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We are frequently asked why the 
practice of medicine should be di­
rected to the family. Why not to a cell, 
an organ, or a system? Why not to a 
town, a county, a state, or the whole 
nation? What is so special about a 
family?

The cell has been studied but it is 
important in man only as a part of an 
organ, which is important in him as a 
part of an organ system, and this in 
turn is important in man only as a part 
of a whole person. It is a whole person 
who comes into the office complaining 
of a headache, a backache, or swelling 
of the legs.

What are the characteristics of man 
which make him human? An illness 
has far greater ramifications than just 
the perception of discomfort by the 
person who is dis-eased. There are 
those to whom he has a responsibility 
-  he fears that he may fail them. 
There are those who look to him for 
support — they feel fear and insecurity 
and they are dis-eased along with him. 
Future plans which involve others are 
clouded over with doubt. This man or 
whole person we mentioned earlier is 
now a human being because of all the 
relationships he has about him, all the
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feelings that exist between others and 
himself, especially with members of 
the nuclear family, the simple family, 
the extended family, and even the 
community.

The family is the oldest recorded 
institution of man; it preceded even 
the church and the state. Every 
recorded civilization had a nuclear 
family as its foundation. There is little 
doubt that the sex urge and the 
necessity for its being satisfied led men 
and women to share their lives. But 
with this sharing of life and needs 
there was the primitive and very strong 
instinct to protect and nourish the 
product of their union. From the 
beginning there has been more in­
volved than satisfying the sex urge — 
that could have been done with 
promiscuity and without responsibility 
— but this has not been the history of 
our human family.

Through the ages the family has 
served the purpose of procreation, 
continuation of the species, and social­
ization of the young. As children grew 
up they were oriented to the world 
through their family relationships. 
They first experienced love, care, had 
their needs met, realized sex differ­
ences, learned to work, learned to 
relate to members of an extended 
family, the community, and a wider 
circle of people through the family. 
After they were so oriented they 
matured, found a mate, and started 
the cycle all over again, all to be 
repeated thousands of times in the 
history of mankind.

Through the ages there have been 
many variations on this general theme

of the nuclear family, but never a 
single society without it. There has 
been polygamy, polyandry, monog­
amy, adopted children, divorce, and 
remarriage, but this basic unit of man’s 
living that satisfies his basic needs and 
instincts lives on. There have been 
experiments of commune living, of 
centralized child rearing, and many 
other models, but the simple family 
continues.

I am aware that some say the 
family is a vanishing institution. The 
divorce rate is quoted to support this 
view. The rate is higher than I would 
like to see but it represents a wish to 
be happily married, not to be un­
married. A high percentage of divorced 
persons remarry and find happiness — 
and fulfillment; and they become a 
part of this cycle of procreation and 
orientation that began at the very 
beginning.

Historically, it is not unwise to 
predict the family will continue. I 
believe the family will continue to be 
the basic building block of society — 
that unique, happy institution in 
which the individual becomes human­
ized by becoming a part of a society, 
and in which the society becomes 
humanized by focusing on the needs 
and contributions, the joys and sor­
rows, of individuals.

It is the relationships within the 
family that make health so treasured 
and disease so dreaded, for it is our 
loved ones who are also affected. If 
our vision of illness is only broad 
enough to encompass the whole man 
concept only as a solitary individual, 
we completely miss the larger and
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more beautiful picture of human con­
cern and feeling for each other. It is, in 
the last analysis, our relationships with 
others which make our lives happy and 
meaningful, which give us our hu­
manity.

There is ample evidence that much 
of our dis-ease and many of our 
diseases are related to emotional dis­
turbances. Most of these are related to 
faulty relationships with others and 
perhaps most often within the family. 
To study all the etiological causes of 
disease in the world and eliminate 
those based on emotional causes 
would omit the majority of com­
plaints. A great majority of backaches, 
headaches, and many other complaints 
would no longer receive our attention.

There is great danger for the patient 
who receives episodic treatment 
repeatedly for various somatic com­
plaints when the underlying causative 
emotional disturbance is not recog­
nized and dealt with properly.

We must provide society with a 
physician who can ably serve each 
member of the family and be aware of 
the important relationships between 
family members. This means he must 
have appropriate medical knowledge 
for understanding every member of 
the family and be able to provide care 
for the unborn and the aged. He must 
be accepted as a member of the 
extended family so that tender feelings 
are shared comfortably — from plan­
ning for a future child to sharing the

grief long after the funeral of a loved 
one. At the same time this physician 
must be a competent clinician who is 
equally comfortable in giving digitalis 
for congestive heart failure and coun­
seling the tension headache patient 
who has a family problem. It is this 
physician who will view the family as 
his patient as well as the whole person 
within it.
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previously stated, some idea of the 
magnitude of obesity in adult life may 
be gained by an examination of this 
table. In that population, overweight is 
prevalent at all ages, increasing con­
siderably with advancing age, with the 
greatest increase occurring from the 
20s to the 30s.

Although data do not exist which 
permit definitive statements regarding 
the incidence of obesity in the total 
population at this time, it is apparent 
that this is an extremely common 
disorder.

Etiology and Classification
At the simplest level obesity is a 

disorder of energy balance; it is the 
consequence of a process in which 
energy (calorie) intake exceeds energy 
expenditure. The excess calories are 
stored as triglyceride in the adipose 
tissue and as a result, there is an 
excessive expansion of the tissue.

Expansion of the adipose depot is 
achieved either through storage of 
triglyceride in preexisting adipose 
cells, adipose cellular hypertrophy, or 
in newly formed adipose cells, adipose 
cellular hyperplasia. Indeed, two pat­
terns of human obesity have been 
identified on the basis of the cellular 
character of the expanded adipose 
depot (Figure 1): hyperplastic with 
increased adipose cell number and 
normal or increased cell size, and 
hypertrophic, with increased cell size 
alone.5"7 Hypercellular obesity most 
often has its onset early in life, usually 
before the age of 20 years, most 
frequently in infancy and at puberty 
(Figure 2); hypertrophic obesity, on 
the other hand, usually begins in adult 
life, after the age of 20 years. It should 
be stressed, however, that there is 
overlap in this cellularity-age onset 
relationship; some with early-onset 
obesity may have normal numbers of 
cells, while individuals with adult- 
onset obesity may be hypercellular. 
Early onset hypercellular obesity is 
usually massive in degree; the earlier in 
life obesity begins, the greater the 
hypercellularity. Adult-onset hyper­
trophic obesity, on the other hand is 
usually milder in degree.

The possible significance of these 
observations becomes apparent when 
one considers that weight reduction in 
all obese patients, regardless of age of 
onset or degree and duration of obe­

sity, has to date been shown to be 
achieved solely by a change in adipose 
cell size; cell number remains con­
stant even with massive amounts of 
weight loss. Thus, hypercellular obe­
sity appears to have the unfortunate 
consequence of inflicting upon the 
patient a permanent increase in adi­
pose cell number. This observation is 
paralleled clinically by the frustrating 
observation that weight loss in the 
early-onset massively obest patient is 
extremely difficult, but if successful, it 
almost invariably is followed by recur­
rence on the previous degree of obe­
sity.

The factors responsible for the ex­
cessive accumulation of calories in the 
adipose tissue and its consequent ex­
pansion through changes in cell num­
ber and size remain to be elucidated. 
The size of the adipose tissue mass 
depends upon the relationship of ener­
gy supply to energy expenditure. In 
obesity, energy intake is excessive rela­
tive to energy expenditure; the excess 
energy is stored in the adipose tissue 
and the adipose depot expands. This 
imbalance may occur as a result either 
of increased intake or decreased ex­
penditure of energy. The explanation 
of this imbalance, and hence of obe­
sity, lies in defining the factors which 
normally regulate these two processes 
and which are aberrant in obesity. 
Although many factors are known to 
influence caloric intake and expendi­
ture in man, only rarely can a specific 
factor be related to the development 
of obesity. Thyroid hormone defici­
ency, excessive glucocorticoid, and 
hypoglycemia are among the few 
factors that we can recognize which 
may induce obesity. The clinical dis­
orders associated with these abnormal­
ities, however, account for an exceed­
ingly small number of cases of human 
obesity. Nevertheless, recognition of 
these disorders as etiologic factors is 
important since their specific treat­
ment may improve, and on occasion, 
reverse the obesity.

Unfortunately, in most cases a 
specific cause of obesity cannot be 
defined; caloric intake is excessive 
relative to caloric expenditure to be 
sure, but the factors responsible for 
the consumption of more energy than 
the body needs are unknown. Genetic, 
hormonal, nutritional, psychologic, 
cultural, and economic factors all in­
fluence caloric intake and expenditure
C o n tin u e d  o n  page 7 6 4
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in man, and thus, any of these may 
contribute independently or in com­
bination to the development and per­
petuation of the obese state. Human 
obesity, then, may represent a hetero­
geneous group of disorders and in this 
respect may more appropriately be 
considered as “the obesities.” This 
concept receives some support from 
the finding of different cellular pat-
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Figure 1. Total adipose cell number 
from nonobese and obese subjects is 
plotted as a function of their adipose 
cell size. Cell size is expressed as the 
mean o f cell sizes from  6 separate fat 
depots, and cell number estimated 
by division of total body fa t by this 
mean cell size. (From Salans et al: J 
Clin Invest 52:929, 1973.)
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Figure 2. The relationship of total 
adipose cell number and age of onset 
of obesity. Cell number is estimated 
by dividing total body fat by the 
mean of cell sizes from 6 separate fat 
depots. The range of cell number in 
nonobese patients is indicated by the 
rectangle.

terns in the adipose tissue of obese 
patients, indicating that all obesity 
may not be alike. Such a view may be 
of value not only investigatively, by 
focusing attention on multiple but 
interrelated potential etiologic factors, 
but also in the clinical evaluation and 
therapeutic approach to the patient 
with obesity. With this in mind, the 
editorial committee of the Fogarty 
International Center Conference on 
Obesity, held in 1973,9 has recom­
mended a classification of “the obesi­
ties” shown in Table 2. This classifi­
cation has been only slightly modified 
by the author. In this view considera­
tion is first given to various etiologic 
factors, including those of neurologic, 
endocrine, genetic, and drug origin. As 
already indicated, however, in most 
instances an etiologic factor cannot be 
identified. The patient’s obesity is 
then classified anatomically according 
to the cellular character of the adipose 
depot. Since cell size and number 
cannot be determined routinely, the 
age of onset of obesity, using the 
guidelines previously discussed, is used 
to differentiate hypercellular from 
hypertrophic obesity. Finally, even 
though a specific etiologic factor can­
not be discerned in most patients, it 
may be possible and useful to define 
con trib u to ry  and/or concomitant 
factors. This classification of “the obe­
sities” may provide a basis for a more 
organized and rational approach to the 
obese patient. Although such a view 
doubtless offers certain conceptual 
and therapeutic advantages, in the 
opinion of this author, it seems unlike­
ly that our knowledge of the total 
problem of human obesity and its 
treatment will advance greatly until a 
more integrated understanding of the 
whole process regulating energy bal­
ance, both eating behavior and calorie 
metabolism and storage, is achieved.

Significance o f Obesity-Health Con­
sequences

Obesity is medically important only 
to the extent to which it carries with it 
health risks. In this respect there is 
little doubt that obesity is harmful. 
The obese individual suffers more 
from a variety of illness than does the 
nonobese; abnormalities of carbo­
hydrate and lipid metabolism are more 
frequent, aggravation of diabetes melli- 
tus, heart disease, and gallbladder

disease often occurs, and obesity has 
significant social, psychologic, and 
economic disadvantages for many jn. 
dividuals. Because of these relation­
ships and the frequency with which it 
occurs in the general population, obe­
sity is a public health problem of 
considerable magnitude.

Although there is general agreement 
that obesity is associated with these 
disorders, there is considerable dis­
agreement over whether, and the ex­
tent to which, obesity per se is respon­
sible for increased rates of morbidity 
and mortality. A detailed discussion of 
this controversy is beyond the scope 
of this review. In the opinion of this 
author, however, resolution of this 
controversy will depend, among other 
things, upon the ability of future 
investigations to better define obesity, 
to distinguish it from overweight un­
associated with increased adipose tis­
sue, and to elucidate the pathogenesis 
of diseases such as atherosclerosis and 
diabetes mellitus and the influence of 
obesity upon these pathologic pro­
cesses. In the present discussion, con­
sideration of the health consequences 
of obesity will be limited to its associa­
tion with cardiopulmonary disease.

Atherosclerotic Heart Disease. On 
the basis of evidence from life in­
surance company studies, obesity ap­
pears to be associated with an excess 
morbidity and mortality from coro­
nary heart disease.10 Once again, con­
clusions from these studies must be 
limited since the data are based on the 
association of coronary heart disease 
with body weight rather than adi­
posity, and are derived from a selected 
population of life insurance policy 
holders who may not be representative 
of the population as a whole. Several 
investigators have, in fact, challenged 
the concept that obesity is a major 
cause of increased morbidity and mor­
tality from atherosclerotic heart dis­
ease, pointing out that the statistical 
associations between obesity and coro­
nary heart disease become much less 
impressive when “atherogenic” varia­
bles such as age, sex, plasma lipids, and 
blood pressure are taken into consider­
ation.1 1-13 The fact that there may be 
little net effect of obesity when other 
risk factors are accounted for does 
not, however, necessarily mean that 
obesity is an unimportant contributor 
to this disorder.

C o n t in u e d  o n  page 7 6 5

7 6 4 T H E  J O U R N A L  O F  F A M I L Y  P R A C T IC E ,  V O L .  4 ,  N O . 4 , 1977



Continued f r o m  page 7 6 4
Table 1. Percentage of Persons Deviating from Best Weight*

AGE
(years)

MEN WOMEN

20% or 20% or
10-19% more 10-19% more
above above above above
best best best best

weight weight weight weight

20-29 19 12 11 12
30-39 28 25 16 25
40-49 28 32 19 40
50-59 29 34 21 46
60-69 28 29 23 45

* Adapted from Frequency of overweight and underweight, Stat Bull Metropol Life Ins 
Co 4 1 :4 ,Jan, 1960

In this regard, the Framingham, 
Massachusetts Study, in which over 
5;000 men and women of this com­
munity have been followed since 1948 
for the development of cardiovascular 
disease, suggests that obesity is, in 
fact, a major contributor to cardio­
vascular morbidity and mortality.14 
This study indicates that coronary 
mortality in general, and sudden death 
rates in particular, are substantially 
higher in the obese men of this com­
munity than in those who are not 
obese. In addition, a higher incidence 
of all the major clinical manifestations 
of cardiovascular disease is observed 
among the obese. Of considerable in­
terest is the observation that cardio­
vascular risk rises in proportion to 
weight exess (Figure 3); there is an 
increased risk for all degrees of obe­
sity. The evidence currently available 
from the Framingham Study suggests 
that obesity contributes to the devel­
opment of atherosclerotic heart dis­
ease by promoting specific atherogenic 
risk factors: hypertension, hypergly­
cemia and diabetes mellitus, and 
hyperlipoproteinemia. These athero­
genic traits, enhanced or promoted by 
obesity, may be responsible for the 
excessive cardiovascular morbidity and 
mortality of obese individuals.

Hypertension has been proposed as 
an important risk factor for the de­
velopment of coronary heart dis­
ease.15,16 If and how obesity causes 
or promotes hypertension is unknown, 
but the two are often associated. 
Furthermore, when obese patients 
with hypertension reduce, the blood 
pressure usually goes down. For this 
reason alone, then, obesity should be 
avoided or corrected.

Hyperglycemia and diabetes melli­
tus have also been proposed as impor­
tant risk factors for the development 
of atherosclerotic heart disease.17 A 
close association between obesity, ab­
normal carbohydrate metabolism, and 
diabetes mellitus has been well recog­
nized for many years, but to this date 
the nature of this relationship remains 
poorly understood. In some patients 
obesity appears to be part of the 
syndrome of diabetes mellitus, but in 
many instances obesity seems to be 
acting as a primary factor, somehow 
inducing or precipitating abnormalities 
in carbohydrate metabolism and in­

sulin secretion which may or may not 
be manifestations of the diabetic 
syndrome. One proposed, but as yet 
unproven, hypothesis to explain these 
relationships suggests that obesity 
causes insulin resistance in liver,18 
muscle,19 and adipose tissue,20 lead­
ing in some way to hyperglycemia and 
hyperinsulinemia. In this respect it has 
been significant to observe that weight 
loss in obese patients is usually asso­
ciated with an improvement in, and 
often a restoration to normal of insu­
lin resistance, glucose metabolism, and 
hyperinsulinemia.20"22 Whatever the 
mechanism, it is clear that obesity 
imposes a burden on glucose metabo­
lism and insulin secretion, and thus 
contributes to the development of an 
important cardiovascular risk factor. 
Once again, it is apparent that obesity 
should be avoided, or if present, cor­
rected.

Hyperlipidemia is considered to be 
a major risk factor in the development 
of coronary heart disease.15 An asso­
ciation between obesity and hyper­
triglyceridemia has been observed, sug­
gesting that obesity may be one factor 
influencing lipid metabolism.23,24 
One as yet unproven hypothesis used 
to explain this relationship proposes 
that the hyperinsulinemia of obesity 
results in accelerated hepatic trigly­
ceride synthesis and, consequently, 
elevated plasma triglyceride.22 From 
the standpoint of this risk factor too, 
prevention and treatment of obesity 
are indicated.

Although the increased cardiovas­
cular morbidity and mortality asso-

Table 2. A Classification of the 
Obesities

A. Etiologic
1. Hypothalamic-Pituitary

a. Hypothalamic dysfunction
1) Tumors
2) Inflammatory
3) Trauma and surgical in­

jury
4) Increased intracranial 

pressure
b. Hypopituitarism

2. Endocrine
a. Thyroid deficiency: hyper­

thyroidism
b. Glucocorticoid excess: 

Cushing's syndrome
c. Hyperinsulinem ia: exoge­

nous and endogenous 
source

d. Gonadal deficiency: p ri­
mary and secondary

3. Genetic
a. Laurence — Moon — Bardet 

— Biedl
b. Alstrom's syndrome
c. Morgagni — Marcel
d. Prader — W illi

4. Drugs
5. Undetermined

B. Anatomic: cell type
1. Hypercellular
2. Hypertrophic

C. Contributory and/or concomitant 
factors
1. Familial presence of obesity
2. Physical inactivity
3. Dietary factors: eating pat­

terns, type o f diet
4. Sociocultural
5. Psychiatric

dated with obesity may be mediated 
through these atherogenic traits, it 
cannot therefore be considered that 
obesity itself is an unimportant risk 
factor. If obesity promotes these

C o n tin u e d  o n  page 7 6 6

THE J O U R N A L  O F  F A M I L Y  P R A C T IC E ,  V O L .  4 ,  N O . 4 ,  1 9 7 7 7 6 5



C o n tin u e d  f r o m  page 7 6 5

Table 3. An Approach to the Obese 
Patient

1. Is a Weight Reduction Program 
Indicated?
a. Is obesity present?
b. Consideration of morbidity
c. Consideration of mitigating 

factors
2. Is There a Definable, Treatable 

Cause of Obesity?
a. Endocrine
b. Hypothalamic

3. Classification o f Obesities of Un­
known Etiology
a, Hypercellular obesity (Juvenile 

onset)
b. Hypertrophic obesity (Adult 

onset)
4. Treatment of Hypercellular Obe­

sity
a. Prevention
b. Supportive: dietary, emotion­

al, treatment of associated dis­
orders

c. Surgical: jejuno-ileal bypass.
5. Treatment o f Hypertrophic Obe­

sity
a. Prevention
b. Diet: caloric restriction, die­

tary composition, meal fre­
quency

c. Exercise
d. Psychotherapy
e. Behavior modification
f. Drug therapy

traits, it is important. Obesity may, in 
fact, be the primary derangement, 
causing these atherogenic factors to 
develop secondarily. Furthermore, 
obesity may be an important deter­
minant of coronary heart disease 
through some other, as yet undefined, 
mechanism. In any case, from a public 
health standpoint, obesity should be 
prevented. Moreover, although the 
direct benefit derived from correcting 
existing obesity has not been well 
documented, it is well established that 
weight loss improves the other risk 
factors and thus weight reduction may 
provide a potentially important means 
for improving cardiovascular health.

Cardiac Function. Detailed studies 
of the effect of obesity on cardiac 
function have only recently begun. 
Most of these have been undertaken in 
patients with severe, massive obesity. 
These studies indicate that obesity has 
a detrimental influence on cardiac 
functions.24'28 Obesity increases the 
work of the heart, presumably as the 
result of an increased requirement for 
transport of oxygen to the expanded 
tissue mass; total body oxygen con­
sumption is increased in patients with 
chronic, severe obesity. A high output 
circulatory status is assumed at rest, 
characterized by increased blood and

stroke volume, heart size, and cardiac 
work. Myocardial hypertrophy, pre. 
dominantly of the left ventricle, has 
also been observed, a consequence 
presumably of prolonged increase in 
cardiac work. Left ventricular dysfunc­
tion may result, as evidenced by ele­
vated left ventricular end-diastolic 
pressure at rest and exercise, and frank 
congestive heart failure may occur; 
Alexander and Pettigrove28 have re­
ported that heart failure may be a 
common cause of death in markedly 
obese patients. Thus, cardiac function 
can be significantly impaired by mas­
sive obesity. Most of these alterations 
appear to be reversed by weight 
loss: a reduction in total body
oxygen consumption, cardiac output, 
stroke volume, blood volume, heart 
size, and the work of the left ventricle 
has been observed after weight reduc­
tion. Elevated left end-diastolic pres­
sure, on the other hand, persists even 
after profound weight loss, suggesting 
that severe obesity may induce perma­
nent cardiac dysfunction. Although 
additional investigations are required 
to further define the effects of obesity 
on cardiac function and the possible 
clinical significance of these effects, 
particularly in the less extreme obese 
population, it is apparent that in terms 
of the heart, obesity is best avoided.

Pulmonary Function. A common 
clinical complaint of the obese is 
dyspnea, particularly on exertion. It 
might be expected, then, that obesity 
would be accompanied by alterations 
in pulmonary function. Although this 
is indeed the case, the surprise is that 
more obese patients do not suffer 
from more abnormalities. Obese pa­
tients have had perfectly normal res­
piratory function, at least with respect 
to the usual tests. Abnormalities of 
pulmonary function have, however, 
been observed in many obese indivi­
duals, varying in type and de­
gree.30'35 A significant reduction in 
expiratory reserve volume and, less 
often, vital capacity, has been ob­
served in some, but not all, extremely 
obese patients. Hypoventilation as evi­
denced by a decreased Pa02 and ele­
vated PaC 02 has been observed in 
many, but not all, patients studied 
with massive obesity. Hypoventilation 
is usually mild in degree, but it may be 
so severe as to cause marked hyper­
capnia and respiratory acidosis, and in
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(lie extreme, the Pickwickian Syn­
drome in which somnolence, lethargy, 
cyanosis, and muscular twitching are 
striking clinical features. On the other 
hand, a low Pa02 may be present in 
the absence of hypercapnia. The mech­
anisms responsible for these abnormal­
ities in pulmonary function and the 
explanation for their occurrence in 
varying degrees in the obese popula­
tion are unknown. The presence of 
massive obesity of the abdomen and 
thorax with resultant diminished chest 
wall compliance and uneven air flow 
may be responsible for some of these 
abnormalities. When these factors are 
combined with an increased ventila­
tory demand and an uneven ventila­
tion-perfusion relationship, hypoventi­
lation may occur. The state of pul­
monary function in an obese patient 
will depend upon whether, and the 
extent to which, these factors are 
operating. It has been proposed that in 
the Pickwickian Syndrome all of these 
factors and, in addition, a diminished 
central nervous system sensitivity to 
C02 are present.3 6 This remains high­
ly speculative, however, and additional 
studies are clearly required. In particu­
lar, studies of respiratory function in 
individuals with mild obesity are 
needed. In one recent preliminary 
study significant differences in pul­
monary function between moderately 
obese and nonobese patients could not 
be discerned.35

An Approach to the Obese Patient
In spite of its frequency in the 

population and far-reaching health 
consequences, obesity is poorly under­
stood and its treatment sorely inade­
quate. This situation is likely to prevail 
until a more fundamental understand­
ing of the whole process regulating 
energy (food) intake, storage, and 
expenditure is achieved and as a result, 
therapeutic measures which specifi­
cally influence these processes are 
developed to effectively prevent and 
correct obesity. Until then it will not 
be possible to treat the cause of 
obesity in most patients; treatment 
will remain symptomatic and thus, 
limited. Within these limits, the de­
gree of success in the management of 
the obese patient will depend upon a 
realistic definition of the goals of 
treatment and a national approach to 
altering the balance between calorie

intake and output. The following para­
graphs describe one such approach to 
the obese individual in which the 
objectives and course of treatment are 
based on a stepwise evaluation of the 
nature and likely prognosis of his 
obesity. Table 3 summarizes this ap­
proach.
Is Weight Reduction indicated?

Because of the large number of 
individuals involved, and the size of 
the effort required to initiate and 
maintain a weight reduction program, 
it is first necessary to determine 
whether weight reduction in a given 
patient is justified. A variety of factors 
must be considered, including: (1) the 
distinction between overweight and 
obesity; (2) the severity of the obesity 
in terms of its degree and the extent to 
which it impairs the physical, emotion­
al, and economic health of the indivi­
dual; (3) the coexistence of other 
health risk factors such as hyperten­
sion, atherosclerosis, and diabetes 
mellitus; and (4) the presence of con­
ditions such as pregnancy and certain 
acute illnesses which may contra­
indicate weight reduction. One exam­
ple where patient education rather than 
weight reduction is indicated is in the 
nonobese individual with an unusual 
distribution, but normal amount, of 
adipose tissue on a familial basis.
Is There a Definable Cause?

If a specific cause of obesity can be 
defined, it can usually be treated 
successfully. Thus, it is important to 
consider whether the patient is obese 
because of hypothyroidism, Cushing’s 
syndrome, or one of the more rare 
definable causes of obesity. These dis­
orders, however, account for only an 
exceedingly small fraction of human 
obesity and rarely are they responsible 
for massive obesity. Furthermore, the 
presence of an endocrinopathy in an 
obese patient does not necessarily es­
tablish it as the sole cause of the 
obesity; specific treatment may cause 
weight loss, but not restore the patient 
to normal body weight. This improve­
ment, however, is a highly desirable 
achievement, and in every obese pa­
tient a specific cause should be sought.

Cellular Classification
In the overwhelming majority of 

obese patients a specific cause cannot 
be discerned; classification of their 
obesity into hypercellular and hyper­
trophic types may however, be useful.

This may be of considerable practical 
importance since it may afford some 
indication of prognosis, and thus bet­
ter define the objectives to treatment 
and the therapeutic approach to be 
taken. Although it is clearly not feasi­
ble to determine routinely adipose cell 
size and number in patients, a fairly 
reliable estimation of cell type can be 
achieved indirectly from knowledge of 
the age of onset and the severity of the 
patient’s obesity: as previously dis­
cussed, obesity of onset before age 20 
years is most likely to be hyper­
cellular, while that beginning after age 
20 years is highly likely to be hyper­
trophic. Massive, severe obesity is like­
ly to be hypercellular, while hyper­
trophic obesity tends to be less severe. 
There is considerable overlap of the 
two types between ages 13 and 20, but 
in general, the earlier the onset in this 
age range the greater the likelihood of 
hypercellularity. Having classified the 
obese patient into cellular type, the 
various therapeutic approaches can 
then be considered.

Hypercellular Obesity. On the basis 
of both the experimental evidence 
reviewed earlier in this discussion and 
actual clinical experience, the medical 
management of the hypercellular 
obese patient must be viewed with 
pessimism, at least in terms of weight 
reduction. Hypercellularity in the adi­
pose depot of the patient with early- 
onset massive obesity appears to be 
irreversible, a phenomenon which is 
paralleled by the frustrating clinical 
observation that weight reduction in 
these patients is difficult at best, and 
almost inevitably followed by regain 
of weight and restoration of the origi­
nal state of adiposity. Indeed, the 
inadequacy of current dietary ap­
proaches to the problem of obesity 
may be due to their inability to effect 
any permanent change in adipose tis­
sue cellularity in adult life. This ob­
servation has, in fact, focused con­
siderable attention on early life and on 
the factors which regulate adipose 
cellular division and growth, ie, on a 
preventative approach. Here there may 
be some room for optimism since 
preliminary studies indicate that, at 
least in experimental animals, nutri­
tional manipulation very early in life 
can permanently affect the adult size 
and cellular character of the adipose 
tissue.37 Similar nutritional influence
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may operate early in life; in particular, 
overnutrition at this stage of life may 
induce adipose hypercellularity and, as
a consequence, obesity.

Nevertheless, the evidence currently 
available indicates that once hyper- 
cellular obesity is established it cannot 
be readily reversed by diet, pills, 
psychotherapy, or behavior modifica­
tion. Treatment of this form of obe­
sity by these methods has been uni­
formly unsuccessful. Furthermore, 
prolonged unsuccessful attempts at 
dietary management for this type of 
obesity may, theoretically at least, be 
potentially harmful; the cyclic weight 
loss and regain of weight with asso­
ciated cyclic fasting and refeeding 
which many of these individuals ex­
perience, may enhance atherogenic 
risk factors such as hyperlipidemia.38

Failure of the medical approach to 
this type of obesity has led to the 
introduction of more drastic measures 
of treatment. Included among these 
are various surgical procedures, of 
which gastrointestinal bypass is most 
widely and successfully used.39,40 At 
present jejuno-ileal bypass appears to 
be the procedure of choice and it has 
proven to be an effective means of 
producing and maintaining weight loss. 
This, however, is not achieved without 
serious real and potential risk to the 
patient. The mortality rate associated 
with this procedure may be as high as 
five percent and postoperative mor­
bidity may be substantial. Persistant 
diarrhea, fluid and electrolyte distur­
bances, severe liver disease, and hepa­
tic failure are a few of the more 
serious short-term postoperative prob­
lems. Since jejuno-ileal bypass has 
been employed in the treatment of 
obesity for only a relatively short 
period of time, its long-term conse­
quences are not known. In view of its 
potential short- and long-term hazard, 
in the opinion of this author, gastro­
intestinal bypass remains an experi­
mental form of therapy for obesity 
and, like any good experiment in man, 
should be strictly limited to patients 
with clearcut medical need, and con­
ducted in a setting where its short- and 
long-term effects can be monitored 
very carefully.

In the view of this author, a more 
acceptable and certainly less drastic 
approach to the hypercellular obese 
Patient is available, a supportive one.

In this approach, less emphasis is 
placed on weight reduction, and more 
on minimization of additional weight 
gain. Supportive care is provided to 
the patient through prompt and appro­
priate management of associated medi­
cal disorders, emotional support and 
vigorous attention to the socio­
economic capacity and function of the 
individual.

It is recognized that the objectives 
of this approach are severely limited, 
and that they fail to deal adequately 
with the basic problem of obesity and 
its health consequences. It may, how­
ever, offer a reasonable alternative to 
ttfe inadequacy and risk of the other 
various forms of treatment, at least 
until our basic understanding of this 
disorder improves.

The pessimistic view of the problem 
of hypercellular obesity presented here 
must be tempered by the fact that 
research interest in this area, which for 
so long has been dormant, is now 
active and extensive. Hopefully, the 
investigations which result will provide 
new insights into the nature of this 
disorder and the basis for its more 
satisfactory treatment.

Hypertrophic Obesity. Most fre­
quently, obesity is of the hypertrophic 
variety, and mild or moderate in de­
gree. As with hypercellular obesity, 
prevention of this type of obesity is 
preferable to trying to correct it after 
it is established. On the other hand, 
hypertrophic obesity should be more 
amenable to treatment since it is asso­
ciated with a reversible abnormality, at 
least in terms of the cellular character 
of the expanded adipose tissue.

Treatment
Diet. The basis of treatment is 

dietary, and specifically, calorie re­
striction. Although the optimal diet 
for weight reduction has not yet been 
defined, theoretically it is one which 
contains the least number of calories, 
yet provides total or near total preser­
vation of body nitrogen, minerals, 
vitamins, and other essential factors. A 
seemingly endless number of diets 
have been introduced in the quest for 
“optimal.” Many of these diets are 
based on manipulations of the com­
position of their calories (the ratio of 
carbohydrate to fat to protein) and 
too often their promotion fails to 
indicate the critical importance of 
total caloric restriction. At this writ­
ing, no firm evidence exists which

mitigates against the concept that 
weight loss depends upon caloric defi­
cit and in turn, that calorie deficit 
itself depends upon the total number, 
and not the type of calories consumed 
relative to calories expended.

The extent to which calories should 
be restricted in a given individual 
depends upon the age, body size, and 
physical activity of the patient. Re­
striction to 800 to 1,200 calories per 
day is generally appropriate for a 
moderately active female; 1,000 to 
1,400 calories per day may be more 
appropriate for men of similar activity. 
Obviously these values need to be 
adjusted according to activity, size, 
and age of the patient.

Total starvation diets have gen­
erated considerable interest and popu­
larity in the treatment of obesity. The 
rationale for this approach apparently 
lies in the rapid rate of initial weight 
loss compared to caloric restriction. 
This benefit, however, is short lasting; 
weight loss over the long run is similar 
for the two methods. Moreover, pro­
longed starvation may actually be 
undesirable for several reasons. Lean 
body mass is lost to a significantly 
greater degree during total starvation 
than during caloric restriction.41 In 
addition, severe ketosis and mild aci­
dosis may accompany prolonged star­
vation; the effects of these alterations 
on cellular function, particularly the 
cells of the central nervous system and 
the skeleton, are not fully appreciated. 
For these reasons, calorie-restricted 
diets rather than total starvation seem 
preferable. Certainly prolonged fasting 
should not be undertaken in the ab­
sence of close medical supervision, and 
it is contraindicated in certain patients 
such as those with diabetes mellitus.

The composition of the calorie- 
restricted diet has, as indicated, re­
ceived wide attention in the manage­
ment of obesity. The “low carbohy­
drate diet” (zero, or less than 50 g of 
carbohydrate per day) has received the

42 4 3greatest attention most recently.
When this diet is successful, it is most 
likely attributable to anorexia induced 
by severe ketosis, and to lack of 
palatability, and thus to a reduction in 
total caloric intake. As discussed 
above, since the long-term effects of 
severe ketosis are not yet known, this 
approach should be employed with 
caution; certainly it should not be
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used in the patient with diabetes melli- 
tus, renal disease, or other acidotic 
states. Even in situations where atten­
tion to dietary composition would 
seem indicated, as for example in some 
of the hyperlipoproteinemias, calorie 
restriction and weight loss, irrespective 
of dietary composition, is sufficient in 
most instances. If this approach is 
insufficient, or if the patient is un­
successful at weight loss, attention to 
specific alteration in the lipid and 
carbohydrate content of the diet is 
then indicated.44

In view of these observations, it 
appears that a reasonable and safe 
weight reduction diet is one which 
restricts calories, provides sufficient 
protein to spare body nitrogen, suffi­
cient carbohydrate to avoid severe 
ketosis, and sufficient fat to be palat­
able; ie, a hypocaloric, mixed diet. 
Such a diet should be divided into 
three or more meals per day.38 The 
effectiveness of this, or any dietary 
regime may be improved by combining 
it with the other modalities of treat­
ment not to be discussed.

Exercise. Several real and potential 
benefits of a daily exercise program 
make this an important adjunct to the 
treatment of obesity.45 Included 
among these benefits are (1) an in­
creased expenditure of energy, and, 
therefore, a greater caloric deficit than 
achieved with dietary restriction alone; 
(2) a shift in body composition in the 
direction of increasing lean body mass 
at the expense of adipose tissue; (3) 
improvement in cardiac function; (4) 
improvement in glucose metabolism; 
and (5) psychologic benefit, particu­
larly with respect to improved self­
esteem. For these and other reasons, a 
daily exercise program, carefully 
planned and tailored to the patient’s 
abilities and physical condition, is an 
important part of a long-term weight 
reduction program. Exercise alone, 
however, is not an effective means of 
weight reduction; reduced calorie in­
take is essential.

Psychotherapy. Obesity is very fre­
quently associated with a variety of 
emotional disturbances.46'48 The rela­
tionship of these disturbances to obe­
sity has, however, not been fully iden­
tified; while psychologic factors may 
enter into the production of obesity, 
not all persons are obese as a result of 
these factors. Thus, psychologic dis­

turbances can contribute to the de­
velopment and perpetuation of obe­
sity, or they may be the result of the 
obesity. If psychologic factors are 
found to play a role in the etiology 
and maintenance of obesity in a given 
individual, then psychotherapeutic 
intervention would clearly be indi­
cated. Usually, however, it is difficult 
to identify cause and effect relation­
ships in an obese patient. The decision 
of whether or not psychotherapy 
should be initiated in a given patient, 
then, depends upon an assessment of 
the nature and magnitude of the dis­
turbance. Where psychologic factors 
are clearly etiologic, individual or 
group therapy may be of considerable 
benefit to the obese patient. On the 
other hand, even if the causal relation­
ship cannot be established, psycho­
therapy may be a beneficial adjunct to 
ca lo ric  restriction and exercise. 
Psychotherapy is also indicated where 
the emotional disturbance is of such 
magnitude that it significantly inter­
feres with the functional capacity of 
the individual. In the majority of 
obese patients, however, psycho­
therapy appears to add little to caloric 
restriction and exercise, at least in 
terms of weight reduction; general 
emotional support by the physician 
during the course of weight reduction 
is usually sufficient.

Behavior Modification. Behavior 
modification is an approach currently 
receiving considerable attention as a 
useful adjunct to caloric restriction 
and exercise in the treatment of hu­
man obesity.49 This approach is aimed 
at modifying the eating habits and 
physical activity of the obese indivi­
dual and thus helping the patient to 
regulate his body weight. Although 
this may well offer the most promising 
of the psychologic approaches to the 
management of obesity, its long-term 
effectiveness remains to be demon­
strated.

Pharmacologic Therapy. The role of 
drug therapy in the treatment of obe­
sity remains to be defined; at present 
it is the subject of considerable contro­
versy. Not only is there a question of 
whether the various pharmacologic 
agents available significantly influence 
food intake and body weight over the 
long term, but there is also the prob­
lem of addiction and abuse with cer­
tain of these drugs, particularly the 
amphetamines. After analyzing the 
available evidence on the use of the

appetite-suppressant drugs in the treat­
ment of obesity, the editorial board of 
the Fogarty International Center Con­
ference on Obesity held in 1973 ma(je 
the following recommendations:9

1. Before deciding to use a drug for 
weight reduction it is important to 
evaluate the nature of the derange­
ment which led to the obesity in the 
first place.

2. There would seem to be little 
indication for the use of appetite 
suppressing drugs or other medications 
in obesity unless the patient is clini­
cally obese, has obvious medical need, 
and/or is motivated to lose weight.

3. An appetite-suppressant drug should 
only be used as part of treatment, 
never as the sole therapy, and only 
with adequate efforts to modify diet, 
and exercise.

4. Since the available data do not 
indicate that one drug is more effec­
tive than another, those drugs with less 
potential for addiction or abuse would 
appear to be the preferable agents.

5. There are no presently available 
criteria (except history) by which one 
can detect patients who may become 
psychologically or physically depen­
dent upon these drugs. Therapy should 
not be prolonged if weight loss cannot 
be achieved or continued.

6. An appetite suppressant should 
never be prescribed or dispensed with­
out a careful explanation of the poten­
tial side effects and an indication that 
its use is purely for symptomatic 
purposes.

7. Injectable forms of these drugs have 
no place in the treatment of obesity.

A variety of other drugs including 
human chorionic gonadotropin, digi­
talis, diuretics, and thyroid hormone 
have been widely used in the treat­
ment of obesity. In the opinion of this 
author, there is no role for chorionic 
gonadotropin in the treatment of obe­
sity. Digitalis, diuretics, and thyroid 
hormone should be employed only 
where specific indications exist: con-
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gestive heart failure, edema, hyper­
tension, and stasis ulcers for digitalis 
and the diuretics; clinical and labora­
tory-demonstrable hypothyroidism in 
the case of thyroid hormone.
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Salt in Cardiovascular Disease

Hugh J. Carroll, MD 
Man S. Oh, MD 
Introduction

The human body is about 55 per­
cent water, of which some 60 percent 
is intracellular and 40 percent is extra­
cellular. The intracellular fluid (ICF) 
serves as the milieu for the biochemi­
cal reactions that define life, and one 
of the requirements of this milieu is 
that the ionic strength be maintained 
in a relatively narrow range. The ionic 
strength of the cells is maintained by 
the presence of salts confined to the 
intracellular space. The anions are for 
the most part complex phosphates and 
proteins that cannot leave the cells 
because of their size. The cations that 
maintain electrical balance in the cells 
consist primarily of potassium, with 
smaller quantities of magnesium, cal­
cium, and sodium. Through their os­
motic activity these salts maintain the 
volume of the intracellular space. The 
osmotically active solutes that hold 
water in the extracellular fluid (ECF) 
are almost entirely the chloride and 
bicarbonate salts of sodium. The ECF 
serves as a cushion to suspend the cells 
and as a conduit for materials from 
one organ to another. Particles from 
the cells of one organ diffuse slowly 
through the interstitial fluid and pene­
trate the capillary wall to be carried 
rapidly in the plasma to another organ 
where exit through the capillary wall 
and diffusion through interstitial fluid 
permit the particles to reach the cell 
membrane in the target organ. The 
interstitial fluid and the plasma com­
prise one phase, the ECF (Figure 1). 
The plasma is merely that part of the 
ECF that is held within the blood 
vessels by the plasma proteins. The 
critical variable of the ECF is its 
volume; if it is too low, the volume of 
plasma will decrease and under­
perfusion of tissues will result; if the 
volume of ECF is too large, tissue 
congestion and pulmonary edema can 
result. Since sodium salts hold water in 
the ECF it follows that salt depletion 
must be accompanied by a deficit of 
ECF volume [except when renal shut­
down or inappropriate secretion of 
antidiuretic hormone (ADH) allows 
gross excess of water to accumulate] 
while accumulation of salt must lead 
to an increase in ECF volume (except
C o n tin u e d  o n  page 7 7 6
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in the unusual circumstance of a simul­
taneous marked dehydration).

Figures 2A, B, and C show the 
relationship between ECF and ICF as 
illustrated by a model system in which 
a solution of sodium salt at 140 mEq 
(280 mOsm) per liter is separated from 
a solution of potassium salt at 280 
mOsm/liter by a semipermeable mem­
brane (one which would permit the 
net movement of water but not solute 
and hence allow application of os­
motic pressure). The effect of altering 
the volume and composition of the 
ECF will be studied since it is the ECF 
that is directly changed in man by the 
gain or loss of water and solutes 
through the various possible routes: 
gastrointestinal tract, kidney, skin, 
lungs, etc.
Effects of Alteration of ECF Upon the 
Volume and Concentration of the ICF

Gain or loss of isotonic salt solution 
by the ECF has no other effect than a 
change in volume of the ECF. When­
ever salt leaves the system, ECF vol­
ume diminishes, and whenever salt 
enters the system ECF volume in­
creases. When ECF volume changes, 
the ICF volume may change in the 
same direction, in the opposite direc­
tion, or not at all. Intracellular volume 
changes only by the shift of water and 
this in turn can occur only when water 
and salt are gained or lost by the 
intracellular fluid volume in other than 
isotonic proportions.

We have depicted a system in which 
sodium salts are restricted to the ECF 
and potassium salts to the ICF because 
this model is very similar to the state 
in the body. In biologic systems, how­
ever, there can be an exchange of 
cations across the cell membrane. Po­
tassium can diffuse into the ECF and 
Na into the ICF but normally an 
energy-requiring “Na:K pump” re­
stores the ions to their proper com­
partments. In a potassium-losing dis­
order, potassium fails to return to the 
cell but instead leaves the ECF taking 
an extracellular anion with it. The 
sodium that entered the cell when that 
potassium diffused out remains within 
the cell to balance the nondiffusable 
intracellular anion.

Salt Balance in Health and Heart Fail­
ure

The concept most relevant to a 
consideration of salt and water in 
heart disease is that if the job of

sodium salts is to hold water in ECF, 
any disease that causes salt and water 
retention will lead to expansion of the 
ECF, edema, and, in the case of left 
ventricular failure, pulmonary edema. 
It will therefore be useful to consider 
the disposition of salt in man, and the 
manner in which the kidney attempts 
to maintain salt balance in health and 
in heart failure.

Total Body Sodium
The administration of radiosotopic 

sodium, 24Na, and its subsequent mea­
surement in the plasma, allow an 
estimation of the size of the sodium 
pool in the body with which the 24Na 
exchanges. This pool of “total ex­
changeable sodium,” TENa, represents 
the physiologically available sodium as 
contrasted with the structural sodium 
of compact bone which plays no part 
in the body fluid economy. In man the 
TENa content is 44.7 mEq/kg of body 
weight, or 82.3 mEq/liter of body 
water. Table 1 contains data con­
cerning the quantities and distribution 
of water and major electrolytes in the 
body.1,2,3

Given the fact that expansion of 
the ECF is responsible for the signs 
and symptoms of congestive heart 
failure, and given the fact that salt and 
water are retained because of altera­
tion in renal function, it is appropriate 
to examine renal function as it relates 
to normal and abnormal handling of 
sodium.

Figure 3 illustrates a grossly over­
simplified but useful statement of kid­
ney function. The glomerulus filters 
the blood and admits to the lumen of 
the nephron, plasma, and all its con­
tents except formed elements and pro­
teins. The wall of the nephron is fitted 
with receptors for the active transport 
of some materials to be salvaged and 
sites that permit the diffusion of other 
materials to be salvaged. Control 
mechanisms based on the needs of the 
body for a salvageable material deter­
mine how much of that material will 
be salvaged at any time. For example, 
the quantity of filtered phosphate to 
be excreted is determined largely by 
the titer of parathyroid hormone in 
the blood. This titer in turn is deter­
mined in part by the effects of an 
increasing serum phosphate concen­
tration on serum calcium concentra­
tion and the ability of hypocalcemia 
to cause a release of hormone by the 
parathyroid gland.

Renal Transport o f Sodium and Con­
trolling Factors

Normal glomerular filtration rate 
(GFR) is 120 to 140 ml/minute so 
that some 200 liters of plasma water 
containing some 30,000 mEq of so­
dium enter the proximal tubule daily 
Since the usual daily intake and excre­
tion of sodium is about 150 mEq 
more than 99 percent of the filtered 
sodium must be reabsorbed along the 
length of the nephron; if sodium ex­
cretion is to exceed the usual daily 
loss, as in the case of ingestion of 
excess sodium, or if sodium excretion 
is to be less than the usual, as in the 
case of retention of dietary sodium to 
make up for a salt-losing acute diar­
rhea, there will be an appropriate 
change in the fraction of filtered so­
dium reabsorbed. Increased or de­
creased glomerular filtration rate is of 
less importance in the retention or loss 
of sodium. Figure 4 describes sites in 
the nephron where sodium reabsorp­
tion can take place. Approximately 70 
percent of filtered sodium, including 
90 percent of the filtered sodium 
bicarbonate, is reabsorbed in the prox­
imal tubule designated “pump no. 1.” 
Water is reabsorbed here in isotonic 
proportions isosmotic to solute. No 
sodium is reabsorbed in the descending 
limb of Henle’s loop but in the ascend­
ing limb and in the more distal reaches 
of the tubule the remainder of the 
filtered sodium is reabsorbed. In the 
ascending limb at “pump no. 2,” salt is 
reabsorbed without water and the 
fluid entering the distal tubule, there­
fore, becomes quite dilute. The salt 
reabsorbed at pump no. 2 together 
with water drawn osmotically from 
the descending limb of Henle’s loop is 
taken back into the circulation by the 
vasa recta. In the distal convoluted 
tubule and collecting duct, more salt 
reabsorption takes place and part of 
the reabsorbed sodium is exchanged 
for potassium and hydrogen, a process 
that permits the body to dispose of 
the daily dietary intake of these ions. 
The distal reabsorption of sodium and 
the exchange of sodium for potassium 
and hydrogen at “pump no. 3” is 
under the control of aldosterone. The 
reabsorption of water in the distal 
system depends on the availability of 
ADH. This hormone enhances the 
permeability of the tub.ule membrane 
to water and permits water to enter
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EXCRETION
INTO

ENVIRONMENT

Figure 1. Interstitial flu id  plus plasma comprises extracellular flu id . Water and 
crystalloids pass into and out of the plasma compartment by diffusion and bulk shift 
governed by Starling's forces. Solutes leave cells by active or passive transport, diffuse 
through interstitial flu id  to plasma and travel in plasma to target organs where 
diffusion into interstitial flu id  delivers solutes to cell membrane.

the interstitial fluid in response to the 
osmotic pull of interstitial solutes. The 
ability of the luminal fluid to equili­
brate with the interstitium by move­
ment of water across the membrane of 
the distal convoluted tubule is greater 
in some species than in others but in 
all mammals the movement of water 
across the collecting duct permits max­
imum osmotic concentration of the 
urine to approach that of the medul­
lary interstitium. Pump no. 2 is re­
sponsible for both the dilution of the 
urine (by withdrawal of salt without 
water in the “diluting segment”) and 
also for the concentration of the urine 
(by the addition of salt without water 
to the medullary interstitium where it 
serves as the osmotic force for with­
drawal of water from the collecting 
duct).

Sine the volume of the ECF is its 
critical variable and since body sodium 
content controls ECF volume, it fol­
lows logically that some function of 
ECF volume should orchestrate the 
behavior of the salt-excreting mecha­
nism. The current wisdom assigns this 
role to the effective arterial volume 
(EAV), that fraction of the blood 
volume responsible for nourishing the 
tissues; it might be described as the 
stroke volume in motion through the 
arteries. Decrease in this volume of 
blood can be shown to alter the 
behavior of all the mechanisms in the 
kidney that can cause salt retention. 
These factors in historical order have 
been indentified:

1. Glomerular filtration rate. With 
decrease in EAV sympathetic response 
reduces renal plasma flow and GFR 
and hence reduces filtered load of

sodium.
2. Distal nephron, pump 3. Reduc­

tion in EAV, possibly working through 
pressure or stretch receptors in the 
afferent arteriole of the glomerulus, 
leads to an increase in renin produc­
tion and hence to elaboration of angio­
tensin and aldosterone.

3. Proximal convoluted tubule. 
Micropuncture studies indicate that 
reduction in EAV, eg, by hemorrhage, 
increases reabsorption of salt and 
water at pump no. 1. Decrease in 
hydrostatic pressure of peritubular 
capillaries and decrease in an as yet 
unidentified salt-losing hormone prob­
ably are both involved. For want of a 
better name this set of mechanisms is 
referred to as “third factor.”4

4. Pump no. 2 may be altered by 
reduction in a salt-losing hormone. In 
addition, a reduction in EAV selective­
ly reduces perfusion of the cortical 
nephrons whose short Henle’s loop 
warrants their designation as “salt­
losing” nephrons.

Overexpansion of the EAV has effects 
on these mechanisms approximately 
the opposite of the effects of reduc­
tion in EAV.
Salt and Water Metabolism in Conges­
tive Heart Failure

The pathophysiology of congestive 
heart failure derives from the tendency 
of the kidney to retain salt and water 
when effective arterial volume is re­
duced due to inadequate ejection of 
blood from the left ventricle (Figure 5). 
The retained salt solution lowers the 
concentration of plasma protein and 
raises venous pressure and hence 
causes edema.5 With the increase in

venous pressure, the filling pressure of 
the heart and the end-diastolic volume 
(preload) of the left ventricle increase. 
Distension of the left ventricle leads to 
a moderate increase of cardiac output 
but this compensatory mechanism 
soon reaches a maximum and the 
cardiac output remains reduced des­
pite marked increase in venous pres­
sure and dilation of the heart.6 With 
persistent salt and water retention the 
tissues become waterlogged and the 
enhancement of pulmonary interstitial 
congestion leads to worsening dyspnea 
and orthopnea. There has been some 
suggestion, but little proof, that the 
increase in venous pressure in the renal 
veins may interfere with the excretion 
of sodium and may contribute to 
worsening of the edematous state. This 
“backward failure” hypothesis is re­
garded by most investigators as prob­
ably having little to do with the 
pathogenesis of the congested state 
but further investigation of this role is 
needed.

Hyponatremia
Despite the retention of great quan­

tities of sodium, the edematous 
cardiac frequently demonstrates the 
paradox of modest hyponatremia 
(serum sodium about 130 mEq/liter) 
with a concentrated urine (specific 
gravity  1 .020, osmolality 600 
mOsm/liter). One or both of two 
mechanisms may be responsible: (1) 
delivery of fluid into the diluting 
segment (ascending limb of Henle’s 
loop) is reduced because of the re­
duced GFR and the increased proxi­
mal reabsorption. Even if the fluid 
becomes dilute at this site, the quan­
tity of filtrate is very small, and it 
moves so slowly through the collecting 
duct that water can be reabsorbed 
despite the absence of ADH. (2) Ten­
dency of hyponatremia to suppress 
ADH output may be overcome by the 
reduction in EAV.

Treatment
Digitalis. The inotropic effect of 

digitalis increases cardiac output and 
hence increases the EAV.' With in­
crease in EAV the whole set of mech­
anisms involved in the self-defeating 
process of salt and water reabsorption 
is reversed; renal perfusion increases 
and thereby the filtered load of salt 
increases; proximal sodium and water
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Reviews of Audiovisual Materials

The following audiovisual materials have been reviewed by the Audiovisual Review 
Committee, an ad hoc group of the Education Committee of the Society o f Teachers o f 
Family Medicine. Membership: John P. Geyman, MD, Chairman (University of Washington, 
Seattle), Richard M. Baker, MD (University of California, San Diego), Thomas C. Brown, PhD 
(University of California, Davis), Thornton Bryan, MD (University of Tennessee, Memphis), 
Laurel G. Case, MD (University of Oregon Medical School, Portland), Wendell B. Garren, MD 
(Geisinger Medical Center, Danville, Pennsylvania), James L. Grobe, MD (Phoenix, Arizona), 
Warren A, Heffron, MD (University of New Mexico, Albuquerque), Brian K. Hennen, MD 
(Dalhousie University, Halifax, Nova Scotia), Thomas L. Leaman, MD (Pennsylvania State 
University, Hershey), I. R. McWhinney, MD (University of Western Ontario, London), Donald 
C. Ransom, PhD (Sonoma Community Hospital, Santa Rosa, California), Philip L. Roseberry, 
MD (York Hospital, York, Pennsylvania), Rafael C. Sanchez, MD (Louisiana State University, 
New Orleans), Robert Smith, MD (University of Cincinnati, Cincinnati, Ohio), William L. 
Stewart, MD (Southern Illinois University, Springfield), John Verby, MD (University of 
Minnesota, Minneapolis), Raymond O. West, MD (Loma Linda University, Loma Linda, 
California), Hiram L. Wiest, MD (Pennsylvania State University, Hershey). Reviews of each 
type of media were carried out by subgroups of the committee.

AUDIENCE

1 Family physician
2 Family practice 

resident
3 Family nurse 

practitioner/Medex
4 Medical student

MEDIA

A 35 mm slides 
B 16 mm film  
C Video tape 
D Models

SOURCE PROGRAM COMMENTS
OVERALL

APPRAISAL

Network for Continuing 
Medical Education 
15 Columbus Circle 
New York, NY 10053 
($50.00)

Local
Anesthesia: 
Three Effective 
Techniques

C 1
2
4

The objectives of this program are 
clearly stated. Three techniques of 
local anesthesia are described and 
demonstrated: digital block, 
regional block, and field block. 
The program is well documented 
and illustrated, the content is 
accurate, and the subject well 
presented. It represents a good 
use of audiovisual material and 
is of excellent technical quality.

Highly Recommended
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OVERALL
SOURCE PROGRAM COMMENTS APPRAISAL

Pfizer Labs Bronchitis and B i This film deals with the diagnosis, Recommended
267 West 25th St Bronchiectasis: 2 treatment, and differentiation
New York, NY 10001 Differentiation 3 between chronic bronchitis and
(No charge on a loan and Treatment 4 bronchiectasis. The indications
basis) for bronchoscopy and bronchog­

raphy are included. Considerable 
emphasis is placed on the radio- 
logic differentiation of these two 
problems. Although the content 
and technical quality of the film 
are good, it is quite long and is 
tedious in spots. The subject, 
however, is definitively covered.

National Audiovisual Principles of C 1 The objectives of this program are Highly Recommended
Center National Fracture 2 clearly stated and relate to an under-
Archives and Record Reduction 4 standing of the principles of fracture
Service reduction. The reduction of a num-
Washington, DC 20409 ber of kinds of fractures is demon-
($65.00) strated and discussion is also focused 

on after-care. The program makes 
excellent use of graphics. Technical 
quality and content are good. This 
program provides an excellent intro­
duction to the subject.

American Medical Asso- The Complete B 3 This film is directed to the office Limited Value
ciation Film Library Gynecologic 4 gynecologic examination, including
512 Burlington Ave Examination some special tests that can be
LaGrange, IL 60525 performed in the office. Although
($10.00 rental) the technical quality of the film 

is good, there are many omissions 
in terms of coverage of the subject. 
The film is quite superficial, and 
at best provides only an initial 
introduction to the subject.
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SOURCE PROGRAM COMMENTS OVERALL
APPRAISAL

Ortho Aspects of C 1 Preferably viewed as a part of the Highly recommended
Pharmaceutical Sexual Inter- 2 two-part series which includes “The
Corporation viewing — The 3 Frigid Wife’s Husband,” produced
Raritan, NJ 08869 Frigid Wife 4 by the same source, this program
($178.00) focuses on the technique of taking 

a sexual history from a sexually 
dysfunctional woman. The process 
of sexual counseling is demonstrated 
and described. The presentation is 
well organized and provides defini­
tions and teaching of interview 
techniques in the management of 
frigidity. Although the technical 
quality and content of this program 
are good, it should probably not 
stand alone as a definitive approach 
to this subject and should be 
supplemented by further discussion 
in a related teaching conference;

Medcom, Inc. The Red Eye, A 1 Each part of this two-part series Recommended
2 Hammarskjold Part 1 and 2 includes 100 35 mm slides and a
Plaza Part 2 3 booklet. This two-part series pro-
New York, NY 10017 4 vides a good overview of the subject.
($120.00, $60.00 per The slides are generally of good
part) quality and are carefully keyed to 

a booklet. The written material is 
focused primarily on diagnosis. The 
program could have been of more 
value to the family physician by in­
cluding teaching points related to 
differential diagnosis and the princi­
ples of management. This two-part 
series would be most useful for
review purposes.
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SOURCE PROGRAM COMMENTS OVERALL
APPRAISAL

Network for 
Continuing 
Medical Education 
15 Columbus Circle 
New York, NY 10053 
($50.00)

How I Do
Subclavian
Venapuncture

The objectives of this program are 
clearly stated. The program focuses 
primarily on the technique of sub­
clavian venapuncture. A considerable 
amount of detail is presented con­
cerning the required equipment and 
supplies. Although the presentation 
is by no means dynamic, the techni­
cal aspects of the procedure are 
adequately presented. The program 
could well be used as an introductory 
teaching approach to this procedure.

Of some value

Ortho
Pharmaceutical 
Corporation 
Raritan, NJ 08869 
($178.00)

The Frigid 
Wife’s Husband

1
2
3
4

Part of a two-part series including 
“Aspects of Sexual Interviewing — 
The Frigid Wife,” produced by the 
same source, this program presents 
a good case study of the husband- 
wife interaction illustrating family 
power struggles, and this can be 
applied to their sexual relationship. 
The program stresses conjoint 
therapy which treats the relationship 
and not the individual patient. The 
beginning and end of the interview 
with the husband are shown, then 
the conjoint session, and finally a 
review of the dynamics of these 
sessions. A therapeutic plan is 
established for the couple which 
stresses non-sexual as well as sexual 
elements. The program represents 
an excellent use of audiovisual 
media and the case problem is 
well done.

Highly recommended

7 8 4 T H E  J O U R N A L  O F  F A M I L Y  P R A C T IC E ,  V O L .  4 ,  N O . 4 , 1977



continued fr o m  p ag e  7 7 7  peritubular capillaries return to nor-
reabsorption is diminished as hydro- mal; perfusion of cortical nephrons
static and oncotic pressures in the with their short loops allow salt and

N a + H 20
a) -----------—

Na + H~0
b) *----------“

b

2 8 0  m O sm /L
280 m O sm /L

Na A K A

Figure 2. In these figures A represents all of the anions. Solid arrows (a and b) indicate 
the direction of changes in osmolality and volume of the two compartments and the 
broken arrows the movement of water between the compartments caused by the 
change in osmolality of the "E C F" (NaA) compartment. (A) Addition of isotonic fluid 
to, or removal of isotonic flu id  from the ECF. (B) Addition of salt and water to ECF in 
other-than-isotonic proportions. Addition of salt to  the ECF always increases the 
volume of ECF. If salt is added in excess of water, the ICF volume diminishes due to 
the osmotic withdrawal of water. If water is added to the ECF in excess of salt, the 
decline in osmolality of the ECF w ill allow shift of water w ith increase in ICF volume.

a

tT11 b b
N a > H20 a

- » a

b
Na < H20 t t

280 mOsm/L 280 mOsm/L
i
a a

C Nc A K A
Figure 2C. Withdrawal of salt and water from ECF in other-than-isotonic proportions. 
Loss of salt from ECF always diminishes ECF volume. If salt is lost in excess of water, 
the decline in extracellular osmolality necessitates movement o f water into the ICF. If 
more water is lost than salt, the rise in ECF osmolality pulls water from the ICF and 
partially preserves the volume of the ECF.

water excretion to increase; aldoster­
one production diminishes while, pre­
sumably, the elaboration of the salt­
losing hormone(s) increases. The de­
livery of increased amounts of filtrate 
to pump no. 2 allows the creation of 
more free water and the excretion of 
this free water allows the serum so­
dium to increase even as natriuresis 
ensues.

Diuretics: Measures Designed to 
Diminish Quantity o f Salt and Water 
in the Body, (a) Salt Restriction: The 
patient who is receiving an adequate 
dosage of digitalis and whose EAV is 
close to normal may have only a 
modest tendency toward salt reten­
tion. If such an individual is instructed 
to add no salt at the table and to avoid 
salty foods, he may remain in salt 
balance unless his meals are cooked 
with excessive amounts of salt. Whe) 
salt intake must be reduced to the 
point where diet is unpalatable, ther­
apy with diuretics should be under­
taken. (b) Diuretics: A diuretic is any 
substance that increases the output of 
salt and water by the kidney, usually 
by inhibiting the reabsorption of fil­
tered sodium. The usefulness of a 
variety of diuretic compounds and 
combinations of diuretics derives from 
the fact that salt is retained by all 
three nephron pumps, and that the 
action of a given diuretic is predomi­
nantly, if not exclusively, at one site in 
the nephron.

Site o f  Action o f Diuretics. ’ Elec­
trolyte excretion and micropuncture 
studies indicate that acetazolamide 
and osmotic diuretics have major ef­
fects in the proximal convoluted 
tubule. As a potent inhibitor of car- 
bonic-anhydrase, acetazolamide causes 
the excretion of NaHCO3, 90 percent 
of which is normally reabsorbed in the 
proximal convoluted tubule. Thia­
zides, furosemide, and ethacrynic acid 
have relatively minor effects in the 
proximal convoluted tubule. Diuretics 
that interfere with salt reabsorption in 
the ascending limb of Henle’s loop are 
called “loop diuretics.” Since this site 
is responsible for both concentration 
and dilution of the urine, diuretics 
that operate here should inhibit in an 
overhydrated animal the ability to 
dilute the urine and, in a dehydrated 
animal, the ability to achieve maxi­
mum urinary concentration. These 
characteristics are demonstrated by

C o n tin u e d  on  page 7 9 0
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furosemide, ethacrynic acid, and the 
mercurials. Diuretics that inhibit so­
dium reabsorption at pump no. 3 in 
the distal convoluted tubule and col­
lecting duct should interfere with the 
mechanism that secretes potassium 
and should, therefore, lead to potas­
sium re ten tion . The potassium- 
conserving diuretics are spirono­
lactone, triamterene, and amiloride. 
Thiazides and related compounds, eg, 
chlorthialidone, limit the dilution of 
the urine but not the process of 
maximum urinary concentration. Thia­
zides must operate in the late segment 
of the loop and early distal convoluted 
tubule, but, since they cause potas­
sium loss, their actions must stop short 
of pump no. 3. The site of action of 
these various diuretics is shown in 
Table 2.

Diuretic Failure and Rationale for  
Diuretic Combinations. If a kidney is 
using all of the three available sodium 
pumps to reabsorb salt and water, a 
pump no. 1 diuretic may block reab­
sorption of sodium only to have it 
reabsorbed distally. Similarly, a pump 
no. 3 diuretic may have little substrate 
since more proximal mechanisms have 
already removed most of the salt and 
water. Loop diuretics tend to be more 
successful than others as single agents 
because they are neither preceded nor

followed by two successive pumps and 
also because they seem to be more 
intrinsically potent. The discussion of 
loop diuretics here refers to furo­
semide and ethacrynic acid; mercurials 
are included only for historic interest. 
Even these potent loop diuretics may 
fail as single agents because of the 
actions of pumps nos. 1 and 3.

A combination of two diuretics, 
(eg, thiazide and spironolactone), may 
be more successful than either alone 
because delivery of salt to the distal 
systeij) is achieved without the risk of 
reabsorption downstream. Another 
reason for diuretic combinations is 
that the side effects of one can offset 
the side effects of the other. For 
example, furosemide can deliver a 
great deal of salt into an overstimu­
lated pump no. 3 where marked potas­
sium loss may occur. The addition of 
spironolactone to the diuretic regimen 
will prevent potassium loss as well as 
potentiating the natriuresis. Again, 
combined diuresis of pumps nos. 1 and 
2 can be achieved by the use of 
acetazolamide with furosemide. In this 
case, the tendency to furosemide to 
cause “contraction alkalosis” (increase 
in the concentrations of sodium bicar­
bonate in the extracellular fluid due to 
loss of extracellular volume without 
loss of bicarbonate) can be countered 
by the bicarbonate excretion caused 
by acetazolamide.

Salt and Hypertension

Even before a pathogenic role for 
salt in hypertension was established 
attempts had been made to treat hy­
pertension by restriction of dietary 
salt.10 However, only the most severe 
forms of salt restriction succeeded in 
lowering blood pressure. More direct 
evidence that salt might be causally 
related to hypertension was provided 
by Sapirstein et al11 and subsequently 
by others in studies on rats drinking 
saline solutions instead of water. Dahl 
and his co-workers produced an inbred 
strain of rats that developed hyperten­
sion only when fed a high salt diet.

Epidemiology

Human epidemiologic studies in 
this area are somewhat less conclusive 
than the animal studies. The observa­
tions of Dahl that the level of blood 
pressure in a variety of populations 
was directly related to salt intake of 
the population was not well sup­
ported in subsequent observations by 
other investigators.

The ability of the kidney to re­
spond almost perfectly to variations in 
salt intake from several hundred 
milliequivalents daily to almost total 
elimination from the diet explains the 
great difficulty in producing hyper­
tension by salt ingestion and of reduc­
ing hypertension by salt restriction. 
Salt does have a role, however, in man 
in the regulation of blood pressure, 
and this role can best be appreciated in 
the context of the overall scheme of 
blood pressure regulation. In the sub­
sequent treatment the primary focus is 
on those mechanisms where salt is 
directly relevant; other important con­
trol mechanisms are not considered in 
detail.
Pa thoph ysiology

The blood pressure is determined 
by the volume of blood and the 
capacity of the vessels that contain it. 
Since we are concerned with the 
arterial pressure, the blood volume in 
question is the arterial volume which 
we have related earlier in this chapter 
to cardiac output. The capacity of 
blood vessels is in large measure deter­
mined by arteriolar resistance. Since 
blood volume is part of the extracellu­
lar fluid (ECF) and since ECF volume 
varies with body sodium content, 
there should be a tendency, in the 
absence of left ventricular failure, for

C o n tin u e d  on  page 791

Table 1A. Quantity of Water and Major Electrolytes in 
the Body (m Eq/liter)

Extracellular Fluid Electrolytes Intracellular

Cations Plasma Plasma H^O
Interstitial

Fluid
Fluid

Electrolytes

Na 142 151.9 145 10
K 4.5 4.8 4.5 155
Ca 5 5.3 2.5 —

Mg 2.5 2.7 1.2 35
Total 154 164.7 153.2 200

Anions

Cl 103 110.2 115.0 2
h c o 3 26 27.8 29.2 8
P04 2 2.1 2.0 —

so4 1 1.1 1.0 —

Organic Acid 6 6.4 6.0 —

Protein 16 17.1 0 50
P04 — — — 140
Total 154 164.7 153.2 200

Table 1B. Distribution of Water and Total Exchangeable Sodium and Potassium

Total Exchangeable Sodium = 44.7 mEq/kg Body weight 
Total Exchangeable Potassium = 37.3 mEq/kg Body weight 
Total Body Water = 540 ml/kg Body weight 
Intracellular Water = 324 ml/kg Body Weight 
Extracellular Water = 216 ml/kg Body Weight
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an increase in body sodium to produce 
an increase in cardiac output.

The sympathetic nerves, circulating 
norepinephrine, and angiotensin II 
are the most important of the well 
identified agencies in the control of 
arteriolar resistance. Salt content of 
the body may be related to hyper­
tension not only through the effects 
on volume but also because of the 
effects on peripheral resistance. Inten­
sification of the vasoconstrictive ac­
tion of angiotensin II and catechol­
amines is well supported, and evidence 
exists that accumulation of salt and 
water in the walls of blood vessels may 
reduce the lumen and alter the resis­
tance to flow.

The role of salt (and therefore 
volume and cardiac output) is quite 
clear in such states as acute hyper­
tension in salt-loaded anephric man, 
where removal of salt and water re­
stores the blood pressure to normal. 
However, in some chronic hyper­
tensive states where salt retention 
clearly seems to have been the primary 
aberration, cardiac output and blood 
volume are commonly normal. Clearly 
then, subtle and complex procedures 
are at work and at present it is possible 
only to define some control mech­
anisms and to suggest how they may 
be related. An increase in blood pres­
sure leads to an increase in renal 
excretion of salt and water with de­
crease in vascular volume. An increase 
in cardiac output leads to overperfu­
sion of the tissues and to a rise in 
arteriolar resistance due to local con­
trol factors that regulate regional 
blood flow.13 The blood pressure is 
then the resultant of primary perturba­
tions and their immediate conse­
quences and of compensatory mech­
anisms which must fail if hypertension 
is to persist. A general formulation of 
the relationship of blood pressure with 
some function of arterial volume and 
of arteriolar resistance has been aptly 
stated by Laragh14.
Blood pressure = Volume X vasoconstriction 

or
Blood pressure = (Available Na)(Aldos- 
terone)(Renal response) X 
(Angiotensin)(Nonangiotensin pressure fac­
tors)
Table 3 lists pathogenetic mechanisms 
and compensatory mechanisms and 
Table 4 is a set of suggested sequences 
for the development and maintenance

of hypertension in some familiar con­
ditions.
Treatment

In general, the reduction of salt 
content in the body should lead to 
amelioration of those mechanisms 
rooted in volume and in the effects of 
salt on peripheral resistance. Signifi­
cant reduction in salt content can only

be achieved by diuretics; as was pre­
viously noted the renal mechanisms 
for salt conservation are so effective 
that only intolerable alterations pro­
duce a diet sufficiently low in salt. 
With the use of diuretics most patients 
with hypertension can ingest sufficient 
salt to render their food palatable (2 to 
3 gm daily). Reduction in body salt is
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particularly effective as an antihyper­
tensive measure in those conditions in 
which volume is increased or normal. 
Where volume is low, further salt 
depletion as the sole therapeutic mea­
sure may be relatively ineffective and 
cases have even been described where 
further depletion of salt in malignant 
hypertension has led to increased renin 
production with worsening of the dis­
ease. Since reduction in blood pressure 
tends to diminish salt excretion, most 
nondiuretic agents that lower blood 
pressure permit the accumulation of 
some salt and water. Hence, diuretic 
therapy is a staple in almost all regi­
mens for control of hypertension. 
There is at least some theoretical 
support for the argument that di­
uretics should not be used when 
plasma renin is elevated as in the case 
of “high renin” essential hypertension, 
renal vascular hypertension, and malig­
nant hypertension, but in our ex­
perience in such instances, the diure­
tics appear much more often helpful

than harmful. In those instances in 
which “essential” hypertension is char­
acterized by low plasma renin and 
possibly by the action of some un­
identified mineralocorticoid, opinion 
concerning the advantages of spirono­
lactone over thiazide is divided and is 
not compelling.1 5 Even in the case of 
primary aldosteronism the response to 
high doses (over 200 mg daily) of 
spironolactone may be enhanced by 
the addition of a thiazide. It is the 
general impression that thiazides (and 
the structurally related chlorthalidone) 
are more effective agencies for anti­
hypertensive therapy than furosemide 
and ethacrynic acid, because the 
former have a direct vasodilating ef­
fect.16’17

In the presence of renal insuffi­
ciency, characterized by creatinine 
clearance of less than 25 ml/minute, 
thiazide diuretics are not effective and 
furosemide is indicated. Spirono­
lactone may also be hazardous in renal 
insufficiency because of the tendency 
toward hyperkalemia. Triamterene is 
another diuretic which is useful in

hypertension for its volume-depleting 
capacity and which shares with spir­
onolactone the danger of hyper- 
kalemia in the presence of renal insuf­
ficiency or potassium administration

The possible effects of diuretics on 
hypertension may be summarized: ()) 
direct vasodilating effect: probably 
true only of thiazides and related 
compounds; (2) removal of the intensi­
fying effects of salt on vascular reac­
tivity; (3) reduction in volume leading 
to reduction in cardiac output which 
leads to reduction in tissue perfusion 
and hence to reduction in arteriolar 
resistance.

Clinical Aspects: A Summary
If cardiac output falls due to heart 

failure, the body tends to retain salt 
and water in order to raise venous 
return and hence raise cardiac output. 
The price paid for this rise in cardiac 
output is too great: edema, pulmonary 
congestion, increased work of breath­
ing, dyspnea, orthopnea, etc. Salt and 
water retention in congestive heart 
failure can be minimized by restriction 
in salt intake. When this measure fails 
because of the patient’s inability to 
cooperate, diuretics are very effective 
in holding tjown salt retention and 
weight gain. Ip very severe circulatory 
overload, it is important to restrict salt 
intake as well as to use diuretics. For 
example, it wquld take 30 days to 
retain 600 mEq of sodium or to gain 
approximately t) lbs of weight on a 
daily diet of 20 piEq of sodium even if 
there were no sc\dium excretion at all. 
However, on the usual dietary intake 
of salt, 6 to 10 gm ^100 to 170 mEq of 
sodium) per day, it would take just a 
few days to retain enough salt to 
develop severe congestlye heart failure 
or pulmonary edema ii all or most 
ingested salt is retained. In hyper­
tensive diseases, salt may contribute to 
elevated blood pressure by the in­
creased blood volume or by increased 
reactivity of the arteriolar walls. All 
regimens except the most severe (and 
intolerable) salt restriction are ineffec­
tive in removing salt from the body in 
hypertension, and diuretics are part of 
the therapy of practically all patients. 
Diuretics are especially important 
since most types of antilhypertensive 
agents encourage salt retention by the 
kidney. In most instances where hy­
pertension is not complicated by heart
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. in salt and water intake 
or

in salt and water loss

t in oncotic pressure due to 
t in concentration of serum 
protein; 1 in hydrostatic 
pressure

b) 1 in salt-losing hormone

to favor the juxtamedullary 
(salt-retaining) nephrons 

b) 1 in salt-losing hormone

I angiotensin —■ t aldosterone 
t activity of sodium pump 

Figure 5. Mechanisms of increased renal sodium reabsorption in response to decreased 
effective arterial volume (EAV).

Table 2. Site of Action of Diuretics

Site of Action Diuretics

Pump No. 1 Acetazolamide (major)
(proximal tubule) Osmotic diuretics (major) 

Thiazides (minor) 
Furosemide (minor) 
Ethacrynic acid (minor)

Pump No. 2 Furosemide (major)
("loop") Ethacrynic acid (major) 

Mercurials*

Pump No. 3 Spironolactone
(distal tubule and Triamterene
collecting duct) Amiloride

Between pumps 2 and 3 Thiazides and related compounds

*Seldom used now because of the need for parenteral administration and the effective­
ness of newer oral agents.
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or renal failure it is possible for pa­
tients to ingest 2 to 3 gm of salt daily 
while being treated for hypertension.
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Table 3. Pathogenetic Mechanisms of Hypertension

Pathogenetic Mechanisms

1. Salt retention ->
2. Salt retention -*
3. tVas. R. -*
4. tV .V . ->
5. tVen R -*
6. tC.O. -*•
7. tC.O. ->
8. tT .F . -*•
9. 1P.R. ->

t  Vascular volume (V.V) 
t  Vascular reactivity (Vas. R.) 
t  (Peripheral) Arteriolar resistance (P.R.) 
tVenous return (Ven R) 
t  Cardiac output (C.O.) 
tA rteria l pressure.(B.P.) 
tTissue flow  (T.F.)
t  (Peripheral) Arteriolar resistance (P.R.)* 
tB.P.

Secondary Mechanisms

10. tB.P. -*• 
n . tB .p .  -♦
12. fV .V . -»
13. tP.R. -*■

tRenal salt excretion -»• IV .V . 
tCapillary filtra tion pressure (C.F.P.) IV .V . 
1 Ven. R. -> !C.O.
IT .F . -*■ |V en. R.-*► IC.O.

*An autoregulatory mechanism to maintain normal tissue perfusion.

Table 4. Pathophysiologic Sequence for the Development and Maintenance of Hypertension

Disease State
Primary

Abnormality
Pathogenic
Sequence* V .V .t

Final Changes 
P .R 4 B.P.*

1. Primary
aldosteronism

Salt retention 
(Aldosterone)

a. tV .V .H tC .O .

b. tC.O.TtT.F.-§-tP.R.

c. tTENa^-tVas R .^ tP .R .

t

-> t t

2. Renovascular 
hypertension

Salt retention and
vasoconstriction
(Angiotensin)

a. tP.R.

b. tV .V . -*TC.O.

t

t t

c. tTENa-+tVas R .^tP .R .

3, Pheochromocytoma Vasoconstriction
(Catecholamine)

a. tP.R. l t t

4. "Low  Renin" 
essential 
hypertension

?Salt retention
(?A mineralocorticoid)

a. tV .V . ^ tC .O .

b. tC .O.->tT.F A tP .R .

c. tTENa-5-tVas R.-^tP.R.

t

-> t t

5. Renoprival 
hypertension

Salt retention a. tV .V . ^ tC .O .

b. tC.O.-+tT.F A fp .R .

c. tTENa-^tVas R .4 tp .R .

t t t

6. Malignant 
hypertension

Vasoconstriction
(Angiotensis)

a. tP.R.
l t t

^Abbreviations and numbers are from Table 3. ,
t l f  increased salt excretion fails to reduce volume vo normal (when peripheral resistance is normal) of sufficiently below normal (when 
peripheral resistance is elevated), hypertension w ill persist. Such failure may be due to salt-retaining hormones, gross renal disease, renal 
vasoconstriction, or subtle and unexplained d im inuton in the ability of the kidney to excrete salt.
^Peripheral resistance is probably elevated in all sustained hypertension; if it  is not a primary mechanism, it w ill ensue when increased 
cardiac output increases tissue flow.

t h e  J O U R N A L  O F  F A M I L Y  P R A C T IC E ,  V O L .  4 , N O . 4 ,  1 9 7 7 7 9 3
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describes the diagnosis of all etiologic 
factors concerned with coma and its 
management. Chapters discuss on-the- 
scene care; respiratory failure, shock, 
and coma; diagnostic problems: acute 
or chronic; diagnostic emergency de­
partment procedures; managing the 
comatose patient; coma of obscure 
origin; drug overdose; metabolic en­
cephalopathies; and finally there is a 
chapter dealing with emergency proce­
dures in a “limited care facility.” 
Illustrations in the monograph are 
rather sparse but the references at the 
end of each chapter are plentiful.

One can readily recommend this 
book for both the physician’s desk and 
the Emergency Room.

George E. Burket, Jr., MD 
University o f  Kansas 

Kansas City

Non-Invasive Cardiac Diagnosis. Ed­
ward K. Chung fed). Lea and Febiger, 
Philadelphia, 1976, 319 pp., $18.00.

This book is excellent and can be 
recommended to family physicians 
without reservation. It is attractively 
bound, and reproductions of x-rays, 
electrocardiograms, echocardiograms, 
etc, are of the finest quality. It reads 
smoothly with logical sequencing of 
the chapters and good continuity of 
writing. The diagrams and illustrations 
are particularly informative and help­
ful in clarifying the text.

In chapter 1, figures 1-7, there is a 
mistake. At the top of the figure the 
second heart sound should be shown 
more widely split in inspiration as 
compared to expiration. On page 14, 
there is a statement that implies that 
systolic clicks have no known clinical 
significance. This seems inappropriate 
in a 1976 textbook in view of the 
number of articles which appear every 
month concerning the click-murmur 
syndrome. In chapter 2, the presenta­
tion on carotid sinus stimulation is 
excellent. Chapters 14 and 15, con­
cerned with digitalis and other cardiac 
drug serum monitoring, should be re­
quired reading for all physicians who
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deal with these agents. Perhaps, the 
least important chapter for American 
family physicians is the one about 
ballistocardiography, since this proce­
dure is not available in the United 
States. It is nevertheless a fine discus­
sion and probably useful in completing 
the subject of this book.

Probably the most timely chapter is 
that concerning computerized electro­
cardiography. In this burgeoning field 
it is quite useful to have a well- 
synthesized discussion of the subject. 
Indeed, as stated in the preface, this 
“book should be extremely valuable to 
all practicing physicians” and should 
be a part of the recommended office 
library.

T. Eugene Temple, Jr., MD 
John Paul Jones, MD 

Riverside Hospital 
Newport News, Virginia

Color Atlas of Anterior Segment Eye 
Diseases. Ira A. Abrahamson, Jr., Medi­
cal Economics Book Division, Oradell, 
New Jersey, 1974, 154 pp., $27.50.

This is a neat book. Basically, it is a 
book of excellent color pictures of eye 
diseases with a one to three-page writ­
ten introduction to each section and 
no further text. I had the occasion to 
use it twice while preparing this re­
view. It would be a good book for a 
family physician or a family practice 
resident to have in the library. It 
would be useful to any person seeing 
patients in a primary health care set­
ting.

There are not many words so read­
ability is not a problem. The organiza­
tion is excellent and the illustrations 
are superb. It is not a textbook of eye 
diseases, and contains no information 
on treatment. Therefore, access to 
another eye text is necessary. How­
ever, in terms of showing what you see 
in the office as well as what sees you, I 
recommend this book.

Charles Kent Smith, MD 
University o f  Washington 

Seattle

Brief Summary of Prescribing Information 
Elase® Ointment "
(fibrinolysin and desoxyribonuclease, 
combined [bovine] ointment)
Description. Elase Ointment is a combination m 
two lytic enzymes, fibrinolysin and desow 
ribonuclease, supplied in an ointment base of liouid 
petrolatum and polyethylene. The fibrinolysin com 
ponent is derived from bovine plasma and the 
desoxyribonuclease is isolated in a purified form 
from bovine pancreas. The fibrinolysin used in the 
combination is activated by chloroform.
Action. Combination of these two enzymes is 
based on the observation that purulent exudates 
consist largely of fibrinous material and nucleonro 
tein. Desoxyribonuclease attacks the desoxv 
ribonucleic acid (DNA) and fibrinolysin attacks 
principally fibrin of blood clots and fibrinous exu­
dates.

The activity of desoxyribonuclease is limited 
p r in c ip a l ly  to  th e  p ro d u c t io n  of large 
polynucleotides, which are less likely to be ab­
sorbed than the more diffusible protein fractions 
liberated by certain enzyme preparations obtained 
from bacteria. The fibrinolytic action of the enzymes 
in Elase Ointment is directed mainly against 
denatured proteins, such as those found in 
devitalized tissue, while protein elements of living 
cells remain relatively unaffected.

Elase Ointment is a combination of active 
enzymes. This is an important consideration in 
treating patients suffering from lesions resulting 
from impaired circulation.

The enzymatic action of Elase helps to produce 
clean surfaces and thus supports healing in a 
variety of exudative lesions.
Indications. Elase Ointment is indicated for topi- 
cal use as a debriding agent in a variety of inflam­
matory and infected lesions. These include: (1 ) 
general surgical wounds; (2) ulcerative lesions— 
trophic, decubitus, stasis, arteriosclerotic; (3) sec- 
ond- and third-degree burns; (4) circumcision and 
episiotomy. Elase Is used intravaginally in: (1) cer­
v ic itis-ben ign, postpartum, and postconization, 
and (2) vaginitis.
Precautions. The usual precautions against 
allergic reactions should be observed, particularly 
in persons with a history of sensitivity to materials 
of bovine origin or to mercury compounds. 
Adverse Reactions. Side effects attributable to 
the enzymes have not been a problem at the dose 
and for the indications recommended herein. With 
higher concentrations, side effects have been 
minimal, consisting of local hyperemia.

Chills and fever attributable to antigenic action of 
profibrinolysin activators of bacterial origin are not 
a problem with Elase.
Dosage and Administration. Because the condi­
tions for which Elase Ointment is helpful vary con­
siderably in severity, dosage must be adjusted to 
the individual case; however, the following general 
recommendations can be made.

Successful use of enzymatic debridement de­
pends on several factors: (1) dense, dry eschar, if 
present, should be removed surgically before 
enzymatic debridement is attempted; (2) the 
enzyme must be in constant contact with the 
substrate; (3) accumulated necrotic debris must be 
periodically removed; (4) the enzyme must be 
replenished at least once daily; and (5) secondary 
closure or skin grafting must be employed as soon 
as possible after optimal debridement has been at­
tained. It is further essential that wound-dressing 
techniques be performed carefully under aseptic 
conditions and that appropriate systemically acting 
antibiotics be administered concomitantly if, in the 
opinion of the physician, they are indicated.

General Topical Uses: Local application should 
be repeated at intervals for as long as enzyme ac­
tion is desired. After application, Elase Ointment 
becomes rapidly and progressively less active and 
is probably exhausted for practical purposes at the 
end of 24 hours.

Intravaginal Use: In mild to moderate vaginitis 
and cervicitis, 5 ml of Elase Ointment should be 
deposited deep in the vagina once nightly at bed­
time for approximately five applications, or until the 
entire contents of one 30-g tube has been used. 
The patient should be checked by her physician to 
determine possible need for further therapy. In more 
severe cervicitis and vaginitis, some physicians 
prefer to initiate therapy with an application of 
Elase (fibrinolysin and desoxyribonuclease, com­
bined [bovine]) in solution. See Elase package in­
sert
How Supplied. NDC 0071-1121-53 Elase Oint­
ment, 30-g. The 30-g tube contains 30 units of 
fibrinolysin and 20,000 units of desoxyribonuclease 
with 0.12 mg thimerosal (mercury derivative) in a 
special ointment base of liquid petrolatum and 
polyethylene. For gynecologic use, six disposable 
vaginal applicators (V-ApplicatorTM) as a separate 
package are available for this tube when required 
to facilitate administration of the proper dose.

NDC 0071-1121-52 Elase Ointment, 10-g. The 10- 
g tube contains 10 units of fibrinolysin and 6,666 
u n its  of d e so xyribonuc lease  w ith 0.04 mg 
thimerosal (mercury derivative) in a special oint­
ment base of liquid petrolatum and polyethylene.

This product also contains sodium chloride and 
sucrose as incidental ingredients.
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