is due to inadequacies of the available transport or

contact systems. Further analyses are proceeding on this data to identify
characteristics of those individuals who delayed which might lead to better
education programs of susceptible individuals.

In developing methodological techniques for coping with the various
problems encountered in these epidemiologic studies, the staff has been
exploring new models for estimating the components of heritability arising
in twin studies and regression models for longitudinal data. The staff has
also engaged in extensive literature reviews in several new areas which may
be developed in the next few years. These include reviews of industrial
hazards and exposures in relation to cardiovascular morbidity and reviews
of the role of hard water and trace metals in leading to atherosclerosis.

The in-house teaching seminars have continued under Mr. Robert
Garrison. The major seminar during the present year was on applied regres-
sion analyses. These weekly seminars were attended by: William
Blackwelder, David DeMets, Manning Feinleib, Wayne Fercho, William
Freidewald, Robert Garrison, Joan Gurian, Harold Kahn, James Neaton,and
Morton Raff.
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Serial No. NHLI-FERS-1
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A Twin Study of Genetic Factors in Cardiovascular Diseases

Previous Serial Number: NHI-FERS-1

Principal Investigator: Manning Feinleib, M.D.

Other Investigators: Robert J. Garrison, M.S.
Nemat 0. Borhani, M.D.

Ray Rosenman, M.D.

J. Theodore Schwartz, M.D.
Jeanne Tillotson, M.A.
Marthana Hjortland, M.P.H.

Cooperating Units: Section on Ophthalmic Field and Developmental
Research, NEI
Framingham Heart Study

Man Years (NHLI only)

Total: 1.4
Professional: 1.2
Other: • 0.2

Project Description:

Objective : To evaluate the relative contribution of environmental and
genetic factors to the development of cardiovascular diseases (CVD) and to
the levels of risk factors associated with CVD.

Methods Employed : 300 pairs of male twins aged 42-52 have been exa-
mined according to a standard protocol. Data have been gathered about past
environmental, family, and medical history and measurements of physiological
variables including lipoprotein determinations have been obtained. The data
will be analyzed by correlation methods and analyses of variance techniques.
During this fiscal year, 100 sets of twins residing in California were exa-
mined through contracts with Mt. Zion Hospital and University of California
at Davis as follows:

NHLI San Francisco Area Twin Study
Principal Investigator : Ray H. Rosenman, M.D.
Contract Amount: $11,180
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Serial No. NHLI-FERS-1
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

NHLI Sacramento/Davis Area Twin Study
Principal Investigator: Nemat 0. Borhani, M.D.
Contract Amount: $42,825

Major Findings : The major results to date involve the methodology of
conducting twin research. The feasibility of examining large samples of

such individuals according to a standard protocol have been established.
A report of these methods was included in a committee report on "Twin regis-
tries in the study of chronic diseases."

Significance to Bio-medical Research and the Program of the Institute :

Despite a growing awareness of the importance of genetic factors in CVD
there have been relatively few studies in this area. It is recognized that
twin studies are potentially the most powerful available for studying
genetic factors in human disease. The present study takes advantage of the

largest population of male twins yet assembled to study this important ques-

tion in relation to cardiovascular diseases.

Proposed Course of Project : Data tapes have been prepared for the 200

sets of twins examined in New England and the Washington, D.C. area. Analy-

ses are proceeding on these data. During the next fiscal year, the Cali-

fornia investigator will endeavor to examine an additional 200 sets of twins

in Southern California. Another contract has been let to the University of

Indiana to examine 100 sets of twins in Indiana and nearby Ohio and Kentucky.
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Serial No. NHLI-FERS-2
1. Clinical Applications, NHLI

2. Field Epidemiology Research
Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Analysis of Framingham Heart Study Data

Previous Serial Number: NHI-FERS-2

Principal Investigator: Manning Feinleib, M.D. (This refers to FERS service)

Other Investigators: William B. Kannel, M.D.

Tavia Gordon
Max Halperin, Ph.D.

Robert J. Garrison, M.S.
Thomas K. Landau, M.D.

Cooperating Units: Framingham Heart Study, NHLI
Biometrics Research Branch, NHLI

Man Years

Total: 1.2

Professional: 0.9
Other: 0.3

Project Description:

Objective : The Framingham Heart Study is a long-term prospective study
to elucidate the role of various risk factors in the incidence and natural
history of cardiovascular disease. During the past 20 years, a vast amount
of data has been collected. In cooperation with the Framingham Heart Study
and the Biometrics Research Branch of the NHLI, the FERS is assisting in the
analysis of certain portions of this data. The major areas that members of
the FERS are concerned with are:

1) The natural history of risk factors including hypertension,
obesity, and hypercholesterolemia.

2) The natural history of coronary heart disease including
studies of subsequent morbidity and survival.

3) Autopsy correlation with selected risk factors and
premorbid ECG findings.

4) Familial and spouse aggregation of CHD and associated risk factors.
5) Cancer and other disease end points.
6) Ascertainment of morbidity status of patients missing recent

Framingham examinations.
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Serial No. NHLI-FERS-2
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Methods Employed : New techniques are being developed to analyze longi-
tudinal data. These include application of the theory of stochastic pro-
cesses and regression procedures. Genetic models are being applied to exist-
ing familial data.

Major Findings :

1) A study of the natural history of angina pectoris revealed that sur-
vival after uncomplicated angina was no better than after that which arose
contiguous with a myocardial infarction, and survival after the onset of
either type of angina was about the same as among those who had survived the
acute phase of a myocardial infarction. This relatively poor prognosis
underscores the need for more effective means of treatment and the even
greater need for prevention. These findings were reported at the Annual
Meeting of the American College of Cardiology.

2) An analysis of data from a special autopsy study of 127 deceased
members of the Framingham cohort showed that in men heart weight and left
ventricular muscle thickness correlate with body size while in women they
correlate with pre-morbid blood pressure levels. The degree of athero-
sclerosis in the coronary vessels as measured at necropsy correlate in men
with their antemorbid cholesterol levels. This correlation was not found in

women. These findings were reported at the Eleventh Annual Conference on
Cardiovascular Disease Epidemiology.

Significance to Bio-medical Research and the Program of the Institute :

All of the goals of these analyses are of vital importance to the understand-

ing of the causes and course of heart disease. Many of these analyses have
had to await the accumulation of adequate numbers of cases to provide mean-
ingful rates and comparisons. It is anticipated that the results of these

analyses will provide essential information for guiding further research and
program planning.

Proposed Course of Project : These analyses and follow-up studies will
continue to be pursued during the forthcoming year. Several manuscripts
have been completed and others are in preparation for publication and pre-
sentation.
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Serial No. NHLI-FERS-3
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Framingham Cardiovascular Disease Survey

Previous Serial Number: NHLI-FERS-3

Principal Investigator: Manning Feinleib, M.D.

Other Investigators: James Margolis, M.D.
William B. Kannel, M.D.

Cooperating Units: Framingham Heart Study

Man Years

Total: 2.7

Professional: 1.2

Other: 1.5

Project Description:

Objective : This study is a twelve month mortality and morbidity survey
of the town of Framingham, Massachusetts to determine all new episodes of
cardiovascular disease. in this defined population. The estimates of inci-
dence and mortality of CVD obtained from this "cross-sectional" survey will
be compared with the rates obtained from the longitudinal data from the
Framingham Heart Study which has followed a subsegment of the town of
Framingham for the last 20 years. As part of the documentation of each new
event details are obtained about prodromal and precipitating factors in
cardiovascular disease as well as the resources used by the patients to
obtain medical care.

Methods Employed : Data on mortality and morbidity are obtained from
three sources: (1) death certificate records, (2) surveillance of local
hospitals and nursing homes and the major hospitals in surrounding communities
and (3) periodic survey of all physicians in the community. Data on the
prodromal cause and confirmation of the nature of the event are obtained
from two further sources: (1) personal interview and examining of surviving
patients, and (2) interview of spouse, other relatives or friends of the
CVD patients.

Major Findings : Preliminary results based on the first six months
experience indicate that the incidence of major cardiovascular events in the
total community is similar to that obtained in the longitudinal study.
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Serial No. NHLI-FERS-3
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

"Softer ' endpoints such as angina pectoris and congestive failure have
yielded different rates, AP is reported less frequently by the practicing
physicians while CHF is diagnosed more often than was predicted. It was
further found that the major source of delay in obtaining care for acute
coronary events was due to patient indecision.

Significance to Bio-medical Research and the Program of the Institute :

Cardiovascular diseases are by far the leading causes of morbidity and mor-
tality among adult men and women in the United States. Despite the vast
importance of these diseases it has been difficult to obtain accurate esti-
mates of their total impact. This is due to the fact that the recognition
and reporting of cardiovascular diseases are highly sensitive to the survey
methods used, the criteria of definition of disease, the level of medical
care in the community, and the health consciousness of the population. In

the past two decades there have been several cross-sectional studies of

cardiovascular disease in defined communities as well as several prospective
studies following samples of the population. Not surprisingly these have

resulted in widely varying estimates of the incidence and mortality from
these diseases. Since each of these studies was done by different investi-
gators using somewhat different techniques and criteria for definition it is

difficult to assess to what extent the differences in rates are due to the

methodology of studying the diseases or are due to real differences in the

rates within the defined populations. One way to avoid this difficulty is

to do a study in a defined population by two different techniques using

comparable methods and criteria. This is the study which is being conducted

in the Framingham area.'

Proposed Course of Project : The survey was launched in June 1970.

Through April 1971, there were 615 cardiovascular episodes reported. The

survey will end in June 1971 and the data will be processed and analyzed

during the next few months.
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Serial No. NHLI-FERS-4
1. Clinical Applications, NHLI

2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Medical Facility Utilization During Acute Coronary Episodes

Previous Serial Number: NHLI-FERS-4

Principal Investigator; Manning Feinleib, M.D.

Other Investigators: Robert J. Garrison, M.S.

Arthur Simon, M.D.

Angelo Alonzo, M.A.
Michael J. Davidson, M.D.

Cooperating Units: Montgomery County Health Department
Holy Cross Hospital
Maryland State Department of Vital Statistics

Man Years

Total: 2.2

Professional: 2.2
Other:

Project Description:

Objective : To describe the course of action taken by persons experi-
encing acute coronary episodes and to distinguish physiological, social,
cultural or geographic factors that may have influences the course of events
from the onset of symptoms until hospitalization or death.

Methods Employed : The admission records of Holy Cross Hospital were
systematically searched for cases admitted between January 18, 1969 and
January 17, 1970 for which the preliminary diagnosis was acute coronary
heart disease. If a patient resided in one of twenty-five previously
defined census tracts surrounding Holy Cross Hospital an interview with the
patient and those present at the time of his episode was subsequently
obtained. Death certificates from the Montgomery County Health Department
were also searched for persons meeting the above residence and date of death
requirements whose primary cause of death was listed as coronary heart
disease. The decedent's physician and immediate family were interviewed in
an attempt to obtain as much information as possible as to the circumstances
surrounding the death.
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Serial No. NHLI-FERS-4
1. Clinical Applications, NHLI
2. Field Epidemiology Research

Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Major Findings : The following points were made in a presentation at the

43rd Scientific Sessions of the American Heart Association in November, 1970:

"Of the 138 patients aged 34-75 dying outside the hospital 74% were male,
57% had a prior history of CHD, and 65% experienced prodromata prior to the

acute onset. Sixty-one percent communicated their symptoms prior to death,

14% died instantaneously, and 25% were found dead without prior communica-
tion. Thirty-five percent were dead within 15 minutes, 54% were dead within
one hour, and 84% by six hours. Two-thirds died at home, while only 4% died
at work. It is estimated that only 23% could possibly have been aided by

even the most sophisticated currently available mobile facilities, while the

remainder were either found dead or had arrested prior to an ambulance being
called."

Significance to Bio-medical Research and the Program of the Institute :

The utilization of health care facilities in the hours immediately following
an acute coronary event hopefully enhances the patient's chances of survival.
The present study attempts to elucidate those factors which influence the

patient's decision to seek or not to seek medical attention in the hours
following the onset of coronary symptoms. Particular attention has been
given to the differences between in-hospital patients and those who died
without reaching the hospital with a view to possible intervention. The

study's findings will perhaps allow a more systematic approach to the prob-
lem of health care utilization during acute episodes of heart disease.

Proposed Course of Project : Data acquisition on 293 in-hospital
patients and 142 outside hospital deaths has been completed. Analysis has

been completed on two studies of prodromal symptoms and out of hospital
deaths and manuscripts have been prepared. Further analyses will be pur-
sued during the next fiscal year. Further data are being collected accord-
ing to a common protocol by investigators in Evans County, Georgia, Honolulu
and Tecumseh, Michigan. These will be incorporated into future analyses to

provide for geographical comparisons.
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PHS-NIH
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

Publications

Feinleib M, Havlik RJ, Kwiterovich PO, Tillotson J and Garrison RJ:

The National Heart Institute Twin Study. Acta Genet Med Gemellol
19:243-247, 1970.

(Feinleib M) Twin registries in the study of chronic disease 'with

particular reference to the relation of smoking to cardiovascular
and pulmonary disease. Acta Med Scand. Suppl. 523, 1971. (A com-
mittee report)

.

Feinleib M: Venous thrombosis in relation to cigarette smoking,
physical activity and seasonal factors. In press in the Proceedings
of the Workshop on the Epidemiology of Venous Thrombosis.

Davidson MJ and Feinleib M: Carbon disulfide poisoning. A review.
Amer Heart J . In press, 1971.
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PHS-NIH
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

Unpublished Papers and Talks

Feinleib M, Kannel WB, Tedeschi CG, Landau TK and Garrison RJ:

The relation of ante mortem characteristics to cardiovascular
findings at necropsy: The Framingham Study. Presented at the

Eleventh Annual Conference on Cardiovascular Disease Epidemi-
ology, San Diego, March 1-2, 1971.

Feinleib M: The Framingham Autopsy Study. Presented at a Grand
Rounds, Framingham Union Hospital, April 27, 1971.

Feinleib M: Prognosis in breast cancer. Discussion. Presented

at the 130th Annual Meeting of the American Statistical Associa-

tion, Detroit, December 27-30, 1970.

Feinleib M: Venous thrombosis in relation to cigarette smoking,

physical activity and seasonal factors. Presented at the Workshop

on the Epidemiology of Venous Thrombosis, Bethesda, March 22-23, 1971.

Margolis JR, Kannel WB, Dawber TR: Unrecognized MI: The Framingham

Study. Presented at the Sixth Joint Meeting of the Clinical Society

and Commissioned Officers Association, Galveston, April 3-7, 1971.

Simon AB and Alonzo AA: An epidemiologic study of circumstances

surrounding sudden and non-hospitalized cardiac death. Presented at

the 43rd Annual Scientific Sessions of the American Heart Associa-

tion, Atlantic City, November 12-15, 1970.

Kannel WB and Feinleib M: Natural history of angina pectoris:

Prognosis and survival. The Framingham Study. Presented at the

20th Annual Scientific Session of the American College of Cardi-

ology, Washington, D.C., February 3-7, 1971.
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PHS-NIH
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

Participation in outside committees and organizations

Manning Feinleib:

was elected to the Executive Committee of the Society for

Epidemiological Research.

was appointed to the Committee on Disease Prevention of the

American Public Health Association.

was elected to membership in the American Epidemiological

Society and the International Epidemiological Association.

served on the International Study Group on Tobacco and Health,

New York City, October 22-23, 1970.

served on a task force of the Bureau of Occupational Safety

and Health, Cincinnati, February 3, 1971.

served on the Venous Thrombosis Workshop, Bethesda, March 22-23,

1971.

served as a program site visitor for the Training Grants and
Awards Branch , NHLI

.

served on the Panel of Advisors of the National Center for
Health Statistics.

served as a reviewer for the Journal of the National Cancer
Institute, the American Journal of Epidemiology, and the

Journal of Theoretical Biology.
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Jerusalem, Israel and

Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Israel-United States Cooperative Ischemic Heart Disease Study

Previous Serial Number: NHI-CS-3

Principal Investigator: Jack H. Medalie, M.B., Ch.B., M.P.H., Professor and
Head, Dept. of Family Medicine, Tel-Aviv University

Project Officer: William J. Zukel, M.D., D.P.H., Associate Director for
Clinical Applications, NHLI

Other Investigators: Henry N. Neufeld, M.D., Chief, Heart Institute, Tel-Aviv;
Egon Riss, M.D., M.Sc, Director, Heart Institute, Haifa;
Harold A. Kahn, M.A., Senior Statistician, NHLI;
Tavia Gordon, Supervisory Statistician, NHLI

Cooperating Units: National Heart and Lung Institute
Hadassah Medical Organization
Ministry of Health, Government of Israel
Hebrew University -Had ass ah Medical School

Man Years

:

Total: .7

Professional: .7

Other

:

Project Description:

Objectives : This is a prospective epidemiological study of hypertension
and ischemic heart disease in a defined segment of male government and municipal
employees of Israel. This population represents diverse ethnic and geographic
origins and differs in prevalence of cardiovascular disease.

The objectives of the study are to determine the biologic characteristics
including physical measurements, biochemical, dietary and psychosocial measure-
ments upon an adequate population sample size to allow the ascertainment of

incidence of morbidity and mortality from ischemic heart disease and hyper-

tension in relation to the measured characteristics.
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Jerusalem, Israel and

Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Methods Employed : The study population consists of 10,232 male Israeli

Civil Servants age 40 and over representing approximately 1500 subjects from

each of six geographical regions, Eastern Europe, Central Europe, South-
western Europe, Middle East, North Africa and Israel native-born.

A prevalence phase baseline examination was conducted in 1963 comprising

an extensive battery of standardized physical, laboratory, dietary, and

psychosocial measurements. 86.2 per cent of the invited individuals were
examined. The 1644 non-respondents did not differ appreciably in age or

place of birth from the respondents.

The population has now received two re-examinations, one in 1965 and one

in 1968 with a response rate of over 95% on both occasions. The period
between examinations has been marked by intensive morbidity and mortality
follow-up of all subjects.

Progress to June 1971 : Almost all basic data have been edited and placed
on computer tape. A series of tabulations are systematically being produced
to look at univariate and multivariate risk factor relationships to incidence
of ischemic heart disease, hypertension, diabetes, peripheral vascular disease
and also analysis of data on pulmonary function measurements.

Myocardial Infarction Incidence - In approximately 5 years (57 months)
427 cases of M.I. by ECG or sudden death within one hour were identified. The
average annual rates per 1000 at risk are 5.3 for age 40-49, 12.0 for age 50-

59 and 21.5 for those age 60 and over. The variation among areas of birth is

fairly narrow and well within chance limits. This finding is in contrast to

the prevalence data where variation among area of birth groups was more than
could reasonably be ascribed to chance. The incidence data are less subject
to qualification than the prevalence data and strongly suggest that variation
in "way of life" as a child or young adult does not have the determining effect
on risk of myocardial infarction in the adult years.

Factors measured after age 40 which were significantly related to M.I.
incidence in single variable analyses are:
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Jerusalem, Israel and

Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Single Variables (Age and Area Adjusted) Related to 5 Year Incidence of
Myocardial Infarction

1

.

Blood Groups
2. Socio -demographic

Clinical

<.01
Level of Association

Biochemical

Behavioural

AlBJkd
~

Age
Area of birth
No. of persons living together
Weight/height
Blood pressure (systolic and diastolic)
Pulse rate
Angina pectoris
Diabetes mellitus
Peripheral arterial disease
Intermittent claudication
ECG computer diagnosis of infarct;
ischemia; RBBB; LVH; N-S t -waves;
left axis deviation

Total cholesterol
Cholesterol in alpha lipoprotein
% cholesterol in alpha lipoprotein
7o cholesterol in beta lipoprotein
Hemoglobin/hematocrit
Glucose (casual)
Smoking
On diet

Angina Pectoris Incidence - These tabulations are not yet final but one

interesting observation in the preliminary data is that very many of the

psychosocial variables are related to incidence of AP whereas these variables
were very little associated with incidence of MI. A further difference is

the clear association of cigarette smoking and the amount smoked with myo-

cardial infarction incidence but not with incidence of angina pectoris.
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Jerusalem, Israel and

Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Significance to Bio-medical Research and the Program of the Institute :

This large prospective study of coronary heart disease in Israel affords an

opportunity to investigate whether factors established as related to CHD
risk elsewhere are also important in this heterogenous population; to
investigate the importance of other factors such as psychosocial stress and
diet and to evaluate whether great differences in "way of life" 10 or more
years prior to the current observations are related to important differences
in incidence of CHD. Migration patterns have produced a unique natural
experiment for testing a number of hypotheses relating to CHD with methodology
comparable to the Framingham Study.

Proposed Course of the Project : The available funds are being used so as
to permit maximum tabulation and analysis of this rich body of data. Harold
Kahn continued intensive collaboration with the Israeli investigators in the
planning of tabulations, analysis of data and the write-up of results up to
the time of his transfer to the National Eye Institute in January 1971. Mr.
Tavia Gordon will continue the statistical consultation for planning further
tabulations and analysis of the sizable remaining data.

Since the analysis work yet to be done cannot be accomplished by the end
of calendar 1971 within the remaining P.L. 480 funds, some mechanism of
further support for the statistical group in Israel will be necessary for at
least one more year to produce full analysis of the extensive data from
this study.

Publications : Kahn, H.A. et al.: The screening efficiency of two variable
cross classifications compared to discriminant functions. Israel J. Med. Sci. ,1970.

Herman, J.B., et al.: Diabetes incidence, a two year follow-up of 10,000 men
in a survey of ischemic heart disease in Israel. Diabetes JJh 938-943, 1970.

Sive, P.H. et al . : The correlation of weight-height index with diastolic and
with systolic blood pressure. Brit. J. Prev. & Soc. Med. 24: 201-204, 1970.

Balogh, M. et al.: Repeat 24-hour dietary recalls on the same individuals at
random dates during the year. Am. J.Cl.Nutr . 24: 304-310, 1971.

Medalie, J.H. et al.: A note on the association between blood pressure and peptic
ulcer incidence. Lancet II: 1225, 1970.

Medalie, J.H. et al.: Problems of quality control in a long term epidemiological
study. Israel J. Med. Sci. 6: 93-95, 1970.
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Serial No. NHLI-BRB

1. Clinical Applications
2. Geographical Pathology

3. Zagreb, Yugoslavia

PHS-NIH
Individual Project Report

July 1, 1970 through June 30,1971

Project Title: Epidemiological Investigation of Ischemic Heart Disease and

Hypertension in Yugoslavia

Previous Serial Number: NHI-CS-6

Principal Investigator: Bojan Pirc, M.D., Professor of Biostatistics,

Andrija Stampar School of Public Health, U. Zagreb

Co-Investigator: Djordje Kozarevic, M.D., M.P.H., Chief, Chronic Diseases

Program, Fed. Inst. Pub. Health, Belgrade

Project Officer: William J. Zukel, M.D., D.P.H., Associate Director for

Clinical Applications, NHLI

Other Investigators:

Cooperating Units

Danimir Bartolivic, M.D., Director of Public Health,

Remetinec; P. Shalek, M.D., Cardiologist, Zagreb;

Sulejman Azabagic, M.D., Director of Pub. Health, Tuzla;

M. Strasser, M.D., Cardiologist, Tuzla; Dr. Josipovic,

Cardiologist, Tuzla; Tavia Gordon, Supervisory Stat.,

NHLI; T.R. Dawber, M.D., Consultant, NHLI

National Heart and Lung Institute

Federal Institute of Public Health, Belgrade

Health Statistics Center, Belgrade
Public Health Center, Remetinec

Mayor and Council of Remetinec
Institute of Hygiene, Zagreb

School of Public Health, Zagreb

Institute of Hygiene, Ljubljana

Public Health Center, Tuzla

Hospitals and Medical Care Department, Tuzla

Mayor and Council of Tuzla Commune

Man Years

:

Total:
Professional
Other:

15

15
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Zagreb, Yugoslavia

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Description:

Objectives : The specific objective of this study is to determine the

incidence of different forms of cardiovascular diseases in rural and industrial
populations and the relationship between incidence rates and ethnic origin,

diet, type of work, physical activity, body type, and personal habits such as

the use of tobacco and alcohol. The principal cardiovascular diseases studied
will be hypertension and coronary (ischemic) heart disease. The primary
emphasis will be upon the study of the incidence of these forms of cardio-
vascular disease in newly industrialized populations. A unique opportunity
exists in Yugoslavia to study the incidence of cardiovascular diseases in a

rural population as it becomes industrialized.

Methods Employed : Selection of two cities with desired population
characteristics was made and the groundwork of establishing medical and

community acceptance was carried out in Remetinec near Zagreb and Tuzla
in the mountains southwest of Belgrade.

A census of men aged 35 to 64 was conducted identifying 6,856 eligible
subjects in Tuzla, the Moslem community and 5,018 eligible subjects in

Remetinec, the Christian community.

An epidemiological study plan adapted to local circumstances was drawn
up with central elements of comparability to the Framingham Study. This
standardized protocol was developed and pretested. Staff were trained and
interstudy comparability established including arrangements for central
laboratory processing of blood for biochemical determinations.

The first examination cycle was completed in 1964 attaining 94 per cent
of the eligible subjects of Tuzla and 92 per cent of eligible subjects in
Remetinec.

The second examination cycle was conducted in 1966-67 and more than 90
per cent of the original subjects were re-examined. The health status of

living non-respondents has been established to some degree so that some
information on the complete cohort is available.

Progress to June 1971 : Final diagnoses for the second examination and for

interim morbidity and mortality have been established and the incidence of

myocardial infarction calculated. Morbidity and mortality follow-up continue
pending the final re -examination cycle planned to begin in May 1971.
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Zagreb, Yugoslavia

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Major Findings ; In the 27 months between Exam I and Exam II only 32
cases of definite MI by ECG, left bundle branch block or CHD death were
identified among the 11,009 men at risk. Age-adjusted "two year" incidence
rates/1000 for definite MI by ECG or CHD death are 1.2 in Tuzla and 1.5 in
Remetinec. These rates are only about 15% as high as those for an equivalent
age group in Framingham. The small number of new cases to date makes it
difficult to evaluate factors related to increased risk but the new cases
were (on the average) older, fatter and heavier with higher serum cholesterol
and systolic blood pressure and less physically active than the population at
risk. . Only age and systolic blood pressure presently show significant
differences. Age-adjusted rates are twice as high in the total urban as

compared to the total rural population. Although this difference is signifi-
cant and is in the expected direction with respect to differences in physical
activity, serum cholesterol, weight and skinfold thickness we hesitate to

stress it since at present we have only 11 incidence cases in rural areas.

The added 3 years of follow-up which now will be available in undertaking the

Exam III cycle will provide further incidence cases needed for analysis.

A supplementary product of this cardiovascular study is the finding of a high

prevalence of obstructive pulmonary disease. The table below illustrates

these findings:
Prevalence of Obstructive Lung Impairment

Moderate Mild or

Borderline
Tot;lis

or

Severe

26 . 77. 22 . 17. 48 ,8Z

18.97. 22.47. 41 .37.

9.17. 20 . 17. 29 ,27.

Remetinec
Tuzla
Framingham V

Significance to Bio-medical Research and the Program of the Institute :

Having identified the very low rate of myocardial infarction incidence

experienced by these populations we now have the opportunity to search for

possible protective factors in this population. The additional finding of

high prevalence of pulmonary disease provides an opportunity to study the

epidemiology of chronic obstructive lung disease.
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Serial No. NHLI-BRB
1. Clinical Applications
2. Geographical Pathology
3. Zagreb, Yugoslavia

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Proposed Course of Project : A visit to the project was made in March
at which time the final examination cycle was out lined. Three major objectives
will affect the design of the final examination: 1) incidence determination
to firm up the low rates observed to date on very few cases and 2) descriptive
measures focused on contrasting this population with others in an effort to

identify why the Yugoslavia rates are so low and 3) undertaking a new
epidemiological study of obstructive pulmonary disease.

Publications : Kozarevic, D., Pirc, B., Dawber, T.R., Kahn, H.A. and
Zukel, W. J. : Prevalence and incidence of coronary disease in a population
study. The Yugoslavia Cardiovascular Disease Study. J. Chr. Dis. In Press

Pirc, B., Kozarevic, D., Dawber, T.R. and Kahn, H. : The epidemiologic study
of cardiovascular diseases in Yugoslavia. Methodology with special reference
to Third Examination. Monograph In Press
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Serial No.
1. Clinical Applications

2. Geographical Diseases

3. Honolulu, Hawaii

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Honolulu Heart Disease Epidemiology Study

Previous Serial Number:

Principal Investigator: Abraham Kagan , M.D.

Other Investigators

Co-operating Units:

Grant N. Stemmermann, M.D.
George G. Rhoads , M.D.
Robert M. Worth, M.D.
Peter D. Zeegen, M.D.
Takuji Hayashi, M.D.
Jordan S. Popper, M.D.
Tavia Gordon

University of Hawaii
Kuakini Hospital
Atomic Bomb Casulaty Commission,

Hiroshima
University of California School of

Public Health, Berkeley
Community Medicine Program, San Francisco
National Cancer Institute

Man Years

Total: 13
Professional: 5

Other: 8

Project Description:

Objectives

The reported coronary heart disease mortality rate of men
of Japanese descent in the United States is two to three times
as great as that of men of the same age in Japan. Conversely,
the cerebrovascular disease mortality rate in Japan exceeds that
in the United States. This difference in mortality experience
in two groups of men of similar ethnic origin is evidence for
the importance of some environmental factor (s) in the causation
of these differences.
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The purpose of the present project, being carried out in
co-operation with the Atomic Bomb Casualty Commission in Hiroshima
and Nagasaki, Japan, with the University of California School of
Public Health, Berkeley, and with the Community Medicine Program,
San Francisco, is, first, to test and assess carefully the degree
of these reported differences in disease experience with regard
to morbidity as well as mortality, and, second, to delineate the
environmental factor (s) responsible for the differences.

Methods Employed

Parallel studies began in Honolulu and in Hiroshima-Nagasaki
in January 1965, utilizing comparable self-administered question-
naires specifically devised for the purpose. The study cohort in
Hawaii was identified expeditiously through Selective Service
registration records, the addresses being updated by the use of
business and telephone directories and of State agency rolls.
Because of Hawaii's geography and the United States' immigration
policy, in- and out-migration of Japanese men has been relatively
small, and these men are therefore well defined by the thorough
Selective Service registration which occurred during the early
1940's.

The first phase of the study, collection of data by a self-
administered questionnaire, was completed in late 1965. Of the
total 12,417 questionnaires which were mailed out, 9,878 were
completed and returned. These 9,87 8 men constituted the cohort
which was to be examined.

This examination, the second phase of the study, began in
late October 1965, after two months of pretesting, with appropri-
ate revision o'f forms and modification of procedures. In addition
to routine cardiovascular measures, the subjects are being
characterized according to a 24-hour diet history, various
anthropometric variables and detailed blood measurements. Serum
is being analyzed for glucose, one hour after a 50 gram glucose
load, for uric acid, for cholesterol, and for triglyceride.

The first examination of the cohort was completed in
November 1968, with the examination of 8,006 subjects. The com-
parable examination cycle in Hiroshima-Nagasaki required only two
years, and in California through the use of the Kaiser multiphasic
screening facilities, the examination cycle was completed in
August 1970, less than one year after its start.

A program of re-examinations was initiated in October 1967,
with the examination format altered by the omission of the 24-
hour diet history but with the addition of a brief, structured
neurologic examination to provide data on the prevalence of
stroke. A repeat electrocardiogram was done to provide data on
the incidence of myocardial infarction. The oral glucose load
was eliminated but blood was drawn and the serum was frozen for
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future lipid and other chemical determinations. Such determi-
nations were performed on a current basis on a 20% sample of
those examined for the second time. The second cycle of exami-
nations at Honolulu was completed in November 1970. 7,498, or
94% of the examinees returned for a second examination two years
following the first. 82 men died within 24 months of their
initial examinations. Of the 426 survivors who failed to return,
contact has been made with 413. 390 were reportedly free of
coronary heart disease and of cerebrovascular disease in the two
years following their first examinations. Five have had documented
myocardial infarctions and eight have had documented strokes.
23 men have not yet been contacted and are thus far lost to
follow-up, although they are believed to be alive.

Serum samples and electrocardiograms are being interchanged
with the Hiroshima investigators, and staff pathologists from
both Hiroshima and Honolulu are independently grading the athero-
sclerotic lesions in necropsy material from both areas. In
addition, electrocardiograms from all three studies are being
mounted on identical forms and Xerox copies of these cardiograms
are being interpreted and coded by trained personnel in the
laboratory of Dr. Henry Blackburn in Minneapolis.

Information was gathered relative to symptoms of chronic
bronchopulmonary disease. Forced expiratory spirograms were
recorded on all examinees, and sample records were sent regularly
to Dr. Roberts in Bethesda for quality control. For those indi-
viduals with chronic productive cough, sputum was collected for
pathologic examination. In a group of men with chronic obstruc-
tive lung disease and in matched controls, determination was
made of Alpha-1 antitrypsin level in serum.

The third phase of the study is an on-going system of
surveillance of hospitalizations and deaths in these subjects,
with particular emphasis on heart attack and stroke. This
surveillance is being maintained on all Japanese men living on
Oahu, born between 1900 and 1919, whether or not they responded
to- the initial questionnaire or were examined, in order to com-
pare the morbidity and mortality experience of respondents and
nonrespondents . Using detailed pretested criteria, the staff
medical record librarian carefully screens all Oahu hospital
discharge records and death certificates, and these records are
then regularly reviewed by the staff epidemiologists who assign
most probable diagnoses in each case. In addition, the staff
pathologist participates in the majority of necropsies of these
men, using standardized methods for grading atherosclerotic
lesions.

Two substudies are currently being carried out in collabo-
ration with other groups in the United States, one an analysis
of the distribution in our cohort of lipoprotein phenotypes , the
other a study of the precursors of acute myocardial infarction
and sudden death.
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Major Findings

A comparison of the characteristics of the three Japanese
populations under study reveals that the Hawaiian men closely
resemble the Californians in height, weight, skin-fold thicknes
hematocrit, and uric acid. In both of these American cohorts th
men are only slightly taller than those in Japan. In the other
variables, the American measurements are substantially greater
than those in Japan. The Hawaiian cohort resembles the Japanese
in measures of ventilation, both in terms of total forced expi-
ratory volume and in the one-second forced expiratory volume as
a per cent of the total. They also resemble each other in sys-
tolic and diastolic blood pressures. In these measures California
values are higher than in the other two cohorts. Hawaiian serum

j

glucose values are slightly higher than Californian, which are,
in turn, slightly higher than those in Japan. The most striking

j

difference is between Hawaiian and Japanese men in the older age .

groups. California cholesterol values are slightly higher than
Hawaiian, which are, in turn, much higher than those in Japan.

The dietary data in California have not yet been evaluated.
The major dietary differences between Japan and Hawaii are in the

\

preponderance in the diet in Japan of complex carbohydrates,
primarily in the form of rice, and the lower intake there of fat,,'

only around 1.5 per cent of caloric intake in Japan being in the
form of fat. The Hawaiian Japanese diet is characterized by its
higher intake of animal protein, simple sugars, and fat, 34 per
cent of calories in Hawaii being in the form of fat with a pre-
ponderance of saturated fat.

A substudy has been performed on samples of men both in
Japan and in Hawaii stratified according to serum cholesterol
levels, to determine more quantitatively their dietary intake by
means of a 7-day diet record. Volunteers among men in Hawaii
have had a needle aspiration of subcutaneous adipose tissue for
analysis of the fatty acid composition by gas chromatography.

The prevalence of coronary heart disease at the first exami-
nation was analyzed using the categories for which data are
available in published material from Framingham and from the
Atomic Bomb Casualty Commission. Combining subjects with definit
or possible electrocardiographic evidence of myocardial infarctic:
and those with angina pectoris, a total prevalence rate of 32.3
per thousand was obtained for Honolulu. This compares with rates
of 47.2 and 18.2 per thousand for Framingham and Japan, respec-
tively. These differences are statistically significant and are
not explained by age. Analysis limited to cases with definite
electrocardiographic evidence of prior myocardial infarction
showed the same trends, but the differences were not significant
at the five per cent level.
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101 men developed new coronary heart disease during the two
years following their first examination. The annual incidence
rate ranged from 2.5 per thousand in those aged 45 to 49, to
11.7 per thousand in those aged 65 to 68. Here, again, the rates
are intermediate between those in Japan and those in Framingham.
Age-adjusted means for selected variables were contrasted for
the subjects developing coronary heart disease and for the rest
of the population at risk. The most significant difference was
the higher systolic blood pressure in the cases. Also signifi-
cantly greater among the cases were various measures of adiposity
such as skin-fold measurements, cholesterol levels, and levels
of non-fasting triglyceride. There was no difference between the
serum glucose levels of the two groups. In a discriminant
function analysis, age, sum of skin folds, cigarette smoking,
systolic blood pressure, and cholesterol were found to be statis-
tically significant predictors of coronary heart disease incidence.

Updated mortality figures reveal that between 1965 and April
1970, 677 deaths occurred among Japanese males on Oahu who had
been born between 1900 and 1919. According to their death certifi-
cates, 181 or 27% died of coronary heart disease and 86 or 13%
died of cerebrovascular accidents.

Proposed Course

Surveillance of the members of the cohort for the development
of lethal and nonlethal cardiovascular and cerebrovascular disease
has been provided by the community-wide surveillance program; and
it is anticipated that this component of the program will continue,
and in the future will be increasingly important as the study
population ages, and as ever greater man years of health experience
are accumulated. Diagnostic criteria for morbidity and mortality
have been pretested extensively; agreement has been reached to
use the 8th Revision of the International Classification of
Diseases and Causes of Death to ensure comparability with the
other studies; and common methods of data processing, tabulation
and analysis have been developed and agreed upon.

In the course of the next fiscal year, the call back of the
sample of about 3,000 men in the NHLI Collaborative Lipoprotein
Typing Project will be completed. Also to be continued are the
interviews on survivors of acute myocardial infarction and on the
families, physicians and friends of cases of fatal coronary heart
disease, as well as on a matched sample, in order to investigate
the circumstances preceding, and the factors precipitating, acute
myocardial infarction and sudden death.

We will continue the use of postmortem coronary angiography
to assess the interrelationships between surface area involvement
with coronary atherosclerosis, the degree of coronary stenosis,
and the occurrence of ischemic myocardial lesions.
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In conjunction with the National Cancer Institute, we will
participate in a third cycle of examinations with emphasis on
the detection of interim coronary heart disease and of interim
stroke. The estimated three-fold increase in the number of inci-
dence cases detected in this six-year follow-up examination will
allow us to develop more precise age-specific incidence rates
for coronary heart disease in general, as well as age-specific
rates for specific manifestations of coronary heart disease,
especially of hard, documented cases of myocardial infarction.
Such rates developed through examination will be more comparable
to the rates developed in Hiroshima and in Framingham and in
other mainland cardiovascular disease study centers than rates
which we can measure by surveillance alone. In the course of
our two-year incidence follow-up, we identified in our population
at risk only 28 new cases of stroke, confirmed on record review
by our consultant neurologist. It is hoped, with the population
now older and with six years of follow-up rather than only two,
that it may be possible to relate stroke incidence also to risk
variables in this cohort.

Publications

:

Worth, R.M. and Kagan, A. : Ascertainment of men of Japanese
ancestry in Hawaii through World War II Selective Service
registration. J. Chron. Pis. 23:389-397, 1970.

Epidemiologic Studies of Coronary Heart Disease and Stroke in
Japanese Men Living in Japan, Hawaii, and California, Research
Plan, ABCC Technical Report 12-71. Atomic Bomb Casualty
Commission, Hiroshima, 1971.
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Serial No. NHLI

PHS-NIH
Individual Project Report

July 1, 1970 through June 30,

Clinical Applications
Geographical Diseases
San Juan, Puerto Rico and

Bethesda, Maryland

1971

Project Title: Epidemiological Study of Coronary Atherosclerosis in

Puerto Rico

Previous Serial Number: NHI-CS-5

Principal Investigator: Mario R. Garcia-Palmieri, M.D., Professor and Head,

Department of Medicine, University of Puerto Rico
School of Medicine, San Juan, Puerto Rico

Project Officer: William J. Zukel, M.D., D.P.H.
Clinical Applications, NHLI

Associate Director for

Other Investigators:

NHLI

Cooperating Units

:

Raul Costas, M.D., Asst. Prof. Med.; Mercedes Cruz

Vidal, M.D., Med. Instr.; Mercelino Cortes, M.D.,

Assoc. Med.; Dr. Patterne (^ time); Angel A. Colon, M.D.

Asst. Prof. Med.; Raquel T. Llauger, Res. Stat.;

Emilio Nazario, Sup. Tech.

Joyce Schiffman, Stat. Consult.

Jeanne Tillotson, Nutr. Consult.

William B. Kannel, M.D., Med. Liaison, Framingham

Albert Roberts, M.D., Pul. Dis. Consult.

National Heart and Lung Institute
University of Puerto Rico School of Medicine

Department of Public Health
Office of Census, Puerto Rico Planning Board

Information Processing Division, Medical Center

Medico-Legal Institute
Municipalities of Bayamon, Guaynabo, Carolina, Catano

(urban), Naranjito, Comerio, Corozal, Cidra, Aguas

Buenas, Barranguitas (rural)

Man Years

:

Puerto Rico
NHLI
Other
Total:

Professional 8^
Professional 3/4

20

29%
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Serial No. NHLI
1. Clinical Applications
2. Geographical Diseases
3. San Juan, Puerto Rico and

Bethesda, Maryland
PHS-NIH

Individual Project Report
July 1, 1970 through June 30, 1971

Project Description:

Objectives : To determine the factors which are significantly associated

with an unusually low death rate from coronary heart disease and a reduced

severity of coronary atherosclerosis found on autopsy among men age 45-64

living in Puerto Rico. Pilot investigations confirmed a death rate approxi-
mately one-third of that found for the same age men on the U.S. mainland. It

was further found that this low mortality and reduced severity of athero-
sclerosis of the coronary arteries could not be explained by out-migration of

the sick, errors in the statement of age, under -reporting of deaths or

significant errors of diagnosis.

Further pilot field surveys in the urban and rural populations revealed a

heterogeneity of diet, physical activity and lipid levels which would make
possible testing of the validity of the risk factors established for the
Framingham population in another U.S. population with a very low incidence
of coronary disease.

A relatively high autopsy rate of 55 per cent of all deaths provides a further
opportunity for direct correlations of severity of lesions in the coronary
vessels with antecedent biochemical measurements in this population.

Methods Employed : A special census of all males age 45-64 living in
specified rural and urban municipios has been conducted to identify a total
population of 4,000 rural, 4,000 urban lower socioeconomic and 4,000 higher
socioeconomic subjects.

A comprehensive standardized protocol was developed and pretested, a manual of
operations completed and staff trained in conducting the necessary procedures
for information collection, clinical, laboratory, autopsy, data processing
and quality control.

A prospective epidemiological investigation on this population began in July
1965 and completed its baseline examination cycle in December 1968. An
incidence examination cycle was initiated under a schedule allowing a 2 year
interval from the first examination. Concurrent morbidity, mortality and
autopsy data are being gathered to relate to baseline measured characteristics.
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Serial No. NHLI
1. Clinical Applications
2. Geographical Diseases
3. San Juan, Puerto Rico and

Bethesda, Maryland
PHS-NIH

Individual Project Report
July 1, 1970 through June 30, 1971

Progress to June 1971 : The Exam II incidence cycle is approaching 90%
re-examination of those males examined at baseline in the period 1965-68 with
an interval of approximately 2% years elapsing for incidence observations.
Four areas have been completed: Bayamon (urban) with 91% re-examined;
Naranjito (rural) with 94% re-examined; Comerio (rural) with 91% re-examined;

and Barranguitas (rural) with 91% completed. An additional 37» of subjects

have died and causes of death reviewed. Autopsy rate has been 52% in the

urban area and 38% in the rural area. Pathological specimens have been

collected for study on 73 deaths.

Major Findings : Analysis of prevalence data from Exam I cycle is con-

tinuing while the incidence study has been in progress. Urban-rural differences

in a number of characteristics have been found and these are under analyses.

Among these differences are serum cholesterol, triglycerides, relative weight,

blood glucose, physical activity and diet variables-per cent of calories from

fat, P/S ratio, and per cent carbohydrate from starch.

No correlation of physical activity with serum cholesterol was found. As much

as one half of the difference in serum cholesterol and as much as two-thirds

of the difference in triglycerides could be explained on the basis of dif-

ferences in relative weight, blood glucose and physical activity index.

Relative weight was the most significant determinant of both glyceride and

cholesterol levels. These data suggest that the principal determinant of

lipid levels in this population involves factors which promote obesity rather

than any specific nutrient content of the diet.

Preliminary coronary incidence data have been looked at within the 4 completed

municipios. On the basis of 2% years incidence rates, some urban-rural dif-

ferences in definite coronary heart disease (MI, CHD death, definite CI, AP)

are present in the younger males (40-54) 18.1 vs 8.8 per 1000. Incidence rates

for men 55-69 years of age are more similar (20.8 vs 18.5 per 1000).

Age specific mean levels found in the coronary cases differed from non-coronary

cases in the following risk variables:
Relative weight
Systolic blood pressure
Diastolic blood pressure

LVH on ECG
Fasting and non-fasting blood cholesterol

Fasting and non-fasting triglycerides

Fasting and non-fasting blood glucose
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Serial No. NHLI
1. Clinical Applications
2. Geographical Diseases
3. San Juan, Puerto Rico and

Bethesda, Maryland
PHS-NIH

Individual Project Report

July 1, 1970 through June 30, 1971

The low number of incidence cases will preclude establishment of the

significance of these findings, however, the trend is promising.

Inters tudy comparisons with findings from Framingham and Honolulu are in

progress by exchange of electrocardiograms for blind readings of positive
and suspect cases of myocardial infarction. It is apparent that the Puerto
Rico incidence rates will be low in comparison with Framingham but the

exact level will need to be determined.

Significance to Bio-medical Research and the Program of the Institute :

This study in a U.S. population exhibiting low coronary disease rates
provides a potential for establishing the characteristics which are natural
determinants of low coronary disease rates. From the preliminary trend of

findings, it appears that data will be developed to extend down to a lower
range the importance of cholesterol levels and should clarify the importance
of triglyceride levels which have been measured in this population.

Extensive dietary data have also been collected and will be subjected to

intensive analysis to seek further clarification of this important aspect
of the question.

Proposed Course of Project : Following a project site visit by members
of the Epidemiology and Biometry Advisory Committee, the recommendation has
been made to increase the period of incidence observation into an additional
cycle to provide sufficient added events to enable the establishment of

definitive conclusions relating to the major variables under investigation.

Publications : Garcia-Palmieri, M.R. et al.: Risk factors and prevalence
of coronary heart disease in Puerto Rico. Circ. 42: 541-549, 1970.

Garcia-Palmieri, M.R. : La Cardiopatia Coronaria en Puerto Rico: Estudio
sobre Factores Relacionados con su Desarrollo. Conferencia Anual Dr. Ramon
M. Suarez. Bol. Asoc. Med. P. Rico 63: 1, 1971.
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Serial No.

1. Clinical Applications, NHLI
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Nutritional Studies in Conjunction With Epidemiological Studies
of CHD Conducted by the Branch.

Previous Serial Number: None

Principal Investigator: Jeanne Tillotson, Consultant Dietitian

Other Investigators: None

Cooperating Units: Programa de Salud Del Corazon, University of Puerto Rico,
San Juan, Puerto Rico

Tripartite Study:
Honolulu Heart Program, Honolulu, Hawaii
Atomic Bomb Casualty Commission, Hiroshima, Japan
California Japanese -American Stroke Study, University

of California, Berkeley, California
Framingham Heart Program, Framingham, Massachusetts

Man Years

Total: 1.5

Professional: 1.0
Other: 0.5

Project Description:

Objective : The nutritional studies in progress in the above areas are
designed to assess the relationship of dietary habits to serum lipid levels,
and to the prevalence and incidence of CHD. These particular geographic
locations are of interest because dietary patterns common among Puerto Ricans
and Hawaiian Japanese, (together with those being studied in the companion
study in Hiroshima, Japan with the cooperation of the Atomic Bomb Casualty
Commission) are sufficiently different from current mainland-USA dietary
patterns to make possible an interesting natural experiment. A study of men
of Japanese ancestry in the San Francisco Bay area has now been completed as

the third sector of this tripartite study. Serum cholesterol levels show

different mean levels between Japanese men in Japan and Hawaii; differences

also exist between rural and urban groups under study in Puerto Rico, and in

general all levels are lower than those recorded in the Framingham Study.

Principal differences between dietary intake levels in these areas versus

mainland -USA lie in (1) generally lower levels of fat intake, (2) correspond-

ingly lower intakes of saturated fat, (3) lower intakes of dietary cholesterol,

(4) a larger proportion of the carbohydrate intake as starch, and (5) lower
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Serial No.
1. Clinical Applications, NHLI

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

mean caloric intakes with generally higher levels of physical activity and

correspondingly less obesity. These are all topics of current interest in

this country; some of these were investigated during the National Diet-Heart
Study conducted in 1963-64 but no firm conclusions have yet been reached.

Dietary patterns within Puerto Rico are changing with increasing urbanization
and better economic conditions; the same is true of the Japanese who migrated
to Hawaii. Dietary patterns which prevail now are ideal for study; within a

few years these dietary differences (and differences in mean serum lipid
levels) may disappear. The nutrition studies were initiated with the beginning
of each study. Progress for the current year parallels the progress of each
study as a whole.

One problem which is encountered by investigators attempting to demonstrat<
a significant relationship between blood lipid levels and dietary intake is

the tremeiadous difficulty in measuring true dietary intake of individuals in
a group, and the tendency for members of the group to show greater variation
within than between members. For this and for other reasons, correlation
coefficients computed between intake of specific nutrients and serum lipid
levels are discouragingly low. In order to obtain a better perspective of the
value of the simple correlation coefficient in this type of analysis, the
Diet-Heart Study data were re-examined in this way. This paper (showing that
even in a carefully controlled study in which there were demonstrable changes
in nutrient intake and corresponding changes in serum cholesterol but
disappointingly low correlation coefficients) is ready for publication.
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July 1, 1970 through June 30, 1971

CLINICAL APPLICATIONS

TRIPARTITE STUDY OF MEN OF JAPANESE ANCESTRY IN JAPAN,
HAWAII, AND CALIFORNIA

Dietary studies in the three collaborating studies have been planned
since their inception so that dietary data will be comparable. A 24-hour
dietary recall interview (comparable to those used in Puerto Rico and
Framingham) was obtained from all subjects in Japan and Hawaii and on a

subsample of the California cohort. Additionally, 7-day diet records were
collected on subsamples of the Japanese and Hawaiian cohorts in order to

validate Exam I dietary data and to obtain better estimates of dietary intake

at the level of the individual. During Fiscal 1971 representatives of the

tripartite studies met to outline plans for data analysis. A paper on the

dietary methodology of the three studies originated here in Bethesda and is

presently out for review by co-authors in the other areas. Also, the

tripartite study protocol, including common dietary protocols, was prepared

for publication. A paper on the relationship of dietary intake to serum

cholesterol levels in the tripartite studies is originating in the Hiroshima

office and will be circulated from there.
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CLINICAL APPLICATIONS

FRAMINGHAM HEART PROGRAM

The principal dietary study in the Framingham Heart Program was conducted
a number of years ago. During fiscal 1970, male subjects age 47-64 were
interviewed using a 24-hour dietary recall form designed to be very similar to

those in use in Puerto Rico and Honolulu during the first examination cycles.
The primary purpose for conducting the same type of interview in Framingham
was to obtain up-to-date information on dietary intake patterns of mainland-
USA men for comparison purposes. More than 600 interviews were collected and

keypunched. Data processing and analysis has been delayed due to staff

shortages.
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CLINICAL APPLICATIONS

PUERTO RICO HEART PROGRAM

Data from the first examination cycle are edited and analysis is proceeding;
a preliminary article including a minimum of dietary analysis has been submitted
for publication. A substudy including some 1500 fasting members of the cohort
in which lipoprotein electrophoretic techniques were used will include
analysis of nutrient intake as one of its parameters. On the basis of these
preliminary analyses, it appears that body weight (or calorie balance) is

more highly correlated with lipid levels (especially with fasting triglycerides)
than is the intake of any specific nutrient per se . This seems to hold in

spite of the fact that rural and urban Puerto Rican serum cholesterol and
triglyceride levels are significantly different and their intakes of most
major nutrients (fat; saturated fat; cholesterol; complex carbohydrate) are

also significantly different. While there is a mean difference of only 60

calories between the rural and urban groups, the mean difference in body weight

is 18 pounds, a factor which must overshadow any subtle effect of any particular
nutrient. This dietary intake information was collected by 24-hour recall,

a method known to be good for obtaining valid information from a homogeneous

group, but of course not reliable at the level of the individual. During the

second examination cycle a more intensive dietary interview is being conducted

with a subsample of the population. This is a modification of the Burke

Dietary Interview technique, a method which is reputed to give more useful

information on dietary intake at the level of the individual. Data collection

by this method continued throughout fiscal 1971.
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Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Nutritional Research and Consultation

Previous Serial Number: None

Principal Investigator: Marilyn Farrand, Nutritionist

Other Investigators: None

Cooperating Units: U.S. Public Health Service Hospital, Baltimore,

Maryland

Man Years:
Total: 1

Professional: 1

Other:

Project Description:

The nutritionist in the Clinical Applications Program works closely with
other professional staff members in developing objectives, setting priorities,
and planning for Implementation of the overall program activity. Nutrition
consultation and leadership are provided to health agencies and related
groups that either have nutrition services in community programs or the
potential for these services. Nutrition consultation is also provided to

research programs involving nutrition in cardiovascular diseases.

The nutritionist's activities during the past year have been in the
following major areas:

1. Research and Consultation

Provided consultation and assistance regarding nutrition component of
research that is a direct operation of the Clinical Applications Program.
The major project is the Lipid Intervention Project, Social Security
Administration, Baltimore, Maryland. Specific contributions made in
collaboration with the project nutritionist were:

a. Identification of community resources for diet counseling.
b. Planning and participating in a workshop concerning dietary

treatment of hyperlipoproteinemia and diet counseling for
nutritionists in the agencies.

c. Development of nutrition procedures for this particular
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setting and population and coordination of these procedures
with other aspects of research project.

d. Production of Procedure Manual for Nutritionist covering
all aspects of the diet program — nutrition screening,
diet counseling, follow-up, evaluation, and records.

e. Preparation of all nutrition forms for the nutritionist
and patient.

f. A paper "Developing Guidelines for Community Lipid Control
Programs" was prepared and presented at the April 1971
meeting of the Clinical Society and Commissioned Officers
Association of the U.S. Public Health Service.

Provided consultation concerning the nutrition component of proposals
for the hypertension clinical trials, for the Task Force on Arterioscle-
rosis Diet-Heart Protocol Planning Committee, and the Ad Hoc Panel for

Multiple Risk Factor Intervention Trial.

Provided Professional staff with current nutrition knowledge and identi-
fied areas where additional research is needed for patient and professional
education programs for treatment of cardiovascular diseases, mainly
hyperlipoproteinemia. Current successful dietary programs were reviewed
and a meeting of nutritionists involved was arranged. Nutritionists'
recommendations to NHLI for research to achieve more effective programs

for patients, physicians, and nutritionists were compiled in The Report
of the Nutritionists Meeting on Dietary Management of Hyperlipoproteinemia ,

August 26, 1970.

Participated in Ad Hoc Diet Counseling Committee to propose projects for

improving diet counseling programs and their use, as well as educational

programs for dietitians and nutritionists.

Worked with other HEW programs that are concerned with nutritional

aspects of chronic diseases. In particular, diet consultation for

patients at the PHS Outpatient Clinic in Washington, D.C., has been pro-

vided four hours a week since December 1, 1970.

Served as resource person for nutrition in cardiovascular diseases for

other Federal Agencies and organizations, such as the American Dietetic

Association, American Heart Association, Regional Medical Programs, and

state and local health departments.

2. Training

Initiated, planned, and participated in training programs on dietary manage-

ment of hyperlipoproteinemia and diet counseling for other Federal agencies,

voluntary health agencies, and professional groups. (Regional Medical Pro-

grams, Heart Associations, PHS Hospitals, and Dietetic Associations.)

Contributions included the development of educational materials for these

specific groups and assessment of the educational program.

Publications: None
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1. Respiratory Diesase
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3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Coordination of Cardio-Respiratory Research

Previous Serial Number: None

Principal Investigator: Albert Roberts, M.D.

Other Investigators: None

Man Years

:

Total: 1.4

Professional: 1.2
Other: .2

Project Description:

Objectives : To investigate the prevalence', incidence, and etiologic and
risk factors in respiratory disease--in particular, but not exclusively,
obstructive respiratory disease--through analyses of data produced by
collaborative studies of heart disease of the Clinical Applications Program,
and through development of new investigations in the pulmonary field.

Methods Employed : The data generated by these collaborative studies are
reduced to a common format and subjects classified according to pulmonary
function tests results (after Gaensler-Wright standards for pulmonary
impairment). This yields three main categories: a. "Positive" (moderate
and severe obstructive impairment), b. "Borderline" (mildly obstructive) and
c. "Negative." Further subdivided into degrees of severity the three categories
are then correlated, by age groups, to medical and environmental parameters
with known or assumed bearing on lung disease. The standardized methodology
applied to these studies permits individual analysis of every population group
and their direct comparison to each other.

During the current year special emphasis was given to the determination
of genetic deficiency of serum a\ -antitrypsin (AAT) activity, shown to be

causally related to obstructive respiratory disease (Emphysema). Since most
of the collaborative studies have collected thousands of serum specimens and

kept them in frozen storage through the years, the possibility of using this

wealth of material for retrospective studies was explored. Determinations of

antienzyme activity by the direct spectrophotometric method were performed on

400 frozen sera from the Honolulu Heart Program and the results are now being

compared to tests done on freshly drawn sera from over one hundred of these
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same subjects. The interpretation of unexpected findings (see below) among
the Honolulu Japanese will probably require phenotyping studies, now under
consideration.

Major Findings : 1. A discrepancy between the estimated number of

obstructive cases in the Honolulu study: Exam I, 15% positives; Exam II,

about 27, positives; was clarified with a re-reading of "positive" spirograms

from Exam I by standardized techniques. The revised figures of about 37,

"positives" are in good agreement with findings at current Exam II.

The frequency of obstructive lung disease, it appears now, is considerably

less common among the Japanese than among Caucasians examined by our other

collaborative studies. (A preliminary report from the ABCC sample at

Hiroshima and Nagasaki tends to corroborate the Honolulu findings).

On the other hand, determination of AAT activity on 400 frozen sera from

the Honolulu study yielded a surprisingly high (about 307=) proportion of

values considered heterozygous deficient among Caucasians (prevalence about

57„). Verification of these results by repeated tests on freshly drawn sera

are now underway and it has not yet been able to prove conclusively whether

the low AAT activity found in the Japanese samples is an artifact due to

long frozen storage or not. It seems so far, though, that if there are real

differences between frozen and fresh serum samples these will not be too

great, and this would of course permit the utilization of tens of thousands of

specimens already collected by the Honolulu and other collaborative studies.

The paradoxic findings in the Honolulu cohort, i.e., high frequency of AAT

deficient levels /low prevalence of obstructive disease, contrary to trends

among Caucasians, suggest a genetic variant in them that defeats the AAT/lung

disease relationship found elsewhere.

2 Pulmonary function data for more than 4,000 individuals in the Israel

Study, Exam III, showed a mean prevalence of 7.67, positives and 19.27, borderline

obstructive patterns. These figures are comparable to Framingham, Exam V s

(9.17, and 20.17, respectively). Of particular interest was that the indi-

vidual means for "positives" among the six different groups in the Israel

cohort (Native Israelis, East Europeans, Central Europeans, South Europeans,

Asian and Africans) did not deviate by more than one and a half percentage

points from the conglomerated mean. This raises a speculation of whether the

similarities are due to unchanging genetic patterns or to acculturation of the

immigrant groups.

3 A preliminary estimate on about 200 cases from current Exam II at

Puerto Rico suggests a fairly high prevalence of obstructive lung disease
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there: 11% positives; 13% borderlines. We should be able to get a firmer

estimate as more cases are reported.

4. Further analyses of Framingham data, Exam V showed that the degree

of obstructive respiratory impairment was related to (a) amount of cigarettes

smoked; (b) history of Asthma, particularly if onset of the disease occurred

after age 16 years; (c) a history of pulmonary TBC--among the males, but not

the females; (d) dyspnea--also among the males, not the females; (e) cough
whether associated with sputum production or not, among both sexes. No
correlations were found of obstructive ventilatory defect to occupation, nor
to past histories of pneumonia or other lung infections.

Significance to Bio-Medical Research and the Program of the Institute ;

The need for investigations to establish the prevalence and incidence of
obstructive respiratory disease and their variation according, to ethnic factors
and environmental influences has been repeatedly recommended by every
pulmonary advisory group. The collaborative studies of the Clinical Application
Program, involving large populations of different stock and background on
which extensive correlative data have been collected over the years, offer
unique opportunity for such investigations. These well identified population
groups are of particular usefulness for the newer studies of genetic factors
associated with lung disease, and this is in accordance with the Institute
Lung Program's priorities in this field.

Proposed Course : During the coming months special attention will be
given to our investigations of the role played by genetic serum AAT deficiency
in the causation of obstructive lung disease, particularly pulmonary emphysema,
since this is one of the most promising leads to come along in the respiratory
field in recent years. A comprehensive study of this type on the Yugoslavian
cohort (about 11,000 subjects) under PL-480 funding, has been developed during
the past year and is now pending fiscal approval. Pulmonary screening in a
previous examination revealed a prevalence of obstructive defect between 40
and 50 percent, and the new project aims at (a) verifying these findings with
more discriminating physiologic testing; (b) determining the as yet not
explored prevalence of AAT deficiency among them, with probable phenotyping
of an adequate subsample at a later stage; (c) correlating AAT defect to
obstructive lung disease among the entire cohort, and specially to pulmonary
emphysema (physiologically diagnosed by appropriate cardiopulmonary laboratory
procedures in a subsample of 600 Tuzla subjects) with emphasis in measuring
the influences of exogenous factors on that relationship.

Investigation of the unusual findings uncovered among the Japanese
population of Honolulu (see above) will be pursued as intensely as resources
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permit, with a possible extension to the ABCC sample and other groups of
Japanese stock.

Once it has been established that stored frozen sera are suitable for
determination of AAT activity, assaying of samples from most collaborative
studies (Framingham, Puerto Rico, Honolulu, perhaps Israel) will be under-
taken on a coordinated basis, followed with studies of phenotypes and
correlation of these results to pulmonary disease. Failing this possibility
we would have to attempt a similar investigation with freshly collected serum
samples

.

A determination of the prevalence of obstructive respiratory disease in

Framingham during Examination X (1968-70) will be made when the new data are
tabulated. These will also be used for a study of the incidence of new
cases in the 10 year period between Exams V and X.

Our proposed follow-up study on the populations at Framingham, Puerto

Rico and Honolulu, to validate previous obstructive pulmonary findings by

adequate clinical and laboratory methods, and to detect among them the

presence of lung pathology other than obstructive, remains in abeyance

pending the availability of resources.
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Project Title: Medical Liaison with the Coronary Drug Project

Previous Serial Number: NHI-EB-2

Principal Investigator: Dr. Thomas K. Landau, Office of the Associate
Director for Clinical Applications, NHLI, served as

Medical Liaison Officer for the Coronary Drug
Project.

Note: This refers only to services provided by the
Office of Associate Director for Clinical Appli-
cations. The study itself is being conducted by

grantees, including Dr. Robert W. Wilkins, Chairman
of the Policy Board; Dr. Jeremiah Stamler, Chairman
of the Steering Committee; Dr. Christian R. Klimt,
Director for the Coordinating Center; and clinician-
investigators in 53 participating grantee insti-
tutions.

Other Investigators

Cooperating Units:

Dr. Michael J. Davidson, Epidemiology Branch, NHLI,
served as Assistant Medical Liaison Officer for the
Coronary Drug Project.

1) Molecular Disease Branch, NHLI (Dr. Robert I.

Levy) for pharmacological consultation;

2) Laboratory of Chemical Pharmacology, NHLI
(Dr. James R. Gillette) for pharmacological consul-
tations ;

3) Biometrics Research Branch, NHLI (Dr. Max Halperin,
Dr. William Friedewald and Mr. Fred Ederer) for
statistical liaison;

4) Therpaeutic Evaluation Branch, NHLI (Dr. Eleanor
M. K. Darby) for grants management aspects;

5) Central Laboratory, National Communicable Disease
Center, U.S*. Public Health Service (Dr. Gerald Cooper,

Dr. Alan Mather, and Dr. Adrian Hainline) for
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performance of biochemical blood and urine studies
of study patients;

6) Drug Distribution Center, USPHS Supply Service
Center (Mr. Salvatore Gasdia) for the procurement
and distribution of study drugs;

7) Heart Information Center, NHLI (Mr. William E.
Sanders and Miss Sandra L. Kamisar) for assistance
in developing study publicity.

Years

:

Total: 2.0
Professional

:

1.5
Other: 0.5

Project Description:

Objectives : The Medical Liaison Officer is the representative of the
Clinical Applications Program to the Coronary Drug Project. He serves as the
chief medical link between this grant-support study and the National Heart
and Lung Institute. His function is to assure that full cooperation and
communication exists between this study and the administration of the National
Heart and Lung Institute.

The Medical Liaison Officer serves as recording and executive secretary
for the Policy Board and Steering Committee of this study. In addition, he is

a member of the Criteria Subcommittee, Subcommittee on Data Analysis, the

Safety Monitoring Committee and the Editorial Review Board.

He is also responsible for working with the Coordinating Center at the

University of Maryland, Baltimore, Maryland; with the Central Laboratory at

the National Communicable Disease Center, Atlanta, Georgia; and with the USPHS

Supply Service Center at Perry Point, Maryland.

The principal objectives of this study are as follows: 1) To determine

the ability of four lipid-altering drugs to reduce mortality and recurrences

from myocardial infarction among men who have already experienced one or

more proven myocardial infarctions. 2) To determine whether the degree to

which these drugs change serum lipids is correlated with any effect on
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mortality and morbidity rates. 3) By studying the control group as inten-

sively as the treatment groups, to gain further information on the long-term

prognosis of myocardial infarction. 4) To acquire experience and knowledge

concerning the techniques and methodology of long-term clinical trials.

Methods Employed ; The project is a cooperative clinical trial involving

random and double-blind assignment of patients to one of six drug regimens.

The patients will be men aged 30 to 64 years who have survived one or more

myocardial infarctions. After allocation to treatment, patients will be

followed at the participating clinics for five years or until death. It is

estimated that in order to establish unequivocally a 25 percent relative
reduction in five-year mortality rate approximately 8400 patients will be

required.

Major Findings ; The group receiving 5.0 mg/day of estrogens (ESG2)

experienced an excess number of events of nonfatal MI, pulmonary embolism,
and thrombophlebitis, compared with the placebo group. No overall trend
towards a beneficial effect in reducing mortality was evident to outweight
these apparent adverse effects. This regimen has been discontinued for all

patients originally randomized to this group.

A small subgroup of 26 dextrothyroxine-treated patients --those with
frequent ectopic beats of ventricular origin on the resting ECG taken at
base line --have experienced a somewhat higher mortality than 78 similar patients
receiving placebo. Therefore, medication has been discontinued for these
patients.

These decisions are in conformity with the determination and concern of
the Coronary Drug Project to minimize any possibility of subjecting study
patients to potential harm.

The observed dropout rate continues to be less than the expected six
percent per year. As of October 1, 1970 only two percent have been reported
as study dropouts.

All critical endpoint data are being reviewed no less than twice a year
by the Safety Monitoring Committee and the Policy Board. In addition,
monitoring reports are provided to all Safety Monitoring Committee members
every two months.
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The primary endpoint is mortality. To date, there has been no statis-
tically significant differences between the four remaining treatment groups
and placebo, with respect to the primary endpoint. The observed mortality
rate among placebo-treated patients was 4.8 percent; somewhat less than the
expected rate of six percent per year. This expectation was based on the
reported follow-up of patients with a presumably similar diagnosis and
prognosis

.

Significance to Bio-Medical Research and the Program of the Institute ;

The Coronary Drug Project has been developed to meet a specific need in the
field of atherosclerosis research. Drugs are available which effectively
reduce the concentration of blood cholesterol and other lipids. Although
elevated levels of these blood lipids are closely associated with the

occurrence of coronary heart disease, proof is lacking that active inter-
vention to reduce the levels of cholesterol and other blood lipids will
improve the survival rate of men who have coronary heart disease. The
demonstration of such an effect would have significance, both for athero-
sclerosis research and for the therapy of coronary heart disease.

Proposed Course : Following enrollment into the study, each patient will
be followed for a period of five years.

Publications :

Coronary Drug Project Research Group: Progress in Drug Trials of

Secondary Prevention. In Jones, R. (Ed.): Proceedings - International

Symposium on Atherosclerosis .

Coronary Drug Project Research Group: The Coronary Drug Project.

Initial findings leading to modifications of its research protocol.

J.A.M. A. 214: 1303-1313, 1970.
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Project Title: Controlled Clinical Trials of Therapy for Hypertension in
the General Population

Previous Serial Number: None

Principal Investigator: Dr. Gerald H. Payne, Epidemiologist, Therapeutics
Evaluation Branch, Office of the Associate Director for Clinical
Applications, served as Executive Secretary for the review panels,
coordinator for the reverse site visits and is serving as Project
Officer for the related contracts.

Other Investigators: Dr. Max Halperin, Chief, Biometrics Research Branch,
is serving as the chief NHLI Statistical Consultant for this project
and is a voting member of the Steering Committee of this collaborative
trial.

Drs. Eleanor Darby, Manning Feinlieb, and William Friedewald have
served as consultants.

Cooperating Units: Consultation provided by Dr. W. M. Smith, Regional
Health Officer, Region IX, and Dr. Gerald Cooper, Chief, Center for
Disease Control, Atlanta, Georgia.

Man Years:
Total: 1,,6

Professional: 1.,0

Other: 0.,6

Project Description:

Objectives : Hypertension as a risk factor of atherosclerosis was
chosen and approved by NHLI as a priority area for contract programming
beginning in fiscal 1971.

On October 3, 1970, the OADCA of NHLI convened. an Ad Hoc Panel of the
Advisory Committee on Epidemiology and Biometry under the chairmanship of

Dr. Edward Kass, Director, Channing Laboratory in Boston. This panel was
requested to evaluate the present evidence with respect to the treatment of

hypertension and to recommend the types of clinical trials or other studies
needed to determine the effectiveness of anti-hypertensive treatment in
reducing the morbidity and mortality from hypertension in the general
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population. Six recommendations were made by the panel. The first with
highest priority is directly related to this project and is as follows:

"1. The first priority need is to determine the effectiveness
of anti-hypertensive therapy in reducing morbidity and mor-
tality from hypertension in the general population. Such
studies should include both sexes, all races in a community,
and preferably younger as well as middle age ranges. Such
a study would not have a placebo group but could allow random-
ization of subjects for comparison of optimum drug regimens
versus the customary medical care in the community. Pilot
studies and feasibility studies in general populations and

in special communities should be undertaken to quantitate
the applicability of current or innovative methods of manage-

ment of hypertension. Barriers to the acceptance of these

methods and to continued compliance with prescribed therapy

must be precisely defined. Non-responders should be charac-

terized and studies performed to develop and evaluate tech-

niques for influencing the behavior of patients through

appropriate educational and motivational efforts. Acceptable

operational methods to reduce the need for medical manpower

are needed. Studies of the use of paramedical personnel in

the management of hypertensives would be appropriate. Evalua-

tion of the relative effectiveness of mass media versus other

educational techniques would be included under this priority."

Upon the basis of this recommendation, the RFP-NHLI-71-7, Controlled

Clinical Trials of Therapy for Hypertension in the General Population, was

developed and released January 28, 1971. By the deadline, March 1, 1971,

twenty- two contract proposals had been received in response. In addition,

RFP-NHLI-71-16, Coordinating Center for the above, was released February 11,

1971, and six proposals received by the deadline, March 15, 1971.

These 28 proposals were reviewed in two steps by a Technical Review

Panel under Dr. Alvin Shapiro, Chairman of the Therapeutics Evaluations

Committee, and then by an NHLI Internal Review Committee during March and

April 1971. Nine of the clinical center proposals and one of the coordinating

center proposals were recommended for funding at a total of approximately

$2.2 million.

These initial contracts are to accomplish the first phase aspects of

the trial of about a year's duration. Baseline studies will be carried out

in each area to determine the effectiveness of various approaches to motivate

patients to maintain their therapy for hypertension. Reasons for non-

compliance will be determined.

Innovative means to minimize barriers to compliance which are already

known ~ such as transportation, drug costs, lack of understanding of

disease and memory are being undertaken.
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In addition, during this first phase period, the investigators will
meet together to plan and prepare a final common protocol for the Second

Phase Collaborative Trial. The Coordinating Center will develop in Phase I

a Manual of Operations for the Second Phase Trial.

The purpose of the Second Phase will be to test in a collaborative
randomized effort whether a practical, intensive anti-hypertensive program
can significantly reduce morbidity and mortality in a representative sample
of hypertensives from the community from the level in the control group
which is to be referred to the present community care system or systems.

Methodology : A variety of populations will be screened initially for
high blood pressure — including volunteers from a multiphase screening
neighborhood health clinic, outpatient clinics, industrial populations,
representative households from census tracts, and total communities.

Efforts to characterize non-respondents will be made at this stage and
at subsequent steps.

Secondary screening will be undertaken to establish eligibility for this
study and to obtain baseline medical history, physical and laboratory data.
The minimal essential tests will be done on all hypertensives and subgroups
will have special procedures to assist more precise diagnoses, therapy,
monitor possible drug toxicity or establish the usefulness of certain pro-
cedures for this Second Phase.

Patients eligible for the study will be randomized to the "study" group
for intensive management or to the "control" group which will be referred to
the usual care sources in the community.

Systematic follow-up and motivation of the study group will be under-
taken at frequent intervals exploring various methods including home visits,
group therapy, telephone reminders, and clinic visits and using volunteers,
health aids, nurses, nutritionists, and others as well as physicians.
Special training sessions for paramedical staff will be provided. Systematic
surveillance of hospitalizations and death certifications on both the study
and control groups will be undertaken.

Annual re-examination of baseline parameters for both study and control
patients will be accomplished.

The Staff of the Coordinating Center during the first year contract
period will participate with the clinical investigators and staff from NHLI
in the development of the specific final study protocol and prepare the
Manual of Operations for the Phase II study. They will develop new or modi-
fied methods of analysis to meet the specific needs of this Trial and will
work with the investigators in developing and pretesting forms. They will
determine the system for random assignment of patients and will provide
training as necessary to clinic staff members in the collection and prepara-
tion of data for the Coordinating Center.
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Results : Ten approved contracts are being negotiated. Planning
committees have been established and have held initial meetings to establish
uniform definitions, criteria, and methods for central aspects of Phase I

planning.

Significance to Biomedical Research and the Program of the Institute :

Hypertension, as one of the major risk factors in coronary heart disease and
congestive heart failure and the major risk factor in cerebrovascular
disease, and hypertensive heart disease is associated with a most significant
number of deaths and severe morbid events in this country. Recently pub-
lished data from the Veterans Administration Cooperative Study of the Hyper-
tensions has demonstrated in a selected population that reduction in morbidity
and mortality can be attained by treating men with diastolic blood pressure
equal to or greater than 105 mm Hg. Similar trends occured for those with
diastolic blood pressures between 90 and 104. Results and current trends
from other studies in selected subjects support these findings. It is not
known, however, to what extent these data can be extrapolated to a general
population including women and younger persons with repeated casual diastolic
blood pressure levels over 90 or 95. Can these free living asymptomatic
hypertensives be persuaded to maintain adequate therapy? What are the
barriers — social, economic, educational, psychological — to the effective
medical management of hypertension?

Three surveys — Baldwin County in rural Georgia, 1962; National Health
Examination Survey, 1960-62; and Alameda County, California, 1966 — found
from 30-36% of hypertensives on medication with 47-63% of these on treatment
"under control", i.e. blood pressure diminished to < 160 or 165/95.

NHLI has a categorical mandate for clinical trials such as this; and a

responsibility to bring to the community effectively the benefits of scien-
tific research. It is particularly important that any recommendation of

therapy which may relate to millions of persons with elevated blood pressure

be carefully evaluated for efficacy, toxicity, and acceptability and programmed

with efficiency.

Projected Course : It is anticipated the first phase studies will take

approximately one year. Certain of the more significant studies may be

extended into the second phase period. After review and approval of the

final protocol for the Phase II Collaborative Trial by a Technical Review
Panel and an Internal Review Committee of NHLI about nine or ten months from

now, the Second Phase Collaborative Trial is expected to continue an addi-

tional three to five years for data collection, follow-up and analysis.

The principal investigators of the ten contract proposals submitted for

negotiations in FY 71 and totaling approximately $2.2 million are the

following:
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Clinical Proposals

Dr. Virginia Beamer
Assistant Professor of Medicine
Univ. of Utah College of Medicine
Salt Lake City, Utah

Dr. Maureen Henderson
Professor of Preventive Medicine
Univ. of Maryland School of Medicine
Baltimore, Maryland

Dr. Frank Finnerty
Professor (Clinical) of Medicine
Georgetown University Medical Center
Washington, D. C.

Dr. Curtis Hames, Health Officer
Evans County Health Department
Claxton, Georgia

Dr. Edward Kass, Director
Channing Laboratory
Boston City Hospital
Boston, Massachusetts

Dr. Herbert Langford
Professor of Medicine
University of Mississippi Medical Ctr,

Jackson, Mississippi

Dr. Morton Maxwell, Chairman
Nephrology and Hypertension Service
Cedars Sinai Medical Center
Los Angeles, California

Dr. Harold Schnaper, Executive Vice
Chairman

Department of Medicine
University of Alabama School of

Medicine
Birmingham, Alabama

Dr. Jeremiah Stamler
Executive Director
Chicago Health Research Foundation
Chicago, Illinois

Coordinating Center Proposal

Dr. Richard Remington
Associate Dean and Professor of Biometry
School of Public Health
University of Texas
Houston, Texas

Consultations :

1) Southeastern Regional Medical Programs
Heart Disease Counterparts
Nashville, Tennessee Meeting, September 9-10, 1970

Consultation provided on the elements and needs in

Community Hypertension Control Programs.

2) Georgia Heart Association
Atlanta, Georgia Meeting, January 24, 1971

Consultation on research needs and community programming
needs in the field of hypertension.
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NATIONAL HEART AND LUNG INSTITUTE
Annual Report

July 1, 1970 - June 30, 1971

EXTRAMURAL RESEARCH AND TRAINING

The National Heart and Lung Institute administers cardiovascular and pulmo-
nary research and training grant programs of great scope and diversity.
Research projects supported range from epidemiological studies of large human
population groups to studies of individual cells and cellular components and
the biochemical reactions that occur within them. The diversity of this
research is dictated by the complexity of the problems posed by the diseases
involved.

In FY 1971, Institute funds totaling approximately $133 million will support
grants and awards for cardiovascular and pulmonary research and training
activities in colleges, universities, medical schools, public and private
hospitals, public and private research foundations, and to individuals
engaged in biomedical research. About 1,450 research grants will be support-
ed at a level of almost $92 million this year. Thirty-four grants, totaling
$16.4 million, for specialized centers of research will be initiated.
Approximately $24.5 million will be devoted to training activities; $17.4
million to support approximately 375 graduate and undergraduate training
grants; $6.9 million to support 350 research fellows and career development
awardees; and $200,000 for initiation of a program of pulmonary academic
awards

.

PROGRAM REPORTS

A description of National Heart and Lung Institute grant and award programs
is presented on the following pages and is arranged according to three major
subdivisions

:

(1) Research encompassing six major disease areas toward which program
activities are directed and which represent organizational alignment.

(2) Cooperative Studies in which clinical research to reach highly focused

objectives is being carried out.

(3) Training including graduate research and clinical training and under-

graduate training grants; postdoctoral and special fellowships; career

development awards ; and pulmonary academic awards

.
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RESEARCH

Arteriosclerotic Diseases . The subject matter assigned to the Arterioscle-
rotic Diseases Branch includes research into the etiology and pathogenesis,

prevention, diagnosis, and treatment of arteriosclerosis, coronary artery

disease, peripheral vascular disease, cerebrovascular disease, aging and

disorders of connective tissue of vessels.

Formation of the Branch was accomplished a year ago and the present year has
seen some minor readjustment in its responsibilities and assignments. This

year has also seen the stimulation, review and, late in the year, award of a

dozen Specialized Centers of Research in Arteriosclerosis.

The variety of research, encompassing about 275 grants totaling $15,000,000,
supported through the Arteriosclerotic Diseases Branch continues to be very
great. It ranges from the most basic studies in molecular structure and
function to the evaluation of surgical procedures and the epidemiological
description of disease. It is of interest to note a few particular points
of progress or new studies initiated in the past year.

In the area of animal models of arteriosclerosis and coronary heart disease
it has been possible to show that cholesterol feeding in swine will stimulate
DNA replication in the cells of large blood vessels within a few days. It

has also been possible to develop somewhat better models than heretofore for

sudden death related to coronary arteriosclerosis in both swine and in macacca
irus. Preliminary study of these models has begun. It has also been shown
in the squirrel monkey that the blood lipid response of the animals to

dietary cholesterol is under genetic control. Genetic hyper-and hyporespond-
ing animals are now being bred and studied through their infancy, adolescence
and into adult life in relation to their susceptibility to experimental
arteriosclerosis and to lipid metabolism.

Over the past three years a new technique for the revascularization of the
heart has been developed. The treatment is a surgical one that brings blood
to the distal part of the arteriosclerotic coronary arteries by means of a

vascular graft. The past year has seen detailed studies of the improved
blood flow and function of the heart that follows promptly upon the operation
in appropriate cases. It has also seen a pathological study of the fre-
quency, extent and severity of lesions in the distal artery which may deter-
mine the feasibility of operative treatment. While the short-term effects of

the operation are useful, the long-term effects are not known and some
initial studies of its long-term effects in coronary heart disease have been
begun.

This year sees the initiation of a dozen Specialized Centers of Research in

Arteriosclerosis. They were chosen by peer review from some forty-six
applications that were submitted from about two-fifths of the nation's medical
schools. The Centers tend to be large, complex and interdisciplinary. Not

all are concerned with patients, but all have demonstrable clinical relevance.

The funds devoted to the Centers this year are just over six million dollars.
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The Centers can be categorized as having activities in basic research on
lipids, sterols, lipoproteins, thrombosis, and cellular and metabolic reac-
tions in the arteries; on animal models of arteriosclerotic disease; on
invasive and non-invasive instrumentation; on population studies in both
children and adults of risk-factors for adult coronary heart disease; on
therapy by surgical revascularization of the heart, therapy as influenced by
behavior of the individual or group to be treated, and studies in clinical
pharmacology, particularly of lipid lowering agents.

It is anticipated that the Centers will form a complimentary and supplementary
net-work of sophisticated investigations that will appreciably shorten the
timetable to attain common goals in the study of arteriosclerotic disease.

CARDIAC DISEASE . The research grants administered by this Branch are con-
cerned both with cardiac diseases and with normal cardiovascular function.
The number of active grants administered by the Branch in FY 1970-71 was a
little over 400, a considerable reduction from the 1969-70 total of
approximately 500. These figures, to some extent at least, reflect the fact
that there have been no additional resources within the framework of the
Extramural Program of the National Heart and Lung Institute to launch any
special initiatives or new activities in this area during the past year.

The 400 grants (representing almost $21 million) have been subcategorized in
five groups as follows: Cardiac Arrhythmias (10% of the grants), Cardiac
Diseases (10%) , Cardiovascular Dynamics (35%) ,• Congenital and Rheumatic
Heart Disease (10%) , and Heart Failure and Shock (35%) . It is apparent that
the grants included in the Cardiac Diseases Branch are quite diversified in

nature and that there is little homogeneity of characteristics either within
the subgroups or in the Branch as a whole.

Cardiac Arrhythmias . The grants in this category encompass a wide variety of

disorders. Research is being supported which is concerned with means of

dealing with these disorders such as pacemakers, stand-by defibrillators,
resuscitation and drugs. Also being supported are investigations in the

field of electrocardiography, vectorcardiography, and more recently magneto-
cardiography. This last technique is a relatively new non-invasive means of

assessing heart performance which has aroused considerable interest among

cardiologists and bioengineers. A number of other studies involve the use of

computers for interpreting electrocardiograms and in developing mathematical

models of heart mechanisms.

Cardiac Diseases . This category is a broad one which includes research grants

to investigators in different disciplines and concerned with topics as varied

as the electrophysiology and metabolism of heart muscle, the interpretation

of heart sounds and murmurs and the effects of trace metals, anesthetics and

toxins on the heart. The miscellaneous nature of this group of grants pre-

cludes significant expansion as a cohesive program area.

Cardiovascular Dynamics . This is one of the more promising areas of investi-

gation, involving as it does basic research which is fundamental to the solu-

tion of many important therapeutic and clinical problems. A wide variety of

topics is being pursued including muscle physiology, local and regional blood
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flow, cardiovascular control mechanisms, thermoregulation and heart rate con-

ditioning. The investigators directing these studies are quite varied in

their background and interests.

Congenital and Rheumatic Heart Disease . Long-term research on these impor-

tant diseases of infancy and childhood is continuing at about the same level

as in the past few years. An area of major interest is the development of

prostheses for the treatment of valvular sequelae of these diseases. These

developmental efforts are multidisciplinary, incorporating expertise in such

fields as bioengineering, materials technology and cardiac surgery. There
has been little increase in research aimed at prevention of these diseases.

Heart Failure and Shock . This group of grants is the largest within the
Cardiac Diseases Branch. However, although there is considerable excellent
research going on, there seem to be no major break-throughs on the horizon.
Until more knowledge and understanding of basic mechanisms are gained, over-
all progress will likely continue to be somewhat slow.

HYPERTENSION AND KIDNEY DISEASES . The Division of Vital Statistics, National
Center for Health Statistics, continues to report deaths from "Ischemic Heart
and Hypertensive Disease" as combined figures. Indeed, because of the high
degree of association between the two disease entities, it is difficult to
derive separate figures that are meaningful. Thus, hypertensive cardiovas-
cular disease is a prime component in the figures reported for the largest
causes of death. Satisfactory figures are not readily available for the man-
hours of disability due to this disease, but it is estimated at a massive
figure.

Reports published during the year indicate that application of therapy early
in the course of the disease, when it is usually of a mild character, pro-
longs the individual's expectancy for an active life free of handicapping
episodes and terminal events. The data are not as strongly indicative of
the deferral of acute heart attacks as for cerebral events and the develop-
ment of malignant phases of the disease. However, when additional studies
now in progress are reported, they may well indicate that all incidence of
mild hypertension should be recommended for treatment.

During FY 1971 we are funding just over 200 grants in this branch at a cost
of almost $11.9 million. Of these, 60 percent pertain directly to hyper-
tension and its associated problems. The rest are for research on kidney
diseases that are not considered to be as directly related to hypertension
and for studies on body fluid and electrolyte problems which may or may not
be direccly relevant to hypertension, although they are of considerable
importance to total health. Seven of the grants are Program Projects total-
ing $2.1 million. In addition, the Institute is supporting cooperative
studies and community trials in the therapy of hypertension under the
supervision of another branch (Therapeutic Evaluations).

A new endeavor was announced and initiated this year in the form of grants
for Specialized Centers of Research. Five awards will be made in this pro-
gram in an amount of $2.5 million. These centers are expected to quicken
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the pace of translating research results to bedside practice.

Advances of note include: (1) identification of some particular charac-
teristics of hypertension in the black population and more intensive studies
on these particular problems; (2) further elucidation of the character of
the renal medullary factor which can cure hypertension in some animal models;
(3) development of a new model for study which includes hydronephrosis of
the kidney; (4) finding of renin or renin-like substances probably produced
in organs other than the kidney (salivary glands) ; (5) possible classifica-
tion of several types of hypertension within the group of essential hyper-
tension by measuring the plasma concentrations of renin activity and aldos-
terone under controlled conditions; and (6) describing of several "inhibitors'
and "activators" affecting the renin-angiotensin system.

Although the pace is slow, definite progress is being made toward a fuller
understanding and control of hypertension and related diseases.

PULMONARY DISEASE . The incidence of respiratory illness, especially chronic
obstructive diseases such as emphysema and bronchitis, is increasing in the
national population. These diseases are complex and are intimately involved
with the circulatory and other organ systems. Patients often become
chronically ill and debilitated. Specific etiology often is unknown or may
be due to one or several factors. Environment, heredity, smoking habits,
allergy, infection and metabolic factors are variously involved. Research
efforts are often diverse and multidisciplinary.

The Pulmonary Diseases Branch was established almost two years ago. During
most of the first year, the Branch administered about 140 grants for an

annual total expenditure level of about $5,000,000. Shortly after the scope

of the Institute was expanded, new referral guidelines were prepared in order

to direct the assignment of most grant applications on pulmonary subjects to

the NHLI. Now that the new guidelines are in use in the Division of Research

Grants, the number of grant applications assigned to NHLI per review cycle in

the pulmonary area has almost doubled within the year. Also, early in the

fiscal year, 34 active grants were moved to NHLI; most of these were from

NIAID and NIGMS . By May 31, 1971, we had in the branch 187 grants with a

total expenditure in the current budget period of $8,225,520. (Approximately

50 of these grants—totaling some $2.0 million—represent new lung programs

or projects transferred from, but still funded by, other Institutes of the

NIH.)

The Institute is supporting a quite active program using physiological

approaches. In the general physiological areas, there are 21 grants for an

annual expenditure level of $736,694. In addition, in the more specific

physiologic areas we have respiratory regulation, 21 grants for $719,288;

ventilation and gas exchange, 9 grants for $355,318; blood flow through the

lungs, 12 grants for $311,890; gas transport in blood and tissue, 14 grants

for $119,982 and studies on surfactant, 8 grants for $274,695.

The pathological approach is the major emphasis of a sizable segment of our

grants: general pathology, 7 grants for $207,973; pulmonary hypertension,

6 grants for $207,353; pulmonary embolism, 5 grants for $207,037; hypoxia,
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5 grants for $171,893; oxygen toxicity, 2 grants for $48,607; pulmonary
edema, 1 grant for $40,613; trauma, 1 grant for $42,596, and shock, 1 grant
for $77,268. Although we have almost no program on the effects of shock and
trauma on the lung, the NIGMS has sizable general programs on shock and trauma
which include some studies on the lung.

In the area of anesthesia, with 2 grants for $67,335, and in surgery, with 2

grants for $60,464, we have a very small program. Here again at present most
such studies as they affect the lung are a part of more general grants in
these two subjects and are part of the grant-supported program of NIGMS.

In lung transplantation, we have a relatively small program in the Branch
with five grants costing $311,215. However, there is some lung transplanta-
tion work under grant support elsewhere in our Special Programs Branch and
under more general transplantation programs supported by NIAID.

We only have 2 grants, for $181,531, focusing on intensive care and the
monitoring of post-operative care. A major effort in this area may be
needed unless it is felt that general support of intensive care for all types
of acutely ill patients is a more logical approach.

Our support of studies on drug therapy seems grossly deficient with only 2

grants for $38,387 so devoted.

We are making some progress in the areas of bioengineering, modeling, special
instrument development and isotope production, but some pulmonary specialists
state that the present efforts in these fields are very inadequate. We have
13 grants for $527,817 and one of these is for $162,763 for isotope produc-
tion.

In the area of environmental studies, we have grants approaching the problems
in several ways: atmospheric studies, air hygiene, air pollution, and
tobacco smoke, 4 grants for $370,546; environmental chamber work using hypo-
baric, hyperbaric, and other variables, 4 grants for $733,659; altitude
studies, 6 grants for $295,590, and exercise and stress, 2 grants for

$237,019.

Our support of studies focused on specific clinical conditions is quite limit-
ed with almost all support going for chronic obstructive respiratory disease,
with 27 grants for $1,444,688.

During the year, a major effort was directed toward the review of applica-
tions for Pulmonary Specialized Centers of Research. Thirty-four applica-
tions were carefully evaluated by an ad hoc panel. Those applications which
were considered to meet most closely the national needs were identified and
were given additional examination with respect to scientific validity,
administrative acceptability, and the amount of support requested. At the

year's end, there appeared to be good prospects for the establishment of 10

or 11 such centers. These centers are expected to be clinically relevant
programs designed to bridge the gap between basic research and clinical care.
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The major efforts of the proposed centers are to be directed toward respira-
tory distress syndrome of infants and chronic obstructive respiratory dis-
ease. The approaches these groups plan to use in their studies include:
epidemiology and population studies, pathogenesis, disease mechanisms, pul-
monary function and diagnosis, treatment, and pathology.

To facilitate the development of the maximum potential of these centers,
scientific conferences are being planned. These will be attended by some
members of lung centers and also other experts. It is expected that these
scientists will interact to facilitate the planning of large scale research
programs, the standardization of methods, establishment of cooperative and
collaborative research programs, precise definition of goals, and review of
new and as yet unpublished work. These meetings will include an initial
orientation and planning meeting of all center directors and key investiga-
tors, a meeting on pulmonary pediatrics, a workshop on epidemiology, a meet-
ing on pathology and a status report meeting to be convened at the end of the
first year's operation.

A number of interesting studies are underway in our grant-supported program.

Several projects that went through full scientific review this year and were

identified as being particularly meritorious and significant are summarized
below. They are offered as examples of the important research included in

this program area.

1) In a study of the physiologic relationships of upper and lower air-

way systems, we are supporting one of the first groups to have

systematically studied pulmonary physiology in its relationship to

upper airway obstruction. The results obtained thus far are impres-

sive and promise further significant contributions. The result of

the proposed research, if proven successful, may be of distinct

clinical value in aiding the clinician to formulate more precise

indications for surgery on the upper airways. The investigators

have shown that changes or obstructions in the upper airway, par-

ticularly the nose, cause significant increases in the resistance

of the lower airways. Presumably the increased work needed for

respiration with the increased upper airway resistance alters the

characteristics of the lower airways. These results are based on

careful measurements of the components of airway resistance in normal

human subjects, in human subjects with various degrees of nasal

obstructions, and in dogs with surgically created nasal obstruction.

In future work, the investigator proposes to extend the experiments

to more human subjects and dogs, including cases of laryngeal

obstruction as well as nasal obstruction, and to longitudinal

studies of older humans who complain of nasal obstruction.

2) In a study of gas transport in lung, placenta and tissue, emphasis

is being placed on further investigation of a transport mechanism,

present in the alveolar capillary membrane and between cerebro-

spinal fluid and blood, which is capable of transporting carbon

dioxide and other weak acids against an electrochemical gradient.

Work will also be done on the characterization of the alveolar
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capillary and placental membranes by studying the transfer of

volatile and non-volatile and non-metabolized substances across

them. This proposed work is considered to be quite original and

offers a new and fresh approach to questions which are largely over-

looked.

3) The behavior of aerosol particles in internal flows is the primary

objective of a project which is studying the dispersion of airborne
particles by oscillatory flows in a single Y-shaped branching tube

and in airway trees consisting of several generations of branches.

Results of this study should lead to the development of theoretical
models for the dispersion of inhaled particles in the bronchial tree.

Such theoretical models will have application in estimating rates of

particle deposition in the lung. This, in turn, will better the

understanding of health effects of particulate air pollutants. In

addition, the lung models will have application in studies of pul-
monary functions and aerosol therapy.

4) Carbon monoxide production and body CO stores is being studied by one

group. This study has important and timely objectives concerning
carbon monoxide biology and factors involved in oxygen tension in

muscle. These studies have clarified many of the processes that
influence the body CO stores and blood carboxyhemoglobin percent
saturation; measurements have been made of CO metabolism in animals
and normal man; rates of mixing of CO in the body stores have been
investigated; strong evidence has been obtained that the rebreath-
ing method of determining CO production is not significantly in
error due to metabolism or loss of body CO stores while the subject
is breathing in a closed system; induction of hepatic microsomal
heme compounds following administration of phenobarbitol or
diphenylhydantoin caused an increase in the rate of CO production;
CO production in females varies with the menstrual cycle (being
largest in the progesterone phase) ; the maximal rate of CO produc-
tion arising from catabolism of erythrocytes has been measured and
the limiting parameters partially defined; a method of measuring
intravascular and extravascular hemolysis under conditions where they
are occurring simultaneously has been developed; studies of the
partition of CO between blood and muscle have given data which allow
computation of intracellular oxygen tension in equilibrium with
myoglobin in skeletal and in cardiac muscle and studies of uptake of
CO from the lumen of hollow organs allowed study of blood flow in
the microcirculation of the mucosa of these organs . The work pro-
posed is of great interest. At a time when ecologists and environ-
mentalists are so concerned with pollution, the biology of a pollut-
ant like carbon monoxide is an important subject. The questions
posed are important to further understanding of man's response to
CO. The study on muscle oxygen tension is also significant and
original and little data are available on this subject. The technique
to determine the role of the affinity of hemoglobin for oxygen is
ingenious. This has been a productive research program.
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5) The properties of the surfactant system in utero is the subject of
some very interesting research which encompasses aspects of (1) fetal
pulmonary development and (2) physico-chemical characterization of
the components of the surfactant system. Sheep fetuses are being
studied in utero; the immature (@ 110 days), the "intermediate"
(@ 130 days), and the full term (@ 145 days) fetus. Fetal pulmonary
fluid is being measured and pulmonary fluid is being sampled. The
components of the surfactant system are being identified and iso-
lated from these samples and their physico-chemical properties,
such as surfact tension, surfact viscosity, and molecular interac-
tions, are being characterized. These observations will be correlated
with electron microscopic studies. Parallel experiments will be
carried out in the distressed fetus (acidosis, pulmonary vasocon-
striction), including immature, "intermediate", and full term
fetuses. This represents a thoughtful study by a team which has in
the past added to knowledge of the pulmonary surfactant system. The
problem is complex and their studies in utero are unique.

6) High altitude pulmonary hypertension in man is a continuing unique
research endeavor carried out in a facility at high altitude provided
by a small community hospital. The specific objectives of the present
application are: to determine whether the increase in pulmonary
vascular resistance that has been documented to occur in young
residents living at higher altitudes results in some exaggeration of

regional differences in ventilation/perfusion ratio; to find out
whether the reduction of Pa02 in cigarette smokers at high altitude
is due to a leftward shift of the hemoglobin oxygen dissociation
curve as a consequence of the presence of COHb; and finally, to see

whether a variability in the sensitivity of the respiratory control

mechanism to a hypoxic stimulus is contributing to the differences
in the severity of pulmonary hypertension observed in different
individuals. The experiments underway should lead to the acquisi-

tion of new data which has physiologic significance in normal

individuals with reversible, mild pulmonary hypertension occasioned

by residence at altitude. These data may also have significance to

pathologic pulmonary hypertension.

7) Cardiovascular performance in chronic hypoxia is being studied in

goats chronically instrumented with ultrasonic dimensional devices

implanted in the left ventricle intracardiac micromonometers in

the left ventricle, flowmeter probes in the aorta, and various

catheters in the great vessels for blood sampling and injections.

The domestic goat has been chosen as a subject because of its size

and temperament and because its pulmonary vascular response to

hypoxia is similar to that of man, and it does not tend to develop

right heart failure in the hypoxic environment. The animals will be

studied under normoxic conditions and then will be subjected to a

hypoxic environment either in a hyperbaric chamber or at altitude

(3,200 to 4,300 meters). The investigators hope to show whether the

depressed cardiac function which is known to occur at high altitudes

is caused by a simple Starling mechanism (due to the reduced blood
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volume) or due to direct myocardial depression. They feel that it

is an important distinction with therapeutic potential not only
in patients who live in hypoxic environments, but also in patients
with chronic lung disease, Pickwickian syndrome, and cyanotic
congenital heart disease. Hypoxic Ventilatory Drive is a simple,
straightforward study that is adding very important information to

our understanding of hypoxic ventilatory regulation. It appears that
ventilation is stimulated acutely and chronically by decreased
alveolar-oxygen tension especially when the carbon-dioxide tension
is held constant. Evidence previously gathered by the investigator
indicates that ventilation is a linear function of the arterial-
oxygen content in man and dogs with normal blood hemoglobin levels.

In the current protocol, the applicant will study ventilation as a

function of blood-oxygen transport in chloralose-anesthetized dogs
at constant alveolar-carbon-dioxide tensions. He plans to separate
the arterial-blood-oxygen content from the arterial-oxygen satura-
tion by making the dogs acutely anemic. He will also examine the
effects of several autonomic-nervous-system pharmacological agents
as well as analgesics and sedatives on the hypoxic ventilatory
drive. Later, this team will extend the studies to man. This study
should supply valuable information on the acute regulation of

ventilation in isocapnic hypoxia. There are no previous reports of

such thorough and controlled studies on this problem.

8) The domestic pig is being developed as a model for pulmonary
hypertension. Methodology is being developed by establishing normal
values in the pig for hemoglobin, oxyhemoglobin and CO hemoglobin,
construction of oxygen-dissociation curve for the pig fetal and adult
hemoglobin, and construction of pH versus log PCO2 curves. Also,
the blood viscosity of the pig is being determined at various ages.
Methods of measuring cardiac output is being evaluated with
indocyanine dye dilution, electromagnetic flow-probes around the
pulmonary artery, and Warner's method of stroke volume under aortic
pressure tracing. Pulmonary vascular activity of the pig will be
evaluated by subjecting the animals to acute hypoxia (inhalation of

low oxygen concentrations) , respiratory acidosis (inhalation of high
concentrations of carbon dioxide) , metabolic acidosis (administra-
tion of dilute hydrochloric acid) , pulmonary arterial ligation and
left-to-right shunts by anastomosing ascending aorta to right pul-
monary artery or excision of the atrial septum. Pulmonary artery
and aortic pressures, flows and resistances will be calculated under
the above conditions. Development of an experimental model for

investigation of pulmonary hypertension is desirable and utilization
of the pig for this purpose seems worthwhile.

9) The pulmonary circulation in surgical heart disease is a study which
has as its objective the gaining of a better understanding of the

pulmonary vasculature of man in health and disease. Previous work
has shown the necessity of considering the pulsatile quality of blood

pressure and flow in order to include the effects of blood inertia,

vascular compliance, as well as vascular resistance. Specifically,
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the investigators are measuring vascular impedance, phase angle,
power dissipation, energy cost of transport, effective pulmonary
vascular resistance, auto and cross correlation, and power spectral
density functions of the pulmonary vasculature in selected patients
undergoing thoracotomy. The category pf patients being studied are
(1) patients undergoing thoracotomy not directly affecting the pul-
monary circulation; (2) patients undergoing operative procedures for
a correction of left to right shunts; and (3) patients undergoing
operative procedures with mitral valve disease. It is also proposed
to develop mathematical models of the pulmonary circulation and to
test their validity with measurements in animals and patients.

10) Studies of lung homotransplants during rejection are being done as
a series of experiments in one grant mostly with inbred Beagle dogs,
to clarify the events of rejection of pulmonary homografts. For
control experiments, they are doing autotransplantations in the same
breed of animals. In both the test and control experiments there
are three groups of animals: immunosuppressed; immunosuppressed
with antibiotic coverage; and immunosuppressed plus iatrogenic
intrabronchial contamination with Pseudomonas aeruginosa. The
observations being made should give data about the natural course
of rejection, the effect of immunosuppression of several kinds,
and the deleterious influence of infection.

THROMBOSIS AND HEMORRHAGIC DISEASES . The central objectives of the Thrombo-
sis and Hemorrhagic Diseases Branch is the support of a program of science
essential to the ultimate solution of the crucial problem of thrombosis and

hemorrhagic diseases in humans. To accomplish this, research grants have

been awarded for studies which include a spectrum of scientific endeavor

from the most basic (i.e., elucidation of biological and biochemical mech-

anisms involved) to the most applied (the direct application and evaluation

at the clinical level)

.

Last year, FY 1970, research grants were funded for approximately $11.4

million. This year, FY 1971, showed an increase to around $12.1 million for

the support of more than 200 grants.

The program supports scientific activities related to the pathogenesis,

etiology, prevention and therapy of coagulation disease and its many mani-

festations. From the present vantage point, certain trends, opportunities,

and directions can be discerned: 1) The role of the platelet in the forma-

tion of the thrombus has become the focal center of research, just as the

elucidation of plasma coagulation factors has occupied the last decade.

Many kinds of studies of the platelet will be necessary to identify its

precise role in the overall schema of the thrombus formation and hemorrhage

prevention. Concurrently, studies will go forward of now discernible inter-

ventions in platelet function which may result in improvements in both

therapy and prevention of thrombotic disease. 2) Sickle cell disease which

is related to thrombosis by its vaso-occlusive manifestation is now ready
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for special emphasis in the program since it now appears that there are

promising approaches to both therapy and prevention. 3) The next several

years will see an intensive effort to establish specific modes of therapy

for thrombotic disease. The time is ripe for such development but the task

of establishing it on a firm scientific basis will be large and expensive.

4) New opportunities exist in the blood transfusion area for improving the

oxygen-carrying capacity of the transfused red cell, eliminating the problem
of hepatitis transmission, improving the treatment of hemophilia, and produc-
ing non-antigenic blood for the patient in whom organ transplantation is con-
templated. 5) New possibilities exist for the identification of the thrombo-
sis-prone individual and for the early diagnosis of thrombosis.

To provide additional thrust and emphasis in these as well as other important
areas, a new initiative designated Specialized Centers of Research (SCOR)
was mounted. The goal of this program is to achieve a solution to the pro-
blem of prevention, early diagnosis and improved treatment of thrombosis and
hemorrhage. Five specialized thrombosis centers were approved whose plans
include an attack on the following problems:

1. Investigations on the pathogenesis of thrombosis

a. Identification, isolation and characterization of the plasma com-
ponents involved in coagulation, mechanisms of their action, and
their inter-actions with each other and with platelets and with the
vessel wall.

b. Studies of hypocoagulability and hypercoagulability and their rela-
tion to thrombosis.

c. Biophysical factors in thrombus formation, with collaboration of bio-
medical engineers. Effects of physical factors such as stasis on
thrombus formation.

d. Studies of blood platelets, the platelet membrane, platelet func-
tion, platelet metabolism, inter-action of platelets with coagulation
factors and with surfaces including the vessel wall, the kinetics of
platelet reactions to thrombin and other agents, pharmacology as
related to blood platelets, role of cyclic AMP, calcium in the platelet
membrane, identification of the thrombin sensitive protein in the
platelet membrane, carbohydrates of the platelet membrane, platelet
aggregation and deaggregation.

e. Role and mechanism of action of endotoxin in blood coagulation and
thrombosis

.

f. Lipids in coagulation and thrombosis.

g. Study of the microcirculation with attention to such factors as the
influence of blood velocity on thrombus formation.

h. Thrombosis associated with organ transplantation.
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i. Pathogenesis of a few clinical disorders including diabetic retinopathy
and sudden deafness, in which thrombosis may be a factor.

2. Diagnosis of clinical thrombosis by isotopic, radiologic and Doppler
ultrasound techniques and evaluation of measurements of certain plasma
factors influencing coagulation including fibrinogen complexes,
antithrombin and an inhibitor of activated factor X.

3. Fibrinogen metabolism and fibrinolysis including the study of degrada-
tion products of fibrin and fibrinogen and their effects on blood
coagulation and platelets.

4. Therapy, including the use of thrombolytic and antithrombolytic agents.

A significant step in providing widespread treatment for the sufferers pf
hemophilia was taken last fall when the NIH approved the anti-hemophilic
clotting factor for interstate shipmant. This was made possible by a grant-
supported research which led to the development of a simple method for extract-
ing the cryoprecipitated anti-hemophilic factor from whole blood. The
technique can be readily carried out in any blood bank or hospital with
standard equipment and also permits the use of the remaining components
for treatment of other disorders requiring transfusions.

SPECIAL PROGRAMS . This branch supports research grants in four areas of

cardiac and pulmonary investigation and, in addition, funds multicategorical
cardiopulmonary research programs. Approximately $20,000,000 was allocated
to the Special Programs Branch in FY 1971. These activities are outlined
below:

Artificial Devices . The development of mechanical circulatory and/or pulmonary
assist devices continues to engage many investigators of divergent specialities-
surgeons, engineers, physiologists, hematologists, etc. Major areas of

research interest and progress include the following: (1) The development
and testing of pump oxygenators. In particular, the application of such pump
oxygenators for extracorporeal support of respiration in instances of acute,

reversible lung damage or respiratory insufficiency (e.g., hyaline membrane
disease of the newborn or the "shock" lung of acute trauma) seems promising.

(2) The development and testing of temporary circulatory assist devices

(usually extracorporeal) . Death from cardiogenic shock is being increasingly

recognized as one of the most important problems associated with myocardial
infarction. Much effort is currently being expended to the design and appli-

cation of devices to temporarily assume a portion, often substantial, of the

pumping action of the heart until the acute injurious effects of a myocardial
infarction recede and the heart can assume normal pumping action without

assistance. (3) The design, fabrication, and animal testing of a total

artificial heart. There exist multiple research problem areas associated

with the development of the artifical heart: (a) reliable control mechanisms

to regulate cardiac output; (b) suitable, long-term energy sources (most of

the current pumps employ external, usually hydraulic, energy sources, through

active searches for new energy transfer sources, such as electromagnetic

radiation, are currently being pursued); (c) nonthrombogenic , biocompatible
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surfac.es for the devices; and (d) animal testing and evaluation of the

physiologic effects of artificial pumping; (4) The creation, development,

and testing of biocompatible materials. One of the major and most immediate
problems with artificial circulatory or respiratory devices, be they heart
valves, oxygenating devices, or hearts themselves, is the fact that when
blood contacts a foreign material, aberrations are induced within the protein
and cellular elements of the blood which lead to devastating problems of clot-
ting, thrombosis, and hemorrage. Several workers during past years have shown
this problem to be one of the major reasons why animals placed on prolonged
circulatory assistance eventually succumb. Various research activities to

mollify or eliminate such clotting problems are underway; results with several
materials (heparin coated plastics and certain types of carbon compounds, for
example) appear promising as does the approach of coating artificial surfaces
with cells grown in tissue culture.

As can be seen from the above, research in the development of artificial devices
demands the concerted resources of the engineer, chemist, surgeon, and
physician; the problems are complex and the solutions demand precedent basic
research. As the fundamental problems are solved, applied efforts will cer-
tainly increase.

Transplantation . Despite the development of successful surgical techniques
for cardiac transplantation, over 150 clinical transplants throughout the
world have resulted in a relatively poor salvage of patients. Even more
disappointing results have been attained from approximately 25 lung trans-
plantations. One then might justifiably ask the reasons for the generally
unsatisfactory results with cardiac and pulmonary transplants as compared
with the eminently successful results of renal transplantation. Certainly
one of the major advantages renal transplantation enjoys is a functional,
successful matching system, thus assuring genetic similarities between donor
organ and recipient. Successful matching requires time and a large donor/
recipient pool. With renal transplant recipients, time is assured by having
a viable support system, hemodialysis. At the present time, no such support
system exists for the heart or lung. Hence, added impetus is given for the
development of temporary circulatory and respiration assist devices.

Other major problems exist with cardiac transplantation:

1) The transplanted heart faces rejection by the host's immunologic defenses.
The recognition of this rejection process is obviously of utmost importance.
It is known that the voltage of the electrocardiogram diminishes with
rejection; recently, workers have shown this diminution probably to be
a result of decreased blood flow in the cardiac microcirculation, thus
providing a powerful research and clinical tool for detecting rejection.
Many studies in the treatment of rejection are also underway. These
range from very basic investigations of immunology as applied to trans-
plantation to evaluation of specific therapeutic programs to mollify the

rejection process. Currently several groups are intensively studying the

efficacy of ALG (anti-lymphocyte globulin) in preventing or ameliorating
rejection.

2) The effects of denervation of the heart (as a transplanted heart

necessarily must undergo) and upon its function, and the degree, if any,
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to which innervation is reestablished in the transplanted heart are
being actively investigated. Such research, while of paramount clinical
importance, is also providing significant insights into basic problems
of normal cardiac control.

3) As alluded to previously, clinically successful cardiac or pulmonary
transplantation will probably ultimately require a large donor/recipient
pool. Even now, without questions of matching, donors are sufficiently
rare that means must be established for the preservation of donor organs;
hence, the impetus for research in preservation of donor hearts and lungs
is obvious. Studies are currently underway in cryopreservation and in
alteration of cellular metabolism by pharmacological means so as to
diminish metabolic requirements to prolong ex vivo viability.

Fundamental . Grants in this program area are those involving research which
is basic to many areas of the Heart and Lung Institute mission but which
involve a single discipline approach. Such grants typify the research which
has created the recently arrived field of "molecular medicine." Many of the
studies involve investigation of cellular respiration and energetics.
Although such work is on a very fundamental level, it frequently provides hints
and insights into currently poorly understood clinical problems. For example,
it is probable that some of the currently described aberrations of cellular
respiration will find their clinical counterparts in the causes of congestive
heart failure; hopefully such fundamental knowledge will lead to rational and
improved methods of treatment. Other studies are concerned with molecular
structure and function of hemoglobin; their relevance to hemoglobinopathy
states, sickle cell disease, for example, is obvious.

Behavioral . The general objectives of research in this area are to clarify
the role of behavioral and environmental factors in the pathogenesis and

treatment of cardiovascular and pulmonary disease. To this end, investigators

focus upon the experimental analysis of relationships between cardiovascular

and pulmonary function and controlled behavior interactions in humans and

laboratory animals. Techniques of classical and operant conditioning,

coupled with sophisticated physiological measurements, are being employed.

Of the specific disease states being examined, hypertension, cardiac arrhythmias,

endocrine disorders, and control of ventilation (correction of hypoventilation)

are prominent. The development of the squirrel monkey hypertension model,

which seems to parallel many features of human essential hypertension, offers

great promise for understanding the etiology and pathophysiology in human

high blood pressure.

Multicategorical . Grants in this program area are those which involve multi-

disciplinary studies of problems which have major emphasis in several areas

encompassed by other program branches within the Institute. Such grants might,

for example, have as their broad objectives basic and clinical studies of

myocardial infarction with regards to arteriosclerosis, thrombosis and

hypertension. These grants almost invariably involve both fundamental and

clinical research, and hence foster rapid scientific exchange between the

bench scientist and clinician. In addition, by their definition, they

assemble varied specialists—biochemists, physiologists, engineers, cardio-
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logists, surgeons—to bring their talents to bear upon topics in cardio-

vascular and pulmonary diseases. In existence for some ten years, these

types of grants are the intellectual predecessors of the NHLI Specialized

Centers of Research.

COOPERATIVE STUDIES

The National Heart and Lung Institute, through its grants program, supports a

number of cooperative studies in which investigators working at different

institutions collect clinical data in accordance with common research protocols.

The participation of several investigators at different locales enables them

to accumulate substantial amounts of clinical data on a large number of

patients within a reasonable period of time and facilitates statistical
analysis. Cooperative studies supported by grants administered in the

Clinical Evaluation and Therapeutics Branch are described below. Their com-

bined cost in FY 1971 comes to about $5.9 million.

The Cooperative Study of Drug and Coronary Heart Disease , aims primarily to

determine whether certain drugs which reduce the concentration of blood
lipidsare capable of improving survival among patients with overt coronary
heart disease. A second objective is to determine whether the degree to which
these drugs lower serum lipids is correlated with their effect o£< mortality
and subsequent heart attack rates. Furthermore, the equally intensive study of
individuals in the study who have been assigned to placebo medication is a

valuable source o^ data bearing on the outlook for men who have recovered from
an initial myocardial infarction but are not taking lipid-lowering drugs.

The study is now entering its seventh year. It involves 8,341 patients enrolled
between 1966 and mid-1969 by 53 clinics specially organized for this purpose
in large medical centers, V.A. and PHS hospitals, community hospitals and
private clinics. The earliest patients to be assigned to medication have been
under observation for five years, the originally planned term of treatment;
the most recent recruits, for only two years. A satisfactory procedure for
phasing out the early entries without unblinding the study has not yet been
devised. About 1,000 of the patient population have died. Except for a
very few who are totally lost to follow-up, the 7,300 survivors are seen
regularly at least three times a year.

Study leaders and Heart and Lung Institute staff are constantly involved in
the review and evaluation of performance of all clinics, watching closely for
trends in laboratory data and for clinical events and side effects which
suggest drug toxicity. Two of the agents under tejtt have given enough warning
to warrant changes in the study protocol—withdrawal of one drug from a small
but identifiable group of patients who appeared to be at particular risk of
toxicity, and discontinuation of a second regimen because patients who were
on it have had more coronary morbidity than control subjects receiving placebo.
The rationale for these changes has been puhlished. All patients whose regimens
were withdrawn were switched to a different study medication and are still
being followed closely. The major emphasis at this stage of the study is to
encourage the highest possible level of adherence by each patient to his
assigned regimen. To that end considerable effort is being directed to the
maintenance of confidence, enthusiasm and a sense of purpose among study
patients, their families and their private physicians.
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An important dividend of the study lies in an unprecedented body of data
on the natural history of coronary heart disease that is being accumulated
from the 2,800 control subjects. Predictors and risk factors which apply
specifically to patients who have already experienced at least one episode
of overt coronary heart disease are emerging on a scale that has not even
been approached in other studies of coronary prevention.

The average net cost of this national study has been about $4 million per
year. Clinical activity with full maintenance of the double-blind is pro-
jected through the end of 1974, when the last patients will have had five
years of assigned treatment plus a brief "cooling off" period prior to
final clinical evaluation, with final analysis of pooled data for two years
after that. In the meantime, data on natural history are being made public
as analysis proceeds in that area.

The Cooperative Study of Extracranial Arterial Occlusion , has been evaluating
the effects of surgical versus non-surgical treatment on duration and quality
of survival in patients with operable occlusive lesions in extracranial
arteries supplying the brain. Eleven hospitals and a coordinating center
are still involved. The final accrual of patients was completed in June 1969.
Some 7,800 patients have been studied over the past 12 years; 1,400 have been
randomized for treatment with and without vascular surgery. Follow-up of all
patients is being concluded in June 1971.

Five papers reporting selected aspects of the study as a whole have been
published (JAMA, 1967-70); two given verbally at scientific conferences
are in press and several others are in preparation. The clinical association
of stroke with hypertension, diabetes and heart disease has been striking.
Patients who have had a stroke have died more frequently from a subsequent
myocardial infarction than from recurrent stroke. Transient ischemic attacks
portend future stroke. The initially high risk of surgical mortality has

been significantly reduced by waiting 24 hours after angiography and ten days

or more after a catastrophic episode. The best results of surgical treatment
have been obtained in patients with carotid occlusions who do not have a severe
permanent neurologic deficit.

Useful adjuncts to the medical and surgical management of stroke patients

have emerged as by-products of this study. They include the use of low

molecular weight dextran, attention to acid-base balance and respiratory

exchange, and the development of non-invasive techniques for evaluating

cerebral circulation. Perhaps the most important result has been a wide-

spread change in physicians' attitudes towards stroke patients, from total

defeat to cautious confidence that something helpful can be done, especially

in the early stages. The recognition of the stroke-prone individual prior

to a catastrophic episode has assumed major importance amongst many of those

responsible for the careof stroke victims.

A Cooperative Study of Result of Cardiac Surgery , was begun in 1966. Six

groups of surgeons and their associates in cardiology, pediatrics and radiology

have studied some 2,800 patients during the past four years, with extensive

physiological and anatomical studies to obtain data pre- and per-operatively
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and periodically after discharge. Attention is presently focused on about

500 patients operated on before the end of 1969 for three well-defined lesions.
Post-operative recatheterization of these patients has provided a body of

data which is now being subjected to analysis. The course of the study, if

any, after the end of 1971 awaits the analytic results and their evaluation.

A Cooperative Study of the Treatment of Hypertension was initiated in 1960
to evaluate the relative efficacy of several recognized drug regimens for

reduction of blood pressure. A re-designed study succeeded it in 1966, to

evaluate long-term therapy with the best of these agents in comparison with
placebo medication, to determine whether sustained control of blood pressure
will reduce or prevent the complications of essential hypertension.

Six PHS hospital clinics and a coordinating center have recruited and placed
on therapy about 400 patients, the maximum length of treatment to date being

4^ years. Recruitment has been stopped. Further follow-up with long-term
maintenance of medication and analysis of results has been recommended for
funding for five more years, through the fall of 1976.

A Cooperative Study of Renal Disease and Hypertension started in 1965, aims
to characterize the pathogenesis and natural history of chronic pyelonephritis;
to evaluate the efficacy of long-term suppressive antibacterial therapy; and

to elucidate the relationships between pyelonephritis and hypertension.
Studies involving 280 patients, mostly beneficiaries in seven PHS hospital
clinics, have indicated that chronic bacteriuria can be eliminated by anti-
biotic therapy, and kept under control for several years by the use of acid-
ifying regimens and nitrofurantoin. Renal function seems to be significantly
improved in patients who respond favorably to chronic antibacterial therapy.
Scarcity of suitable patients however and the growing frequency of late relapses
has made further renewal unlikely. The study is scheduled for completion
within the next year

.

The Joint Study of the Natural History of Congenital Heart Defects is now in
its fifth year. Five pediatric cardiology groups and a statistical coordinat-
ing center are involved in an effort to characterize the clinical outlook for
patients with any of three common congenital anomalies of the heart. Based
on the availability of diagnostic cardiac catheterization data on some 800
patients obtained between July 1958 and June 1965, with annual clinical
follow-up thereafter, these patients have been entered retrospectively into
the study and are being recatheterized eight years after diagnosis, to

evaluate intervening anatomical and physiological changes. Seven hundred
fifty new patients, diagnosed in 1966-1968 and similarly followed, are being
recatheterized after four years. With no new admissions since June 1968,
annual clinical examination and four-or eight-year recatheterization are the
only remaining clinical activities. Attention is otherwise focused on the
fusion of four-and eight-year changes in physiological parameters into a

scheme for predicting the clinical outlook for any new patient from his
diagnostic data, with special reference to whether and when surgical

intervention should be recommended

.
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TRAINING

The National Heart and Lung Institute, through its training grants and awards
programs, has asan ultimate goal the provision of high quality medical care in
sufficient quantity to meet the needs of patients with cardiovascular, pul-
monary, and renal diseases. This goal can be met only through continuously
attracting a sufficient number of promising young trainees, providing them
with high quality training, and encouraging the most capable among those
inclined towards an academic career to undertake advanced scientific training
and supervised research experience. The Institute is attempting to meet
this goal through its programs providing undergraduate training grants,
graduate training grants, fellowships career development awards, and pulmonary
academic awards.

Undergraduate Training Grants . Undergraduate training grants are awarded to

Schools of Medicine and Schools of Osteopathy. These funds may be utilized

by the recipient institution in any manner conducive to the improvement of

teaching in the cardiovascular, pulmonary, and renal disciplines. The Heart

and Lung Institute now supports 96 of these programs in medical schools,

6 in schools of osteopathy, and 13 in schools of public health. The

National Advisory Heart and Lung Council has recommended, however, that the

program in the Schools of Public Health not be continued beyond the present

commitment and that these schools be urged to utilize graduate training

grants for their needs.

The future of the undergraduate training program continues to be a subject

of much discussion. There are those who feel that although the program has

been worthwhile in the past, it has now served its primary purpose and should

either be discontinued or continued only on a competitive basis. On the

other hand, now that the Institute is focusing attention on the development

of pulmonary programs, it seems likely that the continuation of the under-

graduate training grant program perhaps in a somewhat modified form, would

provide desirable stimulation in this area.

Cardiovascular Training Program . The cardiovascular training grant is

designed to provide support for advanced training programs for physicians

and scientists intending to pursue an academic career devoted to teaching,

clinical service and/or research in the general area of cardiovascular or

renal disease. These grants are made on a competitive basis to medical

schools, universities, and other research-educational organizations in order

to assist the institution in providing high quality, educational and training

opportunities. The Institute currently supports approximately 230 of these

grants.

Pulmonary Training Program . The pulmonary training grant is designed to

provide support for advanced training programs for physicians and scientists

intending to pursue an academic career in the general area of pulmonary

disease. Grants are made on the same basis as those awarded under the

Cardiovascular Training Program. The Institute currently awards 33 grants

of this type. With the new emphasis placed upon the pulmonary disease area

by the National Heart and Lung Institute, however, the number of training
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grant applications in this area has been steadily increasing and it may be

anticipated that it will comprise a considerably larger proportion of the

total training program in the future.

Pulmonary Academic Award Program . The Pulmonary Academic Award Program was

initiated this year, the first deadline for receipt of applications falling

on February 15, 1971. This Award is designed to develop and/or strengthen

the pulmonary program in schools of medicine or osteopathy and, at the same

time, to provide financial support, encouragement, and opportunities for

academic career growth to young physicians or scientists interested in pul-

monary ciseases. Each eligible institution may nominate one candidate for

a Pulmonary Academic Award. The Award is made for a five year period and may
be renewable for a maximum of three years. With the limited funds available
this year the NHLI will be able to Issue only four of these awards.

Fellowships . The two primary objectives of the Fellowship Program are: (1)

to increase the number of trained cardiovascular and pulmonary investigators,

and (2) to assure the continuing flow of skilled and imaginative research
workers into the cardiovascular, pulmonary, and related fields. Promising
scientists, selected on a national competitive basis, receive these awards
enabling them to obtain advanced scientific training and supervised research
experience. These awards serve to encourage the reserach interests of young
persons who show promise of becoming competent research scientists; they

serve to provide mature investigators with additional or specialized research
experience and thus further develops their research skills; and they serve
to provide stable support for the advanced investigator in an attempt to

insure retention of the most qualified individuals within the field of
cardiovascular research. Approximately 165 fellowships will be awarded this
year.

Career Development Awards . The Career Development Award Program is designed
to provide stable career opportunities for scientists with outstanding
potential and competence in cardiovascular, pulmonary, and renal research
and teaching. This award carries an implied commitment from the institution
for long-term retention of the awardees. It supports the younger investigator
or scientist of demonstrated ability who needs further experience to quality
for more senior positions. Approximately 184 Awardees will be supported
this year.

Resume cf the Year . The new emphasis on pulmonary programs, initiated by
the National Heart and Lung Institute during Fiscal Year 1971, has had a
direct effect on the training grant programs, principal among which has been
the formation of a pulmonary training grant review committee and, as indi-
cated above, the introduction of the Pulmonary Academic Award Program.

Unrelated development of particular significance is the decision to dis-
continue the attempt to distinguish between the Clinical Training Program,
on the cne hand, and the Research Training Program on the other. It had
become increasingly apparent that in programs designed primarily for the
training of the future academician, this distinction frequently becomes
highly arbitrary.
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ASSOCIATE DIRECTOR'S REPORT

The Extramural Research and Training Division of the Institute has now been
operating for over one year under a new organizational pattern. Most of the
research branches are now organized by disease category. This new organiza-
tional pattern was instituted to allow for more professional and scientific
input, more effective research administration, and for more effective
communication with grantees, scientific organizations, the Advisory Council,
the Congress, and the public. The efficiency of this organizational pattern
cannot be assessed yet because of continuing gross inadequacies in the total
number of staff positions allocated to these various activities.

The number of quality of program analyses and initiatives in particular
disease areas have increased, however. Virtually each meeting of the National
Advisory Heart and Lung Council includes a presentation of program and policy
content that relates to a particular disease area. During this fiscal year
two special meetings of the Council have been held and this, in large part,
reflects the greater level of staff activity and participation.

As compared to last fiscal year, the budget for Extramural Research and
Training programs has increased by approximately $22 million. (See Table I

for details on total amount of grant and award programs) . The largest
single increase was the establishment of a new program entitled "Specialized
Centers of Research." The funds appropriated and authorized for this new
program amount to $16,442,000. Conceptually, these Specialized Centers are
devoted to the solution of specific, high-priority clinical problems in four
disease areas: Arteriosclerosis, Hypertension, Thrombosis, and Pulmonary
Diseases. The program was announced during the summer of 1970 and a large-
scale, national orientation meeting was held on October 5, 1970, in the
Washington, D.C., area. Institutions with a genuine interest and intending
to apply for center grant support were asked to submit letters of intent.
By January 1, 1971, some 115 valid center grant applications had been
received. Four separate review panels were established—one for each pro-
gram area. Each of these panels met at least twice to review the submitted
applications in their respective areas. Approximately 50 site visits were
held. The final recommendations from the four review panels were: 34 center
grant applications recommended favorably with a total of $14.0 million direct
costs for the first year of operation. At a special meeting of the National
Advisory Heart and Lung Council on May 14, 1971, the Council concurred (in

essence) with the recommendations of these review panels. The center grants

will be awarded during the last part of fiscal year 1971. A brief resume

of the sequence of review is shown in Table II.

Another new program established by the Institute during this fiscal year was

the Pulmonary Academic Award. These awards were designed to foster and

improve excellent teaching in the pulmonary disease area in the schools of

medicine and osteopathy throughout the country. In each case the individual

awardee is considered the focal point for the development of a stimulating

curriculum within the medical school environment. The ultimate and long-

range purpose of this program is to attract bright students to this disease

area. With funds available this fiscal year the Institute anticipates that
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it will be able to award only four of these new grants. A greater level
of activity is anticipated for the future.

It should be noted that the contour and balance of the NHLI research grant
program changed perceptibly during the past year. The number and scope of

grants dealing with pulmonary diseases increased markedly. A good portion
of this, no doubt, is due to the change of the referral guidelines in the

Division of Research Grants. Part, however, is due to increased staff
activity and to an increased recognition of the scientific community that

the Institute has a serious interest in, and a real commitment to, the

support of research in this important area.

It is important to note briefly some items of concern in the training area.

The stipend levels for research fellows and for trainees supported through
training grants remain, in general, inadequate. Levels of most house staff

stipends throughout the country have outstripped research fellowship and
research trainee stipends provided by the NIH. This is becoming an increas-
ingly serious problem. An even greater problem in the training area appears

to be the great uncertainty with regard to a national policy and a national
commitment to the biomedical training effort. Last year the Federal role
in providing stipendiary support was seriously questioned. During this

fiscal year the provision of personnelfunds within training grants to health
professional educational institutions has been changed significantly. These
are matters of grave concern to training institutions and program directors.
This uncertainty adds to the instability of training institutions and does
not allow for effective long-range planning or recruitment.

Within the past year the Institute has reorganized and restructured its two
training committees. Previously, the Institute had a Research Training
Committee to review research training grants and a Clinical Training
Committee responsible for the review of clinical training grants. Under the
new system, already in operation, the Institute has a Cardiovascular Train-
ing Committee and a Pulmonary Training Committee. Each of these review
committees is responsible for the review of clinical and research training
grant applications in its area and, as well, the review of research fellow-
ship applications. Each committee has become somewhat more active in pro-
viding programmatic advice. Research Career Development Award applications
are now reviewed by the appropriate Study Section within the Division of

Research Grants. This new review apparatus appears to be working quite well.

In the latter part of fiscal year 1971 two highly competent individuals were
recruited to assume Branch Chief functions for the Cardiac Disease Branch and

the Pulmonary Disease Branch. These accessions represent major steps forward
in improving staff competence and capability. Despite this, however, there
remains an overall shortage of staff and space.

In summary, this has been an effective year for the continuation of our pro-
grams and for the establishment of two new programs—all designed for the

ultimate control and prevention of cardiovascular and pulmonary diseases

that remain this Nation's number one health problem.
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TABLE I

Research Grants
Arteriosclerosis
Cardiac Disease
Hypertension
Pulmonary
Thrombosis
Special Programs

Cooperative Clinical

Studies

Training Grants

Research Career Awards

Fellowships
Pulmonary Academic

Awards

Specialized Centers of

Research

NUMBER AMOUNT

276 $15,095,000
428 20,894,000
201 11,873,000

135 5,983,000
222 12,149,000

100 20,157,000

100 5,891,000

375 17,443,000

184 4,885,000

166 1,986,000

4 200,000

34 $16,442,000
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