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Foreword 

It has been a little more than half a century since serious, organized research on hyper
tension began. Public and even physician interest in the subject remained minimal until 
the early forties, and even then there were not more than a dozen "fulltime" investigators 
worldwide. The first organization devoted to communicating regularly the results of hy
pertension research was created in Cleveland in 1945; it became the Council for High 
Blood Pressure Research of the American Heart Association in 1949. 

The early history of hypertension is not a story of progressive achievement. Richard 
Bright is given great credit, followed by Mahomed, Allbutt, Riva-Rocci, Bergman and 
Janeway, but it was not until Volhard, Fahr and Allen that some semblance of order 
emerged. They were followed by a younger, much more vigorous group of investigators 
who in fact initiated modern research in hypertension. Two more generations have fol
lowed. 

In the course of some fifty years, we have seen emerge a magnificent body of evidence 
that has prescribed good treatment and contributed a considerable understanding of the 
many complex mechanisms involved in the hypertensions. Treatment is now actively pro
moted by public health agencies, including the World Health Organization. This is an
other case of treatment preceding full understanding of the nature of the disease. 

The secondary hypertensions have received by far the greatest attention. It has become 
cliche to state that "the cause and mechanisms of essential hypertension are unknown." 
The early investigations all sought single causes and mechanisms, and all ended up with 
one or another aspect of secondary hypertension, such as aldosteronism or renal hyper
tension. But it has at last become apparent, I believe, that essential hypertension, like 
arteriosclerosis, has no single cause or mechanism. It has been called a "disease of regu
lation," because so many of the body's systems are involved in the regulation of blood 
pressure in order to regulate tissue perfusion. This principle has been pictured as a mo
saic, which depicts the interrelatedness of the regulatory functions. This was the analogy 
used by Willard Gibbs to describe the Phase Rule in physical chemistry. 

While people found it difficult to accept the principle of dysfunction of regulatory 
mechanisms, it has received almost unconscious sanction in current attempts to quanti
tate each of the varied facets of hypertension to show the "modulating effect" of each 
mechanism on the other. This has allowed for the current range of thinking on the subject. 

A second generality in which I now believe, after 45 years, is that the core mechanism 
of hypertension involves angiotensin, either of renal, neural or angiogenic origin. Deter
mination of the structure of inhibitors to angiotensin and the ability to synthesize them 
have disclosed an extraordinary picture: angiotensin and salt-water metabolism, both of 
which involve the nervous and endocrine systems, act to modulate one another. So we 
now have a body of knowledge that lends itself admirably to experiment, and we are on 
the threshold of taking the next large step: deepening our research to the molecular level, 
a step taken by the chemists and geneticists only a few years ago with the development 
of molecular biology. 

Dr. Rosenthal and his colleagues have worked diligently, and I believe successfully, in 
compiling this volume. It is a particular pleasure for me to introduce this valuable work, 
which I feel sure will contribute significantly to further understanding of this very im
portant subject. 

Irvine H. Page, M.D. 



Preface 

In the past few years, the explosion of information contributing to our understanding of 
hypertension has made it all but impossible for anyone physician to keep thoroughly up
to-date. The practicing physician must apply principles of diagnosis and therapy that are 
evolving from the research and clinical experience of many specialists. It was my purpose, 
therefore, in asking my colleagues to contribute chapters in their various areas of exper
tise, to distill a practical and critical review of the mechanisms, diagnosis, and therapy of 
hypertension as we presently understand them. Experimental data have been included 
only where they are necessary to the understanding of fundamental principles directly 
relevant to clinical practice. Data that have yet to be confirmed have been included only 
marginally. Our goal was to present information that has been proven to be clinically 
useful and practical. As each contributor is treating the subject from his particular angle, 
an overlapping of information is, by necessity, entailed in some instances. 

In order to shed light on certain factors responsible for the development and mainte
nance of high blood pressure, individual chapters are devoted to psychosomatic, meta
bolic, endocrine, neurogenic, and cardiovascular functions in hypertension. Besides con
tributions on the renal and urologic aspects of hypertension, we have explored the 
apparent connection of hypertension to atherosclerosis, obesity, and diabetes mellitus. 
We also felt it important to include a chapter on the increasingly visible problem of ad
olescent hypertension. Each of the steps involved in the diagnosis of hypertension, 
including techniques for measuring blood pressure, the basic work-up of a patient, and 
radiologic and nuclear medicine evaluation, are covered in separate chapters. Finally, 
problems that arise in treating hypertensive patients, including those with mild and re
sistant forms and those with the geriatric form, are discussed thoroughly, along with some 
relevant aspects of clinical pharmacology. 

My most sincere thanks are due to all the contributors for their excellent work and for 
their patience. They both supported and challenged me as this volume developed, and for 
their suggestions and criticisms I am indebted to them. My particular thanks are due to 
the staff of Springer-Verlag New York, and above all to my wife Regine, who unfalteringly 
supported me with patience, wisdom, and active cooperation. 

Julian Rosenthal 
Ulm/Donau, 1982 
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An Overview of Current Concepts Regarding 
the Pathogenesis and Pathophysiology of 
Hypertension 

1 

w. M. Manger, I. H. Page 

The Problem and Its Magnitude 

Although significant strides have been made in un
derstanding the mechanisms of secondary forms of 
hypertension, the etiology of essential hypertension 
remains an enigma. The term "essential" is a mis
nomer since it was originally, and erroneously, be
lieved that elevated blood pressure was "essential" 
to ensure adequate tissue perfusion in patients with 
hypertension. Since the initiating cause, or causes, 
of essential hypertension are not established, a more 
appropriate designation would be "idiopathic" hy
pertension. At least 90% of the hypertensive popu
lation with both systolic and diastolic pressures el
evated have this latter type of hypertension. 

Hypertension is worldwide and of epidemic pro
portions. It is present in 15% to 20% of all adults. 
It is the most common serious chronic health prob
lem, since it carries a high risk of cardiovascular 
complications. As an indication of the magnitude of 
the hypertension problem in the United States, it is 
estimated that it afflicts 40 million Americans (one 
in every five adults!) and another 25 million have 
borderline hypertension. It costs the nation about 20 
billion dollars in medical bills, lost wages, etc. and is 
responsible for 52 million working days of produc
tivity lost each year. Today it is estimated that 
roughly 26 million adults in the United States have 
diastolic hypertension; the remainder have only sys
tolic hypertension, caused mainly by atherosclerosis 
or occasionally an elevated cardiac output or an in
creased stroke volume. An insidious and ubiquitous 
disease, which is particularly virulent in the black 
population, hypertension and its complications may 
contribute to the death of 1~ million and the dis-

ability of another 1~ million Americans each year. 
Perhaps less than half of the hypertensive popula
tion of Americans know they have this disease; and 
of these, probably 50% or less are receiving ade
quate treatment, which has proved so effective in 
reducing morbidity and mortality. In one sense it is 
extremely unfortunate that the vast majority of hy
pertensives are "symptomless," since irreversible 
cardiovascular damage and death may occur before 
the condition is recognized. 

The magnitude of this health problem is espe
cially evident when one appreciates that approxi
mately 95 % of persons with diastolic hypertension 
are incurable (except very rarely by renal transplan
tation). It is estimated that 5% of all cases of dia
stolic hypertension result from bilateral renal pa
renchymal disease, whereas 90% are due to essential 
hypertension. Only 5 % of patients have other causes 
of hypertension which are sometimes curable (Table 
1). 

The fact that marked variability occurs in both 
the systolic and diastolic blood pressure of normo
tensive and hypertensive individuals during a 24-h 
period of observation (Fig. 1 A, B, and C) makes it 
mandatory to repeat blood pressure determinations 
on different days in order to establish whether sus
tained hypertension is present. Unfortunately, some 
people who do not have sustained hypertension are 
mistakenly treated for a transiently elevated blood 
pressure.279 The prevalence of hypertension (defined 
as a level of systolic pressure of at least 160 mm Hg 
and a diastolic pressure of at least 95 mm Hg) in the 
United States in white and black men and women is 
graphically displayed in Figure 2. 

Pickering has decried efforts to establish a level of 
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Table 1. Causes of Diastolic Hypertension' 

A. Primary (essential, idiopathic) hypertension, (80% to 90% of all patients) 
B. Bilateral renal parenchymal disease, (5% to 15% of all patients) 

Incurable 

Chronic glomerulonephritis 
Chronic pyelonephritis 
Polycystic disease 
Diabetic nephropathy 
Systemic lupus erythematosus 
Amyloidosis 

Multiple myeloma 
Scleroderma 
Wegener's granulomatosis 
Goodpasture's disease 
Periarteritis nodosa 
Balkan nephritis 

Sometimes Incurable 

Acute glomerulonephritis 
Hypercalcemic nephropathy 
Renal cortical necrosis 

C. Other causes 

Renal involvement in gout 
Toxic nephropathy 

Incurable 

Cerebral ischemia (vertebrobasilar)t 
Hyperdynamic {i-adrenergic circulatory statet 
Autonomic (diencephalic) seizure 
Pseudohermaphroditism (t androgenic steroids) 
Turner's syndrome (with or without coarctation) 
Myxedema 

Tabetic crisist 
Dysautonomiat 
Abdominal angina 
Inappropriate vasoconstriction 
Spinal cord lesion (noxious stimulus)t 
Acute intermittent porphyriat 

Sometimes Curable 

Unilateral renal parenchymal disease (including renal 
transplant rejection) 

Occlusive renovascular disease 
Thyrotoxicosis 
Cushing's syndrome (hydrocortisone and corticosterone) 
Primary aldosteronism (Conn's syndrome) 
Acute coronary insufficiencyt 
Coarctation of aorta (above renal arteries) 
Hypersensitivity reactionst 
Encephalitist 
Acromegaly 
Renal tumors or renin-secreting tumors (e.g., Wilms' 

tumor; juxtaglomerular cell tumor; renal carcinoma) 
Excess desoxycorticosterone (or? another 

mineralocorticoid); [enzyme defect (e.g., adrenogenital 
syndrome with ll{i- and/or 17a-hydroxylase 
deficiency) 1 

Ovarian tumors (sometimes t steroids) 
Hypercalcemia 
Obesity 
Excess ingestion of 

Licorice 
Carbenoxolone 
Sodium bicarbonate 

Expansion of blood volume . 

Hypothalamic tumort or dysregulationt 
Poisoning with 

Thallium 
Carbon monoxide 

Fibrosarcoma pulmonary arteryt 
Pork sensitivityt 
Iatrogenic [birth control pills; corticosteroids; 

methylphenidate; desoxycorticosterone; vasopressor 
drugs (including catecholamines); monoamine oxidase 
inhibitors + tyramine or some sympathomimeticstl 

Pheochromocytomat 
Increased intracranial pressuret 
Hypoglycemiat 
Intracraniallesionst 
Neuroblastoma, t ganglioneuroblastoma, t 

ganglioneuroma 
Lead poisoningt 
Acrodynia 
Carcinoidt 
Clonidine withdrawalt 
Tetanust 
Factitioust 
Toxemia of pregnancyt 
Guillain-Barre syndromet 

'Conditions in italics may have increased excretion of catecholamines and/or metabolites. 
t May have paroxysmal hypertension. 
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Figure 1. Arterial pressure plotted at 5-min intervals. Period of sleep is shown by horizontal bar. A, Normal subject. 
The high pressures shown at 16 and 24 h are due to a painful stimulus and coitus, respectively. B, Patient with essen
tial hypertension in the benign phase. C, Patient with essential hypertension in the malignant phase. From Bevan AT 
et ai., ref 20, p 329 
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Figure 2. The prevalence of hypertension in the United 
States defined as a systolic blood pressure of at least 160 
mm Hg or a diastolic blood pressure of at least 95 mm Hg. 
Data from the Health and Nutrition Examination Sur
vey, 1971-1974. (Source: Advance data, vital and health 
statistics of the National Center for Health Statistics, No. 
1, October 18, 1976.) From Kaplan NM ref 167, p 2 

blood pressure which separates hypertensives from 
normotensives.290 He points out that in frequency 
distribution curves of arterial blood pressure in pop
ulations, there is no dividing line which identifies a 
distinct hypertensive segment. Frequency distribu
tion curves of arterial pressure are unimodal. Fur-

thermore, he emphasizes that the relationship be
tween arterial pressure and mortality is quantitative 
(i.e., the higher the pressure, the worse the prog
nosis). He views the deviation of blood pressure 
from the norm as quantitative rather than qualita
tive, and he claims that the attempt to divide pres
sures into normal and abnormal is artifactual. 
Nevertheless, there is great value in knowing what 
level of blood pressure is associated with a greater 
risk of cardiovascular complications and a reduced 
life expectancy. 

From actuarial studies on men and women 15 to 
69 years old (Table 2) it appears that diastolic blood 
pressures ranging even from 83 to 87 mm Hg and 
systolic pressures ranging from 128 to 137 mm Hg 
are correlated with increased mortality in men. On 
the other hand, this correlation is not apparent in 
women until the diastolic pressure ranges from 93 to 
97 mm Hg or the systolic pressure reaches the 158 
to 167 mm Hg range. With higher ranges of blood 
pressure and particularly when both systolic and di
astolic pressures are progressively elevated, the re
duced life expectancy for both sexes becomes in
creasingly more evident. 

Because of these results, Kaplan has correctly 
pointed out that the criteria established by the 
World Health Organization for normotension (sys
tolic less than 140 mm Hg and diastolic less than 90 
mm Hg), hypertension (systolic greater than 160 
mm Hg and/or diastolic greater than 95 mm Hg), 
and borderline levels (pressures between these lim
its) are not optimal; these criteria seem to be set too 
high and do not vary with age and sex.167 Therefore, 
based on a 50% or greater increase in mortality in 
adults, he proposed the following criteria for 
hypertension: 

Table 2. Ratio (Percent) of Actual to Expected Mortality 

Diastolic BP 

Systolic BP 48-67 68-82 83-87 88-92 93-97 98-102 

Men age 15 to 69 
98-127 80 86 106 116 114 

128-137 100 109 127 140 168 
138-147 151 141 153 170 199 
148-157 166 196 191 224 
158-167 233 197 240 268 

Women age 15 to 69 
98-127 57 56 55 58 

128-137 62 60 64 74 65 
138-147 71 73 72 117 
148-157 61 83 96 98 
158-167 97 150 125 172 

Data from the 1959 Build and Blood Pressure Study of the Society of Actuaries. 
From Kaplan NM, ref 167, p 2. 

197 
224 
269 
289 

132 
139 
205 
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Men under 45 years old 
Men over 45 years old 
Women any age 

> 130/90 
> 140/95 
> 160/95 

Table 3 reveals "normal" standards of blood pres
sure in children. The 50th and 95th percentiles for 
systolic and diastolic pressures of children and teen
agers are tabulated according to age groups. Since 
the data represent a composite of several studies, it 
is felt that repeated blood pressure values above the 
95th percentile should be considered abnormally 
elevated.251 

Anxiety, fear, anger, pain, or discomfort (e.g., 
bladder distension), cold, exertion, recent smoking 
or eating, and certain drugs that have pressor effects 
can elevate blood pressure. The levels of blood pres
sure recorded by the patient or family member at 
home may be significantly lower than in the doctor's 
officeY·157 More recently, de Simone and Baer found 
that roughly half of the patients they studied had 
significantly lower pressures when recorded by the 
patient than when recorded in a clinic office.65 Be
cause of the variability of an individual's blood pres
sure, one of us has expressed considerable concern 
over the physicians' reliance on blood pressures ob
tained in an office setting for optimal management 
of hypertensive patients with antihypertensive 
drugs.281 

Accurate blood pressure determinations, which 
are representative of relatively basal levels and de
void of stress effects, are essential for optimal treat
ment. The important guidelines and pitfalls in tak
ing blood pressure have been clearly outlined by 
Kaplan167 and should be fully understood by those 
involved in the treatment of hypertension. 

Influence of Age, Sex, and Race on Blood 
Pressure and Its Complications 

Prevalence of hypertension increases with age in 
practically all populations except for a few primitive 

Table 3. Percentile Values for Blood Pressure by Age 

Systolic Pressure 

Age 50% 95% 

Oto 6 mo ::0:: 80 ::0::110 
3yr ::0:: 95 ::0::112 
5 yr ::0:: 97 ::0::115 

10 yr ::0::110 ::0::130 
15 yr ::0::116 ::0::138 

From Mitchell se et al., ref 251, p 3. 

Diastolic 
Pressure 

50% 

::0::45 
::0::64 
::0::65 
::0::70 
::0::70 

95% 

::0::60 
::0::80 
::0::84 
::0::92 
::0::95 

unacculturated societies; furthermore, in the United 
States, hypertension develops earlier in blacks than 
in whites (Fig. 2). By the mid-30's, the prevalence of 
hypertension is significantly greater in both sexes of 
blacks as compared to whites. Some studies revealed 
that the rate of rise in pressure with aging was also 
partly related to the level of the pressure;249 however, 
others have not found this relationship.l64 

The Framingham studies revealed that the risk of 
cerebrovascular accident of any type and also of 
other atherothrombotic brain infarction was greater 
in those under 50 years of age as compared to those 
50 years of age or older (Fig. 3). These studies also 
clearly indicated that mortality rates in hyperten
sives (and in those with borderline hypertension) 
ranging in age from 45 to 74 years become greater 
with advancing age (Fig. 4) and with increasing lev
els of blood pressure (Fig. 5). Women tolerate hy
pertension better than men and mortality rates are 
higher in the latter at any level of hypertension; 
however, as blood pressure levels become elevated, 
the increase in cardiovascular disease and mortality 
rate becomes more pronounced in both sexes (Fig. 
5). 
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Figure 3. The risk (morbidity ratio) of having any type 
of cerebrovascular accident (top) or atherothrombotic 
brain infarction (bottom) over the 16 years of the Fra
mingham Study, according to initial blood pressure level 
in men and women. The population is divided into those 
below and above age 50. The systolic and diastolic pres
sures are divided into fifths (increasing in severity on a 1 
to 5 scale). From Kannel WB, ref 161, p 309. Reprinted 
by permission of the American Heart Association, Inc. 



6 W. M. Manger, I. H. Page 

300 
Cardiovascular mortality 280 

200 

100 
0 

8 
0 .. .. 
c-.. 
u 
C ., 
"0 
'u 400 
.!: 
;;; Total mortality 
::J 
C 
C 
< 300 

I 
200 

100 

Women Men Women Men Women Men 

45-54 55-64 65-74 

Figure 4. Cardiovascular (top) and total mortality (bot
tom) over 18 years' follow-up according to hypertensive 
status at the time of entry into the Framingham Study, 
for men and women ages 45-74. D Normotensive «140/ 
90); _ borderline; ~ hypertension (~160/95) . From Kan
nel WB and Sorlie P, ref 162, p 555 

Not only do blacks have a higher prevalence of 
hypertension (Fig. 2), but they also have blood pres
sures that are higher than whites at all ages after the 
mid-20's (Fig. 6); morbidity and mortality rates are 
also higher in blacks. It is noteworthy (Table 2 and 
Figs. 5 and 7) that elevated systolic pressure causes 
as much morbidity and mortality as elevated dia
stolic pressure. Systolic hypertension alone is an im
portant risk factor for cardiovascular disease and an 
elevation of systolic rather than diastolic pressure 
may carry a greater risk for coronary heart disease. 165 

Genetic Predisposition 

Blood pressures of children frequently show a strong 
positive correlation with the parents' pres
sures.138.202,366,367,369 The presence of essential hyper
tension in children is being recognized more fre
quently, 206,207 and in these children a family history 
of essential hypertension or its complications has 
been reported to be present in over 50%.208 Genetic 

factors play an important role in the predisposition 
to hypertension, as has been known for many years. 

The influence of environmental factors on blood 
pressures of families is difficult to assess; however, 
there is growing evidence for the importance of he
redity on the level of blood pressure. For example, 
studies on blood pressure in a large series of male 
twins revealed that there was a two to three times 
greater probability of hypertension developing in 
both brothers if they were monozygotic than if they 
were dizygotic.94 Others have reported a similar con
currence of hypertension in identical twins.306 Fur
thermore, comparison of blood pressures of parents 
with those of true siblings ann arlopted siblings re
vealed a correlation of pressures only in the parents 
and true siblings.26 

Available information indicates that essential hy
perttlnsion appears between the ages of 20 and 45 
years in perhaps 80 % to 90 % of the hypertensive 
population.231,288,292 As has been known for many 
years, diastolic pressures usually plateau at ages 45 
to 50 years, whereas systolic pressures continue to 
increase with aging because of the development of 
atherosclerosis.30,167 

Recently Miall has stated that although the role 
of the genetic factor is now considered greater than 
previously, nevertheless evidence linking higher 
pressures with some factor or factors in the environ
ment remains strong,248 He further points out that 
studies of migrants show that no ethnic group is in
herently immune to rises in pressure and that such 
studies have the best chance of identifying the en
vironmental influences. The claim that genetic pre
disposition influences blood pressure levels in 60 % 
of essential hypertensives whereas environmental 
factors are much less important93 is very questiona
ble, since it is difficult to establish accurately the in
cidence of hypertension in families. 

Environmental Factors 

A number of environmental factors have been im
plicated in the genesis of essential hypertension; 
however, the evidence for this implication has often 
been circumstantial and the precise mechanisms 
whereby these factors may influence arterial blood 
pressure in the human have been difficult to 
decipher. 

Salt 

A growing interest has centered around the relation
ship of dietary sodium chloride to both clinical and 
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Figure 5. The incidence of cardiovascular morbidity (top) and mortality (bottom) during 18 years' follow-up of the 
Framingham study, plotted according to systolic and diastolic blood pressure at the time of entry for men and women 
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Figure 6. The mean systolic and diastolic blood pres
sures for white and black women in the United States. 
(Source: Advance data, vital and health statistics of the 
National Center for Health Statistics, No.1, October 18, 
1976.) From Kaplan NM, ref 167, p 10 

experimental hypertension. It seems probable that 
a "salt appetite" is inherent and grows with re
peated salt consumption. Primitive unacculturated 
tribes and societies throughout the world (e.g., Es
kimos, Lapps, some American Indians, Australian 
Aborigines, and tribes in New Guinea, South Amer
ica, and Africa) consume relatively small amounts of 
salt-i.e., several hundred milligrams to five grams 
of salt per day. On the other hand, some societies 
(e.g., the Japanese) may consume enormous quan
tities-up to 25 to 50 g/day!56 A good correlation be
tween blood pressure and salt intake has been re
ported in persons living under similar condi
tions56.57.212.284.293 (Fig. 7). 

A 24-h urinary sodium is a fairly accurate index of 
sodium ingestion. Observations by Dahl indicate 
that under ordinary circumstances (i.e., without ex
cess sweating) the daily salt requirement is probably 
well below 1 g-perhaps 0.1 g or less.57 Evidence that 
salt is important in blood pressure control in hu
mans is provided mainly by the effects of (1) dietary 
salt restriction, (2) increased sodium elimination (by 
diuretics), and by (3) the strong correlation between 
salt intake and the prevalence of human essential 
hypertension in different geographic areas and 
among different races.57 

The effectiveness of rigid salt restriction (less 
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Figure 7. Correlation between av
erage daily salt (NaCl) intake and 
mean (± S.E.) systolic blood pres
sures of rats after 12 months on var
ious levels of salt intake. (Note: The 
sigmoidal curve represents the 
dose-response curve among six 
groups of rats, each on different 
NaCI intakes. The straight line in
dicates similarity of the data ob
tained in rats with those values 
which Dahl and associates obtained 
in humans.) From Dahl LK, ref 57, 
p 555 

than 8 mEq of sodium per day) in the treatment of 
hypertension was clearly demonstrated by Allen and 
SherrilF and later by Kempner l7l•172 when he intro
duced the "fruit-rice" diet. Unfortunately, the de
gree of salt restriction necessary to produce a signif
icant reduction of blood pressure is not known. 
Restriction of salt to 4 to 6 g/day may cause a mod
erate reduction of pressure;37.286 however, for a 
marked lowering of pressure, the salt consumption 
must usually be less than 3 g/day.353 Corcoran and 
co-workers49 showed that a 200-mg sodium diet was 
necessary to obtain the maximum effect of sodium 
restriction. They also showed that the Kempner diet 
was in fact a practical low-salt diet. 

The frequent effectiveness of diuretic drugs in 
lowering the blood pressure of hypertensive patients 
has further established the importance of natri
uresis in the therapy of hypertension. It is virtually 
impossible to make an accurate estimate of daily 
salt consumption by questioning patients, since salt 
is added to almost all processed foods. 

It is noteworthy that farmers in Akita, a northern 
province of Japan where large amounts of salt are 
used to preserve food, consume up to 35 g of salt 
daily. About 84 % of these farmers have systolic 
pressures greater than 140 mm Hg and the most 
common cause of death is stroke.334 In contrast, Yan
omamo Indians in South America on a diet contain
ing less than 300 mg of salt (i.e., less than 5 mEq of 
sodium per day) have virtually no hypertension
despite elevation of plasma renin activity to levels 
two to three times "normal" values. 273 

It is estimated that in the United States the av
erage salt intake is approximately 10 to 14 g/day, 

with a daily range varying from 4 to 24 g.57 There
fore, the daily salt requirement of less than 1 g is 
enormously exceeded in the United States as well as 
in other acculturated societies. Excessive salt con
sumption in "civilized" societies is all the more in
teresting if prehistoric man was, in fact, a herbivore 
who was perhaps deficient in sodium. Although 
there are now a number of epidemiologic studies 
which support Dahl's hypothesis that relates blood 
pressure levels to salt intake, some studies fail to 
substantiate the correlation. 57 

Hypertension can be induced in rats by chroni
cally feeding salt, and the degree of systolic blood 
pressure elevation is correlated with the daily salt 
intake244 (Fig. 7). Dahl and his associates demon
strated that, in unselected Sprague-Dawley rats, a 
very high salt diet caused no elevation of blood pres
sure in about one-quarter of the animals. The re
maining rats developed hypertension of varying de
grees-some dying in a few months with 
fulminating hypertension. They concluded that 
such disparate results were due to genetic variability 
in blood pressure responsiveness to salt.151 

By repeated selective inbreeding of rats which 
demonstrate a hypertensive response to salt inges
tion and also inbreeding those that failed to dem
onstrate this response, Dahl and co-workers inge
niously created a salt-sensitive (S) and salt-resistant 
(R) strain of rats. These experimental results clearly 
established that genetic influence was an important 
determinant of the blood pressure response induced 
by chronic salt ingestion in rats.58,59 

Dahl has enumerated several factors which can 
modify the influence of salt consumption on the de-
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velopment of hypertension in rats.57 For example, 
the longer the period of salt ingestion, the more 
likely the development of hypertension. Also, as al
ready mentioned, the level of mean arterial pressure 
is correlated with the daily amount of salt ingested. 
Furthermore, in hypertension-prone rats, it appears 
that the younger the animal when exposed to excess 
salt, the more susceptible is the animal to develop
ing hypertension and the more severe is the hyper
tension. Louis and co-workers reported similar re
sults.209 (If this latter phenomenon applies to 
humans, it is another compelling argument against 
the use of baby food containing a high salt content.) 

Increasing potassium intake will ameliorate the 
blood pressure elevation caused by salt consump
tion. Meneely observed that rats receiving salt plus 
extra potassium in their diet survived 7 or 8 months 
longer than those not given extra potassium, even 
though the blood pressures remained the same; he 
further emphasized that the Kempner diet was not 
only a low-sodium but a very high-potassium 
diet.242,243 It is noteworthy that potassium is natri
uretic whereas sodium is kaluretic. 

The mechanism whereby sodium chloride can 
produce hypertension remains obscure. Tobian has 
reviewed some of the characteristics that appear in 
mammals susceptible to sodium chloride hyperten
sion.344 First, he pointed out the importance of the 
renal papilla and its possible relevance to hyperten
sion because of its secretion of prostaglandins and 
Muirhead's antihypertensive neural lipid and also 
because of its possible role in the regulation of so
dium excretion. It is noteworthy that, when the two 
strains of rats developed by Dahl were challenged 
with a high salt intake, renal papillary plasma flow 
increased significantly less in the salt-sensitive (S) 
strain (which became hypertensive) than in the salt
resistant (R) strain (which remained normotensive). 
It was concluded that the vascular resistance of ves
sels supplying the papilla in S rats was dispropor
tionately greater than in R rats and that this differ
ence in the two strains may be related to the rat's 
susceptibility to sodium chloride hypertension. Con
ceivably, a reduction in papillary plasma flow might 
limit the usual rapid excretion of an excessive salt 
load and thereby necessitate a rise in arterial pres
sure to induce a "pressure natriuresis." Tobian fur
ther speculated that, since a significantly reduced 
papillary flow occurs in Kyoto spontaneously hyper
tensive rats as well as in rats with "postsalt" hyper
tension, this flow reduction might be a hallmark for 
all types of experimental rat hypertension.344 

According to Tobian, the hemodynamic responses 
to an expanded extracellular fluid volume and the 
increased cardiac output induced by excess salt in
take in the Sand R strains were quite different. Pe-

ripheral resistance rapidly increased in S rats 
whereas it decreased in the R strain; cardiac output 
in S rats eventually returned to control levels but 
the blood pressure and peripheral resistance re
mained elevated. In contrast, the cardiac output and 
peripheral resistance in the R strain returned to
ward control levels within 1 week and the blood 
pressure remained normal. 

Some have claimed that there is hemodynamic 
and metabolic evidence that the spontaneously hy
pertensive rat (SHR) is hypersensitive to excess salt 
consumption.54 However, we have found that on a 
high-salt diet blood pressures become significantly 
elevated in normotensive control rats as well as 
SHR.348 The latter finding suggests that a genetic de
fect in sodium metabolism is not present in the SHR 
and is not responsible for the development of spon
taneous hypertension in this model. 

Most human beings with borderline hypertension 
who ingest excess salt seem to respond in a manner 
similar to S rats while normotensive subjects usually 
respond like the R strain.228,229 

One currently accepted hypothesis whereby ex
cess salt consumption induces early essential hyper
tension includes the following sequence of events: 
(1) renal salt and water retention, (2) increased 
plasma and extracellular fluid volume, (3) increased 
cardiac output, (4) autoregulation with an increased 
peripheral resistance, and (5) sustained hyperten
sion.47,344 Tobian demonstrated that hypertension
prone Dahl S rats have a lesser natriuretic capacity 
than R rats when the pressure and amount of blood 
flow through isolated Sand R kidneys are kept the 
same. He further speculated that excess salt inges
tion would raise extracellular fluid volume and 
thereby tend to elevate arterial blood pressure. If 
excess salt consumption continues, an elevated ar
terial pressure would be required to overcome the 
natriuretic limitation in S rats in order to maintain 
sodium balance. The hypothesis has been proposed 
that a defect in the natriuretic capacity of the kid
ney might exist in some patients with essential 
hypertension.47,344 

Tobian and Binion found that the arterial wall of 
patients and animals with hypertension had in
creased amounts of sodium and water;346 further
more, there is evidence that vascular smooth muscle 
in hypertensive rats has an increased permeabil
ity.107 These findings are particularly interesting 
since increasing the sodium content in isolated ar
teries increases their vasoconstrictor response to 
certain pressor agents. l34 Excess salt ingestion has 
been reported to enhance the response to angioten
sin II in rats326 and humans. l68 Some believe that the 
increased peripheral resistance occurring with ex
cess salt ingestion may result from an enhanced ad-
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renergic activity and the accompanying vasocon
striction.135,295 

Blaustein proposed that sodium excess may alter 
the sodium-calcium exchange across smooth-muscle 
membranes such that there is a higher concentration 
of calcium within the cell, which in turn increases 
the degree of vasoconstriction and arterial wall ten
sion.27 Abboud has emphasized the neurohumoral 
interactions and hemodynamic adjustments which 
occur during chronic manipulation of sodium in
take, and he points out that these interactions may 
mask direct effects of sodium on vasomotor control;2 
chronic sodium loading or restriction in normal sub
jects failed to produce any consistent change in ar
terial pressure or forearm vasculature conductance. 

Finally, it should be mentioned that in several 
experimental types of hypertension Haddy and 
co-workers have found evidence for deficiency in 
ATPase activity;128 the latter could result in an im
paired efficiency of the sodium-potassium pump and 
an accumulation of intracellular sodium. There is 
now evidence that the sodium-potassium pump ac
tivity, including vascular smooth muscle, may be 
suppressed in animals with volume-expanded hy
pertension.128,129 In addition, abnormalities of red 
blood cell sodium transport and diffusion have re
cently been reported in patients with essential hy
pertension;36,l1o whether similar abnormalities may 
exist in vascular smooth muscle and are somehow 
involved with excess vascular contraction and in
creased peripheral resistance remains to be deter
mined. 

Despite the attractive hypotheses which implicate 
sodium in the genesis of some forms of experimental 
and human hypertension, many studies of popula
tions in Western countries fail to demonstrate a cor
relation between sodium consumption and hyper
tension. 192 Interpopulation studies are faced with the 
problem of the wide day-to-day variability in salt in
take which makes interpretation of results particu
larly difficult. 283 

Obesity 

Obesity is defined as a weight-to-height relationship 
which exceeds the ideal value by 20 % or more. 
A number of investigators have reported that 
there is a positive correlation between obesity and 
hypertension in children, adolescents, and 
adultS.44,50,152,163,l96,203,208,255,329 This correlation is valid 
even when the blood pressure measurements are 
correct and do not merely reflect a fat arm. Further
more, a strong correlation exists between the rate of 
blood pressure elevation and the rapidity of weight 
gain. There was also a greater incidence of hyperten-

sive complications in obese than in nonobese 
adults.343 Obese hypertensives have been reported to 
have twice the incidence of angina and sudden death 
as nonobese hypertensives.9 Although hypertension 
alone may account for the increased incidence of 
coronary disease occurring in obese persons,173 obe
sity per se may be an additional risk factor, partic
ularly in men less than 40 years of age.294 

The mechanism whereby obesity causes hyperten
sion in a significant number of the population re
mains unclear. Some have suggested that increased 
consumption of sucrose may account for excess 
weight gain and hypertension.3 Dahl has strongly ar
gued that it is not weight reduction that lowers 
blood pressure in some obese patients, but rather 
the salt restriction that accompanied the caloric re
striction.57 Yeoman and co-workers also believe that 
excess salt consumption and the associated body 
fluid expansion can explain the hypertension occur
ring with obesity.363 

In contrast, Reisin and associates demonstrated 
highly significant weight and blood pressure reduc
tions which were directly associated and were pres
ent in both sexes and all ages. 298 Since weight and 
blood pressure reduction occurred in these latter pa
tients without any salt restriction in the diet, it was 
concluded that weight reduction was in some way 
responsible for the reduction in blood pressure. It 
seems likely that the appearance of hypertension 
which accompanies the development of obesity may 
be related to the weight gain or an increased salt 
consumption or a combination of both. The fact that 
some markedly obese persons are normotensive fur
ther suggests that a genetic predisposition may exist 
in those who develop obesity and hypertension. 

Stress 

The role of stress in the genesis and aggravation of 
hypertension is difficult to assess. It is well known 
that acute stress can significantly augment blood 
pressure. However, this rise in pressure is only tran
sitory. Although the blood pressure elevation may 
be particularly striking in some, the same stimulus 
may cause a relatively mild elevation in others. It 
seems reasonable to conclude that activation of the 
adrenergic system or the responsiveness of the vas
cular system to the same stress varies considerably 
from one person to the next. Furthermore, there is 
evidence that a significant number of normotensive 
persons who have a "hyper-reactor" blood pressure 
response to the cold pressor test subsequently de
velop sustained hypertension. 143,144,300,342 

The question that remains unanswered is 
whether repeated and prolonged stress may result in 
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the establishment of permanent hypertension in 
human beings. The following have been cited as fa
voring the concept:167 

1. Air traffic controllers, whose occupation causes 
severe psychologic stress, develop hypertension 
at a rate 5.6 times greater than nonprofessional 
pilots.46 

2. Men exposed to the repeated stress of noise have 
higher blood pressures and a higher incidence of 
hypertension than those not so exposed. l54 

3. Nuns have lower blood pressures than women liv
ing in an unsheltered environment.187 

4. Populations remaining in small, cohesive, and 
protected societies have lower blood pressures 
which do not increase with age, whereas those 
who move to less sheltered and more modern, dis
organized, "pressurized," and urbanized societies 
have higher pressures which increase with 
aging.40 

Some have linked the greater prevalence of hy
pertension in blacks than whites to a greater degree 
of stress132 and discontent in blacks.263 An inferior 
level of education 77 and low social class333 may play 
a role in whites as well as blacks in causing hyper
tension and may account for a greater prevalence of 
hypertension in this segment of the population. 

Certain personality traits, such as suppression of 
emotion,291 and anxiety and depression,35 are said to 
be more common in hypertensives than in normo
tensives. However, the implication that these traits 
may in some way be linked to hypertension has been 
questioned.1M.360 

Psychologic stress in mice may cause moderate 
hypertension which persists even after the stimulus 
is withdrawn;141 furthermore, rats genetically predis
posed to hypertension (e.g., Dahl's S rats) develop 
high blood pressure when exposed to food-shock 
conflict, whereas those not predisposed (the R 
strain) remain normotensive.1°O Monkeys exposed to 
stressful conditions requiring them to repeatedly 
press a lever to avoid a painful electric shock will 
develop hypertension;99 however, the effect on the 
blood pressure of discontinuing the shock treatment 
was not reported. 

It is noteworthy that the elevated blood pressures 
induced in animals by repeated stress will usually 
return to normal pressures after the stress is discon
tinued.133 Friedman and Dahl suggested that a lag in 
return of the pressures to normal105 was consistent 
with Lundgren's evidence that structural changes 
induced by hypertension reverse slowly.215 

In their monograph, "Stress, Health, and Social 
Environment. A Sociobiologic Approach to Medi
cine," Henry and Stephens contend that there is a 

persuasive weight of human epidemiologic evidence 
connecting hypertension as well as coronary heart 
disease and even some types of cancer to problems 
of psychosocial adaptation. l40 These investigators 
reviewed the experimental findings which link psy
chosocial stimulation to functional and structural 
changes and the production of disease in animals. 
They also presented evidence for the role of the neo
cortex and the limbic system in social interaction, 
and they defined the neuroendocrine responses to 
this interaction. 

From studies by Hallback and Folkow, it appears 
that activation of the adrenergic nervous system by 
social confrontation and arousal can alter the vas
cular structure of resistance arteries and thereby 
lead to or aggravate hypertension in the rat.1OO Adap
tive changes in vascular smooth muscle result in a 
thickened wall-to-Iumen ratio which increases vas
cular responsiveness to a given adrenergic stimu
lus.97.98 Such structural alterations can disturb the 
function of resistance vessels. Increased resistance 
in systemic vessels would maintain hypertension 
whereas similar functional changes in the renal vas
culature would cause the retention of salt and 
water.16 

In experimental models of hypertension, in
creased vascular responsiveness can result from 
either vascular thickness or an increased vascular 
smooth-muscle sensitivity to norepinephrine or 
other pressor agonists.28 Smooth-muscle hypersen
sitivity would aggravate the effects of repeated ad
renergic activation; however, hypersensitivity of iso
lated human arteries to catecholamines, at least in 
one study, could not be demonstrated.147 

It has further been speculated that vascular 
changes which result from repeated "defense" reac
tions to the daily environment may possibly disturb 
baroreceptor function.140.327 Several investigators 
have demonstrated that in experimental and human 
hypertension there is an upward resetting of baro
receptors which then fail to buffer rises in pressure 
to the extent they normally should.1.233.327 It should 
also be mentioned that stress may be accompanied 
by a diminished level of vagal inhibition.159 

Therefore, theoretically, increased nervous stim
ulation might induce hypertrophic smooth-muscle 
changes with medial thickening. Such changes not 
only augment blood pressure responsiveness to ad
renergic stimulation but may possibly diminish sen
sitivity of the baroreceptors and further interfere 
with blood pressure regulation and the maintenance 
of normotension. l40 Some recent experimental evi
dence indicates that baroreceptor activation may re
duce reactivity to noxious stimulation through a 
baroreceptor-mediated reduction of cerebral 
arousal; therefore, the intriguing hypothesis has 
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been proposed that some hypertension may result 
from a learned blood pressure elevation response for 
which the reward is a baroreceptor-mediated reduc
tion in anxiety or aversiveness to noxious stimuli.76 

For completeness, other environmental factors 
with a potential to elevate blood pressure should be 
mentioned. Cigarette smoking may stimulate the 
adrenergic system53 and elevate systolic and dia
stolic pressure.8 Alcohol may also elevate blood 
pressure.162.176.230 Of interest is evidence that ethanol 
can increase catecholamine synthesis and may 
thereby elevate blood pressure when large amounts 
are consumed.ll7 

Certain metals have also been implicated in the 
genesis of hypertension. For example, some have 
claimed that excess amounts of cadmium in water 
may be a cause of elevated blood pressure;22.118.319 yet 
the findings of others do not support this claim.14.275 
Low blood levels of zinc341 and hypomagnesemia167 
have been detected in some hypertensives. Further
more, elevated concentrations of lead have been 
found in some hypertensives.15 It is of note that sig
nificantly elevated excretion of catecholamine me
tabolites may occur with increased lead absorption; 
apparently increased concentrations of lead in non
osseous tissues are associated with altered catechol
amine metabolism.325 

With regard to these latter environmental factors 
(cigarettes, alcohol, and trace metals), it must be 
concluded that there is no solid evidence that they 
play any significant role in causing essential 
hypertension. 

Theories Regarding the 
Nonenvironmental Genesis of Essential 
Hypertension 

An enormous amount of clinical and basic research 
has been performed to elucidate the initial abnor
mality or abnormalities which lead to the develop
ment of essential hypertension. In addition to the 
environmental factors which may playa role in ele
vating blood pressure and also in aggravating hyper
tension, several major hypotheses have been pro
posed as the possible basic mechanism in the genesis 
of essential hypertension. These theories include the 
concept that one or a combination of the following 
may initiate hypertension: 

1. An increased activity of the adrenergic system as 
reflected in cardiac augmentation and/or in
creased vasoconstrictor activity 

2. An increased activity of the renin-angiotensin-al
dosterone system as a result of altered regulation 

of renin secretion or secondary to a derangement 
of renal function 

3. A decreased or defective activity of antihyperten
sive factor(s) in the renal medulla 

The level of blood pressure is mainly a product of 
the cardiac output and peripheral resistance in the 
arterioles; however, aortic elasticity, blood volume, 
and blood viscosity can also influence hemodynam
ics and blood pressure. 

Studies have shown that some essential hyperten
sives initially have an increased cardiac output; in 
time, the output returns to normal as the peripheral 
resistance is increased.18.25.79.217 

An increased cardiac output has been noted par
ticularly in adolescent, young, and borderline hyper
tensives; the plasma volume is usually normal but 
may be increased or decreased. Some of these hy
pertensives have a hyperdynamic ("hyperkinetic") 
circulatory state with hyperlability of the blood 
pressure, tachycardia, palpitations, and an in
creased responsiveness to beta-adrenergic 
stimulation.100.108.120.149.155.156.314.357 Julius and Esler as-
sessed the function of the autonomic nervous system 
in an attempt to define the initial cardiogenic ab
normality in borderline hypertensives.I56.159 By phar
macologically blocking the autonomic influences on 
the heart, they determined that the increased heart 
rate in "hyperkinetic" borderline hypertension re
sulted solely from neurogenic influences. Similarly, 
the enhanced stroke volume response to venous fill
ing, demonstrated previously,82.338 was also found to 
stem from neurogenic influences on the heart.l56 

Most patients with established essential hyper
tension have a normal cardiac output and an in
creased peripheral vascular resistance, which ac
counts for the elevated blood pressure; yet in some 
hypertensives only the cardiac output appears ele
vated. The normal acute physiologic response to a 
high cardiac output is peripheral dilatation and a 
reduction in peripheral resistance, which results 
from a number of reflex mechanisms.47.127 The con
cept of Guyton and co-workers that a chronically el
evated cardiac output can trigger peripheral vaso
constriction through a process of autoregulation and 
thus induce persistent hypertension is intriguing. 
However, a review of major studies of this relation
ship in both humans and animals revealed no con
sistent evidence to support this concept.178 

The explanation for an increased cardiac output, 
which occurs in some borderline hypertensives or 
patients during the early development of hyperten
sion, remains undetermined. A primary increase in 
cardiac function could result from either an aug
mented activation of the adrenergic system or an in
creased responsiveness of the adrenergic receptors 
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in the heart, or both. A decreased vagal inhibition of 
the heart might also account for, or contribute to, an 
elevated cardiac output. Alternatively, the increased 
cardiac output in some of these patients might be a 
response to an increased blood volume brought 
about by salt and fluid retention by the kidney. Ev
idence against this latter hypothesis is the finding 
by Ibrahim and co-workers of a normal or reduced 
blood volume in borderline hypertensives. l48 They 
attributed the increased cardiac output in these pa
tients to an elevated cardioadrenergic drive and an 
augmented cardiac contractility. The plasma vol
ume in most hypertensives is normal or reduced.74 

Although a small number of hypertensive patients 
have an expanded plasma volume, Tarazi found that 
in these patients cardiac outputs were normal and 
almost identical to the outputs in patients with hy
povolemia.337 Peripheral resistance was increased in 
hypovolemic as well as in hypervolemic patients 
with essential hypertension and it is noteworthy 
that the resistance was, in fact, greater in the hyper
volemic group. Some have reported a redistribution 
of blood volume in borderline hypertensives (i.e., a 
shift of blood to central or cardiopulmonary vessels), 
which they attributed to increased sympathetic ac
tivity accompanied by venous constriction.3Io,3ll 

However, most investigators have found no redistri
bution of blood in borderline hypertensives82,363 or 
essential hypertensives.246 

The Adrenergic System in Essential 
Hypertension 

Plasma Catecholamines 

Estimation of plasma catecholamines has proved 
valuable in assessing adrenergic activity under a va
riety of stressful conditions. However, it must be ap
preciated that plasma catecholamine concentrations 
depend not only on the degree of adrenergic activa
tion and the amount of catecholamines released 
from the sympathoadrenal system but also on a 
number of other factors. These factors include the 
degree of diffusion from the synaptic cleft into the 
circulation, the extent of inactivation (i.e., by neu
ronal and extraneuronal uptakel50 and by enzymatic 
degradation via monoamine oxidase and catechol-o
methyltransferase lO), the storage and binding capac
ity of intra-axonal granules for the catecholamines, 
and the renal clearance of circulating catechol
amines. In addition, the rate of catecholamine turn
over can be significantly altered not only by certain 
drugs but also by physical conditioning.276 This lat
ter point should be kept in mind, since the release 

of neurotransmitter and the physiologic response to 
a specific stimulus can be influenced by the meta
bolic turnover of norepinephrine-physical condi
tioning may be a determinant of plasma catechol
amine levels. 

Preliminary observations indicated that jogging of 
moderate intensity caused a much sharper rise of 
plasma catecholamines in sedentary young men 
than in those physically conditioned (Manger et al., 
unpublished). Others have also concluded that the 
concentrations of plasma norepinephrine depend on 
"interindividual differences in clearance and metab
olism which may confound attempts to compare and 
characterize groups of patients with a single 
measurement. "297 

The importance of proper controls, especially 
when studying basal plasma catecholamine levels, 
has been emphasized. Sever pointed out that medi
cal students, doctors, nurses, laboratory technicians, 
etc. should not be used as controls, since they are 
familiar with investigative procedures and are likely 
to be less stressed than others by the presence of 
their associates and the experimental procedures.321 

In evaluating and interpreting studies of plasma 
catecholamine concentrations in human subjects, 
the possible influence of age, sex, race, emotional 
and physical stress, smoking, drugs, dietary sodium 
chloride, body posture, duration of rest, ambient 
temperature, method of sample collection, and delay 
of analysis and analytical procedure must be consid
ered. As mentioned above, we also believe that phys
ical fitness may be another determinant of plasma 
catecholamine levels. It is conceivable that de
creased physical conditioning which usually occurs 
with aging may be accompanied by a greater nor
epinephrine turnover rate and, at least partly, ac
count for the positive correlation between catechol
amine concentrations and age. 

In addition, several groups of investigators have 
demonstrated that dietary sodium intake can influ
ence plasma norepinephrine levels. Both sodium 
restriction214,267,301,305 and diuretics339 can significantly 
elevate plasma catecholamines. Furthermore, a high 
sodium diet can elevate plasma catecholamine con
centrations, and it has been speculated that this el
evation might partly explain the rise in blood pres
sure observed when dietary sodium is increased in 
humans. lo2,262 With regard to this latter finding, it is 
interesting that studies of hypertension induced ex
perimentally by administrations of desoxycorticos
terone and sodium chloride suggested that sodium 
excess decreased the capacity of sympathetic gran
ules to bind and store norepinephrine, whereas so
dium restriction had the reverse effect. Further
more, there was a striking inverse relationship 
between blood pressure and storage capacity, sug-
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gesting a role for the sympathetic nervous system in 
the regulation of blood pressure in this experimental 
model.62 

Some types of physiologic stress may cause ad
renergic activation without significant increases in 
plasma catecholamines. Therefore, one must recog
nize the inadequacy of plasma catecholamine con
centrations as a totally reliable index of adrenergic 
activity.220 A final point of note is that repeated de
terminations of plasma catecholamines over a pro
longed period of time have not been performed to 
assess daily variability of catecholamine concentra
tions in normal or hypertensive subjects. 

Borderline (or labile) hypertension presents an 
attractive condition to study since it is frequently an 
early predictor of established hypertension. The re
sults of biochemical studies to assess the activity of 
the adrenergic system in borderline hypertensives 
have been inconclusive. Some investigators reported 
elevated urinary catecholamine excretion/88,266 but 
this was not confirmed in a more recent study.86 
Plasma catecholamine concentrations were found to 
be normaF10 or elevated in only a minority of pa
tients with borderline hypertension.64 Although it 
has been reported that borderline hypertensives 
have a greater responsiveness and release of cate
cholamines to stimuli which activate the adrenergic 
system than normal subjects,85.87.265 these findings re
quire additional confirmation. The significance of 
hyperresponsiveness of the adrenergic system to 
various stimuli is uncertain; it is conceivable that re
peated pressor responses may lead to sustained hy
pertension in some humans and animals that are ge
netically prone to develop hypertension. 130 

Of additional interest is the recent report by 
Oates and Robertson, who compared normal and 
borderline hypertensive subjects in the baseline 
state and following several stimulL271 No differences 
were noted in renin, noradrenergic, or hemodynamic 
responses when a sodium balance of 150 mEq was 
achieved in these subjects. With sodium restricted 
to 10 mEq, however, the same stimuli caused signif
icantly greater increases in renin activity and 
plasma norepinephrine in borderline hypertensives. 

Several groups of investigators have found signif
icant elevations (> 2 standard deviations) of basal 
plasma catecholamines in a variable percentage 
(ranging from 19 % to 75 %) of patients with essen
tial hypertension when compared with basal levels 
in normotensive subjects.63.64.83,101.102,219.296.321.322 

In addition, some have reported a correlation be
tween the diastolic blood pressure or mean arterial 
pressure and plasma norepinephrine concentrations 
in patients with essential hypertension.64,1l2,145,210 
Others found no significant differences in total 
plasma catecholamine concentrations45 or in norepi-

nephrine concentrations,361 especially when age-con
trolled hypertensive and normotensive subjects 
were compared.189,191 Still others have found normal 
plasma norepinephrine concentrations but elevated 
epinephrine levels in patients with benign essential 
hypertension. 101,102 

Lake and co-workers reported no difference be
tween the concentrations of plasma norepinephrine 
in normotensive and hypertensive patients in the 
supine or standing position; however, they demon
strated a positive correlation between age and basal 
norepinephrine concentrations, and they empha
sized the importance of age-matching patients and 
control groupS.I90 Other investigators have reported 
similar results.287,321,322 Yet, some have not discerned 
this relationship between plasma catecholamines 
and age.61,63,64,145 It is noteworthy that by reanalysis 
of the data reported by Lake and co-workers, Sever 
indicated that age and norepinephrine values were 
related only in normotensive and not in hyperten
sive patients.321 This latter observation was similar 
to the findings of Sever and co-workers in their own 
studies.322 

Even if the adrenergic system does not release ex
cessive amounts of catecholamines in patients with 
essential hypertension, defective inactivation might 
cause abnormally increased concentrations of neu
rotransmitter at receptor sites and thereby induce 
excessive vasoconstriction and hypertension. 

Vascular Reactivity 

It has been suggested that increased vascular reac
tivity may be an early manifestation of essential hy
pertension; young, adult normotensive sons of hy
pertensive parents were found to have a 
significantly greater vascular response to norepi
nephrine infusions than those whose parents were 
normotensive.70 Hyperresponsiveness to a variety of 
stimuli could result from hyperreactivity of vascular 
smooth muscle, Le., an inherent abnormality in en
ergetics of smooth-muscle contraction or relaxation, 
either genetically determined or possibly acquired. 
It has been suggested that an increased incidence of 
hyperresponsiveness to cold pressor stress in chil
dren of parents with essential hypertension, and the 
fact that these children not infrequently develop 
hypertension in adult life, favors a genetic 
role. I44,221,300,342 However, reliability of the cold pressor 
test for identifying those predisposed to developing 
hypertension has not been confirmed by many and 
its use has been abandoned. 

Gitlow and co-workers presented evidence which 
they felt indicated a defective norepinephrine up
take mechanism in essential hypertensives.1l5,1l6,241 
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Such a defect could theoretically explain the greater 
pressor sensitivity to norepinephrine infusion ob
served in hypertensives when compared to 
normotensives.69,71.119,221,238,24O,364 However, as pointed 
out by Mendlowitz,239 the neural uptake mechanism 
for the neural transmitter cannot be faulted as a 
cause of essential hypertension, since blockade of 
this uptake with amitriptyline (a tricyclic tranquil
izer) has no effect on hypertension.268 

Manger and associates infused norepinephrine 
into normal subjects and patients with essential or 
renal hypertension and observed that hyperrespon
siveness of the blood pressure was not a constant 
finding in essential or renal hypertensives. 221 Hyper
responsiveness usually occurred in patients with the 
highest preinfusion pressures, and it could not be at
tributed to increased norepinephrine concentrations 
at receptor sites since the pressor response was not 
correlated with elevations of norepinephrine plasma 
concentrations (e.g., in some essential hyperten
sives, relatively small pressure increases occurred 
despite marked elevations of arterial plasma norepi
nephrine). A deficient clearance (or uptake) of nor
epinephrine was not demonstrated in the upper ex
tremity of hypertensive patients, since A -V 
differences were even greater in hypertensives than 
in normotensives during high rates of norepineph
rine infusion. They concluded that hyperresponsive
ness may best be explained by vascular structure 
alterations, suggested by Folkow,97 or by hyperreac
tivity of vascular smooth muscle, or by a combina
tion of these factors.221 

Dopamine-tJ-Hydroxylase 

Other biochemical determinants of sympathetic ac
tivity have also been studied in an effort to expose 
any abnormality of the adrenergic system underly
ing essential hypertension. For example, dopamine
~-hydroxylase (DBH) is released along with norepi
nephrine during sympathetic n'erve activation, and 
some investigators have found elevated mean con
centrations of DBH in patients with essential hyper
tension112,359 or with borderline "hyperkinetic" hy
pertension.6 Others have not confirmed these find
ings,146,177,269 and it now appears that the serum levels 
of DBH are genetically determined and cannot be 
used as an index of sympathetic nerve activity for 
comparing hypertensive and normotensive sub
jects.356 

Cyclic AMP 

Kuchel and co-workers have determined cyclic AMP 
(cAMP) concentrations in plasma and urine as a 

means of assessing beta-adrenergic activity.l85 It is 
known that cAMP, a "second messenger," increases 
in response to stimulation of beta-adrenergic recep
tors.12,302 Further, it is believed that catecholamine 
stimulation of the beta-adrenergic system can in
duce hypertension by generating cAMP, which in 
the heart may increase cardiac contractility and 
heart rate and in the juxtaglomerular cells may in
crease renin release. 185,250 Kuchel and co-workers 
found that beta-adrenergic stimulation by isopro
terenol resulted in a higher than normal plasma 
cAMP (in addition to an increased pulse rate and 
plasma renin activity) in some patients with border
line (labile) essential hypertension.I83,247 They de
fined this form of hypertension as "borderline beta
hyper adrenergic renin hyperresponsive," and they 
concluded that beta-adrenergic hyperresponsive
ness was present in some patients with borderline 
essential hypertension. They were also able to define 
a group of patients with established essential hyper
tension as "stable beta-hypoadrenergic renin hypo
responsives;" these patients showed no increase of 
cAMP with beta-adrenergic stimulation. 

Despite this intriguing biochemical dissection and 
identification of these forms of essential hyperten
sion, described by Kuchel and his associates, the sig
nificance and interpretation of changes in cAMP re
main to be determined. 

The Hyperkinetic "Beta-Adrenergic" Syndrome 

The findings of an elevated cardiac output and in
creased heart rateI7,78,109,155,216,309,315 in a significant 
number of subjects with "hyperkinetic" borderline 
hypertension have further prompted the question of 
whether this augmented output leads to established 
hypertension by triggering an increased peripheral 
resistance via the mechanism of autoregulation.126 

To test the hypothesis that an increased cardiac 
performance can lead to hypertension, Liard and co
workers studied the hemodynamic and humoral 
characteristics of acute hypertension induced by 
prolonged (7 days) stellate ganglion stimulation in 
conscious dogs.205 An abrupt rise in mean arterial 
pressure occurred which was entirely due to in
creased cardiac output. However, following only 1 
day of stimulation, the cardiac output had returned 
to control values and hypertension was sustained 
entirely by increased peripheral resistance. These 
hemodynamic effects were apparently mediated by 
increased activity of the sympathetic nervous sys
tem. When stimulation was discontinued, arterial 
pressure returned to control levels. Unfortunately, 
this model differed from what was anticipated; the 
increased cardiac output was very brief and the hy-
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pertension was not accompanied by a hyperkinetic 
circulation with an increased heart rate. It was con
cluded that in this particular model hypertension 
may not have resulted from autoregulation but may 
have been caused by stimulation of a pressor reflex. 

It has been suggested that in about 70% of bor
derline hypertensives with a normal cardiac output 
increased peripheral resistance could be attributed 
to nonneurogenic structural changes of the vessels 
which impede arterial blood flow; however, in ap
proximately 30 % of these patients, enhanced alpha
adrenergic vasomotor tone was evident.48•88•IOO An in
creased venous tone in borderline hypertension has 
also been reported but the mechanism for this latter 
abnormality is uncertain, since attempts to demon
strate an augmented alpha-adrenergic venomotor 
activity in this condition have failed. IOO 

In borderline hypertension88•254 and "hyperki
netic" borderline hypertension,73.254 a substantial 
number of patients (30% in one series88) have ele
vated plasma renin levels at rest. 

Some patients with borderline hypertension have 
a more pronounced increase in plasma renin 
than normal subjects with head-up tilting or 
standing.85.183.253.360 Furthermore, in some patients, 
standing or tilting caused excessive excretion of uri
nary norepinephrine which was positively correlated 
with the increase in plasma renin.85.183 Because of the 
importance of the renal sympathetic nerves and cat
echolamines on renin secretion,349 the question has 
been raised as to whether a heightened sympathetic 
nerve activity is responsible for elevated plasma 
renin concentrations in borderline hypertension and 
in "hyperkinetic" borderline hypertension. IOO 

Julius and co-workers concluded that in patients 
with borderline hypertension who have an increased 
adrenergic vasomotor tone and an elevated level of 
plasma renin, the hypertension results from in
creased adrenergic activity.IOO Their conclusion was 
based on the demonstration that beta-adrenergic 
blockade with propranolol caused a substantial fall 
in plasma renin without an appreciable effect on the 
blood pressure, whereas alpha-adrenergic blockade 
with phentolamine caused an abrupt decrease in 
blood pressure and no further reduction in plasma 
renin. These patients were also found to have an in
creased cardiac drive since propranolol administra
tion caused a greater reduction of heart rate in bor
derline hypertensives than in normal subjects. I58 

It was postulated that in the majority of border
line hypertensives there is abnormal integration of 
autonomic nervous control, probably originating in 
the medulla oblongata.I59 The enhanced adrenergic 
activity is generalized and involves both alpha and 
beta receptors. In addition, evidence was presented 
of a diminished parasympathetic inhibition of the 

heart in patients with "hyperkinetic" borderline hy
pertension. As pointed out by these investigators, 
this reciprocal relationship of the autonomic ner
vous system (i.e., an increased sympathetic drive 
and a diminished parasympathetic inhibition) is 
characteristic of the functional organization in the 
higher integrative areas of autonomic controI,156 

Baroreceptors 

There is some evidence that a reduced arterial bar
oreceptor sensitivity to changes in blood pressure 
may exist in some patients with borderline 
hypertension.24.I2I.335 However, this remains un
certain, if only because the methods used to measure 
baroreceptor sensitivity are not fully established. 

Concluding Remarks 

In analyzing the evidence for the participation of the 
adrenergic system in essential hypertension, Kuchel 
indicated the unreliability of urinary measurements 
of catecholamines as an index of sympathetic ner
vous activity, particularly in hypertension where 
significant functional morphologic changes in the 
kidney may be present. ISO This conclusion was based 
mainly on concomitant measurements of plasma 
and urinary norepinephrine and calculation of the 
renal clearance of norepinephrine. It was shown that 
norepinephrine clearance is elevated in borderline 
(labile) but normal in stable hypertension, whereas 
the opposite was true for plasma levels of norepi
nephrine. Iso.I84 They also raised the interesting ques
tion of the possible importance of an interaction of 
several catecholamines on vascular receptor sites. 
For example, based on urinary catecholamine mea
surements, a dopamine deficiency relative to nor
epinephrine was postulated in some essential hyper
tensives.55 Furthermore, a significantly elevated 
epinephrine excretion in low-renin hypertension 
(when compared with control subjects and patients 
without suppressed renin) was reported.I79.I82 This 
latter observation, however, remains to be con
firmed by others. 

Kuchel suggested that this increased epinephrine 
(the endogenous catecholamine with the greatest 
beta-adrenergic receptor action) may result from a 
positive-feedback mechanism which could occur if 
beta-adrenergic receptors were hyporesponsive.179 In 
keeping with this latter hypothesis, it is noteworthy 
that Lowder and co-workers contrasted the effects 
of hypoglycemia on plasma renin activity and cyclic 
AMP in low renin and normal renin essential hyper-
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tension; they reported a blunted increase in plasma 
cyclic AMP during hypoglycemia in hypertensives 
with low renin and they concluded that a general
ized beta-adrenergic hyporesponsiveness may exist 
in these latter patients.211 Alternatively, Kuchel 
pointed out that hypersecretion of epinephrine may 
have been primary and may have induced a second
ary subsensitivity of beta-adrenergic receptors.179 

More recently, Eide and associates reported that 
the mean norepinephrine concentration in cerebro
spinal fluid and plasma was significantly raised in 
patients with essential hypertension; the CSF nor
epinephrine concentration was positively correlated 
with the level of diastolic and systolic blood pressure 
when normotensives and hypertensives were ana
lyzed together.so They reported an excellent corre
lation of plasma norepinephrine and CSF norepi
nephrine and, since there is a blood brain barrier for 
norepinephrine, these investigators suggested that 
the levels of peripheral sympathetic activity, plasma 
norepinephrine, and blood pressure reflect a major 
aspect of central norepinephrine tone. Although 
mean plasma renin activity was higher in hyperten
sives than in normotensives, the differences were not 
statistically significant in the small group of patients 
studied. However, from their results and previous 
studies they speculated that plasma renin activity 
may be a marker of sympathetic nerve tonicity.so 
Because of the small number of patients studied, it 
is premature to draw any conclusions regarding the 
results of Eide and co-workers. 

As already mentioned, some investigators have 
found that high plasma catecholamines in hyperten
sives are more likely to be associated with an ele
vated plasma renin.91,321 However, others have not 
been able to demonstrate any strong and consistent 
correlation between plasma renin activity and 
plasma catecholamine concentrations or urinary ex
cretion of catecholamines in patients with essential 
hypertension.102,139,145,339,355 Such correlation studies 
carry little weight because of the difficulty in ade
quately controlling the large number of variables 
(including protocols and methodology) that can sig
nificantly influence plasma catecholamines as well 
as plasma renin activity. 

As can be gathered from the above discussion of 
the role of the adrenergic system in the genesis of 
borderline or essential hypertension, speculation 
and controversy abound. There is, as yet, no clear 
evidence which either establishes or exonerates the 
adrenergic system as playing a key part in the origin 
of hypertension in a large or even a small segment 
of hypertensive patients. From the available evi
dence, we believe that an overactive adrenergic sys
tem is probably only rarely the cause of essential 
hypertension. 

The Renin-Angiotensin-Aldosterone 
System in Essential Hypertension 

Since the renin released from the kidney in some 
patients with renal artery stenosis or with renal pa
renchymal disease has been shown to be directly im
plicated in the production of hypertension, it was 
reasonable to suspect that renin might also be in
volved in the pathogenesis of essential hypertension. 
An additional suggestion for the latter is the finding 
that, when 24-h urinary sodium excretion is related 
to upright plasma renin concentrations, subgroups 
with low-, normal- and high-renin concentrations 
become identifiable.194 (A similar classification has 
also been described in borderline hypertension.89) 
However, subgroups mayor may not have a fixed 
identity, i.e., by remaining consistently in one cate
gory or another. 

Renin reacts with renin substrate (a carrier pro
tein which is an alpha globulin) in the circulation to 
liberate angiotensin I (a decapeptide), which is in 
turn converted by another enzyme to the powerful 
vasoconstrictor, angiotensin II (an octapeptide). 
This latter polypeptide is also capable of stimulat
ing the adrenal cortex to secrete aldosterone, the 
most potent adrenal mineralocorticoid, which in
duces sodium reabsorption by the distal renal tu
bules. In addition, through its renal vasoconstrictive 
activity, angiotensin II at relatively low concentra
tions can increase salt retention; however, at high 
concentrations it can cause natriuresis. 

Further, it should be mentioned that angiotensin 
II can stimulate the adrenergic system in several 
ways. It can act within the brain to cause a periph
eral vasoconstriction via the sympathetic nerves,21,95 
it can augment the synthesis and release of norepi
nephrine in sympathetic nerve endings and inhibit 
norepinephrine uptake,218,232,285,385 and it can in
duce secretion of catecholamines by the adrenal me
d ulla. 31,299 

Several additional effects of angiotensin II have 
been reported. For example, angiotensin II can in
duce thirst (dipsogenesis) via a central action.96,323 It 
can also sensitize vascular smooth muscle and adre
nal cortical cells so that progressively lower 
concentrations of the hormone can produce 
hypertension;51,66,234 prolonged low-dose angiotensin 
II infusion in normal humans is accompanied by an 
enhanced blood pressure response to this octapep
tide.272 Finally, it has been reported that angiotensin 
infusions may cause a greater vasoconstrictor re
sponse111 and a greater rise in blood pressure169 and 
plasma aldosterone concentrations175 in patients 
with essential hypertension than in normal subjects; 
however, these findings require confirmation. Any of 
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these effects of angiotensin II may aggravate hyper
tension or playa role in its genesis. 

A number of factors control renin secretion from 
the juxtaglomerular apparatus.60 Five major factors 
are:167 

1. A baroreceptor mechanism in the afferent arte
riole. (A decrease or increase in pressure respec
tively stimulates or suppresses renin release.) 

2. Sodium concentration in the macula densa. (A 
decrease of sodium delivery to this portion of the 
distal tubule stimulates renin release.) 
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Figure 8. A dual mechanism regulating arterial blood 
pressure is postulated in the schematic above, in which 
renal and adrenal factors play major roles. Thus, renin 
release by the kidney results in production and activation 
of circulating angiotensin II, which not only has direct 
pressor effects but stimulates aldosterone release by the 
adrenals. In turn, aldosterone affects arterial pressure 
through induced changes in renal sodium reabsorption, 
which are important in maintaining plasma volume. 
Changes in sodium balance also appear to influence pres
sor effects of angiotensin by altering vascular receptors. 
Figure by Norman Blau, from Laragh JR, ref 194, p 2. 
Reproduced with permission 

3. Adrenergic system. (Stimulation of renal sympa
thetic nerves or infusion of catecholamines in
creases renin release via beta-adrenergic recep
tors; alpha-adrenergic receptor stimulation 
inhibits renin release.) 

4. Circulating angiotensin II. (Intrarenal angioten
sin II causes a direct feedback suppression of 
renin release. It is also noteworthy that angioten
sin II can be cleaved to yield a heptapeptide, an
giotensin III, which is as potent in suppressing 
renin release as angiotensin 11103). 

5. Plasma potassium concentration. (Increased 
plasma potassium inhibits renin secretion-ap
parently by diminishing tubular sodium reab
sorption and thereby augmenting the delivery of 
sodium to the macula densa; hypokalemia in
creases renin secretion.) 

The proposed control of arterial blood pressure by 
the renin-angiotensin-aldosterone system is indi
cated in Figure 8. Laragh and co-workers have 
stressed the practical value of classifying essential 
hypertension on the basis of plasma renin activity 
(Table 4). They postulate that in a high proportion 
of patients with "benign" essential hypertension 
there is a subtle derangement of the renal-adrenal 
hormonal system normally operative in blood pres
sure control; in malignant hypertension the evi
dence is clear-cut that there is a marked elevation of 
renin which appears to evoke a pronounced hyperse
cretion of aldosterone. 

Laragh and associates have proposed that essen
tial hypertension in patients with high plasma renin 
activity results from excessive vasoconstriction.194 In 
their experience, high-renin and some normal-renin 
hypertensives respond to antirenin therapy alone 
with drugs like propranolol. Further, they believe 
that the hypertension in patients with low renin is 
due to volume expansion because volume expansion 
lowers renin and because their blood pressures are 
often normalized by diuretics. 

Laragh and associates further reported that stud
ies with an inhibitor of the conversion of angiotensin 
I to angiotensin II identified the participation of a 
renin-angiotensin factor in all high-renin and 91 % 
of normal-renin patients. On the other hand, this 
converting enzyme inhibitor was without effect in 
low-renin patients.39,195 They concluded that the 
renin system significantly participates in sustaining 
the hypertension of all high-renin patients. 

One of the most important developments that has 
come from the discovery of angiotensin and the an
giotensin converting enzyme has been the synthesis 
by Ondetti and co-workers of the enzyme inhibitor 
captopriI,274 This was followed, as was to be ex
pected, by a rush of papers, many of which bear the 
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Table 4. Characteristics of Renin Subgroups of 219 Hypertensive Patients 

Prevalence in 
Renin Essential Mean Age* 
Activity Hypertension (yr) 

Low 59 (27%) 46.5 ± 11.3 
Normal 124(57%) 37.5 ± 12.0 
High 36(16%) 43.1 ± 9.8 

'Mean ± standard deviation. 
tBased on a 7-year retrospective study. 
From Albert Miller in Laragh JH, ref 194, p 11. 

marks of undue haste. What follows can only be a 
rough appraisal of this data. 

The main issue at this time is in what experimen
tal models of hypertension, and in what classes of 
human hypertension is the inhibitor effective in low
ering blood pressure. The mechanism by which it 
lowers pressure should give an important indication 
to what extent blockade of angiotensin is involved. 
Although enzyme inhibition may simultaneously in
crease bradykinin and thereby augment vasodilata
tion, the evidence regarding the potentiation of 
bradykinin is sharply contradictory and somewhat 
in favor of its being slight. Prostaglandins have not 
been demonstrated to be involved in the actions of 
captopril. 

In contention is whether captopril lowers blood 
pressure effectively in low-renin hypertension rela
tive to that in the high-renin variety. When capto
pril is given to hypertensives, plasma aldosterone is 
reduced and possibly a negative sodium balance is 
established. The rapidly accumulating evidence 
clearly indicates that most essential and renal hy
pertensives respond to captopril, but much remains 
to be determined as to how effective it is. Prompt 
remission of the hypertension in a malignant renin
producing tumor has been observed, an effect surely 
due to inhibition of angiotensin production. 

In the two-kidney, one-clip models of experimen
tal hypertension, the blood pressure seems to nor
malize according to Bengis and associates.19 In one
kidney, one-clip hypertension, blood pressure does 
not return to normal. However, Bing and associates 
consider the role of angiotensin in two-kidney, one
clip hypertension controversial.23 Experimental ma
lignant hypertension in rats seems to be suppressed 
by captopril. 

Captopril seems to be able to prevent the devel
opment of hypertension in SHR and abolish it if it 
has occurred. This has come as a surprise to many 
investigators who had confidently thought hyperac
tivity of the sympathetic nervous system was pri
marily involved. This has raised the question of 
whether captopril has a hypotensive action other 

Diastolic Blood Incidence of Heart 
Pressure* Attack and Stroket 
(mm Hg) (%) 

104.9 ± 14.2 0 
103.5 ± 16.9 11 
124.0 ± 19.9 14 

than through its inhibition of angiotensin II 
generation. 

Captopril does not lower pressure in ACTH-in
duced steroid hypertension in sheep. Based on the 
current evidence on captopril, it appears that angio
tensin is more critically involved in human hyper
tension than had heretofore been expected. 

Since an increased pressure in the afferent arte
riole adjacent to the juxtaglomerular cells is known 
to suppress renin, the question has been asked why 
renin levels are not low in all patients with essential 
hypertension. 167 Since, in normotensives, plasma 
renin concentration is inversely related to blood 
pressure, it has been speculated that the negative 
feedback between blood pressure and renin release 
may be defective in many hypertensives and thus 
account for the inappropriately high renin-angioten
sin concentrations.213 

It is notable that, unlike the findings in normal 
subjects, an inverse relation between plasma renin 
activity and angiotensin II (i.e., a suppressed PRA 
in the presence of a relatively high angiotensin level) 
has been found in some patients with essential 
hypertension.153.352 Consistent with these findings is 
the hypothesis of Sambhi and associates suggesting 
the presence of a circulating renin activator which 
accelerates the production of angiotensin I in some 
hypertensives.313 

Controversy revolves around the significance of 
the levels of renin in patients with essential hyper
tension. Kaplan has listed the clinical conditions af
fecting renin levels (Table 5) and the mechanisms 
which may conceivably cause low-renin hyperten
sion (Table 6). He has concisely presented the evi
dence which supports or refutes various mechanisms 
which might explain low-renin essential hyperten
sion.167 An elevated renal perfusion pressure is one 
plausible explanation for physiologic suppression of 
renin, and it is noteworthy that Schalekamp and as
sociates found a low plasma renin concentration in 
those essential hypertensives with increased renal 
vascular resistance.317.318 However, Case and associ
ates found no differences in renal cortical blood flow 
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Table 5. Clinical Conditions Affecting Renin Levels 

Decreased PRA 

Expanded fluid volume 
Salt loads, oral or i. v. 
Primary salt retention (Liddle's syndrome; Gordon's 

syndrome) 
Mineralocorticoid excess 

Primary aldosteronism 
Congenital adrenal hyperplasia 
Cushing's syndrome 
Licorice excess 
Desoxycorticosterone (DOC), 18-hydroxy-DOC 

excess 
Catecholamine deficiency 

Autonomic dysfunction 
Therapy with adrenergic neuronal blockers 
Therapy with /3-adrenergic blockers 

Hyperkalemia 
Decreased renin substrate (?) 

Androgen therapy 
Decrease of renal tissue 

Hyporeninemic hypoaldosteronism 
Chronic renal disease (volume-dependent) 
Anephric 

Unknown 
Low-renin hypertension 

From Kaplan NM, ref 167, p 191. 

or angiographic vascular pattern between hyperten
sives with normal or low renin levels.38 Low renin 
may reflect an impairment of basal renin secretion 
and responsiveness due to a reduction in renal ar
teriolar distensibility and in baroreceptor sensitivity 
of renal afferent arterioles. Such changes may pos
sibly occur with increasing age and progressive 
nephrosclerosis; the latter may be more pronounced, 
of course, in the presence of hypertension.277,332 

As Kaplan has stated, it might seem logical to ex
plain suppressed renin in some patients with essen
tial hypertension as being due to an expanded 
plasma volume. Despite this attractive hypothesis, 
which would also fit with the hypertension related 
to excess salt retention and overproduction of a min
eralocorticoid, the majority of low-renin essential 
hypertensives do not have an increased fluid vol
ume, and the evidence for a mechanism causing in
creased salt retention is only now under serious 
study. In reviewing the evidence for increased min-

Increased PRA 

Shrunken fluid volume 
Salt deprivation 
Fluid losses 

Diuretic-induced 
Gastrointestinal losses 
Hemorrhage 
Salt-wasting renal disease 

Decreased effective plasma volume 
Upright posture 
Adrenal insufficiency 
Cirrhosis with ascites 
Nephrotic syndrome 

Decreased renal perfusion pressure 
Therapy with peripheral vasodilators 
Renovascular hypertension 
Accelerated -malignant hypertension 
Chronic renal disease (renin-dependent) 
Juxtaglomerular hyperplasia (Bartter's syndrome) 

Catecholamine excess 
Pheochromocytoma 
Stress: hypoglycemia, trauma 
Exercise 
Hyperthyroidism 

Hypokalemia 
Increased renin substrate 

Pregnancy 
Estrogen therapy 

Autonomous renin hypersecretion 
Renin-secreting tumors 

Acute damage to J-G cells 
Acute renal failure 
Acute glomerulonephritis 

eralocorticoid activity in low-renin essential hyper
tension, Kaplan has pointed out that there are as 
many or more reports showing normal levels of ste
roids when compared to those demonstrating ele
vated steroids. 167 

With regard to other mechanisms which might ex
plain low renin levels in essential hypertension, 
some investigators have reported a decreased 
plasma catecholamine concentration at rest and in 
response to body tilting in low-renin hypertensives.90 

However, others found no differences in plasma nor
epinephrine concentrations under various condi
tions in low- and normal-renin essential hyperten
sives and normotensives.252 

In analyzing the activity of the sympathetic ner
vous system in low-renin hypertension, Doyle and 
associates reported that despite a significant posi
tive relationship between blood pressure and plasma 
catecholamines, renin levels were inversely related 
to blood pressures and catecholamine concentra-
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Table 6. Possible Mechanisms for Low-Renin Hypertension 

Mechanisms Clinical Expression 

I. "Physiologic" inhibition of renin release 
A. Increased pressure at the juxtaglomerular apparatus and/or increased 

sodium load at macula densa 
1. Elevated perfusion pressure 
2. Expanded effective plasma volume 

a. Renal sodium retention 
Primary 

Essential hypertension 

Liddle's syndrome 
Secondary to increased mineralocorticoid activity 

Aldosterone Primary aldosteronism 
Congenital adrenal hyperplasia, 

adrenal tumors 
Desoxycorticosterone (DOC) 

IS-OH-DOC and other steroids 
Glycyrrhizic acid Licorice, carbenoxolone 

b. Prolonged excessive salt intake in genetically predisposed 
c. Decreased natriuretic hormone 

3. Decreased capacity of vascular bed 
B. Decreased sympathetic nervous system activity 

C. Increased potassium intake 
D. Increased systemic or intrarenal angiotensin II 

II. Derangement of juxtaglomerular apparatus 
A. Inability to produce or release renin 

B. Defect in sensing mechanism 

Diabetes mellitus, adrenergic 
blocking drugs 

Chronic renal disease? essential 
hypertension 

III. Interference with generation of angiotensin II in vitro or enhanced gener
ation of angiotensin II in vivo 

IV. Increased sensitivity to angiotensin II 

From Kaplan NM, ref 167, p 293. 

tions.67 Their finding of an inverse correlation be
tween blood pressure and renin level suggested that 
the effect of hypertension on the renal afferent ar
teriolar receptor might suppress renin release and 
overbalance the stimulatory action of norepineph
rine to increase renin release. 

As Kaplan has indicated/67 excessive potassium 
intake is an unlikely explanation of the low renin 
levels since both intake and excretion of potassium 
have been reported to be lower in blacks despite 
their higher frequency of low-renin hypertension.122 

Several concluding remarks are perhaps fitting 
with regard to therapeutic and prognostic implica
tions based on plasma renin levels. Kaplan clearly 
argues that too much has been made of the probable 
enhanced response of low-renin patients to diuret
ics, and he correctly concludes that there has been 
an overinterpretation of the responses of these pa
tients to various drugs.167 Mineralocorticoid excess 
and volume expansion (with a lesser degree of va-

soconstriction) have not been established as the 
cause of hypertension in low-renin essential hyper
tensives. Results of treatment with various diuretics 
or beta blockers have been inconsistent and have 
not clearly supported the hypothesis of the "low
renin volume expansion/high-renin vasoconstric
tion" model. In fact, a number of hemodynamic 
studies revealed that patients with low renin had 
higher peripheral resistance and were more con
stricted than those with high renin.167 

With regard to prognosis, the original position 
taken by Brunner and Laragh and their 
associates32-34.193-namely, that low levels of renin 
protect against vascular disease-now appears un
tenable and unsupported by a number of other 
investigators.68•72,1l4,125,256,330 Furthermore, the impli-
cations that drugs which raise renin levels are harm
ful and that therapy need not be so vigorously pur
sued in low-renin hypertensives seem invalid.167 

As summarized by Kaplan,I66.167 sufficient evi-
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dence has accumulated indicating that low- and nor
mal-renin patients are equally susceptible to heart 
attacks and strokes. On the other hand, all agree 
that high-renin patients have more severe hyperten
sion (as also occurred in the study by Brunner and 
associates33-see Table 4), and a higher incidence of 
vascular damage and complications. The degree of 
hypertension, and not the level of plasma renin or 
angiotensin, seems to be the critical determinant of 
vascular damage. 

Kaplan appropriately concluded that "renin pro
filing remains an interesting investigational tool and 
offers little help to the patient or his physician. The 
diagnosis of low renin hypertension is usually irrel
evant, its therapy remains empirical but effective 
and the prognosis depends largely upon the level of 
blood pressure and the ability to lower it.»167 

In a recent study on the relation between blood 
pressure and renin, renin substrate, angiotensin II, 
aldosterone, and urinary sodium and potassium in 
575 ambulatory subjects (with blood pressures rang
ing from 94/58 to 250/145 mm Hg), Walker and as
sociates reported a highly significant positive corre
lation between circulating renin substrate and blood 
pressure and a highly significant negative correla
tion between blood pressure and urinary potas
sium.352 The renin substrate was the only component 
of the renin-angiotensin-aldosterone system for 
which a positive correlation with blood pressure was 
identified. The possibility that potassium may play 
a more important role in influencing the level of 
blood pressure of essential hypertensives than for
merly appreciated is intriguing and merits further 
study. 

Recently, Rosenthal and associates reported still 
another hormonal control mechanism which may 
possibly influence blood pressure via the renin-an
giotensin system. These investigators demonstrated 
that somatostatin (growth hormone inhibiting fac
tor) appeared to blunt the rise in blood pressure and 
plasma renin caused by beta-adrenergic stimula
tion.307 Somatostatin significantly diminished 
plasma renin activity in all patients with high-renin 
essential hypertension; however, no change in blood 
pressure, stroke volume, or cardiac output was ob
served. The mechanism of action of somatostatin re
mains unclear.308 

In discussing the basic mechanisms of essential 
hypertension, Genest has expressed the conviction 
(based on the findings of normal levels of plasma 
renin activity in the great majority of patients with 
essential hypertension plus the results of studies 
with angiotensin II antagonists) that the renal sys
tem is not involved in a causative way in the path
ogenesis of essential hypertension.113 It is too early 
to comment on the possible role of the tonin-angio
tens in II system (identified by Boucher and co-

workers29) and its relationship to blood pressure reg
ulation and hypertension. 

Investigations by Genest and his associates have 
revealed a significant increase in the concentration 
of aldosterone in groups of patients with mild essen
tial hypertension; a significant increase or a normal 
or inappropriately high concentration was also seen 
in hypertensives with low and unresponsive renin.113 
They detected a decreased metabolic clearance of 
aldosterone and a blunted aldosterone responsive
ness (except for ACTH stimulation) in patients with 
essential hypertension. In addition, they demon
strated a significant increase in the secretion rate 
and plasma concentration of another mineralocor
ticoid, 18-hydroxy-ll-desoxycorticosterone, in two
thirds of patients with mild essential hypertension. 
Genest has proposed the scheme that in genetically 
predisposed subjects, various stimuli lead to the re
lease of ACTH which induces excessive secretion of 
aldosterone and 18-hydroxy-ll-desoxycorticoster
one and thereby causes sodium retention-the lat
ter leading to a higher peripheral resistance and an 
increased vascular reactivity to pressor agents. 

The pathogenetic mechanisms involved in essen
tial hypertension remain as confused in the minds 
of some and as unresolved with regard to the renin
angiotensin-aldosterone system as they do with re
gard to the adrenergic system. 

The Antihypertensive System in Essential 
Hypertension 

Less is known about the mechanisms of a renal va
sodepressor system. Our limited knowledge of the 
system has made it often impossible to define and 
assess in the human; therefore, studies have been 
performed almost exclusively on experimental 
animals. 

Fasciolo proposed the concept that the normal 
kidney exerted a protective action against the de
velopment of hypertension.92 Fifteen years later, 
both Grollman123 and Muirhead and associates260 hy
pothesized that renoprival hypertension resulted 
from a deficiency of a vasodepressor in normal 
kidney. 

An expanded fluid volume appears to be the major 
cause of hypertension in anephric patients; however, 
the concept that renoprival hypertension may result 
partly from removal of the kidney's antihyperten
sive function gains some support clinically from the 
finding that bilateral nephrectomy may only reduce 
but not completely eliminate the hypertension of 
some patients, even in the absence of an overex
panded volume. 197 

The search for a vasodepressor substance of renal 
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origin continues but the identity of this substance 
remains uncertain. In 1940, Grollman and associates 
had reported a nonprotein, water-soluble renal ex
tract which, when given orally, had the capacity of 
lowering blood pressure in rats and dogs with exper
imentally induced hypertension. l24 Page and co
workers also prepared kidney extracts which sharply 
lowered pressure in both experimental renal and 
human hypertension, including the malignant syn
drome.282 The extract was not dialyzable and in re
trospect it probably contained prostaglandins and 
Muirhead's antihypertensive lipid. The study was 
abandoned because of febrile reactions induced by 
the extract. Subsequently, Hamilton and Grollman 
reported that this antihypertensive substance was 
thought to be a peptide.131 In 1963 and 1964, Lee, 
Hickler, and co-workers discovered that extracts of 
renal medulla contained a lipid capable of causing 
an acute vasodepressor response.142,201 Currently 
there is some evidence which suggests that 
deficiencies of prostaglandinsI98,199,2oo,336 and 
kinins225,226,227,368,37o may be implicated in essential hy
pertension. Furthermore, Muirhead and co-workers 
have identified two antihypertensive renomedullary 
lipids (one naturally occurring, the other semisyn
thetic) which are effective in lowering the blood 
pressure of rats with experimentally induced renal 
hypertension.258,289 

Muirhead has over the years detailed imprecisely 
the evidence for a nonexcretory antihypertensive 
function of the kidney, which appears to reside in 
the renal medulla.258,259 Confirmation of a reno
medullary antihypertensive factor has been re
ported by other investigators using different exper
imental hypertensive animals. 222,223,331,345 Muirhead 
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and associates clearly demonstrated that when renal 
medullary tissue was transplanted into the perito
neum or subcutaneous tissue, it prevented the de
velopment of renoprival hypertension in the dog and 
reversed the hypertension caused by renal artery 
clamping in the rat. Removal of the transplant 
(isograft) was accompanied by a return of the pres
sure to prior hypertensive levels (Fig. 9). Similarly, 
renomedullary transplants prevented the develop
ment of malignant renovascular hypertension in 
rabbits. On the other hand, transplants of renal cor
tex, liver, or spleen had no influence on blood pres
sure. Crude extracts of fresh renal medulla given in
travenously caused a prompt vasodepressor effect 
and prevented or delayed the development of reno
prival hypertension. 

Muirhead also demonstrated that live renomedul
lary cells were required for the antihypertensive ef
fect, since when these cells were lyophilized and 
transplanted into hypertensive animals there was no 
pressure change. The main cell type in the trans
plant was shown to be the renomedullary interstitial 
cell-a cell which was most concentrated in the 
renal medulla and which appeared to proliferate 
during the time the transplant exerted its antihy
pertensive function. The presence of lipid vesicles 
was identified in these cells and considered a possi
ble source of their antihypertensive function. 

Muehrcke and co-workers had previously found a 
reduced lipid content of renomedullary interstitial 
cells in patients with malignant hypertension and in 
rats with hypertension induced by mineralocorticoid 
administration;257 this finding suggested that the 
lipid might exert an antihypertensive effect. Tobian 
and co-workers reported similar changes in the lipid 
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Figure 9. To ascertain whether re
nomedullary tissue could reverse es
tablished hypertension, inbred Wis
tar rats made hypertensive by renal 
artery clamping received either re
nocortical or medullary isografts. A 
blood pressure drop occurred only 
following medullary grafting; pres
sure stayed low until graft was re
moved and then returned to prior 
hypertensive level. Figure by Albert 
Miller, from Muirhead EE, ref 258, 
p 147. Reproduced with permission 
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content of renomedullary interstitial cells in exper
imental hypertension due to renovascular constric
tion or sodium 10ading.345 

Muirhead and associates demonstrated that lipid
containing renal medullary interstitial cells were the 
main cell type within their transplants. Further
more, they cultured these cells and found that sub
cutaneous injection of the cells exerted an antihy
pertensive effect; removal of the transplanted cells 
resulted in a return of the hypertension. Two dis
tinct lipids with vasodepressor activity were identi
fied and both prevented renoprival hypertension 
and reduced the blood pressure of animals with 
renal hypertension. One of these lipids proved to be 
a prostaglandin whereas the other did not appear to 
be a prostaglandin and was termed an antihyperten
sive neutral renomedullary lipid (ANRL). The latter 
is a naturally occurring substance which may prove 
to be a hormone. Neither of these could be derived 
from the renal cortex.258 

More recently, Muirhead's group has described 
another biologically active lipid which has been 
characterized as an antihypertensive polar reno
medullary lipid (APRL); however, the latter is a 
semisynthetic product and not a naturally occurring 
lipid. A bolus injection of APRL caused a rapid and 
pronounced depressor effect followed by a slow re
covery; after ANRL injection there was a lag period 
followed by a slow and less pronounced decline in 
pressure and then a slow recovery.289 Since ANRL is 
a naturally occurring lipid, it is interesting to spec
ulate whether this depressor substance may be a 
hormone important in modulating blood pressure. 
There is conclusive evidence that renomedullary in-
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terstitial cells secrete three prostaglandins: PGA2 
and PGE2, which are depressors, and PGF 2a, which 
is a pressor. 2llO•261 However, as pointed out by Muir
head, there is no indication that release of prosta
glandins from the renal medulla occurs as part of 
normal homeostasis. 

It has been postulated that prostaglandins may 
exert an antihypertensive effect in several ways. Lo
cally, in the kidney, they may oppose the effect of 
vasoconstrictor-antidiuretic agents and stimuli5.41 
(see also Chapter 13) and increase blood flow to the 
cortex while reducing flow to the renal medulla. 
Prostaglandins may also promote vasodilatation in 
peripheral arterioles. Vasodilating prostaglandins 
are synthesized not only in the kidney but also in 
arterial walls. 75.340 Prostacycline (PGI2), which is syn
thesized by blood vessels, causes vasodilatation and 
inhibits platelet aggregation; synthesis of PGE2, in 
vessel walls can inhibit release of norepinephrine 
from adrenergic nervesl36 and diminish vasoconstric
tion (see Chapter 13). 

Angiotensin II may stimulate release of prostacy
cline from vessels and thereby attenuate the vaso
constrictor action of angiotensin.4 While PGE2 and 
PGI2 cause vasodilatation and PGI2 opposes platelet 
aggregation, it should be appreciated that PGF2 and 
thromboxane A2 (a product of prostaglandins in 
platelets which is released on aggregation) cause 
vasoconstriction. 

Hence, a deficiency of vasodilator prostaglandins 
could result in both peripheral and renal vasocon
striction, and the latter could activate renal pressor 
mechanisms258 (Fig. 10). In one study, administra
tion of indomethacin (which blocks prostaglandin 

SYSTEMIC 
DEFICIENCY 

RENAL 
==:::==~:£:+----+ PRESSOR --+ (] } } ) ) ) ) ) ) } ) ) ) 

FACTORS PERIPHERAL ARTERIOLAR 
VASOCONSTRICTION 

~ 
SUSTAINED 

KIDNEY HYPERTENSION 

Figure 10. Schematic representa
tion of a hypothetical role for a de
ficiency of intrarenal prostaglandins 
in the establishment of sustained 
hypertension. From Lee JB, ref 198, 
p 1078 
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synthesis) to patients with uncomplicated essential 
hypertension had little effect on blood pressure.13 
However, more recently Rodicio reported prelimi
nary results indicating that renal synthesis of PGE2 
is increased in patients with essential hypertension; 
blockade with indomethacin induced a significant 
decrease in urine PGE2 and in plasma renin activity 
which was accompanied by a significant increase in 
blood pressure. Aggravation of the hypertension was 
accompanied by sodium retention and a decrease in 
renal excretory function. 303 Rodicio's results are in
teresting but require confirmation. 

It is pertinent that inhibition of prostaglandin 
synthesis adversely affects animals with hyperten
sion due to renal ischemia.304 Such inhibition also 
results in a greater reduction in renal blood flow and 
a greater renal vascular resistance during angioten
sin infusion.42,316 Intrarenal prostaglandins appear to 
playa role in modulating effects of some vasocon
strictors and in controlling renal blood flow and 
blood pressure.137,237,347 

As stated by Muirhead, it is impossible to deter
mine whether the antihypertensive function of the 
renal medulla depends on the lipids he has isolated 
or on the prostaglandins or both. It does appear that 
the kidney can exert an antihypertensive function 
through excretory control of sodium and volume ex
cess and also through a nonexcretory function prob
ably involving vasodepressor(s) elaborated by reno
medullary cells. Muirhead has correctly indicated 
that removal of the renomedullary antihypertensive 
function through bilateral nephrectomy results in 
hypertension only when concomitant sodium vol
ume loading occurs. However, it must be appreci
ated that bilateral nephrectomy also eliminates the 
prohypertensive potential of the kidney. Conceiva
bly, the development of hypertension or protection 

against it may depend on the balance between pro
hypertensive and antihypertensive factors.258 

A third vasodepressor mechanism to be consid
ered is the kallikrein-kinin system. Kallikreins are 
enzymes which specifically act upon kininogen (an 
C¥2 globulin) to liberate kinins [kallidin (a decapep
tide) and bradykinin (a nonpeptide)]. The kinins 
are ultimately degraded to inactive peptides by kin
inases. One kininase is identical to the enzyme 
which converts angiotensin I to angiotensin 11.84 
This latter point should be recalled when consider
ing antihypertensive action of drugs which inhibit 
this converting enzyme, since a decrease in genera
tion of pressor substance (angiotensin II) would al
ways be accompanied by an increase in vasodilators 
(kinins). Figure 11 shows similarities in peptide gen
eration by renin and kallikrein enzymatic actions. 52 
Kallikreins of organs and body fluids are chemically 
different proteins; furthermore, two kininogens and 
two kininases have been identified in plasma.52 Kal
likrein in plasma exists in an inactive prekallikrein 
form. On the other hand, kidney kallikrein is nor
mally excreted in the urine; its excretion is aug
mented by sodium deprivation and diminished by 
increased sodium consumption. Plasma bradykinin 
and renin respond in a parallel manner to various 
stimuli,245 including sodium depletion or loading,362 
but this is not true of urinary bradykinin.351 

Evidence suggests that the kallikrein-kinin sys
tem may be significantly involved in sodium, potas
sium, and water excretion and in modulating intra
renal hemodynamics. Kallidin and bradykinin 
increase sodium, potassium, and water excretion354 
and, in addition, bradykinin is an arterial vasodila
tor in the kidney and elsewhere. 

Significantly decreased urinary excretion of kalli
krein has been reported in patients with essential 
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Figure 11. Diagram showing sim
ilarities of peptide generation by 
renin and kallikrein enzymatic ac
tions. From Croxatto HR et ai., ref 
52, p 365 
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hypertension.81.224 An inverse relationship between 
urinary kallikrein concentration and blood pressure 
was also found in 601 children. Also, black children 
excreted significantly less kallikrein than did white 
children.17o.204 Kallikrein excretion is decreased in 
children of hypertensive parents.368 Kallikrein excre
tion was reported to be normal or increased in sec
ondary types of hypertension.224 However, some 
found that in renovascular hypertension with dimin
ished function of the contralateral kidney, kallikrein 
excretion was decreased.43 

It has been suggested that the neutral lipid and 
prostaglandins may act in concert with the kalli
krein-kinin system to oppose those factors which el
evated blood pressure.52 As mentioned earlier, pros
taglandins and the neutral lipid are synthesized in 
the renal medulla, whereas kallikrein is synthesized 
in the renal cortex.270 Since bradykinin and prosta
glandins (except for PGA2) can be entirely inacti
vated during passage through the lungs, it seems un
likely that they can function as circulating 
hormones to buffer renin and angiotensin II or other 
pressor agents. However, kallikrein can cross the 
lung barrier and exert its effects on the arterial 
side.52 

Vane and McGiff have proposed that prostaglan
dins interact with the principal blood-pressure-reg
ulating systems to reinforce the kallikrein-kinin 
system and to buffer the adrenergic and renin
angiotensin systems.350 The kallikrein-kinin and 
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prostaglandin systems may be important in the 
maintenance of normal blood pressure.235 

Since there is evidence linking basal release of 
renal prostaglandins to the activity of the renal kal
likrein-kinin system,264 and since prostaglandins op
pose pressor hormone action236 and adrenergic activ
ity/36 Sullivan and McGiff speculate that a 
deficiency of the renal kallikrein-kinin system may 
contribute to the development of hypertension by 
decreasing the production of one or more of the 
prostaglandins which have antihypertensive activity 
(see Chapter 13). 

Finally, renin inhibitors312.32o.328 and dopaminel86 

may contribute to the antihypertensive renal action. 
Kuchel has pointed out that dopamine can cause 
splanchnic and renal vasodilatation, natriuresis, and 
release of kallikrein from the kidney; furthermore, 
it can exert an inhibitory effect on presynaptic nor
epinephrine release and on secretion of renin and 
aldosterone. lSI Kuchel and associates have suggested 
that the kallikrein-bradykinin system may be under 
stimulatory dopaminergic control and involved in
trarenally with some prostaglandins to form a natri
uretic and antihypertensive system.l86 

Figure 12 reveals the formulation of a single hy
pothesis to explain the possible pathogenesis of es
sential hypertension. Admittedly, some of this for
mulation is speculative; however, Kaplan has 
reemphasized the important fact that more atten
tion should be paid to reduction of salt intake for 
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Figure 12. An overall scheme for the factors involved in the possible pathogenesis of essential hypertension. Modi
fied from Kaplan NM, ref 167, p 63 and from Shepherd JT, Vanhoutte PM, ref 324, p 210 
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Figure 13. Page's mosaic theory of hypertension. From 
Khosla MC et ai., ref 174, p 2867 

treatment and especially for prevention of 
hypertension. 

As proposed some 30 years ago by Page,278 it seems 
most reasonable to view essential hypertension as a 
disease in which multiple regulatory mechanisms 
are constantly interacting to maintain the elevated 
blood pressure. This is "the mosaic theory." Al
though only one factor may be initially abnormal, its 
interrelation and influence on other factors will re
sult in additional derangements. Page has empha
sized that essential hypertension should be viewed 
as "a disease of regulation" and that one should at
tempt to define the predominant defects and alter
ations among the multiple regulatory mechanisms in 
order to provide the most rational treatment.174.280 As 
Page correctly points out, there is nothing sacro
sanct about his original concept of an octagon com
prised of eight different regulatory facets which 
were interrelated and involved in the control of 
blood pressure and tissue perfusion (Fig. 13). Al
most certainly, additional mechanisms and facets 
(e.g., prostaglandins, kallikrein-kinins, and hyper
tensive lipids) will emerge and have to be added to 
the expanded mosaic theory. 

Conclusions 

Essential hypertension is a world health problem of 
enormous magnitude and its cause(s) remain an 
enigma. In the United States, hypertension, with its 
cardiovascular complications, is the nation's most 
common serious disease and the major cause of 
death. It is now recognized that a substantial num-

ber of children have hypertension. Why diastolic 
blood pressure increases with age, why essential hy
pertension is more prevalent and virulent in males 
than in females, and why blacks are particularly vul
nerable to its complications remain unclear. Recent 
evidence indicates that the level of systolic pressure 
is a risk factor equally important as the diastolic 
pressure. The great challenge existing today is that 
a marked reduction in morbidity and mortality is 
achievable by adequate control of blood pressure 
with drugs. 

While a predisposition to hypertension may be in
herited in perhaps 50% of those afflicted, a genetic 
link is frequently absent. Although a number of en
vironmental factors have been implicated in the 
genesis of essential hypertension, the evidence is 
often circumstantial. There is no question that ex
cessive sodium ingestion can significantly elevate 
blood pressure in those genetically predisposed to 
hypertension. Increased potassium intake can amel
iorate the hypertension caused by sodium excess. 
Whether sodium consumption is of central impor
tance in the genesis of essential hypertension in the 
vast majority of those afflicted remains unknown. 
Although purely speculative, it has been proposed 
that excess salt consumption may cause the follow
ing sequence of events: (1) renal salt and water 
retention, (2) increased plasma volume, (3) in
creased cardiac output, (4) autoregulation with in
creased peripheral resistance, and (5) sustained hy
pertension. 

The mechanism whereby obesity causes hyperten
sion is unclear. Some believe excess salt intake ac
companies weight gain and that sodium is the cul
prit; however, recent evidence indicates that weight 
gain per se can account for blood pressure elevation. 
Some predisposition to hypertension probably ex
ists in these obese hypertensives since many obese 
persons are normotensive. 

The role of stress in the genesis of hypertension is 
difficult to evaluate. Activation of the adrenergic 
nervous system can alter vascular structure in resis
tance vessels and thereby cause or aggravate hyper
tension. The evidence that prolonged stress in hu
mans can cause sustained hypertension is suggestive 
but inconclusive. 

In addition to the importance of genetic and en
vironmental factors in causing and aggravating hy
pertension, several major hypothetical mechanisms 
have been proposed to explain the cause of essential 
hypertension-namely, an increased activity of the 
adrenergic system or the renin-angiotensin-aldoste
rone system or a deficiency of an antihypertensive 
factor in the kidney. A combination of these de
rangements could exist, as represented by the hy
pertensive mosaic proposed by Page. 
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Blood pressure elevation in the chronic phase of 
essential hypertension is due to increased peripheral 
resistance. In most hypertensives, plasma volume is 
normal or reduced, although a few have an expanded 
volume. In the great majority, cardiac output is nor
mal; however, an increased output occurs in some 
borderline hypertensives during the early develop
ment of hypertension. The reasons for these hemo
dynamic abnormalities remain undetermined. 

Some believe that hemodynamic and biochemical 
abnormalities in borderline hypertension result 
from neurogenic alterations in cardiovascular func
tion; yet this remains circumstantial. A number of 
investigators have quantitated plasma catechol
amines in an effort to assess the activity of the ad
renergic system and its role in the causation of hy
pertension. Results of plasma catecholamine assay 
have been inconsistent. Since the plasma catechol
amine concentration depends on so many variables 
(release, diffusion, uptake, metabolic degradation, 
storage, binding, turnover, renal clearance) even 
under "basal" conditions, the level of circulating 
catecholamines is not a satisfactory index of ad
renergic activity. In addition, the importance of 
proper controls and the influence of age, sex, race, 
emotional and physical factors, etc. on the level of 
catecholamines have not been adequately consid
ered in interpreting most studies on hypertensive 
patients. It appears that a small segment of the hy
pertensive population (including those with sus
tained essential hypertension as well as the border
line group) has elevated plasma catecholamines. 
Whether this finding results from an overactive ad
renergic system which is responsible, even in part, 
for the hypertension is uncertain. 

Probably most investigators believe that the pre
cise role of the renin-angiotensin-aldosterone sys
tem in essential hypertension is as uncertain as that 
of the adrenergic system. This view is not shared by 
one of us (IHP), who believes the evidence now al
most surely points to angiotensin as a core substance 
in most hypertensives and that essential hyperten
sion may well be, in part, due to excessive vasocon
striction caused by angiotensin. 

Not only is angiotensin II a very powerful vaso
constrictor (which can thereby influence peripheral 
resistance and kidney function), but it can also stim
ulate the adrenal cortex to secrete aldosterone and 
it can activate the adrenergic system in several ways 
(e.g., by acting within the brain, by increasing syn
thesis and release of norepinephrine from nerves, by 
inducing secretion of catecholamines from the adre
nal medulla). In addition, angiotensin II can sensi
tize vasculature and adrenocortical cells so that 
their response to angiotensin II is augmented. Any 
of these effects may aggravate hypertension or play 
a role in its genesis. 

Since angiotensin II generation depends on the 
amount of renin released from the juxtaglomerular 
apparatus, efforts have been made to define abnor
malities of factors controlling renin release and to 
classify patients with essential hypertension on the 
basis of plasma renin activity. The claim that hy
pertension in the high-renin patients is due to ex
cessive vasoconstriction (which responds best to an
tirenin therapy), whereas in low-renin patients the 
elevated pressure is due to volume expansion (which 
responds best to diuretics) is controversial. Further
more, the claim that high- and normal-renin hyper
tension carries a much higher risk of cardiovascular 
complications than low-renin hypertension has not 
been proved. The degree of hypertension and not 
the plasma level of renin or angiotensin seems to be 
the critical determinant of cardiovascular damage. 

The finding by some investigators of an increased 
plasma concentration of aldosterone and I8-hy
droxy -ll-desoxycorticosterone requires confirma
tion; the suggestion that these mineralocorticoids 
are increased by ACTH stimulation in subjects pre
disposed to essential hypertension is hypothetical. 

Evidence is accumulating which supports the con
cept that the kidney can exert a nonexcretory (as 
well as excretory) "antihypertensive" function 
which may serve to counterbalance any "prohyper
tensive" activity. Several candidates-e.g., prosta
glandins, kinins, and a renomedullary lipid identi
fied by Muirhead-have emerged with the ability to 
exert a vasodilator and depressor function in exper
imental hypertension; however, their role in pre
venting clinical hypertension remains to be deter
mined. 

Prostaglandins synthesized in blood vessels can 
cause vasodilatation and inhibit norepinephrine re
lease from adrenergic nerves. 

Kallidin and bradykinin, which are generated by 
plasma or renal cortical kallikrein, may increase so
dium, potassium, and water excretion and modulate 
intrarenal hemodynamics. Also, bradykinin is an ar
terial vasodilator in the kidney and elsewhere. 

Therefore, the findings of a decreased urinary ex
cretion of kallikrein in some essential hypertensives 
and an inverse relationship between urinary kalli
krein and blood pressure in children (especially in 
black children and in children of hypertensive par
ents) merit additional confirmation and evaluation. 
The fact that bradykinin and renin respond in a par
allel manner to various stimuli suggests that they 
may be interrelated in a counterbalancing manner, 
although the evidence so far is slight. 

The possibility that prostaglandins and the kalli
krein-kinin system and Muirhead's lipid interact to 
reinforce each other and buffer the adrenergic and 
renin -angiotensin -aldosterone-salt systems seems 
plausible. 
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It seems more apparent than ever that essential 
hypertension is a disease of regulation and that mul
tiple regulatory mechanisms are interrelated and 
may be deranged. The challenge which persists is to 
decipher the initiating and predominant defect(s) 
and alteration(s) to permit the most rational and ef
fective therapy. 
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Epidemiology, a method of scientific investigation 
developed during the 19th century (by William Farr 
in 1839 and John Snow in 1849), contributed deci
sively after World War II to the study of noninfec
tious common diseases, especially cardiovascular 
disorders. The start of the Framingham Study in 
1948 is an example. The classic definition of epide
miology was given by MacMahon and Pugh as the 
"investigation of the distribution of determinants of 
morbidity in man."39 Further, the same authors 
went on to describe epidemiology according to its 
main concern: the identification of the components 
of the disease process that make possible the for
mulation of effective preventive measures.40 In this 
way, the essential features of epidemiologic research 
(the population-related analysis of incidence, cause, 
and effects of the disease) were directed toward its 
final purpose: the interruption and therefore pre
vention of a disease process by intervention, i.e., the 
calculated interference with the genesis and course 
of the disease as early as possible. 

Around 1970, at the start of the "post-Fra
mingham era,"21 the description of the cardiovascu
lar risk profile was largely complete. From then on, 
the occurrence of heart attack and apoplexy-the 
most important specific causes of death and disabil
ity in our industrialized societies-could be pre
dicted with notable accuracy on the basis of statis
tical relationships. But risk factors are only 
possibilities, not certainties, and so far only risk in
dicators of cardiovascular morbidity. It was not sur
prising, therefore, that epidemiologic research, turn
ing in the post-Framingham era to intervention, its 
proper main concern in the spirit of MacMahon, 
could not attain any major breakthrough in this 

area. Among risk factors so far identified, only for 
nicotine abuse and to a limited degree for hyperten
sion has it been established that "therapeutic" mod
ification actually reduces cardiovascular morbidity.4 
On the other hand, the "diet heart hypothesis,"30 
which predicted a reduction of disease risk from the 
lowering of cholesterol levels, is increasingly under 
question.41 This background helps clarify the at
tempts to break down further the complexity of the 
individual risk factors by the coordinated applica
tion of experimental, clinical, and epidemiologic 
methods, so as to find new and specific approaches 
for intervention. 

In the case of hypertension, this means primarily 
the elucidation of its genesis, together with more in
tensive research into the hitherto neglected age 
groups of the elderly and, especially, adolescents 
and children. Most of the studies on cardiovascular 
epidemiology have been so far performed on a mi
nority of the total population,t8 namely on middle
aged men-and to a smaller extent on middle-aged 
women-in industrialized countries. 

Next to this historically misplaced emphasis in 
epidemiologic research stands a further, and in its 
effects perhaps worse, misorientation in the realm of 
classical, clinically oriented medicine: In the West
ern countries most of the human and financial re
sources have concentrated on the diagnosis and 
treatment of secondary forms of hypertension, al
though the proportion of secondary hypertension is 
steadily decreasing as studies on clinically selected 
patient groups are increasingly replaced by studies 
in representative populations. Only a few years ago 
we spoke of a 20% incidence of secondary hyperten
sion;3 the Goteborg Study58 found only 5.7% such 
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cases in a representative group of 47- to 54-year-old 
males. Studies on the development of juvenile hy
pertension point in the same direction:19 In 1968, 
Platt established the rule that hypertension in ado
lescents is mostly of a secondary nature; today we 
hold that hypertension of the adolescent is almost 
always a primary, 1 and that this primary blood pres
sure disorder of the young demands no less 
concern.ll 

Factors that Play a Role in the Onset of 
Essential Hypertension 

Genetic factors first gained prominence from the 
controversy between Platt and Pickering in the 
1950s.12 Today Page's mosaic theory,45 imputing a 
multifactor origin, is widely accepted. The weight to 
be attributed to individual factors in the genesis of 
hypertension has been determined unequivocally in 
only a few cases. The importance of genetic factors 
has returned to the forefront in recent years, espe
cially through twin research. 

Familial aggregation of hypertension, in the sense 
that relatives of hypertensive patients display ele
vated blood pressure values more frequently than 
expected, has been known from clinical experience 
for a long time. Pickering found a regression coeffi
cient of 0.2-0.3 between first-order relatives.48 It re
mained unclear for a long time whether genetic 
mechanisms were responsible for these aggregations 
or whether they perhaps reflected only the social 
background common to one family. Thus, for ex
ample, Zinner concluded from his study of 721 chil
dren from 190 families that blood pressure variabil
ity within a family was conspicuously lower than 
between different families; he was, however, unable 
to reach any conclusions on the extent of a possible 
genetic influence.60 Biron went a step further with 
his study of 274 families with adopted children, 
finding conspicuously higher correlations for the 
blood pressure values of natural children than for 
those of adopted children.1 To be sure, it seems the 
influence of the common social background and en
vironment cannot be completely excluded in this 
study, as only 78% of the adopted children were in
tegrated into the new family before their first birth
day; in others, the length of the adoption period was 
not taken into account. 

The still insufficient evidence of appropriate cor
relations between newborn twins28 seems also to 
warrant continued doubts about the dominance of 
genetic influences. The strongest argument for the 
heredity of hypertensive dysfunctions is probably 
derived from studies in twins. Though significant 

variations in the socialization process belie the as
sumption that the differences between mono- and 
heterozygotic twins (as well as those between twins 
and other siblings) are attributable only to genes 
held in common, the differences in the range of cor
relation coefficients argue against an exclusive ex
planation by common social components. According 
to a survey by Feinleib, the finding of correlation 
coefficients higher than 0.5 for systolic and diastolic 
blood pressure is twice as common in monozygotic 
twins as in heterozygotic twins, and three times as 
high as in simple siblings.16 At any rate, according to 
Feinleib's calculations, the attempt to quantify the 
genetically dependent component of blood pressure 
variation finds it to be at least five times as domi
nant as the environmental influence. Admittedly, 
these calculations do not take into account the fa
milial aggregation of weight and height indices, 
which are known to be related to blood pressure. 
Such additional computations, however, are un
likely to change the picture substantially. 

Doyle provides a clue to the mechanism of chro
mosomal influence on the pathogenesis of hyperten
sion with his finding that normotensive children of 
hypertensive parents display markedly high norepi
nephrine sensitivity.13 Kass demonstrated recently 
that kallikrein elimination in the urine of children 
is inversely proportional to their blood pressure.28 

To summarize, despite some persistent uncertain
ties, it may be assumed that the hereditary factor is 
a substantial codeterminant in the development of 
hypertension. It is still unclear how far this would 
be the case in a population free of other risk influ
ences, such as excessive salt intake or hypercaloric 
nutrition. In other words, the genetic factor might 
perhaps become significant only under the influence 
of other risk factors. 

It is medical common knowledge that reduction of 
the salt intake has a salutary effect on hypertension. 
It is interesting that salt intake in our customary 
range, namely 3-15 g/day, is biologically unneces
sary, being rather a component of our cultural de
velopment. Evidently, evolution has equipped hu
mans to survive salt deficiency rather than salt 
excess.54 Figure 1 shows several populations in which 
prevalence of hypertension is closely correlated with 
salt intake. When these population groups are in
corporated into the larger societies, their blood pres
sure values rise in clear correlation with increased 
salt intake. The rise in blood pressure with age ob
served generally in industrialized societies is almost 
completely absent in populations with a salt-poor 
diet. Dahl concludes from his findings in rats that 
the aging process may be accelerated or slowed down 
by the daily salt intake.9 According to this, the age
dependent rise in blood pressure would be the re-
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Figure 1. Connection between salt consumption and 
hypertension in different populations. From Weinsier RL 
(1976) Prev Med 5:7 

sponse of the individual to environmental influ
ences, determined by the duration of exposure. Dahl 
was also able to demonstrate that an excessive salt 
intake induces hypertension only in certain geneti
cally determined animal strains, whereas other "hy
pertension-resistant" strains are not affected.lO This, 
again, argues strongly for a chromosomally deter
mined predisposition for development of hyper
tension. 

If, however, a diuretic is administered along with 
the salt-rich diet to susceptible animals,54 the ex
pected rise in blood pressure fails to appear. These 
studies, together with research on hemodynamics,7,8 
suggest that excessive salt intake leads to hyperten
sion through a chronic expansion of extracellular 
fluid volume. Following a complex mathematical 
analysis of diverse factors, Guyton ascribes a deci
sive influence on long-term blood pressure levels 
solely to the water-salt balance.20 Under normal cir
cumstances, salt metabolism in the healthy person 
is almost exclusively determined by salt intake. 

Animal experiments offer a further essential in
sight, namely that the young rat is most sensitive to 
salt-induced hypertension and that in animals pre
disposed to the development of hypertension, ex
posure to salt need be only very short, provided they 
are young. It is well known that the salt content of 
commonly used baby food, as well as of cow's milk, 
is far in excess of the salt requirement. Dahl was 
able to induce hypertension in his hypertension
prone rats by feeding them commercially available 
baby food. 

A further factor in the genesis of hypertension is 
excessive weight. It is also closely related to the ge
netic components discussed above, and possibly to 
salt intake as well, since high-calorie food contains 
higher amounts of salt. Three findings give evidence 

for the connection between overweight and 
hypertension:42 

1. The hypertensive is more frequently overweight 
than the normotensive. 

2. Overweight normotensives develop hypertension 
more frequently than persons of normal weight . 

3. The hypertensive becomes overweight more fre
quently than the normotensive. 

The quantitative relationship has been defined so 
precisely that a lO-kg weight variation is correlated 
to a 4-mm Hg change in diastolic blood pressure. 

The Evans County Study conducted an open trial 
of intervention therapy by weight and salt intake re
duction.24.55 Over a 1-year period, this resulted in a 
pronounced lowering of blood pressure with addi
tional weight loss and, accordingly, a substantially 
reduced need for hypertensive medication. It was 
not established whether the weight reduction was 
connected with increased nicotine abuse, which in 
turn correlates negatively with blood pressure and 
weight. To be sure, increased nicotine abuse would, 
as mentioned above, lower the blood pressure fur
ther, but at the cost of augmenting the true final 
risk, namely that of cardiac infarction. Paraphrasing 
and modifying Heyden's statement,21 the slimmest 
smoker still runs a higher risk of infarct than the 
overweight nonsmoker. Excessive weight plays a role 
not only at the extreme range of a weight-height 
index; the dynamics of weight changes are appar
ently also important, so that Heyden was able to 
show that weight gain in the third decade of life has 
a particular risk connotation.23 

The relationship between the presence of trace 
elements, water hardness, and cardiocirculatory 
disorders has been under repeated investigation 
since 1957, when Kobayashi reported correlations 
between the composition of river water and apo
plexy rates in Japan.31 The statistical connection be
tween cardiovascular mortality and the mineral con
tent of drinking water is clear and undisputed: the 
softer the water the higher the mortality rate.50 Fur
thermore, a 12-city study in England and Wales in
dicates that hypertension may be the mediating fac
tor in a higher incidence of cardiocirculatory 
diseases, especially apoplexy, although sufficient ex
tensive, prospective investigations have not yet been 
carried out. From the actual investigations on trace 
elements, results are available only on cadmium, 
and they suggest a connection with the incidence of 
hypertension.46 Cadmium content in particular 
could explain the difference in cardiovascular mor
tality between regions with hard and with soft 
drinking water, as the bone cadmium concentration 
of endangered populations in soft water areas is 
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about double that of control populations in areas 
with hard drinking water. Furthermore, it seems to 
be established that renal cadmium content is higher 
in hypertensives than in normotensives. It is also 
known from animal experiments that cadmium in
take in food can induce hypertension in rats; on the 
other hand, this hypertension can be controlled by 
a cadmium-binding chelate. 

The so-called psychosocial factors, such as occu
pation, income, and sedentary habits, did not yield 
any clear-cut correlations. In general, hard work, 
with the emphasis on "hard," seems to lower the in
cidence of cardiac infarcts, according to a study by 
Paffenbarger,44a who also notes that the number of 
workers classified as engaged in "very strenuous" 
labor has decreased from 40 % to 5 % during the 22-
year observation period. The extent of the role 
played by hypertension as a risk factor remains to 
be seen. It is known from the Evans County Study 
that the occupational group of farmhands with the 
hardest physical activity demonstrated the lowest 
coronary morbidity together with comparatively 
lower blood pressure readings, as compared with 
nonagricultural occupational groups.6 Stress re
search seems to offer a very promising starting point 
for an understanding of the genesis of hypertension. 
Folkow and Neil advanced a neurogenic hypothesis, 
according to which a corticothalamic mechanism 
could induce structural adaptations in the periph
eral vascular system if it were stimulated frequently 
enough over prolonged periods of time.17 This may 
correspond to data in the Cologne Study34 showing 
that, even in adolescents with elevated blood pres
sure, a correlation can be found between systolic 
blood pressure and norepinephrine production. 
That transient blood pressure variations may be in
fluenced by emotional stress has been corroborated 
by Sokolow, for example, in a study of 50 hyperten
sive patients in whom blood pressure levels corre
lated with the frequency rate of positive and nega
tive events as recorded in diaries.52 Male office 
workers showed blood pressure fluctuations up to 
80/50 mm Hg at a mean level of 130/76 mm Hg. Be
sides this, almost all investigators described consis
tently a hypertensive personality profile marked by 
suppressed aggression. Nevertheless, these investi
gations are not sufficient to answer the question of 
the long-term effect of such stress stimuli. Long
term and extensive studies failed repeatedly because 
of the difficulty in defining stress and dealing with 
it by biochemical parameters or questionnaires. 

In summary, it may be said that from an epide
miologic point of view the following factors seem to 
be widely accepted as conducive to the development 
of hypertension: a hereditary component, salt in
take, and weight gain with resulting obesity. Not 

conclusive but very promising are the findings of 
stress research. Figure 2 presents a tentative simpli
fied diagram of the various concepts and results of 
investigations on the genesis of hypertension. It is 
based on the hypothesis that stress factors induce 
by way of sympathetic stimulation an increase in 
catecholamine elimination, leading thereby to a hy
perkinetic, cardiac-output-dependent hyperten
sion. Under the influence of other factors (salt in
take, weight gain), this results in the development of 
components of vascular resistance, devolving into 
manifest hypertension, which in turn would lead, in 
combination with other risk factors of the cardio
vascular system (hypercholesterolemia, nicotine 
abuse, diabetes mellitus), to the well-known cardio
vascular complications. 

The beginnings of this development are to be 
sought in childhood and adolescence. Increasingly, 
therefore, epidemiologic research has turned its at
tention to younger age groups, although the lessened 
severity of risk factors renders their recognition dif
ficult. The need for such studies has been under
scored by findings such as "fatty streaks" in the aor
tic wall of young children.43 One apprehension that 
would have stood strongly in the way of epidemio
logic studies was, at least with respect to blood pres
sure, not confirmed: Blood pressure values, espe
cially elevated ones, are indeed sufficiently 
reproducible in childhood as well as in adolescence. 
Thus, Zinner was able to show for the first time that 
children with blood pressure in the high-normal 
range for their age group show a clear tendency to 
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Figure 2. Genesis of hypertension in youth (hypo
thetical). 
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maintain their relative position over several years.6! 
There is evidence that other risk factors are demon
strable very early and in many cases remain demon
strable for some years. This risk factor persistence 
is the basic prerequisite for early preventive mea
sures. If one presumption for early intervention is 
the constant demonstrability of increased risk pa
rameters, another is proof of their long-term and 
sufficiently high predictive value for the later devel
opment of cardiocirculatory disease. This was inves
tigated as early as 1940 for juvenile hypertension.25 
In cases of clearly elevated blood pressure, there is 
little doubt about the worth of risk indicators: Hey
den, for example, reported that only 12 of 30 hyper
tensive adolescents in the Evans County Study had 
normal blood pressure after 7 years.22 Two had al
ready died at that time from the effects of their 
disease. 

Primary hypertension in adolescence and child
hood is seldom characterized by extreme values. 
Hull, for example, believes that rising blood pres
sure levels are accompanied by a higher incidence of 
secondary causes for hypertension.26 Essential hy
pertension in adolescence and childhood is charac
terized rather by borderline blood pressure values 
which, depending on age, may be below the lower 
limit of 140/90 mm Hg set by the World Health Or
ganization from adult studies. 
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In these age groups blood pressure is very sensi
tive to external and internal stimuli. This led to at
tempts to apply Smirk's basic blood pressure con
cept5! to the growing years, although its application 
is disputed even for adults.32 While it is possible that 
the above-mentioned stability of blood pressure 
measurements as shown by their reproducibility 
may depend on the experimental situation, it is 
equally possible, and even probable, that a so-called 
"autonomic" or "nervous" elevation of blood pres
sure is indicative of an increased long-term risk. 
Thus, a controlled stress during blood pressure 
screening might even be useful for the detection of 
persons at long-term risk for high blood pressure. 
Identification of long-term risk would therefore be 
expected less from basal or resting measurements 
than from the further analysis of hyper- or normo
kinetic disturbances of blood pressure regulation in 
adolescence.49 

Though several extensive epidemiologic studies 
on the cardiovascular risk profile of adolescents 
have been initiated since the mid_1970s,33,57,« pres
ent knowledge does not allow a sufficiently sensitive 
or specific identification of adolescents and children 
who, in all probability, will be found, upon reaching 
middle age, to be in the upper range of distribution 
with regard to blood pressure, cholesterol, and other 
risk factors.!5 The final answer to this question will 
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Figure 3. Blood pressure percentiles during growth. A, in boys (right arm, seated); B, in girls (right arm, seated). 
Modified from Blumenthal S, ref 2 
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remain open for a few more years. Nonetheless, the 
above-mentioned reproducibility of blood pressure 
measurements in childhood and adolescence makes 
it possible to depict blood pressure readings accord
ing to age- and sex-dependent percentiles (Fig. 3),2 
thus making it easier to exert long-term control. In 
this way, not only would the absolute blood pressure 
value be replaced by the much more differentiated 
percentile concept but an essential dynamic element 
would be introduced: that not only is the one-read
ing relative percentile position fundamental for 
evaluation but also the changes in percentile posi
tions observed over the years, such as departures 
from the 25-75 percentile range. 

Recognition of Hypertension in the 
Population 

Within the cardiovascular risk profile, hypertension 
not only plays a particularly prominent role but is 
also relatively easy to assess methodologically. The 
efficacy of intervention in cases of moderately to se
riously elevated blood pressure appears to be well 
established.27.56 For the Federal Republic of Ger
many, about 6 million hypertensives have been es
timated so far, some of whom require treatment, 
others of whom are treatable. Many authors make 
much lower estimates of at least the number of hy
pertensives in need of treatment.47 Unfortunately, 
there is still no reliable evidence establishing with 
sufficient authority the prevalence of elevated blood 
pressure values in the Federal Republic of Germany. 
While boundary values59 and survey methods12 have 
been internationally established to a large extent, 
there is not the least agreement on matters such as 
how many measurements are necessary, in which 
body position they should be taken, or how far the 
situation should be taken into account. The indica
tion for treatment is also often disputed, especially 
in elderly patients.37 These questions, as well as the 
establishment of end values for hypertensive treat
ment, are being answered on the basis of individual 
medical experience, simply because of the lack of 
more advanced data. 

In recent years, the "incidental screening" ap
proach has been employed to take maximum advan
tage of unused capacities for the early diagnosis of 
hypertension. Three problems arise from this 
approach: 

1. Early recognition without adequate early treat
ment is useless. Several papers of recent years 
have shown that only one-fourth to one-third of 
known hypertensives are treated effectively.5.14 

Furthermore, while about half of all hyperten
sives are unaware of their disease, not all of those 
undergoing treatment for hypertension actually 
need it.47 

2. Inadequate definition of the underlying criteria 
combined with faulty use of measurement tools 
leads to a heavy burden of so-called false positive 
results; i.e., subjects classified mistakenly as sus
pected hypertensives must be reevaluated by ad
ditional costly diagnostic means. 

3. The insights gained thus far from legally required 
medical checkups demonstrate the need to care
fully analyze the efficacy and efficiency of early 
diagnostic examinations before further such pro
grams are instituted.29 

Such an analysis must be preceded by considera
tion of the context in which the early diagnostic ex
aminations should be carried out. A study carried 
out by the Panel Doctors' Association of Nordrhein
Westfalia seems to imply that the capacity for blood 
pressure screening as a part of established programs 
for the early detection of cancer could be consider
ably expanded.36 But as long as there is controversy 
concerning the indications for treatment and there 
is no guarantee of long-term supervision with active 
follow-up of treated hypertensive patients, the wide
scale introduction of screening measures can hardly 
be advocated. 

The present state of knowledge on the risk of hy
pertension can be summarized as follows: The es
timation of hypertension as a cardiovascular risk 
factor is hardly in dispute. The pathogenetic mech
anisms for primary hypertension are still only partly 
understood. The efficacy of intervention is suffi
ciently established only for chemotherapy, and only 
for certain population groups. Intervention by the 
recognition and effective treatment of all hyperten
sive individuals has not yet been achieved, at least 
in the Federal Republic of Germany. However, a na
tionwide hypertension education program is cur
rently being organized by the German Institute for 
High Blood Pressure Research.12 

References 

1. Biron P, Mongeau J, Bertrand D (1975) Familial ag
gregation of blood pressure in adopted and natural 
children. In: PaulO (ed) Epidemiology and control of 
hypertension. Stratton Intercontinental Med. Books/ 
Thieme, New York, Stuttgart, pp 397-405 

2. Blumenthal S (1977) Report of the task force on 
blood pressure control in children. Pediatrics (Suppl) 
59/5:797-820 

3. Bock KD (1967) Arterielle Hypertonie. In: Cobet R, 



2: The Risk of Hypertension: Genesis and Detection 49 

Gutzeit K, Bock HE, Hartmann F (eds) Klinik der 
Gegenwart. Urban & Schwarzenberg, Munchen, Bd 1, 
P 269 

4. Borhani NO (1977) Primary prevention of coronary 
heart disease: a critique. Am J Cardiol 40:251 

5. Buhler FR, Leche AS, Schuler G, Gutzwiller F, Bau
mann F, Schweizer W (1976) Das Hypertonieproblem 
in der Schweiz, analysiert an Hand einer Blutdruck
untersuchung bei 21589 Personen. Schweiz Med 
Wochenschr 106:99 

6. Cassel J, Heyden S, Bartel AG, Kaplan BH, Tyroler 
HA, Cornoni JC, Hames CG (1971) Occupation and 
physical activity and coronary heart disease. Arch In
tern Med 128:920 

7. Coleman TG, Guyton AC (1969) Hypertension 
caused by salt loading in the dog. Circ Res 25:153 

8. Coleman TG, Manning RD Jr, Norman RA Jr (1972) 
The role of salt in experimental and human hyperten
sion. Am J Med Sci 264:103 

9. Dahl LK (1967) Effects of chronic excess salt inges
tion-Experimental hypertension in the rat: correla
tion with human hypertension. In: Stamler J, Stamler 
R, Pullman TN (eds) The epidemiology of hyperten
sion. Grune & Stratton, New York, London, pp 
218-227 

10. Dahl LK (1972) Salt and hypertension. Am J Clin 
Nutr 25:231 

11. Deutsche Gesellschaft fur Kreislaufforschung (1971) 
Empfehlungen zur indirekten Messung des Blut
drucks beim Menschen. Z Kreislaufforsch 60:1 

12. Deutsches Institut zur Bekampfung des hohen Blut
druckes (1980) Wei~buch Hypertonie: Die Blut
druckkrankheit: Wissensstand-Analysen-Konse
quenzen. Schattauer, Stuttgart, New York. 

13. Doyle AE, Frazier JRE (1961) Essential hypertension 
and inheritance of vascular reactivity. Lancet 1:509 

14. Epstein FH (1976) Epidemiologie des Hochdrucks. 
Schweiz Med Wochenschr 106:99 

15. Epstein FH, Lloyd JK (1974) Prevention of adult car
diovascular disease in childhood. Report of a WHO 
Consultation, Febr 4-61974, CVD/74.4, Geneva, p 35 

16. Feinleib H, Garrison R, Borhani N, Rosenman R, 
Christian J (1975) Studies of hypertension in twins. 
In: PaulO (ed) Epidemiology and control of hyper
tension. Stratton Intercontinental Med. Books/ 
Thieme, New York, Stuttgart, pp 3-17 

17. Folkow B, Neil E (1971) Circulation. Oxford, New 
York 

18. Fry J (1974) Natural history of hypertension: a case 
for selective non-treatment. Lancet 11:431 

19. Greminger R, Vetter W, Zimmermann K, Bekkerhoff 
R, Siegenthaler W (1977) Primare und sekundare 
Hypertonie in einem poliklinischen Patientengut. 
Schweiz Med Wochenschr 107:605 

20. Guyton AC, Coleman TC, Cowley A W Jr, Norman 
RA Jr, Manning RD Jr, Liard JF (1973) Relationship 
of fluid and electrolytes to arterial pressure control 
and hypertension: quantitative analysis of an infi
nite-gain feedback system. In: Onesti G, Kim KE, 
Moyer JH (eds) Hypertension: mechanisms and man
agement. Grune & Stratton, New York, London, p 25 

21. Heyden S (1974) Risikofaktoren fur das Herz. Stu
dienreihe Boehringer, Mannheim, p 9 

22. Heyden S, Bartel AG, Hames CG, McDonough JR 
(1969) Elevated blood pressure levels in adolescents, 
Evans County, Georgia. JAMA 209:1683 

23. Heyden S, Hames CG, Bartel AG, Cassel JC, Tyroler 
HA, Cornoni JC (1971) Weight and weight history in 
relation to cerebrovascular and ischemic heart dis
ease. Arch Intern Med 128:956 

24. Heyden S, Tyroler HA, Hames CG (1973) Diet treat
ment of obese hypertensives. Clin Sci Mol Med 
45:209s 

25. Hines EA Jr (1940) Range of normal blood pressure 
and subsequent development of hypertension. JAMA 
115:271 

26. Hull DH (1973) Hypertension in young people. Prac
titioner 210:195 

27. Hypertension Detection and Follow-up Program Co
operative Group (1979) Five-year findings of the hy
pertension detection and follow-up program. JAMA 
242:2562 

28. Kass EH, Zinner SH, Margolius HS, Lee Y -H, Rosner 
B, Donner A (1975) Familial aggregation of blood 
pressure and urinary kallikrein in early childhood. In: 
PaulO (ed) Epidemiology and control of hyperten
sion. Stratton Intercontinental Med. Books/Thieme, 
New York, Stuttgart, pp 359-369 

?9. Keil U (1975) Problematik der Krankheitsfruherken
nung in der Bundesrepublik Deutschland. Med Klin 
70:1529 

30. Keys A (1953) Atherosclerosis: a problem in newer 
public health. J Mt Sinai Hosp 20:118 

31. Kobayashi J (1957) On geographic relationship be
tween the chemical nature of river water and death 
rate from apoplexy. Ber Ohara Inst Landwirtschaftl 
Bioi 11:12 

32. Kronig B, Dufey K. Moergel K, Michaelis J, Jahnecke 
J (1974) Telemetrische Untersuchungen zur Wertig
keit eines Basalblutdruckes bei Hochdruckkranken. 
Klin W ochenschr 52:809 

33. Laaser U (1977) Risikofaktoren bei Jugendlichen. 
Fortschritte der Medizin 95:256 

34. Laaser U, Lang R (unpublished data) 
35. Laaser U, Schutt A (1978) The cardiovascular risk

profile of adolescents in Cologne. Z Kardiol 67:837 
35a. Laaser U, Schutt A (1981) Die Bestimmung kardiov

askularer Risikomerkmale im Rahmen von Vorsor
geuntersuchungen bei gro~stadtischen Adoleszenten. 
Thieme, Stuttgart 

36. Laaser U, Schwartz FW, Schutt A (1977) Sind Fruh
erkennung und Fruhbehandlung der Hypertonie in 
der Bundesrepublik Deutschland erreichbar? Med 
Welt 28:1550 

37. Laaser U, Amery A, Meurer KA, Kaufmann W (1978) 
Zur Behandlungsbedurftigkeit der Hypertonie im 
hohen Lebensalter. Med Klin 73:89 

38. Londe S, Bougoignie JJ, Robson AM, Goldring D 
(1971) Hypertension in apparently normal children. 
J Pediatr 78:569 

39. MacMahon B, Pugh TF (1970) Epidemiology, prin
ciples and methods. Little Brown, Boston, p 1. Zitiert 



50 U. Laaser 

in der Obersetzung von Pflanz M (1973) Allgemeine 
Epidemiologie. Thieme, Stuttgart 

40. MacMahon B, Pugh TF (1979) Epidemiology, prin
ciples and methods. Little Brown, Boston, p 13 

41. Mann GV (1977) Diet-heart: end of an era. N Engl J 
Med 279:644 

42. McFate Smith W (1977) Epidemiology of hyperten
sion. Med Clin North Am 61:467 

43. McGill HC Jr (1974) The lesion. In: Schettler G, Wei
zel A (eds) Atherosclerosis III. Proc. 3rd Int. Symp. 
1973. Springer, Berlin, Heidelberg, New York 

44. New MI, Levine LS (eds) (1977) Juvenile hyperten
sion. Kroc Foundation Series, vol 8. Raven Press, 
New York 

44a. Paffenbarger RS, Hayle WE (1975) Work activity 
and coronary heart mortality. N Engl J Med 29:545 

45. Page IH (1960) Die Mosaik-Theorie der Hypertonie. 
In: Bock KD, Cottier P (eds) Essentielle Hypertonie. 
Springer, Berlin, Gottingen, Heidelberg, pp 1-33 

46. Perry HM Jr, Perry EF (1975) Metals and human hy
pertension. In: PaulO (ed) Epidemiology and control 
of hypertension. Stratton Intercontinental Med. 
Books/Thieme, New York, Stuttgart, pp 147-161 

47. Pflanz M (1977) Epidemiologie des essentiellen 
Hochdrucks. Verh Dtsch Ges Kreislaufforsch 43:20-
27 

48. Pickering G (1968) High blood pressure. Churchill, 
London 

49. Sannerstedt R, Sivertsson R, Lundgren Y (1976) He
modynamic aspects of the early stages of human ar
terial hypertension. In: Rorive G, Cauwenberge H 
van (eds) The arterial hypertensive disease. Masson, 
Paris, p 223 

50. Shaper AG, Clayton DF, Stanley F (1975) Water 
hardness and hypertension. In: PaulO (ed) Epide
miology and control of hypertension. Stratton Inter
continental Med. Books/Thieme, New York, Stutt
gart, pp 163-172 

51. Smirk FH (1944) Casual and basal blood pressure. Br 
Heart J 6:176 

52. Sokolow M, Werdegar D, Perloff DB, Cowan RM, 
Brenenstuhl H (1970) Preliminary studies relating 
portably recorded blood pressures to daily life events 
in patients with essential hypertension. In: Koster W, 
Musaph H, Visser P (eds) Psychosomatics in essen
tial hypertension. Karger, New York, p 164 

53. Stamler J, Stamler R, Pullman TN (eds) (1967) The 
epidemiology of hypertension. Grune & Stratton, 
New York, London 

54. Tobian L (1975) Current status of salt in hyperten
sion. In: PaulO (ed) Epidemiology and control of hy
pertension. Stratton Intercontinental Med. Books/ 
Thieme, New York, Stuttgart, pp 131-146 

55. Tyroler HA, Heyden S, Hames CG (1975) Weight and 
hypertension: Evans County studies of blacks and 
whites. In: PaulO (ed) Epidemiology and control of 
hypertension. Stratton Intercontinental Med. Books/ 
Thieme, New York, Stuttgart, pp 177-204 

56. Veterans Administration Study Group (1972) Effects 
of treatment on morbidity in hypertension. Circula
tion 45:991 

57. Voors AW, Foster TA, Frerichs RR, Webber LS, Ber
enson GS (1976) Studies of blood pressure in chil
dren, ages 5-14 years, in a total biracial community: 
the Bogalusa heart study. Circulation 54:319 

58. Wilhelmsen L, Berglund G, Wikstrand J, Wallentin 
I (1976) Hypertension and hypertensive heart disease 
in middle-aged Swedish men. In: Rorive G, Cauwen
berge H van (eds) The arterial hypertensive disease. 
Masson, Paris, p 207 

59. World Health Organisation (1978) Arterial hyperten
sion. Report of a WHO Expert Committee. WHO 
Tech Rep Ser 628:9 

60. Zinner SH, Levy PS, Kass EH (1971) Familial aggre
gation of blood pressure in childhood. N Engl J Med 
284:401 

61. Zinner SH, Martin LF, Sacks F, Rosner B, Kass EH 
(1974) A longitudinal study of blood pressure in 
childhood. Am J Epidemiol 100:437 



Behavioral Patterns as They Relate to 
Hypertension 

3 

D. Shapiro, I. B. Goldstein 

For a long time, accumulated evidence has sug
gested that emotion, life situations and stress, and 
other behavioral and environmental variables may 
play a significant role in the development, mainte
nance, treatment, and prevention of hypertension. 
The evidence is both of a direct and indirect nature: 
anecdotal reports of physicians, assessments of psy
chological characteristics of hypertensive patients, 
epidemiologic and sociological studies, and a large 
psychophysiologic literature demonstrating various 
influences of behavior on blood pressure changes 
and other responses of the cardiovascular system. 
For general reviews, see Cohen and Obrist,15 Eyer,27 
Gutmann and Benson,42 Harris and Forsyth,48 
Heine/9 and A. Shapiro et al.88•89 One striking ex
ample derives from the data showing that blood 
pressure does not rise with age in some black soci
eties, whereas in others one finds more typical in
creases.4 Such conflicting data have prompted the 
conclusion that hypertension, though an exceed
ingly complex disorder, is closely related to environ
mental and behavioral processes, and that the dis
order is initiated only under conditions of the stress 
of living in modern societies. Community disruption 
and increased work pressure are often cited to be 
among the most important ingredients of this pro
cess.27 Although many investigators agree that be
havioral and social factors are associated with vari
ability of blood pressure and with the incidence of 
hypertension, the causative role of such factors is 
not accepted by everyone nor is it well understood. 

This article was prepared under research grant HL 19568 
of the National Institutes of Health and National Heart, 
Lung, and Blood Institute. 

Such factors probably do not act in isolation and 
undoubtedly interact with various other possible de
terminants of the disease, such as obesity, genetic 
susceptibility, smoking, salt and cholesterol intake, 
other dietary factors, and various physical features 
of the environment such as air and water pollutants. 

If behavior has an influence on blood pressure and 
hypertension, the disease process must be mediated 
by central and autonomic nervous system mecha
nisms involved in the regulation of the cardiovas
cular systemY·26.32.78 Humoral and biochemical pro
cesses are also associated with the neural and 
cardiovascular changes related to elevated levels of 
blood pressure. It is not our intention here to ex
amine or to try to account for the sequence of steps 
leading from behavior on the one hand to essential 
hypertension on the other. Little is known about 
this transformation, although researchers have in
vestigated and speculated about the role of excessive 
sympathetic nervous system activity,26 idiopathic 
high cardiac output states,22.39.43 and generally about 
neurogenic factors, particularly in essential hyper
tension. It seems likely that neurogenic hyperten
sion represents only a part of the total population of 
individuals with abnormal elevations of blood pres
sure. It is not clear whether the behavioral and en
vironmental correlates found so far to be associated 
with hypertension, as reported in the literature, 
apply both to neurogenic hypertension and to hy
pertension related to other than neural influences. 
Some instances of hypertension secondary to kidney 
or endocrine malfunction may also have a neuro
genic component in their etiology. 

In an attempt to differentiate neurogenic from 
nonneurogenic hypertension, Esler et al. distin-
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guished two groups of patients with mild essential 
hypertension: those patients who had relatively el
evated levels of plasma renin activity and those with 
normallevels.26 The high-renin subgroup also had a 
higher heart rate and an elevated plasma norepi
nephrine concentration. Through the use of auto
nomic blocking agents, these investigators were able 
to establish that the high-renin group sustained 
their increased blood pressure by means of overac
tivity of the sympathetic nervous system. Through 
psychological test methods, it could also be estab
lished that patients with mild high-renin essential 
hypertension as a group were controlled, guilt
prone, and submissive, with a high level of unex
pressed anger, and sustained their blood pressure by 
means of overactivity of the sympathetic nervous 
system. Normal-renin patients were not different 
from normal control subjects in these psychological 
characteristics. Esler et al. state that the pathogen
esis of elevated blood pressure in the high-renin 
mild hypertensive group may involve a behavioral 
pattern (primarily suppression of anger) which is re
lated to increased sympathetic nervous system ac
tivity, but they also suggest that the behavior pat
tern could actually follow from increased 
sympathetic nervous tone, rather than the other way 
around. 26 Their research does not make clear why in
creased blood pressure is the major outcome in this 
group of patients (high-renin) rather than some 
other symptom, inasmuch as excessive sympathetic 
nervous system activity has been believed to be a 
causal factor in other psychophysiologic disorders as 
well. Moreover, it is not known whether the height
ened sympathetic nervous tone represents a consti
tutional predisposition in these patients, or whether 
the sustained and heightened sympathetic nervous 
tone results from repeated elicitations of behavior
ally induced patterns of nervous reaction. Is the ex
cessive sympathetic tone acquired through some 
process of conditioning and learning? The possibil
ity that any or all of these explanations apply is sug
gested by the various areas of research reviewed 
below. 

Aside from the many unresolved questions of neu
rogenic versus nonneurogenic hypertension, we 
should also point out at the outset that the literature 
to be discussed is uneven in many respects. The 
populations studied vary considerably in their com
position, according to age, sex, severity and duration 
of hypertension, presence of other illnesses, socio
cultural factors, and so on. The variable quality of 
the behavioral data, the incompleteness of experi
mental designs, and the inadequacy of comparison 
or control groups make interpretations of the signif
icance of the studies difficult. Granted these limita
tions, our purpose in this paper is to give an over-

view of behavioral, social, and psychological factors 
in hypertension. The particular studies and findings 
mentioned were selected out of a much larger body 
of literature as a means of illustrating the role of 
emotional factors, stress, experimentally induced 
stress, and behavioral modifications of blood pres
sure in hypertension. The latter field has attracted 
renewed interest in recent years with the discovery 
of biofeedback and the resurgence of other psycho
logical methods of achieving some degree of volun
tary control over visceral, covert somatomotor, and 
central nervous system processes in normal and pa
tient populations.91.95 Clinical research on biofeed
back, relaxation, and other methods of lowering 
blood pressure in patients with essential hyperten
sion will be reviewed with the aim of stimulating 
further interest on the part of clinicians and re
searchers in these nonpharmacologic approaches to 
treatment and prevention. 

Personality Variables 

Clinical Studies 

For at least four decades an attempt has been made 
to link certain personality characteristics with a ten
dency to respond to emotionally arousing events 
with greater than normal increases in blood pres
sure. One of the earliest descriptions of such a "hy
pertensive personality" comes from observations 
made by Alexander in his clinical practice. 1 He de
scribed the psychodynamic structure of the hyper
tensive patient in terms of a conflict between in
tense, aggressive, hostile impulses and equally 
strong passive-dependent tendencies. Over a period 
of time, the continued inhibition of hostile tenden
cies leads to permanent histologic changes and a 
chronic elevation of blood pressure. 

The presence of such a conflict has been observed 
by many investigators, who have also emphasized 
other kinds of specific behavior patterns in hyper
tensives. Binger felt that the sudden loss of security 
was a key to the development of hypertension,9 
while Dunbar observed signs of passivity and a high 
incidence of emotional instability in her own hyper
tensive patients.2o On the basis of ratings made dur
ing a series of interviews, Gressel et al. described 
hypertensive behavior in terms of obsessive
compulsiveness and subnormal assertiveness.41 
Other investigators have related measurable pressor 
responses to specific traumatic events in the life of 
the hypertensive patient.79,104 

In spite of the consistent findings of many early 
investigations, the studies share a common lack of 
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objectivity. Furthermore, most of the hypertensive 
patients were under treatment for psychiatric prob
lems and as such displayed neurotic behavior pat
terns that may not be characteristic of all hyperten
sive patients. 

Psychological Test Inventories 

Psychological tests have also been utilized in an at
tempt to determine if there are certain characteris
tics which define the hypertensive's personality. A 
recent review of the literature38 has indicated that 
neither projective techniques nor rating scales have 
been able to discriminate between the behavior pat
terns of hypertensive and nonhypertensive patients. 
More current research conducted with paper and 
pencil inventories shows that these tests present 
more promise of yielding fruitful results. From 
paper and pencil inventories there is some evidence 
that hypertensives tend to exhibit poor adjustment 
or low ego strength, a common characteristic of neu
rotic behavior.46,58,77 In addition, these tests point to 
the hypertensive as a basically submissive 
individual. 44,46,77 

An interesting finding by Naditch, using a modi
fication of Rotter's Internal-External Scale, is the 
indication that hypertension in black males is re
lated to the degree of discontent they express about 
their social situation and a feeling of being powerless 
to do anything about that situation.7o Shekelle et al. 
found that hypertensive women between the ages of 
45 and 64 years show a type A coronary-prone be
havior pattern, characterized by haste, aggressive
ness, and excessive drive (according to the Jenkins 
Activity Survey).96 There is also evidence that a 
widely varying or labile blood pressure, rather than 
a high level of pressure, is related to a particular per
sonality pattern. Ostfeld and Lebovits indicated 
that the highly labile individual was impulsive, hy
pochondriacal, and hysterical according to the Min
nesota Multiphasic Personality Inventory. 71 

Studies using paper and pencil inventories have 
been more objective and have utilized more careful 
control groups than the early clinical evaluations. 
They have tended to substantiate some of the clin
ical descriptions of the hypertensive person, partic
ularly with regard to the concepts of poor adjust
ment and submissiveness. It has not been proved, 
however, if these characteristics are unique to hy
pertension or if they tend to accompany other dis
orders as well. Furthermore, they may merely be a 
product of the patient's reaction to being "ill." At 
any rate, research on paper and pencil inventories 
has opened other possible avenues of investigation 
that might be explored in future studies. 

Stress and Sociocultural Variables 

According to Glock and Lennard, stress "refers to an 
event or experience in the life of an individual which 
has specific physiologic consequences."36 These re
sult in "disturbance in the equilibrium of the organ
ism." While there is no evidence that stress is spe
cific to hypertension, it has been noted that 
traumatic events can playa part in causing hyper
tension in an individual with a certain genetic pre
disposition and can exacerbate hypertension which 
alreadyexists.34 

Natural Disasters 

Certain life-threatening events have been observed 
and the effects on blood pressure noted. Soldiers 
who spent at least a year in desert warfare were re
ported to have unexpectedly high blood pressures 
from 4 to 8 weeks after retiring to a noncombat 
area.40 Similar rises in blood pressure were noted 
during a long siege and bombardment of the city of 
Leningrad.65 When a ship loaded with explosive 
chemicals blew up and set off an explosion in a 
chemical plant in Texas, significant elevations in 
blood pressure were found in the majority of vic
tims. After 10 to 14 days, however, blood pressures 
returned to normal.81 

Culture and Urbanization 

While there are exceptions, urban living has been 
associated with a variety of stressors which pose a 
constant threat and challenge to existence. Individ
uals living in high-stress areas of Detroit (defined by 
low socioeconomic status, high population density, 
high residential morbidity, and high rates of marital 
breakup) were found by Harburg et al. to have much 
higher blood pressure levels than their counterparts 
in lower-stress areas.45 This was particularly true for 
black males, whom Harburg et al. felt were contin
ually forced to restrain their hostile feelings. Inves
tigating crowding, one aspect of urban living, D'Atri 
and Ostfeld found a relationship between degree of 
crowding, blood pressure, and pulse rate. lS 

In a comparison of rural and urban Zulus, Scotch 
showed that the latter group had a higher frequency 
of hypertension for all ages and for both sexes.85 

Maddocks surveyed the inhabitants of two relatively 
isolated Pacific Islands and concluded that hyper
tension was virtually nonexistent among them.62 

Similarly, Lowenstein found blood pressures of two 
Indian tribes in Brazil to be low relative to other 
populations.61 These investigations and the work of 
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Page et al.72 suggest that the frequent rise in blood 
pressure with age which is observed in many soci
eties is a consequence of civilization and 
acculturation. 

Cruz-Coke et al. introduced the concept of "eco
logical niche" in order to explain the low blood pres
sure among groups living in relatively isolated re
gions where traditions remain constant. 16 When 
these people migrate to urban centers, their blood 
pressures rise. Both environmental changes and ra
cial susceptibility are believed to explain the differ
ence between many of these groups. The influence 
of racial susceptibility may explain why Beiser et al. 
revealed no evidence of an age-related rise in blood 
pressure for either rural or urban groups among the 
Serer of Senegal. 4 Henry and Cassell analyzed data 
from 18 different epidemiologic investigations done 
in various parts of the world. 51 They reasoned that 
a failure to show a blood pressure rise with age was 
associated with a stable culture where tradition, 
rather than change, was important. 

Occupational Stress 

Constant exposure to job stresses has been a factor 
frequently associated with heightened blood pres
sure (see ref 69 for an extensive review). Cobb and 
Rose found the incidence of hypertension in a 
stressful occupation-that of air traffic con
trollers-was four times greater than in second-class 
airmen, who are subjected to less stress. 13 Further
more, those air traffic controllers who worked in 
high-traffic-density centers exhibited more cases of 
hypertension than individuals in centers of low 
traffic density. In summarizing various Russian 
studies, Miasnikov found hypertension associated 
with what he calls "work under nervous stress."65 

Not only are there stresses associated with various 
occupations, but the loss of one's job can be per
ceived as very traumatic. In a longitudinal study of 
men undergoing job loss due to permanent plant 
shutdown, Kasl and Cobb found that blood pressure 
levels were higher during the anticipation of job loss 
and unemployment than during periods of stabili
zation on new jobs.58 Individuals with the most se
vere unemployment experience had elevated blood 
pressure for the longest time periods. 

Prolonged Illness 

While there is no direct proof that prolonged emo
tional states lead to hypertension, one finds that 
blood pressure is temporarily raised by affective ill
nesses. Heine and Sainsbury provided some evi-

dence that prolonged depressive states were related 
to raised levels of blood pressure during illness.50 

Blood pressure during illness tended to be corre
lated with anxiety and agitation, which character
ized the depression. Friedman and Bennet found the 
diagnosis of anxiety to be significantly associated 
with both depression and hypertension.33 

It is apparent that people are subjected to many 
kinds of stressors in their daily living. Naturally 
occurring disasters, urbanization, occupational 
stresses, and prolonged illnesses all playa role in the 
elevation of blood pressure. The effects of stress, 
however, are not specific to hypertension and often 
are associated with more generalized physiologic re
sponses. In fact, traumatic events may exacerbate a 
number of psychosomatic disorders,36 a fact which 
leads one to arrive at a multifactorial hypothesis in 
the causation of hypertension. 

Experimentally Induced Stress 

Human Studies 

By means of experimental stimuli, it has been pos
sible to manipulate blood pressure levels in human 
beings and to show how hypertensives differ phys
iologically from normotensives. Ayman and Gold
shine were able to demonstrate that a breath-hold
ing test could cause blood pressure rises from two to 
four times greater in hypertensive patients than in 
normotensives.2 In response to a cold pressor stim
ulus, normotensive subjects reached a maximum in
crease in blood pressure sooner than high and low 
blood pressure groups, but the hypertensives re
sponded with far greater blood pressure increases.102 
During mental arithmetic performed under duress, 
hypertensives exhibited hemodynamic changes and 
blood pressure elevations that persisted longer than 
in a comparison group.12 A delayed recovery of blood 
pressure to normal levels was also found by Bau
mann et al. in response to an arithmetic task. 3 

A variety of stimuli have been utilized in human 
studies and have yielded relatively consistent re
sults. Jost et al. subjected hypertensive patients and 
normotensives to many different stimuli presented 
in sequence-a buzzer, a bright light, emotionally 
disturbing questions, and memory tests of rapidly 
increasing difficulty. 57 In all parts of the experiment, 
hypertensives had longer-lasting blood pressure 
changes, which were generally in an upward direc
tion. Cold pressor, injection of normal saline, a frus
trating task, threat of electric shock, and frustration 
by an irritating technician all produced greater 
blood pressure rises in hypertensives than in control 
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groups.82,86 Engel and Bickford found that hyperten· 
sives would react to any stressor with a maximal 
blood pressure response, regardless of the stimulus.25 

Interview techniques have also been utilized as a 
means of stimulating pressor responses in human 
beings. Wolff and Wolf have found that all individ
uals respond to topics of conflict with rises in blood 
pressure, but hypertensives show much greater in
creases. IM The amount of blood pressure change de
pends on the meaning of the stimulus to the subject. 
Innes et al. noted that no specific topics were asso
ciated with blood pressure increases, but blood pres
sure levels took longer to return to normal in hyper
tensives and neurotics than in controls with low 
blood pressure,54 Apparently the critical factor in 
distinguishing hypertensives from normotensives is 
not just the level of response but the prolonged re
action which hypertensives have to stressful stimuli. 

Animal Studies 

Noxious Stimuli. By utilizing animals in a labo
ratory situation, it is possible to reproduce many en
vironmental stressors and to manipulate the level 
and duration of the stimuli more precisely than is 
possible with human subjects. For example, it has 
been demonstrated that rats exposed to loud noises 
over long periods of time will develop signs of hyper
tension.28,64,los Chronic intermittent exposure to au
ditory, visual, and motion stimuli99 as well as chronic 
sound withdrawal63 induced hypertension and even 
produced histologic changes in rats. Rats exposed to 
crowded cages for short periods of time experienced 
blood pressure elevations which reverted to normal 
levels in a few days. Exposures of 6 months or more 
were associated with more permanent blood pres
sure effects and with increased mortality, frequently 
due to cerebral vascular lesions. 52 

Classical Conditioning. Using Pavlovian tech
niques of conditioning, Russian researchers have 
been able to produce hypertension in animals exper
imentally.98 A condition called "experimental neu
rosis" was induced by simultaneously presenting 
conflicting excitatory and inhibitory stimuli. While 
experimental neurosis was accompanied by the 
onset of hypertension, this condition usually ceased 
when the conflict-producing situation changed. 
After inducing experimental neurosis in cats, A. 
Shapiro and Horn were unable to obtain signs of hy
pertension in these animals, although a condition of 
acute anxiety resulted.87 Gutmann and Benson feel 
that this may be due to the fact that the stimulus 
conditions were not sufficiently stressfu1.42 In a 
study by Dykman and Gantt, however, a condi
tioned hypertensive response in dogs was found to 

persist for over a year without further con
ditioning.21 

Operant Conditioning. Operant conditioning 
techniques have enabled researchers to reinforce 
specific changes or patterns of change and have led 
to greater blood pressure increases and more lasting 
effects than Pavlovian conditioning. Pressing levers 
for 15 days under various shock-avoidance schedules 
resulted in the elevation of blood pressure in exper
imental monkeys. Forsyth found that the more dif
ficult or demanding the schedule, the higher was the 
initial pressure and the longer it persisted at height
ened levels.30 It has been suggested that the actual 
time course for the elevation of blood pressure may 
take several months before there are significantly 
high blood pressure levels, which then become fixed 
at higher levels.31 With direct reinforcement of in
creases in blood pressure, Harris and Brady dem
onstrated elevations of as much as 50-60 mm Hg in 
diastolic pressure produced on an acute basis in ba
boonsY With 12-h conditioning schedules, more 
chronic effects of 30-40 mm Hg were maintained 
over the course of the conditioning sessions. 

Herd et al. are of the opinion that the presence of 
a noxious stimulus in itself is not enough to cause 
arterial pressure to increase.53 Operant conditioning 
with squirrel monkeys has led to the finding that 
schedules that exert strong control over an animal's 
behavior bring about the highest and most persis
tent blood pressure elevations. Friedman and Dahl's 
work with rats substantiates this finding, for merely 
shocking rats or exposing them to food deprivation 
failed to result in a rise in blood pressure.34,35 They 
feel that exposure to conflict, especially in a strain 
of hypertension-susceptible rats, brings about long
lasting blood pressure increases. 

Experimental evidence with human beings, as 
well as with lower animals, has provided sufficient 
evidence that stress can produce acute pressor re
sponses. The reactions of hypertensives are gener
ally more elevated and of a longer duration than 
those of normotensives. Investigations of animals 
have resulted in even greater blood pressure 
changes. Apparently the presence of a noxious stim
ulus has not been as effective in producing hyper
tension in experimental animals as the utilization of 
complex operant schedules, where the animal is ex
posed to relatively long periods of conflict and con
tinuous behavioral adjustments are required. 

Behavioral Methods of Treatment 

In view of the assumed and documented social and 
psychological components of essential hypertension, 
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behavioral methods have been proposed for the 
treatment and prevention of the disorder. Such 
methods offer non pharmacologic means of lowerirlg 
pressure. As such, they can be adjunctive to stan
dard medical approaches to treatment and can be 
used to enhance the effectiveness of antihyperten
sive drugs, to reinforce compliance with drug re
gimes, to reduce drug dosage in some cases, or to 
substitute for drug treatment that is not effective or 
results in intolerable side effects. The choice of any 
one of the particular behavioral methods of treat
ment described below will probably depend on many 
considerations, including those of background, 
training, and experience of the clinician. The meth
ods each have different rationales, although they 
may all achieve some common final effect. A. Sha
piro et al. reviewed the behavioral literature, includ
ing the use of biofeedback techniques, relaxation 
techniques, psychotherapy, environmental modifi
cation, and suggestion and placebo effect.89 The con
clusion was that all methods seem to produce mod
est decreases in blood pressure, but that clinical 
data were lacking on persistence of the effects, com
parative effectiveness of the different methods, 
mechanisms and outcomes, and interaction ofmeth
ods with drug treatment. In the opinion of A. Sha
piro et aI., the major difference among the methods 
is the ease with which they can be applied 
clinically.89 

Biofeedback 

Biofeedback may be defined as "a method of achiev
ing voluntary control or self-regulation of specific 
physiological responses or patterns of responses 
(e.g., visceral, electrocortical, and covert somato
motor). The method involves presentation to the in
dividual of a sensory display of his ongoing physio
logical activity as it is occurring in time."90 Rewards 
for the appropriate responses, various incentives, or 
other means of motivating the subject to concen
trate on the task and produce the desired changes 
are usually part of the method. 

Much of the basic human research on the volun
tary control of blood pressure by means of biofeed
back techniques follows the procedures first de
scribed by D. Shapiro et aP2 Using a newly devised 
constant cuff pressure technique, relative informa
tion is provided about changes in blood pressure on 
each beat of the heart, and median systolic or dia
stolic blood pressure is tracked continuously.103 In a 
number of studies, it was shown that normal human 
subjects were able to modify their systolic or dia
stolic blood pressure by small but significant 
amounts with relatively brief periods of 
training.92.93.94 Further research indicated that the 

biofeedback control of cardiovascular parameters 
could be quite specific, in that various patterns of 
change in systolic blood pressure and heart rate 
could be modified by human subjects. Thus, sub
jects could make systolic pressure and heart rate in
crease or decrease together and to some extent could 
make them change in opposite directions, i.e., heart 
rate increase and blood pressure decrease or vice 
versa.83 This research on the voluntary control of 
patterns of cardiovascular responses indicates the 
clinical potential of selecting biofeedback treat
ments aimed toward alteration of specific cardiovas
cular responses or combinations of responses, in the 
same way that different drugs are directed to the 
control of different functions mediating the regula
tion of blood pressure. The limitations of this con
ception would largely depend upon existing capabil
ities for simple, noninvasive recording of the 
relevant responses. Further support for the useful
ness of biofeedback in the control of blood pressure 
in normal subjects was obtained by Brener,lO Brener 
and Kleinman,II and Fey and Lindholm.29 

Clinical data on the usefulness of blood pressure 
biofeedback have been reviewed extensively by A. 
Shapiro et al. 89 and D. Shapiro et aP5 For example, 
Benson et al. obtained data on five patients with es
sential hypertension who were studied in 12 to 34 
sessions of training.8 Reductions of 17 to 34 mm Hg 
systolic pressure were shown. Similar techniques 
were used by Goldman et aI., who reported average 
reductions of 4 % systolic and 13 % diastolic in seven 
patients with essential hypertension.37 The reduc
tions in pressure were also correlated with improve
ments on a test of cognitive function (category test 
of Halstead-Reitan Neuropsychological Test Bat
tery for Adults). Kristt and Engel also employed the 
constant cuff method and a similar training proce
dure in five patients with essential hypertension 
having a variety of cardiovascular and other compli
cations.so Reductions of 10% to 15% were observed 
in both systolic and diastolic pressure. Medication 
was reduced in some patients, and beneficial effects 
were also observed in nonlaboratory settings by the 
use of home recordings and home training proce
dures. Another innovation of the Kristt and Engel 
research involved the method of training patients 
both to increase and decrease blood pressure as a 
means of enhancing self-control. Using biofeedback 
and verbal praise for reduced pressure, Elder et al. 
reported decreases of about 20% on the average in 
diastolic pressure in six patients.24 These results 
were replicated by Elder and Eustis in a sample of 
22 patients, but the reductions were much smaller.23 
In one of the few comparative studies so far re
ported, Surwit et al. compared blood pressure-heart 
rate biofeedback, electromyographic biofeedback, 
and relaxation-meditation with eight patients in 
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each condition, over eight training sessions, includ
ing a 6-week and 1-year follow-up.101 All patients 
showed average reductions in pressure of about 
17/9 mm Hg during the initial baseline sessions. 
Further reductions occurring as a result of training 
were very small or nonexistent. By and large, follow
up values were still much lower than original values 
in the patients' medical histories, but about the 
same as final pretreatment values occurring after 
the baseline sessions. The study points up some of 
the complications of establishing appropriate base
lines and evaluating variability of blood pressure in 
assessing behavioral (or other) treatments for essen
tial hypertension. 

Further discussions of the problems of patient 
motivation, compliance with biofeedback (and other 
related) treatments, medical and physiologic com
plications, experimental design and problems of 
clinical research in this area, and practical clinical 
issues are discussed by Miller,66 Miller and Dwor
kin,67 Schwartz and D. Shapiro,84 D. Shapiro et al.,95 
and A. Shapiro et al.89 

Finally, mention should be made of the work of 
Patel,73-76 involving the combined use of electromy
ographic feedback, electrodermal feedback, stress 
management, and yoga relaxation exercises. This re
search on an extensive number of subjects has also 
effectively employed cross-over designs, follow-up 
studies, and stress testing (cold pressor, treadmill) 
as a means of assessing the value of the combined 
behavioral treatment approaches. By and large, the 
results were positive in indicating clinically signifi
cant reductions in blood pressure and also reduc
tions or complete discontinuation of medication in 
many patients. 

The rationale for using biofeedback for reductions 
in physiologic functions other than blood pressure 
depends on the assumption that blood pressure can 
be lowered through reductions in sympathetic ner
vous system activity or total muscular activation. 
Basic research using biofeedback methods in normal 
and patient subjects provides ample evidence that 
other cardiovascular responses (e.g., skin tempera
ture, peripheral blood flow, arterial pulse wave ve
locity, or pulse propagation time) may be brought 
under some degree of voluntary control. Their po
tential usefulness in the treatment of essential hy
pertension, according to differences in stage and se
verity of the illness, needs to be considered by 
physicians and researchers. 

Relaxation 

Relaxation and meditation have been proposed as 
treatments for hypertension for various reasons. If 
excessive reactions to the stresses of everyday life 

are presumed to playa role in the disease, then re
laxation may help the patient reduce physiologic or 
psychological states associated with increases in 
blood pressure, e.g., muscle activity, autonomic ner
vous system activation, anxiety, depression. 

Relaxation may be achieved in any number of dif
ferent ways. One method is "progressive relaxation," 
based on the early work of Jacobson.55•56 The prac
tice involves exercises in tensing and relaxing var
ious muscles and muscle groups to achieve greater 
recognition of one's own muscle tension and to bring 
about complete muscular relaxation. Support for 
the value of this technique for hypertension was re
ported by Shoemaker and Tasto.97 

A second systematic approach to relaxation has 
been developed by Benson, using a procedure de
rived from transcendental meditation, but without 
the spiritual features associated with that practice. 
Benson gives the following rationale for the "relax
ation response": "The pathogenesis of several major 
diseases such as hypertension is associated with an 
integrated hypothalamic response triggered by sit
uations requiring continuous behavioral adjust
ments."5 This response is comparable to the emer
gency reaction, defense reaction, or fight-flight 
response-patterns of behavior and physiologic re
sponse described by many investigators. According 
to Benson, this hypothalamic response is mediated 
by increased sympathetic nervous system activity 
and is associated with increases in catecholamine 
production, oxygen consumption, heart rate, respi
ratory rate, arterial blood lactate, and increased 
muscle blood flow; and hypertension may result 
from frequent elicitation of this reaction. 

The effects of the relaxation response are com
pletely opposite to the emergency reaction and can 
be achieved by a variety of relaxation methods. The 
basic elements common to such relaxation are: a 
mental device or mantra, a passive attitude, de
creased muscle tonus, and a quiet environment. A 
number of clinical studies have been carried out by 
Benson and associates which suggest a positive ben
efit for patients with essential hypertension and for 
other disorders. For example, Benson et al. reported 
decreases of 11/5 mm Hg in 14 patients who were 
maintained on constant antihypertensive medica
tion.6 Similar reductions were obtained in a study of 
unmedicated borderline hypertensives/ with addi
tional benefits resulting from continued practice in 
subsequent months. This relaxation procedure is 
very simple to explain, easy to practice, and econom
ical. 

Aside from progressive relaxation, transcendental 
meditation, and the relaxation response, several 
other relaxation procedures have been employed. 
Some derive primarily from Eastern cultures and in
volve methods that have been around for centuries, 
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such as various forms of yoga and Zen meditation 
practice.17•1OO Other procedures involve the use of 
hypnosis, involving suggestions to facilitate mental 
and bodily relaxation.19 Autogenic training methods, 
which are closely related to hypnosis, involve self
suggestions for inducing relaxation and control of 
physiologic states:59 

Psychotherapy 

Various psychotherapeutic approaches have been 
applied to the treatment of essential hypertension, 
such approaches being the primary psychological 
methods in existence long before biofeedback and 
relaxation approaches came into vogue. As A. Sha
piro pointed out in 1960 in reviewing the prior lit
erature on psychotherapy for hypertension, inas
much as data on the placebo effect suggest that the 
relationship between doctor and patient can exert a 
hypotensive effect, "proper and rational use of the 
doctor-patient relationship has a potent ameliora
tive effect in hypertensive vascular disease .... " The 
major early studies in this area include Reiser et al. 79 

and Moses et al.B8 No comprehensive or large-scale 
studies involving psychotherapy have been reported 
in recent years. Psychotherapy traditionally in
volves various methods such as reassurance and the 
discussion of personal problems to promote insight 
into the basis for anxiety and other emotional reac
tions to life situations and stress. In current think
ing, alternative methods involving more direct mod
ifications of maladaptive behavior or the methods of 
relaxation or biofeedback described above would be 
a substitute for the less well-defined procedures of 
psychotherapy. 

Summary and Conclusion 

The purpose of this chapter is to give an overview of 
the role of behavior in hypertension. As is apparent 
from the diverse facts and observations summa
rized, there are numerous associations between hy
pertension and various behavioral, social, and envi
ronmental conditions. The evidence as a whole 
supports the position that behavior can influence 
variability of blood pressure and incidence of 
hypertension. 

We have described a number of illustrative stud
ies concerning the role of personality variables (clin
ical studies, psychological test inventories), stress 
and sociocultural variables (natural disasters, cul
ture and urbanization, occupational stress, pro
longed illness), experimentally induced stress 
(human studies, animal studies including studies of 

noxious stimuli, classical conditioning, operant con
ditioning), and behavioral methods of treatment 
(biofeedback, relaxation, psychotherapy). At the so
ciocultural level, the critical variables related to 
high blood pressure and incidence of hypertension 
seem to involve work pressure, community disrup
tion, social and natural threats, and rapid social 
change. At the level of individual personality, hy
pertensives may be characterized as poorly adjusted, 
submissive, anxious, and unable to express anger. At 
the behavioral level, demanding situations requiring 
continuous behavioral adjustments or other anxious 
physical stresses (such as in certain occupations) 
may precipitate increases in blood pressure and lead 
to hypertension. The quality of the studies support
ing generalizations is quite uneven. Commonalities 
among the findings at the various levels of discourse 
(social to individual) need to be examined more 
closely. 

The causal nature of the association between be
havior and hypertension is not well understood or 
agreed upon yet. Behavioral influences may operate 
in interaction with other factors, e.g., diet, genetic 
susceptibility. More research is needed to examine 
these interactions more closely. Research on the dif
ferentiation of neurogenic and nonneurogenic mild 
essential hypertension, in terms of plasma renin ac
tivity, promises to be productive, particularly in 
showing psychological factors to be associated with 
the neurogenic subclass of hypertension. Additional 
research is needed to substantiate and extend these 
findings. Most useful is the strategy of gathering si
multaneous data on cardiovascular, hormonal, psy
chological, and behavioral functions in patients with 
essential hypertension, and of attempting categori
zation of hypertensive patients according to the var
ious measures. 

Finally, the recent interest in and development of 
behavioral methods of treatment suggests that non
pharmacologic approaches to the control of hyper
tension may be useful in clinical medicine as an ad
junctive method to drug treatment, and possibly as 
a means of reducing drug dosage or of providing an 
alternative means of reducing pressure in patients 
for whom drug treatment is not adequate or for 
whom drug treatment produces intolerable side ef
fects. The data to date are encouraging, and further 
progress will be made in collaborative efforts of cli
nicians, physiologists, and behavioral scientists. 
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Hypertension and Obesity 

J. G. Wechsler, H. Ditschuneit 

According to the 1976 nutrition report by the Ger
man Association for Nutrition,29 56% of the male 
and 47% of the female population in the Federal 
Republic of Germany are at least 15 % overweight 
by the Broca scale. * While it is almost unanimously 
accepted today that excess weight is the conse
quence of a positive caloric balance/8,sa the causes 
leading to this disturbance of the caloric balance in 
the obese but not in the normal-weight person are 
unknown.19 There are no doubts on the correlation 
of an increased morbidity and mortality rate with 
excess weight.44,70 S. von Basch pointed out the fre
quent coincidence of overweight and elevated blood 
pressure as early as 1893.7 Numerous epidemiologic 
studies show hypertension to be one of the first
order risk factors for atherosclerotic diseases. loo• 

The following survey will demonstrate correla
tions between hypertension and excess weight. Con
nections between weight reduction and blood pres
sure lowering will be discussed on the basis of the 
authors' own studies, as well as the potential for the 
prevention of atherosclerosis suggested by their re
sults. 

Epidemiology and Incidence of 
Overweight 

Economic and social variables exert a direct influ
ence on mean weight and morbidity due to obesity. 
In a retrospective study of the years 1933-1951 in 
Bonn, the incidence of obesity correlated closely 

body weight (kg) 
* Broca scale = I' ht (k ) norma welg g 
Normal weight = body height (em) - 100 (kg) 

4 

(Fig. 1) with the average amount of available calo
ries.41 This investigation showed that the percentage 
of overweight patients exceeding 10 % on the Broca 
scale was about 9% in 1933, about 2% in 1946, and 
about 11 % in 1951. 

In 1976, a study of eight population groups in the 
state of Hesse in the Federal Republic of Germany 
showed that 47% of the women and 56 % of the men 
were overweight. Persons with excess weight of more 
than 15% by the Broca scale were considered over
weight.29 Ries gave an overweight rate of 50% in 
1970 for the urban population of Leipzig.94 An in
vestigation by Muller in 1970 of about 80,000 per
sons in the German Democratic Republic showed 
one-third (19% men and 42% women) to be 20% 
overweight according to Broca.75 Excessive weight 
seems to be more prevalent in the countryside than 
in the cities of the Federal Republic of Germany. 
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Figure 1. Incidence rate of obesity and caloric intake. 
__ Percentage of the obese patients in 34,468 men and 
women of the Medical University Hospital, Bonn, in the 
years 1933-1951 (B) . • --. Available number of calories in 
the years 1939'--1948 at the time of food rationing (A). 
From Grosse-Brockhoff F, ref 40 



Von Knorre described 27 % of the men and 52 % of 
the women in rural areas as overweight in 1971.57 A 
1968 mass study in Yugoslavia found 29% of the 
men and 42 % of the women heavier than their ideal 
weight,89 whereas in Great Britain excess weight was 
computed in the total population as 48 % for the 
men and 46% for the women in 1971.72 In Spain, 
only 7 % of the men and 23 % of the women were 
classified as overweight in 1959.28 In Sweden, on the 
other hand, 50% of the over-40 population was over
weight. loo 

Obesity is more common in women than in men. 
The incidence of obesity increases with age, al
though beyond age 60 the proportion of obese per
sons relative to the overall population decreases 
againY In the USA and Canada, overweight men 
and women are found with equal frequency.23 The 
literature indicates an incidence between 20% and 
30% for obesity in the USA.64,96,lOl 

According to the literature, the incidence of obe
sity in childhood is between 1 % and 20% .40 Mea
surements of 7000 school children of the Ulm area 
revealed that 8.3% of the boys and 11.3% of the 
girls were more than 20% overweight.33 According to 
Broca, normal weight is calculated as weight in kilo
grams equal to height in centimeters minus 100. Sta
tistics compiled by American life insurance compa
nies define ideal weight as the weight with the 
highest life expectancy.70 Apart from the tabulated 
consideration of age and sex, a classification accord
ing to body build into three different orders has also 
been made. 

Epidemiology and Incidence of 
Hypertension 

Most investigators65,73,1ll,113 cite an incidence of 25 % 
for hypertension as a first-order risk factor for ath
erosclerotic diseases. loo• The incidence of hyperten
sion in factory workers of a large Swiss concern was 
slightly higher at 28 % .45 Other studies give a some
what lower incidence for hypertension: 15 % to 
20 % .62,86,104,106 In the USA, blood pressure values over 
160 mm Hg systolic or 95 mm Hg diastolic were 
found in 17 % to 27 % of the black population but in 
only 10% to 14% ofwhites.77,103 The incidence ofhy
pertension in the overall population is reported at 
12% to 26%. An increasing incidence of hyperten
sion occurs with advancing age. Up to age 50, men 
have higher blood pressure values than women, 
whereas women display higher values after age 50.76 
The World Health Organization (WHO) has defined 
three ranges of blood pressure.116 According to this 
definition, a blood pressure reading of 140/90 mm 
Hg is regarded as high-normal for all age groups. 
Readings over 160/95 mm Hg are judged pathologic 
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in all cases. Values between 140 and 160 mm Hg sys
tolic and 90 to 95 mm Hg diastolic are considered 
borderline. 

Artifactual Errors of Blood Pressure 
Measurement in Obese Patients 

Direct intra-arterial blood pressure measurements 
yield similar readings in both the brachial and the 
femoral arteries.8l Using the method of Riva-Rocci
Korotkow, however, a higher value is measured on 
the thigh (with the same cuff) than on the upper 
arm.8l The cause of this discrepancy is thought to be 
the greater soft-tissue thickness of the thigh. Ac
cordingly, some investigators believe that there is 
danger of obtaining false blood pressure readings in 
obese patients.12 Ragan and Bordley,90 Pickering et 
al.,88 Bjerkedahl/4 and Loewe60 found good correla
tion between measured blood pressure and upper
arm circumference. After correction tables were 
compiled for different upper-arm circumferences, 
correction tapes were developed which could be at
tached directly to the blood pressure cuff.84,87 Other 
investigators, however, were not able to demonstrate 
a direct correlation between degree and direction 
of the measurement error and the limb cir
cumference.37,53,78,9l Even with small arm circumfer
ences, the blood pressure reading by indirect mea
surement was too high or too low in half the subjects 
examined. Thus, it appears that correction formulas 
and correction tapes are based upon false premises 
in assuming accurate measurements for small limb 
circumferences, as well as in attributing a linear cor
relation between measurement error and upper-arm 
thickness. In each individual case, the fat-pad thick
ness, muscle tone, vascular elasticity, tissue water 
content, and bone-to-soft-tissue ratio seem to exert 
an indeterminate effect on the blood pressure value 
measured indirectly.2,4,10,37.,56 The length and width of 
the cuff (Fig. 2) also have a decisive influence on the 
accuracy of the measurement.37.,55 The broader the 
cuff, the closer the correspondences between indi
rect and direct measurement of arterial blood pres
sure. The Committee for Cardiovascular Diseases of 
the World Health Organization recommends a cuff 
14 cm wide;116 the German Association for Circula
tory Research prefers one 13-14 cm wide and 50 cm 
long.30 Cuffs 18 cm wide should be used for indirect 
blood pressure measurements on thick upper arms 
in obesity,a0,37. or else the blood pressure should be 
measured directly intra-arterially.78 Nevertheless, 
numerous studies suggest that the elevated blood 
pressure often found in the overweight patient can
not be attributed entirely to artifactual errors of 
measurement in obese patients with thick upper 
arms. 
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Figure 2. Accuracy of indirect blood pressure measurements (A, systolic; B, diastolic) in relation to cuff width and 
arm or leg circumference. From Gillmann H et ai., ref 37 

Correlations between Body Weight and 
Blood Pressure in Children and 
Adolescents 

A better correlation of systolic blood pressure with 
weight and size has been described in adolescents;93 
it was highest between 9 and 14 years of age. In 1975, 
Stine and co-workers105 found in 920 children the 
highest correlation between weight and skin-fold 
thickness, and a more clearly positive correlation be
tween weight and systolie blood pressure than be
tween skin-fold thickness and systolic pressure. The 
diastolic blood pressure values correlated in a simi
lar way. On the average, black children had lower 
correlation coefficients than white children. 

Londe found in apparently healthy children a sig
nificantly higher incidence of obesity in hyperten
sive children than in the control groups.61 Contrary 
to findings in white children, Boyle was unable to 
find a correlation between excess weight and hyper
tension in black children.16 In 15- to 19-year-old high 
school students, 9.3 % showed positive correlation of 
hypertension with excess weight, with hypertension 
occurring more frequently in blacks.27 Court and co
workers examined 209 obese children (87 boys and 
122 girls) and found a good correlation between ex
cess weight, skin-fold thickness, and blood pres
sure.22 Figure 3 shows the relationship between fat, 
as a calculated percentage of body weight, and sys
tolic and diastolic blood pressure. A correlation be-
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tween the degree of overweight and sex, age, ordu
ration of obesity could not be found. Numerous 
other investigators arrived at similar results, finding 
a close association between body weight and blood 
pressure.49,52,58 

Correlation between Body Weight and 
Blood Pressure in Adults 

-'--_.-_.-_.-_.-_,-_...-_ % Body weight 

Clinical and epidemiologic investigations and stud
ies of the relation between body weight and blood 
pressure from different continents are summarized 
in Table 1. Most of the authors found a close corre
lation between blood pressure and body weight, i.e., 
between hypertension and obesity. In light of the 
Framingham Study, Kannel and co-workers were 
also able to demonstrate the existence of a direct 
correlation between overweight and incidence of hy
pertension (Fig. 4).53 The risk of developing hyper
tension was reported at 320 % (normal, 100 % ) in the 
presence of excess weight above 20%. In the same 

10 20 30 40 50 60 as fat 

Figure 3. Correlation between fat percentage of body 
weight and blood pressure. From Court JM et ai., ref 23 

Table 1. Correlations between Body Weight and Blood Pressure 

Author 

Master and Oppenheimer, 
192966 

Hartmann and Christ, 
192942 

Robinson et ai., 193996 

Levy et ai., 194659 

Boynton and Todd, 194817 

Bjerkedahl, 195714 

Country 

USA 
(New York) 

USA 

USA 

USA 

USA 

Norway 

Study Population 

91 obese women and 8 obese 
men 

1083 women over 15 years and 
959 men (patients of the 
Mayo Clinic) 

7478 men, 3405 women 

22,741 members of the Armed 
Forces 

75,058 students of the 
University of Minnesota, 
43,800 men, 31,258 women 

14,784 persons, 11,063 men, 
3721 women 

Findings 

Hypertension in 67 % of the cases, 
The greater the overweight, the 
higher the blood pressure, 
Dependence of blood pressure 
on age and duration of obesity 
also found, 

Good correlation between 
increase in weight and systolic 
blood pressure in men and 
women as well as between 
weight and diastolic blood 
pressure in women, 

Clear rise of blood pressure with 
overweight, Hypertension 6 
times more frequent in obese 
women, 1-2 times more 
frequent in obese men, 

Probability of developing 
hypertension increased in 
overweight individuals, 

Clear correlation between systolic 
and diastolic rise of blood 
pressure and body weight in all 
age groups, 

Increase of systolic and diastolic 
blood pressure with body 
weight, 

(Continued) 
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Table 1. Correlations between Body Weight and Blood Pressure (Continued) 

Author 

Boe et al., 195715 

Master and Lasser, 195867 

Whyte, 1959115 

Build and Blood Pressure 
Study, 1959100a 

Nutrition Survey of the 
Armed Forces, 196079 

PRanz, 196186 

PRanz, 196485 

Stamler et aI., 1961102 

Alexander et al., 19623 

Epstein et al., 196534 

Tibblin, 1967108 

Kannel et al., 196753 

Country 

Norway 
(Bergen) 

USA 

Australia 
(Sydney) 

USA 

USA 
(Philippines) 

FRG (GieJ3en) 

FRG 
(Hannover) 

USA (Chicago) 

USA (Texas) 

USA (Tecumseh, 
Michigan) 

Sweden 

USA 

Study Population 

22,718 men and 40,258 women 

5612 healthy persons over 65 
years. 2922 men, 2690 
women 

100 men, 20-40 years old 

4.9 million members of a life 
insurance company 

1333 members of the Armed 
Forces (20-49 years old) 

9456 patients of an outpatient 
department 

594 men, 834 women 

1329 factory workers 40-49 
years of age 

50 patients, extremely obese 

8641 men and women between 
20 and 79 years 

855 men with hypertension 
(50 years) 

5127 men and women (30-62 
years) (Framingham Study) 

Findings 

Weak correlation between 
overweight and hypertension: 3 
mm Hg systolic and 2 mm Hg 
diastolic rise of blood pressure 
per 10 kg increase of body 
weight. 

In both sexes, increase of blood 
pressure with increase of 
weight. No correlation of blood 
pressure with absolute body 
weight, but clear correlation 
with relative weight. 

Positive correlation between 
blood pressure and body weight 
as well as body fat. 

Increased mortality in overweight 
and hypertension. 

Significant positive correlation 
between blood pressure and 
overweight. 

Hypertension in 18.9% of all 
subjects, on the average clearly 
higher blood pressure values in 
obesity (Fig. 6). 

Two-thirds of study population 
were overweight; obese men 
and women had 3 times higher 
incidence of hypertension than 
normal-weight persons. 

Hypertension rate doubled in 
obese persons. 

Hypertension in 58 %, but no 
correlation between blood 
pressure level and degree of 
overweight. 

Significant correlation between 
blood pressure, body weight, 
and skin-fold thickness. 

Good correlation of blood 
pressure and overweight. In 
obese hypertensive patients, 
left cardiac hypertrophy 3 
times more frequent than in 
normal-weight hypertensives. 

Good correlation of blood 
pressure with weight in all age 
groups. Higher hypertension 
rate in obese men and women 
than in normal-weight persons. 
Risk of developing 
hypertension increases with 
body weight. 

(Continued) 
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Author 

McDonough et aI., 196768 

Aleksandrow,19671 

Chiang et aI., 196721 

Patzold, 196983, 197282 

Harty and Beaven, 197243 

Keys et aI., 197254 

Huneke et aI., 197250 

Tran et aI., 1973109 

Tsomondo, 1973110 

Escher et al., 197430 

Country 

USA (Evans 
County) 

Poland 

Taiwan 

FRG (Norden) 

New Zealand 

USA, Northern 
and Southern 
Europe 

GDR (Leipzig) 

France 

Rhodesia 
(Salisbury) 

Switzerland 
(Eastern) 

Study Population 

3102 persons (15-74 years) 

10% of adult population 

1822 men (40-59 years) 

2461 patients 

61 obese women 

USA: 2442 railway employees; 
Finland and Netherlands: 
2439 men; Italy, Greece, 
and Yugoslavia: 6519 men 

1000 obese patients 

8660 men (20-55 years old) 

283 white men 

1400 factory workers 
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Findings 

Hypertension more frequent in 
blacks than in whites. Higher 
body weight and higher blood 
pressure values in black 
women, not in men. 

Clear rise of blood pressure with 
increased weight, more 
frequent occurrence of 
hypertension in obesity. 

Significantly thicker skin folds in 
hypertension. On the average, 5 
kg more weight in 
hypertensives than in patients 
with normal blood pressure. 

Hypertension in 50% of the obese 
patients; clear correlation 
between hypertension and 
Ponderal index. 

Significant increase of 
hypertension with rising body 
weight (p < 0.0005). 

Significant correlation between 
blood pressure and relative 
weight and fat mass. Frequent 
occurrence of CHD with 
overweight and obesity in USA 
and Northern Europe, not in 
Southern Europe. 

Of 1000 essentially obese 
patients, 524 had coronary 
insufficiency and 173 had 
hypertension. In obese 
hypertensive patients the 
incidence of coronary 
insufficiency was 71.1 %. 

Close correlation between blood 
pressure and body weight, 
build index, subscapular skin
fold thickness and lipoid mass. 

Significant (p < 0.01) correlation 
between blood pressure and 
obesity. Rise of systolic and 
diastolic blood pressure by 0.3 
mm Hg per 1 kg excess body 
weight. 

Incidence of hypertension: 16%, 
incidence of overweight: 20 % , 
significant positive correlation 
between increase of blood 
pressure and overweight. 

(Continued) 
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Table 1. Correlations between Body Weight and Blood Pressure (Continued) 

Author 

Tanaka et aI., 1974107 

Seedat, 197499 

Lovell, 1974628 

Rimm et aI., 197595 

Johnson et aI., 197552 

Hohlweg-Majert et aI., 
197548 

Morton and Knudsen, 
197574 

Weinsier et aI., 1976114 

Berglund et aI., 197611 

Glocker et aI., 197738 

Country 

Japan 

South Africa 

Australia 
(Melbourne) 

USA 

USA 

FRG 
(Mannheim) 

USA (Oregon) 

USA (Texas) 

Sweden 
(Gtiteborg) 

FRG (Ulm) 

Study Population 

Case control in two different 
populations (5829 and 5440 
persons) 

500 Africans and 500 Indians 
(male and female) 

866 persons, 25 % of Italian 
descent 

73,532 women (Tops 
members) 

546 young persons (black and 
white) 15-29 years old, case 
control over a maximum of 
9 years 

4749 pregnant women 

15,887 young men (age 16-30 
years) 

1483 members of the US Air 
Force, males 

106 men with hypertension 
(age 47-54 years) 

357 patients after stroke 

Findings 

Incidence of cerebrovascular 
insults significantly increased 
in hypertension (systolic and 
diastolic). Not increased in 
overweight and hyperlipemia. 

Overweight in 34 % of the 
Africans and 24 % of the 
Indians, more frequently in 
women. Hypertension in 7 % of 
the Africans and 5 % of the 
Indians. Hypertension and 
obesity more frequent in 
women than in men. 

Untreated patients (men and 
women) showed significant 
correlation between systolic 
and diastolic blood pressure 
values and overweight, 
independent of their descent. 

Close correlation between 
overweight and blood pressure, 
even in 20-30-year-olds. 

Clear correlation between weight 
and blood pressure at the first 
and second date of 
examination, weak correlation 
in black men and young white 
women. 

Obese women had 5 times higher 
incidence of hypertension than 
normal-weight women. The 
higher the weight, the more 
frequent the complications of 
pregnancy. 

Clear correlation between 
hypertension (in 3.8% of total 
study population) and 
overweight. 

Weak positive correlation 
between blood pressure and 
total body fat mass. 

Higher incidence of overweight in 
hypertensive patients than in 
the control group. 

Hypertension and overweight 3 
times more frequent than in 
healthy control group. 
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Figure 4. Correlation between overweight and hypertension in the Framingham study. 0 Under 85, m 85-99, EJ 
100-114,. over 114. From Kannel WB et aI., ref 53 

way, Levy and co-workers were able to establish, in 
a study of 22,741 members of the American Armed 
Forces, a greater probability for the development of 
hypertension in previously overweight persons. 59 

The correlation coefficients of systolic blood pres
sure and overweight are 0.3 in both men and 
women.53 In their Tecumseh Study in Michigan, Ep
stein and co-workers found the highest correlation 
coefficients between systolic blood pressure and rel
ative body weight: 0.33 for the 30-39 age group.34 
The lowest correlation coefficients were found be
tween 60 and 79 years of age. Similar relations were 
found for diastolic blood pressure. Tsomondo de
scribed a significant (p < 0.01) correlation between 
blood pressure and overweight, as well as a mean in
crease in systolic and diastolic pressure of 0.3 mm 
Hg per kg of body weight gain.110 A larger study in 
67,976 adults by Boe in Norway placed the increase 
in blood pressure at 3 mm Hg systolic and 2 mm Hg 
diastolic per 10 kg of weight gain.15 Master demon-
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strated a clear correlation between excess weight 
and blood pressure on the one hand, and hyperten
sion and duration of obesity on the other hand.66 

Tran described a positive correlation between 
blood pressure and body weight, build index, sub
scapular skin-fold thickness, and lipoid mass (Fig. 
5).109 A positive correlation between hypertension 
and Ponderal index** was found by Patzold.82.83 

Epstein34 and Chiang21 were likewise able to estab
lish significant correlations for blood pressure, ex
cess weight, and skin-fold thickness. Numerous in
vestigators have found a tendency for rising blood 
pressure with increasing age.66•86•115 Figure 6 shows 
this correlation for obese and normal-weight per
sons. The relation between blood pressure and body 
weight appears to be clearer in women than in 

{/body weight (kg) 
**Ponderal index (PI) = ---::---::----:--:--:-----:--:

body height (em) 

30 

Figure 5. Variation of systolic 
blood pressure as a function of body 
fat mass. -- Less than 30 years, 
. -' -' 30-39 years, ---- 40-49 years, 
.... more than 50 years. From Tran 
MG et aI., ref 109 
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men.34•96 Palmai described a positive correlation be
tween change in skin-fold thickness and change in 
blood pressure.so Johnson reported a weak correla
tion between blood pressure and body weight for 
young white women and black men.52 McDonough 
found no relation between body weight and blood 
pressure in black males.6B Alexander could not find 
a positive correlation between the two parameters, 
blood pressure and body weight, in obese patients.3 

Increased morbidity and mortality rates have 
been reported where obesity and hypertension co
incide.53.too• Tibblin found left cardiac hypertrophy 
three times more frequently in obese than in nor
mal-weight hypertensives. lOB In a study of 4749 preg
nant women, Hohlweg-Majert reported hyperten
sion five times more frequently in obese than in 
normal-weight women.48 Complications of preg
nancy were more frequent as body weight increased. 

Hypertension has been confirmed as a risk factor 
for cerebrovascular accident.38.t07 Tanaka could not 
confirm that overweight in itself increases the risk 
of cerebrovascular accident. t07 Huneke50 and Keys54 
reported an increased incidence of coronary diseases 
in obesity and hypertension for Middle and North
ern Europe, as well as in the USA, but not for South
ern Europe. Thus, obese and hypertensive patients 
are at considerably greater risk for coronary heart 
disease and cerebrovascular accident than persons 
with obesity or hypertension alone. 

Positive correlations between body weight and 
blood pressure as well as increased mortality and 
morbidity in the presence of obesity and hyperten
sion have been corroborated by the overwhelming 
majority of investigations. Further studies are 
nevertheless needed to clarify the interplay between 

hypertension and overweight with respect to cause 
and effect. 

Blood Pressure and Weight Reduction 

As early as 1918, Benedict reported a lowering of 
blood pressure in 25 men under a regimen of caloric 
reduction.9 In 1928 Baumann found a significant fall 
of blood pressure in most of 183 obese patients with 
a reducing diet and salt restriction.8 Evans discov
ered hypertension in 61 of 100 obese patients, and 
75% of those found to be hypertensive reacted to 
weight loss with a distinct fall of blood pressure.36 
No effect of weight reduction could be detected in 
patients with severe hypertension. 

Dahl made a study of overweight patients with 
hypertension.26 Caloric reduction (to 600-800 call 
day) and salt restriction induced a fall of blood pres
sure more frequently than caloric reduction alone. 
Salt restriction alone, however, led to a fall of blood 
pressure in all patients. The correlation between salt 
intake and blood pressure had already been pointed 
out by Dahl in earlier studies.24.25 

Salzano reported a significant reduction of sys
tolic blood pressure in 81 % and of diastolic blood 
pressure in 65% of obese subjects.98 Further inves
tigations on the interrelationship between blood 
pressure and weight reduction have been compiled 
by Chiang.20 

The Evans County Study achieved greater lower
ing of blood pressure in a group of 63 obese and hy
pertensive patients under dietary treatment (700 
kcallday) and salt restriction (about 1 g/day) than 
in a control group of 64 hypertensive patients.46.47.69 
Both groups received antihypertensive medication. 
The systolic pressure fell 18 mm Hg in the dietary 
treatment group and 12 mm Hg in the control group. 
The average lowering of diastolic blood pressure was 
13 mm Hg with a diet, 8 mm Hg without a diet. 
Miall and co-workers found in younger adults a bet
ter correlation than in older people between body 
weight and blood pressure, as well as between 
weight change and blood pressure.71 Bartels and as
sociates conducted a comparative study with a low
calorie mixed diet, a low-calorie formula diet, and 
total fasting.6 In all three regimens a distinct fall in 
blood pressure could be detected along with the 
weight loss, although the fall in blood pressure was 
statistically significant only in the group with the 
reducing diet. In a comparative study by Reisin and 
co-workers a significant lowering of blood pressure 
was also achieved by a significant weight reduction 
without restriction of salt intake.92 The reported 



therapeutic effect was equal for young and old pa
tients of both sexes, for all degrees of hypertension, 
and for both moderate and extreme obesity. 

Our Results 

In our study of 189 overweight patients (108 men; 81 
women; average age 35 years; average weight 176 % , 
where 100% = ideal weight according to Metropol
itan Life Insurance Company), we found hyperten
sion in 50.9% in accordance with WHO criteria. Of 
the obese patients, 27.2% were found to have bor
derline hypertension, while 21.9% were normoten
sive. We consider these results to be of particular 
importance, as most of the patients were young 
adults ranging in age from 15 to 35. Calculating the 
partial correlation (age factor eliminated) between 
systolic blood pressure and percentage overweight 
(Fig. 7), we found significant relationships (r = + 
0.372, p < 0.01) in 73 obese males. In 96 women 
(Fig. 8) we also found significant correlations (p < 
0.001), with a correlation coefficient of 0.451. The re
lations between diastolic blood pressure and over
weight are also shown in Figures 7 and 8. With cor
relation coefficients (partial correlation) of +0.414 
for men and +0.472 for women, the results were also 
statistically significant (p < 0.001). 

The results for diastolic blood pressure and age, 
excluding weight (partial correlation), were not sig
nificant. Among 73 males, the correlation coefficient 
was +0.106; among 96 females, +0.123. However, 
the correlations between systolic blood pressure and 
age among males were significant (r = 0.231) with 
a 5 % probability of error; for females the correlation 
coefficient was 0.301 with an error probability of 
1%. 

Discussion 

The correlation between overweight and hyperten
sion is well_documented.15.34.49.52.53.58.59.61.66.80.82.83.96.105.109 
Most investigators have found higher morbidity and 
mortality rates when obesity and hypertension are 
combined than when obesity or hypertension occurs 
alone.48.50.53.54.100a.108 

Elevated blood pressure readings in the obese are 
frequently attributed to errors of measurement due 
to increased fat mass in the upper arm, and are thus 
regarded as artifactuaP4.60.88.90 Most investigators, 
however, find no direct correlation between degree 
and direction of the error In indirect 
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blood pressure measurement and upper-arm 
circumference.2.4.10.14.37<.53.56.60.78.88.90.91 Numerous direct 
intra-arterial measurements of blood pressure con
firm the positive correlation between overweight 
and high blood pressure. Comparisons between di
rect and indirect blood pressure readings in normal 
and overweight subjects show the error in measure
ment to be within acceptable limits. The interna
tional recommendations for the indirect measure
ment of blood pressure should be followed, 
especially in extreme obesity.30·37a.1ooa 

Caloric reduction with weight loss results in a low
ering or normalization of blood pressure in almost 
all cases of essential hypertension with essential 
obesityB·9.21.31.32.36.45.46.71.92.98.112 (Fig. 9). Alexander and 
co-workers found an increase of stroke volume and 
cardiac output with normal peripheral resistance in 
obese hypertensives;4.19 they considered the enlarged 
vascular system with increased blood and plasma 
volumes to be the cause. Oxygen consumption and 
cardiac diameter increase with excess weight. Alex
ander described the opposite after weight loss: Sta
tistically significant drops in oxygen consumption, 
blood volume, cardiac output, and arteriovenous ox
ygen differences were observed in nine extremely 
obese patients after drastic weight loss (39-84 kg).5 
Blood pressure values dropped as well, while the pe
ripheral vascular resistance remained unchanged. It 
can thus be seen that hemodynamic factors play an 
important role in the genesis of hypertension in 
overweight individuals and in the lowering of blood 
pressure with weight loss. Dahl and Love24•25 and 
Isaacson51 found a direct connection between high 
salt intake and the incidence of hypertension. Sim
ply by reducing the salt intake, elevated blood pres
sure values could be 10wered.26 Medicinal therapy 
and salt restriction lead to better results in the long
term treatment of hypertension than does treatment 
with tablets alone.46 

Pathogenically, hypertension from high salt in
take or delayed salt excretion, e. g., sodium retention 
due to hyperinsulinemia, is attributed to an increase 
in the extracellular volume, which in turn causes a 
rise of cardiac output due to the expanded plasma 
volume. The total peripheral resistance remains un
changed initially. "Cardiac output" hypertension 
progresses to "resistance" hypertension only when 
peripheral autoregulatory mechanisms produce va
soconstriction in an attempt to counter the elevated 
perfusion pressure and increased blood flow. 

Simple obesity and essential hypertension often 
go hand-in-hand. Both obesity and hypertension are 
amenable to dietetic therapy through caloric reduc
tion and sodium restriction. More aggressive public 
education and the promotion of good general health 
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measures could significantly reduce the prevalence 
of obesity and hypertension, and thereby lower the 
high morbidity and mortality rates. 
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Hypertension and Arteriosclero.s 5 
G. Schettler, H. U. Comberg 

Pathogenesis 

According to Doerr,I°-12 arteriosclerosis develops 
only when suitable conditions exist. These are de
fined first by a vascular wall factor; second, by a so
called general factor, meaning the hemodynamic 
and humoral load on the vascular wall; and third, by 
a barrier factor. The latter is responsible for plasma 
infiltration and leads to further transformation of 
the vascular wall. Doerr is of the opinion that fat ac
cumulation in the plasma, as in nutrition atheroma, 
leads in humans to the so-called storage xanthoma
tosis, but not to atherosclerosis. Furthermore, ac
cording to Doerr, a simple elevation of blood pres
sure without any general metabolic disorder does 
not cause arteriosclerosis. A slight relaxation of the 
internal stability of the arteries would have to be 
present. More intense forms of sclerosis ensue only 
if several factors coexist. 

There is no doubt that arteriosclerotic changes of 
the vascular wall are greatly accelerated and inten
sified by hypertension. There is a hardening of 
structures, especially in the media, even in the ab
sence of accompanying hyperlipemia. But even nor
mal concentrations of blood lipids are sufficient for 
additional fats to infiltrate the vascular wall. The 
changes grow more pronounced with advancing hy
pertension. Thus, the filtration pressure shares to a 
large extent the responsibility for the so-called com
bined lesions of arteriosclerosis. This is also indi
cated by the existence of specific sites of predilec
tion. Thus, we know that lipid deposits, especially 
low-density-lipoprotein (LDL) infiltration, are pro
nounced in the area of the mitral and aortic valves, 
which must withstand a higher arterial pressure, 
while the tricuspid and pulmonary valves, which are 

subjected to venous pressure conditions, show no 
lipid deposits. 54 Atherosclerosis of the pulmonary 
arteries develops only in the presence of pulmonary 
hypertension.27 

If we view the processes individually, we can re
duce the complex pathogenesis to a primary distur
bance of the interfacial conditions between the 
plasma and vascular wall. Certain plasmatic disor
ders, such as homocysteinemia, hypercholesterol
emia, and particularly LDL hyperiipoproteinemia, 
damage and detach arterial endothelial cells. Evi
dently the platelets are of particular importance 
here. According to Ross et al.,40 the platelets produce 
a hormone-like factor which, when released, stimu
lates the proliferation of vascular smooth-muscle 
cells. 

Endothelial cells of different origins appear to 
have different properties.4 An essential property of 
vascular endothelial cells is their ability to produce 
substances that stabilize the inner surface of the 
vessels, such as plasminogen activator, prostaglan
din, and heparin. Endothelial cells also possess re
ceptors for vasoactive substances such as angioten
sin II, for other hormones and neurotransmitters, 
for lipoproteins and other blood components. The 
selective transport and metabolism of substances 
can be demonstrated experimentally as well as in 
tissue culture. It has also been shown that high-den
sity lipoproteins (HDL; alpha-lipoproteins) and 
low-density lipoproteins (LDL; beta-lipoproteins) 
are taken up competitively, and that the endothelial 
cell can bind, transport, and metabolize large quan
tities of lipoproteins. In the human endothelium, 
about 10-11 g of LDL are metabolized. Alllipopro
teins present in the blood are catabolized in this 
way. It is clear that disturbances of this endothelial 



function must induce changes in the plasma com
ponents. As regeneration of normal endothelium is 
very slow, initial and progressing lesions may have 
serious consequences through a persistent possibil
ity of damage. Vascular ramifications are particu
larly susceptible, as endothelial ablations can appar
ently be caused there by incoming pressure waves. 
In cases of massive desquamation, endothelial cells 
can be found circulating in the blood. 

Defects in the endothelial cell layer are sealed 
within a very short time, in seconds to minutes, by 
thrombocytes. The platelets adhere to the suben
dothelial connective tissue and then spread 
out,4,35-37 triggering complicated chemical processes 
such as the release of adenosine diphosphate, sero
tonin, prostaglandin, endoperoxide, thromboxane, 
and other enzymes. These substances cause the ad
herence of more blood platelets, making possible the 
formation of mural thrombi. It is likely that the sub
stances mentioned above also exert an effect on the 
vascular wall itself or the interior of the vessel. 
Smooth-muscle cells in the subintima and media 
contract, and their growth is stimulated. Haust et 
al.,25,26 Wissler,55 and others have dealt with the 
pathogenetic significance of these smooth-muscle 
cells. A sequence of events is involved in these com
bined, complex lesions. Local proliferation of cells, 
new formation of interstitial substance and fibers, 
storage of plasma components (especially lipopro
teins), cellular decay, hemorrhages, and intramural 
thromboses form the substrate for the developed 
atherosclerotic lesion. The focal changes typically 
seen in humans are probably determined not just by 
plasma conditions but primarily by hemodynamic 
factors. The initially significant intramural fibrin re
lease and clot formation, postulated repeatedly 
since Rokitansky38,39 and corroborated by many 
studies,4,13.15,35.37 are also initiated and accelerated by 
local elevations in pressure. Time and again we see 
that the causal sequence for the genesis of athero
sclerosis is determined on the one hand by plasmatic 
factors and on the other by mural factors. 

Tissue cultures of smooth-muscle cells have 
proved important as models. Ross et al.40 demon
strated that cultures of such cells survive in serum 
obtained from plasma, but do not proliferate. Only 
when plasma was made to coagulate in the presence 
of washed platelets did the platelet-plasma serum 
prove to be as growth-stimulating as serum ex
tracted from whole blood. The process of character
izing this proliferation-stimulating substance is still 
going on. It is presumed to be a strongly alkaline, 
heat-resistant glycoprotein with a molecular weight 
of about 13,000 daltons. Insulin works in a way sim
ilar to this factor. It is noteworthy that the diabetic 
patient with hypertension and hyperlipoprotein-
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emia is at particular risk for developing arterioscle
rosis. The specific role played here by insulin has not 
yet been determined. The pattern of insulin distri
bution, in particular, must still be investigated. Tis
sue cultures may again be of help in this regard. 

The proliferation of smooth-muscle cells may in
duce a healing process in defective endothelial areas; 
on the other hand, a further transformation of 
smooth-muscle cells may take place, resulting in the 
development of xanthoma cells with newly formed 
elastin and collagen. Today this is regarded as a nec
essary step in the formation of a fibrous plaque. If 
local nutritional disturbances cause the plaque to 
soften, thrombi form in these ulcerated areas. They 
may be located on the intima or intramurally. The 
presence of free fatty acids promotes calcium salt 
deposition, and then the actual process of vascular 
"calcification" begins. All the processes mentioned 
above lead to the so-called combined or complicated 
lesion of arteriosclerosis, which is irreversible and 
results in extensive loss of arterial function. Thus, 
narrowing of the lumen, loss of elasticity, and hard
ening also determine the clinical process of arterio
sclerosis. Apparently the fibrous plaque is a precur
sor of the complicated lesion, whereas this cannot be 
assumed for the very first lesion, the so-called fatty 
streaks, which generally are reversible. If an inju
rious stimulus persists, such as long-term hyperlipo
proteinemia, the fatty streaks may undergo further 
alterations. 

All this means that the simple lipoid theory of 
human arteriosclerosis as advanced by Anitschkow2,3 
and other authors must be modified. There is no 
doubt, however, that changes in plasma lipoproteins 
are extremely important in the initial phase as well 
as in the development of combined lesions. Now, it 
has been observed that some forms of hyperlipemia 
scarcely aggravate atherosclerosis in humans, while 
other very aggressive lipoprotein complexes can 
have devastating consequences even in adolescents 
and middle-aged persons. It is now known that these 
differences are not due to the total concentration of 
individual plasma lipids such as triglycerides and 
cholesterol, but that the protein-containing lipid 
complexes can exert very different effects. Genetic 
and biochemical studies have helped in understand
ing the causal interrelationships. 

On the basis of investigations in the 1930's by 
Macheboeuf,34 Bennhold,5 and others, Gofman et 
alY-19 have found an atherogenic effect in certain 
cholesterol-containing plasma lipoproteins. They 
isolated these substances by ultracentrifuge and 
found certain pathogenic complexes that can also be 
demonstrated in humans. According to Bennhold,5 
protein bodies may be the transfer vehicles, and cer
tain apoprotein classes have now been isolated. In 
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1953 we were able to demonstrate with refined tech
niques and combined procedures that certain forms 
of hypercholesterolemia, either inherited or ac
quired, have a lasting influence on the atheroscle
rotic process. Some forms of familial hypercho
lesterolemia, hypothyroidism, certain nephrotic 
syndromes, diabetic hyperlipoproteinemias, and 
paraproteinemias were found to be particularly ag
gressive.41 - 44 

Great progress has been made in recent years in 
the classification of pathogenic hyperlipoproteine
mias.23 Lipoprotein electrophoresis in agarosis has 
made it possible to separate different lipoprotein 
classes. Using the analytic ultracentrifuge, Seidel45 

identified distinct concentration minima in the den
sity ranges d = 1.006 and d = 1.063 g/ml. This led 
to the fractionation of plasma proteins into three 
main density classes: the very-low density lipopro
teins (VLDL, d < 1.006 g/ml), the low-density li
poproteins (LDL, d = 1.006-1.063 g/ml), and the 
high-density lipoproteins (HDL, d = 1.063-1.21 g/ 
ml). Later, this spectrum was subdivided further. 
The density range 0.90-1006 was subdivided into 
chylomicrons and true VLDL (boundary density, d 
= 0.95 g/ml); the LDL fraction was subdivided into 
LDL-1 and LDL-2 at d = 1.019 g/ml, and the HDL 
fraction into the subclasses HDL-2 and HDL-3 at d 
= 1.125 g/ml. Electron microscopy shows all lipo
protein fractions as round particles varying greatly 
in size from 10,000 A (chylomicrons) to 75 A (HDL). 
Although all lipoprotein fractions contain the three 
main lipid classes (phospholipids, triglycerides, and 
cholesterol), they differ markedly in their relative 
lipid composition as well as in their protein/lipid ra
tios, which may range between 1:99 (chylomicrons) 
and 50:50 (HDL). Of greater importance than these 
differences, however, is their apoprotein composi
tion, which is of major biological significance as will 
be shown later. 

So far, three main families have been differen
tiated on the basis of apoprotein identification. 
These can be divided into subgroups further: 

1. Lipoprotein A (LP-A), found mainly in the HDL 
fraction and a-lipoprotein band 

2. Lipoprotein B (LP-B), the main component of 
the LDL class with (3 mobility 

3. Lipoprotein C (LP-C), probably found as a 
"pure" family only in the HDL fraction 

Apoproteins D and E can be found throughout the 
density range, i.e., in the VLDL, LDL, and HDL 
fractions. In terms of their apoprotein composition, 
the VLDL and chylomicrons represent heteroge
neous macrocomplexes with molecular weights up to 
several million daltons. Undoubtedly one of the 

most notable achievements of lipoprotein research 
in recent years has been the success in isolating 
these apoproteins in their pure form by a combina
tion of laborious physicochemical processes, making 
them accessible to further biochemical and physi-
0chemical analysis. We now know the amino acid 
composition and carboyhydrates for all apoproteins 
(Apo-A I, Apo-A II, Apo-B, Apo-C I, Apo-C II, Apo
C III, Apo-D, and Apo-E) and the primary structure 
for some of them. These apoproteins range from 7 to 
30,000 daltons in molecular weight. 

Goldstein and Brown21 were able to demonstrate 
in fibroblast cultures that cellular cholesterol syn
thesis is regulated under normal conditions by so
called receptors. Apo-B-containing lipoproteins, 
primarily LDL and VLDL, are bound to a specific 
receptor by their protein component and are incor
porated into the cell in the form of endocytotic ves
icles. Lysosomal enzymes break down the apopro
tein component into amino acids that are released 
within the cells. Cholesterol esters released from li
poproteins are split, enabling the free cholesterol to 
reach the microsomes where it inhibits the cellular 
synthesis of cholesterol. The free cholesterol acti
vates an acetyl-CoA cholesteryl-acyltransferase, so 
that it can be esterified and stored in the cell. Pros
taglandin E2 inhibits the intracellular esterification 
of cholesterol. The activity of the Apo-B receptor is 
self-regulated by a feedback mechanism: more Apo
B receptor is formed at the cell surface upon deple
tion of cellular cholesterol and, conversely, choles
terol enrichment leads to a decrease of receptors; in 
this way the cell protects itself against being flooded 
with plasma cholesterol. These feedback mecha
nisms are also influenced by hypertension, as has 
been shown both experimentally and in tissue cul
tures under pressure. Carbon monoxide affects these 
control mechanisms as well, especially at the most 
important production site of the vascular wall, the 
smooth-muscle cell. It accelerates the binding and 
uptake of LDL and at the same time inhibits its in
tracellular breakdown. These changes deserve par
ticular attention with regard to the arteriosclerosis
promoting role of cigarette smoking. 

Goldstein et aI,22 have done studies on type-II fa
milial hyperlipoproteinemia. In heterozygotes, the 
number of LDL receptors is reduced by one-half; in 
homozygotes, they are completely absent. This ex
plains why such persons are so severely threatened 
by early arteriosclerosis, which is often fatal even in 
childhood. A rise of blood pressure is not necessary 
in such states, but it increases the risk, especially in 
heterozygous hypercholesterolemias. In this heredi
tary form of hypercholesterolemia, the patients ap
parently lack the gene necessary for Apo-B receptor 
synthesis. In view of the doubtlessly genetically de-



termined hypertension, these perhaps double famil
ial afflictions are of great importance in understand
ing the pathogenesis not only of atherosclerosis in 
general but also of specific cases. The apparent pro
tective effect of high HDL classes in the arterioscle
rotic process remains to. be clarified. The HDL 
classes are not only genetically determined but may 
also be influenced physically. Distinctly high HDL 
classes are found in the plasma of athletes under 
constant physical training, such as long-distance 
runners. Apparently there are direct correlations be
tween the onset and extent of arteriosclerosis on the 
one hand, and the concentration of HDL classes on 
the other. The higher the HDL class (which inciden
tally is also high in the arteriosclerosis-protected 
normally menstruating woman), the less danger of 
arteriosclerosis for the patient. Remarkably, addi
tional pressure rises do not cause increased suscep
tibility in such cases. The protective role of these li
poprotein classes needs further detailed clar
ification. It is noteworthy that the resistance to ar
teriosclerosis observed decades ago by Russian au
thors in patients with cirrhosis of the liver or chronic 
hepatic disease has again become of topical interest, 
as these patients manifest high HDL classes. 

In summary, it may be concluded that the com
ponents of the pathogenetic risk triad of hyperten
sion, hyperlipoproteinemia, and heavy cigarette 
smoking influence one another to a significant de
gree. Thus, the disproportionate increase in risk in 
the presence of these three factors is relevant from 
a biochemical, pathologicoanatomical as well as a 
clinical point of view. As a result, a change in any 
one of these risk factors, but particularly in all three, 
must be of protective significance in the arterioscle
rotic process. Second-order risk factors such as dia
betes mellitus, lack of exercise, and psychic and so
cioeconomic stress may also exert effects through 
the same mechanisms. It follows from these discus
sions that hypertension performs a key function 
through its increase of the filtration pressure. All 
prophylactic and therapeutic measures must be 
based on these interrelations. They will be discussed 
in the chapters that follow, after a review of epide
miologic results. 

Prognostic Aspects of Hypertension 

Hypertension is one of the most important risk fac
tors in the development of arteriosclerosis. Cardio
vascular diseases are responsible for nearly half 
(47%) of all mortalities, about two-thirds of which 
(25%) are caused by coronary artery sclerosis, and 
of the remaining third (15 %) by cerebral artery scle-
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Table 1. Gradation of Risk Factors 

For myocardial infarction 
1. Hypercholesterolemia 
2. Inhalation of cigarette smoke 
3. Hypertension 
4. Hyperglycemia/diabetes mellitus 
5. Hyperuricemia/gout 
6. Obesity (indirect) 

For stroke 
1. Hypertension 
2. Ischemic heart disease 
3. Diabetes mellitus 
4. Obesity 

From Heyden S, ref 28. 

rosis. According to Heyden,28 hypertension ranks 
third among the risk factors for myocardial infarc
tion and first for stroke (Table 1). 

Before examining in detail the correlation be
tween hypertension and cerebral apoplexy on one 
hand and myocardial infarction on the other, let us 
review some figures on the overall prognosis of the 
hypertensive patient. 

The data available on the spontaneous course of 
hypertension are limited, particularly for severe 
forms of the disease, as it would be irresponsible to 
deprive these patients of necessary treatment sim
ply to study the untreated course of the disease. 
Therefore, one must resort to earlier observations 
made at a time when effective antihypertensive 
drugs were not yet available or were still undergoing 
clinical testing. Leishman33 did a very detailed anal
ysis by following over a period of 5 years the fate of 
124 untreated hypertensive individuals with dia
stolic blood pressures above 120 mm Hg. Figure 1 
shows clearly that survival rates decrease with in
creasing blood pressure. Whereas all male patients 
with malignant hypertension died within 1 year, the 
survival rate for the same period was over 40 % for 
men with diastolic blood pressure values of 120-129 
mm Hg. Women seem to have better tolerance for 
high blood pressure; their survival rates were higher 
than the men's in all blood pressure groups. 

A study of causes of death yielded the following 
picture:33 In male hypertensives with diastolic pres
sures above 149 mm Hg, death results mainly from 
cerebral complications, usually in the form of a mas
sive hemorrhage occurring within the first year. Pa
tients with diastolic blood pressure between 130 and 
149 mm Hg die mainly from renal failure, usually 
within 3 years. In the group characterized by dia
stolic blood pressure readings between 120 and 129 
mm Hg, the cerebral complication is again the prin
cipal cause of death, occurring exclusively in the 
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Figure 1. Survival rates of hypertensive patients (A, male; B female) as a function of diastolic blood pressure. From 
Leishman A W, ref 33 

later course (3 to 5 years or more); it is usually the 
result of softening secondary to cerebral infarction. 

In women, the highest mortality is from cerebral 
complications in all hypertensive groups. Thus, the 
hypertensive patient with diastolic blood pressure 
over 150 mm Hg succumbs to massive cerebral hem
orrhage even before renal failure or a stenosing cor
onary artery sclerosis has had a chance to develop.9 

Since the introduction of effective antihyperten
sive drugs, and with their consistent use, cases of se
vere hypertension are becoming less frequent, and 
medical attention has shifted increasingly to the 
large group of mild to moderate hypertension cases. 
Representative values for these groups were com
piled in the Build and Blood Pressure Study8 re
leased in 1959 by 26 American and Canadian insur
ance companies and based on data of 3,900,000 
living and 102,000 deceased policy holders (age at 
insurance, 15-69 years) between 1935 and 1954. Fig
ure 2 shows a clear rise of excess mortality with in
creasing blood pressure even in mild to moderate 
hypertension (upper limit 168-177 mm Hg systolic 
and 103-113 mm Hg diastolic). Excess mortality is 
defined as the percentage increase of mortality 
within a given group-in our case, the different 
blood pressure groups-relative to the normal pop
ulation. Qualitatively, the dependence of excess 

mortality on blood pressure is similar in men and 
women. However, the women display a markedly 
lower excess mortality than men in all blood pres
sure groups. No difference in prognostic value be
tween systolic and diastolic blood pressure can be 
ascertained. The study further indicates that there 
is no "normal blood pressure" in the epidemiologic 
sense; rather, the risk of degenerative vascular dis
ease increases steadily over the entire blood pressure 
range. 

As a result of antihypertensive therapy, massive 
cerebral hemorrhage and renal failure are becoming 
less important as complications of high blood pres
sure. Medical interest is increasingly being focused 
on the consequences of mild to moderate hyperten
sion-stroke with encephalomalacia and, above all, 
myocardial infarction. In the sections below we shall 
review the epidemiologic correlations between blood 
pressure and these two important syndromes of ath
erosclerotic origin. 

Blood Pressure and Stroke 

Stamler47 reported on a study of 110 Chicago citi
zens who died between ages 45 and 64 and in whom 
stroke was the direct cause of death or at least a con-
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Figure 2. Excess mortality of the hypertensive patient as a function of systolic and diastolic blood pressure. From 
Build and Blood Pressure Study, ref 8 

tributing factor. Progressive hypertension could be 
confirmed in 69 % of the cases, either by statements 
on the death certificate or by questioning the at
tending physicians. 

Results of the Peoples Gas Light and Coke Com
pany Study done on 1329 men, 40 to 59 years old, 
who were healthy at the start of the study, showed 
over a 6-year observation period a five times higher 
death rate from cerebrovascular disease in the group 
with diastolic blood pressure values of 95 mm Hg or 
more than in the group with values below 80 mm 
Hg.6 

The North American insurance companies Build 
and Blood Pressure StudyS confirms the marked in
crease in cerebrovascular accidents with rising blood 
pressure. 

In summary, it can be said that hypertension
even in its mild forms-must now be considered one 
of the most important risk factors in apoplectic 
stroke. 

Blood Pressure and Ischemic Heart 
Disease 

A large number of epidemiologic studies show a 
clear correlation between blood pressure and is-

chemic heart disease. From the abundance of data, 
we shall cite some figures given by the American 
Pooling Project,30 a summary of several prospective 
studies. A total of 7581 white men, aged 30 to 59 
years at the beginning of the study and initially free 
from clinically demonstrable heart disease, were fol
lowed over a lO-year period. Figure 3 shows a 
marked increase of ischemic heart diseases (fatal 
and nonfatal myocardial infarction, including sud
den death) with rising diastolic pressure. Compared 
with the group with low diastolic readings (below 84 
mm Hg), the risk of ischemic heart disease is twice 
as high in the group with diastolic values of 95-104 
mm Hg, and almost four times as high in the group 
with values above 105 mm Hg. A similar correlation 
between blood pressure and cardiovascular disease 
is seen for systolic values. Figure 4 shows corre
sponding results from the Framingham Study based 
on observations in 4994 men and women (age 30-59 
at the beginning of the study) over a period of 10 
years.31 

Stamler49 confirms the equivalent prognostic 
value of the diastolic and systolic blood pressures. 
In the Peoples Gas Company Study, the diastolic 
and systolic blood pressure readings have an equal 
prognostic value in terms of cardiovascular disease 
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Figure 3. Correlation between rate of myocardial in
farction and diastolic blood pressure. From Pooling 
Project, ref 3. 

risk. If both the diastolic and systolic pressure are 
considered simultaneously, then men with elevated 
diastolic values-with or without a concomitant rise 
of systolic pressure-run a higher cardiac risk than 
normotensive men. In most cases, however, rises in 
diastolic pressure are accompanied by a correspond
ing rise of systolic pressure. An elevation of the sys
tolic blood pressure with no accompanying rise of 
diastolic pressure-a condition called "pure systolic 
hypertension"-is found in 15% ofthe hypertensive 
men. As this form of hypertension develops in most 
cases from a marked reduction in the elasticity of 
the large arteries secondary to severe arteriosclero
sis, it can be understood why this group runs a 
higher risk than expected from the diastolic values. 
Furthermore, this study indicates that the risk of 
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Figure 4. Correlation between ischemic heart disease 
and systolic blood pressure. From Framingham Study, ref 
31 

cardiovascular mortality increases if-most proba
bly as a direct consequence of hypertension-signs 
of manifest or presumed cardiac damage (e.g., non
specific ECG abnormalities) are present in addition 
to the elevated blood pressure. 

Labile Hypertension in Adolescence 

The view that adolescents usually have a labile hy
pertension that requires no medical attention must 
definitely be corrected. Stamler48 reports on 764 em
ployees of the Peoples Gas Company in Chicago 
whose blood pressure readings at the start of em
ployment were compared with readings taken 20 
years later. A close correlation was found between 
individual readings, i.e., persons who had hyperten
sive blood pressures when examined initially were 
still in the hypertensive range 20 years later. 

Heyden29 conducted a study in Evans County, 
Georgia, in which over one-third of the 30 juvenile 
labile hypertensives were found to have developed 
established hypertension with vascular complica
tions after 8 years of observation. During this pe
riod, two young women died of cerebral hemorrhage 
during childbirth. One-third of the subjects became 
normotensive, while the rest showed no change in 
their labile blood pressure values. In the normoten
sive control group, on the other hand, only 4 of 30 
adolescents showed a rise of blood pressure; there 
was not a single case of established hypertension 
with vascular complications. These figures show 
that while not every labile hypertensive develops es
tablished hypertension, adolescents with labile 
blood pressures definitely warrant supervision to de
termine whether therapeutic intervention is needed. 

Effects of Chronic Antihypertensive 
Therapy 

Severe Hypertension 

When we view the effects of adequate antihyperten
sive therapy against the consequences of untreated 
hypertension, there is no longer any doubt that the 
mortality of patients with severe hypertension, es
pecially of the malignant form, has been dramati
cally lowered. This has been clearly demonstrated in 
numerous studies. 

From the abundance of examples, one may cite 
the study of Hany et al. ,24 in which 97 patients with 
malignant hypertension were followed over 8 years. 
Of the 97 patients, 53 received adequate and regular 
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Figure 5. Dependence of survival rates of malignant hy
pertensive patients on therapy. From Hany A et al., ref 
24 

therapy; 20 patients received inadequate medication 
at irregular intervals, and 24 received no treatment. 
The result: all 24 of the untreated patients had died 
after 3 years, over 40 % of the inadequately treated 
group and over 60% of the adequately treated group 
were still alive after the 3-year period (Fig. 5). 

Very similar results were reported in a Mayo 
Clinic study.1s Sixty-four patients with malignant 
hypertension (grade IV fundus) and 97 with pro
nounced benign hypertension (grade III fundus) re
ceived antihypertensive treatment for 6 years. The 
results were compared with those of Keith et al. 32 on 
the spontaneous course of comparable hypertensive 
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Figure 6. Survival rates of treated malignant (stage IV) 
and benign (stage III) hypertensive patients, compared 
with untreated malignant hypertensives. From Mayo 
Clinic Study, ref 16 
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groups (Fig. 6). It was found that survival rates were 
markedly improved by antihypertensive therapy. As 
expected, the therapeutic benefit was greatest in the 
group with malignant hypertension. After 3 years, 
over 90% of the untreated patients in the Keith et 
al. study had died, while over 40% in the treated 
group (grade IV fundus) were still alive. 

The impressive reduction of mortality achieved 
by antihypertensive therapy in these severe forms of 
hypertension is attributable to a drastic reduction of 
massive cerebral hemorrhage in particular, as well as 
of progressive renal failure. 

Mild and Moderate Hypertension 

The Veterans Administration Cooperative Study52.53 

shows a convincing reduction of morbidity and mor
tality by antihypertensive therapy in men with dia
stolic blood pressures between 115 and 129 mm Hg 
at the beginning of the study. In 70 hypertensives 
treated by placebo (average blood pressure 187 mm 
Hg systolic and 121 mm Hg diastolic at start of 
study; no significant fall of blood pressure under 
placebo therapy), 27 cases of severe cardio-, cerebro
and renovascular disease developed, 4 of which had 
fatal outcomes. In the group of 73 men (average 
blood pressure 186 mm Hg systolic and 121 mm Hg 
diastolic at start of study) who received active treat
ment there were no deaths and there was only one 
case of cerebrovascular thrombosis and another of 
serious drug intolerance. Systolic and diastolic blood 
pressure could be lowered promptly and remained 
at a relatively low level during the study. After 24 
months, mean reductions in blood pressure of 43 
mm Hg systolic and 30 mm Hg diastolic were dem
onstrated, corresponding to a mean therapeutic 
blood pressure of 143 mm Hg systolic and 92 mm Hg 
diastolic. In view of these highly significant results, 
it became necessary to put the placebo group under 
active therapy as well. Therefore, the study of the 
placebo group ended sooner than planned with a 
mean observation period of only 18 months. A sig
nificant lowering of the morbidity and mortality 
risks by antihypertensive therapy was also reported 
among men in the quite common blood pressure 
range of 90-114 mm Hg diastolic. During a mean 
observation period of 40 months, the placebo group 
of 194 patients had 56 cases of severe cardio-, cere
bro- and renovascular disease and 19 deaths; 20 pa
tients developed diastolic blood pressures in excess 
of 124 mm Hg and had to be transferred to active 
therapy. In the 186 actively treated patients there 
were only 22 cases of cardio- and cerebrovascular 
disease and 8 deaths. Calculations based on mortal
ity curves for a 5-year observation period show that 
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the morbidity risk was reduced from 55 % to 18 % by 
antihypertensive therapy. 

Before drawing any general conclusions from 
these results, some restrictions must be noted and 
clarified. Antihypertensive therapy is unequivocally 
successful only against complications associated di
rectly with hypertension: Diseases such as cardiac 
failure, progressive renal damage, progressive hy
pertension with neuroretinopathy or encephalop
athy, massive cerebral hemorrhage, and aortic aneu
rysm were found only in the control groups. 
Complications associated with arteriosclerosis, such 
as ischemic myocardial disease, conduction distur
bances and atrial fibrillation, occurred with compa
rable frequency in both groups (13 cases of ischemic 
heart disease in the placebo group as opposed to 11 
in the therapy group). This may be explained in part 
by the short duration of the study and the high av
erage age of the patients (51 years) at the beginning 
of the study. 

If the patients are divided into two blood pressure 
subgroups, the efficacy of therapy as related to over
all morbidity is limited to the group with moderate 
hypertension (105-114 mm Hg diastolic). In pa
tients with slight elevations of blood pressure (90-
104 mm Hg diastolic), the therapeutic results are 
slightly but not significantly better than in the con
trol group. The validity of the Veterans Administra
tion Cooperative Study52.53 is further limited by the 
small number of selected patients who sought treat
ment at the V A hospitals and who therefore must be 
classified as sicker and thus at higher risk than the 
average population. The study included no women 
at all and only a small number of young adults. 

Smith46 reports similar results from the US Public 
Health Service Hospitals Cooperative Study, which 
was conducted as a double-blind study on 389 pa
tients with mild hypertension (90-115 mm Hg dia
stolic) over a 7- to lO-year period. The majority of 
the patients (80%) had relatively low initial dia
stolic blood pressures of 90-105 mm Hg. Antihyper
tensive therapy produced an average diastolic blood 
pressure decrease of 10 mm Hg. No fall of blood 
pressure was recorded in the placebo group. In con
trast to the Veterans Administration Cooperative 
Study, the US Public Health Service study was done 
only on patients who were otherwise healthy. The 
average patient age was 44 years (range 21-55 years) 
and thus 7 years below that in the Veterans Admin
istration study. Moreover, 20% of the study popu
lation were women. Table 2 shows the distribution 
of initial disease manifestations during therapy. A 
total of 146 first manifestations were recorded-56 
cases (29%) in the active-therapy group and 90 
cases (46 %) in the placebo group. When these cases 
are subdivided into direct complications of hyper
tension (stroke, left ventricular hypertrophy, reti
nopathy) and direct complications of arteriosclero
sis (myocardial infarction, angina pectoris), it is 
clearly seen that the reduction of morbidity under 
active therapy is due essentially to the reduction of 
the complications of hypertension. Results were 
particularly good for left ventricular hypertrophy, 
the incidence of which was reduced by more than 
50% with antihypertensive therapy. No difference 
was found in the rate of arteriosclerotic complica
tions; 7 myocardial infarctions occurred in the ac
tive-therapy group, and 6 in the placebo group. 

Table 2. First Manifestations of Disease during Active Therapy vs. Placebo Therapy 

Active Therapy Placebo 

No. % No. % 

Total number of patients 193 196 
Number of disease cases 56 29 90 46 
Complications of hypertension 29 15 65 33 

Stroke 0 2 0.5 
LVH 9 5 23 12 
Repolarization disturbance 10 5 22 11 
Cardiac enlargement in x-ray 10 5 15 8 
Retinopathy 0 3 2 

Complications of arteriosclerosis 27 14 25 13 
Myocardial infarction (nonfatal) 6 3 5 3 
Myocardial infarction (fatal) 1 0.5 1 0.5 
Sudden death 1 0.5 1 0.5 
Angina pectoris (CHD) 18 9 18 9 
Transient cerebral ischemia 0 0 
Intermittent claudication 1 0.5 0 
Malignant hypertension (> 130 mm Hg diastolic) 0 11 6 

From Smith WM, ref 46. 



Twelve patients in the placebo group showed a ma
lignant rise of blood pressure (> 130 mm Hg dia
stolic) during the observation period; with antihy
pertensive therapy, no such elevations occurred 
(Table 2). 

Conclusions 

Many epidemiologic studies show that the risks of 
cardio- and cerebrovascular morbidity and mortal
ity increase in direct proportion to the rise of blood 
pressure, even at relatively low levels. Besides the 
direct damage caused to the heart and circulation, 
hypertension (combined with a high cholesterol 
level) accelerates the development of arteriosclero
sis, which is responsible for the majority of cardio
vascular and cerebrovascular complications. The 
Veterans Administration Cooperative Study52.53 and 
the US Public Health Service Hospitals Cooperative 
Study46-so far the only completed prospective, con
trolled therapy studies-clearly show that antihy
pertensive therapy is capable of significantly reduc
ing the direct consequences of hypertension, such as 
congestive heart failure, renal failure, and cerebro
vascular accident, which have a high incidence when 
diastolic pressures exceed 104 mm Hg. 

In the wide field of borderline hypertension (90-
104 mm Hg diastolic) where arteriosclerosis-induced 
complications such as myocardial infarction pre
dominate, the question of the indication for drug 
therapy must remain open. In this large group, ther
apy must be individualized with consideration for 
additional factors such as age, sex, family history, 
and the presence or absence of organ damage. If fur
ther risk factors are present such as hypercholester
olemia, cigarette smoking, and diabetes, the prog
nosis is much less favorable and therapy therefore 
more urgent. The prognosis is likewise poor in the 
presence of organ damage already caused by hyper
tension. ECG abnormalities such as left ventricular 
hypertrophy, diffuse ischemic signs, and arrhyth
mias are particularly frequent. Optic fundus 
changes and renal injuries are rare in this blood 
pressure group. Angina pectoris and transient cere
bral ischemia indicate an already severe arterioscle
rosis and warrant careful antihypertensive therapy. 
Further large-field studies are needed; some, like 
the Hypertension Detection and Follow-Up Pro
gram,56 will be concluded shortly. 

Three important questions remain to be answered 
concerning the connection between hypertension 
and arteriosclerosis: 

First, is antihypertensive therapy started in 
adulthood too late, and would it be possible with 
proper treatment, to at least slow the progress of ar
teriosclerosis in the juvenile hypertensive? 
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Second, does the treatment of mild hypertension 
in adults in whom considerable arteriosclerosis is al
ready present have a negative rather than positive 
effect owing to the further iatrogenic restriction of 
circulation? 

In the Veterans Administration Cooperative 
Study,52.53 the therapy group included five surviving 
myocardial infarction patients, while the placebo 
group had only two. Stewart50 makes similar obser
vations. Breckenridge et aU report an increase in 
myocardial infarctions and sudden deaths as well as 
a decrease in cerebrovascular complications in a 
group of patients treated with various antihyperten
sive drugs. In hypertensive patients treated with 
postganglionic sympathetic blocking agents, Gold
berg and Raftery20 found signs of impaired cerebral 
and coronary arterial blood flow which they inter
preted as a predisposition to cerebral and myocar
dial infarction. 

Third, the drugs administered must be tested in
dividually for as-yet-known side effects during long
term use. Especially in mild hypertension there is 
danger that therapeutic gains might be offset by side 
effects. 

In antihypertensive therapy with diuretics, Ames 
and HilP observed a rise of cholesterol levels with no 
accompanying hemoconcentration. A promising new 
therapy has been offered by the introduction of fJ
blocking drugs. Stewart5l reports on a therapy study 
in 169 hypertensive patients (average diastolic pres
sure 124 mm Hg before therapy and 101 mm Hg 
during therapy) in whom the myocardial infarction 
rate over a 5-year observation period could be re
duced from 31 % without propranolol to 7.5% with 
propranolol as the basic medication. 

Even if an effective long-term drug therapy is 
found for mild forms of hypertension, it remains to 
be determined whether human, technical, and fi
nancial resources, as well as public cooperation, 
could be mobilized to the degree necessary to insti
tute high-quality diagnosis and treatment on a 
broad scale. Only if this broad base is established 
can preventive medicine be fully effective. 

Addendum 

Since this book went to press, the results of the Hy
pertension Detection and Follow-Up Program 
(HDFP), the largest and most costly blood pressure 
study done to date, have been made public. In view 
of the tremendous importance of these results re
garding the previously controversial range of mild 
hypertension, their discussion should not be 
omitted.29a 

A total of 10,940 patients with diastolic blood 
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pressures (DBP) of 90 mm Hg or more took part in 
the program. At the start of the study, which ran for 
5 years, the participants ranged in age from 30 to 69 
years (mean age 51 years). They were randomly as
signed to two groups. The first group of 5485 pa
tients was given intensive treatment in 14 special 
centers according to a "stepped care" regimen (SC 
group), which began with a diuretic, followed by the 
stepwise addition of reserpine or methyldopa, vaso
dilators, and antiadrenergic drugs. The goal of this 
regimen was to reduce the DBP to 90 mm Hg in pa
tients entering with pressures of 100 mm Hg or 
more, and to obtain a 10-mm decrease in those en
tering with pressures of 90 to 99 mm Hg, so that the 
lowest goal DBP was 80 mm Hg. Treatment was ad
ministered by specially trained nurses and paramed
ical personnel in accordance with a detailed manual. 
The center physician was called upon only in cases 
requiring a therapeutic or diagnostic decision that 
was beyond the scope of the manual. This was sel
dom necessary. 

The 5455 patients of the second group were in
formed of their high blood pressure as measured at 
entry and were advised to consult their personal 
physicians for treatment. This was the "referred 
care" or RC group. In both groups a thorough clini
cal examination was performed by the center phy
sician at entry and after 2 and 5 years. 

Two points should be noted that distinguish the 
HDFP from other blood pressure studies. First, 
there were no restrictions in the selection of partic
ipants, i.e., the study included healthy persons as 
well as those suffering from disease (including car
diovascular diseases). Thus, the participants consti
tuted a representative cross-section of the popula
tion. Second, there was no control group in the 
traditional sense, for no placebos were administered. 
Nevertheless, it could be assumed when planning 
the study that the RC group would receive less in
tensive therapy from their family physicians, thus 
permitting a comparison to be made with the SC 
group. 

The hypertensive patients were divided into three 

Table 3. Assignment of Hypertensive Patients into 
Three Blood Pressure Groups at Entry 

Sample Size 

Stratum 

I 
II 
III 

DBP (mm Hg) 

90-104 
105-114 
115+ 

From HDFP, ref 29a. 

No. 

7825 
2052 
1063 

% 

71.5 
18.8 
9.7 

subgroups (strata I-III). The great majority (72 %) 
were in stratum I, the "mild" range, with DBPs of 
90-104 mm Hg (Table 3). After 5 years the average 
DBP in the SC group was 84 mm Hg, and in the RC 
group, 89 mm Hg. 

The results of the study show that the 5-year all
cause mortality was 17 % less for all SC participants 
compared to RC participants as a result of system
atic, intensive antihypertensive therapy. When con
sidered by blood pressure subgroup, the greatest re
duction of mortality, 20 % , was obtained in the mild 
hypertensives (90-104 mm Hg diastolic). The mor
tality reduction was lower in the subgroups with 
higher DBPs: 13% in the group with 105-114 mm 
Hg and 7 % in the group with 115 mm Hg or higher 
(Table 4). 

This result, which may seem curious at first, is ex
plained by the fact that the referred patients with 
more severe hypertension received more energetic 
treatment from their personal physicians than did 
those with mild hypertension, thus reducing the dif
ferences between the two groups. 

When the patients were subdivided by race, sex, 
and age, no reduction of overall mortality was found 
among white women or in the 30-49 age group 
(Table 5). In the case of white women, this is ex
plained in part by their lower hypertension-related 
cardiovascular mortality compared to men, and by 
the superior blood pressure reduction in white 
women of the RC group as compared to the other 
groups. Thus, the blood pressure of the white 

Table 4. Mortality from All Causes for Stepped Care (SC) and Referred Care (RC) during 5-Year Period by Diastolic 
Blood Pressure (DBP) at Entry 

Sample Size (No.) Deaths (No.) Death Rates (%) Reduction of 
DBP at Entry Mortality for SC 
(mm Hg) SC Group RC Group SC Group RC Group SC Group RC Group Group (%) 

90-104 3903 3922 231 291 5.9 7.4* 20.3* 
105-114 1048 1004 70 77 6.7 7.7 13.0 
115+ 534 529 48 51 9.0 9.7 7.2 
Total 5485 5455 349 419 6.4 7.7* 16.9* 

'p < 0.01. 
From HDFP, ref 29a. 
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Table 5. Mortality from All Causes for Stepped Care (SC) and Referred Care (RC) During 5-Y ear Period by Race, 
Sex, and Age at Entry 

Sample Size (No.) Deaths (No.) Death Rates (%) 

Race, Sex, or Age SC Group RC Group SC Group 

Black men 1064 1084 112 
Black women 1344 1354 70 
White men 1892 1861 109 
White women 1185 1156 58 
Ages 30-49 2429 2374 81 
Ages 50-59 1852 1909 115 
Ages 60-69 1204 1172 153 

From HDFP, ref 29a. 

women in the RC group was consistently below 90 
mm Hg, which was not the case in any other group. 
In the 30-49 age group, the death rates were so 
10w-3.3 % in the SC group and 3.5 % in the RC 
group-that no difference could be discerned. By 

Reduction of Mortality 
RC Group SC Group RC Group for SC Group (%) 

140 10.6 13.0 18.5 
98 5.2 7.2 27.8 

126 5.8 6.8 14.7 
55 4.9 4.8 -2.1 
82 3.3 3.5 5.7 

159 6.2 8.3 25.3 
178 12.7 15.2 16.4 

contrast, in the older patients and the other race and 
sex groups, the all-cause mortality was found to be 
markedly reduced by antihypertensive therapy 
(Table 5). 

On analysis of cause-specific mortality it was 

Table 6. Number of Deaths by Cause for All Blood Pressure Ranges and for 
Stratum I 

Strata I-III Stratum I 

Cause of Death SC Group RC Group SC Group RC Group 

Cerebrovascular diseases 29 52 17 31 

Myocardial infarction 51 69 30 56 

Other ischemic heart diseases 80 79 56 51 

Hypertensive heart disease 5 7 5 5 

Other hypertensive diseases 4 7 2 3 

Other cardiovascular diseases 26 26 12 19 
All cardiovascular causes 

of death 195 240 122 165 

Renal diseases 15 10 7 5 

Diabetes mellitus 5 10 4 8 

Neoplastic diseases 61 74 45 57 

Breast cancer 2 5 2 4 

Gastrointestinal diseases 11 20 9 15 

Respiratory diseases 13 17 9 10 

Infectious diseases 6 3 4 2 

Accidents, suicides, and 
homicides 26 25 20 17 

Other noncardiovascular 
diseases 17 20 11 12 

All noncardiovascular 
causes of death 154 179 109 126 

Total 349 419 231 291 

From HDFP, ref 29a. 
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found that the reduction was due mainly to a decline 
in the number of deaths from cerebrovascular dis
eases and myocardial infarction. Thus, in stratum I 
(90-104 mm Hg) there were 31 deaths from cerebro
vascular disease and 56 deaths from myocardial in
farction in the RC group, compared to only 17 and 
30 deaths from respective causes in the SC group 
(Table 6). There was also a marked decline of non
cardiovascular mortality in the SC group compared 
to the RC group. The reason for these findings re
mains unexplained. 

The HDFP has resolved the controversial ques
tion of whether mild hypertensives are in need of 
treatment, demonstrating the benefits of a program 
of systematic, intensive therapy. A further study, 
the Australian Therapeutic Trial in Mild Hyperten
sion,57 confirms and supplements the findings of the 
HDFP. In addition to the expected reduction in ce
rebrovascular complications, a significant decline in 
the rate of myocardial infarction could also be ob
tained, thus contrasting with earlier studies (Veter
ans Administration Cooperative Study and U.S. 
Public Health Service Hospitals Cooperative 
Study). The practice of differentiating between hy
pertension-related and atherosclerosis-related com
plications, on the assumption that only the former 
can be prevented by antihypertensive therapy, is no 
longer tenable. 

The data of the HDFP also indicate that a reduc
tion below the previously assumed limit of 90 mm 
Hg diastolic (the SC group had a mean DBP of 84 
mm Hg after 5 years) is both feasible and prudent. 

The HDFP further demonstrates that antihyper
tensive therapy can be successfully administered for 
the most part by nurses and paramedical personnel. 
This finding is important for it is impossible as well 
as economically impractical for the vast population 
of hypertensive patients to be treated by physicians 
alone. From the standpoint of patient compliance, 
there appears to be no problem, at least in the 
United States, as demonstrated by the excellent 
compliance rate in the HDFP. 

The HDFP was designed as a unifactorial drug in
tervention study; no attempt was made to influence 
other factors such as overweight, hypercholesterol
emia, smoking, salt intake, and physical activity. 
This was necessary in order to obtain meaningful re
sults. This does not mean, however, that the other 
risk factors may be ignored, or that mild hyperten
sives must be given immediate drug therapy. The 
important finding of the HDFP is that mild hyper
tension should be treated. The form of the treat
ment must be individualized. Naturally, an attempt 
at weight reduction in overweight patients and a re
striction of salt intake are indicated. But if hyper
tension persists, the institution of systematic drug 
treatment should not be delayed. 
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Hypertension and Diabetes Mellitus 6 
s. Raptis 

One of the most serious consequences of the growth 
of civilization and technology may well be the 
alarming increase in the "diseases of civilization." 
Important among these, owing to their prevalence 
and grave complications, are essential hypertension 
and diabetes mellitus. It is considered probable that 
hypertension, diabetes mellitus, and obesity are all 
based on common pathophysiologic mechanisms. 

Next to cardiovascular disease, hypertension, obe
sity, and diabetes mellitus have become the most 
common clinical diagnoses. An abnormal glucose 
tolerance or (sometimes mild) elevation of blood 
pressure, as well as hyperuricemia, can often be 
demonstrated in patients with generalized arterio
sclerosis and metabolic disturbances. Epidemiologic 
studies have proved that these syndromes occur si
multaneously with a frequency considerably higher 
than chance would predict. 

Prevalence 

Pell and D'Alonzo showed in 1967 that hypertension 
occurs 50% more frequently in diabetics than in 
nondiabetics.44 Very often, hypertension will de
velop long before clinical signs of diabetes mellitus 
appear. 

In our own retrospective study of 814 myocardial 
infarction patients, we found a pathologic glucose 
tolerance in 423 (52%), overweight in 480 (59%), 
and hyperlipidemia in 578 (71 %). Smoking was 
present as a risk factor in 317 (39%). Finally, 98 pa
tients (12%) had overt diabetes. Of these overt di
abetics, 6.2 % were treated with sulfonylureas and 
the remaining 5.8 % with insulin. When the latent 

and overt diabetics were investigated for hyperten
sion, it was found that 72 % had a history of high 
blood pressure. Among the patients with over
weight, hyperlipidemia, or nicotine abuse but no 
disturbance of carbohydrate metabolism, only 39% 
were hypertensive. 

Numerous studies, mainly prospective (Fra
mingham, Albany, Los Angeles, Tecumseh, Chicago, 
Minneapolis), have clearly shown that elevated 
blood pressure is the strongest risk factor for in
creased morbidity and mortality from cardiovascu
lar disease. Thus, arterial hypertension appears to 
playa central pathogenic role in myocardial infarc
tion, analogous to that of obesity in diabetes 
mellitus. 

Correlations 

The positive correlation between obesity and high 
blood pressure is statistically significant.36 It has 
been estimated that weight normalization would re
duce the incidence of essential hypertension by 50% 
among the white population of the United States.so 

With the direct correlation between obesity and 
hypertension on the one hand6,3l,36,so and obesity and 
diabetes mellitus on the other, it may be assumed 
that hypertension, diabetes, obesity, and the most 
frequent accompanying symptoms such as hyperlip
idemia and hyperuricemia represent a syndrome 
which can be considered the precursor of arterio
sclerosis and subsequent vascular complications. 
Weight reduction can normalize not only the blood 
pressure, but also the diabetic metabolic state. For 
example, Sarre reported that the percentage of hy-
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pertensives among the patients at the University 
Medical Clinic in Freiburg, West Germany, de
creased to 9.5 % -11 % during the period 1945-
1947.29 It later rose to 14 % in 1948 and to 22 % in 
1964. Similar observations were made with respect 
to obesity and diabetes mellitus. Himsworth et al. 
showed in their retrospective study of England and 
Wales between 1900 and 1949 that the morbidity 
and mortality from diabetes declined significantly in 
these countries whenever food rationing was insti
tuted during war or economic crisis.28 Moreover, 
Danopoulos and Angelopoulos reported a decline in 
diabetic consultations at the Second University 
Medical Clinic in Athens, Greece, during the famine 
years of 1941-1942.15 Our own investigations in 17 
latent diabetics with hypertension showed that a re
duction of more than 50% of excess weight in these 
patients led to a normalization of blood pressure 
and a marked improvement of glucose assimilation 
without medical therapy.48 

Reisin et al. recently demonstrated in a controlled 
study that simple weight reduction in overweight 
patients leads to blood pressure normalization.49 
The patients in this study followed a reducing diet 
but had no restriction of salt intake. This refutes the 
hypothesis of Dahp4 that the blood pressure de
crease in overweight patients on a reducing diet is 
the result of diminished salt intake. In all probabil
ity, the problem is a mechanical one. It is known, for 
example, that approximately 9 m of blood vessels is 
required to nourish each kilogram of excess weight. 
A weight reduction of 10 kg, therefore, will lead to a 
"vascular saving" of 90 m. The result is a lower pe
ripheral resistance and a significant fall of blood 
pressure. The effect of nutritional state on blood 
pressure not only has been statistically verified, but 
has solid scientific support as well. In men, each 
kilogram of weight gain is accompanied by a blood 
pressure increase of 0.63 mm Hg.22 The age-depen
dent increase, by comparison, is 1.1 mm Hg per year. 
Diabetes can also be improved by a reduction of 
body weight, or even cured if the weight loss is suf
ficient. 17,45 

The problem of the course of hypertensive disease 
is an extremely complex one, as illustrated by the 
observations of P. D. White in Africa.53 He observed 
many patients who had pyelonephritic hypertension 
but never developed myocardial infarction. He at
tributed this to chronic malnutrition. Thus, hyper
tension unaccompanied by overweight, latent or 
overt diabetes, hyperlipoproteinemia, or hyperuri
cemia apparently does not predispose to myocardial 
infarction or arteriosclerosis. 

Numerous efforts have been made in recent years 
to clarify the pathophysiologic mechanism which 
may be common to both hypertension and diabetes 

mellitus. As is known, approximately 70% of all hy
pertensive patients can be classified as essential hy
pertensives. Owing to the rapid increase in the mor
bidity rates for hypertension and adult-type 
diabetes mellitus, the need for early detection and 
treatment is becoming increasingly urgent. The dis
covery of a common etiologic mechanism is of prime 
concern. Experiments with laboratory animals have 
indicated that the cerebral visceral systems for reg
ulating blood pressure and carbohydrate metabo
lism may become activated in states of stress. Work
ing from these results, Baumann and Graff 
performed studies in 266 patients with essential hy
pertension to determine whether an association with 
latent or asymptomatic diabetic metabolic distur
bances is present in the early stage of hyperten
sion.3,4 While 5% of these patients exhibited overt 
diabetes, 45% displayed a "protodiabetic" meta
bolic state.45 All patients in the latter group were 
overweight and suffered from hyperlipidemia and 
pathologic liver function; the histologic changes cor
responded to the picture of fatty infiltration of the 
liver. Thus, we again encounter obesity as a key fac
tor. Whether this is attributable to an abnormality 
of central nervous regulation, as many authors 
claim, or to an increase in effective and relative ca
loric consumption, as we believe, must remain an 
open question. 

Importance of the Renin-Angiotensin 
System 

Many authors have attempted to clarify glucose as
similation and insulin secretion in patients with es
sential or renal hypertension. For example, Welborn 
et al.61 and Dieterle et aI,16 found a normal glucose 
tolerance with an elevated insulin level in some pa
tients with essential hypertension, but a decrease in 
both glucose assimilation and insulin secretion in 
others. Findings on glucose consumption and insulin 
secretion also vary in patients with renal 
hypertension.55,56 

Experimental studies in rats with genetically de
termined spontaneous hypertension, with renal hy
pertension of the "one-clip, one-kidney" type, and 
with hypertension induced by mineralocorticoids 
have shown that in animals with severe spontaneous 
hypertension, the usual age-dependent decline of 
glucose assimilation and insulin secretion is more 
pronounced than in the controls.62 In the young hy
pertensive rats, the authors found a marked hyper
insulinism with a more or less unchanged glucose 
tolerance relative to control animals of equal age. A 
similar insulin-glucose constellation very often ap-



pears in overweight humans and animals. One defi
ciency of this study and of all the aforementioned 
studies in humans is that the body weight was never 
adequately taken into account. It is quite possible 
that the differences found were not directly related 
to hypertension, but to differences in body weight. 

In rats with DOCA- and salt-induced hyperten
sion, a depression of glucose assimilation and insulin 
secretion was observed. Rats with renal hyperten
sion showed a depression of glucose tolerance with 
no change in insulin secretion.67 These findings sug
gest the possibility that vasopressor substances are 
released which promote the development of a dia
betic metabolic state. In this connection, many au
thors have explored the link between the renin-an
giotensin system and catecholamines on the one 
hand and hypertension, experimental diabetes, and 
clinical diabetes on the other.7,9,10,23-25,5o In rats with 
severe alloxan-induced diabetes, a highly significant 
correlation was found between blood pressure and 
plasma glucose, as well as between blood pressure 
and urea leveP No significant correlations were 
found between the mildly diabetic animals and the 
controls. The plasma renin and renal renin showed 
significantly lower levels. In addition, the cardiovas
cular response to angiotensin II infusion was more 
pronounced in the severely diabetic rats than in the 
controls. 

The plasma renin activity was also measured in 
diabetic patients. It was found that in long-standing 
diabetics with diabetic complications such as reti
nopathy and nephropathy, the renin-angiotensin 
system is suppressed. In patients without apparent 
complications, on the other hand, the renin-angio
tensin system appears to be intact. As in the animal 
study, patients with long-standing diabetes show a 
more pronounced blood pressure increase after an
giotensin II than patients without complications. 
Christlieb et al. have attempted to correlate the ob
served aberration of plasma renin activity, the 
serum potassium, and the glucose level.ll They 
found that the renin-angiotensin system generally 
responds normally in diabetics without renal in
volvement and subnormally in patients with ne
phropathy. Diabetics with nephropathy show an 
increased incidence of hyporeninemic hypoal
dosteronism with hyperglycemia and hyperkalemia. 
In diabetics with hyperglycemia, an expansion of the 
blood volume is observed.8 The hypervolemia, to
gether with the increased peripheral vascular resis
tance, leads to a hyalinization of the renal arterioles. 
This causes hypertension accompanied by a fall of 
plasma renin activity and aldosterone levels in the 
blood. Thus, it would appear that the hypertension 
in diabetes mellitus shows similarities to the path
ogenic mechanisms of hyporeninemic essential hy-
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pertension, which affects about 30 % of all essential 
hypertensive individuals. 

Christlieb and Munichoodappa also investigated 
the plasma renin activity in diabetics with ortho
static hypotension and other complications such as 
retinopathy and nephropathy.12 The renin values 
were markedly elevated compared to patients with
out complications. Interestingly, nondiabetic pa
tients with idiopathic orthostatic hypotension ex
hibit normal renin values.34 The latter findings show 
that the autonomic nervous sytem cannot be respon
sible for the low renin values observed in the dia
betic patient. 

There has been increasing evidence in recent 
years that, aside from diabetic nephropathy, con
nections exist between diabetes mellitus and the 
kidney. For example, Kahn et al. cited biopsy find
ings to show that the kidneys are significantly larger 
in diabetics than in nondiabetics.30 They found no 
correlation between the type, duration, and severity 
of the diabetes and kidney size. The authors attrib
uted this enlargement to the overproduction of 
growth hormone in diabetics reported in earlier 
studies.26,35,57 

Importance of Growth Hormone 

Our own studies, by contrast, have shown that the 
secretion of growth hormone after arginine in the 
diabetic does not differ significantly from that in 
persons with a normal metabolism.47 In more recent 
studies, we found that somatostatin led to a highly 
significant reduction of the daily insulin require
ment as assessed by artificial {3 cell in diabetics with 
total pancreatectomy, but not in diabetics with total 
hypophysectomy.46 Thus, it appears that growth 
hormone indeed plays a certain role in the regula
tion of carbohydrate metabolism. According to stud
ies by Ditschuneit et aI., growth hormone is also re
sponsible for the origin and development of 
arteriosclerosis-yet another reference to the close 
association between diabetes, hypertension, and ar
teriosclerosis.18 If we accept the fact that a patho
genic relationship exists between growth hormone 
and the severity of diabetes mellitus (i.e., diabetic 
macro- and microangiopathy), then these complica
tions should be absent in diabetics with growth-hor
mone deficiency. Indeed, Merimee found an absence 
of retinopathy on ophthalmoscopic examination of 
growth-hormone-deficient dwarfs with diabetes 
mellitus.41 Moreover, these patients had signifi
cantly fewer hypertensive blood pressure readings 
and ischemic ECG changes than diabetics with nor
mal growth hormone. 
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Of course, growth hormone cannot be held solely 
responsible for the vascular complications of diabe
tes mellitus and the resulting hypertension, nor can 
it be claimed that chronic hyperglycemia and hyper
lipidemia play no role in this process. Hypergly
cemia and the associated anomalies of cell metabo
lism in the intimal and medial cells of the arteries 
and the capillary-wall cells could contribute to the 
angiopathy in diabetes, but, according to Merimee's 
studies, only if pituitary function is intact. Thus, the 
hyperglycemic syndrome is never as severe in dia
betic pituitary dwarfs as in other diabetics, owing to 
their deficiency of growth hormone. This deficiency 
also appears to give protection against cholesterol
and triglyceride-associated atherosclerosis. More
over, the hypervolemia from growth-hormone hy
persecretion observed by us earlier [unpublished 
finding] aggravates the hyperglycemic hypervolemia 
already described by Christlieb et al.,8 thereby in
creasing the severity of the hypertension. Thus, it 
appears that the increased incidence of hyperten
sion in diabetes mellitus can be attributed mainly to 
the frequent occurrence of arteriosclerosis. 

The Problem of Arteriosclerosis 

Numerous epidemiologic studies in humans have 
shown that diabetes mellitus is a major factor in the 
development of arteriosclerosis,21.42 and is very often 
accompanied by hypertension.21.43 The cause has 
been sought in the observed aberrations of metabo
lism in the vascular-wall cells59 and the change in 
circulating lipoproteins2.21.42 that occur in diabetes 
mellitus; nor has the genetic basis of the prevalence 
of arteriosclerosis in diabetes mellitus been ne
glected.37 On the other hand, hypertension is very 
probably the greatest risk factor for the develop
ment of arteriosclerosis and its sequelae.32 The 
cause, according to one theory, lies in an increase in 
vascular-wall permeability to many circulating pro
teins and cholesterop9.62 This is reflected in the in
creased uptake of circulating material into the cell 
and the stimulation of lysosomes in the vascular 
smooth-muscle cells.65•66 Indeed, Wolinsky et al. have 
described a combined effect of the two risk factors
hypertension and diabetes mellitus-on the bio
chemical development of arteriosclerosis on a cellu
lar level.63•64 They found that the hydrolase activity 
in the smooth-muscle cells was significantly lower in 
hypertension combined with diabetes mellitus than 
in hypertension alone. 

Diabetes mellitus can be observed in all types of 
hypertension, even surgically correctable forms such 
as Conn's syndrome and Cushing's syndrome. That 

occurring in Conn's syndrome is easily explained by 
the presence of hypokalemia and the reduction of 
insulin secretion.13 In Cushing's syndrome, the cause 
is hypercortisolism. It has even been postulated that 
essential hypertension leads more frequently to the 
outbreak of diabetes mellitus as a result of prema
ture sclerosis of the pancreatic vessels with second
ary involvement of the islet system. This patho
physiologic concept appears doubtful, because in 
elderly diabetics regressive changes in the pan
creatic parenchyma are due more to general age-de
pendent involution than to the effects of pancreatic 
vascular sclerosis.40 Moreover, the results of genetic 
studies in diabetics of the juvenile and adult type 
cannot be reconciled with this concept, since genetic 
determination in such cases is beyond question. 

Importance of Diabetic Nephropathy 

The classic cause of hypertension in long-standing 
diabetes mellitus is diabetic nephropathy. This 
term, coined by Aschoff in 1911,1 is now regarded as 
a complicated syndrome consisting of three parts: 
pyelonephritis (inflammatory component), arterio
arteriolosclerosis (microangiopathy), and glomeru
losclerosis (macroangiopathy). In one group of 
hypertensive patients with proven renal artery ste
nosis, i.e., with macroangiopathy, diabetes mellitus 
was demonstrated in nearly 50% .40 This was taken 
to confirm the thesis that renal artery stenosis usu
ally occurs secondary to essential hypertension, with 
arteriosclerosis-promoting factors such as diabetes 
mellitus playing an accessory role. The diversity of 
these diabetic complications, i.e., of diabetic 
nephropathy, also accounts for the difficulty of 
treatment. The treatment of the cause of diabetic 
nephropathy is not possible under these circum
stances. The major effort is directed toward prophy
laxis. As a rule, it can be said that nephropathy is 
less common in the adequately adjusted diabetic. 
The hypertension observed in diabetic nephropathy, 
which sometimes is malignant and accompanied by 
hypertensive encephalopathy, is often characterized 
by elevated renin levels. The treatment of hyperten
sion in diabetic nephropathy must be undertaken 
with great care, and the use of thiazide preparations, 
which impair carbohydrate metabolism,52 should be 
avoided if possible. Besides potassium deficiency 
and impaired insulin secretion and glucose assimi
lation, thiazides lead to a relative or absolute thia
mine deficiency, with adverse consequences for car
bohydrate metabolism. 

There are two theories as to the cause of diabetic 
glomerulosclerosis, particularly microvascular ab-



normalities, in this state. The first postulates a ge
netic cause which is independent of the insulin de
ficiency. This theory is based on the fact that such 
microvascular lesions have also been described in 
patients with a normal glucose tolerance.27,33 In ad
dition, other authors have observed a thickening of 
the glomerular basement membrane, the early his
tologic sign of diabetic glomerulosclerosis, immedi
ately after the discovery of diabetes mellitus51 and in 
prediabetics.5 Advocates of the metabolic theory see 
the diabetic microangiopathy in the kidney as a di
rect result of the metabolic abnormality arising from 
the absolute or relative insulin deficiency. As a re
sult of this, the basement membranes of the glomer
uli contain an abundance of glucoproteins.58 In view 
of the fact that healthy kidneys which are trans
planted into diabetic patients develop microangi
opathy37 and that the renal vascular lesions are re
versible by pancreatic islet transplantation,20,39 the 
metabolic theory appears to be more probable. Re
cently, Mauer et a1. showed in animal studies that a 
change in renal hemodynamics combined with a di
abetic state leads to a marked acceleration of dia
betic glomerulopathy.38 

Conclusions 

In summary, it can be said on the basis of the above 
findings that hypertension is more frequent in the 
diabetic than in the nondiabetic. The hypertension 
that complicates long-standing, poorly adjusted di
abetes mellitus is attributable to diabetic microan
giopathy in the setting of diabetic nephropathy and 
is more common in juvenile diabetics. Systolic hy
pertension is a result of the arteriosclerosis that fre
quently accompanies diabetes. 

Essential hypertension occurs most frequently in 
the diabetic and apparently has a complex cause. It 
is either associated with overweight, hypersecretion 
of growth hormone, or suppression of the renin-an
giotensin-aldosterone system or, as biochemical 
findings on a cellular level suggest, it is the result of 
a subtle arteriosclerosis with no obvious mani
festations. 

True endocrine hypertension in the setting of 
Conn's syndrome, Cushing's syndrome, pheochrom
ocytoma, or hyperthyroidism is observed no more 
frequently in the diabetic than in the nondiabetic. 

With the exception of thiazide preparations, anti
hypertensive therapy of the diabetic patient does 
not differ from that of other hypertensive patients, 
although particular care is warranted because of the 
danger of hypoglycemia with the use of /3-blocking 
drugs. 
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The brain plays a fundamental role in the regulation 
of arterial blood pressure. Information concerning 
changes in arterial pressure, blood volume, or blood 
chemistry, discerned by specific receptors (barore
ceptors, atrial receptors, chemoreceptors), reaches 
central structures which readjust circulatory param
eters by reflex mechanisms. This explains the ability 
of the organism to withstand various local and gen
eralized insults. This neurogenic aspect of blood 
pressure regulation, which assures homeostasis in 
the whole organism, complements local regulating 
mechanisms that adapt local blood supply according 
to the needs of the organism, the most simple of 
which is the regulation by metabolism. 

In the reflex regulation of blood pressure exerted 
by the brain, direct effects on central structures also 
playa role. It is possible to observe modifications of 
arterial blood pressure in situations such as physical 
effort or so-called "stressful" situations in which the 
baroreflex arc seems to be inhibited by supra bulbar 
structures. 

The relationship which may exist between arterial 
hypertension and central mechanisms can be clearly 
demonstrated after bilateral destruction of the nu
cleus of the solitary tract (NTS) or by the stimula
tion of pressor zones, which appear to be restricted 
to certain well-defined brain areas. Differences be
tween the monoamines in various brain regions can 
be demonstrated in a number of experimental 
models of hypertension. Such facts, to some degree 
difficult to interpret since it is still not known 
whether they are the cause or the result of hyperten
sion, nevertheless allow the reconsideration of hy
pertension from a pathogenic aspect involving the 
nervous system. In essential hypertension in hu
mans, several arguments, such as the observation of 

elevated plasma catecholamines and the central 
mechanism of action of antihypertensive drugs such 
as a-methyldopa or clonidine, suggest a relationship 
between disturbances of the autonomic nervous sys
tem and elevated blood pressure. 

We shall consider in sequence cerebral regulatory 
function, the influence of circulating compounds on 
cerebral activity, and the role of the brain in physi
cal and emotional situations recently studied. 40,54,70 

Finally, we shall examine the role of the central ner
vous system in various models of experimental hy
pertension and in essential hypertension in hu
mans.2,6,15 

Reflex Arcs in Blood Pressure Regulation 

The Medullary Baroreflex 

Peripheral receptor organs are located in the media 
and adventitia of the internal carotid artery at its 
origin (the carotid sinus) and in the aortic arch. 
These structures, called baroreceptors, are activated 
by the pulsatile distension of the arterial wall. This 
excitation gives rise to an increased discharge in the 
afferent loop of the baroreflex arc. These specialized 
nerve cells form the carotid sinus and the aortic 
nerves. Their pseudounipolar cell bodies are situ
ated in the plexiform ganglion. The nerve fibers 
then travel with cranial nerves 9 and 10 and enter 
the medulla via the collateral groove at the level of 
the obex (at the caudal end of the fourth ventricle). 
They cross the motor fibers of the fifth cranial nerve 
to join the solitary tract. Some of the fibers decus
sate to join the solitary tract of the opposite side. 



The first synapse is situated at the level of the soli
tary tract. They become localized on both sides of 
the obex, extend in a posterior and superficial direc
tion, and then run caudally and medially. The first 
junction was identified by degenerative studies of 
the medullary axons secondary to ablation of the 
plexiform ganglion, by the section of the ninth and 
tenth pairs of cranial nerves,56 and by the recording 
of electrical activity in the medulla during stimula
tion of baroafferent fibers. 38•69 

Distension of the baroreceptors or direct stimu
lation of the NTS results in arterial hypotension and 
bradycardia associated with a depression of sympa
thetic activity and an increase of vagal tone. These 
effects imply synaptic connections between the NTS 
and visceromotor fibers of the vagus and sympa
thetic tract. 

The origin of the vagal fibers to the heart is dis
puted. At least in the cat it is not the dorsal motor 
nucleus of the vagus, situated just behind the NTS, 
that seems to be involved, but the nucleus ambiguus 
located in the reticular formation. Indeed, stimula
tion of the nucleus ambiguus results in bradycardia, 
the opposite of stimulating the dorsal motor nu
cleus.72 In the same way, the antidromic stimulation 
of the vagal efferents to the heart results from an 
activation of the nucleus ambiguus, whereas the dor
sal nucleus is activated only by the retrograde stim
ulation of efferent fibers not destined for the heart.45 

The bulbospinal fibers destined to regulate the 
activity of the preganglionic sympathetic neurons 
originate in the reticular formation of the medulla 
oblongata. 

A lateral area in the region of the lateral nucleus 
of the reticular formation can be distinguished and 
is named area Al according to the classification of 
Dahlstrom and FuxeY The letter A designates cat
echolaminergic cell groups. Noradrenergic fibers 
originate in area Al and travel in the ventral parts of 
the lateral columns of the spinal cord before crossing 
the midline to reach the preganglionic sympathetic 
fibers. This lateral area corresponds to what neuro
physiologists call the medullary pressor area, so 
named because of the observed increase in blood 
pressure and sympathetic activity when it is 
stimulated.29 

The median region, which corresponds to the se
rotonergic areas of the raphe (area B), gives origin 
to serotonergic fibers which travel in the dorsal parts 
of the lateral columns of the cord before crossing the 
midline to reach the sympathetic nerve cells. The 
control exerted by these serotonergic fibers on the 
activity of preganglionic sympathetic fibers depends 
on the particular B area involved. I In response to a 
distension of the baroreceptors, a decreased activity 
of sympathetic fibers is seen which appears to be 
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modified by the previously described bulbospinal fi
bers. The cell bodies of the preganglionic sympa
thetic neurons extend between the first thoracic and 
second lumbar segments in the intermediolateral 
columns of the spinal cord. The axons of the cells 
leave the cord via the ventral nerve roots and then 
form cholinergic synapses in the paravertebral sym
pathetic ganglion chains. From there, the postgan
glionic sympathetic fibers leave for peripheral or
gans (heart, blood vessels, kidneys, etc.). Released 
norepinephrine stimulates cardiac contraction (car
diac i31-adrenergic effect), increases the peripheral 
resistance (vascular a-adrenergic effect), and in
duces the secretion of renin (renal i32-effect). The 
sympathetic fibers arising in the medulla oblongata 
and destined for the adrenal medulla form connec
tions (cholinergic synapses) in the gland itself. 
These fibers regulate the release of adrenal cate
cholamines (norepinephrine and, especially, 
epinephrine). 

Three important facts should be mentioned in re
lation to medullary baroreflex function. First, blood 
pressure readjustment brought about by the baro
reflex is limited by the sensitivity of the barorecep
tors. Large variations in blood pressure are not able 
to produce a greater signal then the maximum al
ready achieved by moderate (50-60 mm Hg) 
changes in blood pressure.40 One can readily appre
ciate the importance of other reflex arcs in the cor
rection of large variations in blood pressure. Second, 
in the case of chronic elevations of blood pressure, 
medullary baroreflex function is normal and appears 
to readjust blood pressure to the new level.46 This 
fact, the mechanism of which is still unknown, could 
play a role in the pathogenesis, or at least in the 
maintenance, of arterial hypertension. Finally, we 
have emphasized the medullary integration of 
changes in blood pressure. These variations are also 
integrated at higher levels (a mechanism to which 
we shall return in relation to "stress")and at lower 
levels. The persistence of cardiovascular reflexes in 
the spinal animal or in tetraplegic humans indicates 
the existence of a spinal control of sympathetic neu
rons.lO It appears that in the intact animal the med
ullary centers dominate the spinal vasomotor cen
ters, since there is a clear diminution of spinal 
somatosympathetic reflexes after high section of the 
spinal cord.58 

The Chemoreflex 

The chemoreceptors located in the carotid artery 
and the aortic arch are sensitive to variations in pH 
and the arterial partial pressure of oxygen (p02) or 
carbon dioxide (pC02) and modify respiration in 
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such a way as to correct the initial derangement of 
blood chemistry. Furthermore, hypoxia or hyper
capnia restricted to chemosensitive areas results in 
an elevation of peripheral resistance.57 In severe hy
poxic states associated with anoxia, this mechanism 
could contribute to the reestablishment of blood 
pressure. In another respect, sympathetic hyperac
tivity resulting from an inhibition of the baroreflex 
arc could be a contributing factor to anoxia by the 
mere fact of a reduction in the blood supply to the 
carotid body.37 The neural pathways utilized by the 
chemoreceptors to reduce variations in blood pres
sure are superimposed on those of the medullary 
baroreflexes. 

The Cardiac Reflexes 

Receptors found in the atria are sensitive to varia
tions in atrial pressure and in this way recognize 
changes in blood pressure. Atrial distension pro
duces vagal bradycardia and vasodilatation via a de
crease in sympathetic activity associated with a di
uretic and a natriuretic response. The reduced 
secretion of the posterior pituitary antidiuretic hor
mone (ADij) by the neurohypophysis could explain 
the increased diuresis. In the hypovolemic state the 
reverse situation is seen. Nevertheless, it seems that 
sympathetic hyperactivity secondary to hemorrhage 
is not the direct consequence of the activation of the 
baroreflex via the atrial receptors. In fact, vagotomy, 
which interrupts the afferent limb of this arc, does 
not suppress the elevation of catecholamines sec
ondary to hemorrhage. Sympathetic hyperactivity 
could be the consequence of a central action of an
giotensin which forms from the renin released by the 
kidney following hemorrhage.23 

Ventricular receptors appear to be equally sensi
tive to distension, but they are of two types: (1) ep
icardial receptors, the best known, transmit im
pulses via the vagus to the medulla which, in 
response to an increase in muscular tension, causes 
a vagal bradycardia (the Bezold-Jarisch reflex) and 
a reduced sympathetic tone; (2) myocardial recep
tors connected with the sympathetic afferents evoke 
opposite responses. 

Other Reflexes 

There exist a large number of receptors whose stim
ulation produces cardiovascular responses. Among 
these are the pulmonary receptors which produce 
venous constriction during deep inspiration,21 mus
cular receptors activated by physical exertion, cu
taneous receptors activated by painful stimuli 
(which result in increased sympathetic tone) or by 

variations in temperature,33 and receptors in the 
urinary bladder and gastrointestinal tract. 

The Influence of Variations in Blood 
Chemistry on Cerebral Activity 

The brain, with its role in reflex activity, appears ca
pable of modifying the activity of efferent neurons. 
in response to direct central stimuli such as meta
bolic changes or variations in circulating hormones. 

Cerebral ischemia can, in extreme cases (when 
autoregulation and metabolic regulation of cerebral 
blood flow are very active), generate extreme sym
pathetic hyperactivity. It may be that the observed 
response originates with the ischemia of one che
mosensitive zone in the medulla such as the area 
postrema. Hyperglycemia leads to sympathetic hy
peractivity. Temperature variations in central struc
tures also influence the activity of the cardiovascular 
nerve cells.33 The thermosensitive structures are 
probably located at the level of the hypothalamus. 

Circulating hormones do not appear to have an 
important effect on the brain, since the blood-brain 
barrier restricts the passage of molecules from the 
bloodstream· into the brain, admitting only those 
that are lipid-soluble. Nonetheless, certain densely 
vascularized structures are devoid of a blood-brain 
barrier. Circulating angiotensin acts centrally at the 
level of one of these areas, namely the area pos
trema. This area forms the two borders of the caudal 
tip of the fourth ventricle (obex) and is connected 
with the neighboring cardiovascular structures of 
the medulla. Stimulation of the area postrema by 
circulating angiotensin results in increased sympa
thetic tone and decreased vagal tone. Bilateral abla
tion of the area postrema reduces the pressor effects 
of a continuous intravenous infusion of exogenous 
angiotensin or endogenous angiotensin produced by 
hemorrhage or stenosis of the renal artery.39,67,GB The 
only vasoactive effects observed are associated with 
the direct constrictive action of the hormone on 
smooth vascular muscle. Angiotensin possesses 
other central effects which contribute to blood pres
sure regulation.5,2o,25 It stimulates water intake (and 
to a lesser degree salt intake) and liberates ADH 
from the posterior pituitary, resulting in anti
diuresis. 

The Physiologic Role of the Central 
Nervous System 

In this section we shall describe the mechanisms 
whose function it is to maintain a stable arterial 



blood pressure in the face of peripheral circulatory 
changes. These mechanisms depend on the reflexes 
previously described. We shall also consider cerebral 
mechanisms which bring into action suprabulbar 
systems capable of modifying the baroreflex func
tions. The modulation of the baroreflex explains the 
maintenance of blood pressure variations in partic
ular situations. 

Orthostatism 

In humans, the change from a recumbent to an up
right position causes about half a liter of blood to 
pool in the dependent areas of the body. This results 
in decreased venous return and orthostatic hypoten
sion. Before this amount of blood can be mobilized 
by muscular contraction or respiratory movements, 
a rapid correction of the blood pressure takes place 
under the influence of increased sympathetic tone 
and vagal depression. These effects are the reflex 
consequences of a reduction in atrial pressure and a 
reduction in the discharge of the baroreceptors re
lated to their relaxation. The renin-angiotensin-al
dosterone system and ADH intervene secondarily. 
The pressor effect of stimulation of the fastigial nu
cleus of the cerebellum47 has given rise to another 
hypothesis: It is possible that stimuli resulting from 
the postural changes of orthostatism, arriving at the 
cerebellum, activate this nucleus and evoke a pres
sor response. 

Physical Activity 

Physical exertion leads very rapidly (within a sec
ond of commencing exertion) to a considerable in
crease in cardiac output with tachycardia and a rise 
of arterial blood pressure. The swiftness of these he
modynamic changes suggests a nervous origin. Cer
tainly, inhibition of the baroreflex could be the main 
cause of the tachycardia and elevated blood pres
sure. This inhibition could be a result of the activa
tion of the motor or premotor cortex, which would 
explain the tachycardia preceding the onset of phys
ical effort. According to other researchers, the rise in 
blood pressure with tachycardia seen with muscular 
contraction could be due to a sympathetic reflex ac
tivated by a release of metabolites from muscle 
which are able to stimulate muscular chemorecep
tors.8M This hypothesis could explain the mainte
nance of the elevated blood pressure in terms of the 
slow inactivation of these metabolites. The moder
ate change in total peripheral resistance could be 
due to a generalized increase in sympathetic tone 
(baroreflex inhibition or reflex of muscular origin) 
and to a vasodilation restricted to the contracted 
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muscles (especially a functional hyperemia, the pos
sible activation of a muscular vasodilator nerve bun
dle; see below). 

Sleep 

In a large number of species, and especially in hu
mans and cats, there is a moderate decrease in ar
terial pressure and heart rate during sleep, which is 
most marked during periods of paradoxical sleep.31 
These changes can be interpreted as resulting from 
changes in the activity of the reticular formation of 
the brainstem, thus affecting the activity of the car
diovascular neurons. 

Stress 

Certain emotional states (e.g., vasovagal syncope in 
humans) are characterized by bradycardia and a fall 
of blood pressure. However, in most cases, emotion 
produces a marked tachycardia, a rise of arterial 
blood pressure, an increase of muscle tone in the vis
ceral organs, and an increase in muscular blood flow, 
which can be interpreted as a preparation for mus
cular exercise. These hemodynamic changes have 
been studied in experimental animals by the stim
ulation of central structures which evoke an attack, 
flight, or defense response. The integrating struc
tures, or centers, are localized in the medulla, the 
mesencephalon, and the "defense area" of the hy
pothalamus and form part of the ascending activat
ing system of the reticular formation. 36 These struc
tures receive information from the periphery 
(extralemniscal system for pain and temperature 
stimuli) or from the cerebral cortex (via the rhinen
cephalic amygdala). These centers trigger not only 
defense and attack reactions, but also neuroauto
nomic functions such as the inhibition of the baro
reflex. 34 This baroreflex inhibition, which arises in 
the suprabulbar areas, explains the tachycardia and 
the visceral vasoconstriction. As for muscular vaso
dilatation, this could be connected with the stimu
lation of a vasodilator nerve bundle arising in the 
hypothalamus.35 This pathway, which does not syn
apse at the level of the medulla, is cholinergic in the 
cat65 but not in the monkey.66 The example of 
"stress" demonstrates the complexity of the med
ullary baroreflex, a key reflex arc in the regulation of 
blood pressure, whose activity apparently can be 
modified by suprabulbar afferent fibers arising 
mainly in the hypothalamus. The hypothalamus is 
also informed about changes in blood pressure.51,71 

Thus the hypothalamus can be pictured as a higher 
regulatory center capable of influencing the activity 
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of the medullary center, which in turn controls the 
cardiovascular centers of the medulla. 

Conditioned Cardiovascular Regulation 

It has recently been shown that learning processes 
produce changes in the activity of the autonomic 
nervous system and thus that this activity should be 
regarded not as purely autonomic but as a part of 
the behavioral pattern. For example, a monkey con
ditioned to receiving electrical stimuli, instead of re
sponding with a rise in blood pressure, will develop 
a chronic hypotensive state, which can be attributed 
to learning.3 Such experience has prompted research 
into conditioned antihypertensive activity in which 
a compensatory lowering of blood pressure has fol
lowed repeated pressor stimuli.4 

Central Mechanisms in Arterial 
Hypertension 

Neurophysiologic experiments, such as the section, 
ablation, or stimulation of cerebral structures, have 
led to a better understanding of the role of these 
central structures in the regulation of arterial blood 
pressure. Recent technical developments in neuro
chemistry and neuropharmacology help to clarify 
the extent to which derangements in cerebral func
tion might playa role in arterial hypertension. At 
the neurochemical level it is possible to study the 
monoamine levels in specific brain regions selected 
because of their relationships to central monoami
nergic pathways.73,74 With this methodological ap
proach, however, it is difficult to determine whether 
the changes observed in the neurotransmitters are 
responsible for the arterial hypertension or are the 
result of the elevated blood pressure, inasmuch as 
changes in transmitter levels may occur simultane
ous to the development of hypertension without 
being directly related to it. At the neuropharmaco
logic level, even the local application of stimulating 
or blocking drugs and the use of inhibitors of trans
mitter synthesis or neurotoxic compounds permit a 
precise evaluation of the role of these connecting 
pathways in hypertension. These techniques are 
limited, however, by the lack of absolute specificity 
of the neurotoxic drugs and by the uncontrolled dis
tribution of the injected drugs. 

In the next section we shall consider some neuro
logic data from experimental hypertension, followed 
by some observations in humans based on indirect 
studies of the activity of the autonomic nervous 
system. 

Neurogenic Hypertension 

Denervation of the baroreceptors frees the activity 
of the medullary centers from the inhibitory influ
ences of the afferent fibers and leads to an oscilla
tion of the blood pressure.ll De-afferentation causes 
an increase of norepinephrine synthesis in both the 
heart and adrenal glands, but the level of endoge
nous norepinephrine in these organs remains un
changed.I6 This may correspond to an increase of 
norepinephrine release which could lead to hyper
tensive episodes. 

Arterial hypertension also results after bilateral 
destruction of the NTS.I7 The fulminating hyper
tension observed in this situation is related to an in
crease in sympathetic tone, which can be explained 
by the destruction of a center which normally exerts 
an inhibitory effect on the sympathetic pathway. It 
is certainly associated with the abolition of the bar
oreflex, since the first relay station is destroyed. 

These experimental models make it possible to 
analyze the role of bulbospinal monoaminergic 
pathways in relation to the spinal sympathetic neu
rons. In considering the contribution of catechol
amines in neurogenic hypertension, one should note 
the effects of 6-hydroxydopamine (6-0HDA). This 
compound destroys monoaminergic nerve cells, es
pecially noradrenergic neurons. When introduced 
into the cisterna magna, it causes a decrease in 
spinal catecholamine levels, which is attributable to 
a destruction of the bulbospinal catecholaminergic 
pathway. The administration of 6-0HDA can now 
prevent (or correct) the hypertension produced by 
sinoaortic denervation or bilateral destruction of the 
NTSYs It can be concluded that the bulbospinal 
catecholaminergic pathway is activated in this 
model and that it may stimulate the spinal sympa
thetic nerve cells. 

In support of the role of serotonin in blood pres
sure regulation, one can cite the effects of 5,6-dihy
droxytryptamine (5,6-DHT), which destroys sero
tonergic nerve cells. Administered intracisternally, 
it prevents (or reduces) the hypertension produced 
by denervation.75 The serotonergic bulbospinal fi
bers seem to be activated in a similar manner in this 
model and apparently stimulate the spinal sympa
thetic neurons in the same way as the catecholamin
ergic pathways. Both of these sets of data, which in
dicate an excitatory action of catecholamines and 
serotonin on the spinal sympathetic neurons, are 
nonetheless at odds with other results which have 
led researchers to conclude that the two amines 
have an opposite effect on spinal sympathetic 
neurons.9,32,52,62 

In another experiment, 6-0HDA was injected lo
cally into the NTS of normal rats or cats.61 The af-



ferent catecholaminergic fibers of the NTS, partic
ularly those arising from the baroreflex control 
centers above the medulla and area A2 of the me
dulla, were thus destroyed. The result was an unsta
ble blood pressure with no apparent disturbance of 
the baroreflex arc. The catecholaminergic innerva
tion of the NTS, therefore, appeared to modulate 
the baroreflex and contribute to the stability of the 
blood pressure. 

Hypertension Based on Desoxycorticosterone 
Acetate (DOCA) and Salt 

Severe arterial hypertension is seen when a high salt 
intake is combined with the administration of a 
mineralocorticoid (such as DOCA), thus providing 
salt retention. Unilateral nephrectomy accelerates 
the positive sodium balance, which appears to be re
sponsible for the hypertension. Other types of ex
perimental hypertension, such as one-kidney Gold
blatt hypertension (stenosis of the renal artery with 
unilateral nephrectomy), the hypertension due to 
the perinephritis resulting from renal encapsulation, 
and finally the hypertension resulting from bilateral 
nephrectomy, are also accompanied by a positive 
salt balance. The sodium excess initially increases 
the blood volume and cardiac output, an action 
which may initiate arterial hypertension. During the 
chronic phase of mineralocorticoid hypertension, an 
increase in peripheral resistance is solely responsible 
for the raised blood pressure. The peripheral vaso
constriction could be explained by an increased 
sympathetic tone. l3.60 Bilateral adrenalectomy or 
chemical sympathectomy induced by intravenous 6-
OHDA lowers this elevated blood pressure. l4 The in
creased sympathetic tone is apparently dependent 
on a supraspinal mechanism since section of the cer
vical cord relieves the hypertension. The preventive 
effect of the intraventricular injection of 6-0HDA 
on mineralocorticoid hypertension suggests that 
central catecholaminergic fibers playa role.24.42 Also, 
the increased activity of phenylethanolamine N
methyltransferase (PNMT) (the enzyme catalyzing 
the methylation of norepinephrine to epinephrine in 
area Al of the medulla63) could explain the activation 
of adrenergic bulbospinal fibers which arise at this 
level and control the spinal sympathetic fibers. This 
activation of area Al could itself depend on the vari
ations in activity of the bulbospinal monoaminergic 
pathways, as suggested by the reduced turnover of 
norepinephrine in the hypothalamus and brainstem 
of DOCA-salt hypertensive rats.50 The initial site of 
action of sodium could be the hypothalamus, but its 
mechanism of action is unknown. Central seroto
nergic fibers do not seem to be involved in this hy-
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pertensive model, since the intracisternal adminis
tration of 5,6-DHT does not influence miner
alocorticoid hypertension.48 

Experimental Renovascular Hypertension 

In the previously cited models of renal hypertension 
associated with a positive sodium balance, central 
and peripheral adrenergic changes are seen which 
are identical to those of mineralocorticoid hyperten
sion. Two-kidney Goldblatt hypertension is very 
different since it is mainly dependent on the renin
angiotensin system. As previously mentioned, angio
tensin has several central actions in addition to its 
powerful vasoconstrictive effect. The stimulation of 
the area postrema by circulating angiotensin origi
nating from stenosis of the renal artery could play 
a role in this model; in the dog, the bilateral destruc
tion of the area postrema reduces the elevated blood 
pressure secondary to renal artery stenosis.67 Never
theless, in the rat the level of plasma norepinephrine 
is normal after clamping of the renal artery, a fact 
which argues against neurogenic mechanism for 
two-kidney renovascular hypertension in the rat.59 

Genetic Hypertension in the Rat 

The biochemical changes seen in spontaneous hy
pertension in the rat are difficult to interpret. In
deed, the method of selecting spontaneously hyper
tensive rats may select rats which carry bioehemical 
anomalies unrelated to arterial hypertension. For 
this reason rats used as controls must have a maxi
mum genetic similarity to the hypertensive rats. A 
further difficulty arises from the numerous strains 
of genetically hypertensive rats. The most studied is 
the Japanese strain, which has displayed various ir
regularities that have yet to be described. 

The development of hypertension is clearly influ
enced by environmental factors such as stress and 
salt consumption.77 However, young rats display a 
high level of sympathetic nervous discharge55 and an 
elevation of plasma norepinephrine.30 It would ap
pear that this sympathetic hyperactivity is indis
pensable to the genesis of the hypertension, for sym
pathectomy arrests the development of the 
hypertensive state.76 The preventive effect of the in
traventricular administration of 6-0HDA on the de
velopment of spontaneous hypertension suggests 
that central catecholaminergic fibers playa role. 24 In 
addition, an increase in PNMT activity is seen in 
areas Al and A2 of the medulla when compared to 
the controls.63 These changes could account for an 
activation of the adrenergic bulbospinal fibers which 
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control the spinal sympathetic fibers. This catechol
aminergic activation of the medulla may depend on 
monoaminergic pathways originating in the hypo
thalamus. In the young spontaneously hypertensive 
rat, some researchers have described a reduced syn
thesis of norepinephrine in the anterior hypothala
mus,64 while others have found an increased synthe
sis of serotonin in the whole hypothalamus.49 

Spontaneous hypertension in the adult rat, in 
contrast to that in the young rat, appears less de
pendent on neurogenic factors since some residual 
hypertension persists after sympathectomy. 53 Simi
larly, at the central level, PNMT activity appears to 
return to normal in areas Al and A2 of the medulla, 
but a reduced rate of norepinephrine synthesis per
sists at the level of the anterior hypothalamus.64 The 
hypothesis of an increased formation of cerebral an
giotensin, which could be involved in the pathogen
esis of spontaneous hypertension via its central 
pressor action28 has not been confirmed.I9 

Arterial Hypertension in Humans 

For a long time the investigation of the sympathetic 
nervous system was limited by methodological prob
lems. The measurement of catecholamines and their 
metabolites in the urine permitted only the detec
tion of pheochromocytomas. This tumor, usually of 
adrenal origin, secretes an excess of catecholamines, 
thus explaining the symptomatology of this disease. 
The hypersecretion appears to be accompanied by 
an increased activity of catecholamine-synthesizing 
enzymes and a decreased activity of the mitochon
dria-degrading enzyme, monoamine oxidase.'3 

Today there are radiometric methods with which 
plasma catecholamines can be accurately and repro
ducibly measured. The rise in their level with or
thostatism attests to the sensitivity of the method 
and also shows that the method is capable of de
tecting physiologic variations in sympathetic activ
ity. This represents a true advance over the serum 
activity measurement of dopamine-iJ-hydroxylase (a 
synthetic granular enzyme released on sympathetic 
excitation), which did not meet all requirements. 
Nonetheless, published results on catecholamine 
levels measured in patients with essential hyperten
sion still permit no final conclusions to be drawn.2 
Since the plasma norepinephrine rises with age, it is 
important to include normotensive controls 
matched for age with the hypertensive patients in 
order to appraise the observed differences.41 

Most researchers have found an elevation of 
plasma catecholamines in certain hypertensive sub
jects under baseline conditions, which was even 
more obvious during orthostatism when compared 

to control subjects. A recent study suggests that the 
elevation of catecholamines in hypertensive patients 
could be due to the elevation of plasma epinephrine 
rather than norepinephrine, a fact that would im
plicate a preferential hyperactivity of the adrenal 
medulla.26 It should be noted that benign essential 
hypertension associated with an increased plasma 
renin activity (PRA) appears to be associated with 
an elevation of plasma norepinephrine.22 Small 
doses of a beta-adrenergic-blocking drug lower the 
PRA without affecting the blood pressure, indicat
ing an absence of a pathogenetic role of renin in be
nign hypertension. In contrast, blockade of the au
tonomic nervous system reduces the hypertension of 
patients who have elevated levels of both PRA and 
norepinephrine, suggesting that increased sympa
thetic tone plays a role in this situation. A raised 
PRA may be only a reflection of increased sympa
thetic activity on the kidney.22 

Such studies indicate that it may one day be pos
sible to classify arterial hypertension according to 
group, one group being associated with heightened 
sympathetic activity. This "sympathetic" form of 
hypertension might be dependent upon various ac
quired factors (stress, environment, the direct effect 
of sodium on the brain) or endogenous factors (cer
ebral biochemical abnormalities). 

Conclusion 

The brain regulates the arterial blood pressure 
through fast-acting mechanisms, bringing into play 
changes in the activity of the autonomic nervous 
system. The activation of these mechanisms de
pends on reflex arcs, the most important of which is 
the medullary baroreflex. The variety of changes 
that can be brought about by hemodynamic shifts 
are controlled by the cardiovascular centers which 
extend from the diencephalon to the spinal cord. 
The hypothalamus integrates inputs of cortical ori
gin carrying autonomic responses evoked mainly by 
emotional stimuli. The medulla coordinates inputs 
in relation to the systemic hemodynamic state. The 
spinal cord integrates impulses from somatic struc
tures (muscles, visceral organs, skin). A hierarchy 
exists, each center controlling the activity of the 
center below it. Automation of a center occurs only 
after de-afferentation of the overlying center. The 
final common pathway is represented by the auto
nomic nervous system. Changes in its activity best 
reflect the total needs of the organism. Thus, circu
latory changes, such as those associated with hem
orrhage, result in an adjustment of blood pressure 
via the medulla. In the same way, a stressful situa-



tion would produce, via the diencephalon, a hemo
dynamic response directed toward preparing the or
ganism for muscular effort and defense. The 
dominating influence of the diencephalon on the 
medulla would dampen the effect of stimuli arriving 
at the medulla from the periphery. This mechanism 
would explain the maintenance of a raised arterial 
blood pressure in this case by an inhibition of the 
baroreflex. 

Anatomic data on the organization of central car
diovascular connecting pathways are still fragmen
tary. Monoamines represent the central transmit
ters of the pathways, their mode of action depending 
on the type of amine involved.27 Here we have 
mainly considered serotonin and catecholamines, 
but other neurotransmitters could be involved (his
tamine, acetylcholine, -y-aminobutyric acid, enke
phalines, and as yet unidentified peptides). 

With regard to arterial hypertension, certain ar
guments suggest that the brain could be an initiat
ing factor. Owing to technological progress, it is now 
possible to investigate this promising possibility. 
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Renin-Angiotensin-Aldosterone System 

Historical Review 

Around the turn of the century, Tigerstedt and 
Bergman produced hypertension in dogs by inject
ing a renal extract that they called renin.43 Decades 
later, in their classic experiments, Goldblatt et al. 
succeeded in demonstrating a relationship between 
experimentally induced stenosis of the renal artery 
and hypertension.23 Page and Helmer were the first 
to d~monstrate that renin is an enzyme that acts on 
another substance to yield a vasoactive agent.36 Sim
ilar observations were reported by Braun-Menim
dez.9 Later, the structural analysis of angiotensin II 
was successful, followed in turn by its synthesis. 

Renin 

Chemistry and sites of formation 
Renin is a proteolytic enzyme which has not yet 
been synthesized in a completely pure form. Recent 
work has shown that it occurs in human plasma and 
also in renal extracts in both an active form with a 
molecular weight of approximately 40,000 and in a 
relatively inactive form with a molecular weight of 
about 60,000. Characteristically, the activity of the 
heavier fraction can be increased by incubation at 
an acidic pH. 

Renin is formed in granule-containing groups of 
cells at the vascular pole of the glomerulus which are 
supposedly derived from the smooth-muscle cells of 
the afferent arteriole.19,25 The afferent arteriole 
which contains these cells, together with the efferent 
arteriole and the granule-containing cells at the vas-

cular pole of the glomerulus, form an anatomical 
and functional unit called the juxtaglomerular 
apparatus. 

Renin-like enzymes have been isolated thus far 
from various organs, e.g., the uterus, placenta, adre
nal glands, and brain.2,14,21,22,27,4O These renin -like en-
zymes are held responsible for the demonstration of 
renin activity in the plasma of patients without kid
neys.13 The importance of these substances in the 
regulation of blood pressure is not clear, however. 

Mechanism of action 
Renin itself does not have any physiologic effect. It 
catalyzes the conversion of its substrate, an Cl'2-glob
ulin formed in the liver (angiotensinogen), to angio
tensin I, a non vasopressor substance. This decapep
tide is acted on by "converting enzyme," which 
splits off two end amino acids to form the octapep
tide angiotensin II. This process takes place primar
ily in the pulmonary circulation,5,31,32 but can also 
occur in tissue and plasma. 1 

Angiotensin II has a strong vasoconstricting ac
tion and therefore increases the blood pressure. It is 
rapidly degraded by aminopeptidases (angiotensi
nase). The resulting angiotensin II fragments prob
ably have no physiologic importance, with the ex
ception of the heptapeptide (angiotensin III). The 
heptapeptide is considered by some investigators to 
be the actual stimulus of the adrenal production of 
aldosterone,8,24 although its pressor effect is less than 
that of angiotensin II. 

Regulation of renin secretion 
The exact mechanism leading to the release of renin 
is not known. However, there are indications that 
two intrarenal receptors in particular control the 



regulation of renin secretion. The first receptor (bar
oreceptor theory) is of a vascular nature and appears 
to be located in the afferent arterioles of the juxta
glomerular apparatus. It reacts to changes in the ar
terial wall tension. The second receptor is the ma
cula densa (macula dens a theory), which supposedly 
reacts to changes in the amount of sodium delivered 
to the distal tubule. Renin secretion is further influ
enced by the sympathetic nervous system of the kid
ney. Finally, various humoral factors can cause a 
change in the secretion of renin. 

Baroreceptor Theory. The baroreceptor theory 
was advanced by Tobian and co-workers.44 These in
vestigators were able to demonstrate that an in
crease in the renal perfusion pressure led to a de
crease in the granules in the juxtaglomerular 
apparatus (an index of the renin stored there). The 
results of experiments on nonfiltering, denervated 
kidneys of totally adrenalectomized dogs seem to 
confirm this theory.6,7 In these animals, glomerular 
filtration was cut down by contralateral nephrec
tomy, temporary ligature of the renal artery, and lig
ature of the ureter, Influences of the sympathetic 
nervous system or circulating catecholamines were 
eliminated by denervation and adrenalectomy. 
Nevertheless, an increase in renin secretion could be 
attained in these animals by loss of blood and con
striction of the abdominal aorta. 

Macula Densa Theory. Vander and Miller ob
served that renin secretion could be influenced by a 
change in the sodium content of the distal tubule, 
independent of the blood pressure.46 Investigations 
using micro perfusion of rat nephrons were able to 
show that under perfusion with isotonic saline, an 
increase occurred in the renin production in the jux
taglomerular apparatus, whereas no such increase 
occurred with the use of other sodium-free solu
tions."6,45 These findings supported the assumption 
that renin release can be influenced, independent of 
perfusion pressure, by a change in the sodium con
tent of the distal tubule, However, it remains un
clear whether the renin release is stimulated by an 
increase or a decrease in the sodium content of the 
distal renal tubule. 

Autonomic Nervous System. A number of inves
tigators have documented an influence of the auto
nomic nervous system on renin secretion. Nerve 
endings are structurally connected with the juxta
glomerular apparatus.!,30,33,52 Electric stimulation of 
the sympathetic neuroplexus leads to an increase in 
renin production;28,47 renal sympathectomy leads to 
inhibition of renin release.to 
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Humoral Factors. The interpretation of the ef
fect of circulating catecholamines on renin release is 
complicated by the fact that these substances si
multaneously influence vascular tone. Studies with 
cell suspensions and renal tissue, however, were able 
to demonstrate a direct influence of catecholamines 
on the production of renin.29,39 Potassium intake 
leads to a reduction in renin activity,n,50 while po
tassium depletion causes an increase in renin secre
tion. ADH in physiologic concentrations is capable 
of suppressing renin release,,2 The site bf action of 
ADH appears to be the juxtaglomerular apparatus, 
since the hormone also suppresses renin secretion in 
the nonfiltering kidney"! 

Feedback mechanism of renin secretion 
An increase in renin secretion can cause a reduction 
in renin release by various feedback loops. 

Change in Vascular Tone. Angiotensin II can in
crease blood pressure by direct vasoconstriction. 
Furthermore, it is capable of changing the periph
eral vascular resistance by acting on the central ner
vous system. Both mechanisms lead to a change in 
the wall tension of the baroreceptors and thereby in
fluence renin secretion. 

Regulation by Aldosterone. Angiotensin II (and 
angiotensin III) is capable of indirectly influencing 
the blood pressure by stimulating the adrenal secre
tion of aldosterone. Aldosterone, the most impor
tant mineralocorticoid in man, causes increased so
dium retention in the distal renal tubule and a 
consequent rise of blood pressure. As already dis
cussed, renin secretion is then inhibited, either by 
an increase in the wall tension of the baroreceptors 
or by a change in the sodium content of the distal 
renal tubule. ' 

Circulating Angiotensin II. Experiments in 
sheep have shown that the secretion of renin can be 
directly influenced by circulating angiotensin II, in
dependent of renal perfusion pressure or the sodium 
concentration in the distal renal tubule. 

Intrarenal Mechanism in the Nephron. 
Finally, an intrarenal feedback mechanism in the in
dividual nephron has been postulated. Locally pro
duced angiotensin II supposedly leads to vasocon
striction of the afferent arteriole. This, in turn, 
would result in a decrease in the glomerular filtra
tion pressure with a consequent decrease of the so
dium concentration in the distal renal tubule. Ac
cording to this theory, the reduced level of sodium 
in the distal tubule would then inhibit the secretion 
of renin. 
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Inhibitors 

The renin-angiotensin inhibitors described thus far 
have shown one of the following characteristics: (1) 
direct blockade of renin; (2) inhibition of the renin/ 
substrate reaction; (3) inhibition of the converting 
enzyme; and (4) antagonism of angiotensin II. 

Inhibition of the renin-angiotensin system was 
first achieved with the use of renin antibodies.17.3s.51 
However, since the production of specific antibodies 
is dependent on the purity of the immunogen, and 
renin could not be produced in a pure form, the an
tisera obtained with renin extracts showed low spec
ificity. This may explain why the reduction in blood 
pressure originally observed in experimentally in
duced renovascular hypertension could not be re
produced by others. 

The substances that inhibit the renin/substrate 
reaction are substrate analogs.12.37 The use of these 
inhibitors of the renin-angiotensin system is par
tially limited by the fact that some of these sub
stances are inactive at a physiologic pH. Converting 
enzyme inhibitors prevent the conversion of angio
tensin I to angiotensin 11.3 These substances are of 
a peptide character and were originally isolated 
from snake venom.2O 

Of the inhibitors of the renin-angiotensin system, 
the angiotensin II analogs have been the most 
widely used. Recent investigations with these sub
stances, conducted in normal persons and in pa
tients with essential hypertension, renovascular hy
pertension, or other forms of secondary hy
pertension, have greatly extended our knowledge of 
the physiologic and pathophysiologic role of the 
renin-angiotensin system. 

Aldosterone 

Aldosterone is the most important human mineralo
corticoid. It is produced in the zona glomerulosa of 
the adrenal gland. Its primary physiologic impor
tance lies in the exchange of potassium and hydro
gen ions for sodium ions in the distal renal tubule. 
However, aldosterone does not possess renal effects 
only; it also influences the electrolyte metabolism in 
other body cells. Thus, its effects can be demon
strated in saliva, sweat, and intestinal secretions. 
The .most important stimulus of aldosterone secre
tion is angiotensin II and its degradation product, 
the heptapeptide, angiotensin III. 

Other major factors influencing the adrenal secre
tion of aldosterone are ACTH and changes in potas
sium metabolism. According to recent findings, the 
influence of ACTH appears to be modulated by the 
kidneys and the renin-angiotensin system. Thus, 

after bilateral nephrectomy, there is little or no de
monstrable effect of endogenous ACTH on fluctua
tions of plasma aldosterone.49 The infusion of exog
enous ACTH causes a much greater increase in the 
concentration of plasma aldosterone in patients 
with terminal renal failure than in patients without 
kidneys.35 

In normal persons, even a slight increase in potas
sium intake leads to a stimulation of aldosterone se
cretion.ls Vice versa, even slight reductions in potas
sium intake cause a decrease in the adrenal secretion 
of aldosterone. There are many indications that the 
intracellular potassium concentration is the actual 
determinant of aldosterone synthesis. Thus, an in
crease in plasma aldosterone was achieved without 
changing the potassium metabolism by the admin
istration of insulin with a subsequent transfer of po
tassium into the cells and a fall of serum potas
sium.'5.34 

The influence of serum sodium on aldosterone se
cretion is disputed. Animal experiments with infu
sions of solutions containing sodium were able to 
demonstrate a direct effect on the adrenal secretion 
of aldosterone,I6 whereas in nephrectomized pa
tients no significant changes in plasma aldosterone 
levels could be observed in response to sodium re
duction.4 The contradictory results may be due in 
part to the fact that the observed changes in aldo
sterone secretion were not mediated directly by 
serum sodium, but indirectly through changes in 
renal renin secretion. 

Investigations in nephrectomized patients have 
shown that possibly still other, unknown factors are 
involved in the regulation of aldosterone secretion.48 

The physiologic significance of these factors is not 
known. 

Hypertension Due to Steroid Hormones 

The syndromes associated with hypertension in
duced by steroid hormones include Cushing's syn
drome, primary aldosteronism, congenital adrenal 
hyperplasia, rare mineralocorticoid excess syn
dromes, and finally those syndromes caused by ex
ogenous administration of steroid hormones or re
lated substances. 

The forms of hypertension caused by steroid hor
mones probably account for less than 1 % of all hy
pertension cases. Nevertheless, their recognition is 
important because the majority of patients can be 
cured by surgical treatment. In the rest, an exact di
agnosis usually permits specific medical therapy. 



Cushing's Syndrome 

Historical review 
The syndrome was first described by Harvey Cush
ing in 1932.36 Since then our understanding of its 
pathophysiology has changed greatly. Although it 
was once believed that a tumor of the anterior pi
tuitary was the sole cause of the disease, later work 
showed that abnormally increased activity of hypo
thalamic centers triggered the disease in most pa
tients. 

Frequen.::y and severity of the hypertension 
Over 80% of all patients with Cushing's syndrome 
have hypertension, the course of which can some
times be very severe or even malignant.l17 In a con
siderable percentage of patients, hypertension per
sists in spite of surgical cure of the underlying 
disease. Thus, after bilateral adrenalectomy, 7 of 27 
patients still had abnormally elevated blood pres
sure values yo In some of these cases, this was due to 
nephrosclerosis that had developed secondary to the 
hypertension. 

Forms of the disease 
The syndrome can have the following forms: 

Hypothalamic-Pituitary Forms. In approxi
mately 70% to 80% of the patients, there is in
creased production of ACTH. In some cases, the dis
ease is caused by a basophilic adenoma of the 
anterior pituitary. In most patients, however, in
creased secretion of corticotropin releasing factor 
(CRF) is now considered responsible. The elevated 
CRF activity leads to an increase in the secretion of 
ACTH (corticotropin) with subsequent bilateral hy
perplasia of the adrenal cortex and increased pro
duction of cortisol. 

Adrenal Forms. In about 20 % of the patients, an 
adenoma or a carcinoma of the adrenal cortex causes 
an autonomous increase in the secretion of cortisol. 
Owing to the primary elevated secretion of cortisol, 
the production of ACTH is typically suppressed in 
these patients. 

Ectopic ACTH Syndrome. In the ectopic ACTH 
syndrome, autonomous production of ACTH-like 
peptides leads to bilateral hyperplasia of the adrenal 
cortex. Ectopic (paraneoplastic) production of 
ACTH-like peptides is found primarily in oat cell 
carcinoma of the lung, bronchogenic carcinoma and 
bronchoadenoma, and carcinoma of the thymus 
gland. The tumors are attributed to the APUD 
(amine precursor uptake and decarboxylation) sys
temY3 The tumors of the APUD system are of neu-
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roectodermal origin. The majority of the peptide
producing tumors, collectively called apudomas, are 
derived from this system.144 The ectopic ACTH syn
drome differs from the other forms of Cushing's syn
drome primarily in that the biochemical abnormal
ities of the oversecretion of cortisol are more evident 
than the clinical abnormalities. Thus, pronounced 
hypokalemic alkalosis is the leading symptom of ec
topic ACTH syndrome. 

Pathogenesis of hypertension 
The exact pathogenic mechanism in over 80% of hy
pertensive patients has not been established as yet. 
A possible cause of the increase in blood pressure is 
an elevated production of other steroids, chiefly 
mineralocorticoids, or a mineralocorticoid effect of 
high cortisol levels. The main proponents of the 
mineralocorticoid theory are Biglieri et al.14 Indirect 
evidence in support of such a pathogenesis would be 
a more or less pronounced hypokalemic alkalosis re
sulting from the renal effect of mineralocorticoid 
hormones. 14 Abnormally low serum potassium con
centrations are, in fact, observed in some of the pa
tients; however, normal values also occur (Table 1). 
Increased production of mineralocorticoid steroids, 
such as aldosterone, desoxycortisone (DOC), II-de
soxycortisol, and corticosterone, is apparently not 
solely responsible for the hypertension, since the 
levels of these substances can be either normal or 
elevated in patients with Cushing's syn
drome.35,109,120 

A further mechanism that could be responsible is 
a glucocorticoid-induced increase in vascular re
sponsiveness to circulating catecholamines. Thus, 
studies in animals74 as well as investigations in nor
mal persons and patients with Cushing's syndrome96 

were able to show that the response of vascular 
smooth muscle to norepinephrine is heightened in 
the presence of a cortisol excess. Cortisol apparently 
inhibits the enzymatic catabolism of norepinephrine 
in the wall of the blood vessel. 

In recent investigations it has been postulated 
that the renin-angiotensin system is involved in the 
pathogenesis of hypertension.82 In patients with hy
percorticism, the cortisol excess first causes an in
crease in the renin substrate produced in the liver,81 
which in turn leads to an increased production of the 
vasopressor agent angiotensin II and, consequently, 
to hypertension. 

To examine the role of the renin-angiotensin sys
tem, we infused an angiotensin II antagonist (sara
lasin) in three patients with Cushing's syndrome, 
while closely monitoring their blood pressures (Fig. 
1). Three patients with primary aldosteronism, an 
established form of mineralocorticoid hypertension, 
served as controls. Under the infusion of saralasin, 
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Table 1. Clinical and Laboratory Data in Cushing's Syndrome" 

Serum Potassium Urine Cortisol 
Form of Cushing's Patient Age BP (mEq/liter) (lLg/24 h) 
Syndrome No. (years) Sex (mm Hg) (normal 3.5-4.5) (normaI20-120) 

Hypothalamic- 1 12 M 120/85 3.9 147 
pituitary form 2 29 F 120/70 3.5 180 

3 12 M 140/90 3.8 1180 
4 22 F 150/100 4.3 520 
5 36 M 160/110 4.5 350 
6 31 M 175/120 4.9 555 
7 26 F 140/100 4.3 240 
8 40 F 150/110 4.1 250 
9 39 M 170/110 3.7 1080 

10 43 M 160/110 4.1 260 
11 60 F 150/100 4.0 180 

Adrenal forms 
Adenoma 12 44 F 190/110 3.2 410 

13 18 F 170/115 3.9 3900 
14 20 F 160/130 3.0 860 
15 48 F 160/115 4.2 220 

Carcinoma 16 68 F 195/120 2.9 3600 
17 47 F 205/125 3.0 330 
18 59 F 190/110 2.6 890 

"11 patients with hypothalamic-pituitary dysfunction and 7 patients with adrenal forms (adrenal adenoma n-4, adrenal carcinoma n-3). 
Pathologic values are in italic. 

there was no significant fall of blood pressure in 
either the patients with Cushing's syndrome or 
those with primary aldosteronism. Consequently, it 
appears unlikely that the renin-angiotensin system 
plays an essential role in the pathogenesis of hyper
tension in Cushing's syndrome.141 
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Diagnosis 

Clinical Symptoms. The diagnosis of hyperten
sion in Cushing's syndrome usually does not pose 
major problems once the primary disease has been 
suspected on the basis of clinical symptoms, i.e., 
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Figure 1. Effect of a 30-min infusion of 20 mg of saralasin (I-sar-8-ala-angiotensin-II) on mean arterial pressure, 
renin activity (ng/ml· 3 h) and plasma aldosterone (pg/ml) in three patients with (A) Cushing's syndrome (1-3) and 
three patients with (B) primary aldosteronism (Conn's syndrome) (4-6). The duration of saralasin infusion is indi
cated by thick solid lines. 



central truncal obesity, "buffalo hump," purple 
striae, hirsutism, acne, muscular weakness, and ec
chymosis (Fig. 2). In some patients with hyperten
sion and cushingoid aspect, however, differentiation 
from patients with genuine Cushing's syndrome can 
be impossible on the basis of the clinical symptoms 
alone. Analysis of the clinical symptoms of a large 
number of patients with suspected or established 
Cushing's syndrome has shown that, as criteria for 
differential diagnosis, the presence of central trun
cal obesity, muscular weakness, or ecchymosis 
should be rated much higher than the demonstra
tion of acne, striae, or hirsutism. lOB In addition, the 
radiologic demonstration of osteoporosis strongly 
suggests the presence of Cushing's syndrome. 

Clinically, in addition to the characteristic symp
toms already listed, the patients exhibit a pro
nounced elevation of blood pressure, especially dia
stolic (Table 1). In many cases the hypertension is 
characterized by a striking resistance to therapy, 
even with aldosterone antagonists. 

Laboratory Findings. Laboratory findings often 
show hypokalemia, but this is by no means present 
in all cases (Table 1). A marked decrease in the 
serum potassium concentration points to the pres
ence of a carcinoma of the adrenal cortex, since this 
form of Cushing's syndrome often features strongly 
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increased production of steroid hormones with a pri
mary mineralocorticoid effect. 

Urinary excretion rates of free cortisol (Table 1) 
or 17 -hydroxycorticosteroid (17 -OHCS) are high as 
a rule; however, normal values are also observed in 
some cases.60 Single determinations of the plasma 
cortisol or 17 -OHCS level are not very reliable, since 
a single normal or increased plasma level by no 
means excludes Cushing's syndrome. In addition, 
the episodic secretion of cortisol both in normal sub
jects and in patients with Cushing's syndrome can 
cause great fluctuations in the plasma cortisol over 
a short period of time.2.64 

The original assumption of several authors that 
the demonstration of a circadian rhythm of the 
plasma cortisol indicates the presence of a hypotha
lamic-pituitary form of the disease, and that the ab
sence of a daily fluctuation can be assigned to an 
adrenal Cushing's syndrome/34 could not be con
firmed in a relatively large number of patients.124.137 
Thus, most patients with hypothalamic-pituitary 
Cushing's syndrome showed no circadian rhythm of 
the plasma cortisol. 137 However, daily fluctuation 
was never demonstrated in patients with adenoma 
or carcinoma of the adrenal cortex. The very elabo
rate protocol by which these investigations are con
ducted prevents the use of such procedures in the 
routine evaluation of Cushing's syndrome. 

Figure 2. Typical cushingoid as
pect in a 43-year·old patient with a 
hypothalamic-pituitary form of the 
disease. 
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As a screening test, the overnight dexamethasone 
suppression test has proved valuable.107 In this test 
the patient receives 1 mg dexamethasone orally be
tween 11 and 12 P.M. the night before blood sam
pling. Normal patients will suppress the morning 
plasma cortisol (determined at 8 A.M.) to less than 
10 J.Lg per 100 ml, whereas the concentration in pa
tients with Cushing's syndrome is considerably 
above this level. In some patients without Cushing's 
syndrome, suppression of the plasma 17 -OHCS 
could not be attained, apparently owing to the stress 
imposed by hospitalization.33 In contrast, in rare 
cases, normal suppression has been observed in bi
lateral adrenocortical hyperplasia.131 

For the diagnosis of Cushing's syndrome, the 
2 mg dexamethasone inhibition test is best-suited. 
Several years ago Liddle reported that after 2 days 
of oral administration of 0.5 mg dexamethasone 
every 6 h, the urinary excretion of 17 -0 H CS was re
duced by more than 50 % from the baseline level in 
normal persons but not in patients with Cushing's 
syndrome of varying etiology.85 An extension of the 
study protocol to 3 days does not increase the reli
ability of the test.l4fi 

The type of underlying disorder can usually be 
recognized by the oral administration of 2 mg dex
amethasone every 6 h for 2 days. Within this period 
of time, patients with adrenal forms of Cushing's 
syndrome (adenoma, carcinoma of the adrenal cor
tex) or those with ectopic ACTH syndrome usually 
do not show suppression exceeding 50 % of the base
line level (urinary excretion of free cortisol or 17-
OHCS), whereas patients with a hypothalamic-pi
tuitary form do show such a reduction. In some of 
the cases, there is a paradoxical increase in cortisol 
excretion as, for example, in adenoma of the adrenal 
cortex,70,122,124 in carcinoma,34,7o,122 and-more fre-
quently-in hypothalamic-pituitary Cushing's syn
drome.17,20,53,70,88,122 In patients with a hypothalamic-
pituitary form of Cushing's syndrome and a para
doxical response to dexamethasone (8 mg/day), a 
significant suppression could be attained with very 
high doses of dexamethasone (32 mg/day).88 

The paradoxical response to dexamethasone 
could be attributed to periodic and spontaneous 
fluctuations in adrenal cortisol secretion in an ex
cellent study by Brown and co-workers.20 These pe
riodic fluctuations in cortisol synthesis, with tem
porary normal hormone values, have been 
repeatedly described in patients with Cushing's syn
drome. Histologically, bilateral adrenocortical hy
perplasia due to abnormally increased activity of the 
hypothalamic-pituitary system was usually found in 
these cases;5,7,15,17,53 however, a chromophobe ade
noma of the pituitary,20 adenoma of the adrenal cor
tex,57 carcinoma,34 and ectopic ACTH production by 
a malignant tumor122 have also been observed. 

The metyrapone test or ACTH infusion tests are 
of only limited use in the evaluation of Cushing's 
syndrome. 

Adrenal venography and determination of cortisol 
levels in adrenal venous blood were formerly carried 
out to localize the cortisol-producing tumors. How
ever, these methods are rarely used today. In addi
tion, owing especially to the increased vascular fra
gility demonstrable in Cushing's syndrome, adrenal 
venography carries the risk of injury to the adrenal 
tissue and consequent adrenocortical insuf
ficiency.8,72 

Of the newer methods, the 131I-iodocholesterol 
scintiscan has proved valuable for lateralization of 
the tumor responsible for overproduction of corti
sol. 16,87 In the presence of an adrenocortical ade
noma, unilaterally increased uptake of the radioac
tive compound occurs on the affected side, while 
there is little or no visualization of the unaffected 
side (Fig. 3) In the hypothalamic-pituitary form of 
Cushing's syndrome (Fig. 3) or ectopic ACTH syn
drome, the increased production of ACTH or 
ACTH-like substances leads to bilateral adrenocor
tical hyperplasia. In these cases, there is enhanced 
visualization of both adrenals after administration 
of 131I-iodocholesterol. Adrenal carcinomas can usu
ally be visualized only weakly, if at all, by 1311 -iodocho
lesterol.63,71 In one case, however, it was possible to 
identify a local recurrence and metastases by means 
of the scintiscan technique. 52 In another case a me
tastasis in the pelvic area was visualized, while there 
was no measurable radioactivity in other metastases 
in the area of the abdomen and lungs.42 

There is as yet only limited experience with a new 
substance (NP-59) that is possibly tumor-specific. 118 

Treatment 
In patients with an adrenal form of Cushing's syn
drome (adenoma and carcinoma), unilateral adre
nalectomy is performed. Postoperative cortisol re
placement is not required. Bilateral adrenalectomy 
is usually performed in patients with hypothalamic
pituitary Cushing's syndrome. In approximately 
10% of these patients, Nelson's syndrome develops 
postoperatively, regardless of whether irradiation of 
the pituitary was done before surgery99 or not.98 Nel
son's syndrome is defined as hyperpigmentation 
with92 or without93 demonstration of a pituitary 
tumor. Excessively high plasma levels of ACTH are 
characteristic of patients with Nelson's syndrome. 
Relatively high recurrence rates are associated with 
trans temporal hypophysectomy and irradiation of 
the pituitary in the treatment of the hypothalamic
pituitary form. There is still no extensive experience 
with transsphenoidal hypophysectomy. However, 
the results of one study published thus far do appear 
promising.24 
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Figure 3. 131I-iodocholesterol scintiscan in adrenal (left adenoma) as well as hypothalamic-pituitary Cushing's syn
drome (bilateral hyperplasia), The findings in the adrenal glands are circled for emphasis, 

A number of different medications have been used 
in the treatment of Cushing's syndrome. These are 
either substances with a direct effect on the adrenal 
production of cortisol (metyrapone, aminogluteth
imide, o,p'-DDD) or drugs acting on the central ner
vous system and hypothalamus (reserpine, cypro
heptadine, bromocriptine), Simultaneous admin-

istration of these medications has been described.25 
High doses of reserpine have been combined with ir
radiation of the pituitary with relatively good re
sults,97 It must be noted that treatment with ami
noglutethimide or o,p'-DDD may require si
multaneous cortisol replacement therapy to avoid 
an adrenal crisis. In the treatment of inoperable or 
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metastasizing adrenal cortical carcinoma, o,p'-DDD 
is primarily used at present.67 

The first neurotransmission-inhibiting substances 
to be used in the treatment of the hypothalamic-pi
tuitary form of Cushing's syndrome were the sero
tonin antagonist, cyproheptadine, and the prolactin 
inhibitor, bromocriptine.83 Treatment failure has 
also been described, however .'42 

In ectopic Cushing's syndrome due to paraneo
plastic production of ACTH, metyrapone influences 
the metabolic disorder (hypokalemic alkalosis) 
without altering the course of the primary disease.!11 

Primary Aldosteronism 

Historical review 
In 1955, Conn27 first described a patient with hypo
kalemic hypertension due to an aldosterone-produc
ing adenoma of the adrenal cortex (Conn's syn
drome). A few years later, other investigators 
discovered that the same symptoms can be caused 
by idiopathic bilateral adrenocortical hyper
plasia.4,39,43,78 

Frequency and severity of the hypertension 
The disease is much less common than Conn origi
nally assumed.28 Later investigations showed an in
cidence of primary aldosteronism in a total group of 
all hypertensive patients of less than 1 % as com
pared to the 7.5% estimated by Conn.49,58,77 

Contrary to earlier opinion,31 the hypertension 
is not benign. Vascular complications have been 
observed in a very high percentage of cases.9,37 
Malignant hypertension has been repeatedly de
scribed.9,4o,75 

Forms of the disease 

Aldosterone-Producing Adenoma and Carci
noma. Primary aldosteronism is caused by an ad
enoma of the adrenal cortex, usually solitary, in 70 % 
to 80 % of the cases. The adenomas are often small 
and weigh less than 6 g;'00 hyperplasia of both the 
surrounding adrenal tissue and the contralateral 
adrenal has been described. ' °o,123 Left-sided adeno
mas appear to be more common than right-sided 
ones. Multiple adenomas in one adrenal gland or bi
lateral adenomas are rare. 'OO The degree of hormone 
secretion often shows no relationship to the size of 
the tumor.95 Thus, very small adenomas may be ac
companied by very high aldosterone secretion and 
relatively large adenomas by low hormone release. 
Aldosterone-producing carcinomas are extremely 
rare. 

Idiopathic Bilateral Adrenocortical Hyperpla
sia. In 20% to 30% of the patients, idiopathic bi
lateral adrenocortical hyperplasia is the cause of the 
primary aldosteronism. Differentiation is made be
tween macronodular, micronodular, and diffuse (mi
croscopic) hyperplasia. The pathogenesis of hyper
plasia of the adrenal cortex is not known; however, 
there are indications that an extra-adrenal factor 
contributes to the pathogenesis of hypertension in 
adrenocortical hyperplasia. '02 

Glucocorticoid-Curable Form. There is another 
form of primary aldosteronism with adrenocortical 
hyperplasia that can be cured with glucocorticoids, 
i.e., in which the blood pressure can be normalized 
by administration of glucocorticoids. '25 

Tertiary Aldosteronism. The existence of a "ter
tiary aldosteronism" is disputed. In this form of al
dosteronism, stimulation of the renin-angiotensin 
system is supposed to cause an initial increase in al
dosterone secretion. Later, autonomy of the adrenal 
secretion of aldosterone is said to occur, which then 
leads to a suppression of renal renin production. 
This theory is based on the observation that renal 
artery stenosis was also present in some cases of pri
mary aldosteronism.9,31,65,84 However, this may in
volve the coincidental concurrence of two different 
syndromes. 

Extra-Adrenal Production of Aldosterone. 
Production of aldosterone by extra-adrenal tumors 
has been described in only a few cases. An ovarian 
tumor was found in two patients,45,133 and in one 
other patient there was an adrenal adenoma at the 
lower pole of a kidney. 50 

Diagnosis 

Clinical Symptoms. The clinical symptoms, as 
well as the laboratory abnormalities, are a result of 
the abnormally increased production of aldosterone 
and its influence on the metabolism of water and 
electrolytes. In addition to the elevated blood pres
sure demonstrable in all patients, in a considerable 
percentage of the patients there is muscular weak
ness, fatigue, and, more rarely, transient paralysis, 
intermittent tetany, and paresthesias. 

Laboratory Findings 

Serum Potassium and Alkalosis. As discussed ear
lier, the primary effect of aldosterone is the ex
change of potassium and hydrogen ions with sodium 
ions in the distal renal tubule. An abnormal increase 
in this process due to an adrenal overproduction of 
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aldosterone is the principal symptom of the disease, 
hypokalemic alkalosis. Hypokalemia is observed in 
practically all cases (Table 2). In those patients in 
whom hypokalemia is not demonstrable, it can usu
ally be induced by salt loading. Because of the dan
ger of hypokalemia developing rapidly, serum potas
sium levels should always be closely monitored 
during salt loading (> 200 mEq sodium/day). In ad
dition, there are other less elaborate procedures 
available today to confirm the diagnosis of primary 
aldosteronism. 

to a rise of the serum potassium.56,laB Consequently, 
a reduction in sodium intake can possibly be held 
responsible for the occurrence of a normokalemic 
primary aldosteronism. 

Potassium Excretion. In primary aldosteronism, 
the potassium loss occurs primarily through the kid
neys. The determination of urinary excretion of po
tassium is, therefore, a valuable screening test. In 
most patients, the daily renal excretion of potassium 
is above 40 mEq/day (Table 2). 

Likewise, if abnormally low serum potassium lev
els persist even though diuretics have been discon
tinued for several weeks, primary aldosteronism 
should be suspected; normokalemia is uncommon in 
this disease.18,30,56 

Special Laboratory Diagnostic Procedures. 
Diagnosis is confirmed by the simultaneous deter
mination of renin activity or renin concentration 
and the plasma aldosterone level in peripheral ve
nous blood. Owing to the relationship between al
dosterone production and renal renin release al
ready mentioned, the typical feature seen in primary 
aldosteronism is that of low, or immeasurable, renin 

Since aldosterone-induced potassium loss is lim
ited under salt deprivation by the decreased amount 
of sodium in the distal tubule, sodium deprivation 
in patients with primary aldosteronism often leads 

Table 2. Clinical and Laboratory Data of 25 Patients with Primary Aldosteronism" 

Form of Disease 

Aldosterone
producing 
adenoma 

Adrenal 
carcinoma 

Adrenal 
hyperplasia 

Patient 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 

18 
19 
20 
21 
22 
23 
24 
25 

Age 
(years) 

44 
52 
32 
45 
29 
51 
38 
31 
39 
60 
41 
48 
45 
60 
56 
38 

59 

40 
39 
57 
47 
42 
50 
65 
25 

Serum 
Potassium 
(mEq/liter) 

BP (normal 
Sex (mmHg) 3.5-4.5) 

F 230/130 2.3 
F 250/120 2.6 
F 180/120 3.1 
F 170/110 2.6 
F 170/110 3.2 
M 200/120 2.1 
F 170/110 2.8 
M 180/120 3.0 
F 190/100 2.7 
M 235/105 3.5 
F 190/125 2.5 
M 220/130 2.6 
F 250/120 3.1 
M 200/120 3.0 
M 200/120 2.0 
F 170/125 2.5 

F 170/100 2.7 

F 220/140 3.0 
M 230/125 2.2 
M 190/120 3.2 
M 190/130 2.3 
M 170/120 3.1 
M 180/120 3.0 
M 220/130 2.9 
F 170/125 2.8 

Urine 
Potassium Aldosterone-
(mEq/24 h) 18-glucuronide 
(normal (/Lg/24 h) 
35-90) (normal 4-13) 

72 180 
121 14 
75 32 
33 8 
85 22 
85 19 
86 26 

116 440 
75 36 
79 8 
47 110 
85 29 
75 18 
43 29 
94 19 
80 32 

125 97 

85 31 
81 8 
76 14 

105 24 
125 53 
85 61 
43 10 
80 21 

"16 patients with an aldosterone producing adenoma, 1 patient with an adrenal carcinoma, and 8 patients with bilateral adrenal hyperplasia. 
In each case diagnosis was confirmed by surgery. 
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activity with abnormally elevated plasma aldoste
rone (Fig. 4). Patients with hyperplasia often show 
a low but measurable renin activity at rest, which 
usually increases slightly upon standing. In contrast, 
immeasurable renin activity both at rest and on 
standing is often observed in patients with adenoma 
(Fig. 4). 

In the diagnosis of primary aldosteronism, deter
mination of the urinary excretion of the acid-labile 
aldosterone-I8-glucuronide can also be used. As a 
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rule, the excretion rate of aldosterone-I8-glucuron
ide is abnormally increased. However, at times nor
mal values can also occur (Table 2). 

In patients with primary aldosteronism, the 
urinary excretion rate of aldosterone or plasma al
dosterone levels are scarcely influenced by various 
suppressive measures. Among such measures men
tioned in the literature are sodium infusion,79 infu
sion or oral ingestion of hydrocortisone,too high 
(oral) salt intake for several days,23 intramuscular 

Hyperplasia 
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Figure 4. Plasma aldosterone (pg/ml) and plasma renin activity (ng/ml· 3 h) at 8 AM after overnight bed rest (0-) 
as well as after subsequent 2-h ambulation (7) in patients with primary aldosteronism (aldosterone-producing adre
nocortical adenoma, n = 18; bilateral idiopathic adrenocortical hyperplasia, n = 10). Normal ranges are indicated by 
shaded grids. 



injection of 10 mg DOCA every 12 h for 3 days,127 
and oral administration of fludrocortisone every 12 
h for 3 days.13 

However, it must be noted that suppression of the 
urinary excretion rate of aldosterone demonstrable, 
for example, under the administration of glucocor
ticoids does not exclude an aldosterone-producing 
adenoma of the adrenal cortex in every case.106 Like
wise, in some cases, a marked fall of plasma aldoste
rone under fludrocortisone can be observed in pa
tients with adenoma as well as in those with 
hyperplasia.l12 The same is true, according to our ex
perience, for the effect of oral salt loading on the 
plasma aldosterone level in patients with primary 
aldosteronism. Consequently, the diagnostic value 
of these investigations is limited. 

Differentiation between adenoma and 
hyperplasia 
Distinguishing between adenoma and hyperplasia is 
important, because only patients with an adenoma 
should undergo adrenalectomy, whereas total or 
subtotal bilateral adrenalectomy in patients with id
iopathic hyperplasia influences the blood pressure 
only slightly or not at all.46 

Ferris and co-workers47 and, in the same group, 
Aitchison and co-workersl (in a retrospective study) 
used multidimensional analysis of clinical and lab
oratory data to differentiate between patients with 
adenoma and those with idiopathic hyperplasia. 

Ganguly and co-workers were the first to attempt 
to distinguish cases of adenoma from those with hy
perplasia on the basis of the response of plasma al
dosterone following upright posture.55 Patients with 
an aldosterone-producing adenoma always exhib
ited a fall in the plasma aldosterone concentration, 
whereas an increase was consistently observed in pa
tients with hyperplasia. Later investigations either 
confirmed these resultsll•1l9 or partially refuted 
them,l38 although different durations of the upright 
posture maneuver were chosen by the individual in
vestigators (Fig. 4). 

Biglieri and co-workersll used the level of the rest
ing plasma renin and the aldosterone values deter
mined after the administration of DOC to differen
tiate between the two forms of the disease. Other 
investigators were not able to confirm this.89 It ap
pears that, under various suppressive maneuvers, no 
fundamentally different response can be observed 
between cases of adenoma and hyperplasia.23 

In the differential diagnosis of the two forms of 
the disease, the level of the resting plasma aldoste
rone has also been used.ll The plasma aldosterone 
concentration in cases of adenoma was always above 
195 pg/ml, whereas it was below this level in hyper
plasia. Research in our group has not been able to 
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confirm these findings (Fig. 4). Although the resting 
plasma aldosterone concentration is higher on an 
average in patients with adenoma than in those with 
hyperplasia, a considerable overlapping of individ
ual values in both groups can be observed. 

Finally, another method that has been used to dif
ferentiate between adenoma and hyperplasia is the 
response of daily temporal fluctuations of plasma 
aldosterone to simultaneous changes in the cortisol 
level. 136 Patients with adrenocortical adenoma 
showed a significant correlation between aldoste~ 
rone and cortisol, while no such correlation was 
demonstrable in cases of adrenocortical hyperpla
sia.138.l39 Later, other investigators also demonstrated 
significant correlations between cortisol and aldo
sterone in some cases of hyperplasia.BO•1l9 

In summary, it seems that reliable differentiation 
between aldosterone-producing adenoma and hy
perplasia is not possible on the basis of peripheral 
criteria. Other procedures must be used for this 
purpose. 

Adrenal Venography. This method was first 
used by Bucht2l.22 and later by Starerl30 to demon
strate adenoma of the adrenal cortex. The method 
was improved in the following years by modifying 
the technique for catheterization of the right adre
nal veinY6 It must be emphasized, however, that 
catheterization of the right adrenal vein is difficult 
and often unsuccessful. In some cases, radiographic 
visualization of the right adrenal gland is achieved 
by venography, but it is not possible to obtain a 
blood sample for simultaneous determination of al
dosterone concentration. 

According to Kahn and co-workers, the procedure 
is capable of revealing adenomas as small as 1 em in 
diameter.73 Other investigators were able to identify 
adenomas with a diameter of 0.7 em, provided that 
the tumor was marginal. 148 Since the contrai?t mate
rial is injected into the adrenal vein under relatively 
strong pressure, injury of the adrenal tissue, with re
mission of the aldosteronism48 and simultaneous 
adrenocortical insufficiency,44.l32 can occur. However, 
the number of these cases appears to be negligibly 
small when compared to the total number of pa
tients with primary aldosteronism in whom venog
raphy has been performed up to now. Relatively 
more often, the patients complain of flank pain that 
generally disappears within 24 h. 

In cases of adenoma, the adrenal veins are usually 
dislocated in a typical manner (Fig. 5). In adreno
cortical hyperplasia, markedly enlarged adrenal 
glands can be demonstrated in some cases. Normal 
venographic findings, however, exclude neither a 
small adenoma nor hyperplasia. 
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Figure 5. Adrenal venography in a 53-year-old woman with primary aldosteronism, showing a small adenoma in the 
left adrenal gland which is characterized by the arched displacement of the adrenal veins. Normal venographic visu
alization of the right adrenal gland. A small adenoma of the left adrenal gland was found at surgery. 

Aldosterone in Adrenal Venous Blood. In the 
opinion of most authors, this is the most reliable 
method of localizing a unilateral tumor that is ov
erproducing aldosterone.73.95.103 Blood is taken from 
both adrenal veins for determination of aldosterone 
before adrenal venography is performed. To assure 
that adrenal venous blood has actually been ob
tained, the simultaneous determination of cortisol 
concentration is absolutely essential. The cortisol 
value determined in an adrenal vein should be at 
least two to three times greater than a value mea
sured in the vena cava (below the junction of the 
renal veins). If this criterion is not met, then the de
termination must be rejected in case of doubt. 

However, it must be noted that the episodic secre
tion of steroid hormones may lead to considerable 
fluctuations of cortisol and aldosterone within a few 
minutes in both normal persons 104,128 and in patients 
with primary aldosteronism.l40 This can make the 
interpretation of values considerably more difficult. 

Spark and co-workers were able to observe a dif
ference of up to four-fold between concentrations of 
cortisol on the right and left sides when blood was 
not taken from both adrenal veins simultaneously.l28 
This is consistent with our experience in patients 
with primary aldosteronism, which showed that 
when blood was not taken simultaneously from both 
adrenal veins the demonstration of a significantly 

different adrenal vein aldosterone concentration did 
not allow the diagnosis of a unilateral adenoma. Sig
nificant differences in the plasma aldosterone con
centration in both adrenal veins can also be ob
served in idiopathic bilateral hyperplasia. 

The diagnosis of unilateral adenoma can be made 
with some certainty, according to our experience, if 
one or both of the following criteria are met: 

1. Low aldosterone « 1000 pg/ml) on one side in
dicates a contralateral adenoma 

2. High aldosterone (> 40,000 pg/ml) on one side 
indicates a hormonally active tumor on the same 
side 

The value of the method is limited by the fact that 
in some cases catheterization of the right adrenal 
vein is unsuccessful or that, after catheterization, 
withdrawal of blood is not possible. Since an aldo
sterone value determined unilaterally (on the left 
side) does not permit differentiation between ade
noma and hyperplasia, additional venographic vi
sualization of one or both adrenal glands should al
ways be performed. 

Some authors have described procedures which 
are supposed to permit localization of an adenoma 
by comparing the aldosterone level in the left adre
nal vein with peripheral aldosterone values121 or by 
comparing the values measured in the renal veins 



with those measured in the vena cava (above the 
junction of the right adrenal vein).54 

Adrenal Scintiscan. This method utilizes the up
take by adrenal tissue of a radiolabeled precursor of 
the steroid hormone 131I-iodocholesterop6.87 Unilat
eral adenomas are registered as high concentrations 
of radioactivity at the respective kidney pole, 
whereas in typical cases, there is little or no visual
ization of the healthy contralateral side. In cases of 
idiopathic adrenocortical hyperplasia, increased ra
dioactivity is measured over both adrenals. 

Some authors have drawn attention to the fact 
that when the standard method is performed, asym
metric concentrations of radioactivity can be dem
onstrated relatively frequently in bilateral hyperpla
sia.29•123 This falsely positive result is supposedly not 
observed when a "suppression scintiscan" is 
used.29.t23 In the suppression scintiscan the investi
gation is done after dexamethasone is given to in
hibit ACTH secretion. There is no uptake of radio
activity by aldosterone-producing adrenal carci
nomas.66 

Computed Tomography. This method has re
cently been introduced as a means of diagnosing and 
localizing adrenal diseases. In our experience with 
the method in patients with a unilateral aldoste
rone-secreting adrenocortical adenoma (n = 7), 
small adenomas less than 1 cm in diameter could not 
be detected by computed tomography (n = 2). 

Treatment 
Unilateral aldosterone-producing adenomas or car
cinomas are usually surgically removed. The extent 
of the postoperative fall of blood pressure after re
section correlates with the preoperative response to 
spironolactone. 19 

In patients with bilateral adrenocortical hyper
plasia, unilateral or bilateral adrenalectomy does 
not influence or only temporarily influences the hy
pertension in the vast majority of patients.46 Hence, 
these patients should receive antihypertensive ther
apy. Clinical experience shows that spironolactone 
is only inadequately effective in some patients with 
bilateral hyperplasia. In these cases, a combination 
of an aldosterone antagonist with a thiazide diuretic 
may have a good blood pressure lowering effect. 

Congenital Adrenocortical Hyperplasia 

Some of the enzymatic defects in the synthesis of 
cortisol lead to the production of relatively large 
amounts of steroid hormones with a mineralocorti
coid effect. The excessive production of these min-
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eralocorticoids causes increased sodium and water 
retention and, thus, hypertension. Two different 
forms are distinguished, both of which are accom
panied by hypokalemia and hypertension. 

11-Hydroxylase deficiency 
In this disorder, cortisol cannot be formed from the 
precursor ll-desoxycortisol. The conversion of de
soxycorticosterone to corticosterone is also im
paired. The increased production of ll-desoxycor
ticosterone is the primary cause of the hypokalemia 
and hypertension because of the strong mineralo
corticoid effect of this steroid hormone. In ll-hy
droxylase deficiency syndrome, the decreased syn
thesis of cortisol induces increased ACTH secretion. 
The increased production of ACTH stimulates the 
synthesis of androgens, thus causing virilization in 
children. The diagnosis is made in children by the 
demonstration of virilization combined with high 
secretion rates of ll-desoxycortisol and des
oxycorticosterone. 

17 -Hydroxylase deficiency 
Virilization is absent in this syndrome, since 17 -hy
droxylase deficiency impairs not only the synthesis 
of cortisol but also that of androgens. The produc
tion of estrogens is likewise impaired. to As a rule, di
agnosis is made during puberty or in early adult
hood on the basis of a combination of hyperten
sion, hypokalemia, primary amenorrhea or male 
pseudohermaphroditism.105 

In this syndrome also, the lack of cortisol synthe
sis leads to an increase in the production of ACTH, 
which in turn induces increased production of min
eralocorticoids (primarily desoxycorticosterone, cor
ticosterone, and I8-hydroxycorticosterone). 

Treatment 
In both ll-hydroxylase deficiency and I7-hydroxyl
ase deficiency, treatment is with glucocorticoids. 
Even small amounts of dexamethasone (0.5-1.0 mg/ 
day) or cortisol (5-30 mg/day) produce sodium di
uresis and normalization of blood pressure. 

In patients with low production of aldosterone, 
close supervision is recommended during the first 
phase of therapy, since a hypovolemic crisis can 
occur as a result of the delayed normalization of al
dosterone synthesis. In these cases, a reduced dose 
of the respective glucocorticoid and increased so
dium intake is recommended. 

Patients with no production of cortisol show in
creased sensitivity to exogenous administration of 
glucocorticoids. Thus, development of a cushingoid 
aspect has been observed at a daily dexamethasone 
dose of only 0.25 mg. 
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Hypertension Due to Other Steroid Hormones 

There is evidence that unknown mineralocorticoids 
are responsible for the hypertension in some pa
tients with reduced activity of the renin-angiotensin 
system and low or normal aldosterone values. Thus, 
Woods and co-workers were able to achieve a reduc
tion in blood pressure in such patients by treatment 
with aminoglutethimide, an inhibitor of adrenal ste
roid synthesis. 147 Melby and co-workers observed an 
overproduction of 18-hydroxydesoxycorticosterone 
(18-0H-DOC) in some patients with reduced renin 
activity.94 

Liddle's Syndrome 

This familial syndrome, clinically similar to primary 
aldosteronism, is accompanied by lowered secretion 
of aldosterone.86 The disease is possibly caused by a 
defect in the area of the distal renal tubule in which 
sodium retention and potassium loss can occur in
dependent of aldosterone. This explains why the 
disease is cured by triamterene, a potassium-retain
ing diuretic whose effect is independent of 
aldosterone.86 

Hypertension Due to Exogenous Steroid 
Hormones or Related Substances 

Iatrogenic Cushing's syndrome 
Iatrogenic Cushing's syndrome is often distin
guished from the endogenous form by its different 
clinical symptoms.26,114 Some of the differences are 
possibly due to the fact that the exogenous admin
istration of glucocorticoids suppresses the pituitary 
secretion of ACTH, whereas the majority of patients 
with Cushing's syndrome, i.e., with a hypothalamic
pituitary disorder, show increased production of 
ACTH. It is known that increased secretion of 
ACTH increases the adrenal release of an
drogens41,68,69 as well as of mineralocorticoids. 12,94,120 
The increased effect of androgens possibly explains 
the higher incidence of hirsutism, acne, and men
strual disorders in endogenous Cushing's syndrome 
with excess ACTH. Conversely, the more frequent 
demonstration of hypertension in true Cushing's 
syndrome would be a result of increased mineralo
corticoid production. 

Some of the complications of long-term steroid 
therapy, such as pseudotumor cerebri,143 cataract,3S 
and aseptic osteonecrosis,62,135 are found almost ex
clusively in iatrogenic and not in true Cushing's 
syndrome. 

Numerous papers provide evidence that the ad-

ministration of steroids every other day (alternate
day therapy) leads to regression of cushingoid symp
toms or prevents their development.51,59,61,90,91,115,126,129 
This is also true for drug-induced hypertension. 
Thus, a fall of blood pressure values and a reduction 
in antihypertensive therapy could be achieved after 
daily administration of steroid medication was re
placed by administration on alternate days.115,126,129 

\ 

Pseudoaldosteronism 
The principal symptom of primary aldosteronism, 
hypokalemic hypertension, can be caused by licorice 
abuse,32 ingestion of carbenoxolone,6,146 or chronic 
abuse of medications containing mineralocor
ticoids.3 

In cases of licorice abuse and in hypertension in
duced by carbenoxolone, the observed clinical and 
laboratory changes can be attributed to the aldoste
rone-like effect of glycyrrhizic acid (licorice) or gly
cyrrhetinic acid (carbenoxolone). Contrary to pri
mary aldosteronism, however, these syndromes 
show inhibition of the adrenal production of 
aldosterone3,6,32,146 which is reversible after abuse of 
the medication has been discontinued.3 The sodium 
and water retention caused by these substances 
leads to a suppression of renin secretion similar to 
that in primary aldosteronism. 
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Pheochromocytoma 

K. A. Meurer 

Definition 

Pheochromocytomas are catecholamine-producing 
tumors arising in the chromaffin cells which are of 
neural crest origin. They can therefore be located in 
the adrenal medulla as well as in the sympathetic 
ganglia. In the latter case, they are also called par
agangliomas. The paragangliomas have been classi
fied further by various authors according to their 
anatomic location and microscopic structure.43 In 
general, however, every catecholamine-producing 
tumor is classified as a pheochromocytoma, regard
less of its location. 

Pheochromocytomas and paragangliomas are usu
ally benign tumors; only about 10% are malignant. 
Determination of malignancy is difficult, because in 
these cases the multiple occurrence of tumors, or 
even the invasion of the tumor capsule, are not 
clear-cut criteria for malignancy. The tumor cannot 
be considered malignant with certainty until chro
maffin cells that synthesize catecholamines are 
found in places in which this type of cell does not 
usually occur, i.e., when metastasis has occurred in 
the lungs, skeletal system (including bone marrow), 
liver, etc., or significant invasion of adjacent tissue 
is evident. 

History 

The name pheochromocytoma is derived from the 
gray-black appearance of the tumors (phaios means 
gray) due to their affinity for chromium salts on 
staining, whereby the tumors acquire a brown to yel
low-brown appearance. BOa The pheochromocytoma 

9 

was first described in 1886 by F. Fraenkel, who 
found tumors in both adrenal glands at autopsy of 
a girl who had died suddenly in collapse. Possibly 
the first case of familial pheochromocytoma was de
scribed by Marchetti in 1904; however, the first doc
umented case was not reported until 1943, by 
Hyman and Mencher.558 In 1910, Suzuki reported on 
the concurrence of pheochromocytoma and neurofi
bromatosis. In 1953, Glushien described the concur
rence of pheochromocytoma with Hipple's disease, 
angiomatosis retinae. The frequent incidence of car
cinoma of the thyroid with pheochromocytoma was 
reported on in 1952 by DeCourcy and DeCourcy2l8 
and, in 1961, by Sipple.103a Cushman19 described in 
1962 the concurrence of parathyroid adenomas and 
pheochromocytoma, while Manning et aI. described 
the concurrence of parathyroid adenomas, thyroid 
carcinomas, and pheochromocytoma.71 With respect 
to the problems and details of the so-called multiple 
endocrine neoplasms (MEN, types 2 and 3) and the 
associated APUD-cell system (amine and amine 
precursor uptake and decarboxylation), refer to Bo
lande,9 Metz and Levine,72 and Pearse.8l 

The characteristic clinical picture of pheochrom
ocytoma presenting with hypertensive crisis was de
scribed by Volhard in 1907, by Helly in 1913, and by 
L'abbe; pheochromocytoma with persistent hyper
tension was first reported by Binger and by Palmer 
in 1938. The first successful operation in a patient 
with pheochromocytoma presenting with hyperten
sive crisis was performed by Roux in 1926.708 

Kendall isolated epinephrine in crystalline form 
from a pheochromocytoma in 1936, while the second 
pressor substance, norepinephrine, was first identi
fied in 1946 by von Euler and Holtz et aI., and was 
demonstrated in pheochromocytomas by Holton in 
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1949. Finally, von Euler et al.33 found that patients 
with pheochromocytoma occasionally also excreted 
increased amounts of dopamine in the urine, and 
Weil-Malherbe120 found that excessive dopa was also 
excreted in the urine of pheochromocytoma 
patients. 

Based on these discoveries, rapid progress was 
made in the diagnosis of pheochromocytoma. Diag
nosis was simplified when Armstrong et al. were able 
to show, in 1957, that patients with pheochromocy
toma excreted increased amounts of vanillylman
delic acid (VMA), the primary metabolite of epi
nephrine and norepinephrine, in the urine.2' 

Incidence 

Pheochromocytomas are uncommon tumors. Their 
incidence in unselected autopsy material is reported 
at 0.09 % 76,101 to 0.25 %.5 In patients with hyperten
sion who had undergone sympathectomy, the per
centages were 0.47%46 and 0.5%.107 In an unselected 
group of hypertensive patients, the frequency of 
pheochromocytoma is probably 0.1 % to 0.2%. 

Based on statistical calculations, it is presumed 
that in the United States there are 600 to 1000 
deaths annually due to pheochromocytoma.2O,45 
Schaefer reported in 1959 that in the Federal Re
public of Germany approximately 100 patients die 
of pheochromocytoma each year.99 According to 
Harrison, 1 of every 10 patients with pheochromo
cytoma who have undergone successful surgery dies 
as a result of hypertensive crisis. On the whole, 
pheochromocytoma discovered at autopsy appears 
to be twice as frequent as that diagnosed during 
life.4 

Occurrence 

Pheochromocytomas can occur at any age; however, 
a peak in frequency is observed in the fourth and 
fifth decades. A 1-month-old infant can surely be 
considered the youngest patient;66a the oldest pa
tient was 82 years of age. 25 Cone et al. found only 11 
patients under 10 years of age among the cases of 
pheochromocytoma reported in the literature up to 
1957.12 Stackpole and Melikow reported on 100 chil
dren 15 years old or younger with pheochromocy
toma, two-thirds of whom were boys.lOS In this group 
35 patients were under 10 years of age. 

In adult patients with pheochromocytoma, there 
is no clear-cut sex predilection; the reported differ
ences are probably coincidental. 

Familial pheochromocytoma is described in from 
3 % 122 to 10 % 71 of cases; autosomal dominant inher
itance with high penetration is presumed.109 Based 
on investigations by Steiner et aI., familial pheo
chromocytoma was known in 26 families up to 1968, 
including the family they studied.109 In familial 
pheochromocytoma, the coexistence of carcinoma of 
the thyroid, Sipple's syndrome, and/or parathyroid 
adenoma must be borne in mind (MEN, type 2). In 
MEN, type 3, mucous membrane neurinoma, pheo
chromocytoma (frequently bilateral with familial 
aggregation), medullary carcinoma of the thyroid, 
Marfanoid appearance, thickening of corneal nerves, 
and ganglioneuromatosis of the gastrointestinal 
tract are found together. In addition, there is a sig
nificant association of pheochromocytomas with 
neurofibromatosis (Recklinghausen's disease), an
giomatosis retinae (Hippel's disease), cerebral he
mangiomatosis (Lindau's disease), acromegaly, 
Cushing's syndrome, and Addison's disease. Fur
thermore, pheochromocytomas have been found in 
patients with carcinoid syndrome, hypernephroma, 
hamartoma of the liver, neurolemmoma, heman
gioma of the liver, neuroblastoma, ependymoma, as
trocytoma, meningioma, spongioblastoma, chemo
dectoma, Down's syndrome, and in one patient with 
megacolon.70• Pheochromocytomas located near the 
renal hilus occasionally cause a compression of the 
renal artery, so that renovascular hypertension may 
also be present. 

A unifying concept of the diseases arising from a 
maldevelopment of the neural crest was proposed by 
Bolande in 1974.9 Pearse's concept of the APUD-cell 
system strengthened this theory.s1,s2 

Location 

The developmental OrIgm of pheochromocytoma 
from the neural crest cells is responsible for the fact 
that these tumors occur everywhere that chromaffin 
tissue is found. Over 95 % of the pheochromocyto
mas are located in the abdominal area, and between 
85% and 90% are located in the adrenal glands, 
with predilection of the right side.46,88,111 Bilateral 
renal tumors can be expected in 10% of adults, but 
in about 25 % of cases in children and youth.54,l08 
Moreover, in patients with familial pheochromocy
toma and in children, more frequently bilateral 
adrenal tumors or multiple extra-adrenal tumors 
occur.12,103.108 

The sites of occurrence of extra-adrenal pheo
chromocytomas were compiled by Fries and Cham
berlain on the basis of over 205 cases reported in the 
literature.3s Most of the tumors were located in the 



abdomen, above the kidneys, followed in frequency 
by infrarenal tumors in the periaortic area, and in 
the organ of Zuckerkandl. Pheochromocytomas were 
found in the bladder 20 times, in the anal area once, 
in the vaginal area twice, and once in the sacral area. 
Pheochromocytomas were located in the chest 24 
times and 5 times in the neck area. To date, one pa
tient with a pheochromocytoma in the pericardium 
has been described.6 A few cases of intraspinal pheo
chromocytoma have been reported.14.85.89 

The weight of the tumors varies considerably 
from 70 g (70 %) to over 3000 g. In 5 % of cases the 
pheochromocytomas are so small that, under certain 
circumstances, they cannot even be located 
surgically.65 

Biochemistry and Physiology of 
Catecholamines 

The clinical symptoms of pheochromocytoma are 
based upon the production of excessive quantities of 
epinephrine, norepinephrine, and, in a few cases, do
pamine. Norepinephrine and epinephrine are syn
thesized in the adrenal medulla, in some chromaffin 
tissue, in the brain and the paraganglia; norepineph
rine is additionally synthesized in the postganglionic 
sympathetic neurons. In the adrenal medulla, epi
nephrine accounts for 85% of the catecholamines.32 
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Both hormones affect the circulation and metabo
lism, while norepinephrine also acts as a peripheral 
neurotransmitter. Dopamine, the precursor of nor
epinephrine, is considered to be a central sympa
thetic transmitter substance; it also causes vasodi
latation of the renal artery.43a 

The amino acid tyrosine is the starting point for 
the synthesis of epinephrine and norepinephrine 
(Fig. 1; for details, see Perlman and Chalfie84 and 
Kopin63). The initial reaction in the biosynthesis of 
the catecholamines, the conversion of tyrosine to 
dihydroxyphenylalanine (dopa), is catalyzed by ty
rosine-3-monoxygenase (TH; formerly tyrosine hy
droxylase), with tetrahydrobiopterine as cofactor. 
Thus, TH is the enzyme that determines the rate of 
catecholamine synthesis. At the same time, TH can 
be inhibited by catecholamines, so that catechol
amine biosynthesis is influenced by a feedback 
mechanism. The next step, the conversion of dopa 
to dopamine, is catalyzed by the aromatic L-amino 
acid decarboxylase (AADC). Norepinephrine is de
rived from dopamine through the action of the do
pamine beta-monoxygenase (DBH), a glycoprotein 
containing copper. Cells producing epinephrine con
tain another enzyme, phenylethanolamine-N-meth
yltransferase (PNMT), which causes the conversion 
of norepinephrine to epinephrine. 

Inhibition of the synthesis of the catecholamines 
is possible at every step; thus, alpha-methyltyrosine 
inhibits TH. AADC is influenced by alpha-methyl-

Noradrenalin Adrenolin 

Dopac 

~:t 
I 

:-,-')--C-C-COOH 
COMT ~~ 

Domo 

COMT 

COMT 

Normetanephrine Metonephrine 

l OH 

CHJ0o-~-C-NH2 
Su/fote_O 

or GllJcurOnide 

Normetanephrine 
compound 

~7 
CH:':;o-~ -c -COOH 

Van illy/mandelic acid 
(VMA) 

OH 

CHJ0o-b-c-OH 
HO 

Methoxyhydroxy
phenyfg/ycol 

(MHPG) 

OH 

CHj0o-l ~-C -NH-Cf~J 
5ulfole-O ~ 

or Glucuronide 

Metanephrine 
compound 

Figure 1. Synthesis and metabolism of catecholamines. AADC, aromatic L-amino acid decarboxylase; TH, tyrosine-
3-monoxygenase; DBH, dopamine-fJ-monoxygenase; PNMT, phenylethanolamine-N-methyltransferase; COMT, 
catechol-O-methyltransferase; MAO, monoaminooxidase; H.E., hepatic enzyme; L.E., pulmonary enzyme; K.E., con
jugating enzyme. From Manning PC Jr et aI., ref 71 
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m-tyrosine and 3-hydroxybenzylhydrazine, among 
others. The effect of DBH can be inhibited by var
ious aromatic phenylethylamine isomers and copper 
chelate-forming substances. Finally, PNMT is in
hibited by both epinephrine and norepinephrine. 

The inactivation of catecholamines from both the 
adrenal medulla and the nerve endings results from 
reuptake into the specific storage granules in the 
sympathetic nerve endings and also from metabo
lism in the liver or effector cells by catechol-o-meth
yltransferase (COMT).3 Normetanephrine and me
tanephrine are the metabolic products; they are 
broken down by monoaminooxidase (MAO) into 
vanillylmandelic acid (VMA) and methoxy-4-hy
droxyphenylglycol (MHPG)3 (Fig. 1). The circulat
ing catecholamines are converted by COMT to nor
metanephrine and metanephrine. 

Metabolism of the catecholamines in the organ
ism is largely complete, so that only small quantities 
(3 % -7 %) are excreted unchanged in the urine. In 
normal subjects about 8 %, and in pheochromocy
toma patients about 25 % of the catecholamines are 
excreted as metanephrines. Of total VMA (which 
was discovered in 1957 by Armstrong et al. 2a as a 
common catabolite of catecholamines), 90% is 
found in the urine of normal subjects, but only 70% 
in pheochromocytoma patientsY· Homovanillic acid 
and methoxytyramine are excreted as the principal 
metabolites of dopamine. 

The regulation of catecholamine biosynthesis will 
not be discussed in detail here, since in pheochrom
ocytoma there is considerable variance in the rate of 
synthesis and release of catecholamines from the 
chromaffin cells or tumor. To be sure, the synthesis 
of catecholamines in the pheochromocytoma func
tions normally; however, the relationship of epi
nephrine to norepinephrine deviates considerably 
from normal under certain circumstances. There
fore, only limited conclusions regarding the site of 
the tumor can be drawn from the relationship of 
epinephrine to norepinephrine. Tumors secreting 
epinephrine are almost always located in the adrenal 
glands, whereas only two-thirds of the tumors pri
marily or exclusively producing norepinephrine 
occur in the adrenal glands.16 Only on very rare oc
casions does an extra -adrenal pheochromocytoma 
also secrete epinephrine. According to investigations 
by von Euler and Strom34 and Goodall and Stone,45 
two-thirds of the tumors secrete epinephrine and 
norepinephrine, and one-third secrete norepineph
rine. Tumors secreting only epinephrine are very 
rare. Manger and Gifford reported that both cate
cholamines were found to be increased in 84.6 % of 
the patients with pheochromocytoma with persis
tent hypertension and in all patients with paroxys
mal hypertension.70• 

Table 1. Normal Range of Catecholamine and 
Metabolite Concentrations in Urine and Plasma 

Urine 
Norepinephrine 
Epinephrine 
Dopamine, total 
Metanephrine, total 
Vanillylmandelic acid 

Plasma 
Norepinephrine 
Epinephrine 
Dopamine 

Upper Limit of Normal 

60 /Lg/24 h 
:::;15 /Lg/24 h 
800 /Lg/24 h 
:::;1.0 mg/24 h 
7 mg/24 h 

:::;0.3 Itg/lOO ml 
:::;O.l/Lg/lOO ml 
1.5 ng/ml 

In malignant pheochromocytoma the synthesis of 
catecholamines is impaired; apart from epinephrine 
and norepinephrine, these tumors secrete dopamine, 
dopa, and homovanillic acid which, except for the 
latter metabolite, can also be found in patients with 
benign tumors. 

There is no close correlation between the size of 
the tumor or its catecholamine content and the clin
ical features. Generally, however, especially in the 
case of small tumors, catecholamine metabolism is 
increased and the excess hormones are released di
rectly into the circulation, so that usually a severe 
clinical picture results.16 Large tumors usually dem
onstrate a lower sustained secretion and often 
milder symptoms. 

The release of catecholamines from the tumor is 
enhanced by histamine, nicotine, acetylcholine, ty
ramine, 5-hydroxytryptamine, glucagon, reserpine, 
and guanethidine, as well as conditions of stress, ex
ercise, shock, and hypoxia. In patients with pheo
chromocytoma, compression of the tumor leads to 
increased hormone secretion and thus to precipita
tion of an attack. 

The normal catecholamine and metabolite con
centrations in the urine are given in Table 1. In ad
dition to pheochromocytoma, concentrations of 
these substances can also be elevated in neurodys
tonia, stress situations, myocardial infarction, heart 
failure, uremia, delirium tremens, thallium poison
ing, lymphoma, and after administration of various 
drugs such as beta-receptor blockers, sympathomi
metics, reserpine, guanethidine, tetracyclines, 
erythromycins, and after clonidine withdrawal. 

Pharmacologic Effects of Catecholamines 

Catecholamines exert manifold effects on the body, 
and a knowledge of them is very useful in under-



standing the clinical findings in pheochromocytoma. 
These substances not only influence central and pe
ripheral hemodynamics but also exert various ef
fects on the metabolism, autonomic central nervous 
activity, and gastrointestinal functions (see Table 
2). 

Since norepinephrine mainly affects the alpha re
ceptors, epinephrine the beta-adrenergic receptors, 
and dopamine the dopaminergic receptors56 in the 
brain and kidney as well as the alpha receptors and 
to some extent the beta receptors, the clinical man
ifestations of pheochromocytoma may be quite var
ied, depending on which catecholamine is secreted 
in the largest amounts. On the whole, however, it is 
difficult to assign hormone-induced symptoms spe
cifically to epinephrine, norepinephrine, or even do
pamine, since in cases of such exaggerated hormone 
secretion the effects of the hormones tend to 
overlap. 

Clinical Symptoms 

The clinical symptoms of pheochromocytoma pres
ent a broad spectrum of subjective signs and objec
tive findings. The typical clinical pictures in pheo
chromocytoma are (1) paroxysmal hypertension in 
about 45 % of cases; (2) persistent hypertension 
(with or without hypertensive crises) in about 50% 
of cases; (3) relatively asymptomatic cases, in which 
the metabolic symptoms-elevated basal metabo
lism, hyperglycemia, or manifest diabetes mel
litus-are more pronounced, but with little or no in
crease in blood pressure; (4) very rarely hypotensive 
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episodes (sometimes alternative with hypertensive 
episodes); and (5) signs and symptoms of metastatic 
lesions may be present with malignant tumors. 

The symptoms associated with increased cate
cholamine secretion that were reported by patients 
with pheochromocytoma have been compiled in 
Table 3. The compilation is based on investigations 
by Gifford et al.40 in patients with paroxysmal hy
pertension, studies by Rosenberg and Varc092 in pa
tients with persistent hypertension, and investiga
tions by HumeM in children with both persistent and 
paroxysmal hypertension. 

Especially characteristic of pheochromocytoma 
are headache, excessive sweating, palpitations, 
tachycardia, bradycardia, pallor, anxiety, nausea, 
constipation, vomiting, chest pain, flank pain, 
weight loss, and epileptic seizures. As a result of the 
strong effect of norepinephrine, both intermittent 
claudication and Raynaud's phenomenon can occur. 
Fever is not uncommon. 

The objective findings that are suggestive of pheo
chromocytoma are listed in Table 4 (after Kirken
dall et al.60). Special attention is drawn to cases with 
extremely labile hypertension or with postural hy
potension, to the presence of polycythemia31,64,119 at
tributable to the simultaneous rise of erythropoietin 
production, as well as to the frequent occurrence of 
gallstones, the cause of which is unknown.7oa 

The clinical picture in children with pheochrom
ocytoma can vary somewhat from that in adults, ac
cording to various reviews on the subject,36,M,70a,108 
Children have persistent hypertension in more than 
90% of the cases, and outbreaks of sweating and vi
sual disturbances are particularly common.M Fur
thermore, dizziness, vomiting, weight loss, polydip-

Table 2. Physiological Effects of Catecholamines 

Norepinephrine Epinephrine 

Heart rate 
Mean arterial pressure 
Blood pressure 

systolic 
diastolic 

Cardiac output 
Peripheral resistance 
Muscle vessels 
S kin vessels 
Kidney vessels 
Sweat glands 
Bronchial system 
Smooth muscles 
Basal metabolic rate 
Blood glucose 
Free fatty acids 

Decrease or increase 
Slight increase 

Marked increase 
Marked increase 
No change 
Marked increase 
Vasoconstriction 
Vasoconstriction 
Vasoconstriction 
Activation 
No change 
Relaxation 
Increase 
Increase 
Increase 

Increase 
Slight increase or decrease 

Slight increase 
Decrease 
Marked increase 
Decrease 
Vasodilatation 
Vasoconstriction 
Vasoconstriction 
Activation 
Relaxation 
Relaxation 
Marked increase 
Marked increase 
Marked increase 
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Table 3. Prevalence of Symptoms in Pheochromocytoma in Adults with 
Paroxysmal and Persistent Hypertension and in Children 

Symptom Paroxysmal (%) Persistent (%) In Children (%) 

Headache 91.9 71.8 81.0 
Perspiration 64.9 62.2 62.0 
Palpitation 73.0 51.3 34.0 
Pallor 59.5 28.2 27.0 
Anxiety 59.5 28.2 
Tremor 51.4 25.6 
Nausea, vomiting 43.2 25.6 
Weakness 37.8 15.4 27.0 
Chest pain 32.4 12.8 
Flank pain 16.2 15.4 35.0 
Visual disturbances 2.7 20.5 44.0 
Weight loss 13.5 15.4 44.0 
Dyspnea 10.8 17.9 16.0 
Convulsions 5.4 2.6 23.0 
Bradycardia 8.1 2.6 
Dizziness 10.8 2.6 56.0 
Paresthesia (arms) 10.8 
Intolerance of warmth 13.0 15.0 
Polydipsia 25.0 
Polyuria 25.0 

From Gifford RW Jr, Kvale WF, Maher FT, Roth GM, ref 40, and Rosenberg JC, Varco RL, ref 
92 (data on adults); Hume DM, ref 54 (data on children). 

sia, and polyuria occur more frequently than in 
adults (see Table 3). Children with pheochromocy
toma may show retarded growth in very rare cases. 

The occurrence of a pheochromocytoma during 
pregnancy poses a serious threat to the life of the 
mother as well as the child, especially since toxemia 
of pregnancy is more likely to be suspected in this 
situation than pheochromocytoma. Yet, the symp
toms are the same in most cases as in nonpregnant 
patients. According to various summaries,21,37.54 the 
maternal mortality is 50% and the infant mortality 
is 30 %. Complaints usually begin in the last trimes-

Table 4. Objective Findings in Patients with 
Pheochromocytoma 

Signs 

Slender build 
Persistent hypertension 
Hypertensive crises 
Hemoglobin, > 15 g/100 ml 
Proteinuria 
Glucosuria 
Fasting blood glucose, > 100 mg/lOO ml 
Glucose intolerance 
Cholelithiasis 
Postural hypotension 
Neurofibromatosis 

From Kirkendall WM, Liechty RD, Culp DA, ref 60. 

% 

89 
50 
44 
50 
44 
39 
33 
28 
17 
11 
6 

ter of pregnancy, probably owing to pressure exerted 
on the tumor by the uterus. In one-third of the pa
tients described by Gemmell,39 the onset of symp
toms did not occur until immediately before deliv
ery or up to 24 h thereafter. Pochedly86 and Voute et 
al.11S reported on six women with the clinical symp
toms of pheochromocytoma in whose children a neu
roblastoma was later discovered. Apparently, the se
cretion of catecholamines from the neuroblastoma 
was responsible for the symptoms in these patients. 

The paroxysmal hypertensive crises in pheo
chromocytoma usually occur dramatically and ex
plosively and may be provoked by a physical maneu
ver causing an increase of abdominal pressure; 
urination, defecation, and sexual intercourse; phys
ical exertion; sudden, vigorous rotation; sneezing; 
pressure on the carotid body; nicotine and alcohol 
abuse; fatty and fiatulating meals; hypoglycemia; ex
citement; pain; hyperventilation; changes in body 
temperature; or administration of certain medica
tions such as circulatory drugs containing catechol
amines, glucagon, histamine, tyramine, Mecholyl, 
ACTH, nitroglycerin, and saralasin. Further, radio
logic procedures used to diagnose pheochromocy
toma (angiography, retroperitoneal gas insufflation) 
may provoke an attack. Occasionally, however, the 
attacks also occur during sleep. Rarely, the attack is 
preceded by premonitory scotodinia, nausea, and 
pain in the limbs. The attacks generally occur at ir-



regular intervals, varying from hours to months; the 
duration of each attack also fluctuates within a 
broad range. In the course of time, the paroxysmal 
attacks generally occur more frequently, without 
necessarily becoming more severe; however, the dan
ger of complications usually increases. 

The paroxysmal rises in blood pressure are usu
ally very pronounced and affect both the systolic 
and diastolic pressures, which can rise to over 300 
mm Hg and 200 mm Hg, respectively. Furthermore, 
cases have been described in which there was a tran
sient fall of blood pressure during the attack and 
then a renewed increase. An increase in the systolic 
blood pressure with a simultaneous fall in the dia
stolic pressure is a very rare occurrence. The blood 
pressure values in patients with persistent hyper
tension often fluctuate within a wide range. In one 
patient with a pheochromocytoma secreting epi
nephrine, there was pronounced hypotension with 
tachycardia during the attacks.90 

Postural hypotension is also observed in some pa
tients with pheochromocytoma and appears to be 
due to functional autonomic blockade of the sym
pathetic circulatory reflexes involved in the main
tenance of blood pressure in an erect posture. The 
physiologic reduction of blood volume is also 
blamed for this finding. 2B 

The blood pressure usually returns to normal 
quite rapidly after a pheochromocytoma attack; 
however, the profuse sweating continues and, char
acteristically, a drastically increased diuresis occurs. 
Conversely, inhibition of diuresis and even anuria 
have also been observed during the attack. After an 
attack, the patients feel tired and exhausted for an 
extended period of time. 

The persistent hypertension in patients with 
pheochromocytoma can resemble that of essential or 
renal hypertension and occasionally that of renovas
cular hypertension; however, in addition, abrupt 
intermittent rises in blood pressure are often super
imposed. A transition from paroxysmal hyperten-
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sion to persistent hypertension occasionally occurs. 
Additional findings, which in these cases suggest the 
presence of pheochromocytoma as being responsible 
for the hypertension, are summarized in Table 5. 
The presence of pheochromocytoma should espe
cially be considered in children and young persons 
with hypertension, as well as in all patients with au
tonomic disorders or attacks. 

The course of pheochromocytomas may be 
asymptomatic if the tumor tissue does not produce 
catecholamines that significantly affect hemody
namics and metabolism. On the other hand, a few 
cases have been described in which increased cate
cholamine or VMA excretion was accidentally dis
covered in asymptomatic patients.93,l13 Finally, cases 
have been reported in which, after a series of typical 
attacks, the symptoms of pheochromocytoma dis
appeared, whereupon surgery demonstrated bleed
ing in the tumor that had apparently destroyed the 
hormone-producing tissue and thus promoted spon
taneous healing.65 

After surgical excision of the pheochromocytoma, 
a recurrence with specific symptoms can develop in 
rare instances. The incidence of recurrence is prob
ably about 10%.88 However, the occurrence of more 
frequent relapses is noteworthy. On the average, 
these occur after a period of over 8 years, though 
considerably shorter intervals have been reported.64 
The identification of a recurrence may be difficult, 
since small pheochromocytomas might have been 
overlooked at the first operation. A recurrence is 
considered highly probable if an asymptomatic in
terval with normal catecholamine excretion has 
been documented. 

Complications 

Owing to misinterpretations of the changeable and 
polymorphic symptoms of pheochromocytoma, 

Table 5. Suggestive Signs of Pheochromocytoma in Patients with Persistent Hypertension 

1. Attacks of headache, palpitations, nervousness, chest and abdominal pain, tremor, and, particularly, persistent or 
excessive perspiration 

2. Patient is underweight 
3. Age less than 35 years 
4. Impaired glucose tolerance and/or rise of basal metabolic rate with no demonstrable hyperthyroidism 
5. Short duration of hypertension 
6. Severe funduscopic abnormalities 
7. Rise of blood pressure in response to ganglionic blocking drugs or guanethidine 
8. Rise in blood pressure during induction of anesthesia 
9. Postural hypotension and striking fluctuations in blood pressure and/or labile pulse 

10. Hypertension with neurofibromatosis, cholelithiasis, etc. 

From Meurer KA, Lang R, Kaufmann W, ref 74, and Sack H, Koll FJ, ref 95. 
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there is often a rather long interval of time between 
diagnosis and surgery during which serious cerebral, 
cardiorenovascular, and ocular complications due to 
the hypertension can develop. However, cases have 
been described in which the first pheochromocy
toma attack led to death. 

According to a report by Graham on 72 nonoper
ated patients, massive cerebral hemorrhages and in
farctions head the list of causes of death, followed 
by acute cardiac decompensation, hyperpyrexia, 
pneumonia, and myocardial infarction.46 Circulatory 
shock as a result of hemorrhage and necrosis in the 
presence of large pheochromocytomas has also been 
reported.55 Circulatory shock can also develop in 
conjunction with a severe hypertensive crisis. Severe 
retinopathy is not infrequent in patients with per
sistent hypertension. High concentrations of cate
cholamines can cause development of intestinal ob
struction with megacolon and constipation or 
ischemic enterocolitis. "Catecholamine myocardi
tis" is frequently found at autopsy and can be 
considered a cause of congestive heart failure and 
perhaps cardiac arrhythmias. Large pheochro
mocytomas are capable of compromising the func
tion of neighboring organs (e.g., by compression of 
the renal arteries or ureter). 

Diagnosis 

In the search for a pheochromocytoma, with its po
lymorphic symptoms, careful history taking with di
rect questioning in regard to typical symptoms is es
sential. As presented in Tables 3-5 and in the 
depiction of the clinical picture, the presence of 
pheochromocytoma should be suspected in symp
tomatic patients with persistent or paroxysmal hy
pertension and in cases of unclear attacks suggesting 
excess circulating catecholamines. It is especially 
important that pheochromocytoma be ruled out in 
pregnancy and when surgery is planned in hyperten
sive patients. Furthermore, pheochromocytoma 
must be considered if certain behavior or activity 
leads to hypertension or hypotension (exertion, ex
citement, palpation of an area where the tumor is 
located, ingestion of food containing tyramine, ad
ministration of certain drugs, nicotine abuse, etc.), 
if diseases are present that are significantly associ
ated with pheochromocytoma, or in the presence of 
familial pheochromocytoma. 

By considering these factors, it should be possible 
to single out almost all patients with pheochromo
cytoma; determination of catecholamines or their 
metabolites does not appear to be necessary in every 
hypertensive patient. 

Laboratory Tests 

General Findings 

Changes in the red blood cell picture are only rarely 
found; patients have been described with anemia as 
well as with polycythemia, and, in the latter cases, 
increased erythropoietin activity was demonstrable 
in the tumors or serum. Anemia is especially fre
quent in patients with metastasizing pheochromo
cytoma. The leukocyte count is usually normal, 
though leukocytosis can reportedly occur during at
tacks. The erythrocyte sedimentation rate is normal 
in uncomplicated pheochromocytoma. 

As a rule, blood and plasma volume are reduced 
in patients with pheochromocytoma.22,30,57,102,112 This 
accounts for the postoperative shock encountered in 
patients that have not received prior treatment for 
normalization of blood volume. 

Creatinine and urea are normal in uncomplicated 
pheochromocytoma. Slight proteinuria is frequently 
demonstrated, especially if nephrosclerosis has de
veloped. Owing to the release of catecholamines, hy
pokalemia is sometimes found. 

Increased plasma renin activity and aldosterone 
excretion have sometimes been found without there 
having been a distinct relationship to the main cat
echolamine excreted.53,61.67,73,115,122,123 The hypovole-
mia, renal vasoconstriction, concurrent renal arter
iostenosis, or the stimulation of intrarenal beta 
receptors could be considered the cause of this 
finding. 53,61 

Sometimes there are substantial alterations in the 
carbohydrate and lipid metabolism. Besides in
creased fasting blood glucose and glucosuria in a 
large portion of patients with persistent and parox
ysmal hypertension, subclinical diabetes or manifest 
diabetes mellitus can frequently be demonstrated. A 
parallel response of blood glucose and blood pres
sure is often found. There is virtually no develop
ment of ketoacidosis in patients with pheochromo
cytoma. Basal metabolism is increased primarily in 
patients with persistent hypertension.40 Increased 
cholesterol concentrations are only rarely found in 
patients with pheochromocytoma. However, there 
are no extensive investigations available on lipid 
metabolism in patients with pheochromocytoma. 

Electrocardiographic Abnormalities 

Abnormalities in the ECG are recorded very fre
quently in patients with pheochromocytoma and in
clude arrhythmias of various natures as well as im
paired repolarization. The features of a myocardial 
infarction are often simulated.62,62a,70a.97,98 



The pathogenesis of the ECG abnormalities are 
considered by Sayer et al. to be a complex interac
tion between the relative amounts of epinephrine 
and norepinephrine secreted, the duration of the se
cretion, and the net effect of the catecholamines on 
the heart rate, rhythm, stroke volume, oxygen sup
ply and demand, as well as on coronary perfusion, 
pulmonary and peripheral vascular resistance, and 
the electrolyte distribution.98 Arrhythmias are es
pecially likely to occur during hypertensive crises 
and regress after resection of the tumor or treatment 
with alpha- or beta-receptor blocking drugs. Con
comitant arteriosclerotic changes in long-standing 
hypertension also contribute to the ECG abnormal
ities and, as is the case in abnormalities due to cat
echolamine myocarditis, they rarely regress.62,116 The 
ECG abnormalities often change very rapidly and, 
in this case as well as in cases of otherwise unex
plained ECG findings, they should prompt the 
search for a pheochromocytoma. 

Pharmacologic Tests 

Since the determination of catecholamines and their 
metabolites became possible, provocative drug tests 
and lysis tests that were used earlier have been 
largely discarded, especially since they posed a dan
ger to the patient and gave both false-positive and 
false-negative results. At most, the glucagon test 
should be performed in doubtful cases where cate
cholamine excretion is only slightly above normal 
but symptomatology is positive, since this procedure 
cannot provoke a dangerous rise in blood pressure. 
The patient should receive preliminary treatment 
with phenoxybenzamine, and the recommendations 
of Muhlhoff et al.77 should be followed. A modifica
tion of the phentolamine test was reported by Sper
gel et al.'07' Blood samples for catecholamine analy
sis should be obtained before and during a 
hypertensive crisis caused by a provocative test. 
Refer to the literature for details on the conduct of 
the test.23,70,,107,,122 

Biochemical Tests 

Demonstration of elevated concentrations and/or 
excretion of catecholamines or their metabolites is 
prerequisite to preoperative diagnosis of pheo
chromocytoma, except in emergency situations. Var
ious methods developed for this purpose in recent 
years are available. Diagnostic procedures include 
the following determinations: in urine and plasma, 
assay of epinephrine, norepinephrine, dopamine, 
and dopa; in urine only, the assay of metanephrine, 
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normetanephrine, and VMA (see Table 1). The uri
nary assay requires either a 24-h urine specimen or 
the urine passed during an attack. Concurrently 
measured creatinine excretion, or creatinine clear
ance, can be used as a reference value to check for 
errors in collection. 

The determination of metanephrine, as well as 
VMA, in the urine has proved highly reliable accord
ing to the literature.16,23,4Q,4Qa,70a,88 Diagnosis can be 
confirmed in almost every case by determination of 
total metanephrine, and in about 97 % of cases by 
the determination of VMA. Dopamine has been 
demonstrated in only a few patients with pheo
chromocytoma. In two patients, dopa could also be 
found in the urine.120 The determination of plasma 
catecholamines is important in diagnostic proce
dures to localize the pheochromocytoma and in the 
rare cases of only intermittently increased or bor
derline catecholamine secretion when determina
tions are done in conjunction with a provocative 
test.1,16,29,33,35,49,65,67,69,70a,74,79,83,125 

In spite of the specific assays used today, some 
substances can influence the results, especially sym
pathomimetic drugs and medications that interfere 
with catecholamine biosynthesis or catecholamine 
metabolism, e.g., antihypertensive drugs that inhibit 
sympathetic activity, monoamine oxidase inhibitors, 
dehydrogenase inhibitors, and alcohol. In addition, 
the fluorimetric methods are affected by tetracy
cline, erythromycin, chinidin, chinin, and chlorpro
mazine. Chromatographic analysis of the urinary 
catecholamines is influenced by increased bilirubin 
concentrations. Various radiologic contrast media 
interfere with the assay of metanephrine in urine by 
the method of Pisano. The determination of meta
nephrine should therefore be done immediately be
fore or 3 days after the administration of a contrast 
medium. Various less specific methods for the de
termination of VMA are affected by citrus fruits, cof
fee, tea, cocoa, bananas, and vanilla; however, in 
general, the values are not altered enough to give 
false-positive or false-negative results. However, the 
influence on catecholamine release of the drugs 
mentioned should be borne in mind, and they 
should be discontinued, if possible, approximately 8 
days prior to the planned investigation. 

It is only in fluorimetric determinations that 
alpha-methyldopa is concurrently measured, so that 
the resultant excessively high values can thus be rec
ognized as a false-positive result. Preliminary treat
ment of the patients with phentolamine or phe
noxybenzamine, on the other hand, does not usually 
influence catecholamine determination. 

Further consideration must be given to the fact 
that various pathological and physiological condi
tions can lead to an increase or decrease in cate-
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cholamine excretion (see ref. 70a). In addition, the 
presence of other neuroectodermal tumors (gangli
oneuroma, neuroblastoma, and ganglioneuro
blastoma) must be considered. 

Decreased excretion is found in familial dysauto
nomia (Riley-Day syndrome), in asympathicotonic 
postural hypotension, in malnutrition, and in some 
patients with renal insufficiency and/or oliguria if 
the catecholamine excretion is not compared with 
the creatinine excretion. 

For the laboratory tests, a portion of the 24-h 
urine specimen is used. This batch must be acidified 
with hydrochloric or sulfuric acid if norepinephrine, 
epinephrine, normetanephrine, or metanephrine is 
to be determined. This procedure is not necessary 
for the determination of VMA; in case of borderline 
findings, however, a sample of acidified urine would 
then be available to serve as control for determina
tion of other metabolites. 

Differential Diagnosis 

Owing to the extreme variability of symptoms in pa
tients with pheochromocytoma, numerous differen
tial diagnoses must be considered. Above all, it is 
important to always bear in mind that the patient's 
complaints might be due to pheochromocytoma. 

First of all, the presence of a pheochromocytoma 
must be considered in every case of arterial hyper
tension, whether persistent or paroxysmal, and a 
search made for other characteristic symptoms, 
which, no matter how slight, should prompt inves
tigation to exclude pheochromocytoma. In addition, 
it should be borne in mind that a pheochromocy
toma can also be the real cause of the complaints in 
patients with marked symptoms suggesting sympa
thetic overactivity, nervousness, anxiety, hyperthy
roidism, paroxysmal tachycardia, hyperkinetic heart 
syndrome, menopause, migraine, coronary ischemia, 
diabetes mellitus, hypertensive encephalopathy, 
toxemia of pregnancy, hypertensive crises induced 
by the interaction of MAO-inhibitors with food or 
drinks containing tyramine, carcinoid syndrome, 
spontaneous hypoglycemia, familial dysautonomia 
(Riley-Day syndrome), acute infectious diseases, 
acute intermittent porphyria, lead poisoning, ta
betic crises, encephalitis, after abrupt clonidine 
withdrawal, and in Wernicke and Guillain-Barre 
syndrome.7oa Moreover, it must be considered that 
the latter syndromes are often accompanied by ele
vated catecholamine excretion.7oa Furthermore, a 
thorough examination should be conducted in hy
pertensive patients in whom it is suspected that ab
normal laboratory results are based on increased cir-

culating catecholamines, as well as in those patients 
whose blood pressure is difficult to control with anti
hypertensive medication. 

The diseases that most frequently accompany 
pheochromocytoma and the pathophysiologic 
changes that can induce a crisis have already been 
mentioned in detail earlier in this chapter. The dif
ferential diagnosis must also include consideration 
of other tumors of neuroectodermal origin, such as 
neuroblastoma, ganglioneuroblastoma, and gangli
oneuroma. Neuroblastoma is one of the most com
mon malignant tumors of childhood. Its location 
and symptoms may correspond to those of pheo
chromocytoma. In most cases, the urinary excretion 
of dopa, dopamine, norepinephrine, norm eta
nephrine, VMA, and homovanillic acid (HV A) is in
creased.1l7 Ganglioneuroblastoma-also a malignant 
tumor-usually differs from pheochromocytoma 
and neuroblastoma in its symptoms, although the 
cells are capable of producing dopamine and nor
epinephrine. In addition to occasional hypertensive 
crises and episodes of sweating, diarrhea with hy
pokalemia, flatulence, erythema, and impaired 
growth are most prominent. These patients excrete 
catecholamines and their metabolites in the same 
manner as patients with neuroblastoma.1l7 Gangli
oneuromas occur in older children and adults and 
develop in the lumbar and thoracic regions of the 
sympathetic chain. They are benign tumors. The 
clinical picture can also be characterized by chronic 
diarrhea and occasional hypertensive crises, epi
sodes of sweating, polyuria, and polydipsia. In
creased amounts of dopamine, norepinephrine, 
VMA, and HV A are excreted in the urine. During 
differential diagnosis, attention must also be given 
to the fact that some patients wish to simulate the 
presence of a pheochromocytoma by taking sympa
thomimetic drugs (see under pseudopheochromocy
toma, ref. 70a. 

Localization Procedures 

Even though 98 % of pheochromocytomas are lo
cated in the abdominal area, precise preoperative lo
calization is indicated in order to be able to better 
determine the number of tumors present, to obtain 
indications for postoperative therapy in cases of bi
lateral adrenal involvement, and to obtain informa
tion on the vascularization of the tumors, which en
ables the surgeon to proceed rapidly and carefully 
by selecting the best approach. 

The initial step in the localization of the pheo
chromocytoma is to obtain chest x-rays (sagittal, 
lateral, and oblique views) in order to detect an in-



trathoracic tumor. This should be followed by an in
travenous urogram with tomography of the kidneys, 
since the tumor sometimes presents a recognizable 
low-density shadow even in plain films. Occasion
ally, calcifications in the tumor, a sign of tissue de
generation, are also demonstrated.75 Depending on 
their size, pheochromocytomas cause depression or 
flattening of the kidneys, as well as displacement of 
the ureter or extinction of the marginal shadow of 
the psoas. The fundus of the stomach, spleen, or tail 
of the pancreas can occasionally give the impression 
of a left-sided tumor and lead to misinterpretation. 
The frequency of a positive urogram has been re
ported to vary from 30% to 90%.40,47,88,124 The com
bination of intravenous urogram and retroperitoneal 
gas insufflation has been all but discarded because 
of the danger to the patient and the availability of 
improved radiographic techniques. 

As an aid to localization, selective blood sampling 
from various parts of the vena cava, as reported by 
von Euler et al. in 1955,32 has provided very good re
sults in our investigations65,74 and has proved to be 
low in risk and easy to carry out. In the meantime, 
this method has been successfully employed by nu
merous investigators.1,16,32,35,49,65,66,68,69,70a,79,83,124 Particu-

Figure 2. Sites of blood sampling in the vena iliaca, 
vena cava, and renal veins for the localization of pheo
chromocytomas. 

9: Pheochromocytoma 141 

Figure 3. Computed tomogram of a right adrenal pheo
chromocytoma, Relative density: 30 Housefield units. 
Courtesy of the Department of Radiology, Cologne Uni
versity; Professor Dr, G. Friedmann, director 

lar emphasis should be placed on the great accuracy 
and low risk of this procedure. The sites for blood 
sampling from the vena cava are selected (Fig. 2) to 
include all areas of influx to the vena cava, including 
the lower extremities; the pelvic, head, and neck 
areas; and, of course, the kidney and adrenal areas. 
The junction of the tumor vein and, hence, the ap
proximate site of the pheochromocytoma can usu
ally be located on the basis of the marked difference 
in catecholamine concentration in comparison to the 
other sampling sites. In particular, small and mul
tiple tumors can be detected and the duration of 
surgery can be shortened; this can be especially im
portant in seriously ill patients. If necessary, phle
bography can subsequently be carried out. 

Since a pheochromocytoma can be localized to a 
great extent by selective determination of catechol
amines in the blood of the vena cava, and arteriog
raphy is associated with higher risk to the patient, 
computerized axial tomography can be carried out 
when feasible as a means of localizing the tumor in 
its topographic relationship to the surrounding or
gans (Fig. 3).23&,65 Radiation exposure is comparable 
to that of an intravenous urogram. Computerized to
mography should not be done to search for tumors 
of unknown location; however, under the conditions 
stated, it apparently can replace arteriography in 
suitable cases or make it possible to direct and thus 
limit angiography to the area or areas of suspected 
location, especially since routine general abdominal 
aortography includes only the direct renal and 
perirenal areas, and thus other ectopic pheochrom
ocytomas could escape detection.65 

In arteriography, the pheochromocytoma can usu
ally be readily distinguished by its fine, rich network 
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of blood vessels and resultant hypertrophy of the 
adrenal artery, as well as by the visualization of cap
sule vessels. If the pheochromocytoma is not highly 
vascularized, selective or superselective angiography 
is often indicated in order to identify the tumor and 
demonstrate its vascularity.65 Under the same con
ditions, it is sometimes necessary to attempt visu
alization of the tumor by phlebography, since espe
cially smaller and weakly vascularized-and thus 
already necrotic-tumors can be demonstrated by 
this procedure.I,70a.78 If excessive injection pressure is 
employed during adrenal arteriography or phlebog
raphy, necrosis of the tumor can occur and lead to 
spontaneous healing. Furthermore, a pheochromo
cytoma attack can be induced by any type of an
giography, so that the patients should be pretreated 
with alpha- and beta-receptor blocking agents; 
phentolamine or sodium nitroprusside should also 
be readily available. Without these precautionary 
measures, arteriography in patients with pheo
chromocytoma is associated with a high mortality 
risk. I,99 During angiography, ECG, blood pressure, 
and heart rate must be continuously monitored. On 
the whole, approximately 80% of pheochromocyto
mas can be demonstrated by angiographic proce
dures.8,22,124 As an additional procedure to detect 
small tumors, sonography should also be mentioned. 

Furthermore, very recently Sisson et al. I03b re
ported a procedurE:: for scintigraphic imaging of 
pheochromocytomas by means of 13Imeta-iodoben
zylguanidine. Also, in cases of pheochromocytoma 
located in the adrenal gland, adrenal scans with 1311_ 
iodocholesterol permit lateralization of the tumor, 
since the pheochromocytoma causes scintigraphic 
storage defects with resultant displacement of the 
13II-iodocholesterol-storing adrenal rest and, conse
quently, displacement of the adrenal gland from the 
renal pole.52,65,110 

Cystoscopy should be mentioned as a further pro
cedure for localization in cases with symptoms sug
gesting a pheochromocytoma of the bladder. Cystos
copy should be performed only after a-blockade. 
Furthermore, cholecystography/cholangiography 
should always be done to exclude cholelithiasis. 

Therapy 

The therapy of choice in patients with pheochrom
ocytoma is without doubt the surgical excision of the 
tumor, which leads to an arrest of the clinical symp
toms and causes normalization of blood pressure in 
about 75% of cases.7Oa Medical treatment with 
alpha- and beta-receptor blocking agents is reserved 
for patients whose condition does not allow surgery 

and those patients with metastasizing pheo
chromocytoma. 

The patient should be carefully prepared for sur
gery, barring an emergency situation, in order to 
keep the operative risk at a minimum. In recent 
years preoperative treatment with a combination of 
alpha- and beta-receptor blocking drugs has been 
generally successful and has been accepted by 
many,24,49,57,58,80,87,88,96,100,103,105,114 although a few other 

groups have obtained excellent surgical results with
out such preparation.22,40 In particular, with this 
medical preparation it has become possible to pre
vent hypertensive crises and arrhythmias before and 
during surgery and to avoid the hypotensive crises 
after excision of the tumor that were often severe, 
long-lasting, and difficult to control. Of course, such 
medication prevents the intraoperative induction of 
hypertensive crisis as an aid to diagnosis, but the 
preoperative localization of the tumor makes this 
disadvantage slight. On the other hand, it is felt by 
some that only a partial a-blockade should be used 
because some response of blood pressure can be a 
great value to the surgeon.70a 

For therapy with alpha-receptor blocking agents, 
phenoxybenzamine (Dibenzyline) is well-suited be
cause of its longer duration of action (half-life for iv 
injection approximately 24 h); furthermore, it can 
also be administered intravenously (dosage 1 mg/kg 
body weight). This therapy should be started 1-3 
weeks before surgery is scheduled with an initial 
dose of 10 mg p.o.; the dosage can be increased to 
100 mg to control clinical events. In addition to 
phenoxybenzamine, phentolamine is also available 
as an alpha-receptor blocking agent, but it has only 
a short duration of action; however, it is suitable for 
control of hypertensive crises because of its rapid 
onset of action after intravenous administration. 
Experience with prazosin (Minipress) in pheo
chromocytoma therapy is not yet available. 

A further advantage of phenoxybenzamine ther
apy is considered to be that, by blocking the vaso
constricting effect of norepinephrine, the blood vol
ume is restored prior to surgery in patients with 
hypovolemia, which is often demonstrated in the 
presence of pheochromocytoma.22,27,29,112 In this way 
a postoperative hypotensive reaction can be 
avoided. Engelman attributes this hypotension in 
part to a functional autonomic insufficiency of the 
vessels, so that even the postoperative administra
tion of norepinephrine cannot elicit an adequate re
sponse.28,30 In addition, to avoid a fall in blood pres
sure, an infusion of 1000 ml of blood, a plasma 
expander, or an albumin solution on the evening 
prior to surgery is recommended, as well as intra
operative infusions with volumes which exceed the 
intraoperative blood 10SS.10,22,44,100,105 Besides volume 



replacement and alpha-receptor blockade, therapy 
with beta-receptor blockers, introduced by Prichard 
and Ross, has proved useful in patients with pheo
chromocytoma.87,93 With beta blockers, it is not only 
possible to largely control tachycardias and cardiac 
arrhythmias that frequently occur, but tachycardias 
that may occur after alpha-receptor blockade in pa
tients with pheochromocytoma primarily excreting 
epinephrine can also be avoided. Treatment with 
beta-receptor blockers must not be started until 
after therapy with alpha-receptor blocking agents, 
since, otherwise, marked rises in blood pressure can 
occur, In certain circumstances, it is necessary to in
crease phenoxybenzamine medication. Therapy 
with beta-receptor blockers also should be started at 
a low dosage, i.e., initially one tablet of one of the 
commercial drugs, paying attention to any contrain
dications that may exist (heart failure, conduction 
disturbances, airway obstruction). 

Should it be necessary to digitalize the patient, 
special care must be taken, since, owing to the so
called catecholamine myocardiopathy, there is in
creased irritability of the myocardium with in
creased danger of inducing arrhythmias. 

If preoperative evaluation has shown the presence 
of bilateral pheochromocytoma, MEN, type 2 or 3, 
or the coexistence of Cushing's syndrome, so that 
both adrenal glands must be removed, hydrocorti
sone replacement therapy should be started prior to 
induction of anesthesia and continued postopera
tively (for details see ref. 70a). Prior to the induction 
of anesthesia, the monitoring of blood pressure, 
ECG, and central venous pressure must be assured. 
Halothane or enflurane together with N20 are ac
cepted anesthetics.7,13,44,59,704,91,92 

Despite improved procedures for localization, 
either a large epigastric transverse incision or a 
paramedian incision is mandatory to permit a thor
ough explorative operation after excision of the 
main tumor.24,70a,100 With this exposure it is also pos
sible to perform a cholecystectomy at the same time 
if necessary. 

The treatment of pheochromocytoma during 
pregnancy involves some special considerations. If a 
pheochromocytoma becomes manifest before the 
fifth month, treatment with phenoxybenzamine 
should first be undertaken and the plasma volume 
restored so that surgery can subsequently be per
formed. 37 If the pheochromocytoma is discovered 
after the fifth month, medical treatment can be con
tinued up to the delivery date, if symptoms of the 
pheochromocytoma can be adequately controlled so 
that it does not pose a serious threat to the patient 
or fetus.26 At that time delivery should be performed 
by cesarean section, with simultaneous excision of 
the pheochromocytoma.37,48,106 On the whole, very 
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careful supervision of the woman is necessary in 
order to reduce or avoid the considerable danger to 
mother and child of hypertensive crises or falls in 
blood pressure. In children with pheochromocy
toma, it is important to recall that bilateral and 
multiple tumors are more frequent than in adults. 

Medical Treatment 

As already mentioned, medical treatment of pheo
chromocytoma is indicated in patients who are not 
in an operable condition-perhaps until surgery is 
possible, in cases where complete extirpation of the 
tumor is not feasible, and in patients with meta
static pheochromocytoma. 

Allen et al. were first able to successfully control 
the manifestations of a pheochromoblastoma for an 
extended period of time with phenoxybenzamine.2 

Furthermore, Engelman and Sjoerdsma reported 
long-term therapy in four patients with malignant 
pheochromocytoma or pheochromocytoma that was 
initially inoperable.27 The dosage of phenoxybenza
mine must be individualized according to the ther
apeutic response. Medical treatment normalizes 
both blood pressure and the metabolic effects of ex
cessive catecholamine secretion; however, the 
growth of the pheochromocytoma is not influ
enced.27 Cytostatic therapy or radiotherapy of the 
malignant pheochromocytoma has proved ineffec
tive.7oa In addition to phenoxybenzamine, the ad
ministration of beta-receptor blockers is often nec
essary to control tachycardia and arrhythmia. 
Phentolamine and other antihypertensive drugs are 
not suitable for the long-term treatment of 
pheochromocytoma. 

Prognosis 

Surgical excision of a pheochromocytoma leads to 
normalization of blood pressure in 75% of the cases. 
A failure of blood pressure response may be due to 
an overlooked pheochromocytoma, inadvertent lig
ature of a renal artery, or the manifestation of hy
pertension due to arteriosclerosis of the renal vessels 
in long-standing undetected pheochromocytoma. 

If an immediate postoperative fall in blood pres
sure fails to occur for reasons other than those men
tioned, preoperative or intraoperative overtransfu
sion may be responsible. In these cases, diuretic 
therapy rapidly leads to normalization of blood 
pressure.30 Incomplete excision of pheochromocy
toma tissue can be diagnosed by a fall of blood pres
sure in response to phentolamine. Furthermore, in 
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cases where a residual pheochromocytoma is sus
pected, catecholamine excretion should be deter
mined 4 to 5 days after surgery, since after complete 
excision of the pheochromocytoma, catecholamine 
excretion will have returned to normal by the second 
or third postoperative day. 

Surgical mortality has been reduced from 40 % to 
50 % in earlier cases and in cases in which pheo
chromocytoma was incidentally discovered during 
surgery to approximately 5 % 44,108 as a result of ac
curate localization and preparation for surgery with 
adrenergic-receptor blocking agents and infu
sions.100.13.IB.22 Manger and Gifford have stressed the 
importance of an expert team in the management of 
a patient with pheochromocytoma; with proper ex
pertise, they state the operative mortality should 
not exceed 3 %, whether or not preoperative adren
ergic blockade is employed.7oa In patients with ma
lignant pheochromocytoma, the 5-year survival rate 
is 44 %; the longest survival reported thus far is 21 
years.BB 

Postoperative Follow-up 

In all operated patients with pheochromocytoma, 
urinary catecholamine excretion should be checked 
before release from the hospital; furthermore, the 
patients should be examined at regular intervals for 
some years so that a recurrence is not overlooked. 
Family members with hypertension or symptoms 
that indicate pheochromocytoma or diseases which 
frequently occur in conjunction with pheochromo
cytoma should also be examined. 
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Various hematologic disorders are associated with 
hypertension. These include the anemia of malig
nant hypertension; polycythemia associated with 
nonneoplastic renal disease such as hydronephrosis, 
polycystic kidney disease, renal artery stenosis; and 
relative or benign polycythemia, sometimes called 
Gaisbock syndrome. This chapter will describe these 
conditions and the methods which are used to treat 
them. 

Hemolytic Anemia of Malignant 
Hypertension 

Hemolytic anemia with red blood cell fragmentation 
and intravascular coagulation is associated with a 
group of disorders which includes malignant 
hypertension.8.11.16.27.28.41 Because morphological 
changes of the red blood cells may be secondary to 
the disease of small blood vessels, Brain et al. ap
plied the term microangiopathic hemolytic anemia 
(MHA) to describe this condition.8 The two princi
pal components of MHA are red blood cell fragmen
tation and intravascular coagulation. In patients 
with malignant hypertension, it is not certain 
whether intravascular coagulation precedes hemol
ysis28.60 or hemolysis, secondary to vascular damage, 
precedes coagulationY Experimentally, red blood 
cells were fragmented by fibrin strands while mov
ing through a clot at the velocity of arterial blood 
flOW.lO Similarly, hemolysis of red blood cells may 
occur by fibrin within the microcirculation.7.51.52 

Evidence of intravascular coagulation is not found 
in patients with benign hypertension,28 chronic renal 
failure (excluding malignant hypertension),8 or 

pregnancy-induced hypertension.15.22 Hematologic 
aberrations and hypertension associated with these 
diseases may in part be caused by abnormalities of 
vascular endothelium caused by severe vaso
spasm.15.22.34 

Microangiopathy occurring in other disease states 
such as hemolytic-uremic syndrome, thrombotic 
thrombocytopenic purpura, Sanarelli-Schwartzman 
reaction, and renal cortical ischemia is characterized 
by changes in the intima that are similar to those of 
malignant hypertension.34.35 From this observation it 
was theorized that localized coagulation caused by 
increased permeability of small blood vessels to fi
brinogen as a result of high arterial pressure initi
ates or at least contributes toward the transition of 
hypertension from the benign to the malignant 
phase.27.28.41 The condition is exacerbated when red 
blood cells fragmented by fibrin deposits are hemo
lyzed, leading to further deposits of fibrin. Although 
patients with benign hypertension28 or chronic renal 
failure8.28 are relatively free of intravascular coagu
lation, increased clotting capacity of the blood is 
found in patients with arterial hypertension, which 
may lead to the development of intravascular 
thrombi.17.45.58.60.63 Vascular thromboses are said to be 
found in most cases of death from arterial hyperten
sion and atherosclerosis.'5 

One objection to the theory that malignant hyper
tension is triggered by microangiopathic hemolytic 
anemia is that MHA is not always found in patients 
with malignant hypertension,2.27.28.41 possibly because 
the clinical symptoms of intravascular coagulation 
do not persist41 or perhaps the anemia of malignant 
hypertension is not always "microangiopathic" in 
origin. In a series of 24 patients with severe renal 
failure, Stewart has shown the fragmentation of red 
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blood cells to be equally severe in malignant hyper
tensive patients having extensive lesions of small 
blood vessels56 as in patients with renal tubular ne
crosis in which microangiopathy is reported to be 
absent or minimal.8 Failure to demonstrate a corre
lation between red blood cell fragmentation and fi
brinogen metabolism also suggests that red blood 
cells are not damaged by intravascular coagulation 
in malignant hypertensive patients. 54 Hemolysis 
might occur if the metabolism of the erythrocyte 
was affected by uremia. However, neither erythro
cyte life-span nor degree of erythrocyte fragmenta
tion in patients with malignant hypertension is re
lated to serum urea.56 The presence of other toxic 
substances normally excreted or metabolized may 
damage red blood cells or interfere with erythropoi
esis. Formation of "burr cells" was observed when 
normal red blood cells were incubated in serum from 
uremic patients. The red blood cells were apparently 
damaged by a heat-labile, nondialyzable factor in 
uremic serumY As suggested by Erslev, it seems rea
sonable "to relate premature destruction of red cells 
in uremia to mechanical disruption of metabolically 
impaired cells."zo 

The enzyme renin or components of the renin sys
tem are sometimes considered responsible for intra
vascular coagulation and the transition of benign to 
malignant phase hypertension.61 (See Giesa29 for re
view.) However, in four patients entering the malig
nant phase a fall in the hematocrit level occurred 
concomitantly with a marked increase in blood urea 
nitrogen (Table 1). These changes were apparently 
not caused by abnormal amounts of renin inasmuch 
as they occurred in three of the patients prior to any 
increase of renin. The possible role of other vasoac-

tive substances in precipitating vascular lesions has 
been reviewed by Giesa29 and Wardle.60 

Many patients with chronic renal failure have 
erythropoietin levels that are inappropriately low 
for the degree of anemia.21.25.43.59 (See Erslev20 for re
view.) In contrast to this group, malignant hyperten
sive patients with high renin and substrate levels 
usually have high erythropoietin titers.3 Shown in 
Table 2 are values for serum renin, renin substrate, 
erythropoietin, and hematocrit for two groups of pa
tients undergoing hemodialysis for end-stage kidney 
failure. One group (seven patients) exhibited high 
serum renin and accelerated hypertension. The 
other group (five patients) was characterized by low 
serum renin and normal blood pressure. Six of the 
seven patients with accelerated hypertension had 
abnormally high renin and erythropoietin values. 
Although the hematocrit values were significantly 
lower in the normotensive group (p < 0.001), eryth
ropoietin was stimulated in only one patient. Renin 
substrate was high in 7 of the 12 patients studied; 
furthermore, only those with elevated renin sub
strate in either study had detectable levels of 
erythropoietin. 

In a study of 33 hypertensive patients, Bourgoig
nie et al. showed an association of high renin and 
erythropoietin in patients with renovascular hyper
tension.6 However, in patients with accelerated hy
pertension, only renin activity was significantly ele
vated, and they concluded that the two activities 
were dissociated. It should be pointed out that none 
of the patients in their study had more than mini
mal azotemia. It has been our experience that pa
tients with accelerated hypertension have renin val
ues within the normal range until there are definite 

Table 1. Blood Pressure, Serum Renin, Blood Urea Nitrogen, and Hematocrit Percentage in Four Patients Entering 
the Malignant Phase of Hypertension 

Age, Etiology of Renin BUN Hematocrit 
Patient Sex Date Hypertension BP (IRU/ml X 104)* (mg/100 ml) (%) 

CA 41,F 2/2/68 Essential 220/150 0.15 20 50 
10/30/69 Malignant 230/170 1.45 28 43.5 

12/9/69 Malignant 210/120 2.18 110 30 
12/30/69 Malignant 230/170 4.02 144 27.5 

BG 42,F 3/4/70 Malignant 220/128 0.23 40 
4/15/70 Malignant 230/130 0.23 42 41.5 

12/16/70 Malignant 230/120 1.76 86 27.5 
HE 41,F 6/7/71 Essential 180/160 26 46 

6/5/72 Essential 220/130 0.33 18 46 
6/13/72 Essential 0.45 39 

1/5/73 Malignant 220/130 3.10 108 34 
DS 49,M 5/20/71 Chronic renal failure 0.81 23 44 

8/25/72 Chronic renal failure 230/130 0.69 85 30 
10/16/72 Malignant 200/120 1.77 134 19.5 

*IRU = international renin units; normal range: trace-1.20. 
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Table 2. Serum Renin, Renin Substrate, Erythropoietin, and Hematocrit 
Percentage in Chronic Renal Failure 

Renin 
Age, Renin Substrate Erythropoietin Hematocrit 

Patient Sex (IRU/ml X 104)* (pmol/mi)t (IRU/mi)t (%) 

Hypertensive Patients 

HS 40,M 35.5 4800 0.35 29.5 
HG 52,M 3.2 1200 0.22 24.5 
LL 46,M 1.6 1385 0.10 32.5 
FT 47,M 11.8 2455 0.075 27 
EG 36,F 37.5 6000 0.050 27 
RS 57,F 12.4 5400 0.035 32 
LM 57,M 10.4 643 ND 20 

Normotensive Patients 

BB 39,F ND 
MS 30,F ND 
LC 20,F ND 
MF 37,F ND 
ME 53,M 0.18 

IRU = international renin units. 
'Normal value: trace-1.25. 
tNormal value: 691-924. 
tNormal value: ND. 

signs of azotemia (Table 1). Perhaps the lack of 
agreement between the studies of Bourgoignie and 
ours centers on the definition of "high renin." 

In any event, it seems reasonable to assume that 
anemia in dialysis patients with chronic renal dis
ease and malignant hypertension is not caused by an 
insufficient production of erythropoietin. Some evi
dence suggests that the formation of new red blood 
cells may be inhibited by toxic substances in the 
serum of uremic patients.23,44,59 

Hemodialysis has been used effectively in treating 
both the anemia2I,40,46 and high blood pressure62 of 
patients with chronic renal disease. Increased dial
ysis time has been recommended to remove middle
sized molecules thought to be toxic. I Hemodi
alysis4,18 and peritoneal dialysis50 improve the prog
nosis of severe hemolytic-uremic syndrome. Ekberg 
et al. found that early treatment with hemodialysis 
given almost daily to a group of six children with a 
severe form of hemolytic-uremic syndrome was es
sential in saving the lives of all six and normalizing 
the blood pressure in the four who were hyperten
sive.18 Heparin was either not used between the dia
lyses or given in small amounts. 

Blood transfusions to most patients with renal 
disease anemia are considered unnecessary40 and 
even dangerous.47,48 For many patients hemodialysis 
treatment on a thrice weekly schedule was success
ful in removing substances which inhibit erythro-
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cyte production and shorten red blood cell life-span, 
making transfusions unnecessary.40 In addition, as 
stated by Mitchell, oxygen delivery to the tissues is 
adequate unless heart failure supervenes.47 Uremic 
hypertensive patients have high cardiac output and 
a normal to slight increase in peripheral vascular re
sistance. (See Neff et a1.48 for review.) Although 
transfusion with packed red blood cells decreased 
cardiac output to normal values, diastolic blood 
pressure was increased on the average 20 mm Hg.48 
Apparently, severe anemia causes hypoxic vasodila
tion and may, as suggested by Neff, "serve to protect 
patients from the effect of an otherwise devastating 
hypertension. " 

Hypertension and High Hematocrit 

Hypertension associated with a high hematocrit has 
been reported in two types of patients characterized 
by the absence or presence of renal disease. The 
first group, described by Gaisbock24 and 
others,5,9,12,19,30,33,38,53,55 consists predominantly of 
white, middle-aged men, who are often described as 
being anxious or tense, of stocky build and ruddy 
complexion, moderately hypertensive, and over
weight. They have a benign form of polycythemia 
which is more apparent than real inasmuch as the 
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high hematocrit percentage is caused by a red blood 
cell mass near the upper limit of normal36 and a re
duced plasma volume.12,19,30,33,36,38,53,55 

Ferrokinetic studies and erythropoietin determi
nations show no evidence of an increased rate of 
erythropoiesis. 12,36,55 Blood viscosity, plasma pro
teins, serum cholesterol, triglycerides, uric acid, 
plasma renin, and sodium excretion are higher than 
norma1.55 This group can readily be separated from 
patients with polycythemia vera because the bone 
marrow is normal, white blood cell and platelet 
counts are normal, the spleen and liver are not en
larged, and granulocyte alkaline phosphatase activ
ity is not increased. 53 The relationship between high 
hematocrit and some of the other characteristics of 
this syndrome is not understood but may be 
familial. 30,53.55 More recent studies suggest that a con
tracted plasma volume and high hematocrit per
centage in some patients are caused by systemic 
hypertension.12,19,55 Treatment of the hyper
tension12,19 and loss of weight55 causes a reduction in 
the hematocrit level and an expansion of the plasma 
volume. 

In contrast with the first group of patients in 
which the hypertension and high hematocrit may be 
related through some form of a "stress factor," 
polycythemia and hypertension in the second group 
are associated with nonneoplastic renal disease such 
as hydronephrosis, polycystic kidney disease, and 
renal artery stenosis. Hypertension is common in 
patients with coexistent polycythemia and nonneo
plastic renal disease. Of the first 10 cases reported 
all had blood pressures higher than 140/90 mm Hg.32 
Sometimes the hypertension is observed prior to the 
onset of polycythemia;14,37 more often polycythemia 
and hypertension are reported together. 26,31.32,39,42,57 
Remission of the polycythemia and lowering of the 
blood pressure often occur following nephrecto
my14,26,31,42 or excision of the renal cystS.49 

Perhaps a common factor is responsible for both 
hypertension and polycythemia in patients with 
renal disease. A decrease in perfusion pressure 
caused by the renal disease may limit the oxygen 
delivery to a vital site, thus interfering with normal 
renal metabolism and initiating hypertension. In se
vere cases, the oxygen supply may be limited to such 
an extent that erythropoietin is stimulated32,49 and 
polycythemia develops. 
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Hypertension and Hyperthyroidism 1 1 
W. K. Waldhausl, P. R. Bratusch-Marrain 

The cardiovascular manifestations of hyperthyroid
ism, such as tachycardia, tachyarrhythmia, atrial fi
brillation, and systolic hypertension, often represent 
the focal point of both the objective and subjective 
clinical symptoms of hyperthyroidism.35,37,43 They 
are an important aid not only in the diagnosis of 
thyroid dysfunction but also in the assessment of 
therapeutic results. The hemodynamic changes ob
served in hyperthyroidism, such as elevated cardiac 
output, increased blood volume, and decreased pe
ripheral vascular resistance, lead in severe cases to 
a rise of systolic blood pressure and a fall of diastolic 
pressure, and thus to the typical water-hammer 
pulse of the "hyperkinetic circulatory syndrome." 

In a study of 458 hyperthyroid patients, Hurxthal 
found a systolic blood pressure of 150 mm Hg or 
higher in 26 % of the patients overall, and in 42 % of 
those with severe hyperthyroidism.22 The average 
blood pressures in this study were 137/70 mm Hg 
before operative treatment and 129/77 mm Hg 3 
months after subtotal thyroidectomy. A fall of sys
tolic pressure and rise of diastolic pressure following 
attainment of a euthyroid state were observed in 
about half the patients studied. However, the over
all prevalence of hypertension was no higher among 
the hyperthyroid patients than in a euthyroid con
trol population. According to Thompson et aI., dia
stolic readings of 100 mm Hg or more are a certain 
sign, and systolic readings above 190 mm Hg a prob
able sign, that hypertension will persist even after 
thyroidectomy.41 About 10% of all normotensive hy
perthyroid patients display hypertensive blood 
pressures only after normalization of their metabo
lism. This tendency is particularly marked in hyper
thyroid patients with cardiac arrhythmias and signs 
of cardiac decompensation. 

From a pathophysiologic standpoint, the cardio
vascular changes in hyperthyroidism are the result, 
first, of the hemodynamic demands of the peripheral 
hypermetabolic state and, second, of the direct car
diotropic effect of thyroid hormone. 

Peripheral Circulation 

Typically, the circulation of the hyperthyroid pa
tient is accelerated, and tissue perfusion is increased 
owing to dilatation of the arterioles and opening of 
the capillary bed. I3,24 The latter leads to an increase 
in the circulating blood volume.1O The decrease in 
systemic vascular resistance, which sometimes leads 
to a fall of the diastolic blood pressure, plays a cen
tral role in the pathogenesis of the hyperkinetic cir
culatory state. Presumably the peripheral vasodila
tion results from an increase in peripheral tissue 
oxygen consumption associated with the thyroxine
induced rise of metabolic rate, as well as from the 
need for greater heat dissipation through the skin 
due to increased thermogenesis. 

The degree to which peripheral tissue hemody
namics are influenced by the metabolic changes of 
hyperthyroidism remains unclear. Under physio
logic conditions the rise of metabolic rate is accom
panied by a proportionate increase in tissue perfu
sion. I6 This phenomenon of active hyperemia is 
observed in isolated skeletal muscle in which con
traction is evoked by electrical stimulation36 and is 
independent of nervous control. It has been postu
lated that the observed local vasodilation is me
diated by the buildup of metabolites such as lactate, 
adenosine, adenosine nucleotides, and CO2, the re-
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lease of histamine, or pH changes in metabolically 
active tissues. However, this mechanism remains 
unproved despite extensive animal studies.8•32 It is 
generally assumed that the dilatation of the mesar
teriolar and precapillary vessels is mainly the result 
of a regional oxygen lack caused by the increased ox
ygen demand of the metabolically active tissue. I6 

Although the hypermetabolic state is obviously a 
causative factor in the peripheral vasomotor 
changes of hyperthyroidism, the increase in tissue 
perfusion is considerably greater than that required 
to meet the excessive oxygen demand. I3.24 By con
trast, the cardiac output and peripheral blood flow 
increase little when a comparable oxygen demand is 
induced in humans by salicylic acid25 or in animals 
by dinitrophenoPo This disproportionate increase of 
tissue perfusion in hyperthyroid patients remains 
unexplained. 

The calorigenic effect of thyroxine leads to a tem
perature rise which, like exogenous heat applica
tion/s causes cutaneous vasodilation through auto
nomic mechanisms. Opening of the cutaneous 
capillary bed leads to a more than threefold increase 
in cutaneous blood flow24 and is considered an essen
tial mechanism for heat dissipation. Capillary dila
tation is responsible for the typical warm, moist, red 
skin of the hyperthyroid patient. 

The increase in peripheral blood flow causes a 
greater volume load to be placed on the heart and 
thus increases the stroke volume via the Frank-Star
ling mechanism. I6 Through this mechanism of pe
ripheral autoregulation, each tissue controls its own 
blood flow in accordance with metabolic demands. 
The fact that the augmented stroke volume in hy
perthyroidism is at least partly the result of periph
eral vasodilation is demonstrated by the decrease in 
cardiac stroke volume caused by the administration 
of the vasoconstrictor phenylephrine to hyperthy
roid patients.4o 

The Heart 

Tachycardia, arrhythmias, and high cardiac output 
with the possible consequences of congestive heart 
failure are the cardinal symptoms of hyperthy
roidism.13.21.24 The elevated cardiac output is due to 
the aforementioned autoregulative increase in pe
ripheral blood flow as well as to a direct effect of thy
roid hormone on myocardial contractility. 1.4.1' 

The cardiotropic action of thyroxine is docu
mented by in vitro studies of homogenates from the 
cat heart, in which the production of cyclic adeno
sine monophosphate (cAMP) was stimulated by the 

administration of thyroxine.27 Thyroxine may lead 
to a change in excitation-contraction coupling and 
an increase in myosin-ATPase activity.I2 The utili
zation of chemical energy in the form of creatine 
phosphate and ATP in the papillary muscle of hy
perthyroid cats is disproportionately high relative to 
the muscular output, indicating reduced efficiency 
in the conversion of chemical energy to mechanical 
work.31 Accordingly, the excessively high myocardial 
oxygen consumption seen in animals with experi
mentally induced hyperthyroidism34 cannot be at
tributed to the uncoupling of oxidative phosphoryl
ation postulated earlier. 

Goodkind et al. found that the papillary muscle of 
guinea pigs treated with thyroxine showed an in
crease in both the force and rate of isometric con
traction as compared to normal animals. I2 In similar 
experiments on hyperthyroid cat hearts, Taylor,38 
Buccino et al.,. and Skelton et al.34 observed an in
crease in the maximum velocity of muscle fiber 
shortening during isotonic contraction, as well as a 
higher rate of tension development and maximal at
tainable tension during isometric contraction. The 
total contraction time and the time required to 
achieve maximum tension were shortened. This in
crease of myocardial contractility is not a product of 
tachycardia and is unaffected by the administration 
of beta-blocking agents or the depletion of catechol
amine storage sites by reserpine.I.4.12.I4 

Amidi et al. found an elevation of the cardiac 
index, stroke volume index, and left ventricular sys
tolic ejection rate in their studies of hyperthyroid 
patients. 1 Compared with the elevated heart rate, 
the low-grade augmentation of stroke volume con
tributes little to the high cardiac output state. 1.21 
The rise of cardiac output is accompanied by a sys
tolic pressure increase in the right ventricle and pul
monary artery.21 The hemodynamic changes during 
exercise are, in the absence of heart failure, similar 
to those in healthy persons. However, the cardiac 
output of hyperthyroid individuals increases consid
erably more during strenuous exercise than the 
higher oxygen demand would account for. 30 

Noninvasive studies, such as the simultaneous re
cording of the carotid pulse curve, electrocardio
gram, and phonocardiogram, make it possible to de
termine the systolic time interval. The latter 
correlates with the rate of left ventricular pressure 
rise and cardiac stroke volume and thus serves as a 
means of assessing myocardial contractility. A 
shortening of electromechanical systole, determined 
by the interval between the Q wave in the ECG and 
the second heart sound, can be demonstrated in pa
tients with hyperthyroidism!2 The rate-adjusted 
isovolumic period (interval between the onset of 
ventricular excitation and the rise of the carotid 
pulse curve) and the systolic ejection time are short-



ened in hyperthyroidism, while, conversely, they are 
prolonged in hypothyroidism. In accordance with 
the increased pulse rate, the time between the start 
of ventricular excitation and the diastolic Korotkoff 
sound over a peripheral artery is shortened.48 These 
findings in humans are interpreted as indirect evi
dence of a direct inotropic effect of thyroxine and 
confirm the data from animal studies.4,34,38 The 
change in hemodynamic patterns, finally, is respon
sible for the systolic hypertension observed in at 
least a portion of hyperthyroid patients. 

The clinically known fact that the inotropic effect 
of digitalis glycosides is diminished in patients with 
thyrotoxicosis is explained on the one hand by the 
decreased glycoside sensitivity of the myocardium4 
and on the other by the low serum digitalis level re
sulting from accelerated glycoside removal via the 
circulation.9 Three to four times the normal glyco
side dose is often needed, therefore, to achieve a 
therapeutic effect. 

Besides its positive inotropic effect on the myo
cardium, thyroxine also exerts a positive chrono
tropic effect. Thus, isolated atrial muscle from rats 
treated with triiodothyronine and thyroxine shows 
an increased rate of spontaneous contraction.19 In 
rats with hypothyroidism, by contrast, this rate is 
markedly lower than normal. Not surprisingly, the 
heart rate of hyperthyroid patients remains elevated 
even after functional denervation by pharmacologic 
adrenergic and cholinergic blockade, owing to the 
direct chronotropic action of thyroxine.23 Con
versely, thyroxine replacement in hypothyroid pa
tients raises the heart rate into the normal range.48 
The tachycardia of hyperthyroidism represents the 
most important determinant of the high cardiac out
put state. 

The Sympathoadrenal System 

Clinical experience has long pointed to reciprocal in
fluences between thyroid function and the sympa
thoadrenal system.17 The observations that the 
symptoms of hyperthyroidism are similar in many 
respects to those induced by the administration of 
epinephrine and that sympatholytic drugs are able 
to lower the heart rate and cardiac output have sug
gested the possibility that the observed cardiovas
cular effects of thyroid hormone are mediated by an 
increase in sympathetic outflow or a heightened sen
sitivity of the effector organs to adrenergic stimuli.3 
According to modern opinion, however, the cardio
vascular effects of the two systems are independent 
and additive, rather than synergistic.2.26 

The favorable effect of beta-blocking drugs on the 
symptoms of hyperthyroidism suggests that the ad-
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renergic system plays an important role in the gen
esis of the associated hyperdynamic circulatory syn
drome. The blockade of beta-adrenergic receptors 
with propranolol or sympatholysis with reserpine 
and guanethidine lowers the heart rate, cardiac out
put, and pulse pressure and prolongs the circulation 
time.2,4,14,44 Tremor of the fingers, hyperkinesia, 
sweating, nervousness, and lid retraction-signs of 
increased adrenergic activity-can also be reduced 
by beta-receptor blockade.39 However, complete nor
malization of cardiac and circulatory parameters 
does not occur, owing to the direct inotropic and 
chronotropic effect of thyroxine.39.44,45 Clinically, it 
must be noted that the negative inotropic effect of 
beta-blocking drugs may precipitate congestive 
heart failure in patients with severe thyrotoxicosis. 

On the other hand, beta-receptor stimulation in 
pharmacologically induced hyperthyroidism leads 
to a similar absolute rise of heart rate and cardiac 
output and fall of mean arterial pressure as in the 
euthyroid state.2,29,33,45 In experimental studies of 
papillary muscle in hyperthyroid cats, a decrease 
rather than increase of myocardial contractility was 
found after administration of norepinephrine.4 
These findings of an absence of myocardial sensiti
zation to catecholamines are supported by in vitro 
studies showing similar increases of cAMP levels in 
the cardiac homogenates of hyper- and euthyroid 
cats following the administration of norepineph
rine.27,28 Opposing this is the finding of increased 
cAMP production in response to adequate stimuli 
(epinephrine, glucagon, and parathyroid hormone) 
in hyperthyroid patients.15 

It would be natural to suppose that the clinically 
presumed increase in adrenergic activity is the re
sult of an oversecretion of catecholamines in the hy
perthyroid organism. However, it has been shown 
that the plasma levels5- 7 as well as the secretory and 
excretory rates of epinephrine5 and norepinephrine7 
are unchanged in hyperthyroid patients. The deg
radation rates of epinephrine and norepinephrine5,7 
and their excretory products, metanephrine and 
vanillylmandelic acid,46 are apparently unaffected 
by thyroid hormone. Thus, there is no evidence that 
thyroid hormone has a significant influence on med
ulloadrenal secretion, norepinephrine release from 
sympathetic nerve endings in response to adequate 
stimuli, or catecholamine metabolism. The degree to 
which elevated catecholamine levels are present in 
the myocardia of hyperthyroid individuals is un
clear. The levels appear to vary among different spe
cies. For example, the norepinephrine level and nor
epinephrine uptake are elevated in the thyrotoxic 
guinea pig heart,1l,47 while normal levels are found in 
the heart of thyrotoxic cats.4 

On the whole, then, one gains the impression that 
the activity level of the sympathoadrenal system is 
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increased in experimentally induced or spontaneous 
hyperthyroidism, although so far no such increase 
has been demonstrated biochemically.26 

In summary, the cardiovascular changes observed 
in the hyperthyroid state are in part the result of a 
direct effect of thyroid hormone on the myocardium 
and the impulse formation and conduction system. 
In addition, peripheral vascular resistance is low
ered as a consequence of an increase in peripheral 
tissue metabolism. Aggravated by increased adren
ergic activity, the hyperkinetic circulatory syndrome 
represents one of the most important manifestations 
of hyperthyroidism. 
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Influence of Calcium Balance and Rarer Ions 
in Hypertension 

12 

R. Ziegler 

Calcium 

The Clinical Challenge: Hypertension in Primary 
Hyperparathyroidism 

Studies on the effects of certain blood constituents 
such as electrolytes, metabolic substrates, and hor
mones on pathophysiologic phenomena such as hy
pertension are prompted on the one hand by the 
theoretical possibility of such effects and on the 
other by epidemiologic observations which point to 
correlations. 

The question of calcium and hypertension has 
been approached in both ways. Clinical experience 
first suggested a connection, while abundant data on 
the influence of calcium on hormone secretion at the 
cellular level later suggested a possible mechanism 
for the simultaneous occurrence of hypercalcemia 
and high blood pressure. 

In 1958 Hellstrom et al. first reported on the phe
nomenon of hypertension in hyperparathyroidism in 
an article from a series dealing with the problem of 
primary hyperparathyroidism from the standpoint 
of its renal manifestations (stone formation, renal 
calcification).25 Their study population consisted of 
105 patients observed during the period from 1940 
to 1957 at the Karolinska Hospital in Stockholm. 
During that time 70% of the patients had at least 
periods of hypertension, 50% had continuous hy
pertension, 20% became normotensive after suc
cessful removal of the hyperactive parathyroid tis
sue (adenoma or hyperplasia), while 30% 
(preoperatively normotensive or periodically hyper
tensive) developed hypertension following parathy
roidectomy. 

Hellstrom et al. attempted to correlate their blood 
pressure observations with renal function and pa
thology.25 Their normotensive patients generally 
had normal renal function (GFR) or at most a mod
erate functional impairment. 

On the basis of their finding of impaired renal 
function in the absence of hypertension, they con
cluded that the hypertension was secondary to a 
renal lesion. This conclusion was supported by the 
correlation between the extent of renal damage and 
the severity of the hypertension. Secondary infec
tions of kidneys damaged by hyperparathyroidism 
had no apparent effect on the development of 
hypertension. 

The fact that patients with advanced renal dam
age showed more frequent radiologic signs of osteitis 
fibrosa as an osseous manifestation of parathyroid 
hyperfunction suggested an increase of multiple or
ganic disorders in such severe forms or late stages of 
the disease. 

The conclusion of the Hellstrom study that the 
mechanism of hypertension in hyperparathyroidism 
is unexplained and requires further study was 
heeded with some hesitancy. Aside from incidental 
remarks on the discovery of elevated blood pres
sures in hyperparathyroid patients,21 it was not until 
1972 that systematic research was done: Rosenthal 
and Roy found 13 cases of hypertension in a group 
of 40 patients with primary hyperparathyroidism.51 

Since only two of the hypertensive patients had im
paired renal function, it became apparent that hy
pertension could develop even in the absence of 
renal damage. Rosenthal and Roy also pointed out 
the value of routine serum calcium determinations 
in hypertensive patients. 

Again from Scandinavia came the interesting ob-
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servation of Christensson et al. that hypercalcemia 
is discovered more frequently in hypertensives 
treated with thiazides (1.9% of cases) than in a gen
eral cross-section of hypertensive patients 
(0.6 % ).10.11 Following discontinuance of thiazides in 
the 20 patients concerned, the serum calcium re
mained elevated in many, and parathyroid adeno
mas were surgically removed from 14. Thus, anti
hypertensive therapy provided a means of detecting 
primary hyperparathyroidism in these patients. The 
mechanism involved an "unmasking" of the latent 
hypercalcemia by the thiazides, which decrease the 
urinary excretion of calciumY In the next section we 
shall examine findings which suggest possible etio
logic mechanisms of hypertension in cases of para
thyroid hyperfunction. The hypertension is proba
bly the result of a multifactorial process in which 
different factors can become predominant, depend
ing on the circumstances. 

Systems Involved 

Vascular muscle 
It is well known that the presence of calcium ions is 
essential for many biochemical processes. But be
yond this, it is now believed that calcium ions are 
not restricted to a mute presence but apparently 
perform the role of second or third messengers 
within the cell.50 These intracellular shifts of cal
cium ions are controlled via multilevel systems and 
aid in the performance of the cell's specific function: 
The release of material from exocrine and endocrine 
cells (cf. following sections) and excitation and 
movement in contractile cells. The latter mechanism 
is of particular interest with regard to the vascular 
smooth muscle. 

Tobian and Chesley reported in 1966 that the cal
cium content of the mesenteric artery walls of rats 
made hypertensive by renal artery stenosis was 13 % 
higher than in normotensive control animals.60 They 
suggested that, in view of the importance of calcium 
ions in actomyosin contraction, such a calcium en
richment could be partly responsible for the reduc
tion of the arteriolar lumen. 

The source of the calcium may be extracellular 
and intracellular. The enrichment takes place intra
cellularly and, by increasing the free ion concentra
tion, elicits contraction of the contractile proteins 
(troponin-actomyosin-ATPase system).56.57 The in
crease in calcium permeability produced by excit
atory drugs is consistent with this concept. Possible 
intracellular sources of the cytosolic calcium ions are 
the mitochondria and microsomes; calcium release 
from a membrane pool corresponding to a primitive 
sarcoplasmic reticulum has also been proposed. 50 

The process whereby cytosolic calcium enrich
ment is induced by hormones or other specific 
agents, such as vasoactive drugs, may involve several 
mechanisms, as indicated by studies in various 
models. Species differences complicate the picture: 
Subcellular fractions of sarcolemma and reticulum 
from the rat myometrium bound more calcium from 
weak calcium ion solutions and less calcium from 
concentrated ion solutions than did the mitochon
drial fractions of this tissue. By contrast, mitochon
drial fractions from human myometrium absorbed 
more calcium from weak solutions than the vesicular 
fractions,26 and the activity of the mitochondrial up
take of calcium varied, depending on the type of 
smooth-muscle cell investigated. It has been shown 
that ionophores, which mediate the transport of cal
cium through biologic membranes, can produce ten
sions in guinea pig blood vessel preparations which 
are equal to one-third to one-half the maximum ten
sion produced by norepinephrine.32 

The physiologic stimuli of vascular contraction 
also show varying degrees of dependence on the cal
cium ion milieu. In a calcium-free milieu, the con
traction of strips of rabbit aorta under maximal nor
epinephrine stimulation decreases by only 7 % , 
while contraction induced by angiotension II de
creases by 40 %. In each case the original strength of 
contraction can be restored by the addition of cal
cium.44 Thus, the effect of angiotensin II apparently 
depends on an external or labile calcium pool which 
norepinephrine does not utilize. 

It is presumed that the smooth-muscle tone of the 
resistance vessels is maintained by a sodium-ion
mediated mechanism which keeps the intracellular 
calcium ion concentration above the threshold of 
contraction.3 The transport system (i.e., Na-Ca ex
change mechanism) in the sarcolemma must func
tion in such a way that the calcium ion concentra
tion is maintained; changes in the sodium gradient 
cause an intracellular calcium shift, with a resulting 
change of tension. Even if it is accepted that intra
cellular calcium ion enrichment is one link in the 
chain of events leading to hypertension, it remains 
unclear whether a rise in the serum calcium level can 
produce such an increase in the CaH concentration 
within the cell, thus leading to a tension increase 
and rise of blood pressure. In vitro models, such as 
the stimulation of contraction by sodium-poor, cal
cium-rich incubation media,3 are of limited use in 
explaining in vivo phenomena, because chronic hy
percalcemia (e.g., in primary hyperparathyroidism) 
follows entirely different laws and never exhibits 
acute changes in the levels of the involved ions, i.e., 
changes measured on a scale of minutes. It is true 
that arterial constriction and rises of vascular resis
tance have been shown to accompany an increase in 



162 R. Ziegler 

the serum calcium level.14.23 But the fluid, sodium, 
and potassium losses that occur in hypercalcemia 
undoubtedly also have effects on vascular smooth 
muscle, thereby complicating the pathogenic mech
anism. Thus, the direct effect of hypercalcemia on 
vascular muscle tone can be considered at best a 
contributing factor in the development of hyperten
sion or a causative factor under certain circum
stances; it cannot be considered causative as a gen
eral rule. 

Recent experiments in rats stress the importance 
of magnesium ions for contractile tension of portal 
venous blood vessels. 80 Hypomagnesemia leads to in
creased, and hypermagnesia to decreased, vascular 
tension. In alloxan diabetic rats revealing a higher 
basal contractile tension, the reactivity to magne
sium changes is lost. The absence of magnesium is 
also accompanied by decreased responsiveness to 
prostaglandins.66 

Catecholamines 
Earlier studies on essential hypertension showed no 
evidence of an overproduction of catecholamines. 
However, these negative findings were probably the 
result of a lack of accuracy or specificity in the de
termination methods employed. Moreover, the mea
surement of only the urinary excretion of catechol
amines or their metabolites poorly reflects the 
situation actually present in the circulation. When 
reliable techniques were developed for measuring 
the concentrations of catecholamines in the blood
stream, it became possible to demonstrate a corre
lation between catecholamine levels and blood pres
sure in patients with essential hypertension, 
although the hormone levels were not as high as 
those associated with pheochromocytoma.31.48 It is 
unclear whether the high levels are due to an over
production of norepinephrine or a disturbance in 
the breakdown of circulating catecholamines.33 De 
Champlain et al. not only confirmed elevated serum 
catecholamine levels in the essential hypertensive 
patient but also measured them in experimental rats 
which had been rendered hypertensive by treatment 
with desoxycorticosterone acetate (DOCA).8 The 
broad scatter of values measured in these studies, 
and consequent overlapping of groups, remain 
unexplained. 

An important reason for the interest in the con
nection between calcium and catecholamines is that 
the adrenal medulla was one of the first endocrine 
organs in which calcium was shown to exert an in
fluence on hormone secretion.13 Physiologic stimuli 
cause the release of epinephrine or norepinephrine 
in chromaffin tissue and the sympathetic postgan
glionic fiber in the following manner: Nerve stimuli 
trigger the release of acetylcholine, which increases 

the permeability of the nerve fiber membrane to cal
cium ions; these ions then enter the fibers and re
lease the catecholamines from their storage sites.7 

Whether an elevation of catecholamines is present 
in the hypertension that accompanies hypercal
cemia is still unknown. The clinical studies report
ing an increased incidence of hypertension among 
patients with primary hyperparathyroidism (see p. 
160) contain no data on measurements of catechol
amines or their metabolites. 

The kidney and the renin-angiotensin system 
While earlier observations suggested that hyperten
sion was secondary to hypercalcemic nephropathy 
owing to the correlation between the extent of renal 
damage and the severity of the hypertension,25 Ro
senthal and Roy found signs of impaired renal func
tion in only 2 of 13 hypertensive hyperparathyroid 
patients studied.51 Interest then shifted toward the 
kidney's own system of blood pressure control, the 
renin-angiotensin axis, to determine how it is influ
enced by changes in the calcium level in order to dif
ferentiate such humoral effects from the etiology of 
hypertension in late-stage renal disease. Inasmuch 
as parathyroid hormone inhibits sodium reabsorp
tion in the proximal renal tubule, activation of the 
renin-angiotensin-aldosterone system would be ex
pected on theoretical grounds. 

A calcium dependence of renin release from renal 
tissue was indeed demonstrated in vitro; however, 
an increase in the calcium concentration of the in
cubation medium did not provoke a significant in
crease in renin release.39 In spite of numerous addi
tional experiments, the situation is still 
controversial. Several investigators reported on 
powerful stimulation of renin secretion by lowering 
extracellular calcium.70.73.78 Raising calcium led to di
minished renin secretion.75.76 Calcium ionophores 
that induce calcium influx into cells also inhibit 
renin secretion.67.71 Thus, it could be speculated that 
renin might be a second hormone that is stimulated 
by hypocalcemia,69 in addition to parathyroid hor
mone. The latter itself stimulates renin secretion,79 
but the individual effects of the several agents pres
ent at the same time cannot be clearly differen
tiated. The net significance of calcium movements 
in the contributing systems warrants further eluci
dation. In 1972, Weidmann et al. performed calcium 
infusion tests in 7 subjects with healthy kidneys and 
50 subjects with varying degrees of renal insuffi
ciency.64 After the infusion, blood pressure readings 
were taken, and, in a portion of the subjects, plasma 
renin activity was measured. The rise of serum cal
cium was paralleled by systolic blood pressure in
creases of 20 mm Hg or more in 45 of the 56 subjects 
tested, and diastolic increases of 10 mm Hg or more 
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in 41 subjects. Of the seven normotensive subjects 
with normal renal function, only one responded to 
the induced hypercalcemia with a rise of blood pres
sure, whereas the subjects with renal insufficiency 
showed a tendency toward greater increases accord
ing to the degree of renal function impairment. In 
the subjects with renal insufficiency and a hyperten
sive response to calcium, the plasma renin determi
nations showed an increase in one of seven cases. 
Thus, no conclusion could be drawn from this study 
with respect to the involvement of the renin-angio
tensin system in hypercalcemic hypertension. 

In a more recent study plasma renin activity was 
measured in 12 patients with primary hyperpara
thyroidism, 6 patients with hypercalcemia of other 
etiologies, and 5 patients with secondary hyperpara
thyroidism and was compared with values for 
healthy subjects.5 While the renin activity was nor
mal in all five normotensive patients with primary 
hyperparathyroidism, it was elevated in four of the 
seven hypertensives of this group. In all four of these 
patients the calcium and renin values normalized 
after parathyroidectomy. The hypercalcemic cases 
unrelated to parathyroid hormone showed no renin 
elevation, nor did the patients with secondary hy
perparathyroidism. Calcium-infusion-induced hy
percalcemia in the healthy controls resulted in a 
slight but statistically insignificant rise of renin lev
els. From these findings the authors conclude that 
elevated levels of parathyroid hormone in them
selves do not lead to hyperreninism, while the hy
pertension in some hypercalcemic patients with pri
mary hyperparathyroidism may well be based on 
stimulation of the renin-angiotensin system. 

In contrast to many in vitro and animal experi
ments documenting increased release of renin at low 
extracellular calcium concentrations, acute or 
chronic hypocalcemia in humans did not affect renin 
secretion.77 Furthermore, stimulated plasma renin 
activity was found to be low in untreated, hypocal
cemic hypoparathyroidism and rose after normali
zation of serum calcium was achieved by means of 
vitamin D2 treatment.72 

Thus, the question of the significance of this sys
tem remains unanswered. In particular, we do not 
know the contributory circumstances and mecha
nisms whereby hypercalcemia from overproduction 
of parathyroid hormone can lead to renin-induced 
hypertension. Again, the multifactorial etiology of 
the complex phenomenon of hypertension requires 
that more than a single factor be considered. 

Parathyroid function, parathyroid hormone 
The relationships between the function of the para
thyroid gland and the blood-pressure-regulating 
systems are not yet represented in a satisfactory 

theory. As mentioned above, it has been shown that 
parathyroid hormone (PTH) promotes the renal ex
cretion of sodium in both the rat35 and dog.59 The 
result is a secondary hyperaldosteronism, which 
raises the question of the conditions encountered in 
chronic hyperparathyroidism. This disease does not 
automatically produce hypertension, as shown by 
the studies described previously.5 

On the other hand, DOC A-induced hypertension 
in the rat is apparently dependent on intact para
thyroid glands, since the usual blood pressure in
crease with DOCA is completely or partially absent 
in parathyroidectomized animals.40 The same re
searchers described an increase of calciuria in the 
DOCA model of hypertension41 and, using the latest 
methods of analyzing the calcium balance, found a 
rise in the serum PTH level of the treated rats as 
well as an (independent) increase in the renal excre
tion of cyclic adenosine monophosphate.2 The slight 
(statistically insignificant) fall of serum calcium re
sulting from hypercalciuria was suggested as the 
cause of this parathyroid activation, but stimulation 
of PTH secretion by the catecholamines must also 
be considered. As evidence of this, it has been shown 
that beta-adrenergic stimulators such as norepi
nephrine and isoproterenol cause a rise of serum 
PTH in humans when administered in therapeutic 
doses,29 suggesting that endogenous overproduction 
of catecholamines may lead initially to secondary 
hyperparathyroidism.8 Such a process could termi
nate in the hyperparathyroidism of the Sipple syn
drome, which has previously been regarded as 
primary. 

The adrenomedullary hormones not only playa 
possible role as physiologic stimuli of PTH secretion 
(besides the classic hypercalcemic stimulus), but are 
also involved in the effects of PTH on the skeletal 
and renal end organs in some circumstances. Mar
nay-Gulat et al. found in the medulloadrenalectom
ized guinea pig a decrease in the hypercalcemic ac
tivity of exogenously administered PTH, which 
could be restored with norepinephrine but not with 
epinephrine.34 The PTH-induced excretion of cyclic 
AMP was also decreased in medulloadrenalectom
ized animals; this decrease was not prevented by 
norepinephrine. It remains unclear how these differ
entiated permissive catecholamine effects on PTH 
activity are to be categorized and whether they also 
playa role in other species, particularly humans. 

Finally, the inhibitory effect of PTH on renal so
dium reabsorption may relate to redistributions of 
renal blood flow. While no hemodynamic effects 
could be found in the dog kidney following acute ad
ministration of PTH, chronically thyroparathyroid
ectomized dogs (with thyroid hormone replacement) 
showed an alteration of renal blood flow in favor of 
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the inner cortex. The effects of this await further 
study.17 With respect to uremic arterial disease, his
topathologic studies were performed in rats.68 Ure
mia was induced by five-sixths kidney resection and 
the animals developed typical arterial lesions. Para
thyroidectomy largely prevented the changes. But 
there were no significant intergroup differences of 
mean systolic blood pressure. 

Thus, we are faced with an abundance of data 
which point to effects of individual blood-pressure
regulating factors on the secretion and action of 
PTH in certain mammals and, to some extent, hu
mans, as well as effects of PTH on the systems con
trolling the blood pressure. However, we still lack 
the important links necessary for a complete patho
physiologic concept, or at least a basis for determin
ing which of the findings are pharmacodynamically 
useful but irrelevant in physiologic terms. 

Phosphorus 
The high incidence of hypertension in primary hy
perparathyroidism prompted Ljunghall and Hed
strand to investigate the connections between blood 
pressure and serum phosphate levels.30 In the 1768 
men studied, no relationship was found between the 
measured blood pressure and serum calcium values, 
whereas the phosphate levels and blood pressure 
showed a highly significant correlation. The authors 
assume that the hypertension is a primary event ac
companied by an increased excretion of ions (so
dium and calcium) in the urine. The calcium ions, in 
turn, could stimulate PTH secretion leading to 
phosphaturia and hypophosphatemia. 

Conclusions 

In view of the high incidence of hypertension in pa
tients with primary hyperparathyroidism, there can 
be no doubt of a connection between the two disor
ders. Data on the prevalence of hypertension in 
cases of parathyroid hyperfunction range from 10% 
to 70%.10 

In a portion of these cases the "renal manifesta
tion" of parathyroid hyperfunction, i.e., impaired 
renal function, with subsequent activation of the 
renin-angiotensin system may play the principal 
role. The more severe cases described in earlier stud
ies25 lend particular support to this view. Accord
ingly, the prognosis of patients with advanced renal 
disease is poor even after successful removal of the 
hyperactive parathyroid tissue, i.e., after the hyper
parathyroidism is "cured": The renal failure be
comes progressively worse and is accompanied by 
hypertension.6.9 

On the other hand, broader clinical experience 

combined with improved diagnostic techniques have 
enabled the detection of hyperparathyroidism be
fore any renal function impairment has developed. 
The hypertension in these cases must obey different 
laws, and its functional character is demonstrated 
by its regression following the successful treatment 
of parathyroid hyperfunction.4•62 It is unclear why 
some hypertension cases persist despite normal 
renal function following correction of the hyper
parathyroidism.52 The implications with regard to 
future work are both practical and theoretical. 

On the practical side, the possibility that hyper
tension may be associated with unrecognized pri
mary hyperparathyroidism merits greater attention. 
For example, in a group of 900 patients with dia
stolic hypertension, Rosenthal and Roy discovered 
7 cases of hypercalcemia, i.e., 1 case of primary hy
perparathyroidism per 130 hypertension cases. 51 
Christensson et al. point out that unrecognized cases 
of hyperparathyroidism among hypertensive pa
tients can be "unmasked" by antihypertensive 
treatment with thiazides, which decrease the uri
nary excretion of calcium, thereby raising borderline 
calcium levels into the more blatant hypercalcemic 
range. ll With regard to the question of whether 
"asymptomatic" primary hyperparathyroidism 
should be surgically treated or not, the demonstra
tion of hypertension probably represents a sufficient 
indication for operative intervention. 52 

In view of our ignorance concerning the connec
tions between primary hyperparathyroidism and the 
hypertension that mayor may not accompany it, 
synchronous studies of PTH levels, renal function, 
catecholamine levels, renin activities, etc., would be 
desirable. Of course the complexity of the method 
arsenal and the problem of patient stress impose 
limits on such procedures which cannot be entirely 
overcome by animal studies. 

Lithium 

The widespread use of lithium salts in the treatment 
of cyclothymia and their frequent use in hyperthy
roidism raises the question of how lithium might af
fect systems which are susceptible to its influence or 
are the target organs of lithium therapy. Clinical ob
servations of reduced blood pressure in cases of lith
ium poisoning indicate possible disturbances.20·36 

One known side effect of lithium therapy is the 
development of a picture resembling nephrogenic 
diabetes insipidus: The patient develops polyuria 
and polydipsia owing to an impairment of renal con
centrating ability, which is restored poorly or not at 
all by vasopressin injection.49 The reported inci-
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dence of polydipsia in lithium-treated patients is 
40 % ; that of polyuria, 32 % .19 

The interference of lithium with the adenyl cy
clase system has been demonstrated in rats, in 
which the lithium-induced, vasopressin-resistant 
polyuria could be attributed to a hyporesponsive
ness of adenyl cyclase in the kidney to vasopressin.65 

Martinez-Maldonado et al. conducted more ex
tensive studies in rats and found that lithium not 
only inhibits the activation of adenyl cyclase by va
sopressin, but also depresses the renal response to 
cyclic adenosine monophosphate (dibutyryl 
cAMP.)37 Thus, lithium apparently also produces a 
block beyond the stage of cAMP formation. The au
thors expand the discussion of lithium effects by 
suggesting that besides producing these periphero
renal disturbances, lithium also interferes with the 
release mechanism of endogenous antidiuretic hor
mone and stimulates thirst. 

Reports vary as to the extent and frequency of 
electrolyte shifts with lithium. Vends borg et al. 
found no significant changes in the serum sodium, 
potassium, calcium, magnesium, or plasma glucose 
in humans after an acute lithium load, but detected 
a marked fall of the serum phosphate leve1.63 This 
observation was confirmed during the monitoring of 
diurnal phosphate variations in patients treated 
with lithium: The levels were lower than in un
treated controls, particularly at night.38 Since there 
was no attendant change in phosphaturia, while the 
in vitro phosphate uptake of isolated muscles is in
creased by lithium only in the presence of glucose,47 
the authors relate the changes in phosphate level 
secondarily to events in the carbohydrate balance of 
the muscles. 

On the other hand, Arruda et al. report a lithium
induced decrease of phosphaturia in dogs if the 
phosphate excretion was produced by drugs or by 
mechanisms which act via the adenyl cyclase sys
tem: PTH, bicarbonate, or cAMP itself.1 Thus, the 
site of action is again located beyond the stage of 
cAMP formation. PTH administration in humans 
had no inhibitory effect on either the subsequent in
crease in cAMP excretion or phosphaturia.58 This 
not only casts doubt on the importance and trans
ferability of animal responses to disease pictures in 
humans, but also weakens the theory that lithium is 
suitable for use in hyperparathyroidism, as it is in 
other states of endocrine hyperfunction involving 
the adenyl cyclase system (e.g., hyperthyroidism). 
The same investigators found that the usual rise of 
serum calcium following exogenous PTH did not 
occur in lithium-treated patients.22 This could be at
tributed either to an inhibition of cAMP formation 
in the skeleton, which then offsets the absence of in
hibition in the kidney, or to the fact that lithium is 

capable of exerting a PTH-independent effect on 
the calcium level in other biologic compartments. 

Since the adenyl cyclase system plays a role at a 
variety of sites involved in blood pressure regula
tion, several researchers have been prompted to in
vestigate the effects of lithium at these locations. 

In view of the rise of cyclic AMP in the plasma 
following the administration of beta-adrenergic 
agents, Ebstein et al. investigated this rise following 
the injection of epinephrine: It was abolished follow
ing acute and chronic administration of lithium.15 
This observation is at odds with the very weak ef
fects of lithium therapy on the peripheral cardiovas
cular system,61 implying that the considerably 
higher intracellular cAMP concentrations may re
main unaffected by the lithium-induced changes in 
the bloodstream, thereby ensuring the maintenance 
of the blood pressure. In any event, Fann et al. ob
served a 22 % decline in the pressor response to nor
epinephrine infusion during lithium therapy.16 

The fact that lithium increases the renal excretion 
of sodium raises the question of whether this also 
activates the renin-angiotensin system. However, 
Fleischer et al. found no significant increase in 
plasma renin activity in human subjects under these 
conditions.18 There was a decrease in the pressor re
sponse to angiotensin, but only in a portion of the 
subjects and much less consistently than in experi
mental animals. A depletion of norepinephrine in 
the sympathetic postganglionic fibers or a lithium
induced depletion of sodium from the smooth-mus
cle cells has been suggested. 

Finally, decreased cortisone levels were found 
when diurnal variations were tracked during lithium 
therapy.24 The response of the adrenal cortex to ex
ogenous ACTH was undiminished, however, sug
gesting that lithium does not directly inhibit cortisol 
secretion, but rather exerts its influence at the level 
of the hypothalamic-pituitary axis. 

On the whole, despite alterations in many re
sponses of the systems involved in blood pressure 
regulation, no grave side effects have been associ
ated with lithium therapy. This may be attributable 
to processes resulting in a mutual cancellation of ef
fects, adaptation to chronic dosing, or the reduction 
of system stresses associated with the sedating ef
fects of lithium therapy. 

Cadmium 

Unlike many trace elements considered essential to 
health, such as iodine, iron, zinc, copper, manganese, 
and cobalt,43 cadmium has no known biological func
tions. However, the chronic administration of cad-
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mium has adverse consequences, particularly in the 
kidney. 

It has been shown in experimental rats that small 
doses of cadmium administered parenterally cause 
an elevation of the blood pressure.46 The addition of 
cadmium to the animals' drinking water in concen
trations of 1-5 ppm has similar effects.54 In one 
study, the cadmium levels found in the kidneys of 
animals with cadmium-induced hypertension were 
comparable to those found in inhabitants of North 
America who had no apparent exposure to cad
mium.53 Other studies comparing the cadmium con
tent of incinerated renal tissue showed higher levels 
in formerly hypertensive persons;45 no marked dif
ferences in blood levels were found. Analyses of uri
nary cadmium excretion also showed no clear cor
relations with blood pressure, although some studies 
showed a tendency toward increased cadmium ex
cretion in the urine.45 The salutary effects of chelat
ing agents with a preference for cadmium in the 
treatment of hypertension were too slight or short
lasting to permit reliable conclusions to be drawn.45 
Regarding the relation between parathyroid hor
mone and blood pressure or renin secretion, respec
tively (see above), the effects of cadmium on the 
parathyroid glands were of interest. In mice, cad
mium treatment induced ultrastructural changes in
dicating increased functional activity.74 However, 
data on parathyroid hormone levels and secretion 
are lacking. 

No data are availble on the possible mechanism of 
the moderate hypertension caused by cadmium. 
However, epidemiologic studies from cadmium-pol
luted regions in Japan show that exposed segments 
of the population developed tubular proteinuria ac
companied by a parallel increase in cadmium excre
tion (7.5 Ilg/liter vs. 2 Ilg/liter in a control popula
tion).27 These renal function impairments also 
included tubular glucosuria and aminoaciduria in 
many cases.42 This indicates that the disturbances 
may be sufficiently far-reaching in some circum
stances to produce hypertension due to renal 
disease. 

According to recent reports in West German 
newspapers, wild common table mushrooms have 
been found to contain high levels of cadmium, and 
the consumption of an additional 100 to 150 g of 
these mushrooms exceeds the tolerance limit for this 
element. Due attention should be given to possible 
blood pressure changes in individuals so exposed. 

Water Hardness 

Various reports indicate an inverse correlation be
tween cardiovascular mortality and the hardness of 

the drinking water; i.e., the softer the water, the 
higher the mortality rate.55 It remains to be deter
mined whether soft drinking water leads to in
creased mortality independent of the cardiovascular 
system. 

In one study by the Social Medicine Unit of the 
Medical Research Council, comparative investiga
tions were conducted in 12 cities in England and 
Wales, half of which had a soft water supply and 
half a hard water supply. The soft water regions ex
hibited higher numbers of cases of sudden death, 
suggesting an increased vascular risk. The notes of 
the attending physicians seemed to indicate an in
creased prevalence of hypertension, though the re
liability of such notes is questionable. Relevant clin
ical differences with respect to body, weight, size, 
etc., were not apparent, while a tendency toward 
higher pulse rates and cholesterol levels was noted 
in the soft water population.55 Complicating factors 
include the fact that smoking habits were found to 
vary among different cities, and that biochemical 
urine and serum analyses indicated various dispari
ties, e.g., that men from hard water cities tended to 
have higher serum albumin and phosphate levels. 
Due to the multifactorial relationships involved, the 
connections between blood pressure and water hard
ness cannot be clarified on the basis of the data 
available. It is hoped that prospective studies in this 
area will shed additional light on the problem. 
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Kallikrein-Kinin and Prostaglandin Systems 
in Hypertension 

13 

J. M. Sullivan, J. C. McGiff 

Initiation of some forms of hypertension, as well as 
the development of the accelerated phase of essen
tial hypertension, reflects the operation of one or 
more hormonal pressor factors, such as overactivity 
of the renin-angiotensin system or mineralocorticoid 
excess. Of no less importance to the regulation of 
blood pressure is a failure of countervailing forces 
that normally act to lower blood pressure. The kal
likrein-kinin system possesses the properties requi
site to mediate this function, particularly when con
sidered in terms of its interactions with prosta
glandins. I Absence of the normal countervailing 
function may cause sustained hypertension without 
an increase in the activity of any pressor factor. 
Thus, if one assumes tonic activity of the opposing 
blood-pressure-regulating systems, a deficiency of 
the vasodepressor system may lead to hypertension 
without an increase in the basal activity of the 
blood -pressure-elevating system. 

Within the kidney, and probably within extrare
nal blood vessels as well, prostaglandins interact 
with the principal blood-pressure-regulating sys
tems, the kallikrein-kinin and the adrenergic ner
vous-renin-angiotensin, reinforcing the former and 
buffering the latter.2 Prostaglandins, thereby, con
tribute to the blood-pressure-lowering effects of 
kinins and nullify the blood-pressure-elevating ef
fects of angiotensins. Decreased responsiveness of 
the renal kallikrein-kinin system has been shown in 
some forms of both human and experimental hyper
tension.3,4 Moreover, kallikrein excretion is de
creased in the children of hypertensive parents.5 

Can this observation signify the means whereby the 
prehypertensive subject can be identified? If so, the 
importance to all aspects of the disease, its patho
genesis, therapy (and prophylaxis), and epidemiol-

ogy, seems great. As there is evidence linking the 
basal release of renal prostaglandins to the level of 
activity of the renal kallikrein-kinin system,6 and as 
prostaglandins can be shown to oppose the actions 
of pressor hormones7 and adrenergic nervous activ
ity,8 the following hypothesis is suggested: A defi
ciency in the renal kallikrein-kinin system may con
tribute to the development of hypertension by 
decreasing the production of one or more prosta
glandins having antihypertensive activity. A direct 
effect of kinins as antihypertensive agents, one in
dependent of a prostaglandin mechanism, must also 
be considered. The demonstration that inhibition of 
prostaglandin synthesis by nonsteroidal anti-in
flammatory drugs can result in hypertension in ani
mals9 and humansIo urges consideration of the con
tribution of vasodepressor systems to hypertensive 
disease in humans. 

To understand the functional consequences, in
cluding blood pressure regulation, of the interac
tions of prostaglandins and kinins, it is necessary to 
consider the effects of kin ins on prostaglandin syn
thesis and metabolism, and also to recognize the 
sphere of activity of these hormones. 

1. Release of prostaglandins from tissues in re
sponse to kinins, as well as other stimuli, usually 
denotes increased prostaglandin synthesis within 
that tissue (Fig. 1). This results in the immediate 
entry of the newly synthesized prostaglandin into 
the extracellular compartment. Kinins increase 
prostaglandin synthesis primarily by enhancing 
delivery of substrate, arachidonic acid, to the 
prostaglandin-synthesizing complexY This ac
tion of the kinin results from activation of a phos-
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KININOGEN 
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Figure 1. Kinin-prostaglandin interactions. Kinin increases prostaglandin synthesis by making more substrate avail
able to the synthetase complex. Kinins also may regulate production of the major end product, a PGE or PGF, by 
activating the enzyme PGE-9-ketoreductase. These two steps, activation of phospholipase and 9-ketoreductase by 
kinins, are possibly sensitive to either sodium or other ions. Reprinted with permission of the Federation of American 
Societies for Experimental Biology; from Fed Proc 35:176, 1976 

pholipase which liberates arachidonic acid from 
phospholipids.12 

2. Kinins may also affect the activity of prostaglan
din-metabolizing enzymes (Fig. 1). Kinins, 
through their ability to increase the activity of 
PGE-9-ketoreductase/3 can determine the major 
products of enhanced prostaglandin synthesis. 
This action of the kinin, which may result from 
an antecedent effect of the kinin on guanyl cy
clase/4 favors the production of PGF2a by con
verting PGE2, arising from enchanced prosta
glandin synthesis, to PGF 2a' Thus, the dual 

effects of kinin on prostaglandin synthesis and 
PGE-9-ketoreductase in bovine mesenteric veins 
result in increased release of PGF2ga.15 The latter 
may mediate the venoconstrictor effect of the 
kinin. In addition, an effect of kinins on those en
zymes responsible for the transformation of the 
prostacyclin endoperoxides to thromboxane, 
prostacyclin, or the primary prostaglandins can
not be excluded (Fig. 2). 

3. Prostaglandins and kinins function primarily as 
tissue or local hormones; i.e., their activity is re
stricted to the tissue in which they are formed. 16 

~OOH 

I CYCLO- OXYGENASE ~
COOH COOH ARACHIDONIC ACID 

. H H PROSTACYCLIN , THROMBOXANE ~ 15-OH PGI2'~ SYNTHETASE ~COOH SYNTHETASE .. . 
HO' DEHYDROGENASE ~ [BLOOD VESSEL) [PLATELET) 

o HO, OOH 

15 KETO-PGI2 r PGI 2 PGG2 ! H+ ~ H+ 

HO~.~COOH 
110 0 _~ 

~ .. -~COOH HO'- , 
OH 

110" 6 KETO-PGFI o a 

6.15-DIKETO-PGFla 

ENDOPEROXIDE ,ENOOPEROXIDE 
ISOMERASE ',,~EDUCTASE 

o HO ", 

)--,-~COOH~-~COOH 
HO~REDUCTA~,~ 

OH OH 

~OH 
OH I TxA2 

( 
9H ~ 15-0H TxS2 OH 
~OH 2~~COOH 

HO , DEHYDROG~)..,~ 
OH 0 

15 KETO- TxS2 

11 OH 

('-r~COOH 
O"'HO~ 

o 
15 KETO- TxS2 

(OPEN FORM) 

Figure 2. Metabolism of arachidonic acid by the prostaglandin synthetase complex. A major product of vascular 
tissues is prostacyclin (PGI2), and a major product of blood platelets is thromboxane A2 (TxA2). 
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The functional effects of their interactions are 
primarily registered within an organ or tissue. 
Thus, altered vascular reactivity and changes in 
salt and water excretion occur as a result of pros
taglandin-kinin interactions within the vascular 
wall and the renal distal tubule, respectively; 
their interactions contribute to the regulation of 
vascular tone and extracellular fluid volume and, 
thereby, the regulation of blood pressure.1 

Interactions of prostaglandins and kin ins can also 
be described in terms of the contribution of prosta
glandins to the biological effects of kinins. The func
tional consequences of prostaglandin-kinin interac
tions may be considered in terms of three categories: 

1. Modulation. Prostaglandins may amplify the ac
tion of kinins, e.g., vasodilation evoked by brady
kinin in skeletal muscle.17 

2. Mediation. The release of one or more prosta
glandins by the kinin may be responsible for the 
effect of the kinin. This type of interaction has 
been suggested for the actions of kinins on the 
urinary-concentrating mechanism18 and their 
venoconstrictor effect on bovine mesenteric 
veins. 1s 

3. Maintenance. Continuous release of a prosta
glandin may contribute to maintaining normal 
blood flow to the kidney9.19 and gravid uterus.2\) 
This basal generation of prostaglandins within 
these tissues may depend upon the level of activ
ity of the kallikrein-kinin system. 

Interaction of the Kallikrein-Kinin and 
Renin-Angiotensin Systems 

Parallel increases in the activities of the kallikrein
kinin and renin-angiotensin systems have been 
demonstrated in several clinical studies.21.22 Elevated 
plasma kinin levels may prevent the pressor effects 
of angiotensin II under these conditions and in other 
hyperreninemic states. The rise in plasma kinin and 
angiotensin II evoked by sodium depletion could be 
rapidly suppressed by infusion of saline.21 Assump
tion of the upright posture, an effective stimulus to 
renin release, also results in elevated kinin levels in 
peripheral venous blood.22 Indeed, a form of ortho
static hypotension may be caused by exaggerated re
lease of kinins in response to standing.22 It should be 
recalled that kinin levels in venous plasma probably 
indicate local generation of kinins resulting from ac
tivation of kallikrein.21 In the resting state, the ac
tivity of plasma kallikrein is low. Therefore, under 

physiological conditions, when kinins are found in 
the venous blood of an organ, they arise primarily 
from that organ, as the lung destroys all but a small 
fraction of the kinins which enter the pulmonary cir
culation.23 Further, those kinins which survive pul
monary passage, or which are generated by plasma 
kallikrein, are destroyed rapidly by plasma or tissue 
kininases.24 Thus, 90% of bradykinin infused into 
the renal artery is destroyed on passage across the 
renal vascular bed.25 

The absence of elevated blood pressure in pa
tients with Bartter's syndrome, despite greatly in
creased activity of the renin-angiotensin and aldo
sterone systems, has been ascribed to enhanced 
activity of the kallikrein-kinin system,26 as well as to 
increased release of renal prostaglandins.27 The pos
sible interactions within the kidney of these sys
tems, the kallikrein-kinin and renin-angiotensin, 
may be appreciated on comparison of their compo
nents and activities (Fig. 3).28 

Despite the fact that the kallikrein-kinin and 
renin-angiotensin systems have opposing effects on 
the arterial circulation and salt and water excretion 
(specifically, kinins dilate resistance blood vessels 
and promote salt and water excretion, while angio
tensin II is a vasoconstrictor-antinatriuretic hor
mone), they have many similarities. The enzymes 
renin and kallikrein are formed and stored within 
the kidney, may be released by autonomic nervous 
signals, and when released act on plasma globulins 
to liberate decapeptides, angiotensin I, and lysyl
bradykinin, respectively. The activity of each deca
peptide is affected by an enzyme that cleaves the 
terminal dipeptide, thereby generating octapep
tides, either angiotensin II or the inactive metabo
lite of the kinin.29 This enzyme may be considered, 
depending on the substrate, angiotensin-converting 
enzyme or kinin-catabolizing enzyme; the latter ac
tivity designates a kininase. Erdos has marshaled 
impressive evidence which supports the proposal 
that angiotensin-converting enzyme and kininase II 
are identical. 30 

In addition, angiotensins and kinins release pros
taglandins from all tissues thus far examined (Fig. 
3). Release denotes, as indicated previously, en
hancement of prostaglandin synthesis, consequent 
to the effects of the polypeptides on the activity of 
one or more tissue acylhydrolases.31 Either bradyki
nin or angiotensin II can evoke peak increases in 
prostaglandin levels in renal venous blood of ten- to 
fiftyfold above control values.32.33 Increased levels of 
kinins in the blood of patients with Bartter's syn
drome may contribute to the reduced vascular re
sponsiveness to infused angiotensin 11;26 the latter 
was noted by Bartter et al. in their original report.34 
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Figure 3. Comparison of the renal kallikrein-kinin and renin-angiotensin systems. The symbols a and {3 above the 
arrows proceeding from kallikrein and renin, respectively, refer to adrenergic mechanisms which participate in the 
regulation of kallikrein (a) and renin ({3) release. The major products of each system are capable of releasing prosta
glandins. Angiotensin-converting enzyme, which increases the activity of the renin-angiotensin system by conversion 
of angiotensin I to the more active form, angiotensin II, correspondingly reduces the activity of the kallikrein-kinin 
system by degrading lysylbradykinin to inactive products. 

Kallikrein Excretion in Hypertension 

Excretion of kallikrein is decreased in human and 
experimental forms of hypertension. This associa
tion was first recognized by Elliot and Nuzum more 
than 40 years ag035 and has been confirmed by Mar
golius et al.36 The introduction of a radiochemical 
assay for urinay kallikrein in 1971 by Bevan, Pierce, 
and Pisan037 has greatly facilitated studying excre
tion of urinary kallikrein. This method is based on 
the measurement of urinary alkaline esterase activ
ity, as kallikrein has been demonstrated to be the 
principal alkaline esterase of urine. '1'he application 
of this method to large and diverse populations of 
hypertensive subjects and their progeny has re
sulted in important findings on age- and race-de
pendent differences in excretion of kallikrein.38.39 

Before reviewing these studies, it is important to 
recognize that changes in kallikrein excretion are as
sumed to be an index of changes in the activity of 
the kallikrein-kinin system intrarenally. This as
sumption, however, does not take into account the 
potential importance of kininases as regulators of 
the levels of kinins, i.e., by affecting the rate of deg
radation of kinins. Nor does it take into account al
terations in the amounts of substrate, kininogen, 
made available to critical sites in the kidney which 
can affect salt and water excretion and vascular 
tone, i.e., the distal convoluted tubules, and the vas-

cular or interstitial compartments. As renal kininase 
activity is ordinarily high,25 small decreases in this 
activity should result in large increases in the levels 
of kin ins within the kidney. In support of this hy
pothesis, Nasjletti et al. have shown that inhibition 
of kininase II by the nonapeptide BPP 9a resulted in 
increased renal blood flow and sodium excretion.25.4O 

These changes reflect increased intrarenal genera
tion of endogenous kin ins and were associated with 
tenfold and twofold increased levels of kin ins in 
urine and renal venous blood, respectively. One may 
conclude from this study that there need be no 
change in kallikrein excretion for major changes in 
effective intrarenal levels of kinins to occur. This 
consideration is important to answering questions 
raised by those studies which are based on changes 
in excretion of kallikrein in experimental and 
human forms of hypertension. 

In order to resolve some of these questions, it is 
necessary to measure simultaneously changes in kal
likrein and kinin excretion and renal venous kinin 
levels. Indeed, some of the apparent discrepancies 
can be resolved in terms of independent variations 
in kallikrein and kinin levels in the urinary and vas
cular compartments. Thus, in a recent study of 
Bartter's syndrome, it has been shown that urinary 
levels of kallikrein and kinins are affected differ
ently by indomethacin treatment, and that kinins in 
blood and in urine varied in opposite directions after 
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indomethacin treatment.41 Before indomethacin 
treatment, urinary excretion of kallikrein was high 
and that of kinin was low, whereas levels of kinin in 
venous blood obtained from the forearm were high. 
Indomethacin treatment reduced excretion of kalli
krein and elevated that of kinin; the concentration 
of kin ins in brachial venous blood decreased. 

Subjects with essential hypertension usually ex
crete less kallikrein than normotensive subjects and 
demonstrate decreased responsiveness to stimuli 
which increase kallikrein excretion.42 The lowest ex
cretory rates are found in the hypertensive black, 
although the normotensive black shows decreased 
kallikrein excretion when compared to normal white 
subjects matched for age and sex.3S These differ
ences were not related to variations in salt or water 
intake,as urinary sodium and potassium excretion 
and volume are not different among the groups. 
Urinary kallikrein excretion correlated with renal 
blood flow in all groups except normotensive blacks 
on a low-sodium diet. However, when the activity of 
each system, the renin-angiotensin and the kalli
krein-kinin, was considered in terms of their oppos
ing actions on renal blood flow, then significant cor
relations were found for all groups, black and white, 
normotensive and hypertensive, irrespective of salt 
intake. Thus, renal blood flow (per square meter of 
body surface area) correlated with the log of urinary 
kallikrein/PRA for all subjects, on either low or un
restricted salt intake. This study supports the hy
pothesis that one or more renal mechanisms playa 
decisive role in initiating and in maintaining the hy
pertensive state. 

Examination of the relationships between urinary 
kallikrein, plasma renin activity, and renal blood 
flow suggests that a vasodilator system, the kalli
krein-kinin-prostaglandin, participates in the regu
lation of vascular resistance in the kidney, together 
with the renin-angiotensin system. Studies of ne
phrogenic forms of hypertension in the dog43 and 
rat44 led to similar conclusions and suggested that a 
major determinant of renal blood flow is the level of 
activity of the kallikrein-kinin system within the 
kidney. Decreased kallikrein excretion in the dog 
subjected to renal arterial stenosis did not correlate 
with changes in either urinary volume or excretion 
of sodium but rather with reduction in renal blood 
flOW. 43 Mills and colleagues have presented evidence 
that kallikrein excretion and renal perfusion pres
sure are positively correlated in the dog.45 

The signal which leads to kallikrein release is pre
sumably related to changes in pressure within a seg
ment of the vasculature of the kidney, as alterations 
in blood flow will ultimately affect renal perfusion 
pressure. This site is quite likely located beyond the 

afferent arteriole and the glomerulus, as both vaso
constrictor and vasodilator agents can release renal 
kallikrein.45 More specifically, the signal is probably 
a change in transmural pressure, as blunting of kal
likrein release has been reported after renal compli
ance was reduced by wrapping the kidney with 
latex.45 These studies affirm the complementary na
ture of the renin-angiotensin and kallikrein-kinin 
systems; viz., changes in renal perfusion pressure 
have opposite effects on release of kallikrein and 
renin from the kidney. 

A recent study of hypertensive patients with uni
lateral renal arterial stenosis provided additional ev
idence for depressed activity of the kallikrein-kinin 
system in the ischemic kidney, and an inverse rela
tionship intrarenally between the activities of the 
renin-angiotensin and kallikrein-kinin systems.46 In 
this study, plasma renin activity was elevated and 
kinin levels were depressed in the venous efRuent of 
the diseased kidney, whereas the reverse was ob
tained for the contralateral kidney. 

A recent study of kallikrein excretion in hyperten
sion has made important contributions to our un
derstanding of the pathogenesis and inheritance of 
hypertension.5 Decreased urinary concentration of 
kallikrein was shown in black children as well as in 
black adults. As blood pressures in these children 
were within normal limits, a relationship was sought 
between urinary kallikrein and the level of blood 
pressure within these families. Families having the 
highest and lowest 10% of mean log urinary kalli
krein concentration were selected, and mean family 
blood pressures were compared. Both diastolic and 
systolic blood pressures in the families with the low
est urinary kallikrein concentrations were signifi
cantly higher than in those families showing the 
highest urinary kallikrein concentrations. Further, 
this relationship held when the selection was based 
on blood pressure; the families with the highest 10 % 
of diastolic blood pressures had lower mean urinary 
kallikrein concentrations than the families with the 
lowest 10% of diastolic blood pressures. These find
ings applied to both white and black families and 
were repeated 3 years later in the same population.39 

In the later study, rates of kallikrein excretion, 
rather than concentrations, were measured; this did 
not modify the earlier conclusion based on urinary 
kallikrein concentration. A high correlation was 
noted between urinary concentrations of kallikrein 
and potassium, although single regression analysis 
failed to disclose a relationship between urinary 
concentrations of kallikrein and sodium. An inverse 
relationship between urinary concentration of kal
likrein and sodium could be shown only after re
moval of the effects of other variables by multiple 
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regression analyses. The full significance of these 
studies must await definition of the contributions of 
the kallikrein-kinin system to blood pressure regu
lation and the validation of the reliability of urinary 
kallikrein excretion as an index of the intrarenal ac
tivity of the kallikrein-kinin system. Overall, these 
studies support the hypothesis that a deficiency of 
the kallikrein-kinin system contributes to the devel
opment of high blood pressure in a susceptible 
population. 

The major exception to the conclusion that hy
pertension is usually associated with deficient kalli
krein excretion is the secondary hypertension of in
creased secretion of mineralocorticoids;3 aldoste
ronism is associated with increased excretion of 
kallikrein. The finding that kallikrein excretion is 
also elevated in normotensive subjects by enhanced 
mineralocorticoid activity induced either by admin
istration of sodium-retaining steroids or by sodium 
restriction3 suggests that mineralocorticoids partic
ipate in the regulation of kallikrein excretion. Fur
ther, the demonstration that elevated kallikrein ex
cretion induced by a low-sodium diet can be 
decreased by the aldosterone antagonist, spironolac
tone, led to the proposal that the effective concen
tration of mineralocorticoids determines the rate of 
kallikrein excretion.3 

An alternative explanation is that one or more 
functional consequences of elevated mineralocorti
coid activity, such as increased potassium excretion, 
may playa decisive role in increasing renal kalli
krein-kinin activity. In support of this proposal, it 
should be recalled that urinary kallikrein concentra
tion has been positively correlated with potassium 
excretion5 but not with sodium excretion. These re
lationships point to another possible interaction of 
the kallikrein-kinin and prostaglandin systems, in 
this instance operating through potassium. De
creased potassium concentration in one or more 
body compartments, associated with increased po
tassium excretion, may result in enhanced renal 
prostaglandin synthesis; the latter is postulated to 
augment the activity of the kallikrein-kinin system 
within the kidney. There is evidence that changes in 
extracellular potassium concentration can affect 
renal prostaglandin synthesis.47,48 Changes in pros
taglandin synthesis induced by altered concentra
tions of potassium may then affect kallikrein release 
and/or kinin generation, perhaps by operating 
through a kallikrein-releasing mechanism similar to 
that prostaglandin mechanism which regulates 
renin release. 28 It is important to note once again 
that the kinin levels intrarenally are of paramount 
consideration, not kallikrein excretion as such. Vinci 
et aI. have shown that over a wide range of excretion 

of kallikrein, urinary kinin levels were not affected,49 
They also demonstrated that urinary excretion of 
kin ins was independent of the level of mineralocor
ticoids in normal subjects. 

The relationship between sodium excretion and 
the activity of the renal kallikrein-kinin system is 
uncertain. In most of the studies which addressed 
the effects of altered activity of the renal kallikrein
kinin system on salt and water excretion, changes in 
kinin levels were not measured; rather, changes in 
kallikrein excretion were measured, An exception is 
the study of Marin-Grez et aI., who measured si
multaneously changes in urinary kallikrein excre
tion and kinin levels in caval blood in response to 
acute expansion of extracellular fluid volume in
duced by oral administration of saline in the dog,5O 
They demonstrated a positive correlation between 
changes in blood levels of kinins of renal origin and 
changes in sodium excretion induced by saline ad
ministration. In the anesthetized rat, antibodies to 
bradykinin have been shown by Marin-Grez to at
tenuate the enhanced excretion of sodium chloride 
in response to acute isotonic saline loading. 51 In ad
dition, there are several studies which suggest that 
the renal kallikrein-kinin system, perhaps in concert 
with renal prostaglandins, does participate in regu
lating sodium chloride excretion: 

1. Nasjletti et aI. have demonstrated a close rela
tionship between the transient decrease of uri
nary sodium in the conscious rat produced by the 
kallikrein inhibitor, aprotinin, and the immedi
ate reduction in PGE excretion,6 

2, In the anesthetized dog, enhancement of the ac
tivity of the renal kallikrein-kinin system in
duced by inhibition of the major degradative en
zyme, kininase II, was associated with 
natriuresis,25 

As changes in kinin generation have profound ef
fects on prostaglandin levels within the kidney,52 
and as prostaglandins may contribute to or mediate 
some of the effects of kinins on salt and water excre
tion/8 prostaglandins should be measured simulta
neously with the components of the kallikrein-kinin 
system in order to assess the effects of changes in 
the latter on salt and water excretion. In view of the 
widespread distribution of prostaglandin-synthesiz
ing enzymes among various cellular elements of the 
kidney,53 it is important to recognize that compart
mentalization of kinin and prostaglandin metabo
lism may have important consequences for renal 
function (Fig. 4). Thus, the functional consequences 
of interactions of the renal kallikrein-kinin and 
prostaglandin systems may be restricted primarily 
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to the urinary compartment. Entry of kallikrein into 
the distal tubules54 and subsequent formation of 
kinin, then, may result in kinin-mediated generation 
of prostaglandins in the distal nephron and collect
ing ducts; the latter affects the excretion of solute
free water. IS 

A recent study by Weber et al. indicates that a 
major prostaglandin-metabolizing enzyme, PGE-9-
ketoreductase, which converts PGE2 to PGF 2a, is in
fluenced by the state of sodium chloride balance.55 

Thus, excretion of a water load and conservation of 
sodium are facilitated by increased activity of this 
enzyme, which has the effect of lowering levels of 
PGE2 intrarenally by favoring formation of PGF 2a. 

As prostaglandins of the E series inhibit ADH activ
ity,56 their removal (by conversion to PGF) facili
tates reabsorption of water. It should be recalled 
that kinins are capable of influencing the activity of 
PGE-9-ketoreductase.13 Further, this interaction 
may be crucial to the effects of kin ins on free-water 
generation. When prostaglandins are relased 
through the actions of kinins, free water is generated 
if PGE2 is the principal product, whereas when 
PGF 2a is released in response to kinin, water conser
vation occurs. The activity of PGE-9-ketoreductase, 
as determined by its susceptibility to activation by 
kinins, may be a function of the state of sodium 
chloride balance. It is here that a hypertensive 
mechanism may be invoked; viz., deficient genera
tion of kinins or prostaglandins intrarenally in re
sponse to salt intake may result in inappropriate ex
pansion of extracellular fluid volume, a recognized 
factor in the pathogenesis of hypertension.57 

Figure 4. Prostaglandin-kinin in
teraction in the nephron. The gen
eration of kin ins in the distal neph
ron and collecting ducts results in 
the release of prostaglandins which 
inhibit the effect of ADH and 
thereby participate in the excretion 
of solute-free water: prostaglandin 
15-0H-dehydrogenase (PGDH) and 
PGE-9-ketoreductase (9KR). 

Because of the importance of renal prostaglandins 
to the actions of kinins, as well as their major effects 
on renal function independent of an interaction with 
kinins, renal prostaglandin will now be considered 
separately. As one or more renal mechanisms are 
considered to be pivotal in the regulation of blood 
pressure,56 it is important to consider possible rela
tionships between renal prostaglandins and the 
antihypertensive function of the kidney. 

Prostaglandins and the Kidney 

There are a number of ways by which the kidney can 
participate in the regulation of blood pressure; dys
function of one or more of these might lead to ele
vated blood pressure. First, the kidney plays a piv
otal role in the regulation of extracellular fluid 
volume. Guyton et al. have postulated that renal in
ability to excrete fluid appropriately leads to over
filling of the vascular tree, an elevated cardiac out
put, tissue autoregulation, increased vascular 
resistance, and finally hypertension.57 In addition to 
its role in the excretion of fluid, the kidney is also 
involved in the regulation of electrolyte balance. Re
tention of sodium leads to enhanced vascular re
sponsiveness to pressor stimuli such as angiotensin 
11.59 Potassium depletion is believed to result in im
paired dilatation, which might participate in a chain 
of events leading to hypertension.60 The kidney also 
releases pressor substances which can affect vascular 
resistance. Angiotensin I may function as a vasocon-
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stricting agent within the kidney;61 it is converted to 
the potent pressor agent angiotensin II primarily 
during passage across the pulmonary vascular bed. 16 
The kidney may also secrete antihypertensive sub
stances, such as vasodepressor neutral lipids62 and 
prostaglandins.7 

As prostaglandins have been found to be involved 
in the regulation of renal function, evidence linking 
prostaglandin synthesis and degradation to the reg
ulation of blood pressure and to hypertension has 
been avidly sought. Prostaglandins have been shown 
to play an important role in the regulation of renal 
blood flow, particularly when renal function is chal
lenged.19 Prostaglandins also have the ability to 
modulate the effects of angiotensin. In 1970, McGiff 
et al. showed that antidiuresis and renal vasocon
striction evoked by angiotensin II were diminished 
owing to intrarenal release of PGE2.33 Later, Aiken 
and Vane showed that indomethacin administra
tion, which inhibits prostaglandin synthesis through 
inhibition of the enzyme cyclooxygenase, resulted in 
enhanced vasconstrictor effects of angiotensin II in 
the kidney but not in the hind limb.63 PGE2, the 
principal product of prostaglandin synthesis in the 
kidney,64 has been found not only to attenuate the 
effect of angiotensin but also to modulate the activ
ity of the adrenergic nervous system, diminishing 
norepinephrine release.65 Further, as noted previ
ously, PGE2 can attenuate the action of ADH.56 

Experiments using inhibitors of the prostaglandin 
cyclooxygenase reaction result in a preparation in 
which all the products formed downstream from this 
step are reduced (Fig. 2). Thus, not only is produc
tion of the vasodilator and natriuretic agent PGE2 
diminished, but also that of the vasoconstrictor 
PGF 2<>. Additionally, synthesis of PGI2 and throm
boxane A2, which have opposing effects on platelet 
aggregation and vascular tone, is also inhibited.66 

Experiments using either indomethacin, meclofen
amate, aspirin, or ibuprofen all result in diminished 
production of the products of arachidonic acid me
tabolism, which have markedly different physiolog
ical effects. It is not surprising, therefore, that the 
effects of cyclooxygenase inhibitors on the renal cir
culation vary widely with experimental conditions. 

Terragno et al. have shown that indomethacin 
does not affect renal blood flow in either the anes
thetized or conscious dog.19 However, when the an
esthetized dog is acutely stressed by laparotomy, a 
large increase in renal prostaglandin release occurs. 
Under these conditions, administration of indo
methacin results in greatly increased renal vascular 
resistance and a fall in renal venous prostaglandin 
levels to those observed in the conscious dog. There 
remains a basal efflux of renal prostaglandins which 
cannot be suppressed by indomethacin, even in 

toxic doses. The significance of this component has 
not been determined.- Any stress-hemorrhage or 
laparotomy, for example-will increase prostaglan
din release severalfold. This increase is associated 
with maintenance of renal blood flow at normal lev
els. When indomethacin is administered under these 
conditions, a precipitous decrease in renal blood 
flow results. 

The prostaglandins are involved not only in the 
regulation of renal blood flow during stress but also 
in the intrarenal distribution of hlood flow,67 herein 
providing an example of their generally accepted 
role as local hormones. In studies using the isolated 
dog kidney, Itskovitz et al. studied the effect of en
dogenous PGE2 on the distribution of renal blood 
flow.67 They found that blood levels of PGE2 corre
lated with increased fractional distribution of blood 
flow to the inner cortex, while administration of in
domethacin was followed by a disproportionate re
duction of blood flow to the inner cortex, thus re
sulting in a redistribution of renal blood flow. As the 
efferent arterioles of the inner cortex extend into the 
medulla, giving rise to the vasa recta, the inner cor
tical and medullary circulations are continuous. 
Thus, changes in blood flow to the inner cortex can 
reflect primary alterations in medullary blood flow. 
Further, as the major site of prostaglandin synthesis 
is the inner medulla and papilla,6s changes in pros
taglandin synthesis will directly influence medullary 
blood flow and, secondarily, blood flow to the inner 
cortex. 

A possible clinical correlation of these findings is 
the nephropathy of analgesic abuse. This condition 
has been suggested to be due to medullary ischemia 
secondary to reduced synthesis of one or more va
sodilator prostaglandins, as PGE2 or PGI2.69 How
ever, the capacity to synthesize prostaglandins is 
shared by a number of structures in all zones of the 
kidney. Thus, Larsson and Anggard have demon
strated synthesis of prostaglandins in the renal cor
tex.68 Cyclooxygenase is present in at least three dif
ferent tissues in the kidney. First, the interstitial 
cells of the renal medulla were found to have the 
ability to synthesize prostaglandins.62 Cyclooxygen
ase was also identified within the vascular structures 
of the kidney. 70 Additionally, cyclooxygenase was lo
calized in the cells lining the distal nephron and col
lecting ducts;53 this location accords with the known 
interrelationships between prostaglandins and 
ADH. It has been found that ADH causes a greater 
concentration of urinary solute if given after treat
ment with indomethacin.71 Thus, a prostaglandin of 
the E series blunts the effects of ADH56 and favors 
the excretion of free water.71 

There are complex interrelationships of the pros
taglandin and the renin-angiotensin-aldosterone 
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systems. In 1970, it was reported that infusion of an
giotensin II results in the release of renal prosta
glandins.33 Several years later, it was noted that ad
ministration of arachidonic acid, the precursor of 
renal prostaglandins, enhanced renin release.72 In
domethacin decreased plasma renin activity and 
prevented the aforementioned effects of arachidonic 
acid. Indomethacin also prevented prostaglandin re
lease in response to infusion of angiotensin. Thus, a 
prostaglandin mechanism appears to participate in 
the regulation of renin release; generation of angio
tensins following release of renin can in turn stim
ulate prostaglandin synthesis. 

Frolich and his co-workers have studied the pos
sible participation of a prostaglandin mechanism in 
the regulation of plasma renin activity in humans.73 

They found that indomethacin administration is fol
lowed by diminished plasma renin activity, plasma 
aldosterone concentration, and urinary sodium and 
prostaglandin excretion in both normal and hyper
tensive subjects. As angiotensin infusion continues 
to stimulate aldosterone secretion after the admin
istration of indomethacin, the effect of indometha
cin on aldosterone secretion is due presumably to 
diminished generation of angiotensin. They have 
also noted that indomethacin prevents the immedi
ate increase in plasma renin activity which ordinar
ily follows administration of furosemide. Indometh
acin has two effects which might explain these 
observations. First, it interferes with the synthesis 
of prostaglandins and other products of arachidonic 
acid metabolism. Second, indomethacin causes so
dium and fluid retention. Thus, the relative contri
bution of inhibition of prostaglandin synthesis and 
of sodium retention to the fall in plasma renin activ
ity that ordinarily follows indomethacin administra
tion is not evident. 

Frolich et a1. have found that in patients on a 10-
mEq sodium diet, indomethacin had no effect on the 
elevated plasma renin activity, despite evidence that 
it did inhibit prostaglandin synthesis under these 
conditions as indicated by excretion of a major me
tabolite of PGE.74 However, in these patients, pro
pranolol lowered plasma renin activity, suggesting 
that, under conditions of sodium deprivation, acti
vation of the sympathetic nervous system plays an 
important role in renin release. When patients were 
studied on a 150-mEq sodium diet, indomethacin 
administration was again followed by a fall in excre
tion of prostaglandins, but under these circum
stances urinary sodium excretion and basal plasma 
renin activity also fell, emphasizing the importance 
of a prostaglandin mechanism in the mediation of 
renin release under usual conditions of sodium bal
ance. However, other investigators have observed a 
fall in plasma renin activity after subjects on a 10-

mEq sodium diet received indomethacin.75 Thus, the 
relative importance of the sympathetic nervous sys
tem and a prostaglandin mechanism in regulating 
renin release during sodium deprivation requires 
clarification. 

Weber and his co-workers have made important 
contributions to our understanding of these inter
relationships.76 They demonstrated in renal slices 
that PGE2, the principal product of renal prosta
glandin synthesis, did not affect renin release di
rectly. However, a metabolic intermediate in the 
production of PGE2, the endoperoxide PGG2, was 
shown to increase renin release from renal slices. 
The effects of prostacyclin and thromboxane have 
not been studied. These data suggest that inhibition 
of PGE2 synthesis does not affect renin release di
rectly; rather, the suppression of prostaglandin en
doperoxide synthesis, or one of its breakdown pro
ducts, may be the determining factor. 

Weber and his colleagues have also studied the 
mechanism of furosemide-induced renin release in 
humans. 77 They have found that furosemide admin
istration is followed by elevations in plasma levels of 
arachidonic acid and renin activity, and in urinary 
excretion of PGF 2a and sodium. Studies of the time 
course of the rise of these factors have demonstrated 
that arachidonic acid and plasma renin activity rise 
simultaneously; however, the latter gradually falls 
while arachidonic acid remains elevated. The ad
ministration of indomethacin prevented the rise in 
plasma renin activity and arachidonic acid and uri
nary prostaglandin excretion, while sodium excre
tion was unaltered. The authors conclude that re
lease of arachidonic acid was the primary 
mechanism of furosemide-induced prostaglandin 
biosynthesis and, thereby, renin release. 

The relationship between prostaglandin synthesis 
and plasma renin activity has important implica
tions in the treatment of patients with Bartter's syn
drome.34 This syndrome of renal juxtaglomerular 
hyperplasia is characterized by elevation of plasma 
renin activity, plasma angiotensin II concentration, 
and aldosterone secretory rate; hypokalemic alka
losis; normal blood pressure; and resistance to the 
pressor effects of angiotensin II and norepinephrine. 
The renal tubular reabsorption of sodium or chlo
ride may be abnormal in these patients, resulting in 
a greater than normal amount of filtered sodium 
being delivered to the distal nephron where it is ex
changed for potassium or excreted in the urine. The 
unusual combination of elevated plasma angiotensin 
II and aldosterone levels and a normal blood pres
sure suggested that the disorder might be accom
panied by synthesis of abnormally large amounts of 
a vasodepressor substance. Subsequently, Gill and 
his co-workers have demonstrated that patients 
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with Bartter's syndrome excrete large amounts of 
PGE2,27 Halushka and his co-workers have found in
creased urinary kallikrein excretion.26 As indometh
acin prevents the synthesis of all the products of the 
cyclooxygenase reaction, including PGE2, this agent 
was used to treat patients with Bartter's syndrome78 
and was found to be remarkably effective in revers
ing the characteristic pathophysiologic disorders of 
this syndrome. In these patients, the administration 
of indomethacin resulted in partial correction of the 
elevated plasma renin, angiotensin, and aldosterone 
levels; the renal loss of salt and water was reduced, 
and the pressor responsiveness to angiotensin and 
norepinephrine was restored.26,27 

It is attractive to attribute all these effects to the 
inhibition of one or more products of the cyclooxy
genase reaction. However, as noted previously, in
domethacin and all other aspirin-like drugs have a 
variety of actions which might account for some of 
these effects. These compounds alter the activity of 
the kallikrein-kinin systems,79 inhibit phosphodies
terase,80 and inhibit reacylation of lysophospholi
pids.81 Thus, indomethacin might correct the hyper
reninemia characteristic of Bartter's syndrome 
either by preventing the production of cyclic endo
peroxides, thus reducing the stimulus to renin re
lease, or by preventing the reacylation of lysophos
pholipids, compounds formed when arachidonic 
acid is released from phospholipids. As lysophos
pholipids inhibit renin,82 there is a possibility that 
their accumulation might result in diminished renin 
activity when indomethacin is given. 

Just as it is important to keep in mind that indo
methacin might have a variety of effects which lead 
to the correction of the abnormalities of Bartter's 
syndrome, the multiplicity of effects of indometha
cin and other nonsteroidal anti-inflammatory agents 
on arachidonic acid metabolism in the kidney must 
also be recognized. The first step in prostaglandin 
synthesis is the release of arachidonic acid by the 
action of an acylhydrolase as phospholipase A2 (Fig. 
2). The second is the cyclooxygenase step which 
leads to production of the cyclic endoperoxides. It is 
this step that is inhibited by indomethacin and sim
ilar compounds. 

Downstream from generation of endoperoxides is 
the formation of a number of vasoactive products in 
different cellular elements within the kidney. 
Within the vascular wall, stimulation of cyclooxy
genase results primarily in the production of PGI2, 
a compound which prevents aggregation of platelets 
and which causes vasodilatation.70 Within the inter
stitial cells of the renal medulla, stimulation of the 
cyclooxygenase step results primarily in the produc
tion of PGE2.48 Within the collecting tubules, pros
taglandin synthesis becomes intimately involved 

with the kallikrein-kinin system and with antidi
uretic hormone. The major product of prostaglandin 
synthesis at this site is unknown. Further, there are 
products of the prostaglandin endoperoxides which 
require special conditions for their synthesis. Thus, 
thromboxane A2, a potent vasoconstrictor, is synthe
sized in negligible quantities by the normal kidney. 
However, renal injury, as that induced by ureteral 
ligation, results in the synthesis of large amounts of 
thromboxane within the kidney,83 which may con
tribute to the increase in renovascular resistance 
which occurs in response to ureteral obstructions.84 

Prostaglandins and Blood Vessels 

The mechanisms by which prostaglandins influence 
peripheral vascular resistance can be subdivided 
into three general categories. The first is the direct 
vasodilatory or vasoconstricting effects of locally 
synthesized prostaglandins, e.g., PGE2, PGI2, and 
PGF 2a (Fig. 5). The first direct demonstration of the 
prostaglandin biosynthetic capacity of vascular tis
sues was made by Terragno et al. l ' The second 
mechanism is modulation by locally synthesized 
prostaglandins of the effect of circulating or locally 
synthesized vasoactive compounds. For example, lo
cally synthesized PGE2 interferes with adrenergic 
transmission primarily by impairing release of 
norepinephrine from nerve terminals.8 The third 
mechanism involves the indirect effects of prosta
glandin synthesized elsewhere; e.g., synthesis of 
PGE2 is important in maintaining renal blood flow, 
particularly to the inner cortex and medulla, in the 
face of noxious stimuli. 19 Prostaglandins also playa 
role in salt and water excretion; the latter is partially 
accomplished by interfering with the action of ADH 
on the collecting tubules.56 Prostaglandins synthe
sized in the kidney, therefore, can influence total 
body sodium and water, thus influencing plasma 
and intracellular fluid volume and sodium balance 
and, thereby, the reactivity of vascular smooth mus
cle to pressor agents. 

An additional mechanism has been postulated but 
not confirmed. All prostaglandins known to be re
leased into the circulation are destroyed on passage 
through the lung, Thus, evidence is lacking that the 
prostaglandins playa role other than as locally ac
tive hormones. An exception to this is PGA2 which, 
when infused intravenously, is not destroyed on pas
sage through the pulmonary circulation85 and effects 
vasodilatation, natriuresis, and diuresis and has an 
antihypertensive effect.86 Early studies suggested 
that PGA2 was released from the kidney in response 
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Figure 5. Cross section of the vascular wall showing 
possible interactions of prostaglandins and vasoactive 
hormones. Magnification of the vascular wall, interfaced 
with blood and a circulating platelet, is shown at the 
lower portion of the figure. At the endothelial surface and 
the subendothelial zone of vascular tissues, the major 
product of arachidonic acid (AA) metabolism arising 
from tissue stores of phospholipids (PL) is prostacyclin 
(PGI2). A major product of arachidonic acid metabolism 
within the aggregating platelet is thromboxane A2 (TxA2). 
Formation of TxA2 within the vasculature may occur only 
under pathologic conditions. Angiotensin and bradyki
nin, which activate acylhydrolases within the vascular 
wall, promote prostaglandin synthesis. In addition to 
PGI2, PGE2 is a major product of arachidonic acid metab
olism in the vascular wall. Its main function may be to 
modulate release of the adrenergic neurotransmitter, nor
epinephrine (NE). Further, PGE2 may be converted by 
PGF2a on activation of the enzyme PGE-9-ketoreductase 
by either angiotension or bradykinin. Outside the area of 
magnification additional interactions of prostaglandins 
are shown. On the right, the formation of PGI2 repels ag
gregating platelets. At the top, the failure of formation of 
PGI2 in an area of damaged endothelium results in plate
let aggregation which may be related to the evolution of 
atherosclerosis. On injury of vascular tissues, formation 
of PGI2 may be compromised and thromboxane A2 for
mation, both by platelets and vascular tissue, may pre
dominate (top). On the left, possible interactions of an
giotensin (ANG) and bradykinin (BK) with pros
taglandins are indicated: PGE2 may contribute to the va
sodilator effects of bradykinin (relaxation). In contrast, 
PGE2 usually antagonizes the vasoconstrictor effect of 
angiotensin, whereas PGF2a may facilitate this action of 
angiotensin. 

to sodium deprivation, thus functioning as a sys
temic hormone.87 More recent studies which were 
based on highly sensitive and specific mass spectro
metric methods for the measurement of PGA2 failed 
to provide evidence for its presence in circulating 
blood.88•89 PGA2 is presumably an artifact resulting 
from spontaneous breakdown of PGE2 during ex
traction and purification of plasma. 

In 1969, Piper and Vane reported that one or 
more substances released from guinea pig lung dur
ing anaphylaxis contracted the rabbit aorta.90 Later, 
it was found that indomethacin blocked the forma
tion of this rabbit-aorta-contracting material 
(ReS), suggesting that it might be related to a pre
cursor of prostaglandins. The eventual discovery of 
the endoperoxides and their isolation in pure form 
enabled them to be distinguished from ReS by their 
longer half-life in aqueous solution. In an exciting 
series of experiments involving the synthesis of 
prostaglandins in blood platelets, Hamberg and 
Samuelsson found that endoperoxides within plate
lets are converted into a hemiacetal derivative with 
an oxane structure, and malondialdehyde and a 
e17-hydroxy acid.91 The first compound, now des
ignated thromboxane B2, is the breakdown product 
of thromboxane A2, an unstable intermediate (Fig. 
2). Thromboxane A2 is formed when platelets aggre
gate, and in other tissues subjected to injury, con
tributes to platelet aggregation and produces vaso
constriction.92 ReS was shown to be a mixture 
consisting primarily of thromboxane A2; only a small 
amount of the activity of ReS was due to 
endoperoxides. 

Recently, Bunting et al. have demonstrated an
other unstable product of the transformation of the 
endoperoxides.66 The structure of this substance, 
initially called prostaglandin X, has now been elu
cidated, and the compound has been renamed pros
tacyclin and designated PGI2. This compound, 
which is produced by blood vessels, has two impor
tant biologic effects: vasodilatation and inhibition of 
platelet aggregation (Fig. 5). 

Moncada, Higgs, and Vane have demonstrated 
that vascular rings from human colic or gastric blood 
vessels will synthesize prostacyclin, the veins pro
ducing more than the arteries.93 This effect occurs 
spontaneously but disappears with time or with 
washing of the specimens. Incubation of washed vas
cular tissue with arachidonate then restores produc
tion of prostacyclin. This production can be blocked 
in two ways: first, by the addition of indomethacin 
which, by inhibiting cyclooxygenase, prevents the 
conversion of arachidonic acid into endoperoxides, 
and second, by the addition of 15-hydroxyperoxy
arachidonic acid, which blocks the conversion of en-



13: Kallikrein-Kinin and Prostaglandin Systems in Hypertension 181 

doperoxides to prostacyclin by inhibiting the pros
tacyclin synthetase step. 

The addition of prostacyclin-synthesizing vascu
lar rings to platelet-rich plasma inhibits platelet ag
gregation. It is possible that endothelial production 
of prostacyclin is the mechanism by which the body 
prevents thrombus formation throughout the 
healthy vascular tree. Vascular tissue, injured either 
by trauma or by atherosclerosis, might not be able 
to synthesize prostacyclin adequately, thus allowing 
the deposition of platelets, formation of thrombi, 
and perhaps initiation or acceleration of atheroscle
rosis (Fig. 5). It can also be postulated that failure 
to synthesize PGI2 might result in elevated vascular 
resistance. 

As noted previously, local synthesis of PGE2 in 
the vessel wall can interfere with adrenergic trans
mission, primarily by inhibiting the release of nor
epinephrine from nerve terminals.8 This would re
sult in vasodilatation, or at least diminished 
vasoconstriction, thus playing a potentially impor
tant role in local or systemic regulation of blood flow 
and pressure. In addition, local synthesis of PGE2 in 
vascular walls antagonizes the effect of angiotensin 
II and may playa role in angiotensin tachyphylaxis. 
Aiken used femoral and celiac arterial strips to 
study the effects of angiotensin 11.94 Repeated doses 
(every 30 min) continued to contract the femoral 
strips but had progressively less effect on the celiac 
artery strips. When inhibitors of cyclooxygenase 
were given, tachyphylaxis did not develop in the ce
liac strips. The addition of PGE2 had no effect on 
the contraction of femoral arterial strips evoked by 
angiotensin II but reduced its effect on the celiac ar
terial strips. These experiments suggested that an
giotensin II can stimulate and release prostaglan
dins in the vascular wall, thus blunting the 
vasoconstrictor effect of angiotensin II, at least in 
the mesenteric vascular bed. As PGI2 was unknown 
at this time, its role in these events is not clear. 

One of the most provocative experiments regard
ing the systemic hemodynamic effects of prostaglan
din synthesis was published in 1974 by Wenn
malm.lO Six normal subjects underwent arterial 
cannulation and right-heart catheterization. Blood 
pressure and cardiac output were measured before 
and after intravenous administration of 25 mg of in
domethacin. Diastolic blood pressure rose by 16 % 
and systemic vascular resistance rose by 49%. None 
of the individuals had side effects. Similar findings 
have been made in the conscious rabbit.9 In view of 
current knowledge, several explanations are possi
ble. Intravenous indomethacin might have pre
vented the formation of vascular PGE2 or PGI2, 
thereby allowing vasoconstriction to take place un-

impeded by the modulating influence of the prosta
glandins, or the inhibiting effects of PGE2 on nor
epinephrine release might have been removed, 
allowing adrenergically induced vasoconstriction to 
take place. This study suggests an important role for 
the prostaglandin system in the regulation of blood 
pressure in humans. 

The Blood Platelets and Prostaglandins 

As knowledge of the pathways of prostaglandin me
tabolism has evolved, it has become apparent that 
compounds having different actions are synthesized 
from the same precursors in blood vessels and in 
blood platelets; these products of the endoperox
ides, thromboxane A2 of platelets and prostacyclin 
of vascular tissues, play counterbalancing roles. In 
the blood vessel wall, conversion of the cyclic endo
peroxides into prostacyclin results in the formation 
of a product which prevents platelet aggregation and 
promotes vasodilatation.93 On the other hand, in the 
aggregating platelet the endoperoxides PGG2 and 
PGH2 are converted largely to thromboxane A2 (Fig. 
2), a potent vasoconstrictor whose formation is as
sociated with platelet aggregation. This compound, 
thromboxane A2, has a half-life in aqueous solution 
of only 30 sec and is a vasoconstrictor. Ellis and col
leagues have postulated that thromboxane A2 causes 
coronary spasm when released 10cally.95 Like the en
doperoxides, thromboxane A2 also stimulates plate
let aggregation. However, work by Needleman and 
his associates, using imidazole, an inhibotor of the 
microsomal enzyme thromboxane synthetase, sug
gests that the endoperoxides themselves can cause 
platelet aggregation without being converted to 
thromboxane A2.96 

Both aspirin and indomethacin inhibit cyclooxy
genase activity, thus preventing the conversion of 
arachidonic acid to endoperoxides and thereby their 
breakdown products, thromboxane A2, PGI2, and 
PGE2• An experiment of nature has confirmed the 
importance of this pathway and has provided the 
first definite evidence for a biologic role of the pros
taglandins. Malmsten and his co-workers have re
ported a patient with a bleeding disorder due to con
genital deficiency of platelet cyclooxygenase.97 The 
platelets from this subject contained normal stores 
of ADP but showed impaired aggregation in re
sponse to collagen, epinephrine, or arachidonic acid; 
yet the platelets aggregated in response to PGG2. 
Studies with radiolabeled arachidonic acid proved 
that the patient's platelets failed to form 
endoperoxides. 
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Prostaglandins, Kinins, and the Control of 
Blood Pressure 

At this point, we are now able to review the physi
ology of the regulation of the circulation and iden
tify control points at which disorders of prostaglan
din or kinin metabolism might contribute to 
alterations in blood pressure. According to the he
modynamic expression of Ohm's law, mean arterial 
blood pressure equals the product of peripheral vas
cular resistance times cardiac output. Patients with 
uncomplicated, established essential hypertension 
ordinarily have a normal cardiac output and an ele
vated peripheral vascular resistance. Peripheral vas
cular resistance is controlled by factors intrinsic and 
extrinsic to the vascular wall. The interplay of these 
factors offers multiple sites for interactions with 
prostaglandins or kin ins which might result in a dis
turbance of blood pressure regulation (Fig. 6). 

Peripheral vascular resistance is profoundly influ
enced by blood-borne substances; for example, in
tense vasoconstriction can be effected by circulating 
angiotensin II or catecholamines. As prostaglandins 
function primarily as local hormones, they oppose 
the actions of circulating hormones by virtue of their 
synthesis on demand at the site of action of the cir
culating hormone in vascular smooth muscle (Fig. 
5). 

Another mechanism which affects peripheral vas
cular resistance is local release of norepinephrine 
from terminals. This results in vasoconstriction and 
is an important component of the overall integrative 
function of the central nervous system in circulatory 
control. Local production of PGE2 may influence 
vascular tone by interfering with release of norepi
nephrine from nerve endings.s Genetic or environ
mental influences which impair local PGE2 produc
tion or hasten destruction of this compound might 
well account for the enhanced vascular reactivity 
which is known to occur in the earliest phases of es
sential hypertension. 

There are three intrinsic mechanisms important 

Remote control Local control 

in the regulation of vascular resistance.9s The first 
determines basal vascular tone. The cell membrane 
of vascular smooth-muscle cells is unstable and 
undergoes spontaneous depolarization followed by 
muscle contraction. This basal vascular tone is influ
enced by blood-borne humoral factors and by the 
activity of the sympathetic nervous system and is 
decreased by the local production of vasodilator 
substances. 

The second factor has been called the Bayliss ef
fect. 99 As arterial blood pressure rises, the tone of 
vascular smooth muscle increases. This mechanism 
serves as a counterbalance to the vasodilating effect 
of local tissue metabolites. The influence of prostag
ladins or kinins on the Bayliss effect has not been 
investigated. 

Finally, and perhaps most important relative to 
the production of prostaglandins and kinins, is the 
influence of local tissue metabolites on vascular re
sistance. As tissue perfusion pressure falls, oxygen 
delivery becomes inadequate, local ATP breakdown 
exceeds synthesis, and a number of vasodepressor 
substances accumulate. Which compound, if any, 
bears the greatest influence on local autoregulation 
has not been established. It is here that the kinins 
and prostaglandins undoubtedly exert an important 
effect on overall circulatory regulation. Local pro
duction of PGI2 and of PGE2 would result in vaso
dilatation, while production of thromboxane and 
PGF2a may contribute to vasoconstriction. 

The second major component in the regulation of 
blood pressure, cardiac output, is the product of 
heart rate and stroke volume. Young patients, in the 
labile phase of hypertension, were found to have a 
hyperkinetic circulation characterized by a high car
diac output. lOO It has been observed that patients 
with essential hypertension ordinarily have higher 
heart rates than patients with a normal blood pres
sure. lOO Although this has been attributed to over
activity ofthe sympathetic nervous system, it is con
ceivable that deficient prostaglandin synthesis or 
increased destruction would remove their modulat-

A. Vasoconstrictor 
fibres 

A. Myogenically active "pacemaker" cells 

C. Vasodilator fibres 
~ 

"'" C. Negative feedback by the 
vasodilator action of 
tissue metabolites 

Figure 6. Regulation of peripheral 
vascular resistance. Control of pe
ripheral vascular resistance by local 
and remote influences, illustrating 
sites at which prostaglandins and 
kinins could interact with other 
control mechanisms to alter vascu
lar tone. Reproduced with permis
sion from Folkow B, Neil E, ref 98 
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ing effect on norepinephrine release, thus resulting 
in a higher heart rate which could contribute to an 
increased cardiac output. 

The other determinant of cardiac output is stroke 
volume which, in turn, is determined by the size of 
the left ventricle at the end of diastole and the ex
tent of myocardial fiber shortening during systole. 
Fiber shortening is determined by preload, after
load, and contractility. Preload can be defined as the 
degree of stretch of the myocardial fibers at the end 
of diastole. This results from the compliance char
acteristics of the ventricle and the filling pressure. 
The latter reflects venous tone and intravascular 
volume. The prostaglandins are potentially impor
tant in regulating both factors. PGF 2a is a venocon
strictor,t°l increased production of which would re
sult in increased venous return and a subsequent 
increase in cardiac output. Afterload is a term ini
tially used in isolated muscle experiments. In the in
tact heart, after load refers to systolic myocardial 
wall tension, which is determined by intraventricu
lar pressure and ventricular size. When preload and 
contractility are held constant, decreased afterload 
increases myocardial fiber shortening. In the intact 
circulation, a decrease in venous return reduces pre
load and left ventricular size, while a fall in periph
eral vascular resistance reduces left ventricular sys
tolic pressure. Thus, afterload can be altered in 
either of two ways. The vasodilator effects of PGI2 
and PGE2 would decrease afterload and might con
tribute to decreased preload by dilating veins. On 
the other hand, the vasoconstrictor effect of PGF 2a 

and of thromboxane A2 may increase preload and 
afterload. 

Contractility determines the level of myocardial 
performance at a given preload and afterload. In ex
perimental animals, prostaglandins have variable ef
fects on contractility, depending upon experimental 
conditions and species. Most studies have shown 
that prostaglandins of the E and A series increase 
cardiac output and have a positive inotropic effect.102 

In humans, infusions of PGE1 increase stroke vol
ume and heart rate, thus increasing cardiac output 
which gives rise to the possibility that abnormal 
synthesis of prostaglandins of the E series contrib
utes to a hyperkinetic circulatory state, which may 
initiate a chain of events leading to hypertension. lOa 

Conclusion 

The renin-angiotensin system is subject to regula
tion by neural, hormonal, and local influences. A 
similar regulatory network seems probable for the 
kallikrein-kinin-prostaglandin system, which may 

be considered the vasodilator-diuretic protagonist, 
as the renin-angiotensin-aldosterone-ADH system is 
the vasoconstrictor, salt- and water-conserving pro
tagonist. To establish the antihypertensive function 
of kallikrein-kinin-prostaglandin system, it is im
portant to consider the contribution of the extrare
nal vascular tissues to the integrity of this system as 
well as that of the renal components of the system. 
The present evidence supports the proposal that 
some forms of chronic hypertension of unknown 
cause are dependent on a deficiency of the kalli
krein-kinin-prostaglandin system. However, there 
are many avenues of investigation that remain to be 
explored, and conclusive evidence for the role of this 
antihypertensive system in the gens is of hyperten
sion has yet to be presented. 
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Hypertension and Oral Contraceptives 14 
Ch. Lauritzen 

In 1967, initial reports appeared in the American 
and British literature on an association between the 
use of oral contraceptives and the occurrence of high 
blood pressure.28 This observation was soon con
firmed by other authors. Blood pressures in excess 
of 140/90 mm Hg are generally considered to be 
hypertensive. 

Incidence 

One early publication reported an 18% incidence of 
arterial hypertension, i.e., 9 of 51 women in a pro
spective study.25 According to Woods28 and Harris/5 

the hypertension that occurs may involve a consid
erable systolic and diastolic blood pressure increase 
in some cases. By 1969 the association between oral 
contraceptives and high blood pressure was so well
established that it could no longer be attributed to 
chance. Smith then reported that in his study pop-

Table 1. Importance of Age Factor in Development of 
Hypertension in Oral Hormonal Contraceptive Users and 
Nonusers 

Blood Pressure Increase (%) 

Age (years) Users Nonusers 

20-30 18 6 
31-35 30 22 
36-40 42 18 
41-45 57 30 

ulation only a slight rise of average blood pressure, 
usually systolic, developed in about 1 % of all pa
tients.23 According to Smith, the findings of earlier 
studies apparently were the result of a selection ef
fect. More statistically reliable information based on 
a large prospective study was published by the 
Royal College of General Practitioners.20a This study 
showed a ratio of 2.59 (p < 0.01) between women 
taking oral contraceptives and controls with regard 
to the incidence of essential hypertension. In past 
oral contraceptive users, the incidence ratio was 
0.99, i.e., there was no increase. According to the 
study by Fisch et al. on 13,355 women ("Kaiser Per
manent Contraceptive Drug Study," Walnut Creek, 
1972), the risk of developing hypertension among 
oral contraceptive users was 1.76 relative to nonu
sers.12 There was an average increase of 5-6 mm Hg 
systolic and 1-2 mm Hg diastolic. However, if we 
consider that the authors arrived at their ratio by 
monitoring blood pressure changes more closely in 
oral contraceptive users than in nonusers, we must 
revise their figure down to 1.29. In Europe it may be 
assumed that about 1 % of women taking contracep
tive steroids will develop hypertension16 (Table 1). 

Symptoms 

The development of hypertension in oral contracep-
tive users has no characteristic symptoms. Head-
ache, head congestion, dizziness, and nervousness 
are sometimes reported. 
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Table 2. Changes in Renin-Angiotensin-Aldosterone 
System during Oral Hormonal Contraceptive Use 

Index 

Plasma level of renin 
substrate 

Plasma level of renin 
Plasma renin activity 
Plasma level of angiotensin II 
Plasma level of aldosterone 
Aldosterone excretion in 24-h 

urine 

Causes 

Change Relative to 
Initial Value 

2.5-4-fold increase 
50% decrease 
2-4-fold increase 
3-fold increase 
2-3-fold increase 

2-fold increase 

An increase in renin-angiotensin, renin substrate, 
and aldosterone has been demonstrated (Table 2). 
These changes are mainly the result of a steroid-in
duced stimulation of the synthesis of angiotensino
gen (renin substrate) in the kidney, which is in
creased by a factor of 2.5-4. This leads to a rise in 
the concentrations of angiotensin I and II, with a re
sultant increase of aldosterone secretion in the adre
nal cortex and an elevated plasma aldosterone level. 
Aldosterone excretion increases less, probably owing 
to greater aldosterone binding to transport proteins 
in the plasma. Through a negative-feedback mech
anism, renin release from the kidney is usually re
duced by half in hypertensive women.1,3 A striking 
feature is that practically all women with hyperten
sion who take oral contraceptives have a family his
tory of hypertension. The serum creatinine, urea, 
catecholamines, iv pyelogram, and radiorenogram 
are normal. Sodium and water retention is increased 
by estrogens and gestagens, as is the plasma volume 
and cardiac stroke volume. The patients occasion
ally exhibit left ventricular hypertrophy, but this 
can be corrected by treating the hypertension or dis
continuing the oral contraceptive.7 The role played 
by hormone-induced coagulation disturbances in 
the rare development of nephrosclerosis is still un
clearY Keifer and Scott report that combination 
products cause hypertension more frequently than 
sequential products, that decreasing the estrogen 
dose reduces the incidence of hypertension, and that 
hypertension incidence increases with duration of 
contraceptive use.18 In the Royal College study, how
ever, no relation could be found between high estro
gen doses and an increased incidence of hyperten
sion.20a On the contrary, the incidence tended to 
decline with higher estrogen doses. Nevertheless, 
the incidence of hypertension still increased with 
the duration of contraceptive use. 

One possible source of error pointed out in the 

Royal College study were the facts that blood pres
sure readings are taken more frequently in contra
ceptive pill users than in control subjects and that 
physicians have become increasingly alerted to the 
problem of hypertension in women taking oral con
traceptives. However, the Royal College study 
showed a definite correlation between the incidence 
of hypertension and gestagen dosage. The incidence 
ratio was 1.20 at gestagen doses below 3 mg, increas
ing to 1.97 at higher doses. When products with 
equal estrogen doses (50 mg) were used, a relation to 
the gestagen dose was also observed. The ratio was 
1.0 below 3 mg gestagen per daily dose, but 1.41 at 
doses above 3 mg. 

Risk Factors 

The principal risk factors for the development of 
hypertension in contraceptive pill users are: family 
history of hypertension and diabetes mellitus, mani
fest diabetes, and gestosis in prior pregnancies. It 
has been shown that a strong correlation exists be
tween age and the development of hypertension in 
oral contraceptive users. 12,27 The correlation with 
parity is weak. Other authors have found no connec
tion between hypertension and parity or the dura
tion of contraceptive use.5,12 They report that the 
blood pressure increase is independent of the dura
tion of use and is always age-dependent after hor
monal contraception is discontinued. Isolated cases 
of severe hypertension during oral contraceptive use 
are rareY In cases of preexisting hypertension, the 
blood pressure must not increase further during 
contraceptive use. The hypertension caused by oral 
contraceptives persists for about 3 months after dis
continuance of therapy.23 No correlation has been 
established between weight gains and hyperten
sion.18 It is noteworthy that in the majority of hy
pertension cases increases in cholesterol, triglycer
ides, and phospholipids are observed during 
estrogen-gestagen therapy. 

Since findings on the correlation between dura
tion of oral contraceptive use and the development 
of hypertension are contradictory, it remains un
clear whether the interruption of pill use at given in
tervals can reduce the incidence of hypertension. 
Further studies in this direction are needed. Even if 
we accept the highest figures on the incidence of hy
pertension in oral contraceptive users, however, we 
still find that 95 % of all pill users will not develop 
hypertension after about 5-years' use. The 5% who 
develop hypertension cannot yet be reliably identi
fied prior to treatment. In any event, the hyperten
sion is reversible. Thus, intervals of nonuse will be 



of unproved value in about 5 % of all pill users and 
of no value in the remaining 95 % . At the same time, 
such intervals increase the risk of unwanted preg
nancy with its associated morbidity and mortality. 

Practices 

When estrogens are prescribed, the blood pressure 
should always be measured before and during ther
apy. This is done in any case as part of the initial 
examination. Both the patient history and family 
history must be obtained. Risk factors for the de
velopment of hypertension should be noted (Table 
3). If one or more of these risk factors are present, 
a relative contraindication exists for the use of the 
pill. If the blood pressure at rest is within the range 
140-160/90-95 mm Hg, estrogen-gestagen may be 
prescribed on a trial basis. Since it has been shown 
that the use of low-estrogen doses and the reduction 
of sodium intake below 3 g/day can prevent the de
velopment of hypertension during estrogen use,lO 
low-dose preparations are preferred. 

Treatment 

If hypertension develops, it can frequently be re
lieved simply by reducing the dosage or changing to 
a different product. If the blood pressure exceeds 
160/95, the estrogen product should in most cases be 
discontinued and alternative methods considered. 
However, if continued estrogen therapy is indicated 
or is desired by the patient, concurrent antihyper
tensive drugs may be given for a time. The blood 
pressure will usually normalize under this treatment 
and will remain normal when antihypertensive med
ication is withdrawn, provided the hypertension is 
not secondary to some other disease. Since evidence 
indicates that progesterone sometimes plays a role 
in the development of hypertension, one should con
sider stopping or changing the gestagen if an estro
gen-gestagen preparation is being given. 

Table 3. Risk Factors for Development of Hypertension 
in Oral Hormonal Contraceptive Users (Relative 
Contraindication for Use) 

Family history of hypertension 
Patient history of renal disease 
Hypertension or gestosis in prior pregnancy 
Vascular disease 
Diabetes, obesity 
Hyperlipidemia 
Endocrine disorders of adrenal cortex 
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Some authors have reported that the hyperten
sion associated with oral contraceptive use returns 
to normal after a certain period despite continued 
use of estrogen-gestagen preparations. If normali
zation of the blood pressure has not occurred 3 
months after the discontinuance of contraceptive 
use, the patient should receive antihypertensive 
treatment. All hypertension cases associated with 
pill use respond promptly and safely to the use of 
antihypertensive medications.18•23 Spironolactone is 
suitable. Symptomatic treatment with sulfonamide 
saluretics (thiazides, furosemide) should be insti
tuted only after exclusion of hyperkalemia. The 
beta-blocking drugs are also suitable for lowering 
the blood pressure in patients on contraceptive ste
roids; like beta-propranolol, the beta-blocking drugs 
simultaneously inhibit renin release. If the hyper
tension is severe or persists after discontinuance of 
the hormones, an underlying cause (e.g., renal dis
ease) must be sought. 

In pregnancy or otherwise, the goal of antihyper
tensive therapy is to lower the systolic and espe
cially the diastolic blood pressure elevation in order 
to prevent a vascular placental insufficiency, with its 
heightened fetal morbidity and mortality, and to 
avoid premature placental detachment and mater
nal eclampsia. Physical rest is of prime importance. 
The patient should be placed on bed rest if at all 
possible, as this tends to improve the placental per
fusion. The patient should lie on her side, rather 
than on her back, as the latter position may cause 
compression of the large ascending vessels from the 
pelvis. It has been shown that bed rest, by improving 
the placental blood flow, can produce an increase in 
plasma renin activity and concentration.24a The diet 
should be high in protein (eggs, milk, cottage 
cheese), particularly with low total albumin values 
and proteinuria, and low in fats and carbohydrates. 
Fruits and rice should be included periodically. Salt 
intake should be kept below 2-3 mg. Diuretics are 
not currently recommended for lowering the blood 
pressure, even in combination with antihypertensive 
agents. Most diuretics, in any case, do not lower the 
blood pressure significantly in toxemia of pregnancy 
and often even aggravate the tendency toward elec
trolyte imbalance and potassium loss. If potassium 
deficiency is present, it is corrected by potassium re
placement. For low albumin values, albumin infu
sions are given in a dose of three to four bottles of 
50-mI20% human albumin per day. The infusion of 
amino acids in a dose of 500 ml/day may also be in
dicated. In severe hypertension of pregnancy, anti
hypertensive drug therapy may become necessary. 
This is done mainly to improve the maternal prog
nosis, less so that of the fetus. Suitable drugs include 
dihydralazine, clonidine, and a-methyldopa. Where 



190 Ch. Lauritzen 

sedation is warranted, reserpine or diazepam may 
also be given. The iv administration of Nepresol is 
done by drip infusion with a drop counter. Two am
pules of 25 mg each are dissolved in 500 ml of elec
trolyte solution. The infusion rate is 20 drops/min 
initially and can be increased or decreased according 
to the blood pressure level. Accurate blood pressure 
monitoring at frequent intervals is necessary during 
the infusion, as is the continuous monitoring of fetal 
heart sounds, since an excessive or overly rapid fall 
of blood pressure can endanger the fetus through 
underperfusion of the uteroplacental blood vessels. 
If severe hypertension is accompanied by hyperre
flexia and agitation as signs of preeclampsia, mag
nesium is administered. The initial dose is 3-4 g of 
magnesium sulfate iv for 5 min, corresponding to 
15-20 ml of a 20% solution. This is followed by con
tinuous drip infusion of 50 ml of 20 % solution dis
solved in 500 ml of 5 % glucose, introduced at a rate 
of 20 drops/min. The blood pressure and reflexes 
must be monitored frequently during the therapy. 
The magnesium values in the serum and urine are 
checked. Calcium should be kept ready as an anti
dote. 

Hypertension during Postmenopausal Use 
of Estrogens 

As a rule, natural estrogens are administered during 
the postmenopausal period. Apparently the inci
dence of hypertension is significantly lower in such 
cases, particularly since lower dose equivalents are 
prescribed during postmenopause than in oral con
traceptive therapy. 

There are numerous studies which indicate that 
the long-term use of natural estrogens by postmeno
pausal women causes no increase in the average or 
individual blood pressure reading. Such studies 
have been published on micronized estradiol, 
estradiol valerate, conjugated estrogens,12,20 and es
triop,9,ll In cases where blood pressure elevations 
were determined, relatively high doses of conjugated 
estrogens were generally involved.26 The role of the 
estrogens in the blood pressure increases was not al
ways clearly defined. Nevertheless, natural estro
gens apparently are responsible for the development 
of hypertension in a few cases. Again, the patients 
usually are women with a family history of hyper
tension or a personal history of serious renal disease. 
The mechanism of the hypertension is a disturbance 
in the regulation of the renin-angiotensin-aldoste
rone system based on an impaired feedback inhibi
tion of the renin substrate. The aldosterone level is 
usuallyelevated.8,19 

Treatment is given by change or even withdrawal 
of estrogens. If the medication is to be maintained, 
reduction of sodium intake and the prescription of 
suitable antihypertensives is indicated. 
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Renal Hypertension 

K. Hayduk, U. Helmchen 

Many types of hypertension exhibit a renal compo
nent. To characterize the role of the kidney in the 
development of hypertension in more emphatic 
terms: There are few types of hypertension in which 
a primary or secondary renal involvement can be ex
cluded with certainty, even in the early stage. Every 
type of hypertension can lead to renal damage in the 
form of benign or malignant nephrosclerosis, which 
in turn can aggravate the hypertension. In the case 
of essential hypertension, for which many authors 
reject a primary renal component (see Ref. 40,) 
though both epidemiologic1o•47 and animal stud
ies2•10•47 point to insufficient renal sodium excretion 
due to genetic and nutritional influences as the 
cause of the hypertension. In this chapter, however, 
we shall deal mainly with types of hypertension that 
are caused exclusively by renal parenchymal 
changes and are not surgically correctable. 

Kincaid-Smith states that practically all diseases 
that lead to renal failure can cause hypertension and 
that therefore a complete listing of these diseases is 

15 

of no advantage.25 We agree with this view and 
therefore will place special emphasis only on renal 
diseases which either are very common and thus of 
major clinical relevance or are associated with a 
more significant blood pressure increase than other 
diseases with corresponding degrees of renal failure. 
We shall also consider the renal changes caused by 
hypertension and discuss several systemic diseases 
with renal involvement and hypertension. 

Hypertension in Primary Renal Disease 

Glomerulonephritis 

The prevalence of hypertension varies among the 
different forms of glomerulonephritis (Table 1). 
Surprisingly, the blood pressure often is elevated 
even in patients who have apparently recovered 
completely from glomerulonephritis. In other cases, 

Table 1. Prevalence of Hypertension in Different Histologic Forms of Glomerulonephritis 

No. of Patients No. of Hypertension 
Form of Glomerulonephritis Studied Cases % 

Endocapillary (acute) of poststreptococcal 43 22 51.2 
type 

Mesangioproliferative 531 181 34.1 
Minimally proliferative intercapillary 1004 245 24.4 
Focal sclerotic 65 22 33.8 
Perimembranous 191 58 30.4 
Membranoproliferative 70 40 57.1 
Rapidly progressive 56 29 51.8 

From Bohle A et aI., ref 4. 
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Figure 1. Philipp S., age 50. Endocapillary glomerulo
nephritis of poststreptococcal type. PAS reaction, X 64. 

hypertension may return after a prolonged normo
tensive interval. Thus, it is practically impossible to 
answer the extremely important question, both in 
terms of prognosis and disability evaluation, of 
whether the hypertension is glomerulonephritic or 
essential in origin without performing a renal bi
opsy. Even then, it may be difficult or impossible to 
ascertain the cause of the hypertension (Fig. 1). The 
mechanism of hypertension in acute glomerulo
nephritis may involve sodium and water retention 
resulting from the glomerular lesion. It remains un
clear whether a relative activation of the renin
angiotensin-aldosterone system (i.e., inadequate 

Figure 2. Annelore M., age 35. Chronic destructive non
purulent pyelonephritis in nephrolithiasis. PAS reaction, 
X30. 

Figure 3. Rudolf B., age 40. Aseptic papillary apical ne
crosis following analgesic abuse (total amount of phena
cetin ingested: approx. 4.8 kg). PAS reaction, X30. 

Figure 4. Birgit B., age 17. Primary malignant nephro
sclerosis. Hemolytic-uremic syndrome at admission with 
arterial blood pressure of 140/90 mm Hg. PAS reaction, 
X64. 

Figure 5. Ernst R., age 47. Secondary malignant neph
rosclerosis. Three-year history of hypertension, acceler
ated arterial hypertension for previous 4 months. PAS re
action, X 64. 

suppression relative to the degree of sodium and 
water retention) also plays a role. In chronic glomer
ulonephritis with minimal glomerular changes, vas
cular changes also could precede the development of 
hypertension.24 

One difficulty for the clinician should be men
tioned in this regard: The severity of the hyperten
sion, renal function impairment, and sedimentation 
findings (proteinuria, erythrocyturia, leukocyturia, 
cylindruria) in renalized essential hypertension and, 
more rarely, in other forms of malignant hyperten
sion may resemble the findings in glomerulonephri
tis. If renal biopsy is omitted in these patients, the 
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course of the disease can be useful in determining 
whether hypertension with secondary renal damage 
or glomerulonephritis with hypertension is involved. 
If proteinuria (>0.2 g per 24 h) and erythrocyturia 
(>2000/min) persist despite blood pressure normal
ization, a primary renal lesion is probably present. 

Like Sarre et al.,39 we found in our study popula
tion that hypertension is generally more pronounced 
in glomerulonephritis with serum creatinine values 
of up to 8 mg per 100 ml than in pyelonephritis and 
cystic kidney. At creatinine values above 8 mg per 
100 ml, the patients with glomerulonephritis showed 
a slight fall of blood pressure, so that differences 
with respect to the other two renal diseases men
tioned were not so pronounced. It would appear that 
this degree of renal function loss leads to numerous 
complex disturbances of blood pressure regulation 
which outstrip the influence of the underlying dis
ease. We also found that in patients with histologi
cally proven glomerulonephritis, those who had nor
mal renal function at the time of examination but 
later developed renal insufficiency had higher blood 
pressure readings than patients whose renal func
tion remained normal during the next 5 years' ob
servation. Whether impaired renal function in these 
patients was due at least partly to the hypertension 
or whether the hypertension represented a predictor 
of an unfavorable course of the glomerulonephritis 
cannot be determined, particularly since no serial 
biopsy data are available. It appears doubtful that 
the histologic type of glomerulonephritis is entirely 
responsible for the development of the hyperten
sion, because the described trend was also observed 
when patients with mesangioproliferative glomeru
lonephritis were investigated. Of course it must be 
pointed out that an assessment of the renal intersti
tium, which apparently is important for renal excre
tory function even in primary glomerular disease,5 
was not included in this investigation. 

Pyelonephritis 

On the basis of our experience, hypertension is ex
tremely rare in acute pyelonephritis with no sig
nificant impairment of renal function. In chronic 
pyelonephritis established radiologically or patho
anatomically, the incidence of hypertension report
edly ranges from 30 % to 75 %. In cases of recurrent 
urinary tract infection with no radiologic signs of 
renal scarring, the incidence of hypertension is less 
than 10%; if parenchymal scars are demonstrated, 
this percentage rises sharply. On the basis of earlier 
observations of vascular changes in the region of 
pyelonephritic scars23 and results of our groups 
showing elevated renin values in the venous blood of 

the scarred kidney, high renin levels, and hyperpla
sia of the juxtaglomerular apparatus in the vicinity 
of scarred renal areas19 (Fig. 2), we suggest that an 
ischemia-induced increase in renin secretion is at 
least partly responsible for hypertension in pyelo
nephritis (see also Ref. 20). 

Polycystic Renal Disease 

Cystic ectasis of the renal tubules is a feature com
mon to all polycystic renal diseases. In the adult 
form of the disease hypertension is often the leading 
symptom, while it is rare in the juvenile form and 
practically absent in medullary carcinoma of the 
kidney. 

Very severe hypertensive states can result from 
cystic renal disease, regardless of the degree of renal 
failure. For example, in a 32-year-old man with cys
tic kidneys and a creatinine of 1.5 mg per 100 ml, we 
observed malignant hypertension with blood pres
sure readings up to 270/170 mm Hg. 

Besides the sodium and water retention that can 
occur in all forms of renal disease, we must also con
sider ischemic processes due to cystic renal changes 
as a potential cause of hypertension. We found in 
our study population that in cases of terminal renal 
failure requiring dialysis, blood pressure control 
generally presented no particular difficulty in pa
tients with cystic kidneys. 

Special Forms of Renal Hypertension 

Analgesic Nephropathy 

Analgesic nephropathy has been associated mainly 
with phenacetin and phenacetin derivatives in Eu
rope,t6 whereas aspirin is cited in the Australian lit
erature as the main nephrotoxic ingredient of anal
gesics.25 Animal studies have shown that both types 
of drug are nephrotoxic with different sites of ac
tion.16,25 The earliest sign of damage is a decreased 
perfusion of the renal medulla; further damage also 
is restricted mainly to this region (Fig. 3). The cause 
of the diminished medullary blood flow in the case 
of phenacetin may be a toxic microangiopathy.l 

Close inspection reveals certain differences be
tween the clinical pictures of the European and Aus
tralian forms of analgesic nephropathy. Besides 
renal damage, phenacetin abuse leads to hemato
logic changes (excessive anemia for degree of renal 
insufficiency, hemolysis with high reticulocyte 
count, sometimes splenic enlargement and met
hemoglobinemia) as well as nervous system distur-



bances (nervousness, tremor, headache, mood 
swings). Proteinuria is usually slight, and few leu
kocytes, erythrocytes, and casts are found in the 
urine. Urinary tract infections are observed in 20%-
50% of cases; bacterial inflammations are particu
larly common if renal function is already impaired. 
Papillary necrosis is frequently observed. The blood 
pressure is rarely elevated at the onset of the ne
phropathy. In the Australian form of the disease, 
early papillary necrosis with calcification is de
scribed, and hypertension is reported in more than 
80% of cases. Half the hypertensive patients have 
diastolic readings above 120 mm Hg. The severe hy
pertension may result from destruction of the inter
stitial cells of the renal medulla, with a diminished 
secretion of prostaglandins.25 It should be noted, 
however, that the concept of "aspirin nephropathy" 
is not unchallenged.1s The results of a cooperative 
study in New Zealand37 and further studies32 dispute 
the nephrotoxicity of aspirin while demonstrating 
that phenacetin and its degradation products 
are important in the development of analgesic ne
phropathy. 

Acute Renal Failure 

In acute renal failure, moderate elevations of blood 
pressure can occur at the onset of the oliguric phase, 
regardless of the etiology of the disease. As the du
ration of the oliguria increases, elevated blood pres
sure values are observed in up to 85 % of cases . .w It 
is surely incorrect to hold hypervolemia solely re
sponsible for all these cases. Various authors have 
pointed out increased renin levels in acute renal fail
ure.B.27 We also found elevations of plasma renin in 
patients with acute renal failure, normal central ve
nous pressure, and hypertension, but there was not 
necessarily a correlation between hypertension and 
an elevated plasma renin. 

Terminal Renal Failure 

Practically any renal disease can progress to termi
nal renal failure with hypertension. The develop
ment of hypertension is ascribed to interactions be
tween hypertension-promoting factors and the 
failure of hypertension-preventing mechanisms.41 

After chronic intermittent hemodialysis therapy 
enabled the treatment of terminal renal failure, it 
was soon learned that hypertension represented one 
of the most important problems in this form of 
treatment. It was found that the blood pressure of 
most dialysis patients could be normalized by salt 
and water restriction (salt- and volume-dependent 
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hypertension4B). Various authors point out that fluid 
restriction is of greater importance in the control of 
hypertension than a low sodium content of the di
alysate.30 On the basis of our experience with more 
than 20 patients with terminal renal failure and hy
pertension, sodium concentrations of 140-150 mEq/ 
liter in the dialysate allow better ultrafiltration and 
blood pressure control than concentrations of 125 
mEq/liter. At the low sodium concentration, the pa
tients continually complain of calf muscle spasticity 
and faintness during dialysis, with inadequate blood 
pressure control during the dialysis interval. Per
haps the low sodium content of the dialysate stim
ulates the renin-angiotensin system, and the high 
angiotensin II level counteracts the blood pressure 
reduction (see below). With the technique of hemo
filtration, it is sometimes possible to effectively 
lower the blood pressure of patients difficult to con
trol with conventional hemodialysis therapy.42 

Brown et al. were able to show a positive correla
tion between blood pressure level and plasma renin 
values in dialysis patients, although this correlation 
was not valid for the individual patient in every 
case.7 In some patients with severe hypertension 
who responded to extreme ultrafiltration and con
ventional antihypertensive drug therapy with a rise, 
rather than fall, of blood pressure, markedly ele
vated plasma renin values could be shown. In these 
cases the blood pressure could be effectively low
ered, and bilateral nephrectomy avoided, by the use 
of minoxidil, a peripheral vasodilator which is not 
yet readily available commercially.29.38 Following bi
lateral nephrectomy, the blood pressure generally is 
once again salt- and volume-dependent and amena
ble to control, although normotension is not attain
able in all patients.43 As a rule, dialysis patients with 
high renin levels appear to demonstrate a greater 
fall of blood pressure following nephrectomy than 
patients with low renin levels. 

It should be pointed out that the percentage of 
dialysis patients with high blood pressure, and par
ticularly those with intractable hypertension requir
ing bilateral nephrectomy, varies substantially from 
one dialysis center to the next. It is unclear whether 
this relates to differences in the underlying renal 
disease, the dialysis technique, or the antihyperten
sive drug therapy. 

Malignant Nephrosclerosis 

Malignant nephrosclerosis actually encompasses 
two entirely different syndromes which show the 
same clinical and morphologic features only in their 
late stages.3 

The first syndrome (primary malignant nephro-
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sclerosis) begins normotensively, usually following 
gastrointestinal or pulmonary infections or the use 
of ovulation inhibitors, and is marked by severe 
hemolytic anemia, hypercoagulability, and rapidly 
progressive renal failure. The morphologic correlate 
consists of a stenosing intimal edema of the inter
lobular arteries and vas afferens with fibrinoid vas
cular necrosis and usually slight glomerular cell pro
liferation. This is accompanied by changes in the 
glomerular basement membrane as well as the tu
bular changes of acute renal failure (Fig. 4). Extra
renal vascular lesions are extremely rare. (For mor
phologic details, see Ref. 6.) 

The disease may progress in stages. The morpho
logically abortive forms with lesions restricted to the 
glomeruli and with mild hypertension are distin
guished from the severe forms in which the disease 
picture is complete and the hypertension is difficult 
to control despite dialysis therapy. In rarer cases the 
patient may improve or even recover completely. 
The picture was first described by Fahr in 192413 and 
Schurmann and MacMahon in 1933.44 It then en
tered the medical literature under various names 
(see survey in Ref. 6), until 1973 when Bohle et al. 
pointed to a prior coagulation disturbance as the 
characteristic feature of the disease and suggested 
the term primary malignant nephrosclerosis.3 This 
term probably should also include the hemolytic
uremic syndrome of Gasser et aU4 Thrombocyto
penic purpura,36 by contrast, causes mainly extrare
nal and particularly central nervous changes and so 
is not associated with significant renal insufficiency. 

Malignant nephrosclerosis following prolonged 
hypertension (secondary malignant nephrosclero
sis3) is characterized by fibroid necrosis and by focal 
fibrotic and sclerotic vascular lesions which are dif
ficult to distinguish from the late changes in pri
mary malignant nephrosclerosis. Clinically, there is 
a gradual progression of renal insufficiency with few 
hematologic and hemostasiologic changes. Second
ary malignant nephrosclerosis can develop during 
the course of practically any hypertensive disease 
but is particularly common when the underlying dis
ease is of renal origin. Sometimes glomerulonephri
tis can no longer be distinguished from malignant 
nephrosclerosis in the late stage ("end-stage kid
ney") (Fig. 5). 

Radiation Nephritis 

Exposure of the kidneys to radiation (usually in 
doses over 2000 rad) can lead to the development of 
hypertension weeks or even years after the exposure 
(39% incidence of hypertension, of which 28% was 
malignant31). Differentiation into acute and chronic 

forms of the disease31 is unnecessary since the tran
sitions are fluid. If only one kidney was irradiated 
and radiation nephritis is established, unilateral ne
phrectomy is recommended if hypertension persists. 
If both kidneys are involved, antihypertensive ther
apy is indicated. The histologic changes in radiation 
nephritis resemble those in malignant nephroscle
rosis, the individual histologic picture depending on 
the time elapsed since irradiation. Kincaid-Smith 
points out, however, that in cases of unilateral ra
diation nephritis and malignant hypertension, the 
malignant nephrosclerosis in the unirradiated kid
ney will "heal" in a few days with appropriate anti
hypertensive therapy; i.e., the fibrinoid changes in 
the unexposed kidney will undergo hyaline degen
eration, while those in the exposed kidney may per
sist for years. 25 

Renal Hypertension in Systemic Diseases 

As mentioned, it is well known that any disease ac
companied by the destruction of renal tissue and 
subsequent impairment of kidney function can lead 
to renal hypertension. Examples are the nephropa
thies that occur in malignant diseases,t5,28 in amyloi
dosis, in infectious diseases,12 and in diabetes 
mellitus. 

In the classic (generalized) form of Wegener's 
granulomatosis, renal involvement is present by def
inition, in this case in the form of focal necrotizing 
glomerulitis. Inflammatory processes in the small 
arteries and arterioles are present in the intersti
tium. Nevertheless, the reported incidence of hyper
tension is only 10% -20% .21 Goodpasture's syn
drome is characterized by glomerulonephritis and 
pulmonary hemorrhage with linear immunofluores
cence (IgG, C3) of the glomerular capillaries and al
veolar septa. However, many cases are probably as
signed to this syndrome without histologic 
confirmation. Data on the prevalence of hyperten
sion are not meaningful owing to a frequent lack of 
histologic confirmation of the diagnosis and small 
case numbers. In three cases of Goodpasture's syn
drome we found no hypertension at the onset of the 
disease. Two of these patients have been treated and 
observed for 3 years and for 10 months, respectively, 
and so far have developed neither hypertension nor 
renal insufficiency. 

In gout patients, hypertension is more frequent 
and more pronounced than the degree of renal in
sufficiency would suggest. Overweight and early 
sclerotic renal changes35 sufficient to cause ischemia 
must be considered partly responsible for the devel
opment of hypertension in these patients. 



We shall now discuss several systemic diseases in 
which the kidney is often involved and in which a 
severe, sometimes malignant hypertension develops 
as a result of renal vascular lesions. 

Scleroderma 

In scleroderma, proteinuria is usually the first sign 
of renal involvement. Hypertension is present in 
about 25% of cases. About 15%-20% of patients 
develop a sudden malignant hypertension which re
sponds poorly to therapy, is often accompanied by 
left-heart failure, and leads to terminal renal failure 
within a few weeks.45 The plasma renin levels were 
determined in a few patients, and a marked to ex
treme increase was generally found. 

The severe hypertension with elevated renin lev
els sometimes observed in scleroderma is caused by 
renal changes similar to those in primary malignant 
nephrosclerosis (Fig. 4). It is interesting to note that 
pregnancy in scleroderma can also bring on this ful
minant course of hypertension,22 again illustrating 
the clinical relation to primary malignant nephro
sclerosis. Morphologically, the disease affects 
mainly the interlobular arteries whose narrowing is 
responsible for the elevation of blood pressure and 
plasma renin levels. 

Periarteritis Nodosa 

As in malignant nephrosclerosis and scleroderma, 
the hypertension in periarteritis nodosa is produced 
by narrowing of the larger renal artery branches 
with subsequent ischemia. Recognition of the dis
ease is often quite difficult owing to the varied clin
ical picture; it should be suspected whenever hyper
tension (in about 60% of cases) and eosinophilia 
occur simultaneously. Hypertension may be the pre
dominant symptom in both children34 and adults 
and can develop at any point during the course of 
the disease. 

Systemic Lupus Erythematosus 

Dubois and Tuffanellil1 report a 25.2 % incidence of 
hypertension in systemic lupus erythematosus 
based on their analysis of 520 cases; other authors 
have found hypertension in 45% of cases.9 Based on 
our own observations, we have the impression that 
the prevalence of hypertension depends on the 
acuteness of the disease. In five acute cases charac
terized by fever and later by rapidly progressive 
renal insufficiency, we found an early development 
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of hypertension which responded poorly to treat
ment. In one case the disease was complicated by 
acute renal failure. The blood pressure in this 
woman could be effectively controlled during 8 
weeks of dialysis therapy; after renal function re
turned without characteristic polyuria (creatinine 
values - 2.5 mg per 100 mI), it became increasingly 
difficult to control the blood pressure. 

Therapy 

The therapy of renal disease and high blood pres
sure includes both causal and symptomatic treat
ments. The causal therapy of glomerulonephritis is 
today one of the most controversial chapters of ne
phrology. The reader is referred to literature surveys 
for information on this point.26 The therapy of other 
renal diseases also requires no further discussion 
here, with the exception of malignant nephroscle
rosis. Some authors suggest heparinization for pri
mary malignant nephrosclerosis. We believe that fi
brinolysis is too risky in view of the questionable 
prospects of success. As for the therapeutic value of 
thrombocyte-aggregation inhibitors, it is our opin
ion that experience with them is still insufficient to 
make a judgment. The prophylaxis and treatment of 
secondary malignant nephrosclerosis consists of ef
fective blood pressure control. The treatment of sys
temic diseases with renal hypertension is also be
yond the scope of this paper. 

The symptomatic treatment of renal hypertension 
is similar to that of other forms17 (see Chap. 33). In 
the case of renal hypertension, however, it is impor
tant to note that a transitory worsening of renal 
function may occur initially when the elevated blood 
pressure is lowered with antihypertensive drugs. 
This by no means implies that the hypertension is 
"necessary" and should consequently remain un
treated; this would surely lead to an irreversible de
cline of renal function. On the contrary, a continued 
reduction of blood pressure eventually leads to an 
amelioration of renal function, as the renal vascular 
lesions caused by the hypertension regress. There 
may also be a marked improvement of cerebrovas
cular lesions, which are often associated with the 
renal changes. 

In very severe hypertension with impaired renal 
function, early dialysis therapy may prove necessary 
after all conservative attempts at treatment have 
failed. As a rule, the blood pressure can be effec
tively controlled in this way. In other cases, terminal 
renal failure may develop in the setting of malignant 
hypertension; in some of these patients, dialysis 
therapy could be discontinued after a period of 
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weeks, months, or years.18.33 Most of these cases 
were diagnosed as a form of malignant nephro
sclerosis.18.33 
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Renovascular Hypertension 

J. Rosenthal, I. Arlart, H. E. Franz 

A special chapter is devoted to renovascular hyper
tension because it is the most frequent form of sec
ondary hypertension for which specific surgical 
treatment is available. This corresponds to the def
inition formulated by Maxwell and Prozan: "Reno
vascular hypertension is caused by an occlusive dis
ease of the renal arterial vasculature, which is 
potentially curable by either reconstructive vascular 
surgery or by nephrectomy.,,59 In the present survey 
we shall examine the incidence and causes of reno
vascular hypertension, cite clinical and diagnostic 
aspects of the disease, describe the various patho
physiologic relationships, and discuss surgical pro
cedures and results. Finally we shall present critical 
recommendations concerning the cost/benefit ratio 
of diagnosis and treatment. 

Incidence 

According to recent large-scale studies, the overall 
incidence of hypertension among the population is 
between 10% and 15%; i.e., 2 of 20 people suffer 
from elevated blood pressure exceeding 140/90 mm 
Hg. If we exclude persons with blood pressures of 
140-160 mm Hg systolic and 90-95 mm Hg diastolic 
("borderline" according to WHO classification), we 
still find an overall incidence of 7 % -10 % for hyper
tensive disease among the general population. 

On the basis of results of renal arteriography, the 
only objective clinical method of demonstrating re
novascular hypertension in hypertensive patient 
groups, as well as on pathoanatomic findings in au
topsy material, it may be assumed that the inci-
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dence of hypertension due to renovascular causes is 
approximately 3 % -6 % .12,24,43,47,59 

Not every constriction of a renal artery leads to 
hypertension; this is shown by postmortem pa
thoanatomic and angiographic studies. Thus, even 
in normotensive individuals, moderate to severe 
renal artery stenosis could be demonstrated in up to 
49% of cases.34 These cases all involved vascular 
changes of arteriosclerotic origin. Among 750 hyper
tensive patients, Kennedy et al. found renal artery 
stenosis in 5.7%, with ischemia of the stenosed kid
ney in 3.6 %.43 With a prevalence of about 5 %, re
novascular disease represents the most frequent 
cause of secondary hypertension. 

Causes 

The causes of renovascular hypertension, which 
lead to the constriction or displacement of a main 
renal artery branch or segmental renal artery, can be 
quite varied. Besides congenital malformations and 
posttraumatic or tumorous changes, causes include 
inflammatory, immunologic, occlusive, and degen
erative vascular disease (see Table in Ref. 11): 

1. Congenital 
a. Fibromuscular hyperplasia 
b. Abdominal aortic stenosis 
c. Renal artery aneurysm 
d. Renal arteriovenous fistula 

2. Acquired 
a. Arteriosclerosis 

(1) Of the renal artery 



Type of lesion Prevalence 

@) Intimal fibroplasia 1% 

Medial fibromuscular dysplasia 

• Medial fibroplasia 64% 
Peri medial fibroplasia 20% 
Medial hyperplasia 10% 
Medial dissection 5% 

e Adventitial fibroplasia 
<1% 

Periarterial fibroplasia 

Figure 1. Morphologic classification of renal artery 
stenoses. Modified from Harrison EG, McCormack LJ, 
ref 30 

(2) Of the aorta (with increasing thrombotic 
occlusion) 

b. Thrombosis or embolism of the renal artery 
(with or without infarction) 

c. Renal arteritis 
d. Trauma of the renal artery (with thrombosis, 

perirenal hematoma, arteriovenous fistulas, 
occlusion by foreign bodies) 

e. Tumor or fibromatosis of the renal artery 

The most frequent cause of renal artery stenosis 
is arteriosclerosis, which is responsible for about 
75% of cases. The second most frequent cause is the 
vascular changes of fibromuscular hyperplasia, ac
counting for 15%-20% of cases.37 This dysplasia of 
the renal artery may have genetic causes and ap
pears to progress in severity. Since 1971 a new clas
sification has been generally accepted for fibromus
cular hyperplasia,30 which subdivides lesions into 
those involving the intima, the media, and the ad
ventitia (Fig. 1). 

1. Intimal fibroplasia: The infrequent involvement 
of the innermost layer of the vessel wall (about 
1 %) is characterized by a circumferential or ec
centric thickening of the intima by loose, muci
nous fibrous tissue. 

2. Medial (fibromuscular) dysplasia: A distinction is 
made between medial hyperplasia with simple 
thickening of the smooth muscle (about 10%), 
medial fibroplasia with mural aneurysm (about 
64 %), perimedial fibroplasia with collagenous de
posits in the outer half of the media (about 20 %), 
and medial dissection within the external elastic 
membrane (about 5%). 
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3. Adventitial changes: Periarterial fibroplasia is 
the rarest form of arterial dysplasia (less than 
1 %), in which the adventitia is surrounded by a 
collagenous fibrous coating. 

The demographic analysis of a large cooperative 
study in 2442 patients showed a general peak inci
dence of renovascular hypertension between ages 40 
and 50.54 The average of men with renal artery ste
nosis due to arteriosclerosis was about 52, while the 
peak age of women with fibromuscular renal artery 
stenosis was in the 30-40 range. Thus, of 554 pa
tients with arteriosclerotic renal artery stenosis, 
60 % were men and 40 % were women. Of 284 pa
tients with fibromuscular renal artery stenosis, on 
the other hand, 82 % were women and only 18 % 
were men. In 60 % of patients with unilateral ste
nosis, arteriosclerotic changes were demonstrable on 
the left side; 30.6 % of the arteriosclerotic stenosis 
and 25 % of the fibromuscular stenoses were bilat
eral. On the basis of these findings, it can be stated 
that renal artery stenosis of arteriosclerotic origin is 
more frequent in men and is usually left-sided, 
whereas fibromuscular stenosis is usually right
sided (74%) and is much more frequent in women. 

Pathophysiology of Renovascular 
Hypertension 

A principal factor in the pathogenesis of renovas
cular hypertension is the renin-angiotensin-aldo
sterone system. The control of renin release can 
take place by numerous mechanisms: 

1. There is evidence that two intrarenal receptor 
mechanisms are involved in the control of renin 
release. The renal vascular receptor appears to be 
located in the afferent arteriole in the area of the 
juxtaglomerular cells and is apparently sensitive 
to changes in vascular wall tension. This barore
ceptor mechanism triggers the release of renin 
from the juxtaglomerular cells if there is a fall in 
the perfusion of the afferent arterioles.7,15,26,98 

The macula densa appears to be a sodium-sensi
tive receptor capable of stimulating renin secretion 
in response to changes in the tubular sodium envi
ronment. The precise mechanism by which the ma
cula densa effects renin release is unclear.27,7o,88,91 

Nevertheless, previous experimental data indicate 
that the renal vascular receptors playa primary role 
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in the liberation of renin from the juxtaglomerular 
apparatus. 

2. Renal nerves also exert an influence on renin 
secretion.49.64•65 An increase of renin secretion has 
been demonstrated in response to neural elec
trostimulation as well as to blockade of the bar
oreceptors with papaverine. Beta-adrenergic re
ceptors are probably responsible for the nervous 
transmission. Renal nerves and catecholamines 
can influence renin release by various mecha
nisms, as noted below. 
a. Renal nerves and catecholamines produce a 

change in the constriction of the renal arteri
oles. Since vascular receptors are localized in 
the afferent arteriole, renal nerves and adrenal 
hormones can exert an effect on these recep
tors and regulate renin release. 

b. Changes in the arterial lumen influence the 
glomerular capillary pressure, an important 
factor in the control of the glomerular filtra
tion rate. Afferent vasoconstriction leads to a 
fall of the glomerular filtration pressure and 
thus to a decrease in the filtration rate. This 
in turn causes a decrease in filtered sodium, 
leading to a change in the amount of tubular 
sodium reaching the macula densa. 

c. The renal nerves terminate directly in the glo
merular cells, thus permitting the nerves or 
catecholamines to act directly on renin 
production. 

d. A redistribution of the renal blood flow from 
the cortical renin-rich regions into the med
ullary renin-poor regions can be induced. 

e. Adrenergic receptors appear to transmit the 
responses of the renal nerves and cate
cholamines. 

3. Since an increased release of prostaglandins into 
the renal venous blood or urine has been reported 
in renovascular hypertension,t9.61.95 it can be as
sumed that the unilateral decrease of sodium re
sorption and PAH excretion is the result of an in
crease of intrarenal prostaglandin synthesis and 
release in the stenosed kidney. Animal experi
ments have shown an increase of renal prosta
glandin E2 synthesis in the medulla;18 these sub
stances appear to exert a protective effect on 
renal function. 76 In particular, a marked increase 
in renal blood flow can be demonstrated primar
ily in the renal medullary area.48 Moreover, pros
taglandin E2 appears to exert a regulatory influ
ence on the renin system, since PGE2 causes an 
increase in renin secretion when administered in
travenously.99 In renovascular hypertension, a fall 
of blood pressure can also be measured after in
travenous prostaglandin infusion.69 

The Role of Angiotensin in the 
Pathogenesis of Experimentally Induced 
Renal Hypertension 

Since the pioneering work of Goldblatt et al.,25 it has 
been known that the constriction of one renal artery 
causes the development of sustained arterial hyper
tension. The renal production of renin, the vasocon
strictive action of angiotensin II, and the observa
tion that constriction of a renal artery causes renin 
release81 led investigators to conclude that the renin
angiotensin system was the cause of hypertension. 
But while it could be shown that unilateral or bilat
eral experimental lesions of the kidneys led to a rise 
in blood pressure, numerous observations indicated 
that the pathogenic mechanisms varied with the na
ture of the lesion and that the renin-angiotensin sys
tem probably did not play an exclusive, uniform 
role. 

Goldblatt Hypertension (Unilateral Renal 
Artery Constriction and Contralateral 
Nephrectomy) 

In experiments with Goldblatt hypertension, doubt 
was cast on the exclusive pathogenic role of the 
renin-angiotensin system by the observation that 
normal renin values are sometimes measured when 
the blood pressure has reached a constant level. 28.87 
The renin-angiotensin system could not be respon
sible for maintaining this type of hypertension, be
cause neither passive renin immunization9' nor pas
sive immunization against angiotensin 1113 had an 
effect on the blood pressure; neither was it influ
enced by administration of a converting enzyme in
hibitor.46 On the other hand, the development of hy
pertension could be prevented by active immuni
zation against angiotensin II before experimental 
constriction of the renal artery. 50 The most probable 
explanation for the absence of renin secretion and 
maintenance of the hypertension is the observation 
that unilateral renal artery constriction with contra
lateral nephrectomy is accompanied by a positive 
sodium balance, and that this sodium excess is re
sponsible for maintaining the hypertension. The 
positive sodium balance is the result of a decrease in 
the glomerular filtration volume caused by renal ar
tery stenosis, combined with an increase of sodium 
reabsorption in the proximal tubule. The blood 
pressure can be lowered by sodium and water with
drawal, and increased again by sodium infusion.87 
Numerous experiments have demonstrated that 
renin release can be inhibited by a positive sodium 



balance90 or by expansion of the extracellular vol
ume.63 

Hypertension with Unilateral Renal Artery 
Constriction and Intact Contralateral Kidney 

In this type of hypertension, the renin-angiotensin 
system apparently plays a more important role than 
the sodium balance. In all stages of this experimen
tal hypertension the increase of plasma renin activ
ity correlates with the increase of renin in the post
stenotic kidney, while the renin content of the 
contralateral intact kidney is decreased.28 Aldoste
rone secretion is increased in this form of hyperten
sion, whereas normal aldosterone levels are mea
sured in the Goldblatt form.so It is known that the 
renin-angiotensin system is involved in maintaining 
the hypertension under conditions of unilateral 
renal artery stenosis with an intact contralateral 
kidney, because the blood pressure can be lowered 
by giving renin antibodies,94 a renin preinhibitor,78 
or pepstatin. Converting enzyme inhibitors,67 com
petitive angiotensin II antagonists,72 and angioten
sin II antibodies13 also exert an antihypertensive ef
fect. At the same time, it has been shown that the 
total urinary sodium excretion in the presence of 
unilateral renal artery stenosis does not differ from 
that in normal subjects.45 The normal sodium bal
ance in this type of hypertension results from the 
combination of a unilateral stenosed kidney and a 
contralateral intact kidney. The initial increase in 
sodium absorption caused by renal artery stenosis is 
offset by the possibility of increased sodium excre
tion via the contralateral kidney. The demonstrably 
reduced renin content of the contralateral, unsten
osed kidney is attributed to the elevated blood pres
sure and possibly to the decrease in sodium excre
tion.90 Regulation of the sodium balance by the 
contralateral kidney accounts for the stimulating ef
fect of renal artery stenosis on renin release. 

Hypertension from Bilateral Renal Artery 
Constriction 

Activation of the renin-angiotensin system in bilat
eral renal arterial stenosis has been shown to be un
reliable and inconsistent in experimental studies.28 
An increase of renin was found if the renal artery 
constriction had led to shrinkage of the kidney, 
while normal values were measured if no renal atro
phy was apparent. If the degree of stenosis is equal 
on both sides, biological conditions appear to be 
similar to those in Goldblatt hypertension; i.e., an 
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initial increase of renin secretion is suppressed by 
increasing sodium retention. If one kidney is more 
severely stenosed than the other, however, the less 
stenosed kidney can respond more sensitively to the 
elevated blood pressure and excrete increased 
amounts of water and sodium, thereby normalizing 
the sodium balance. In this case an increase of renin 
release can be measured on the more severely sten
osed side. 

Clinical Aspects of Renovascular 
Hypertension 

There are numerous clinical differences between es
sential hypertensive patients and patients with fi
bromuscular hyperplasia.79 Patients with essential 
hypertension are typically older than patients with 
fibromuscular hyperplasia, but younger than pa
tients with renal artery stenosis of arteriosclerotic 
origin. The duration of essential hypertension tends 
to be longer than that of renovascular hypertension. 
The onset of hypertension occurs beyond age 50 in 
over one-third of hypertensives with arteriosclerotic 
disease, in contrast to patients with essential hyper
tension (7 %) or fibromuscular hyperplasia (3 %). A 
relatively early onset of hypertension before age 20 
is rarely seen in patients with arteriosclerosis (2 % ) 
but occurs in 12 % of essential hypertensives and in 
16 % of patients with fibromuscular hyperplasia. Pa
tients with essential hypertension and arterioscle
rotic renovascular hypertension are predominantly 
male, while patients with fibromuscular hyperplasia 
are mostly female (80%). Benign hypertension pro
gresses to the severe malignant form more fre
quently in patients with arteriosclerosis than in pa
tients with essential hypertension or fibromuscular 
hyperplasia. A family history of hypertension and 
stroke is much less common in patients with fibro
muscular hyperplasia than in patients with essential 
hypertension or renovascular hypertension of the 
arteriosclerotic form; the latter patients often have 
a history of occlusive arterial disease. Patients with 
essential hypertension have twice the incidence of 
overweight that patients with renovascular hyper
tension have, while one-third of patients with reno
vascular hypertension due to fibromuscular lesions 
have a slender physique. Serious stage III or stage 
IV retinopathy is considerably more frequent in pa
tients with arteriosclerotic renovascular hyperten
sion. Abdominal stenotic or flank bruits are audible 
in about 48 % of patients with renovascular hyper
tension as compared to only 9 % of patients with es
sential hypertension. 
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Renovascular Hypertension Versus 
Essential Hypertension 

In comparison with patients with essential hyper
tension, patients with renovascular hypertension 
have: 

1. Shorter duration of hypertension 
2. More frequent onset of hypertension after age 50 

(arteriosclerosis-related) 
3. 50% lower incidence of family history of hyper-

tension 
4. Higher incidence of serious retinopathy 
5. Higher incidence of abdominal bruit 
6. Higher incidence of proteinuria 

The presence of renovascular hypertension should 
be suspected in: 

1. Juvenile and adolescent patients (fibromuscular 
lesions) 

2. Older patients who show a recent progression of 
hypertension 

3. Patients who have developed hypertension sec
ondary to abdominal trauma 

Diagnostic Measures 

Noninvasive diagnostic methods, i.e., methods that 
do not involve arterial or venous catheterization of 
the renal vessels, are useful mainly in cases of uni
lateral renal artery stenosis. In bilateral cases, how
ever, functional or morphologic changes are difficult 
to assess owing to the lack of a healthy kidney for 
comparison. Often a diagnosis in such cases is pos
sible only if the degree of stenosis is different on 
each side, i.e., there is some lateralization of func
tion. Moreover, the intrarenal hemodynamics and 
renal endocrine system in bilateral renovascular hy
pertension differ from those in patients with one 
stenosed kidney and one healthy kidney. 

Intravenous Urography 

Owing to its convenience, intravenous urography is 
becoming increasingly important in the diagnosis of 
renovascular hypertension. Findings suggestive of 
renovascular hypertension include:57 

1. Disparity in renal sizes. It has long been known 
that renal ischemia caused by renal artery ste-

nosis leads to a decrease in the size of the affected 
kidney. The kidney retains its typical shape if the 
stenosis involves the main renal artery branch. A 
clear indication of this is a decrease in renal 
length by more than 1.5 cm. (Note that the some
what greater physiologic size of the left kidney 
must be taken into account when assessing renal 
dimensions.) 16 

2. Disparity in visualization of the renal paren
chyma. The iodinated contrast medium is ex
creted almost entirely by glomerular filtration. If 
the glomerular filtration rate is reduced as a re
sult of stenosis, the excretion of the medium will 
be delayed. To document this process fully and 
thus enhance the diagnostic value of the test, 
roentgenograms should be made at I-min inter
vals during the first 5 min.55 

3. Lateral disparities in the concentration of the 
medium in the renal collecting system. The phys
iologic result of renal artery obstruction is in
creased water reabsorption in the affected kid
ney, which leads to an increased concentration of 
the unabsorbed medium. Although the glomeru
lar filtration rate is diminished, an increased con
centration of contrast medium in the collecting 
system is found during the excretory phase.12 

4. Ureteral stenosis or notching. The constriction of 
a ureter by collateral vessels is considered a sign 
of renal artery stenosis; the upper segment is usu
allyaffected.29 

Technique of intravenous urography 
Fluids should be withheld for about 8-12 h before 
the examination, since some changes are visible only 
in a state of adequate dehydration. About 30 ml of 
contrast medium is rapidly injected as a bolus, and 
roentgenograms are made at 1, 2, 3, 4, 5, 10, 15, and 
30 min (rapid-sequence urography). 

The appearance of urographic abnormalities in re
novascular hypertension is dependent on the sever
ity of the stenosis. If stenosis is less than 50%, only 
a slight difference will appear in the form of delayed 
visualization of the parenchyma and hyperconcen
tration of the contrast medium, though both signs 
are subtle and difficult to distinguish from normal 
findings. In more severe degrees of stenosis, the fre
quency of abnormal signs increases. With renal ar
tery stenosis greater than 80%, an abnormal uro
gram is seen in over 80% of cases,s with delayed 
parenchymal visualization being the most common 
pathologic sign. A size decrease of the poststenotic 
kidney is usually seen only in high-grade stenosis 
with consequent ischemia. However, all pathologic 
signs in the urogram may be masked by good colla
teralization of the poststenotic kidney. 



Transverse indirect arteriography 
During intravenous urography it is possible to visu
alize the abdominal aorta and renal arteries up to 
the intrarenal branches by the intravenous injection 
of contrast material by the bolus technique (10-15 
mIls). After empirical determination of the circula
tory time of the contrast medium as a function of 
the patient's age,lOl or the addition of a radioactive 
substance to the contrast medium and measurement 
of its arrival via the aorta,106 the abdominal aorta 
and renal arteries are visualized by means of 
zonographylOl or simultaneous tomography with a 
polycassette of several x-ray films. 106 Especially with 
the latter technique, full visualization of the renal 
arteries is obtained in at least 70 % of patients, with 
a clear demonstration of stenoses up to the branches 
of the main renal arteries. 

A recently developed method of renal artery im
aging is digital subtraction angiography. lOS This dig
ital video arteriography following intravenous single 
injection of 30-50 ml of contrast medium into a pe
ripheral vein allows for visualization of the abdom
inal aorta and both renal arteries. A comparison of 
this procedure with conventional angiography of the 
aorta and renal arteries demonstrated an overall ac
curacy of 71 %. Sensitivity of the new technique was 
93%, specifity 91.5% after exclusion of cases of in
adequate visualization of the renal arteries. 100 

Computed Tomography (CT) 

Developments of dynamic investigations by com
puted tomography abnormalities of renal perfusion 
can be recognized more readily by sequential CT 
than by plain CT scan. Hemodynamically signifi
cant stenoses of the renal arteries can be diagnosed 
in this way demontrating a delayed accumulation of 
contrast medium in the renal cortex. I05.111 

Radionuclide Studies 

Adam et al. have shown in experimental animals 
that a fall in the poststenotic renal perfusion pres
sure resulting from luminal narrowing of the renal 
artery is accompanied by typical changes in the iso
tope renogram owing to the reduction of blood flow. I 
The changes in renal blood flow associated with 
renal artery stenosis can be assessed by simple, qual
itative radionuclide methods, as well as by more in
volved, quantitative techniques, some of which re
quire catheterization of the renal artery. Non
invasive methods that cause little stress to the pa
tient include isotope renography with 13II-iodohip-
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purate, renal function scintigraphy, sequential renal 
blood flow scintigraphy (radionuclide aortoangiog
raphy) for qualitative assessment of lateral dispari
ties of renal blood flow, and the determination of tu
bular or glomerular isotope clearance in the separate 
kidneys for a quantitative assessment of renal blood 
flow. Newer techniques such as computed tomogra
phy offer additional possibilities for the noninvasive 
diagnosis of renovascular hypertension (see also 
Chap. 27). Invasive methods that necessitate lenal 
artery catheterization include selective renal blood 
flow scintigraphy with 99mTc and radioactive gas 
washout. These methods make it possible to deter
mine the mean transit time and provide quantita
tive information on general or compartmental renal 
blood flow. 

In the isotope renogram with 13II-iodohippurate, 
renal artery stenosis is characterized by a time-shift 
of the activity maximum in the secretory phase and 
an associated prolongation of the excretory phase. 
The changes are seen only in hemodynamically sig
nificant stenoses but provide little information on 
renal blood flow. Thus, despite some very optimistic 
results,56 the isotope renogram is less valuable than 
other methods as a screening test for renovascular 
hypertension. Its limited reliability has considerably 
reduced the use of the renogram in the diagnosis of 
renal perfusion disorders. 

Renal function scintigraphy with the Anger cam
era after the injection of 13II-o-iodohippurate of 
99mTc-DTPA makes it possible to classify a distur
bance of radionuclide kinetics as prerenal, intrare
nal, or postrenal. Thus, this method provides more 
detailed information than the renogram and enables 
a diagnosis of renal function impairment. It is con
siderably superior to renography as a screening 
method.6a 

A recently developed noninvasive method for the 
general diagnosis of impaired renal blood flow is se
quential renal blood flow scintigraphy (radionu
clide aortoangiography) with 99mTc complexes. With 
this method it is possible within 30 s to assess aortic 
perfusion and to localize renal artery stenoses or oc
clusions. Lateral disparities in renal blood flow are 
assessed qualitatively.21,44 In the "region of interest" 
technique, the time-dependent activity curves re
corded over the healthy kidney show a high perfu
sion-specific peak with an abrupt decline, while the 
diseased kidney shows only a weak perfusion. Ac
cording to a collaborative study by Peters et al.,72a 
the sensitivity of this method is 80 %, and its speci
ficity is 93 % in the presence of angiographically 
proven renal artery stenosis.71a 

A standard method for assessing the renal plasma 
flow is the determination of isotope renal clearance 
by the slope or single-shot technique. For the si-
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multaneous determination of glomerular and tubu
lar clearance, the double-radionuclide technique 
with 131I-o-iodohippurate and 99mTc-DTPA on the 
Oberhausen apparatus or camera has proved useful. 
The principal application of this method is in urol
ogic diagnosis, however. 

A quantitative study of renal blood flow is possi
ble only by invasive means. By the injection of spe
cific radionuclides (radioactive gases, 99mTc) into the 
renal artery during selective renal angiography, it is 
possible to assess renal perfusion and intrarenal he
modynamics. The perfusion curves obtained by ex
ternal measurements are either plotted graphically 
or evaluated by computer program. The transit 
times of the radionuclides correlate closely with an
giographic findings; they are significantly prolonged 
in poststenotic kidneys. The washout curve for the 
renal clearance of radioactive gases further provides 
quantitative values for blood flow through the renal 
cortex and deeper compartments by computer anal
ysis of the time-activity curves. In the presence of 
renal artery stenosis, one finds a decrease in total 
renal blood flow,aa with a redistribution of intrarenal 
flow from the cortex to the medulla. Kidneys with 
arterio-arteriolosclerotic vascular changes show a 
decrease in the percentage of total blood flow dis
tributed to the cortex.4.33 

Angiography 

The most important diagnostic procedure for the 
detection of renovascular hypertension is renal an
giography, the only method available for establish
ing a final diagnosis. This applies in particular to 
bilateral renovascular diseases, which often escape 
diagnosis by noninvasive means. The radiographic 
visualization of the renal vessels provides informa
tion on the nature and localization of stenoses and 
changes in parenchymal vessels, thus affording a 
basis for selecting an appropriate surgical treatment 
(Fig. 2). Angiographic findings are also useful in 
judging postoperative results. Renal artery stenoses 
caused indirectly by aneurysms, tumor compression, 
or periarterial hematomas can also be verified. It is 
assumed that a hemodynamically significant renal 
artery stenosis is present if a high-grade stenosis has 
narrowed the arterial lumen to less than 1.5 mm, the 
transverse diameter of the affected kidney is visibly 
reduced, and there is a demonstrable collateral sup
ply via capsular, adrenal, or ureteral vessels.9 The 
most widely accepted method of demonstrating the 
renal arteries angiographically is the transfemoral 
percutaneous catheter technique of Seldinger. 
Translumbar aortography under general anesthesia 
is reserved for patients with high-grade kinking and 

severe arteriosclerotic luminal reduction of the ab
dominal aorta or pelvic arteries. Proximal renal ar
tery stenoses or constrictions of the main renal ar
tery branches can be demonstrated by survey 
angiography via a pigtail catheter placed with its tip 
above the origin of the renal artery. Extrarenal or 
intraparenchymallesions, usually associated with fi
bromuscular hyperplasia, can best be demonstrated 
by selective renal arterial angiography (Fig. 3). In 
many cases a straight posteroanterior projection 
cannot clearly demonstrate stenoses of the renal ar
teries; additional oblique views are recommended in 
such cases. 

Split Renal Function Studies 

Function studies in the poorly perfused kidney are 
based on the observation that the ischemically dam
aged kidney reabsorbs an excessive amount of water 
and sodium per unit volume glomerular filtrate. As 
a result of this, higher concentrations of nonreab
sorbed substances, such as P AH or inulin, can be de
tected in the urine. The following tests are based on 
this phenomenon: the Howard test,36 the Rapoport 
test,74 the Stamey test,82 the combined Howard-Sta
mey test,a7 and the Kaplan test.42 However, it ap
pears that the results of these tests are not very re
liable in terms of assessing the functional 
significance of a renal artery stenosis. Hence, these 
tests are largely of historical interest only. 

The Renin-Angiotensin-Aldosterone System 

The functional diagnosis of renal artery stenosis has 
been greatly enhanced by observations of an inter
relationship between the kidneys, adrenal glands, 
hypothalamus, and adrenergic system. Methods for 
determining the plasma renin activity have been de
scribed since 1964. It was originally thought that 
only hypertensive patients with high renin levels 
could be made normotensive by vascular reconstruc
tive surgery or nephrectomy and thus that renin lev
els provided a criterion for predicting surgical cura
bility. However, false-positive results were obtained 
in patients with high preoperative renin levels who 
failed to benefit from surgery, while false-negative 
results were obtained in patients with normal pre
operative renin who responded favorably to surgery. 
The value of the determination of peripheral plasma 
renin activity was compromised by the fact that 
multiple factors such as position, medications, and 
diet can influence peripheral renin values. Only by 
the additional assay of renin activity in the venous 
blood of the separate kidneys did it become possible 
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Figure 2. a Preoperative angiographic findings in bilateral arteriosclerotic renal artery stenosis. b Postoperative 
angiographic findings in the same case (bridge graft). 
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Figure 3. a Preoperative angiographic findings in unilateral (right-sided) fibromuscular medial dysplasia. b Angio
graphic findings in the same case after bypass surgery. 



to assess accurately the endocrine activity of a 
poststenotic kidney with impaired blood flow. Com
parison of the renin activity of the separate kidneys 
offered a promising means of obtaining diagnostic 
and prognostic information in patients with reno
vascular hypertension. Helmer and Judson were the 
first to report successful surgical results with the aid 
of this method.32 Further successful results have 
been published by other authors,2.10.20.38.40.58.65.83.84.92.97 
thus confirming the functional importance of renal 
venous renin in hypertensive patients with renal ar
tery stenosis. In 1973, Vaughan et al. recommended 
a scoring system with three criteria for determining 
the surgical curability of hypertension.92 These cri
teria are as follows: 

1. An abnormally high peripheral plasma renin ac
tivity in relation to sodium excretion as an indi
cation of increased renin secretion. 

2. A complete suppression of renin secretion in the 
contralateral, nonstenosed kidney (renal venous 
renin minus arterial renin = 0). 

3. An abnormally high renin content in the stenosed 
kidney as compared to the arterial renin level 
(renal venous renin minus arterial renin divided 
by arterial renin> 0.48), refiecting the degree of 
renal ischemia. Some authors consider that the 
criterion for operability is a ratio of 2.0 or more 
of the renin on the stenosed side to the peripheral 
renin; others state that a ratio of 1.584 or 1.6 or 
more lO is sufficient. 

Influence of drugs on the renin-angiotensin 
system 
Several tests have proved useful for determining the 
cause of a surgically curable renovascular hyperten
sion. Besides the very simple orthostatic test, which 
provokes an increase of renin secretion,66 drug stim
ulation of the renin system appears to be a particu
larly valuable source of information on the endo
crine relevance of a renal artery stenosis. 

The increase in plasma renin activity that follows 
the injection of tubule-active diuretics was primar
ily regarded as a response to a fall in blood volume,71 
although possible direct actions on the kidney were 
also considered.63.77 On the one hand, these drugs (of 
which furosemide is the most widely used) can serve 
to distinguish patients with true low-renin essential 
hypertension from essential hypertensive patients 
with normal or elevated renin levels.41 On the other 
hand, it has been found that furosemide, when given 
to renovascular hypertensive patients, can markedly 
stimulate renin secretion in the poststenotic kidney 
in comparison to the nonstenosed kidney. This has 
made it possible to demonstrate unilateral, hemo-
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dynamically significant renal artery stenosis even in 
hypertensives with angiographically proven stenosis 
but without significant lateralization of renal vein 
renin under basal conditions. B6 

In the examination, 40 mg of furosemide is admin
istered intravenously followed 20 min later by renal 
vein blood sampling, or 80 mg of furosemide is given 
orally on the day before the test. As an alternative, 
dihydralazine may be administered iv in a dose of 
20 mg or hydralazine in appropriate dosage to pro
voke an increase of renin secretion in the stenosed 
kidney.5.51 It has been postulated that hydralazine 
acts by lowering the arterial pressure, by stimulating 
sympathetic nervous influence on the kidney, by a 
direct action on the juxtaglomerular cells, or by al
tering intrarenal hemodynamics. The criterion for a 
positive test is a renal vein renin ratio of 1.8-2.0 or 
more.5 

A major obstacle to the detection of renovascular 
hypertension without invasive means is the lack of 
a simple, reliable screening method for differentiat
ing patients with renovascular hypertension from 
those with essential hypertension. Such a test would 
considerably simplify diagnostic measures and 
lessen their cost. It would also provide a means of 
demonstrating the activity of segmental or bilateral 
stenoses which escape detection by conventional 
function studies. Since it has become possible to 
competitively block the action of angiotensin on its 
receptor (peripheral vascular muscle) by means of 
competitive antagonists, this sought-for test appears 
to be within reach. Numerous authors in recent 
years have stated that, on the basis of their results, 
the infusion of saralasin (1 sar/8 ala/angiotensin 2) 
a competitive angiotensin II inhibitor, represents a 
valuable screening test for the detection of renovas
cular hypertension.3.53.85.96 The usual method consists 
in the continuous intravenous infusion of 10 f.Lg of 
saralasin/kg/min for 30 min after the prior oral ad
ministration of 80 mg of furosemide (or stepwise in
crease of saralasin dose). The main sign of angioten
sin-dependent hypertension is a fall of systolic and 
diastolic blood pressure, and fall amounting to at 
least 10% of the initial value in the case of diastolic 
pressure. There is also a measurable increase in 
plasma renin activity, which is significantly higher 
in the renal venous blood of the stenosed side than 
on the nonstenosed side. The main disadvantage of 
the method is that the effect of saralasin on the 
blood pressure is directly dependent on the renin 
levels and sodium balance in the body. Thus, it has 
been shown that even patients with normoreninemic 
essential hypertension show a fall of blood pressure 
in response to saralasin following adequate salt de
pletion, while sodium loading can even cause a pres
sor response to occur.23 These varying effects at the 
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receptor, which are partly antagonistic and partly 
agonistic, make it difficult to draw unequivocal con
clusions as to whether the hypertension is angioten
sin-dependent. Also, the administration of saralasin 
carries a certain risk owing to the possibility of a hy
pertensive reaction. 

A more reliable method of unmasking the renin
angiotensin system as the causative factor in hyper
tension may consist in the inhibition of the convert
ing enzyme necessary for producing angiotensin II 
from angiotensin I. When this inhibitor is adminis
tered intravenously or (more recently) orally to pa
tients with unilateral renovascular disease, it pro
duces not only a fall of blood pressure but also a 
significant increase in renal vein renin activity only 
on the affected side, with a corresponding marked 
rise in the renal vein renin ratio.75 The advantage of 
this method is that possible variations in the sensi
tivity of the angiotensin II receptors are no longer a 
problem, as in the case of saralasin. Thus, this con
verting enzyme inhibitor shows promise not only in 
the diagnosis of angiotensin-dependent hyperten
sion but also, and most importantly, as a therapeutic 
agent. 

According to recent studies with a synthetic in
hibitor of the growth hormone somatotropin, the in
travenous administration of this substance (soma
tostatin) in patients with hypertension of reno
vascular origin produces a slight fall of blood pres
sure together with a significant decrease in the stim
ulated plasma renin activity in the stenosed kidney, 
while effecting no significant change in the nonsti
mulated renin on the contralateral side.6 It remains 
to be seen whether this substance will find diagnos
tic or therapeutic applications in angiotensin-de
pendent hypertension. 

Treatment of Renovascular Hypertension 

Drug Therapy 

As a general rule, every attempt should be made to 
treat renovascular hypertension conservatively, 
since corrective surgery on the aorta or renal arteries 
represents a major operation with possible immedi
ate and delayed complications. Besides acute resten
os is and arterial thrombosis (8.5% according to 
Morris et al.,68 78% according to Van Dongen,I7 
7.5 % according to Maxwell and Varady60), suture in
sufficiency, aneurysms, and bypass dilatations can 
occur. The postoperative mortality, usually from 
myocardial infarction, cerebrovascular accident, or 
uremia, is between 0.7 and 5.9 %, depending on the 
author. 

Since this form of hypertension is generally angio
tensin-dependent and the increased renin secretion 
in patients with renal artery stenosis is often accom
panied by a heightened sympathetic tone,22 beta-ad
renergic blocking drugs73-alone or combined with 
saluretics, a-methyldopa or dihydralazine-have 
proved effective.14 Drug therapy is indicated in any 
case for patients with advanced arteriosclerosis, es
pecially coronary and cerebral sclerosis, the lower 
age limit being 50 to 55 years. It is advisable to per
form split renal function tests in these patients at 
yearly intervals since progression of the stenosis is 
~kely. The best test for this is probably a separate 
isotope renal clearance study with l3II-o-iodohippur
ate since it involves minimal patient stress while 
providing important quantitative comparative data 
for follow-up. Surgical treatment should be done 
(assuming the patient is operable) only if the ste
nosis of one renal artery is so severe that destruction 
of the kidney is inevitable. 

If the hypertension does not respond adequately 
to conservative therapy despite optimum drug selec
tion and dosage, or if the patient experiences serious 
side effects from the medication, surgical correction 
of the renovascular disease should be attempted. 

Percutaneous Transluminal Angioplasty 

The percutaneous transluminal dilatation of sten
osed renal arteries for the treatment of renovascular 
hypertension or maintenance of renal function has 
been practiced for only a short time, yet is a highly 
promising and elegant procedure.66a.I04.I07 It basically 
involves the dilatation of a hemodynamically signif
icant stenotic lesion or the rechannelization of a 
short arterial occlusion by pressing the atheroma
tous material against the vessel wall. Initially, coax
ial catheters were used for this purpose,102 but now 
double-lumen balloon catheterslO3 are employed. 

Most recent reports on percutaneous trans luminal 
angioplasty (PTA) in patients with renal artery ste
nosis were able to demonstrate its usefulness in im
proving or curing hypertension.106.109 A follow-up 
study by Tegtmeyer et al. l1O in 50 cases of renal ar
tery stenosis treated with percutaneous translu
minal angioplasty resulted in a successful dilatation 
of 90 % of stenoses and redilatation was necessary in 
22% with a success rate of 84%. Forty-two percent 
of the patients had normotensive blood pressure fol
lowing PTA, 47% demonstrated an improvement of 
hypertension, only 11 % retained unchanged high 
blood pressure values. Thus PTA appears to be a 
technically feasible and clinically effective method 
of treating renovascular hypertension. A further ad-



vantage of the catheter dilatation is its application 
in patients who cannot be operated on, in cases of 
evident restenosis or in order to improve renal func
tion and to preserve the kidneys. 

Surgical Treatment 

Since PTA increasingly yielded successful results in 
renal artery stenosis, invasive renovascular correc
tive surgery seems to be superseded by this method 
in many cases. Only in selected patients with a very 
peripheral renal artery stenosis, stenosis of a seg
mental artery, severe extensive stenosis, or following 
failure of PTA are surgical procedures of value. 

In selecting candidates under age 50 for vascular 
surgery, preference should be given to patients with 
fibromuscular renal artery disease, because the op
erative results are substantially better in this group 
than in patients with stenosis due to arteriosclerotic 
lesions. Since the arteriosclerotic stenosis of a renal 
artery usually represents only one angiographic 
finding within a setting of generalized sclerotic 
changes in all the arteries, one must assume sclerotic 
damage to the peripheral vessels of both the sten
osed and nonstenosed kidney, as well as additional 
stress on the arterial vascular system, especially of 
the non stenosed kidney, due to the presence of hy
pertension. These factors considerably reduce the 
prospect of a surgical cure, particularly if the hyper
tension is of long standing.62 The best operative re
sults have been achieved in patients with renal ar
tery stenosis due to fibromuscular hyperplasia and 
whose hypertension is of short duration. The per
fusion and functional state of the contralateral kid
ney in cases of unilateral renal artery stenosis can be 
assessed qualitatively by noninvasive radiologic and 
radionuclide studies. The renal vein renin levels of 
the contralateral kidney also are often useful in pro
viding evidence of possible preexisting damage. In 
the renovasogram, the peripheral arteries can be 
evaluated for course and luminal size, and the width 
of the functional renal cortex can be estimated. 
Most informative is the quantitative measurement 
of renal perfusion by radioactive gas washout, done 
during selective angiography. It is a costly and in
volved procedure but provides very accurate infor
mation on blood flow conditions in the contralateral 
kidney.3,Sa Depending on the level of the determined 
cortical and medullary blood flow variables, it is pos
sible to predict whether unilateral nephrectomy or 
vascular reconstruction is likely to normalize the 
blood pressure, assuming the operated kidney has 
normal blood flow. 
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Operative procedures 

Nephrectomy. Nephrectomy is indicated if the 
kidney is non functioning owing to a prerenal lesion 
or occlusion, is severely infarcted, has undergone is
chemic shrinkage as a result of stenosis, has multiple 
intrarenal branch stenoses, or displays inadequate 
revascularization after surgery.35 

Vascular Reconstruction. In most cases, the goal 
of the corrective surgical treatment of renal artery 
stenosis is to improve renovascular hypertension; in 
a few cases, it is done to forestall renal failure from 
vascular causes. The operative outcome not only 
represents a problem of indication but depends in 
large measure on the quality of the vascular recon
struction. The primary objective in any case is to re
store renal hemodynamics to normal. Various cor
rective operations may be considered, depending on 
the localization of the stenosis in the course of the 
extra- or intrarenal arteries. 

Proximal Stenoses (Ostium and Proximal 
Third). Thromboendarterectomy (TEA) is done 
only if the arteriosclerotic stenosis is strictly local
ized. Transluminal endarterectomy of the ostium 
carries the risk of recurrent occlusion or rest stenosis 
from a residual intimal stump. The open technique 
with transverse arteriotomy of the aorta extending 
to the poststenotic portion of the renal artery per
mits a far better poststenotic luminal control and is 
particularly suited for unilateral or bilateral proxi
mal renal artery stenosis. A patch graft is usually re
quired in this procedure. If access to the aortic seg
ment is difficult, an aorticorenal bypass graft is the 
procedure of choice in bilateral stenosis. In proximal 
renal artery stenosis with poststenotic elongation, 
surgeons are making increased use of the reinsertion 
method, in which case a venous patch is used to 
close the newly created aorticorenal anastomosis. 30 

Peripheral Stenoses (Middle and Distal Third, 
Segment Arteries). The majority of cases involve 
fibromuscular hyperplasia, which generally requires 
reconstructive grafting, especially when a long vas
cular segment is affected. The preferred method is 
autologous unilateral or bilateral aorticorenal ve
nous bypass (usually a saphenous graft) or Dacron 
bypass. Dilatation is not usually attempted.50• In the 
majority of cases, partial ex situ reconstruction, in 
which the artery is divided while the vein and ureter 
are left intact, represents a time-saving procedure. 
The much-publicized complete ex situ reconstruc
tion, with division of all renal vessels, cold perfusion 
of the organ, and reimplantation in the pelvic area, 
is indicated only in exceptional cases. The simulta-
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neous correction of peripheral, poorly accessible 
stenoses is of particular importance. The segmental 
arteries, which are frequently involved in fibromus
cular hyperplasia, are dilated before the completion 
of distal graft attachment by the introduction of 
olive-tipped dilators or by angioplasty using micro
surgical techniques.66• 

Combined Vascular Stenoses and Occlusions. The 
most frequent operations are for occlusive lesions of 
the terminal aorta, aneurysms of the aorta, or occlu
sive lesions of the superior mesenteric artery or ce
liac trunk. Because such combined procedures carry 
a correspondingly greater risk, their indications 
must be strictly defined. Accompanying complete or 
partial occlusions of the aortic bifurcation are best 
corrected with bypass grafting, while simultaneously 
correcting the unilateral or bilateral renal artery ste
nosis with an aorticorenal Dacron bypass or (for 
proximal arteriosclerotic stenosis) by transluminal 
endarterectomy or open TEA with aorticorenal ar
teriotomy. For accompanying stenoses of the supe
rior mesenteric artery, the preferred procedure is 
reinsertion of the vessel into the anterior wall of the 
aorta or vascular prosthesis.93 Prostheses are accept
able if no suitable venous graft is available and if the 
time factor is important in high-risk cases (e.g., in 
combined procedures on the aorta and renal 
arteries). 

Results of surgical treatment 
The principal immediate complications of arterial 
reconstructive surgery are hemorrhage, arterial 
thrombosis, renal vein thrombosis, restenosis, and 
acute renal failure. 

In the large cooperative study of Maxwell and 
Varady, the overall mortality in a total of 502 oper
ations was 5.9 %, the main causes of death being 
postoperative uremia, hemorrhage, and myocardial 
infarction.60 Patients with arteriosclerotic disease 
had a significantly higher mortality (9.3 %) than pa
tients with fibromuscular hyperplasia (3.4 %). The 
mortality rate was particularly high among patients 
with coronary heart disease whose operations for bi
lateral renal artery stenosis were prolonged and 
complicated. A surprisingly large number of pa
tients whose blood pressure did not improve after 
surgery showed thrombosis of the reconstructed ar
tery in the postoperative renovasogram. Of the pa
tients for whom lateralization was established by 
preoperative tests and who suffered no postopera
tive thrombosis of the reconstructed vascular seg
ment, 78.7% responded favorably to the vascular re
construction, i.e., displayed an improvement or 
normalization of blood pressure. The results in pa-

tients with fibromuscular hyperplasia were mark
edly better on the whole than in patients with renal 
artery stenosis due to arteriosclerotic causes. If com
plications associated with errors of technique are 
disregarded, arterial reconstruction yielded better 
postoperative results than nephrectomy; however, 
postoperative vascular complications tended to ne
gate this difference. Our own studies indicate that of 
56 patients with angiographically proven unilateral 
renal artery stenosis who received operative treat
ment (42 bypass, 14 nephrectomy), 32 (55%) be
came normotensive after surgery, while 19 (32%) 
were improved, and 7 (13 %) were unimproved. Of 
the 51 patients who benefited, 47 showed laterali
zation in preliminary radionuclide studies (n = 43) 
or renal vein renin assays (n = 40). Four patients 
benefited from surgery despite normal nonlateral
ized renin levels and unremarkable radionuclide 
findings; vascular surgery in such cases was 
prompted by high-grade stenosis established 
angiographically.5,6. 

In a study recently published by Maxwell et al. 
dealing with the prognostic value of renin assays in 
renal artery stenosis,58 mention is made of 23 pa
tients who benefited from surgery despite the ab
sence of lateralization. In two patients, renin-angio
tensin activity could be excluded on the basis of 
normal renin and aldosterone levels as well as the 
absence of a depressor response to the angiotensin 
II antagonist, saralasin.51 This prompted the authors 
to postulate an angiotensin-independent form of re
novascular hypertension. 

References 

1. Adam WE, Kadatz R, Bitter F, Sigmund E (1973) 
Untersuchungen fiber die Aussagekraft des Isoto
pennephrogramms bei einseitigen Nierenarterien
stenosen. In: Pabst HW (ed) Nuklearmedizin, 
Radionuklide in der Hiimatologie - gegenwiirtiger 
Stand der Therapie mit Radionukliden. Schattauer, 
Stuttgart, pp 200-202 

2. Amsterdam EA, Couch NP, Christlieb AR, Harrison 
JH, Crane E, Dobrzinsky SJ, Hickler RB (1969) 
Renal vein renin activity in the prognosis of surgery 
for renovascular hypertension. Am J Med 47:860-
868 

3. Arlart I, Rosenthal J (1978) Saralasin bei renovas
kuliirer und essentieller Hypertonie. Einflu/3 auf 
Blutdruck, Plasmareninaktivitiit, Plasmaaldosteron 
und renale Hiimodynamik. Dtsch Med W ochenschr 
45:1790-1796 

4. Arlart I, Rosenthal J, Adam WE, Bargon G (1979) 
Verhalten von Renin und renaler Hiimodynamik 
unter Dihydralazin in der Diagnostik der renovas
kuliiren Hypertonie. Herz/Kreislauf 11:174-181 

5. Arlart I, Rosenthal J, Nobbe F, MUssig G, Vollmar 



J, Franz HE (1976) Nierendurchblutungsmessung 
und Plasma-Renin-Bestimmung in der Diagnostik 
des renovaskularen Hochdrucks. V ASA 5:9~11 

6. Arlart I, Rosenthal J, Pal S, Raptis S (1978) Einflu/3 
von Somatostatin auf Renin, Aldosteron und Blut
druck bei unilateraler renovaskularer Hypertonie. 
Verh Dtsch Ges Inn Med 84:824-827 

6a. Arlart I, Rosenthal J, Adam WE, Bargon G, Franz 
HE (1979) Predictive value of radionucleide meth
ods in the diagnosis of unilateral renovascular hy
pertension. Cardiovasc Radiol 2:115-125 

7. Blaine EH, Davis JO, Witty RT (1970) Renin re
lease after hemorrhage and after suprarenal aortic 
constriction in dogs without sodium delivery to the 
macula densa. Circ Res 27:1081-1089 

8. Bookstein JJ, Abrams HL, Buenger RE, Lecky J, 
Franklin SS, Reiss MD, Bleifer KH, Klatte EC, Var
ady PO, Maxwell MH (1972) Radiologic aspects of 
renovascular hypertension. Part 2: The role of urog
raphy in unilateral renovascular disease. JAMA 
220: 1225-1230 

9. Bookstein JJ, Walter JF (1975) The role of abdom
inal radiography in hypertension secondary to renal 
or adrenal disease. Symposium on radiology in in
ternal medicine. Med Clin North Am 59:169-200 

10. Bourgoignie J, Kurz S, Catanzaro FJ, Serirat R, 
Perry HM Jr (1970) Renal venous renin in hyperten
sion. Am J Med 48:332-342 

11. Brest AN, Bower R (1966) Renal arterial hyperten
sion. Incidence, diagnosis and treatment. Am J Car
diol 17:612-616 

12. Brown JJ, Peart WS, Owen K, Robertson JIS, Sut
ton D (1960) The diagnosis and treatment of renal 
artery stenosis. Br Med J 2:327-338 

13. Brunner HR, Kirshman JD, Sealey JE, Laragh JH 
(1971) Hypertension of renal origin: Evidence for 
two different mechanisms. Science 174:1344-1346 

14. BUhler FR, Laragh JH, Vaughan ED Jr, Brunner 
HR, Gavras H, Baer L (1973) Antihypertensive ac
tion of propranolol. Specific antirenin responses in 
high and normal renin forms of essential, renal, re
novascular and malignant hypertension. Am J Car
diol 32:511-522 

15. Davis JO (1973) The control of renin release. Am J 
Med 55:333-350 

16. Don C (1961) Asymmetry of the kidneys in disease 
of the main renal artery. J Can Assoc Radiol 12:15-
21 

17. Dongen RJAM Van (1972) Renovaskulare Hyper
tonie-chirurgische Behandlung und Ergebnisse. 
Thoraxchirurgie 20:361-365 

18. Dunn MJ, Howe D, Harrison M (1976) Renal pros
taglandin synthesis in the spontaneously hyperten
sive rat. J Clin Invest 58:862-870 

19. Edwards WG, Strong CG, Hunt JC (1969) A vaso
pressor liquid resembling prostaglandin E2 (PGE2) 
in the renal venous blood of hypertensive patients. 
J Lab Clin Med 74:389-399 

20. Foster JH, Dean RH, Pinkerton JA, Rhamy RK 
(1973) Ten years experience with the surgical man
agement of renovascular hypertension. Ann Surg 
177:755-764 

16: Renovascular Hypertension 213 

21. Freeman LM, Meng C, Richter MW, Blaufox MD 
(1971) Patency of major renal vascular pathways 
demonstrated by rapid blood flow scintiphotogra
phy. J Uroll05:473-481 

22. Frohlich ED, Ulrych M, Tarazi RC, Dustan HP, 
Page H (1968) Hemodynamics of renal arterial dis
eases and hypertension. Am J Med Sci 255:29-
37 

23. Gavras H, Ribeiro AB, Gavras I, Brunner HR (1976) 
Reciprocal relationship between renin dependency 
and sodium dependency in essential hypertension. 
N Engl J Med 295:1278-1283 

24. Gifford RW Jr (1969) Evaluation of the hyperten
sive patient with emphasis on detecting curable 
causes. Millbank Mem Fund Q 47:170-176 

25. Goldblatt H, Lynch J, Hanzal RF, Summerville WW 
(1934) Studies in experimental hypertension. The 
production of a persistent elevation of systolic blood 
pressure by means of renal ischemia. J Exp Med 
59:347-379 

26. Gotshall RW, Davis JO, Shade RE, Spielman W, 
Johnson JA, Braverman B (1973) Effects of renal 
denervation on renin release in sodium-depleted 
dogs. Am J Physiol 225:344-349 

27. Granger P, Rojo-Ortega JM, Gruner A, Dahlheim H, 
Thurau K, Boucher R, Genest J (1972) On the intra
renal role of the renin angiotensin system. In: Assay
keen TA (ed) Advances in Experimental Medicine 
and Biology, Control of Renin Secretion, vol 17. 
Plenum Press, New York, pp 131-144 

28. Gross F (1971) The renin-angiotensin system and 
hypertension. Ann Intern Med 75:777-787 

29. Halpern M, Evans JA (1962) Coarctation of the 
renal artery with "notching" of the ureter: A roent
genologic sign of unilateral renal disease as a cause 
of hypertension. Am J RoentgenoI88:159-164 

30. Harrison EG, McCormack LJ (1971) Pathologic 
classification of renal arterial disease in renovascu
lar hypertension. Mayo Clin Proc 46:161-167 

31. Heberer G, Eigler FW, Gehl H (1968) Die Aorto-Ar
teria-renalis Plastik zur Beseitigung aortorenaler 
Nierenarterienstenosen bei Hochdruckkranken. 
Chirurg 39:94-96 

32. Helmer OM, Judson WE (1960) The presence of va
soconstrictor and vasopressor activity in renal vein 
plasma of patients with arterial hypertension. In: 
Shelton FR (ed) Hypertension: Proceedings of the 
Council for High Blood Pressure Research. Am 
Heart Assoc, New York, pp 38-56 

33. Hollenberg NK, Mangel R, Fung HYM (1976) As
sessment of intrarenal perfusion with radioxenon: A 
critical review of analytical factors and their impli
cations in man. Semin Nucl Med 6:193-216 

34. Holley KE, Hunt JC, Brown AL Jr, Kincaid OW, 
Sheps SG (1964) Renal artery stenosis. A clinical
pathologic study in normotensive and hypertensive 
patients. Am J Med 37:14-22 

35. Howard JE, Berthrong M, Gould DM, Yendt ER 
(1954) Hypertension resulting from unilateral renal 
vascular disease and its relief by nephrectomy. Bull 
Johns Hopkins Hosp 95:51-85 

36. Howard JE, Connor TB (1964) Use of differential 



214 J. Rosenthal, I. Arlart, H. E. Franz 

renal function studies in the diagnosis of renovas
cular hypertension. Am J Surg 107:58-66 

37. Hunt JC, Strong CG, Sheps SG, Bernatz PE (1969) 
Diagnosis and management of renovascular hyper
tension. Am J Cardiol 23:434-445 

38. Hussain RA, Gifford RW Jr, Stewart BH, Meaney 
TF, McCormack LJ, Vidt DG, Humphrey DC (1973) 
Differential renal venous renin activity in diagnosis 
of renovascular hypertension. Am J Cardiol 32:707-
715 

39. Juncos LI, Strong CG, Hunt JC (1974) Prediction of 
results of surgery for renal and renovascular hyper
tension. Arch Intern Med 134:655-660 

40. Kaneko Y, Ikeda T, Takeda T (1967) Renin release 
during acute reduction of arterial pressure in nor
motensive subjects and patients with renovascular 
hypertension. J Clin Invest 46:705-716 

41. Kaplan NM, Kem DC, Holland OB, Kramer NJ, 
Higgins J, Gomez-Sanchez C (1976) The intrave
nous furosemide test: A simple way to evaluate renin 
responsiveness. Ann Int Med 84:639-645 

42. Kaplan NM, Silah JG (1964) The angiotensin-infu
sion test. A new approach to the differential diag
nosis of renovascular hypertension. N Engl J Med 
271:536-541 

43. Kennedy AC, Luke RD, Briggs JD, Barrstirling W 
(1965) Detection of renovascular hypertension. Lan
cet 11:963-968 

44. Koenigsberg M, Novich I, Lory M, Freeman LM, 
Blaufox MD (1974) Detection of asymmetrical renal 
perfusion by radio pertechnetate angiography. J 
Nucl Med 15:507 

45. Kramer P, Ochwadt B (1972) Sodium excretion in 
Goldblatt hypertension. Long-term separate kidney 
function studies in rats by means of a new tech
nique. Pfliigers Arch Ges Physiol 332:332-345 

46. Krieger EM, Salgado HC, Assan CJ, Greene LL, 
Ferreira SH (1971) Potential screening test for de
tection of over activity of renin-angiotensin system. 
Lancet 1:269-271 

47. Laragh JH (1972) Evaluation and cure of the hyper
tensive patient. Am J Med 52:565-569 

48. Lee JB, Patak RV, Mookerjee BK (1976) Renal 
prostaglandins and the regulation of blood pressure 
and water homeostasis. Am J Med 60:798-816 

49. Loeffler JR, Stockigt JR, Ganong WF (1972) Effect 
of alpha- and beta-adrenergic blocking agents on the 
increase in renin secretion produced by stimulation 
of the renal nerves. Neuroendocrinology 10:129-138 

50. Louis WJ, MacDonald GJ, Renzini V, Boyd GW, 
Peart WS (1970) Renal clip hypertension in rabbits 
immunized against angiotensin II. Lancet 1:333-335 

50a. Mahler F, Krneta A, Haertal M (1979) Treatment of 
renovascular hypertension by transluminal renal ar
tery dilatation. Ann Intern Med 90:56-57 

51. Mannick JA, Huvos A, Hollander W (1969) Post-hy
dralazine renin release in the diagnosis of renovas
cular hypertension. Ann Surg 170:409-415 

52. Marks LS, Maxwell MH, Kaufman JJ (1977) Non
renin-mediated renovascular hypertension: A new 
syndrome? Lancet 1:615-617 

53. Marks LS, Maxwell MH, Kaufman JJ (1977) Renin, 
sodium and vasodepressor response to saralasin in 
renovascular and essential hypertension. Ann Intern 
Med 87:176-182 

54. Maxwell MH, Bleifer KH, Franklin SS, Varady PO 
(1972) Cooperative study of renovascular hyperten
sion. Demographic analysis of the study. JAMA 
220:1195-1204 

55. Maxwell MH, Gonick HC, Wiita R, Kaufman JJ 
(1964) Use of the rapid-sequence intravenous pye
logram in the diagnosis of renovascular hyperten
sion. N Engl J Med 270:213-220 

56. Maxwell MH, Hayes M, Wax SH (1972) The abnor
mal renogram. A. The renogram and hypertension. 
In: Potchen EJ, McCready VR (eds) Progress in Nu
clear Medicine, vol 2. Karger, Basel, p 249 

57. Maxwell MH, Lupu AN (1968) Excretory urogram 
in renal arterial hypertension. J Uroll00:395-405 

58. Maxwell MH, Marks LS, Lupu AN, Cahill PJ, 
Franklin SS, Kaufman JJ (1977) Predictive value of 
renin determinations in renal artery stenosis. JAMA 
238:2617 -2620 

59. Maxwell MH, Prozan GB (1962) Renovascular hy
pertension. Prog Cardiovasc Dis 5:81-117 

60. Maxwell MH, Varady PD (1976) Cooperative study 
of renovascular hypertension. Clinical characteris
tics, diagnostic tests and results of surgery. Contrib 
NephroI3:1-19 

61. McGiff JC, Crowshaw K, Terragno NA, Lonigro AJ, 
Strand JC, Williamson MA, Lee JB (1970) Prosta
glandin-like substance appearing in canine renal ve
nous blood during renal ischaemia. Circ Res 27:765-
782 

62. Messerli FH, Genest J, Nowaczynski W, Kuchel 0, 
Carier P, Rojo-Ortega JM, Schiirch W, Honda M, 
Boucher R (1975) Hypertension with renal arterial 
stenosis: Humoral, hemodynamic and histopatho
logic factors. Am J Cardiol 36:702-707 

63. Meyer P, Menard J, Papanicolaou N, Alexandre JM, 
Devaux C, Milliez P (1968) Mechanisms of renin re
lease following furosemide diuresis in rabbits. Am J 
Physiol 215:908-915 

64. Michelakis AM, Caudle J, Liddle GW (1969) In vitro 
stimulation of renin production by epinephrine, 
norepinephrine and cyclic AMP. Proc Soc Exp BioI 
Med 13U:748-753 

65. Michelakis AM, Foster JH, Liddle GW, Rhamy RK, 
Kuchel 0, Gordon RD (1967) Measurements of 
renin in both renal veins-its use in diagnosis of re
novascular hypertension. Arch Intern Med 120:444-
448 

66. Michelakis AM, Simmons J (1969) Effect of posture 
on renal vein renin activity in hypertension: Its im
plications in the management of patients with re
novascular hypertension. JAMA 208:659-662 

66a. Millan VG, Mast WE, Madias NE (1979) Nonsurg
ical treatment of severe hypertension due to renal 
artery intimal fibroplasia by percutaneous translu
minal angioplasty. N Engl J Med 300:1371-1373 

67. Miller ED Jr, Samuels AI, Haber E, Berger AC 
(1975) Inhibition of angiotensin conversion and pre-



vention of renal hypertension. Am J Physiol 
228:448-453 

68. Morris GC, Bakey de ME, Crawford ES, Cooley DA, 
Zanger LCC (1966) Late results of surgical treat
ment for renovascular hypertension. Surg Gynecol 
Obstet 122:1255-1261 

69. Muirhead EE, Leach B, Brooks B, Brown GB, Dan
iels EG, Hinman JW (1968) Antihypertensive action 
of prostaglandin E2• In: Ramwell PW, Shaw JE (eds) 
Prostaglandin Symposium of Worcester Found. for 
Exp. BioI. 1968. New York, Interscience, pp 183-200 

70. Nash FD, Rostorfer HH, Bailie MD, Wathen RL, 
Schneider EG (1968) Renin release: Relation to 
renal sodium load and dissociation from hemody
namic changes. Circ Res 22:473-487 

71. Oparil S, Haber E (1974) The renin-angiotensin sys
tem. N Engl J Med 290:389-401 

71a. Pabst HW (1977) Nuklearmedizinische Moglichkei
ten zur Untersuchung der Nierendurchblutung. In: 
Pfannenstiel P (ed) Nuklearmed. Verfahren bei Er
krankungen der Nieren und ableitenden Harnwege. 
Schnetzter, Konstanz, pp 195-228 

72. Pals DT, Masucci FD, Denning GS Jr, Sipos F, Fes
sler DC (1971) Role of the pressor action of angio
tensin II in experimental hypertension. Circ Res 
29:673-681 

72a. Peters PE, Pfannenstein P, Pixberg HN, Hecking E, 
Henne W, Weissleder H (1975) Falsch positive und 
zutreffend negative Befunde bei rontgenologischen 
und nuklearmedizinischen Untersuchungsmethoden 
in der Nephro-Urologie. In: Breit A (ed) Wertigkeit 
radiologischer Methoden. Thieme, Stuttgart, pp 6-
19 

73. Prichard BNC, Gillam PMJ (1969) Treatment of 
hypertension with propranolol. Br Med J i:7-16 

74. Rapoport A (1960) Modification of the "Howard 
Test" for the detection of renal-artery obstruction. 
N Engl J Med 263:1159-1165 

75. Re R, Novelline R, Escourrou M-T, Athanasoulis C, 
Burton J, Haber E (1978) Inhibition of angiotensin
converting enzyme for diagnosis of renal-artery ste
nosis. N Engl J Med 298:582-586 

76. Romero CJ, Strong CG (1977) The effect of indo
methacin blockade of prostaglandin synthesis on 
blood pressure of normal rabbits and rabbits with 
renovascular hypertension. Circ Res 40:35-41 

77. Rosenthal J, Boucher R, Nowaczynski W, Genest J 
(1968) Acute changes in plasma volume, renin activ
ity, and free aldosterone levels in healthy subjects 
following furosemide administration. Can J Physiol 
Pharmacol 46:85-91 

78. Sen S, Smeby RR, Bumpus FM (1968) Antihyper
tensive effect of an isolated phospholipid. Am J 
PhysioI214:337-341 

79. Simon N, Franklin SS, Bleifer KH, Maxwell MH 
(1972) Clinical characteristics of renovascular hy
pertension. JAMA 220:1209-1218 

80. Singer B, Losito C, Salmon S (1963) Aldosterone 
and corticosterone secretion rates in rats with ex
perimental hypertension. Acta Endocrinol (Kbh) 
44:505-518 

16: Renovascular Hypertension 215 

81. Skinner SL, McCubbin JW, Page IH (1963) Renal 
baroreceptor control of renin secretion. Science 
141:814-816 

82. Stamey TA, Nudleman IJ, Good TH, Schwentker 
FN, Hendricks F (1961) Functional characteristics 
of renovascular hypertension. Medicine (Baltimore) 
40:347-394 

83. Stanley JC, Fry WJ (1975) Renovascular hyperten
sion secondary to arterial fibrodysplasia in adults: 
Criteria for operation and results of surgical ther
apy. Arch Surg 110:922-928 

84. Stockigt JR, Collins RD, Noakes CA, Schambelan 
M, Biglieri EG (1972) Renal-vein renin in various 
forms of renal hypertension. Lancet 1:1194-1198 

85. Streeten DHP, Anderson GH, Freiberg JM, Dalakos 
TG (1975) Use of an angiotensin II antagonist (sar
alasin) in the recognition of "angiotensinogenic" hy
pertension. N Engl J Med 293:657-662 

86. Strong CG, Hunt JC, Sheps SG, Tucker RM, Ber
natz PE (1971) Renal venous renin activity: En
hancement of sensitivity of lateralization by sodium 
depletion. Am J Cardiol 27:602-611 

87. Swales JD, Thurston H, Queiroz FP, Medina A, Hoi
land J (1971) Dual mechanism for experimental hy
pertension. Lancet II:1181-1184 

88. Thurau K, Schnermann J, Nagel W, Horster M, 
Wohl M (1967) Composition of tubular fluid in the 
macula dens a segment as a factor regulating the 
function of the juxtaglomerular apparatus. Circ Res 
(Suppl 2) 21:79-90 

89. Vander AJ (1965) Effects of catecholamines and the 
renal nerves on renin secretion in anaesthetized 
dogs. Am J Physiol 209:659-662 

90. Vander AJ (1967) Control of renin release. Physiol 
Rev 47:359-382 

91. Vander AJ, Miller R (1964) Control of renin secre
tion in the anaesthetized dog. Am J Physiol 
207:537 -546 

92. Vaughan ED, Buhler FR, Laragh JH, Sealey JE, 
Baer L, Bard RH (1973) Renovascular hypertension: 
Renin measurements to indicate hypersecretion and 
contralateral suppression, estimate renal plasma 
flow, and score for surgical curability. Am J Med 
55:402-414 

93. Vollmar J, Nadjafi S, Rosenthal J (1977) Surgical 
considerations in the treatment of renovascular hy
pertension. Surg Gynecol Obstetrics 144:553-
559 

94. Weiser RA, Johnson AG, Hoobler SW (1969) Effect 
of antirenin on the blood pressure of the rat with ex
perimental renal hypertension. Lab Invest 20:326-
331 

95. Wilson TW, Frolich JC, Carr K, Dates JA (1973) 
Urinary PGE in patients with renal artery stenosis. 
Clin Res 21:460 

96. Wilson HM, Wilson JP, Slaton PE, Foster JH, Lid
dle GW, Hollifield JW (1977) Saralasin infusion in 
the recognition of renovascular hypertension. Ann 
Intern Med 87:36-42 

97. Winer BM, Lubbe WF, Simon M, Williams JA 
(1967) Renin in the diagnosis of renovascular hyper-



216 J. Rosenthal, I. Arlart, H. E. Franz 

tension: Activity in renal and peripheral vein 
plasma. JAMA 202:121-128 

98. Witty RT, Davis JO, Johnson JA, Prewitt RL (1971) 
Effect of papaverine and hemorrhage on renin secre
tion in the nonfiltering kidney. Am J Physiol 
221:1666-1671 

99. Yun J, Kelly G, Bartter FC, Smith H Jr (1977) Role 
of prostaglandins in the control of renin secretion in 
the dog. Circ Res 40:459-464 

100. Buonocore E, Meaney TF, Borkowski GP, Pavlicek 
W, Gallagher J (1981) Digital substraction angiog
raphy of the abdominal aorta and renal arteries. Ra
diology 139:281-286 

101. Dardenne AN, Bodart Q (1977) Fast injection intra
venous nephrourography technique and results. J 
BeIge Radiol 60:239-248 

102. Dotter CT, Judkins MP (1964) Transluminal treat
ment of arteriosclerotic obstruction: Description of 
a new technique and a preliminary report of its ap
plication. Circulation 30:654-670 

103. Griintzig A, Hopff H (1974) Perkutane Rekanalisa
tion chronischer arterieller Verschliisse mit einem 
neuen Dilatations-Katheter. Dtsch Med Wochen
schr 99:2502-2510 

104. Griintzig A, Kuhlmann U, Vetter W, Liitolf U, 
Meier B, Siegenthaler W (1978) Treatment of reno
vascular hypertension with percutaneous translu
minal dilatation of a renal artery stenosis. Lancet 
1:801-802 

105. Heinz ER, Dubois PJ, Drayer BP, Hill R (1980) A 
preliminary investigation of the role of dynamic CT 
in renovascular hypertension. J Comp Ass Torno 
4:63-66 

106. Ingrisch H, Holzgreve H, Middeke M, Frey KW 
(1980) Moderne rontgenologische Diagnostik und 
Therapie des Hochdrucks bei Nierenarterienste
nose. Klin Wschr 58:1105-1115 

107. Katzen BT, Chang J, Lukowsky GH, Abramson EG 
(1979) Percutaneous transluminal angioplasty for 
treatment of renovascular hypertension. Radiology 
131:53-58 

108. Mistretta CA, Crummy AB, Strother CM (1981) 
Digital angiography: A perspective. Radiology 
139:273-276 

109. Schwarten DE (1980) Transluminal angioplasty of 
renal artery stenosis: 70 experiences. Amer J Roent
genoI135:969-974 

110. Tegtmeyer CJ, Teates CD, Crigler N, Gandee RW, 
Ayers CR, Stoddard M, Wellons HA Jr (1981) Per
cutaneous trans luminal angioplasty in patients with 
renal artery stenosis: Follow-up studies. Radiology 
140:323-336 

111. Treugut H, Andersson I, Hildell J, Nyman U, Wei
bull H (1981) Diagnostik renaler Perfusionsstiirun
gen durch Sequenz-CT. Fortschr Roentgenstr 
135:381-388 



Urologic Aspects of Renal Hypertension 17 
M. Ziegler, G. J. Mast 

Renal hypertension is the most frequent form of sec
ondary hypertension and accounts for 25 % to 30 % 
of hypertensive disease. Since renal hypertension is 
in principle amenable to causal surgical therapy, its 
diagnostic differentiation from other forms of hy
pertension is of therapeutic importance. For this, a 
knowledge of the pathophysiology of renal hyper
tension is required, derived on the basis of experi
mental and clinical findings. 

History of Renal Hypertension Research 

Bright first postulated a connection between renal 
disease and high blood pressure in 1836.18 In 1898, 
Tigerstedt and Bergman were able to show that the 
kidney performs endocrine functions in addition to 
its excretory role.l7l In aqueous extracts from the 
renal cortex of normal rabbits, they discovered a 
thermolabile, nondialyzable substance with a hyper
tensive action; they called this substance renin. 
Since then, researchers have attempted to induce 
high blood pressure in many species of laboratory 
animals by subjecting the kidney to various surgical 
manipulations. The results of such research have 
frequently been unsatisfactory or contradictory.103 

For example, while hypertension was not induced 
by bilateral nephrectomy, the blood pressure could 
be raised by resecting up to five-sixths of the renal 
parenchyma. Physical trauma to the renal paren
chyma by cauterization or deep X-irradiation was 
accompanied by a moderate hypertension. Chemical 
lesion of the renal parenchyma by mercury and lead 
or by intrarenal injection of trypsin was not con
vincing in terms of hypertensive effects. Masugi em-

ployed a specific antigen-antibody reaction in rab
bits to produce a disease syndrome that resembled 
human glomerulonephritis and that was accompa
nied by an elevation of blood pressure. Hyperten
sion could also be induced by urinary stasis pro
duced by ureteral clamping or ligature, as well as by 
clamping of the renal vein.75 External compression 
of the renal parenchyma with an oncometer caused 
only slight blood pressure increases in acute experi
ments. By contrast, Page conducted chronic experi
ments with dogs in which the kidney was wrapped 
in cellophane film; this produced a scarring "cello
phane perinephritis" which compressed the kidney 
and led to hypertension.67 

Attempts to induce hypertension by restricting 
the arterial blood flow to one kidney were first de
scribed by Katzenstein in 1905.83 Influenced by Vol
hard, who employed the clinical classifications of 
"red" and "pale" hypertension and assumed a hu
moral agent of renal origin (renin?) for the latter, 
Hartwich was able in 1930 to induce hypertension in 
dogs by ligature of individual renal artery branches 
as well as by clamping the main artery.75 In 1934, 
Goldblatt et al. first produced persistent renal hy
pertension in dogs, with blood pressure values above 
200 mm Hg.62 

Since then it has been shown that hypertension 
can be induced in a wide variety of experimental an
imals by restricting the blood flow to one kidney, 
with or without contralateral nephrectomy, or by 
clamping the aorta above or between both renal ar
teries. The best experimental animal in terms of re
producibility of hypertension has been the rat.67 

After Tigerstedt and Bergman pointed out that 
their discovery, renin, might be of importance in the 
development of renal hypertension,171 this substance 
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became the focal point of hypertensive research for 
more than 50 years. 

In 1940 it was shown that renin does not itself 
exert a hypertensive action but acts as an enzyme to 
liberate the vasopressor angiotensin from its sub
strate angiotensinogen. 17,125 Angiotensin was first 
isolated in 195650,148 and was first synthesized in 
1957.19,158 Since then the site of origin of renin has 
been more accurately determined, the extrarenal oc
currence of renin has been demonstrated, and the 
biochemical reaction scheme leading to angiotensin 
has been largely elucidated. 58 

Further investigations have shown that besides 
the renin, erythropoietin, and vitamin D systems, 
the kidney also possesses a renal prostaglandin sys
tem as well as a renal kallikrein -kinin system.l80 

The Renin-Angiotensin System 

The reaction scheme characteristic of the renin-an
giotensin system is illustrated in Figure 1.68 Renin is 
a proteinase which liberates the decapeptide angio
tensin I from the substrate angiotensinogen, a pro
tein of the D'2-globulin fraction. In the presence of 
chlorine ions, the converting enzyme splits off two 
C-terminal amino acids from angiotensin I, chang
ing it to the octapeptide angiotensin II, a powerful 
vasopressor. The latter is immediately broken down 
into inactive polypeptides by ubiquitous endo- and 
ectopeptidases (angiotensinases). 

More recent investigations have shown that this 
reaction involves additional inhibitors and activa-

RENIN
SUBSTRATE 

(0(2 GLOBULIN) 

ANGIOTENSIN I 

ANGIOTENSIN II 

SARALASIN 

tors from the renal prostaglandin and kallikrein
kinin systems, which interact with the renin-angio
tensin system. According to these studies, the con
verting enzyme is identical to kininase II, which cat
alyzes the breakdown of the kin ins. 159 

By substituting sarcosine and alanine for the N
terminal and C-terminal amino acids of angiotensin 
II, respectively, the angiotensin II analog 1-sarcos
ine-8-alanine-angiotensin II is obtained. This octa
peptide is a competitive inhibitor of angiotensin II 
and is undergoing experimental and clinical testing 
under the name saralasin. 124,166 

Site of Formation and Storage of Renin 

The site of renin formation and storage is the jux
taglomerular apparatus (JGA) of the glomerulus34,64 

(Fig. 2). It forms a spatial and functional unit which 
is permeated by a dense network of adrenergic ter
minal nerve fibers. Reportedly, cholinergic nerve fi
bers are also present. 127 The juxtaglomerular appa
ratus is formed by the following structures: 

1. Granular epithelioid cells, which are located in 
the wall of the afferent arteriole just before its 
juncture with the glomerulus. The microstruc
ture of these cells shows the typical characteris
tics of endocrine-active cells. The granules in the 
cells, which are demonstrable by histochemical, 
fluorescent-microscopic, and electron-optical 
means, are closely associated with the Golgi com
plex and are considered the morphologic sub
strate of renin. Under experimental conditions 

Figure 1. Reaction scheme of the renin-angiotensin system. 



Afferent arteriole 

Figure 2. Juxtaglomerular apparatus: (1) granular jux
taglomerular cells; (2) macula densa; (3) agranular jux
taglomerular cells (Goormaghtigh cells, polkissen); and 
(4) adrenergic nerve endings. 

the number of granules correlates with the renin 
content of the kidney. 

2. The macula densa, a zone located in the distal 
renal tubule where it makes contact with the vas
cular pole of the glomerulus. This part of the tu
bule differs from the rest by the denser arrange
ment and more cylindrical shape of its cells. The 
macula densa is separated from the epithelioid 
granular cells by only a simple continuous base
ment membrane. 

3. The granular juxtaglomerular cells (called also 
Goormaghtigh cells and polkissen), located in 
the angle formed by the afferent and efferent ar
terioles. They are modified smooth-muscle cells 
which interconnect the afferent and efferent ar
terioles, macula densa, and mesangium of the glo
merulus by means of long, highly ramified cyto
plasmic extensions. Their functional significance 
is still obscure.34 

The Regulation of Renin Formation and Release 

The regulation of renin formation and release in the 
juxtaglomerular apparatus is extremely complex. 
Renin release in the kidney is influenced by changes 
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in hemodynamic factors such as blood volume or 
renal perfusion pressure as well as by changes in so
dium intake; i.e., an indirect correlation exists both 
between the circulating blood volumel90 and renin 
release, and between sodium intake and renin re
lease. Four mechanisms are known whereby renin 
release is controlled.39•68 

1. By vascular baroreceptors in the wall of the af
ferent arteriole, which respond to changes in wall 
tension. A decrease in wall tension due to a fall of 
renal perfusion pressure (blood volume) stimu
lates renin release, while a rise of perfusion pres
sure suppresses it. 

2. By adrenergic nerve endings, renin release in the 
JGA can be controlled through direct and indi
rect stimulation independently of the vascular re
ceptors. Intrathoracic pressure and blood-volume 
changes appear to influence renin secretion via a 
reflex mechanism.1l2,190 

3. By humoral substances such as catecholamines, 
angiotensin II, and sodium, which have varying 
mechanisms of action. 

4. By the macula densa mechanism (Fig. 3). A fall 
of renal perfusion pressure (sodium restriction?) 
(1) causes a decrease in the glomerular filtration 
rate (2) which in turn leads to a decrease in the 
sodium (chloride?) concentration in the distal tu
bule fluid at the macula densa (3). Via a negative
feedback mechanism the macula densa stimu· 
lates renin release (4), which leads to a local 
increase in the production of angiotensin II (5) 

Figure 3. Macula densa mechanism. 
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Angiotensin II can again increase the glomerular 
filtration rate by constricting the vas efi'erens (6), 
while simultaneously stimulating the secretion of 
aldosterone in the glomerular zone of the adrenal 
cortex (7). Aldosterone itself leads to an increase 
in tubular sodium reabsorption (8). 

Physiological Functions of the Renin-Angiotensin 
System 

Before Gross demonstrated physiologic functions 
for renin in 1958,69 it was thought that the renin-an
giotensin system played an exclusively pathogenic 
role in renal hypertension, owing to the vasocon
stricting action of angiotensin. On the basis of stud
ies in rats, Gross postulated that renin controls the 
secretion of aldosterone in the adrenal cortex via an
giotensin and thus plays a role in the regulation of 
the sodium balance. Subsequent studies have dem
onstrated several physiologic functions for renin-an
giotensin geared toward the maintenance of a con
stant blood pressure. This is accomplished by the 
direct action of angiotensin II on the resistance ves
sels as well as indirectly by maintaining homeostasis 
of the electrolyte and water balance, and thus of the 
blood volume. In summary, angiotensin II regulates 
the electrolyte and water balance both by renal 
mechanisms, such as glomerular filtration rate and 
tubular sodium reabsorption, and by its influence on 
aldosterone secretion in the adrenal cortex, the 

Renin content PI asma ren i n Plasma 

thirst center in the hypothalamus, and the secretion 
of antidiuretic hormone in the hypothalamus and 
neurohypophysis.39,68 

The Renin-Angiotensin System and Experimental 
Renal Hypertension 

The significance of the renin-angiotensin system in 
the pathogenesis of renal hypertension has been in
vestigated most frequently using renovascular hy
pertension as a model. The most suitable animal for 
such experiments has proved to be the rat, in 
which-analogous to human disease syndromes
renovascular hypertension can be produced by var
ious surgical procedures (Fig. 4). 

Clamping a renal artery (0.2 mm) while leaving 
the contralateral kidney intact in rats weighing 80-
120 g leads to an increase in the renin content of the 
ischemic kidney within 3 days, while the renin con
tent of the contralateral kidney falls within 21 days. 
The increase in the renin content of the ischemic 
kidney is paralleled by an increase in plasma renin 
activity; the blood pressure starts to rise 1-2 days 
thereafter and reaches hypertensive levels after 3-4 
weeks.1OO Thus, while the blood pressure is not a di
rect temporal correlate of the rise in plasma renin 
activity, this rise is accompanied by a parallel in
crease in the plasma aldosterone levelY9 On the one 
hand, the increased formation of angiotensin II that 
accompanies the elevated plasma renin activity 

Plasma Blood Experiment 
of kidneys activity angiotensin aldosterone pressure 

Normal q~ 
Unilateral renal q~ artery stenosis 

Aort ic constrict ion Q1t Ureteral I igatu re 

Bilatcral rcna l ~~ artery stenosis 

Rena l artery 
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Contrala tera l 
nephrectomy 
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of symbols: 
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Figure 4. Renin content of the 
kidneys, plasma renin activity, 
plasma level of angiotensin II, 
plasma level of aldosterone, and 
blood pressure behavior in various 
hypertension models in the rat. 



causes a natriuresis with water loss in the contralat
eral kidney; on the other, angiotensin exerts a so
dium-conserving effect by the stimulation of aldo
sterone secretion. 

The significance of secondary hyperaldosteronism 
in the pathogenesis of renal vascular hypertension is 
demonstrated by studies in adrenalectomized rats 
which received small replacement doses of cortisone. 
The clamping of a renal artery did not cause hyper
tension in these animals, although the renin content 
of the ischemic kidney increased markedly. so In 
other experiments it could be shown that in rats 
with hypertension induced by the narrowing of a 
renal artery, adrenalectomy leads to a normalization 
of blood pressure. This fall of blood pressure cannot 
be prevented by aldosterone replacement alone but 
can be averted if sodium or common salt is admin
istered concurrently.l85 The importance of salt or so
dium in renovascular hypertension is demonstrated 
by the fact that the blood pressure of rats with re
novascular hypertension can be lowered by salt re
striction, while the renin concentration in the blood 
continues to rise.1l3 This suggests that the renin-an
giotensin system is only indirectly involved in the 
origin and maintenance of renovascular hyperten
sion, probably through the stimulation of aldoste
rone secretion. The accompanying increase in the 
sodium content of the arterial walls is associated 
with a heightened reactivity of the vascular system 
to vasopressor substances such as norepinephrine 
and angiotensin.185 

Evidence for the importance of the renin-angio
tensin system in the origin of renovascular hyper
tension is provided by studies in animals with re
novascular hypertension, in which the effect of the 
inhibition of renin or angiotensin on blood pressure 
was investigated. While the results obtained with 
antirenin and antiangiotensinl85 were contradictory, 
the blood pressure could be lowered by administer
ing specific competitive inhibitors of angiotensin II 
(angiotensin II analogs) or by inhibition of the con
verting enzyme.2O·124.134 

In rats weighing 150 g, clamping a renal artery (0.2 
mm) while leaving the contralateral kidney intact 
produces a blood pressure elevation which is accom
panied in some animals by a sodium- and water-los
ing syndrome, and thus by a further stimulation of 
the renin-angiotensin system and a further rise of 
blood pressure. This creates a vicious cycle (malig
nant hypertension) which often leads to the death of 
the animal. The sodium and water loss results both 
from an increase in angiotensin II production and 
from the pressure load on the contralateral kidney, 
which may exhibit malignant vascular changes dur
ing this phase!3 

Constriction of the aorta between the right and 
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deeper-branching left renal artery in rats also pro
duces a malignant hypertension accompanied by so
dium and water loss. In this situation the left kidney 
retains sufficient blood flow to maintain vitality but 
loses its excretory function, so that simultaneous 
ureteral ligature produces no stasis symptoms. Mor
phologically, the left kidney resembles an endocrine 
organ (Selye: "endocrine kidney") whose renin con
tent is markedly increased, while the renin content 
of the contralateral pressure-loaded kidney is re
duced.28 The high-renin content of the left kidney is 
accompanied in turn by a rise in the plasma concen
tration of renin, angiotensin II, and aldosterone, as 
in rats with a clamped renal artery and intact con
tralateral kidney. 

If, on the other hand, one kidney of the rat is ex
tirpated and the artery of the remaining kidney is 
clamped, hypertension indeed develops within a few 
days, but the renin content of the ischemic kidney 
and the plasma renin and aldosterone levels occupy 
the range of concentrations found in rats with intact 
kidneys.149.191 However, it is known that the plasma 
renin activity is strongly reduced after unilateral ne
phrectomy alone;1l2.185 as a result, restricting the 
blood supply to a solitary kidney is accompanied by 
a slight rise of plasma renin activity. The failure of 
the plasma renin activity to increase further is ex
plained by the absence of a contralateral sodium
and water-losing kidney. The slight increase in the 
plasma levels of renin or angiotensin II and aldoste
rone is accompanied by sodium retention. This leads 
on the one hand to hypernatremia with an elevated 
cardiac output and on the other to a heightened 
reactivity of the resistance vessels to tonicizing sub
stances such as catecholamines and angiotensin II, 
owing to the increased deposition of sodium in the 
walls of these vessels. l85 

A similar mechanism must be assumed for the 
pathogenesis of hypertension in rats in which the 
clamping of both renal arteries is accompanied by 
high blood pressure but no significant change in 
plasma renin levels. Again, this is apparently due to 
the absence of an "intact" sodium- and water-losing 
kidney.67.7o 

Increased sodium and water retention must also 
be considered the pathogenic mechanism in "cello
phane perinephritis." After one kidney is wrapped 
in cellophane in the dog, cat, and rabbit, a perine
phritis develops which produces renal scarring and 
compression.67 In this situation the blood pressure 
rises only slightly in the presence of a contralateral 
kidney, whereas simultaneous extirpation of the 
contralateral kidney leads to hypertension accom
panied by a normal or subnormal plasma renin ac
tivity-similar to the case in which the blood supply 
to a solitary kidney is restricted. Thus, the mecha-
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nism of hypertension in this model is apparently 
similar to that involved in restricting the blood flow 
to a solitary kidney.27 

Whereas in renovascular hypertension renin se
cretion in the kidney appears to be stimulated by 
baroreceptors located in the vas afferens, other stud
ies indicate that the increased renal renin secretion 
that accompanies hypertension due to urinary sta
sis174 is controlled by the macula densa receptor. 
This was proved in experiments on isolated canine 
kidneys in which increased renin secretion was ob
served following ureteral clamping at a constant 
renal perfusion.82 Other experimental findings indi
cate that, at least at the onset of hypertension in 
urinary stasis, renin secretion is increased in the af
fected kidney,175 and clinical evidence shows that the 
hypertension in chronic urinary stasis is accompa
nied by hyperreninemia of the involved kid
ney.2.6,29,38.57,87,119,155,157,168,181 

The Renal Prostaglandin and Kallikrein
Kinin Systems 

Until recently, interest was focused primarily on the 
renin-angiotensin system in explaining the patho
genesis of experimental hypertension in the models 
discussed. However, more recent studies have shown 
that an interrelationship exists between this system 
and the renal prostaglandin and kallikrein-kinin 
systems, These renal tissue hormones exert an effect 
which is more or less antagonistic to the renin-an
giotensin system through their influence on vascular 
resistance and renal salt and water excretion. There 
is not only a close biochemical interaction among 
the three systems (as mentioned earlier), but also an 
interrelationship of physiologic regulatory mecha
nisms. As a result, several factors must be taken into 
account when assessing the role played by individual 
systems in certain physiologic or pathophysiologic 
states. 

The physiologic functions of the renal kallikrein
kinin system are still largely unknown. This system 
is probably involved in the regulation of renal blood 
flow and salt and water excretion, whereby the na
triuretic and diuretic action of the kinins is me
diated by the renal prostaglandins. The prostaglan
dins, moreover, have varying effects on vascular 
tone, 

Prostaglandin E2 administered intra-arterially 
leads to vasodilatation in the arterial system and an
tagonizes the vasopressor effects of angiotensin II 
and norepinephrine. It also reduces neurotransmis
sion, stimulates sodium transport at biological 
membranes, and inhibits the action of ADH in the 

distal tubule. Prostaglandin F 2a, on the other hand, 
directly or indirectly enhances the vasoconstricting 
effect of such vasopressors as angiotensin II and 
norepinephrine. ISO 

Although the exact physiologic interaction of 
these systems is still obscure, it may be assumed 
that both systems participate with the renin-angio
tensin system in the regulation of salt and water ho
meostasis and blood pressure through their syner
gistic and antagonistic effects on the sodium 
chloride and water balance and the adjustment of 
vascular tone.81,96 

Uncertainty still exists as to the pathogenic im
portance of the renal prostaglandin and kallikrein
kinin systems in renal hypertension. It is known 
that prostaglandins are capable of lowering the 
blood pressure both in normotensive animals and in 
hypertensive animals with various forms of experi
mental hypertension. It is probable, therefore, that 
the renal prostaglandins act on renal blood flow and 
natriuresis to antagonize the renin-angiotensin sys
tem and sympathetic nervous system and so carry 
out the antihypertensive function of the kidney.95 

A correlation was shown to exist between the de
gree of hypertension and the decline in renal pros
taglandin production in rats with a clamped renal 
artery and intact contralateral kidney.l5l By con
trast, patients with renovascular hypertension have 
demonstrated an increased prostaglandin content in 
the papilla of the ischemic kidney167 as well as an in
creased serum prostaglandin level in the affected 
kidney.48 Further research is needed before a final 
assessment can be made of the significance of the 
renal prostaglandin and kallikrein-kinin systems in 
renal hypertension. 

Clinical Forms of Renal Hypertension 

All forms of experimental renal hypertension have 
their clinical correlates. Prerenal, renoparenchymal, 
and postrenal diseases, whether unilateral or bilat
eral, may be associated with hypertension. On the 
other hand, renal disease and hypertension may co
exist independently of each other, Then, when hy
pertension is discovered, it is necessary to determine 
whether a renal disease is present and, if so, whether 
it triggered the hypertension or exists indepen
dently of it. 

The demonstration of a renal cause for hyperten
sion is particularly important when a urologic (i.e., 
surgically correctable) disease is involved, and thus 
causal treatment is possible in principle. Only the 
forms of renal hypertension listed in Table 1 under 
facultative unilateral renal diseases will concern us 
here, 



Table 1. Renal Diseases Which May Be Associated with 
Hypertension 

1. Bilateral renal diseases 
Acute and chronic glomerulonephritis 
Acute and chronic interstitial nephritis 
Pyelonephritis 
Glomerulosclerosis (Kimmelstiel-Wilson 
syndrome) 

Amyloid kidney 
Nephropathy of pregnancy 
Bilateral cystic renal degeneration 
Inflammatory vascular diseases of the kidney 
(Periarteritis nodosa, lupus erythematosus, 
scleroderma, endangiitis obliterans) 

2. Facultative unilateral renal diseases 
a. Prerenal factors 

Renal artery stenosis 
Arteriovenous fistula 
Renal artery aneurysms 
Multiple renal arteries 
(Ligature of a segmental artery) 
Renal infarction 
Renal vein thrombosis 
Trauma with intimal lesion 

b. Renoparenchymal factors 
Pyelonephritis 
Segmental hypoplasia (Ask-Upmark) 
Renal tuberculosis 
Renal trauma (perirenal hematoma) 
Solitary acquired renal cysts 
Tumors of the juxtaglomerular apparatus 
Hypernephroma 
Nephroblastoma (Wilms' tumor) 

c. Postrenal factors 
Urinary stasis of varying etiology 

3. Hypertension due to chronic renal failure 
Indication for bilateral nephrectomy 

4. Hypertension following renal transplantation 

Diagnosis 

The diagnostic procedures available for detecting 
renal hypertension are numerous and varied; they 
cannot and should not all be employed in every case. 
Only if the underlying disease warrants, or if the 
outcome of the basic diagnosis is positive (Table 2), 
should further, more sophisticated diagnostic inves
tigations be performed. 

The anamnesis is seldom informative, especially 
in the case of renovascular hypertension. Only in 
hypertension due to inflammatory renal disease are 
anamnestic data in the form of recurrent urinary 
tract infections important. The level of the blood 
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pressure itself and the course of the hypertension 
cannot be taken as differential diagnostic criteria, 
although the diastolic blood pressure values of pa
tients with renal hypertension are slightly higher 
than in patients with essential hypertension. Nor 
does the age of the patient represent a useful crite
rion, since essential hypertension commonly occurs 
at a young age. Audible abdominal bruits are rare 
and, if present, are difficult to distinguish from aor
tic sounds. Nevertheless, the first step in the differ
ential diagnosis is to obtain a detailed anamnesis 
and conduct a clinical examination in order to locate 
possible nonrenal causes of the hypertension. This 
is followed by a qualitative and quantitative urinal
ysis as well as a determination of serum creatinine, 
urea, sodium, and potassium (hyperaldoster
onism?). 

Excretory urography, perhaps in the form of an 
early urogram, plays a central role in further diag
nosis. If lateral disparities in the excretion or pole
to-pole diameter of the kidneys or changes in the 
contour or collecting system of a kidney point to im
paired blood flow or parenchymal destruction, a 
renal cause for the hypertension must be considered. 
A hypermobile kidney, which may cause hyperten
sion as a result of impaired blood flow or intermit
tent urinary outflow obstruction, is demonstrated by 
excretory urography in a standing position. In cases 
of chronic urinary tract infection and demonstrable 
parenchymal damage, vesicorenal reflux should be 
excluded as a cause (see Chap. 27). 

Of even greater importance in the diagnosis of re
novascular as well as renoparenchymal hypertension 
are the separated renal clearances of Hippuran 131 
and phase scintigraphy, which are useful in detect
ing functionally significant renal artery stenoses and 
unilateral parenchymal diseases in the separate kid
neys (see Chap. 28). 

The saralasin infusion test may prove to be an
other valuable aid in the diagnosis of renal 
hypertension.21.107.124.166 In this test saralasin is in-

Table 2. Diagnosis of Renal Hypertension 

1. Basic diagnostic investigations 
a. Anamnesis 
b. Urogram (early urogram) (see Chap. 27) 
c. Radioisotope studies (see Chap. 28) 

(1) Hippuran 131 clearance 
(2) Phase scintigraphy 

d. Saralasin test 

2. Further diagnostic investigations 
a. Renovasography (see Chap. 27) 
b. Determination of plasma renin activity in the 

peripheral venous blood and in the renal 
venous blood of the separate kidneys 
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Saralasi n infusion 
Blood 
pressure:.. +-____ -I..:::.:;...L..:::.:;...L_.:..::.._-+.:..1l::;.9/ __ k::;.9/ __ m __ i __ n ___ _ 
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Figure 5. Saralasin infusion test 
in 22-year-old woman with left 
renal artery stenosis due to fibro
muscular disease; dose-dependent 
fall of blood pressure during sara
lasin infusion; marked rise of pe
ripheral venous renin activity dur
ing saralasin infusion; immediate 
rise of blood pressure to initial val
ues after completion of infusion; 
blood pressure normalized following 
correction of stenosis by venous in
terposition. (I, systolic; II, dia
stolic.) 

16.3 40.4 
Plasma ren in activity 

[ normal : 2(n9 AI / ml/h )] 

fused under standard conditions, causing a compet
itive inhibition of angiotensin II present in the 
blood. If this provokes a fall of blood pressure, it 
may be assumed that the hypertension is due to 
stimulation of the renin-angiotensin system. How
ever, this test is still in the clinical trial stage, and so 
a final assessment cannot yet be made regarding its 
suitability as a screening method (Fig. 5). 

If the excretory urogram and radioisotope studies 
show signs of a unilateral renal disease, it is neces
sary to proceed with further diagnostic investiga
tions. The only method of demonstrating renal ar
tery disease, for example, is renal arteriography (see 
Chap. 27). Because not every angiographically dem
onstrated renal artery stenosis nor every morpholog
ically or functionally recognized unilateral renal le
sion produces hypertension, a connection between 
proven unilateral renal disease and elevated blood 
pressure can be established only by assaying the 
plasma renin activity in the peripheral venous blood 
as well as in the renal venous blood of the separate 
kidneys. 

The importance of determining the peripheral ve
nous renin activity lies primarily in the detection of 
functionally significant renal artery stenoses. The 
determination should be made both at rest (follow
ing 8-h bed rest before rising) and during stimula
tion (1 h of activity or 40 mg of furosemide orally). 
Stimulation, particularly in the case of hypertension 

min (t) 

from renal artery stenosis, leads to a much greater 
renin release than in other forms of hypertension. If 
no increase in peripheral venous renin activity is 
seen under conditions of stimulation, the cause of 
this and the hypertension may be primary hyperal
dosteronism due to a solitary adrenocortical ade
noma (Conn's syndrome). Supplementary diagnos
tic tests in the form of aldosterone analyses are 
necessary in such cases." 

Based on clinical results, the peripheral venous 
renin assay is reliable in terms of associating a uni
lateral renovascular or renoparenchymal disease 
with hypertension only if its outcome is positive 
during rest and stimulation. Further diagnostic evi
dence can be obtained with the aid of the separated 
renal vein renin assay. This test is based on the prin
ciple discovered in the animal experiments de
scribed above, namely, that the renin content of the 
ischemic kidney is increased while that of the con
tralateral intact kidney is reduced. Corresponding 
disparities in the renal vein renin activity of the sep
arate kidneys can be measured in patients with 
functionally significant renal artery stenosis. Dem
onstration of the suppression of renin secretion in 
the normal kidney and an elevated renin secretion 
in the affected kidney relative to the contralateral 
side is the determining factor for a diagnostic or pre
operative prognostic assessment of the functional 
significance of a renal artery stenosis. The final re-



quirement is met if the ratio of the plasma renin ac
tivity of the affected kidney to that of the normal 
kidney is greater than 1.5. The suppression of renin 
secretion in the contralateral kidney is expressed in 
a ratio of less than 1.3 between the contralateral 
renal vein renin activity and the inferior vena cava 
renin activity below the renal veins. Under these 
conditions, the blood pressure can be normalized by 
correcting the stenosis. 13,52.164,176,184 The same condi
tions in terms of peripheral and renal vein renin ac
tivity must be satisfied in hypertension due to uni
lateral renoparenchymal disease or urinary stasis if 
the hypertension is to be amenable to surgical cure. 

In certain situations, such as pyelonephritic pa
renchymal scars, segmental renal infarction, and tu
mors of the JGA, hypertension is the result of a 
segmental renal hyperreninemia. This is not 
manifested during separate determinations of serum 
renin activity in the main renal veins but can be 
demonstrated only by selective determination of the 
r~nin activity in the segmental veins of one or both 
kidneys.91,101,145,163 

Radioisotope techniques and the separated renal 
vein renin assay have substantially improved the 
preoperative prognosis of blood pressure behavior 
after surgery and have replaced other techniques 
which today are of only historical interest. These in
clude the split renal function studies with bilateral 
ureteral catheterization by the technique of How
ard, Rapoport, and Stamey.74 The key to recent ad
vances was the development of methods for deter
mining the plasma renin activity, which today is 
done by radioimmunoassay.31 The strict mainte
nance of standardized conditions is essential for 
every determination. Aside from the determination 
under conditions of rest and stimulation, it is im
portant that the patient remain on a normal sodium 
diet and that no medications be given which would 
alter the plasma renin activity. When obtaining the 
anamnesis, moreover, the physician must be partic
ularly alert for the use of ovulation inhibitors, as 
these may raise the plasma renin activity as well as 
angiotensinogen levels and thus elevate the blood 
pressure. l83 

Facultative Unilateral Renal Diseases 

Prerenal Factors- Renovascular Hypertension 

In accordance with experimental findings, renal ar
tery stenosis may be associated with hypertension 
in humans as well. What is required is a specific nar
rowing of the lumen of the renal artery; in other 
words, not every angiographically proved renal ar-
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tery stenosis is functionally significant. This can be 
assumed only if the ratio of the renal vein renin ac
tivities of the separate kidneys is greater than 1.5, or 
renin suppression in the contralateral kidney is 
demonstrated. In these cases, relief of hypertension 
by surgical correction of the vascular stenosis has a 
success rate of approximately 90% (Fig. 6). Most 
failures result from the fact that the hypertension 
has already caused vascular lesions in the contralat
eral kidney which are manifested preoperatively 
in an undetected suppression of renin secre
tion.13,52,164,176,184,185 

Although the correction of renal artery stenoses 
has been largely the domain of the vascular surgeon 
in the past, new urosurgical techniques now enable 
the urologist to treat these diseases in many cases. 
Most important are the techniques of organ conser
vation and transplantation developed for homolo
gous renal transplant surgery. These have led to im
proved techniques in the surgical treatment of renal 
artery stenoses, such as the practice of retroperito
neal, rather than transperitoneal, arterial recon
struction to reduce the surgical stress on the patient. 

According to Gil-Vernet et al,60 a left-sided renal 
artery stenosis is corrected retroperitoneally by 
bringing the splenic artery into the retroperitoneal 
space, where it is anastomosed end-to-end to the 
renal artery. The operation is performed after hy
pothermal renal perfusion so that the anastomosis 
can be formed without time pressure. For correcting 
a right-sided renal artery stenosis by autogenous ar
terial bypass, the right internal iliac artery can be 
used. The right kidney is exposed by an inguinal 
renal transplantation incision lengthened proxi
mally, the vascular pedicle is sectioned, and the kid
ney is revascularized heterotopically by anastomosis 
with the iliac vessels. 

Renal transplantation techniques are applied 
even more extensively in the treatment of intrahilar 
renal artery stenoses or renal artery aneurysms. 
Here the kidney is extirpated along with the proxi
mal ureter and, following hypothermal perfusion of 
the organ, the necessary arterial repairs are done 
with microsurgical techniques. Afterwards the kid
ney is reimplanted heterotopically in the iliac 
fossa. 85,143 As for experimentally tested techniques of 
achieving revascularization by interposition of the 
omentum or splenic artery into the parenchyma of 
the ischemic kidney, it is doubtful whether these 
will find clinical application.79.169 

In older patients with an increased operative risk, 
nephrectomy should be considered as a lower-risk 
alternative for functionally significant renal artery 
stenosis if such a procedure can relieve the hyper
tension or improve prospects for drug therapy (Fig. 
7). Nephrectomy should always be considered if the 
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Figure 6. Survey aortogram of 56-year-old man showing atherosclerotic stenosis of the right renal artery, and cen
trally located hypernephroid renal carcinoma on left side. Peripheral venous renin activity increased during stimula
tion; significant lateralization of renin activity in renal venous blood; suppression of renin release in left kidney; blood 
pressure normalized following enlargement of the right artery lumen by patch graft with simultaneous left nephrec
tomy (see Table 3, no. 1). 

renal artery is already obliterated to the extent that 
the renal tissue is still supplied via collaterals but 
has lost all excretory function. According to the ex
perimental situation of the "endocrine kidney" de
scribed by Selye, the hypertension in such cases is 
caused by the "endocrine organ" (Fig. 8). 

It is difficult to establish a connection between 
hypertension and renal artery stenosis in solitary 
kidneys. Even a normal-range plasma renin activity 
is considered to be elevated in such situations, since 
a markedly decreased renin activity is found in oth
erwise intact individuals with a unilateral nephrec
tomy,40 similar to the situation in experimental 
dogS. 112,190 The indication for correction of the ste
nosis is facilitated by the fact that such treatment 
leads to an amelioration of kidney function. Simi
larly, in bilateral renal artery stenoses a marked 
lateral disparity in renal vein renin activity is found 
only if the stenoses are of different degrees of sever
ity (Fig. 9), as in the experiments. 

Hypertension resulting from impaired blood flow 
to a kidney may be due to stenotic changes in the 

artery wall but can also result from intrahilar 
compression of the renal artery. The latter has been 
variously attributed to aneurysms of the aorta78 and 
to tumors localized in the renal hilus (neuroblas
toma, neurofibroma, pheochromocytoma).137 

The rare aneurysms of the renal artery are local
ized mainly at the bifurcation and major branches 
of the renal artery. The clinical symptoms are usu
ally nonspecific. The aneurysm can cause renovas
cular hypertension through compression, thrombo
sis, or stenosis of associated or adjacent arteries. 
Figures on the coincidence of renal artery aneu
rysms and hypertension range from 13 % to 80 % ; 
thus, a possible connection between hypertension 
and an angiographically proven aneurysm can be es
tablished only by separated renal vein renin assays. 
However, the patient with a proven aneurysm is in 
greater danger from a potentially fatal ruptural 
hemorrhage (12 %) than from hypertension, and so 
surgical correction is indicated in every case. Be
cause this procedure is extremely difficult49,r;e or im
possible in situ, the recommended procedure 
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Figure 7. A 69-year-old man with hypertension unresponsive to drug therapy. a Excretory urogram (tomogram): 
Pole-to-pole diameter of right kidney 14 cm, of left kidney 11.5 cm. b Survey aortogram showing filiform stenosis of 
left renal artery. Marked impairment of excretory function and significant hyperreninemia on left side with renin 
suppression on right side; blood pressure normalized following left nephrectomy (see Table 3, no. 2). 
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Figure 8. Survey aortogram of 36-year-old man showing occlusion of left renal artery and stenosis of right renal 
artery. Complete loss of excretory function in left kidney with compensatory hypertrophy of right kidney; marked 
elevation of peripheral venous renin activity; strong lateralization of renal vein renin activity; secondary hyperaldo
steronism (endocrine kidney); blood pressure normalized following left nephrectomy and simultaneous correction of 
right artery stenosis by interposition of left renal vein (see Table 3, no. 3). 

is extracorporeal repair with subsequent reimplan
tation132 or, if the findings and patient's general con
dition warrant, a nephrectomy. 

Arteriovenous fistula is rare as a cause of 
hypertension.l09.l3l Etiologically, arteriovenous fis
tulas are classified as congenital or acquired. While 
congenital fistulas are located extrarenally, acquired 
arteriovenous fistulas occur both extrarenally and 
intrarenally. Extrarenal arteriovenous fistulas in
clude those that occur after nephrectomy (see Chap. 
27) as a result of a common ligature of artery and 
vein, which is the reason these must always be li
gated separately. Intrarenal fistulas are observed 
after trauma, after surgery on the renal parenchyma, 
and particularly after blind needle biopsy.lll A rare 
form of arteriovenous fistula between the renal ar
tery and inferior vena cava that causes hypertension 
has been observed following renal trauma.142 

Arteriovenous fistulas are accompanied by hyper
tension in about 45 % of cases, the latter resulting 
from a hemodynamically significant increase in the 
circulating blood volume or from parenchymal isch-

emia with an increase in renin release. Abdominal or 
flank pain, hematuria, and, in 57% of cases, a sys
tolic bruit in the renal bed are symptomatic of an 
arteriovenous fistula. The urogram rarely shows ev
idence of the fistula, such as extension of the calyces, 
compression of the calyceal necks, or calcification. 
The definite diagnosis is established by the arterio
gram, which also determines the operative tactics; 
i.e., the fistula is repaired after renal exposure or the 
kidney is extirpated, depending on the localization. 
Parenchymal arteriovenous fistulas with macrohe
maturia following renal biopsy can sometimes be 
closed elegantly by the arterial injection of a tissue 
adhesive by the Seldinger technique.72 

The presence of multiple renal arteries is a de
velopmental aberration in which the main renal ar
tery divides prematurely into segmental arteries, 
which may even arise directly from the aorta.65 The 
kidney is supplied via five segmental arteries, which 
is the reason the greatest number of arteries that 
theoretically can supply a kidney is five. Peter, on 
the basis of postmortem findings, postulated a con-
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Figure 9. Survey aortogram of 39-year-old woman showing filiform stenosis of left renal artery, lower-grade stenosis 
of right renal artery, and bilateral poststenotic dilatation with fibromuscular dysplasia. Marked impairment of left 
kidney function, moderate impairment of right kidney function; elevated peripheral venous renin activity; left renal 
vein renin activity three times higher than right renal vein, expressing stronger hemodynamic activity of the left ste
nosis; secondary hyperaldosteronism; blood pressure normalized by bilateral aorticorenal Dacron bypass (see Table 3, 
no. 4). 

nection between multiple renal arteries and essen
tial hypertension. l29 According to this theory, the 
narrower-Iumened multiple renal arteries are rela
tively more severely stenosed by atherosclerotic 
changes at the arterial branches than are solitary 
renal arteries. Since the effect of the stenosis is mul
tiplied by the increased number of arteries, second
ary renovascular hypertension should develop more 
frequently in the presence of multiple renal arteries 
than when the main artery branches normally. 

The same postmortem statistics showed a fre
quency of 28 % for unilateral or bilateral multiple 
renal arteries in the controls.l29 This figure is consis
tent with arteriographic findings demonstrating uni
or bilateral multiple renal arteries in 32 % of nor
motensive controls.37 However, arteriography 
showed no significantly higher incidence of multiple 
renal arteries in hypertensive patients; this would 
indicate that the association between multiple renal 
arteries and hypertension is merely coincidental.41,42 

In hypertension resulting from segmental artery 
stenosis, the blood pressure can be normalized by 
vascular reconstruction in suitable cases. By con
trast, ligature of the segmental end-artery is seldom 

curative, because afterwards the hypertension will 
be maintained by the infarcted renal segment; in 
20 % of cases, ligature of a lower segmental artery 
(e.g., as a cause of hydronephrosis) leads to hyper
tension accompanied by hyperreninemia.9,59.156 This 
has been attributed to the presence of a capillary 
anastomosis from an adjacent segment which "re
vascularizes" the ischemic boundary zone.41 How
ever, a more likely explanation is that the ischemic 
segment is supplied by capsule arteries. Such collat
erals have already been observed as a cause of hy
pertension with hyperreninemia after the total oc
clusion of a segmental artery58,115 and after occlusion 
of the main artery in the "endocrine kidney." If the 
collaterals are demonstrated arteriographically and 
an elevated plasma renin is found in the associated 
segmental vein, relief of the hypertension can be 
achieved by segmental resection.35,115 The typical 
signs of ischemia can be demonstrated histologi
cally; they differ markedly from those of total 
infarction. 59 

Occlusion of the main renal artery may be asso
ciated with hypertension, depending on its etiology. 
An arterial thrombosis can develop on the basis of 



local arterial wall changes, such as atherosclerosis, 
periarteritis nodosa, lupus erythematosus, endangi
itis obliterans, renal artery aneurysms, or sclero
derma. These conditions lead to protracted arterial 
occlusion, which results in the "endocrine kidney" 
situation with a collateral blood supply and hyper
tension. By contrast, acute arterial occlusion by em
bolism (thrombi in the case of aortic and mitral de
fects, myocardial thrombosis in cardiac infarction) 
affects an intact kidney before a collateral circula
tion has had the opportunity to form. 179 Thus, the 
resulting acute total infarction lacks the prerequi
sites for an endocrine activity accompanied by hy
pertension. Unilateral or bilateral renal vein throm
bosis, which usually arises from pelvic vein 
thrombosis via the inferior vena cava or ovarian 
vein, may also be associated with hypertension. 

Renal anomalies, such as malrotation, dystopia, 
and horseshoe kidney, are often combined with ar
terial anomalies. These may involve variations in 
both the number of arteries and their origins. Anom
alous arteries can aggravate urinary stasis caused by 
an abnormal ureteral course. They can also restrict 
the mobility of the kidney and hamper renal blood 
flow. Thus, several factors must be considered when 
determining the etiology of hypertension associated 
with renal anomalies. 123 

Impaired blood flow resulting from increased 
renal mobility can be observed in the hypermobile 
kidney and is demonstrable by radioisotope studies 
or by an increase of renal LDH secretion in an up
right position. A higher incidence of hypertension in 
such cases has not been established, although it has 
been suggested that the constant tension on the 
renal artery may cause intimal or medial fibroplasia 
accompanied by stenosis and hypertension (see 
Chap. 27, Fig. 15). 

Hypertension following surgery of the renal par
enchyma is based on both renovascular and reno
parenchymal factors. The causes include faulty su
ture technique, such as the inadvertent inclusion of 
large or intermediate arteries, especially when su
turing near the hilus; perirenal scars as a result of 
hematoma formation; kinking of the main artery 
after mobilization of the kidney without fixation; 
and intimal lesions of the main artery after faulty 
clamping to produce ischemia. l2l•133 Most errors can 
be avoided by adopting certain precautionary mea
sures during parenchymal operations, particularly 
the use of shallow, plane sutures to preserve the par
enchyma, and limiting incisions and resections to a 
particular renal segment without crossing interseg
mental lines. 14,66 

The preservation of parenchymal tissue requires 
that a special suturing technique and suture mate
rial be employed. For example, chromic and non-
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chromic catgut as well as silk are basically nonirri
tating, whereas Perlon and twisted suture cause a 
marked foreign-body reaction accompanied by in
flammation and parenchymal destruction.1OO First 
the larger bleeding vessels are tied off with a purse
string ligature, and the collecting system is sealed. 
The parenchyma may be sparingly sutured close to 
the cortex with a cross-stitch suture that includes 
the renal capsule and incorporates it into the wound 
area. The interposition of muscle and fatty tissue or 
foreign material should be avoided. A U suture, on 
the other hand, may be secured by a piece of fat or 
fibrin sponge pushed beneath the suture on the tis
sue surface. Drainage of the collecting system in a 
simple polar resection is not only unnecessary but 
can interfere with the course of healing. 

Renal Factors-Renoparenchymal Hypertension 

Following initial doubt about the connection be
tween pyelonephritis and hypertension, Butler re
ported in 1937 on the surgical relief of hypertension 
by the removal of a unilateral pyelonephritic kid
ney.26 The cause of hypertension in chronic pyelo
nephritis lies in obstructive vascular lesions which 
produce ischemic parenchymal damage. This cre
ates a situation comparable to that seen in renovas
cular hypertension; i.e., impaired renal blood flow 
leads to activation ofthe renin-angiotensin system,89 
as in patients with renal involvement in periarteritis 
nodosa who have hypertension with hyperplasia of 
the JGA.25,36 

Plasma renin assay, particularly in the separate 
renal veins, is meaningful only if a unilateral process 
is present, and thus the blood pressure can be low
ered by unilateral nephrectomy. This pertains only 
to unilateral pyelonephritic "small kidneys" result
ing from hypoplasia or other malformations, as well 
as from unilateral urinary flow obstructions or vesi
corenal reflux27 (Fig. 10). 

In the case of renal tuberculosis, it is reported 
that 4.5 % of unilateral nephropathies cause hyper
tension that can be cured by nephrectomy.153 These 
include not only organs without excretory function,54 
but also segmental changes accompanied by dimin
ished blood flow and lateralized or segmental 
hyperreninemia.110 

Nephrectomy for hypertension resulting from 
unilateral renoparenchymal disease is indicated 
only after all findings obtained by urography, ra
dioisotope studies, arteriography, and separated 
renal vein renin assays have been evaluated. Of par
ticular importance is the demonstration of intact 
morphology and function in the contralateral kidney 
in order to exclude a bilateral process. 
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Special diagnostic tests are necessary to establish 
a possible connection between hypertension and 
segmental parenchymal lesions of inflammatory or 
traumatic origin. For example, a segmental hyper
reninemia may be overlooked owing to mixing ef
fects in the main vein and can be demonstrated only 
by selective determination of the plasma renin ac
tivity in the associated segmental vein. If the result 
is positive, the hypertension can be cured by exci
sion of the affected renal segment.91.104.14S.163 

Determination of the segmental venous plasma 
renin activity is also necessary in hypertension as
sociated with segmental hypoplasia of the kidney. 
In contrast to simple renal hypoplasia, in which the 
kidney has a normal internal structure,IB6 the inter
nal renal structure in segmental hypoplasia shows 
pathologic segmental changes which may be unilat
eral or bilateral, symmetrical or asymmetrical,l38 
The condition is variously called hypoplasia of the 
kidney,3 hypogenetic nephritis,53 or segmental glo
merular hypoplasia.s Histologically, the normal tis
sue is sharply delineated from the dysplastic tissue. 

Figure 10. Excretory urogram of 17-year-old 
girl showing pyelonephritic small left kidney. 
Loss of most excretory function in left kidney 
with compensatory hypertrophy of right kidney; 
elevated peripheral venous renin activity; strong 
lateralization of renal vein renin activity; 
suppression of renin release in right kidney; sec
ondary hyperaldosteronism; blood pressure nor
malized following left nephrectomy (see Table 3, 
no. 5). 

The latter is characterized by an absence of glomer
uli and Henle's loops, a narrow medulla, and thick
ened walls of the arteries, which are stenosed or to
tally obliterated. Unlike chronic pyelonephritis, 
there is no inflammatory interstitial infiltration. 

The disease appears predominantly in girls after 
the tenth year but may occur earlier in some casesYs 
The principal features are growth disturbances and 
severe hypertension. Owing to the absence of the 
JGA, however, the origin of the observed segmental 
hyperreninemia remains unclear;61 the only remark
able finding is the presence of hypertrophic glomer
uli in the boundary region of the adjacent normal 
renal tissue with increased granulation of the jux
taglomerular cells. Proteinuria and renal failure cor
relate with the size of the dysplastic areas. 

The urogram shows diverticular calyces with a 
narrow parenchymal seam; the angiogram shows a 
normal renal artery. If involvement is unilateral, 
segmental resection or nephrectomy is prognosti
cally favorable; in bilateral involvement the locali
zation and extent of morphologic changes determine 



whether operative or conservative treatment is pre
ferred (Fig. 11). 

Renal trauma can cause hypertension in various 
ways. Aside from ruptures of the renal parenchyma, 
any accident which causes tension to be exerted on 
the renal pedicle can lead to intimal ruptures and 
consequent arterial thrombosis or to the division of 
segmental or main arteries and veins. In one study, 
vascular involvement could be demonstrated angio
graphically in 16 % of cases."1 Vascular lesions of this 
type should be surgically repaired at once, lest seg
mental infarction with hypertension94 or total in
farction1,116 result. Fifty percent of renal artery in
juries lead to hypertension;162 arteriovenous fistulas 
following trauma are not uncommon.142 

Figure 11. Phlebogram of right kidney of 34-year-old 
woman showing segmental hypoplasia (Ask-Upmark, his
tologically confirmed). Arteriography further showed seg
mental artery stenosis in the left kidney. Almost com
plete loss of right renal excretory function with 
compensatory left renal hypertrophy; elevated peripheral 
venous renin activity; significantly higher renal vein renin 
activity in left kidney with segmental artery stenosis than 
in right kidney, but also a significantly higher renin activ
ity in the right renal vein than in the vena cava distal to 
the renal vein juncture; secondary hyperaldosteronism; 
blood pressure normalized following removal of hypo
plastic right kidney despite continued segmental artery 
stenosis in contralateral kidney (see Table 3, no. 6), 
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Also important are perirenal hematomas, which 
are usually the result of very minor parenchymal in
juries and often can be treated only by parenchymal 
suture or drainage. The most frequent late compli
cation of untreated perirenal hematomas is 
compression of the parenchyma caused by organi
zation of the hematomas, resulting in hypertension. 
The pathogenic mechanism corresponds to that in 
experimental cellophane perinephritis.147 

In caring for parenchymal wounds or resecting is
chemic tissue parts, the criteria for parenchymal re
section described above must be observed. Proper 
hemostasis in plane tissue defects cannot always be 
achieved by the suture technique. Besides the dan
ger of severance of the threads, there is a risk of im
paired blood flow if an artery is inadvertently in
cluded in the suture. The possible results are 
impaired function of remaining parenchyma and the 
development of hypertension. These difficulties are 
overcome by the use of tissue adhesive, which is 
well-tolerated and ensures the preservation of pa
renchymal tissue. In multiple bursting ruptures, the 
application of plastic bands to the kidney should be 
avoided. As in perinephritis, these will arrest the 
normal pulsation of the organ and lead to 
hypertension.160,170 

Solitary renal cysts are relatively common in 
urologic patients. The peak frequency during mid
dle age as well as in experimental studies in animals 
indicates that the cysts are acquired, occur chiefly at 
the poles, and are localized in the middle part of the 
parenchyma only in about 20% of cases.1B6 

The symptoms of solitary renal cysts are depen
dent on the size and growth rate of the cyst. Hyper
tension is a not uncommon symptom of a solitary 
renal cyst.4,44,54,77,92,136 The pathogenic mechanism in 
such cases is assumed to be a compression of the 
renal parenchyma with stenosis of intrarenal arter
ies, particularly in the case of centrally located cysts. 
Thus, this hypertension is considered to be of the 
renovascular type. This has been confirmed by our 
own investigations10B as well as those of other 
authors ,4,77,136 which demonstrated an elevated 
plasma renin activity in the venous blood of the af
fected kidney. In these cases, decompression of the 
renal parenchyma by removal of the cyst produces 
a normalization of blood pressure (Fig. 12). 

Malignant renal tumors such as Wilms' tumor 
and hypernephroid renal carcinoma are associated 
with hypertension in about 30 % of cases,1O,15,102,141 
and blood pressure is normalized after tumor ne
phrectomy, provided no metastases are present. 

In the pathogenesis of tumor-related renal hyper
tension, three mechanisms have been discussed as 
possible stimulants of the renin-angiotensin system. 
First, a tumor of appropriate localization and size 
could compress one or more intrarenal arteries, 
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Figure 12. Selective arteriogram of left kidney (paren
chymal phase) of 19-year-old male showing solitary cyst 
on inferior renal pole. Strong lateralization of renal vein 
renin activity; suppression of renin release in right kid
ney; blood pressure normalized following removal of cyst 
(see Table 3, no. 7). 

thereby reducing the blood flow to the associated 
areas. However, this could also be the result of ar
teriovenous shunts, which are typical of malignant 
renal tumors. Both mechanisms represent a special 
case of renovascular hypertension. 

A third causal mechanism of tumor-related renal 
hypertension was first proposed by Linder in 1947.101 
On the basis of his studies, he suggested that tumor 
cells are capable of elaborating and releasing their 
own vasopressors (renin?), which could cause hyper
tension. This hypothesis has since been confirmed 
both for Wilms' tumors and for hypernephroid renal 
carcinomas. 

In the case of Wilms' tumor with hypertension, 
both hyperreninemia114.161.17B and a renin activity in 
the tumor tissue114 have been demonstrated. The tu
mors which produce renin appear mainly to be those 
which have glomerulus-like structures. 114 The con
nection between renal tumors and hypertension is 
further demonstrated by the fact that irradiation of 
a Wilms' tumor is followed by regression of hyper-

tension, which later recurs when metastases de
velop. After irradiation of the metastases, a normal
ization of blood pressure is again recorded.16 The 
behavior of the blood pressure in this case is indic
ative of an ectopic production of vasopressors by the 
metastatic tumors, as in another case of left-sided 
Wilms' tumor with metastases, in which neither the 
elevated plasma renin nor the blood pressure was 
normalized after removal of the primary tumor. 106 In 
this case, the renal vein renin activity of the tumor
ous kidney was about three times higher than that 
of the healthy kidney. 

The extirpation of a hypernephroid renal carci
noma can also produce relief of preexisting hyper
tension. Here it has been shown that renin is present 
in the tumor tissue192 and that the tumor cells are 
capable of renin production.1B7 This appears to prove 
Linder's theory that malignant tumors of the kidney 
are capable of autonomous renin production and can 
thus be the cause of hypertension. lOB Renal carcino
mas have also been associated with the secretion of 
erythropoietin and parathormone, as well as pros
taglandins, which exert a hypotensive effect.193 

A benign renal tumor as the cause of hypertension 
was first described by Robertson et al. in 1967.135 

The tumor, which was 3 cm in diameter, arose from 
the juxtaglomerular cells of the vas afferens and cor
responded morphologically to a hemangiopericy
toma, as first described by Stout and Murray in 
1942.165 The clinical signs were a refractory hyper
tension and elevated potassium excretion. Bioassay 
showed a renin-like substance in the tumor extract. 
Since then, further such benign renal tumors have 
been described which were associated with hyper
tension and hyperreninemia12.22.33.47.76.88.146 or second
ary hyperaldosteronism.22.33.47 Owing to their small 
size, these benign renal tumors are usually not dem
onstrated by urography and can be localized angio
graphically in only about 50 % of cases. Thus, with 
arteriographically normal kidneys, the cardinal 
symptom is an elevated plasma renin activity and 
secondary hyperaldosteronism with hypokalemia. 
An essential diagnostic criterion is the separated 
renal vein renin assay, preferably as stage renin for 
exact localization of the tumor, which can be re
moved by segmental resection. 

Postrenal Factors- Hypertension due to 
Urinary Stasis 

Congenital and acquired urinary flow obstructions 
of varying etiology may also be associated with hy
pertension. In recent years several reports have been 
published on hypertension accompanied by hyper
reninemia as a result of unilateral urinary stasis. 



Figure 13. Excretory urogram of 34-year-old man 
showing urinary stasis on right side following pyeloplasty 
for subpelvic ureteral stenosis. Marked impairment of ex
cretory function in right kidney; strong disparity between 
right and left renal vein renin activity during normal rest 
and exercise; patient has been treated medically to date 
(see Table 3, no. 8). 

The results on blood pressure behavior postopera
tively have clearly shown that, as in renovascular 
hypertension, surgical relief of hypertension is pos
sible only if renin release is elevated in the involved 
kidney and suppressed in the contralateral kidney. 
Otherwise, correction of the urinary flow obstruction 
or nephrectomy is not curative with respect to 
hypertension2.6.29.38.57.87.119.155.157.168.181 (Fig. 13). 

Hypertension due to Chronic Renal Failure 

Indication for Bilateral Nephrectomy 

Patients with chronic renal failure who are treated 
by chronic hemodialysis can be divided into three 
groups with regard to their blood pressure: 

1. Normotensive patients. In these patients the 
renal failure is based more on an involvement of 
tubular-interstitial structures than on arteriolo-
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glomerular structures. The plasma renin activ
ity is low or immeasurable; it is never 
elevated.23.139.182 The patients tend toward salt loss 
or show a reduced tendency toward salt and 
water retention.63 

2. Patients with controllable hypertension. In the 
largest group of hypertensives with chronic renal 
failure undergoing hemodialysis, the blood pres
sure can be kept within normal limits solely by 
salt and water restriction.8.24.128.177 Vertes et al. call 
this form salt/water-dependent hypertension. 177 

Chronic glomerulonephritis occurs more fre
quently in this group than in the normotensive 
group; the plasma renin is within normal 
limits.177.182 

3. Patients with uncontrollable hypertension. In 
this group the blood pressure remains at a malig
nant level despite salt and water restriction. An 
elevated renal renin content and elevated plasma 
renin activity can usually be demonstrated. 
Vertes et al. call this form renin-dependent 
hypertension. 177 

Morphologically, 86% of cases involve arteriolo
glomerular disease (nephrosclerosis, glomerulo
nephritis), while only 14 % involve primary inter
stitial-tubular disease (chronic pyelonephritis, 
phenacetin kidneys).182 It may be assumed that the 
renal disease has reached a state in which the com
bination of renal arterial and renal parenchymal dis
ease is sufficient to trigger the same mechanism as 
in renovascular hypertension, i.e., hyperreninemia 
with secondary hyperaldosteronism.24 This is also 
demonstrated by experiments with the "nonfiltering 
kidney" in dogs. Here the renal parenchyma is dam
aged to the point where the kidney has lost its ex
cretory function but not its endocrine function. This 
permits the continued stimulation or suppression of 
renin release via the baroreceptors.7 

After Kolff et al. demonstrated in 1964 that bilat
eral nephrectomy can lower the blood pressure in 
patients with chronic renal failure,90 this procedure 
became a routine measure for several years. How
ever, bilateral nephrectomy has several adverse side 
effects stemming from the loss of endocrine renal 
functions, such as disturbances of erythropoiesis 
with consequent anemia. As a result, this operation 
is now reserved for very specific indications, includ
ing uncontrollable renin-dependent hypertension in 
patients with chronic renal failure. 

In addition to uncontrollable hypertension, these 
patients exhibit a very poor general state of health 
marked by anorexia, progressive weight loss, impair
ments of consciousness, and pathologic thirst.24.98.182 
Angiotensin is one of the strongest stimulants of 
thirst55 and is considered to be the probable thirst 
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stimulus in these patients. The remaining symptoms 
are apparently associated with angiotensin-induced 
vasoconstriction and the resultant decrease in organ 
perfusion. 

Following bilateral nephrectomy, the values for 
plasma renin activity, angiotensin II, and aldoste
rone fall within hours to normal or subnormal levels. 
Since elimination of the vasopressors creates a dan
ger of hypotension, 3-6 liters of physiological saline 
is given parenterally immediately after the nephrec
tomy to correct the volume deficit. Besides a nor
malization of blood pressure, the patient exhibits an 
increase in energy, appetite, and weight and a de
crease in thirst postoperatively.24,98,182 

Hypertension following Renal 
Transplantation 

The incidence of hypertension in the first 2 to 12 
months following renal transplantation is reported 
to be 30% to 80% and is thus very high.30,32,lOO,130 Hy
pertension is observed more frequently in recipients 
whose kidneys were not extirpated prior to trans
plantation than in recipients who had a prior bilat
eral nephrectomy.71,126 In recipients who undergo bi
lateral nephrectomy, the hypertension may stem 
from any of the following causes: rejection crisis, 
corticosteroid therapy, renal artery stenosis, paren
chymal damage of varying origin, and, in the im
mediate postoperative period, surgery-related me
chanical irritations at the graft. 

Pathogenically, it must be considered that the de
nervated transplanted kidney possesses a normal re
sponsiveness to renin stimuli;l40 i.e., diminished 
blood flow to the graft is associated with increased 
renin release and thus with hyperaldostero
nism.73,93,99,154 It must also be considered that the 
plasma renin activity is reduced in the intact graft, 
just as in otherwise intact individuals with a unilat
eral nephrectomy. Thus, a plasma renin activity 
within normal limits is considered to be elevated. 

Increases in transient blood pressure in the im
mediate postoperative period which are not immu
nologically determined and are accompanied by hy
perreninemia are attributable to a reversible 
decrease in blood flow due to manipulations of re
cipient and graft arteries during the transplanta
tion, as well as to wound edema with resultant 
compression of the graft in the narrow iliac fossa. 73 

This hypertension is different from that occurring in 
acute rejection crisis. l88 Acute rejection crisis occurs 
in about 30% of renal transplant recipients during 
the first 3 weeks postoperatively and in about 60% 
during the first 4 months. Before the appearance of 

histologic changes in the arteries and days before 
the onset of oliguria, a reduction of cortical blood 
flow, probably caused by preglomerular spasms,!l 
could be detected by the radioxenon washout 
method.172,173 

This reduction of blood flow is accompanied by an 
elevated plasma renin activity and hyperaldostero
nism, which were shown to be related to the hyper
tension that follows renal transplantation.73,105 If the 
blood pressure is normalized when immunosuppres
sive therapy is intensified, hypertension within the 
setting of acute rejection crisis is indicated. An op
posite response of the blood pressure does not nec
essarily exclude a refractory rejection crisis, 
however. 

The extent to which parenchymal damage result
ing from infection, tubular necrosis, or urinary flow 
obstructions may cause a decrease in blood flow 
leading to hypertension is still unclear;73 a recurrent 
glomerulonephritis in the graft must be considered 
in every case. 

A clear connection has been established between 
hypertension and corticosteroid medication, which 
is one of the main causes of hypertension following 
transplantation. The medication does not alter the 
plasma renin but increases the production of aldo
sterone, which correlates with the level of the blood 
pressure and results from the transformation of 
prednisone to aldosterone. Replacing daily doses of 
prednisone with twice daily doses of methylpredni
sone or the administration of an aldosterone antag
onist (spironolactone) leads to a normalization of 
blood pressure. l40 

Diffuse parenchymal damage can be differen
tiated from prerenal stenoses as a cause of post
transplant hypertension only by arteriogra
phy.122,152,188 The typical signs of rejection crisis in the 
series angiogram are a narrowing and straightening 
of the intrarenal arterial branches with rarefaction 
of the parenchymal vessels, as well as organ enlarge
ment with a diminished flow. 

Arteriography is particularly useful in verifying 
stenoses and occlusions of large and small arteries. 
An incidence of 1 % to 12 % is reported for post
transplant arterial stenosis,93,99,140 which is impli
cated in 50% of hypertension following renal 
transplantation.32,46,120,152 Renal artery stenosis must 
be suspected as a cause of posttransplant hyperten
sion whenever the hypertension is unresponsive to 
drug therapy, the function of the transplanted kid
ney deteriorates, or stenotic bruits are heard. This 
is accompanied by an increase in the plasma renin 
activity of the peripheral venous blood and an in
creased secretion of aldosterone. 

Stenoses can be demonstrated both in the recipi
ent arteries and in the arteries of the donor kidney. 



Atherosclerotic changes are the cause of stenoses in 
the recipient arteries. Renal artery stenoses are lo
cated either immediately adjacent to the anasto
mosis or 0.5-2 cm distal to it. Stenoses affecting the 
entire renal artery and multiple stenoses are rare. 
"Kink" stenoses may occur as a result of faulty ar
tery implantation, and stenoses in the suture line 
may result from an improper suture technique. 

Reportedly, stenoses are more common after end
to-side anastomosis of the renal artery to the com
mon iliac artery.ll7 This is attributed to changes in 
the laminar blood flow, which have also been impli
cated in stenosis formation after end-to-end anas
tomosis of the renal artery to the internal iliac ar
tery. Local rejection reactions have also been 
suggested as a causative factor. However, the most 
common cause of posttransplant renal artery steno
sis is faulty technique during the removal and trans
plantation of the organ. Excessively fine dissection 
of the donor arteries may destroy their vasa vaso
rum, and tension on the artery during the dissection 
or improper use of the vascular clamp can cause en
dotheliallesions. However, the latter result mainly 
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from excessive arterial dilatation during insertion of 
the perfusion cannula for hypothermal perfusion of 
the organ (Fig. 14); for this reason a proximal arte
rial cuff should be left in place after the perfusion. 

Therapeutically, the only possibility is arterial re
construction. The best results are achieved by re
secting the stenosis and uniting the healthy arterial 
walls. This can relieve the hypertension as well as 
ameliorate or normalize renal function. 

Thus, arteriography should always be performed 
if posttransplant hypertension develops and is ac
companied by an audible stenotic bruit, if rejection 
crisis is suspected and drug therapy produces no hy
pertension relief or function improvement, if an ini
tially controlled hypertension worsens, or if an inti
mal lesion is suspected as a result of a too-short 
renal artery which is damaged by the perfusion. Ar
teriographically demonstrated stenoses should be 
corrected even if the plasma renin is normal since, 
as mentioned, a plasma renin activity within normal 
limits is considered to be elevated, and arterial re
construction will normalize the blood pres
sure.93,99,I44,152.154 

Figure 14. Arteriogram of transplanted 
kidney in 25-year-old man showing renal 
artery stenosis distal to anastomosis with 
right internal iliac artery; donor 9 years 
old; stenosis presumably caused by intimal 
lesions secondary to cannulation of nar
row-Iumened artery for hypothermal per
fusion. 
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Central Hemodynamics 

Despite the tremendous volume of information pub
lished on the mechanisms of hypertension, the de
tails of the pathophysiologic relationships are not 
yet clearly understood. Many questions remain un
answered. In this article we shall attempt to review 
current knowledge on the dynamics of blood flow in 
the central region of the circulation, as well as on the 
dynamics of cardiac funtion. 

Blood pressure and flow, as controlled variables in 
the circulatory system, undergo secondary changes 
in hypertension. Evidence indicates that this is 
probably true for the heart as well. Secondary car
diac involvement is well known and pronounced in 
the chronic course of hypertension. Hypertensive 
heart disease may result. Further problems arise 
when coronary heart disease occurs as a secondary 
complication. These complications will, in turn, 
have more or less pronounced hemodynamic reper
cussions on the peripheral circulation as a whole 
(v.i.). 

Although the disturbances of hemodynamic func
tion must be viewed as occurring secondarily to a 
primary mechanism localized elsewhere, they can in 
some circumstances acquire considerable signifi
cance as an individual component in the chain of re
flex events. Thus, the elevated blood pressure it
self-and not, for instance, the total peripheral 
vascular resistance-must be considered an essen
tial variable which is closely and perhaps fundamen
tally linked with the primary process. This means 
that the rise of blood pressure, i.e., hypertension in 
itself, is the typical end result of the functional dis
turbance rather than, say, an increase in total pe
ripheral resistance. 

As far as the heart is concerned, doubt must be 
expressed concerning the assumption of a purely 
secondary involvement, at least for certain special 
forms of hypertension. Hyperdynamic and hyper
contractile states are common in many, especially 
early, manifestations of the hypertensive process. 
They can be explained by increased sympathetic ac
tivity and an increased blood return to the heart. 
However, a hypertensive reflex was described re
cently which appears to have its afferent origin in 
the region of the proximal vascular section of the 
left coronary artery or its anterior interventricular 
branch.30 This reflex is possibly responsible for the 
severe acute form of hypertension that may follow 
coronary bypass operations. 

Despite the uncertainties that still exist in our 
present concept of the disturbance of central he
modynamics and cardiac function, it may neverthe
less provide a basis for differential therapy. It is first 
necessary, however, that the varying hemodynamic 
patterns in hypertension be correctly identified 
diagnostically. 

Pathophysiology 

Arterial pressure 
The blood pressure, i.e., the mean arterial pressure 
(P), is a controlled variable, being determined by the 
cardiac output (Q) and the total vascular resistance 
(R) 

P=QXR 

The level of the blood pressure is maintained dur
ing both short-term (postural changes, blood loss) 
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and longer-term deviations (disturbances of water 
or fluid balance) by numerous, reflex-mediated con
trol mechanisms. Some of these mechanisms act al
most immediately, such as the baroreceptor reflex 
(response time 5 to 15 s). Others exhibit a slower but 
also more prolonged response, such as the renin-an
giotensin-aldosterone system (hours to days) or 
renal mechanisms for regulating the fluid balance 
(days to weeks). In hypertension, one or more of 
these reflex mechanisms and associated control cir
cuits appear to be set at an abnormally high level. 

Mean blood pressure values above 105 to 110 mm 
Hg are regarded as hypertensive. The difficulties 
and problems of blood pressure measurement and 
identification of deviations from normal can not be 
discussed at this point, especially at the time of 
onset of hypertensive disease when the blood pres
sure undergoes strong fluctuations (single measure
ment, repeat measurement, charting of diurnal vari
ations, measurements in the lying, sitting, and 
standing position, with or without physical or men
tal stress, etc.). 

The systolic blood pressure is determined by the 
stroke volume of the heart as well as by the capacity 
and elasticity of the aorta and associated large ar
teries. This value increases with age,23,32 rising from 
about 120 to 170 mm Hg from ages 20 to 70. The 
deviations from normal increase with age, owing in 
particular to atherosclerotic vascular changes. High 
values in the absence of aortic or aortic-valve 
changes (see below) can be considered a diagnosti
cally useful sign of an increased stroke volume (bra
dycardia, hyperdynamic heart activity; see below). 

The diastolic blood pressure is determined mainly 
by the total peripheral resistance, as long as the 
blood volume and thus the filling of the arterial vas
cular system is normal and the aortic valve intact, 
and no shunting exists between the aorta and low
pressure system (patent ductus arteriosus, aortic
sinus aneurysms, A-V fistulas, etc.). Values above 90 
mm Hg can be considered a sign of increased total 
peripheral resistance and thus of hypertension. 
They preclude a normal or reduced peripheral 
resistance. 

The configuration of the arterial pressure curve, 
as well as its progressive change in the arterial sys
tem with increasing distance from the aortic valve,91 
is related to the elastic and resonant properties of 
the arterial system but is probably not of diagnostic 
importance. The older method of Wezler and Boger 
for determining cardiac stroke volume was based on 
this principle. It has had historical importance, es
pecially as employed by Wezler in the first recogni
tion of hyperdynamic forms of hypertension.85 

Today it has largely been replaced by more accurate 
methods, although it may again achieve diagnostic 

significance as a useful noninvasive adjunct to ultra
sonic diagnostics. 

During physical stress (ergometric exercise test), 
the systolic blood pressure increases owing to a rise 
in stroke volume, at times enhanced by altered elas
tic properties of the central arterial system, while 
the diastolic value remains largely unchanged. Hy
pertensive individuals respond to stress in the same 
way as persons with a normal heart and circulation, 
in that the percentage increase is comparable in 
both situations. As in other types of stress (Valsalva 
maneuver, orthostasis), 17,36 the majority of hyperten
sives exhibit a normal response, but at a higher pres
sure level. There are exceptions, however: persons 
with borderline hypertension (early cases) may ex
hibit abnormal, diagnostically useful systolic and/or 
diastolic blood pressure increases during physical 
and/or mental stress. In advanced hypertension, co
existing cardiac disease (coronary disease with or 
without infarction, heart failure) may alter the 
stress test in a pathologic fashion.1,32,43,44,48,56,57.79,BO 

Abnormal blood pressure increases were de
scribed by Brod5 during mental stress in essential 
hypertension, primarily in its early stage. Abnor
malities in the orthostatic regulation of blood pres
sure occur in forms of hypertension with a reduced 
plasma volume, e.g., in advanced hypertension 
cases, during diuretic therapy,t7,37 or in cases of 
pheochromocytoma. 

The level of the arterial blood pressure-Le., the 
systolic, diastolic, and mean values-correlates with 
the prognosis in the absence of other cardiac and cir
culatory pathology, regardless of whether it is mea
sured during the spontaneous course of the disease 
or under therapeutic control. 

Cardiac output 
The cardiac output is determined primarily by the 
venous return to the heart according to the Frank
Straub-Starling mechanism, but also by contractil
ity and pulse rate. The latter two factors are subject 
mainly to sympathetic control. Since the heart rate 
does not differ significantly from normal in most 
forms of hypertension or, if so, only temporarily, the 
cardiac output is the most important index for judg
ing the performance of the heart and the flow rate 
in the overall circulation. For the analysis of cardiac 
function, derivative variables of the cardiac output 
are used, such as stroke volume, mean systolic ejec
tion rate, and stroke work. The latter, as a combined 
index, includes pressure work of the heart (see p. 
252). 

For a long time it was assumed that hypertension 
resulted from an increase in the total peripheral vas
cular resistance, with a normal cardiac output and 
stroke volume. The persistence of this assumption, 
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which we now know to be false, is certainly due in 
part to the difficulties of measuring the cardiac out
put. Even today this cannot be considered part of 
routine diagnostics. 

As Wezler proved several decades ago and many 
other authors have proved since, an abnormally high 
cardiac output with a normal or even reduced total 
peripheral resistance may lead to hypertension and 
is observed in 20% to 80% of cases.3.6,13,33,57,77,80,85,86 
The hemodynamic response varies from one form of 
hypertension to the next. Augmented cardiac output 
can be considered an early manifestation of most 
forms of clinical hypertension. However, it may also 
be seen later in the course of the disease.1B,56,85 Diag
nostic differentiation from hyperkinetic heart syn
drome is often difficult or impossible. 

A prognostic evaluation of cardiac output changes 
has not yet been attempted. 

Total peripheral resistance 
The total peripheral vascular resistance represents 
the sum of the organ-related arteriolar resistances 
localized in the various regions of the circulatory 
system. These resistances can vary over an ex
tremely wide range, especially in hypertensive dis
ease; they depend chiefly on a-adrenergic innerva
tion, which in turn is responsible for short-term 
changes of rapid onset and more or less limited 
duration. Angiotensin-mediated vasoconstriction 
shows a slower onset of action and longer persis
tence. In addition, the total peripheral resistance is 
determined by the mechanism of autoregulation,25,91 
which as a rule is confined to individual organs or 
organ systems. 

In general, and particularly in the older literature, 
hypertension has been equated with an increase in 
the total peripheral resistance. As already men
tioned above, however, we now know that the resis
tance can vary widely in hypertensive disease.35 
Most forms of hypertension show normal or even 
decreased resistance values at the onset of their nat
ural course.5,l1,13,14,33,4B,56,86 As the disease progresses 
there is usually an increase in the peripheral resis
tance. However, considerable variations in the be
havior of arteriolar resistance can be observed even 
in different forms of hypertension. Even in certain 
cases of established hypertension, resistance may be 
low or normal. Here the adaptive mechanisms have 
longer response times (days to weeks), owing to the 
underlying process and/or related to the influence of 
therapeutic measures. 

The object of this book is not to examine the con
ditions of vasoregulation in the various circulatory 
regions. However, it cannot be emphasized strongly 
enough how unhomogeneous and perhaps even mis
leading the concept of total peripheral resistance 

can be: It says nothing about the all-important be
havior of the regional blood flows and very little 
about the reactivity of the vascular system. Never
theless, the total peripheral resistance is an impor
tant factor in considerations of central hemody
namics and an important determinant of the devel
opment of secondary hypertensive cardiopathy and 
arteriopathy (see p. 252). 

Capacitance system 
From 70% to 75% of the total circulating blood vol
ume is contained in the venous vascular system.91 
Capacitance, venous tone, and extravenous convey
ance mechanisms (respiration, muscle activity, pos
ture) as well as the blood volume determine the 
quantity of blood returned to the heart. 

The venous capacitance system represents the 
most significant factor in the control of the cardiac 
output. The variations in venous tone produced by 
a-adrenergic innervation, which may be local in 
character and lead to a redistribution of the circu
lation blood volume, are capable of increasing the 
quantity of blood in the cardiopulmonary region, 
thereby altering the blood return to the heart and 
thus diastolic filling. 

Tonal changes in the capacitance system during 
hypertension have been investigated by various 
authors.3.6,17,2{) While no uniform pattern has 
emerged,I9 it nevertheless appears that a regional re
distribution of the circulating blood volume with a 
subsequent increase in the central blood volume is 
frequently produced in hypertension by a coordi
nated increase in venous tone. This probably occurs 
regularly in the early hypertensive phase.5,6 The sug
gestion that this mechanism represents the primary 
disturbance in hypertension mayor may not be true. 
It definitely underscores the importance of the ca
pacitance system. 

However, luminal changes in the peripheral ven
ules together with tonal changes in the arterioles 
may very well be close to the mechanism that initi
ates hypertension, inasmuch as transcapillary filtra
tion represents a crucial step in the distribution of 
the extracellular fluid volume. 

Blood volume 
The blood volume has long been of interest as a de
terminant of cardiac and circulatory performance. 
With the plasma volume accounting for some 60% 
of the total blood volume, the blood represents a sig
nificant part of the extracellular space and extracel
lular fluid volume. This volume, which is controlled 
mainly by the kidneys, is considered the central var
iable in blood pressure regulation.25,91 This assump
tion fits well with observations at the onset of hy
pertensive disease showing elevations of the cardiac 

'"' 
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output which could be attributed to an increased 
blood delivery to the heart. 

However, corresponding increases in the circulat
ing blood volume have not been regularly found for 
the group of hypertensives as a whole. 79 This may 
relate to difficulties of blood volume determination 
in the older studies, as well as to the common but 
unreliable practice of grouping together different 
types and stages of hypertension. Finally, a hemo
dynamically active change in the blood volume 
could be so slight, both in absolute terms as well as 
in percentage of the total extracellular volume, that 
it escapes measurement. 

In any event, an increase of at least the "central" 
blood volume associated with the aforementioned 
blood redistribution due to venoregulatory pro
cesses can indeed be found in the majority of early 
(borderline) hypertensives. Moreover, when the hy
pertension is classified according to stage, an in
verse, albeit loose, correlation is found between the 
duration of the hypertension and the degree of in
crease in the total peripheral resistance.14.20•28 The 
longer the hypertension persists and the higher the 
total peripheral resistance, the greater the decrease 
in circulating blood volume. 

Mechanism of Hypertension 

Guyton has developed a concept for the pathoge
netic mechanism of hypertension which takes into 
account numerous interrelated, mostly feedback 
mechanisms of blood pressure contro1.25 The locali
zation of the functional disturbance may vary in dif
ferent forms of hypertension. Nevertheless, the 
Guyton concept is a generally valid one which is ca
pable of explaining the majority of phenomena 
observed. 

Briefly, the concept can be summarized as follows: 
Renal function, water balance, vasoregulation, cen
tral hemodynamics, and cardiac function are very 
closely interrelated. The time constant of the circu
latory control mechanisms plays a decisive role: 
Short-term adaptive mechanisms such as the baro
receptor reflex are of considerably less importance 
than long-term processes such as the mechanisms 
governing the sodium and water balance and organ
specific blood flow (autoregulation). 

Of central importance is the functional state of 
the kidneys and the mechanism of diuresis, which 
depends on the blood pressure. This sensitive mech
anism regulates the sodium and water balance and 
is subject to influence by the renin-angiotensin-al
dosterone system (RAAS), norepinephrine, i.e., the 
sympathetic activity, as well as many other factors. 
Disturbances may lead to a significant increase in 

the extracellular fluid volume even with very minor 
water retention. Alterations of this mechanism may 
be present, incidentally, even in the absence of the 
usual clinical criteria for renal dysfunction. Esti
mation of creatinine, urea, and uric acid, as well as 
conventional renal function, will not be capable of 
detecting a functional defect of the aforementioned 
nature and its pathogenetic significance. 

Disturbance of the pressure diuresis mechanism 
leads to a transitory increase in blood volume, which 
parallels the change in extracellular fluid volume. 
This is followed by a considerable rise of the cardiac 
output. The baroreceptor reflex responds to the ex
pected blood pressure increase with a concordant, 
transitory reduction of heart rate and of the total 
peripheral resistance. As a result, fluid leaves the 
vascular system (capillary filtration), and the origi
nal state is restored. 

However, because the mechanism continues to 
act, the extracellular fluid volume continues to in
crease, and the functional chain remains intact. The 
result is a resetting of the baroreceptor reflex. In the 
long run, however, the mechanism of autoregulation 
becomes operative within the organ tissues. Within 
a period of days' to weeks they respond to the in
creased perfusion ("overperfusion") with a rise of 
local vascular resistance in an effort to reduce the 
blood supply to a level normal for the parenchyma. 
If this occurs in a sufficient number of regions, the 
result is an increase in total peripheral resistance 
and venous tone. The latter factor, in turn, increases 
the blood delivery to the heart, thereby raising the 
cardiac output again. 

The initially normotensive state is followed by a 
period of more or less mild hypertension due to an 
elevated cardiac output, with overperfusion of the 
body in a state of reduced peripheral resistance. 
Then blood pressure rises sharply, as cardiac output 
remains augmented and peripheral resistance begins 
to rise. ll 

In both of these phases of hypertension, in which 
the blood pressure values are often still borderline, 
the values for contractility and cardiac work are 
strongly increased.lO.43.44 Frequently signs of in
creased adrenergic activity are seen,t8.43 often accom
panied by a decrease in parasympathetic tone.34 

At this time the elevated cardiac output starts to 
return to the normal range, while the total periph
eral resistance continues to rise. In the later course 
cardiac output may fall below normal, particularly 
if secondary disturbances of cardiac function super
vene (e.g., myocardial infarction). 

Of course this pattern is not typical of all forms of 
hypertension. An example is the pheochromocy
toma. In this case adrenergic stimulation is predom
inant from the outset, and a decrease, rather than 
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increase, of blood volume is the rule. Even here, 
however, the central blood volume is not decreased 
to the same degree as the total blood volume and 
may even be increased in some cases. 

Forms of Hypertension 

The different experimental and clinical forms of hy
pertension often show considerable differences in 
terms of the central hemodynamic response. Consid
erations of differential therapy make it necessary to 
outline the various patterns of findings that can be 
considered typical. 

It is known that the most common cause of resis
tance to therapy in hypertension lies in an unrec
ognized increase in the extracellular fluid volume, 
the reduction of which restores responsiveness. 

Hyperdynamic forms of hypertension respond 
well to /1-receptor blockade or sympathetic inhibi
tion with clonidine. These measures, however, may 
be ineffective in forms with normal or decreased car
diac output and high peripheral resistance. In the 
latter case, vasodilators are indicated. The two ex
amples cited should not disguise the fact that we are 
still far from a treatment concept oriented toward 
the hemodynamic disturbance. 52 Nevertheless, we 
believe that such differential therapeutic consider
ations are important and indispensable. 

Experimental hypertension 
In the Goldblatt model of hypertension as well as in 
perinephritic encapsulation, a rise of the cardiac 
output with an initially normal peripheral resistance 
is observed early in the development of the hyper
tension, usually within the first few days to a maxi
mum of 4 weeks. For both experimental forms it has 
been shown that the high cardiac output results not 
from an increase in heart rate but from an increased 
stroke volume.82 Evidence also suggests that a pri
mary, sympathetic-mediated increase of contractil
ity is not responsible. The plasma volume was found 
to be normal or slightly elevated, but the principal 
finding was a decreased distensibility of the veins, 
i.e., an increase in venous tone. The familiar increase 
in total peripheral resistance occurs only later in the 
course and is accompanied or followed by a return 
of the cardiac output to normal. Thus, both forms of 
experimental hypertension are in very good agree
ment with the concept described above and with the 
observations of clinical hypertension. 

In experimental neurogenic hypertension with de
nervation of the aortic arch and carotid sinus, vary
ing conditions are found. In some cases the cardiac 
output is elevated, in others the total peripheral re
sistance, and sometimes both. Hypertension follow-

ing stellate ganglion stimulation and surgically in
duced brainstem lesions also generally exhibits 
varying degrees of increase in the cardiac output but 
results mainly from a rise in total peripheral resis
tance; the sodium and fluid balance is unchanged. 
The cardiac output increase is often only transitory, 
whereas the elevation of resistance tends to be 
persistent. 

None of the experimentally induced forms of hy
pertension previously mentioned represents in a 
comprehensive way the model of clinical hyperten
sion, particularly that form which is of greatest in
terest-essential hypertension. This syndrome is 
mimicked most closely by the genetic hypertension 
seen in the spontaneously hypertensive rats (SHR) 
of Okamoto-Aoki.50 Observations have been made in 
this model which fit only in part with the mecha
nism described above: In young SHR, the cardiac 
output is somewhat higher than in normotensive 
controls, but because the heart rate is also higher, 
the stroke volume is normal. Probably as a result of 
this, contractility is also increased. Here, too, it ap
pears that the cardiac output is elevated in the early 
phase, but that this is due more to increased adren
ergic stimulation than to an increased fluid load on 
the heart caused by an expanded extracellular fluid 
volume. Of course it must be considered that fluid 
balance investigations under these conditions are 
very difficult and problematic.19 

In any case, an increase in total peripheral resis
tance eventually develops which heralds sustained 
hypertension. But it appears that the development 
of the progressive peripheral resistance increase 
does not depend upon the elevated cardiac output 
in the offspring of these rats. 

A decrease in extracellular fluid volume and 
plasma volume could even be demonstrated in one 
type of SHR (New Zealand), indicating that the 
chain of events described above cannot be held re
sponsible for the development of hypertension. 
Again, under these circumstances, the progressive 
rise in peripheral resistance is seemingly indepen
dent of changes in central hemodynamics and car
diac activity. 

Clinical forms of hypertension 
Studies employing different modes of investigation 
have consistently revealed a normal cardiac output 
and increased total peripheral resistance in the over
all group of clinical hypertension cases. However, a 
reevaluation of these, for the most part, older stud
ies is necessary in view of the fact that effects of 
drug therapy were often not fully accounted for, and 
that a differentiation according to the type and se
verity of the hypertension can often reveal marked 
differences. 
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Borderline Hypertension. According to the cri
teria of the World Health Organization,89 which are 
based mainly on the Framingham study,37 border
line hypertension is present if (1) a diastolic blood 
pressure of more than 90 to 105 mm Hg is measured 
on at least two separate occasions, (2) values are 
normal during the interval between, and (3) there 
are no demonstrable secondary manifestations of 
the hypertension (e.g., ocular funduscopic changes, 
left ventricular hypertrophy).39 

Clearly then, the syndrome of borderline hyper
tension encompasses a large number of early forms 
of essential hypertension. Although it cannot always 
be reliably differentiated from the "hyperkinetic 
heart syndrome," it nevertheless appears to consti
tute a rather uniform group.3,5,33,35,48,57,77,86 

The changes in hemodynamics vary, but on the 
whole the findings can be described quite well: The 
heart rate is variable and often increased. The car
diac output is elevated, but is occasionally normal 
and in rare instances even decreased. When the car
diac output is elevated, this is usually associated 
with an increased stroke volume and often increased 
mean systolic ejection rate and is accompanied by 
an increase in myocardial contractility. The total 
peripheral resistance is normal and sometimes de
creased; it increases only later in the course of the 
hypertension, while the cardiac output returns to 
normal. 

Studies on the plasma volume in borderline hy
pertension have revealed normal or even reduced 
values. However, a redistribution in favor of the cen
tral (cardiopulmonary) blood volume has been 
found. 19 A marked decrease in plasma volume is seen 
in the later course. 

In the search for causes of the elevated cardiac 
output, increased adrenergic tone and decreased 
parasympathetic innervation of the heart have been 
assumed. Indeed, the response to vagal blockade is 
reduced with atropine. Only after combined vagal 
and sympathetic blockade are both cardiac output 
and heart rate normalized.18 The total peripheral re
sistance, which is generally within the normal range, 
was described by some authors as being inappro
priately high in relation to the cardiac output.20 The 
peripheral resistance also shows an abnormal re
sponse to stress conditions: The decrease in resis
tance with increasing stress and rising cardiac out
put is more gradual in borderline and essential 
hypertension than in normotensive persons. Only a 
-adrenergic blockade lowers the "normal" periph
eral resistance to an appropriate level, similar to its 
behavior under stress following iJ-blockade and atro
pine. 

Patients with borderline hypertension who ex
hibit normal or low cardiac output values generally 

have decreased plasma volumes and elevated renin 
values. 

Essential Hypertension. The hemodynamic and 
cardiac responses in the early stages of essential hy
pertension are identical with those described for 
borderline hypertension (v.s.). Three stages can be 
distinguished during the course of the 
disease:6,14,2I,77 

1. The early, borderline stage is marked by the he
modynamic response and the changes of cardiac 
function described above. There are no morpho
logic signs of secondary vascular or organ damage 
at this point in time. 

2. As the duration of the hypertension increases, 
there is a normalization of cardiac output and a 
progressive increase in total peripheral resis
tance. Now disturbances of cardiac function 
begin to emerge, although the cardiac work is still 
high and contractility may be increased. Initial 
morphologic organ changes are demonstrable in 
the heart and kidneys. 

3. The total peripheral resistance is by now strongly 
increased, with considerable rise of blood pres
sure. The cardiac output is normal or decreased, 
as is stroke volume. The heart rate is usually nor
mal but may be increased in patients developing 
heart failure. Accordingly, the myocardial con
tractility is normal or diminished (v.i.). 

The plasma volume is decreased according to the 
duration and severity of the disease. There are dis
tinct morphologic vascular changes which are evi
dent, for example, in the ocular fundus. The hemo
dynamic changes which are characteristic of the 
three stages of essential hypertension are reviewed 
in Table 1. 

Renal Hypertension. The single term "renal" as 
a classification of hypertension may suggest a uni
form picture, but in reality it encompasses a number 
of very different syndromes.25,31 Nevertheless, all 
cases of renal hypertension, regardless of the respec
tive etiology, are characterized by an early increase 
in the extracellular fluid and plasma volume. There 
is a very marked elevation of the cardiac output, 
stroke volume, and mean systolic ejection rate. Or
thostatic hypertension indicates a hyperreactivity of 
the sympathetic nervous system. In addition, there 
is an early increase in the total peripheral resistance, 
which leads to severe degrees of hypertension. The 
effects of a combined increase in both the preload 
(increased blood return) and afterload (blood pres
sure)-volume and pressure load-may lead to rel
atively early incidence of cardiac failure (see below). 
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Table 1. Hemodynamic Changes during the Course of Hypertension* 

Early Stage Main Phase Late Stage 

Cardiac output +1++ Normal/- -I--
Stroke volume Normal/+ Normal/- -I--
Contractility +1++ Normal/+I- -I--
Cardiac work ++ Normal/+ +1++ 
Heart ratet Normal/+ Normal Normall + 1++ 
Total peripheral resistance Normal/- +1++ ++ 
Central blood volume + Normal/- -I--
Total plasma volume Normal/- -I--
Blood pressure Borderline ++ +++ 

"The hemodynamic changes indicated are only rough generalizations (see text). In reality, the 
changes may vary substantially depending on the type of hypertension involved. The early stage 
is that in which blood pressure values are still labile (borderline). In the late stage, the picture 
is determined in large part by secondary complications (coronary disease, cardiac failure, etc.). 
+, increased; -, decreased. 
t Reflex bradycardia (baroreceptor reflex) is absent. 

During the course of the disease the peripheral re
sistance increase soon dominates the hemodynamic 
pattern, although expansion of the extracellular 
fluid volume may remain very markedly elevated 
until the later stages of the disease. While the pro
gressive decrease in plasma volume, which is typical 
of essential hypertension, is also present in renal hy
pertension, it has a delayed onset. In the early 
stages, increased fluid volume is present. Hyperten
sion following acute glomerulonephritis is the pro
totype disease in terms of the hemodynamic pattern 
described. 

In renal hypertension based on pyelonephritis, 
conditions are highly variable. This may have to do 
with the occurrence of sodium-loss syndromes, 
which can effect a variety of changes in the extra
cellular fluid volume. Thus, elevations of cardiac 
output are present only in some cases. The increase 
in peripheral resistance is the principal feature and 
dominates the development of hypertension. 

In patients with chronic renal failure undergoing 
dialysis therapy, a distinctive pattern is observed. 
The blood pressure can, as a rule, be satisfactorily 
controlled by adjusting the fluid balance and plasma 
volume. If blood pressure elevations occur under di
alysis, these are accompanied by an increase in car
diac output resulting not from a high stroke volume 
but rather from an increased heart rate. There is a . 
concomitant increase in peripheral resistance; the 
mechanism for this is unclear. However, the rule still 
applies that the blood pressure can be adequately 
controlled by adjusting the extracellular fluid 
volume. 

Coarctation of the Aorta. The earlier theory that 
hypertension in coarctation of the aorta is caused by 
an increased resistance to ejection in the aortic seg-

ment proximal to the constriction is no longer ten
able. Hemodynamic studies have revealed that the 
cardiac output is abnormally high, while the total 
peripheral resistance is within normal limits or even 
low. A renal pressor effect is probably involved. The 
cause of this is uncertain, but a reduction of renal 
blood flow prior to the development of sufficient col
laterals may playa role. Neurohumoral factors are 
probably also involved. 

Following surgical correction of the obstruction, 
the hypertension is relieved in only about 40 % of 
cases, and even then usually only with the aid of 
drug therapy. Long-term antihypertensive therapy 
is necessary in more than 30 % of cases. A satisfac
tory explanation for the mechanism of hypertension 
and hemodynamic changes in coarctation of the 
aorta has not yet been offered. 

Pheochromocytoma. Hypertension caused by 
the release of abnormal amounts of the sympathetic 
transmitter substances from pheochromocytomal 
tissue is characterized by a variety of findings, de
pending on the relative quantities of epinephrine 
and norepinephrine released. As a rule, the heart 
rate and total peripheral resistance are strongly in
creased. The cardiac output is usually normal. The 
positive inotropic stimulation in the face of a re
duced plasma volume does not permit an increase in 
stroke volume or cardiac output. The result is a 
highly labile cardiac and circulatory situation in 
which even very mild external stimuli can evoke 
acute pressor responses. Cardiac and circulatory 
failure may easily supervene. 

Primary Hyperaldosteronism. The cause of 
hypertension in primary hyperaldosteronism rests 
with an increase of aldosterone secretion. The mech-
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anism by which this substance produces hyperten
sion is perhaps a model for the chain of events de
scribed earlier. Although only a few hemodynamic 
studies have been done to date on this relatively in
frequent syndrome, it can be stated that early cases 
show high cardiac output and low resistance. In the 
chronic stage, hypertension is clearly due to an in
crease in peripheral resistance. Hemodynamic stud
ies have shown that therapeutic aldosterone block
ade with spironolactone leads within a period of 
days and weeks to a regression of the resistance in
crease, with a normalization of blood pressure.ll Dis
continuation of spironolactone therapy leads 
promptly to sodium retention and expansion of the 
extracellular fluid and plasma volume. This is ac
companied by a rise of the cardiac output and stroke 
volume accounting for hypertension. There is no sig
nificant change in heart rate. Before any change oc
curs in total peripheral resistance, the blood pres
sure begins to rise. Only thereafter a progressive 
increase in peripheral resistance develops, with a 
further rise of blood pressure. Finally the elevated 
cardiac output gradually returns to normal. Resto
ration of the aldosterone blockade with spironolac
tone reverses the process. 

In long-standing cases of hypertension associated 
with primary hyperaldosteronism, the heart, kid
neys, and vessels undergo secondary changes typi
cally seen in other types of hypertension as well. 

Summary 

The changes in central hemodynamics that occur in 
arterial hypertension are, as a rule, secondary in na
ture. The principal regulatory change is a resetting 
of the arterial blood pressure at an abnormally high 
level, regardless of the etiologic mechanism. Mean
while, normal adaptive mechanisms remain largely 
unchanged. 

The blood pressure, as a controlled variable, is 
given by the product of cardiac output and total pe
ripheral resistance. Each of these variables, in turn, 
undergoes characteristic changes during the course 
of hypertension. 

Numerous reflex mechanisms have a modifying 
influence on blood pressure regulation. The short
term, quick-acting mechanisms include the barore
ceptor reflex and regulation via the renin-angioten
sin-aldosterone system. Both are capable of adap
tation to various blood pressure levels. The principal 
long-term control mechanisms are those concerned 
with the regulation of sodium and water balance, 
again the RAAS and the renal pressure/diuresis 
mechanism, as well as the autoregulation of regional, 
organ-related blood flow, which is independent of 

sympathetic innervation and does not depend on 
the presence of angiotensin. 

In most cases, the development of hypertension 
begins with an increase in the extracellular fluid and 
plasma volume. This results in a greater venous 
blood return to the heart, possibly reinforced by a 
simultaneous increase in venous tone and shifting of 
venous blood volume toward the central, cardiopul
monary region. The heart responds with an increase 
in stroke volume, and, hence, cardiac output. The 
reflex decrease in total peripheral resistance is offset 
in the long run by the mechanism of autoregulation, 
and an elevation of blood pressure results. The fur
ther course of the hypertension is marked by a pro
gressive rise of the peripheral resistance. At the 
same time the venous tone increases, while the 
plasma volume declines. Finally, after the cardiac 
output returns to normal, the arterial pressure in
crease is maintained solely by the increased periph
eral resistance. Later on, the hemodynamic pattern 
is further altered by the development of secondary 
organ changes (e.g., cardiac complications). 

Typical hemodynamic patterns have been deter
mined for a number of experimental forms of hyper
tension, as well as for most clinical forms. The mech
anism described is considered to be valid for most 
cases. Other types of initiating mechanism and 
course occur in certain forms of renal hypertension, 
hypertension associated with pheochromocytoma, 
and certain special forms such as the severe acute 
hypertension that follows coronary bypass surgery. 

Quantitative studies on the blood pressure re
sponse to changes in extracellular fluid volume ac
cording to the previously described mechanism of a 
chain of interlinked "control circuits" have revealed 
some striking relationships: Increasing the extracel
lular fluid volume by only 2% causes a 10% to 20% 
increase in the cardiac output, which can in turn 
lead to a persistent increase of 30% to 40% in total 
peripheral resistance, and thus to an arterial blood 
pressure elevation of 40% to 60%! 

Cardiac Function 

Based on the cardiac manifestations of hyperten
sion, a basic distinction is made between the sever
ity of the hypertension;22.61.77 the extent, localization, 
and severity of the resulting myocardial hypertro
phy (= myocardial factor); and possible coronary 
manifestations (= coronary factor). 63 The myocar
dial and coronary factors can develop independently 
but almost always lead to reciprocal effects on ven
tricular mechanics and coronary circulation in the 
presence of significant hypertensive cardiac involve
ment (Fig. 1). 
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ESSENTIAL HYPERTENSION (EH) 
----------------------------------_.-----

Left ventricular pressure overload 

/ ~ 
Hypertrophy 

(= myocardial factor) 
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Figure 1. Schematic diagram of the cardiac complica
tions of chronic arterial pressure overload of the left ven
tricle. The consequences of hypertrophy (myocardial fac
tor) and coronary disease (coronary factor) lead to 
regional and generalized contraction abnormalities in the 
left ventricle. From Strauer, ref 72 

It has proved useful from a clinical and patho
physiologic standpoint to describe central hemody
namics, ventricular function, and coronary circula
tion on the basis of a four-group classification of 
hypertensive heart disease which takes into account 
cardiac hypertrophy, dilatation, and failure as well 
as the coronary effects of arterial hypertension.63.72 

Group I: compensated arterial hypertension without 
coronary stenosis 

Group II: compensated essential hypertension with 
coronary stenosis 

Group III: essential hypertension with regional ab
normalities of wall contraction 

Group IV: decompensated essential hypertension 

Ventricular Function 

Size of left ventricle 
An accurate, standardized measurement of left ven
tricular size is of considerable practical importance 
for functional assessment and management of the 
hypertensive heart, Physical (percussion, palpa
tion), electrocardiographic (and vectorcardiogra
phy!), radiologic (standard X-ray), and echocar
diographic (M-mode and two-dimensional echocar
diography) techniques are employed. ECG and 
VCG, as well as the standard chest X-ray, are con
sidered useful and easy-to-perform routine proce
dures for semiquantitative estimation of ventricular 
hypertrophy and overall heart size and volume. Ech
ocardiography furnishes direct measurements of 
wall thickness and allows approximate calculation of 
left ventricular mass, as well as cavity size. Owing to 
its simplicity, repeated application is possible, 
which is deemed of considerable value during fol
low-up. 

In compensated essential hypertension with and 
without coronary stenosis (coronary heart disease, 
groups I and 11), the radiologic size of the ventricle 
is usually normal even in the presence of severe left 
cardiac hypertrophy,64 whereas the ECG is regularly 
abnormal indicating increased muscle mass. The 
normal overall heart size is due on the one hand to 
the normal or diminished end-diastolic volume of 
the left ventricle, which can cause the left ventricu
lar silhouette to appear normal-sized despite a con
siderable mass increase owing to a reduction of the 
internal lumen. On the other hand, the left ventric
ular mass increment usually does not exceed 40 % to 
50% on the average in these hypertensive hearts 
(Fig. 2). The increased muscle mass results in a wall 
thickness gain of about 4 to 5 mm, which does not 
measurably alter the overall radiologic size of the 
left ventricle in most cases45•46 but can easily be mea
sured by echocardiography. However, the cardiac 
configuration still shows aortic and left-sided prom
inence in 87 % of cases in group I and 84 % of cases 
in group II, so that the left ventricular configuration 
on X-ray can provide some clinically useful etiologic 
information in the compensated hypertensive 
heart.64 

Ventricular mass and dimensions 
Depending on the severity and duration of the hy
pertension, the hypertensive heart exhibits a com
pensatory myocardial growth which, according to 
Linzbach, is uniform up to a cardiac weight of about 
500 g and a left ventricular weight of about 200 to 
250 g, and which results from a thickness increase 
and growth of preexisting myofibrils and muscle fi
bers.45.46 Only at higher cardiac and ventricular 
weights, i.e., in pathologic pressure hypertrophy, 
does a true increase in the number of muscle fibers 
occur. Macroscopically, compensated pressure hy
pertrophy is characterized by a thick ventricular 
wall, a thickened ventricular septum, a small inter
nal chamber volume, and an elongated outflow tract. 
By contrast, large ventricles with high end-diastolic 
volume and eccentric dilatation will be seen in the 
decompensated stage. 

The severity, type, and duration of the pressure 
load on the left ventricle are important factors in the 
development of hypertrophy. Volume overload, ele
vated heart rate, and increased sympathetic inner
vation, as seen to varying degrees in certain, espe
cially early, forms of hypertension, will contribute to 
the process of hypertrophy and may influence the 
ratio of wall thickness and chamber volume. In long
standing established hypertension, the mass in
crease is greater than in borderline hypertension 
with its brief hypertensive period.59 The ventricular 
mass also increases with the severity of the cardiac 
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Figure 2. Left ventricular muscle mass (L VMM), mean arterial pressure, and left ventricular muscle mass per unit 
pressure load (L VMM/P art) in the normal group and the four hypertensive groups defined (see text). From Strauer, 
ref 72 

manifestations of the hypertension. Thus, at com
parable left ventricular pressure loads (50% in
crease in mean arterial pressure), the ventricular 
mass is 40% to 48% above normal in groups I and 
II, respectively, while it is 78% and 91 % above nor
mal, respectively, in groups III and IV (Fig. 2, Table 
2). This means that coronary manifestations of hy
pertension (coronary artery stenosis > 75%, group 
II), myocardial lesions based on impaired coronary 
blood flow (regional wall contraction abnormalities, 
group III), and congestive effects of hypertension 
(generalized contraction abnormalities, group IV) 
are accompanied by or may be the reason for a pro
gressive increase in absolute ventricular mass from 
group I through group IV75.76 (Fig. 2, Table 2). Also, 
the ventricular mass per unit developed pressure is 
considerably increased in groups III and IV, such 
that the mass increase is disproportionately high in 
relation to the pressure load (mean arterial pres
sure) as arterial hypertension progresses. Besides 
the level and duration of the blood pressure eleva
tion, the manner in which the hypertension develops 
(abrupt/gradual, volume/pressure load), the heart 
rate and contractility (sympathetic influence), and 
genetic factors are also important with regard to the 
development of pressure-induced hypertrophy. 

The end-diastolic pressure and end-diastolic vol-

ume of the left ventricle (filling volume) are mark
edly increased in arterial hypertension with coro
nary artery disease with or without regional as well 
as generalized contraction abnormalities (Fig. 3). 
The ratio of the muscle mass to the end-diastolic 
volume, called the mass-volume relation, is in
creased in compensated hypertensive patients 
(groups I to III) in favor of a considerable mass in
crease per unit volume. In decompensated hyperten
sives (group IV), on the other hand, the mass-vol
ume relation tends to be numerically normal, owing 
to a disproportionate ventricular dilatation with a 
progressive mass increase (Table 2). This means 
that at least two inappropriate or disproportionate 
forms of hypertrophy can exist during the course of 
essential hypertension: (1) a mass increase which is 
disproportionately large relative to ventricular size 
in compensated hypertension, and (2) a mass in
crease which is not accompanied by progressive ven
tricular dilatation in the decompensated stage.72 

Pumping variables and contractility indices 
The cardiac index, stroke index, and ejection frac
tion of the left ventricle are normal or elevated in 
compensated essential hypertension with and with
out coronary stenosis (groups I and II), and are sig
nificantly reduced in groups III and IV (regional as 
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Table 2. Mean Arterial Pressure (Part), Left Ventricular Muscle Mass (L VMM), Ratio of L VMM 
and Part, Left Ventricular End-Diastolic Pressure (PLVED), End-Diastolic Volume (EDV), and Mass
Volume Relation (LVMM/EDV) in the Normal Group and the Four Hypertensive Groups Defined 

Part LVMM LVMM/Part PLVED EDV LVMM/EDV 
(mm Hg) (g/m2) (g/m2. mm Hg) (mm Hg) (ml/m2) (g/ml) 

Normal 91 ± 9 92 ± 6 1.01 
Group I 136 ± 9§ 122 ± 11t 0.90 
Group II 128 ± 6§ 129 ± 14t 1.01 
Group III 131 ± 3§ 168 ± 16§ 1.28 
Group IV 146 ± 4§ 192 ± 15§ 1.32 

*p < 0.05. 
tp < 0.01. 
tp < 0.005. 
§p < 0.001. 
From Strauer, ref 75 and 76. 

well as generalized abnormalities of left ventricular 
contraction = congestive, decompensated essential 
hypertension). The maximal rate of rise of left ven
tricular pressure shows a pressure-dependent in
crease in all hypertensive groups (Fig. 4, Table 3). 

The relation between end-diastolic volume and 
ejection fraction shows that the ejection fraction of 
the left ventricle can remain normal even in severe 
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10 ± 1 81 ± 6 1.14 
12 ± 2 74 ± 6 1.65 
15 ± 4 80 ± 5 1.61 
19 ± 7* 112 ± 16 1.50 
23 ± 6t 147 ± 17t 1.31 

arterial hypertension with left ventricular hypertro
phy, as long as there is no increase in end-diastolic 
volume (compensated arterial hypertension with 
and without coronary heart disease) (Fig. 5).68 How
ever, even incipient ventricular dilatation causes a 
marked decrease in the ejection fraction correspond
ing to a regression, as in patient groups with coro
nary heart disease and aortic stenosis (Fig. 5).62 

End-diastolic pressure 
(PLVED ) 

End-diastolic volume 
(EDV) 

x~ 
LVMM 

x EDV 

III IV 

~I> ~c >w ..... 

I 
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Figure 3. End-diastolic pressure, end-diastolic volume, and mass-volume relation (LVMM/EDV) in the normal 
group and the four hypertensive groups defined. Note the considerable increase in the mass-volume relation in the 
compensated hypertensives and the numerical normalization with increasing cardiac decompensation. From Strauer, 
ref 72 
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Table 3. Maximal Rate of Rise of Left Ventricular Pressure (dp/dtmax), Cardiac Index, Left 
Ventricular Ejection Fraction (EF), Mean Ejection Rate (MNSER), and Mean Velocity of Fiber 
Shortening (V CF) in the Normal Group and the Four Hypertensive Groups Defined 

dp/dt...,. Cardiac Index EF MNSER VCF 

(mm Hg/s) (liters/min . m2) (% ) (vol/s) (circ/s) 

Normal 
Group I 
Group II 
Group III 
Group IV 

.p < 0.05. 

tp < 0.D1. 

lP < 0.005. 
§p < 0.001. 

1690 ± 90 
2460 ± 110§ 
2400 ± 94§ 
2310 ± 88t 
2190 ± 102t 

From Strauer, ref 64 and 72. 

3.82 ± 0.09 
3.95 ± 0.08 
3.93 ± 0.09 
3.22 ± 0.10t 
3.24 ± O.l1t 

Thus, essential hypertension, together with aortic 
stenosis and coronary heart disease, is counted 
among the cardiac diseases which, with increasing 
left cardiac enlargement, are accompanied by a de
cline of ventricular pump function and contractility 
as measured by changes in the left ventricular ejec
tion fraction. This behavior is quite marked and 
sensitive compared to conditions such as mitral and 
aortic regurgitation and ventricular septal 
defect.60-62.66-68 Comparable relations are also seen 
between end-diastolic volume and mean velocity of 

2400 4,0 

2000 3,5 

1600 3,0 

--~ IJIU 
I ft. _____ 1 .............. 

72 ± 2 2.52 ± 0.18 1.62 ± 0.13 
78 ± 5 2.68 ± 0.21 1.71 ± 0.12 
69 ± 5 2.50 ± 0.20 1.36 ± 0.11 
61 ± 6* 1.98 ± 0.38 0.74 ± 0.14t 
40 ± 8t 1.21 ± 0.44t 0.44 ± 0.14t 

fiber shortening (VCF) as well as the ejection rate 
normalized for ejection time (MNSER). Thus, a 
ventriculographically demonstrable increase in ven
tricular chamber size is a suitable criterion for rec
ognition of depressed ventricular function in pa
tients with essential hypertension.63 Similarly, a 
change in cardiac volume or left ventricular size doc
umented by standard chest X-ray should provide 
evidence of a clinically relevant alteration of ven
tricular function in essential hypertension. 

Normal values for cardiac index, ejection fraction, 

dp/dtmall 

Cardiac index (CI) 

80 

:I: " E'" 
E 

I .............. 1 

~ 1 !-----!~ 6O~ 
"'r Or I Ejection fraction (E F) 40:

1 
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Normal II III IV 
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Figure 4. Maximal rate of pressure rise in the left ventricle (dp/dt", •• ), cardiac index, and ejection fraction of the left 
ventricle. From Strauer, ref 64 
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Figure 5. Relationship between end-diastolic volume and ejection fraction of the left ventricle in the defined hyper
tensive groups, the normal group, and in patient groups with aortic stenosis and coronary heart disease. From Strauer, 
ref 72 

maximal rate of pressure rise, and auxotonous veloc
ity and ejection parameters in hypertensive groups 
I and II indicate that despite considerable left ven
tricular hypertrophy with a 40% to 50% increase in 
muscle mass, ventricular function may be normal or 
even increased. This means that the pressure hyper
trophy that occurs in compensated essential hyper
tension is not accompanied by a decline of ventric
ular function.62- 64 Thus, the hypertrophy in essential 
hypertension differs substantially from other forms 
of pressure hypertrophy, e.g., those due to aortic ste
nosis or coarctation of the aorta. Here a significant 
mass increase is generally accompanied by a decline 
of ventricular function and contractility even in the 
clinically compensated stage.49.59 There is no corre
lation between left ventricular mass increase and di
minished contractility in essential hypertension 
with pressure hypertrophy of the ventricle. Besides 
the forms of pressure hypertrophy that can be in
duced experimentally by hyperthyroidism and 
Goldblatt hypertension,60·82 compensated essential 
hypertension thus represents a clinical disease 
which departs from the concept of diminished con
tractility resulting from pressure-induced ventricu
lar hypertrophy.49 The decisive factor could be that 
the patient with essential hypertension has a differ
ent hemodynamic history-i.e., type, duration, and 
severity of left ventricular pressure and volume 
load, and sympathetic stimulation are different 

from those of patients with other types of left ven
tricular pressure load. Thus, the general assumption 
of diminished contractility due to pressure hyper
trophy is not justified.9.10.62-64 

Assessment of ventricular function during physi
cal exertion (ergometry in supine position with load 
of 1 W /kg) shows that in compensated hypertensive 
patients of comparable age with a normal coronary 
angiogram and different degrees of left ventricular 
hypertrophy (LV wall thickness = 0.69 cm/m2 in 
group A, 0.86 cm/m2 in group B), the variables of 
ventricular function are largely normal even with a 
very great increase in ventricular mass (Table 4).64 
Here the rise of left ventricular end-diastolic pres
sure is normal in group A and only slightly elevated 
in group B (from 12 to 17 mm Hg on the average). 
The cardiac index is above normal in moderate hy
pertension (group A) and is 90% of normal in the 
presence of severe left cardiac hypertrophy. Quan
titatively similar findings are obtained for changes 
in stroke index and maximal rate of pressure rise. 
The relations between end-diastolic pressure and 
cardiac index or rate of pressure rise at rest and dur
ing exercise thus demonstrate a normal or increased 
stress reserve in group A with moderate left cardiac 
hypertrophy, while the hypertensives with severe 
left cardiac hypertrophy (group B) may exhibit a 
slight decrease in their stress reserve.64 

As indicated by the tests performed during graded 
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Table 4. Left Ventricular End-Diastolic Pressure (PLVED), Maximal Rate of Rise of Left Ventricular Pressure 
(dp/dtmu), Cardiac Index and Stroke Index at Rest and during Physical Exertion in a Normal Group and in 
Essential Hypertensives with Different Degrees of LV Hypertrophy 

P LVED (mm Hg) dp/dtmax Cardiac Index Stroke Index 
(mm Hg/s) (liters/min . m2) (ml/stroke . m2) 

Rest Exertion Rest 

Normal 9.5 12.5 1680 
Essential hypertension 

GroupA* 10 12 2190 
Group Bt 11.5 16.5 2150 

"LV wall thickness = 0.69 cm/m2. 

tLV wall thickness = 0.86 cm/m2; n = 14. 
From Limbourg et aI., ref 44; Strauer, ref 64 and 72. 

exercise, the stress reserve of the hypertrophied left 
ventricle is generally normal and may even be su
pranormal43 in compensated essential hyperten
sion.44,64 This means that cardiac output will be nor
mal even under conditions of exertion and that 
significant pressure hypertrophy of the left ventricle 
need not imply exertional failure, though this is usu
ally the case in the presence of coexisting coronary 
disease and more serious cardiac manifestations of 
hypertension (hemodynamically significant coro
nary stenoses, regional wall motion abnormalities, 
ventricular dilatation). One therapeutic implication 
is that measures with a positive inotropic action 
(e.g., digitalis glycosides) are not indicated in com
pensated essential hypertension with a view toward 
improving ventricular function and contractility, 
since there is no depression of the resting and exer
tional function of the left ventricle which would jus
tify glycoside therapy. Whether the use of digitalis 
glycosides in compensated essential hypertension 
can delay the development of exertional failure is 
still unclear. 

A clinically relevant impairment of ventricular 
function and contractility can occur in essential hy
pertension if any of the following are present:44 

1. Coronary stenosis> 75 %, with or without prior 
myocardial infarction 

2. Regional wall motion abnormalities (hypokine
sia, akinesia) as a result of coronary heart disease 

3. Left ventricular dilatation resulting from a coro
nary or noncoronary complication of the essential 
hypertension64,72 

Since the coronary manifestations of essential hy
pertension are responsible for ventricular dilatation 
and decline of ventricular function in the over
whelming majority of cases, the "coronary factor" is 
of considerable pathogenetic significance. However, 
hypertensive patients with significant coronary ste-

Exertion Rest Exertion Rest Exertion 

2590 4.02 8.6 51 68 

3130 4.21 9.1 48 72 
2990 3.88 8.2 49 69 

nosis may exhibit normal ventricular function even 
in severe pressure hypertrophy, so that the existence 
of coronary stenosis alone need not be a limiting fac
tor as far as ventricular function is concerned. The 
following constellations in essential hypertension 
are usually associated with a clinically manifest dis
turbance of ventricular function: 

1. Coronary stenosis with prior myocardial 
infarction 

2. Coronary stenosis with regional contraction 
abnormalities 

3. Prior myocardial infarction and/or regional ab
normalities with and without coronary stenoses 

The presence of coexisting coronary disease appears 
to influence quantitatively function and contractile 
properties of the left ventricle in essential hyperten
sion, as in normotensive heart disease. 

The determination of cardiac and ventricular size 
provides a basis for assessment of the severity of car
diac involvement in essential hypertension and is 
helpful in drawing therapeutic conclusions, partic
ularly by monitoring of changes. It must be borne in 
mind, however, that inclusion of cardiac size as a cri
terion also implies changes in cardiac and ventricu
lar size of other etiology. Thus, cardiac enlargement 
in essential hypertension may be the result of ven
tricular hypertrophy with or without dilatation; re
gional wall motion abnormalities, especially due to 
coronary heart disease; or a generalized abnormality 
of left ventricular contraction with manifest resting 
or exertional failure. The abnormal pressure load 
with consequent ventricular hypertrophy (myocar
dial factor) and coronary heart disease (coronary 
factor) is a common coincidence with additive effect. 
Thus, an extensive regional contraction abnormality 
in essential hypertension with a subsequent increase 
in the akinetic segment CQuld lead to an increase in 
ventricular size and a decrease in the ejection frac-
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Figure 6. Spectrum of relationships between end-diastolic volume and ejection fraction of the left ventricle during 
left ventricular pressure and volume overload and in coronary heart disease. Note the marked differences depending 
on the nature of the underlying cardiac defect. From Strauer, ref 72 

tion. The consequent decline of ventricular function 
is quantitatively comparable to hypertensive ven
tricular hypertrophy with ventricular dilatation 
without coronary heart disease. A decrease in ejec
tion fraction with increasing ventricular dilatation 
can be demonstrated to an equal degree for normo
tensive coronary heart disease and for left ventric
ular pressure hypertrophy as a result of aortic ste
nosis (pure pressure load). The correlation between 
end-diastolic volume and ejection fraction shows a 
nearly identical course in essential hypertension as 
well, in contrast to valvular and shunt defects (Fig. 
6). It is correct to conclude, therefore, that normo
tensive coronary heart disease, aortic stenosis with
out coronary heart disease, and essential hyperten
sion with or without coronary heart disease exhibit 
a comparable, normal ejection fraction when the 
heart size is normal. They are accompanied by a sen
sitive decline of ejection fraction and ventricular 
function as the ventricular size increases. The deter
mination of the relation between the two variables 
provides a sound basis for the functional and ther
apeutic assessment of ventricular contraction in 
these diseased states.62- 64,72,75,76 

Left ventricular compliance 
With increasing ventricular hypertrophy, changes 
occur in the shape of the diastolic pressure-volume 

curves (volume compliance). These are distinct from 
the changes that occur in myocardial compliance, as 
resulting from disturbances of myocardial function 
(e.g., ischemia) or structural alterations (e.g" necro
sis, scarring).22,24,66 In left ventricular hypertrophy 
associated with essential hypertension, the end-di
astolic wall tension is within normal limits in the 
compensated hypertensive groups with and without 
coronary stenosis and regional contraction abnor
malities. In contrast, the decompensated hyperten
sives demonstrate a marked increase in end-dia
stolic wall tension.66.72 Thus, left ventricular 
compliance can be considered largely normal in 
compensated hypertensives with or without coro
nary stenosis. It is decreased in hypertensives with 
regional contraction abnormalities as well as in de
compensated hypertensives. This means that de
spite significant left ventricular hypertrophy (com
pensated hypertensives with and without coronary 
stenosis), the myocardial compliance can be largely 
normal,47 Significant decreases in compliance are ob
served in essential hypertension only in the presence 
of coexisting myocardial disease (hypokinesia, aki
nesia) and in the decompensated stage (Table 5). 
The myocardial structural changes that underlie 
coronary disease are etiologic, so that the dimin
ished compliance in essential hypertensives with 
coronary heart disease (groups II and III) is deter-
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Table 5. Indices of Left Ventricular Compliance in Normal Function and Arterial Hypertension 

Essential Hypertension 

Normal II III IV 

T ..... 
(lO'dynl 
em') 26 ± 3 28 ± 2 31 ± 6 44 ± 6* 68 ± lOt 

dp/dV (mm 
Hg/ml) 0.151 ± 0.008 0.162 ± 0.01l 0.213 ± O.oI6 0.326 ± 0.019 0.55 ± 0.032 

dV/dp (ml/ 
mmHg) 6.78 ± 1.02 6.12 ± 0.92 4.8 ± 0.57 3.12 ± 0.21 1.81 ± 0.10' 

dVldp· V 
(litersl 
mmHg) 0.079 ± 0.009 0.077 ± 0.010 0.057 ± 0.006' 0.029 ± O.OOlt o.oll± O.OOlt 

LMFS (reI. 
unitslt 

'p < 0.0l. 

tp < 0.005. 

508 

ILMFS = T ...... 
From Strauer, ref 72. 

± 98 582 ± 72 623 

mined primarily by the compliance change resulting 
from coronary manifestations. Again, the hyper
trophic factor itself appears to be of minor 
importance. 

Moreover, in patients with decompensated hyper
tension who exhibit a marked increase of end-dia
stolic pressure and volume, the preload can appar
ently play an active role. A preload-dependent 
decrease in compliance may be present. This is 
shown by the behavior of the wall tension and com
pliance indices, indicating a progressive increase of 
preload with increasing hemodynamic severity of es
sential hypertension. It must be considered, how
ever, that a decrease in the mass-volume relation 
leads to an increase in end-diastolic wall tension 
purely for geometric reasons. A decrease in the 
mass-volume relation usually is also accompanied 
by ventricular dilatation. Therefore the increased 
ventricular radius and relative decrease in wall 
thickness always alter the compliance indices which 
figure into the equations defining these variables. In 
this respect these indices can provide only limited 
information on the true myocardial fiber stretch 
(preload), even if corresponding indices such as the 
LMFS or log dP/dV are used to estimate the myo
cardial compliance.22,24 

Ventricular Geometry and Degree of 
Hypertrophy 

Mass-volume relation 
Essential hypertension leads to left ventricular hy
pertrophy as a result of arterial pressure overload. 
This is accompanied by a parallel mass increase with 
a change in ventricular dimensions. The radiologic 

± 119 1120 ± 223t 1610 ± 204t 

heart and ventricular size can range from a normal 
configuration to a generalized cardiac dilatation, de
pending on the degree, duration, and intensity of the 
pressure load as well as on coexisting coronary and 
myocardial disease. For the same absolute left ven
tricular muscle mass, the left ventricle may be of 
normal size with a normal or decreased internal vol
ume and greatly increased wall thickness, or it may 
be considerably enlarged with an increased volume 
and a normal or only slightly increased wall thick
ness. Thus, a quantitatively comparable increase in 
left ventricular mass resulting from arterial pressure 
overload may be accompanied by highly diverse ven
tricular dimensions in essential hypertension. The 
behavior and performance of the ventricle, in turn, 
are dependent on the absolute muscle mass, wall 
thickness, intraventricular pressure, and intraven
tricular volume (or radius).26-29,40,45,67,68 If these geo-
metric variables are changed, as from arterial and 
left ventricular pressure overload in essential hyper
tension, ventricular function will also change. Since 
these variables are a result of the left ventricular 
pressure overload, they are also the determinants of 
the degree of left ventricular hypertrophy. Accord
ingly, the degree of left ventricular hypertrophy can 
be defined as a result of the chronic left ventricular 
pressure overload, dependent upon the geometric 
variables of wall thickness, ventricular mass, intra
ventricular pressure, and intraventricular vol
ume.72,75,76 

The quantitative determination of the degree of 
hypertrophy, i.e., the relationship between mass, 
volume, pressure, and wall tension, permits an as
sessment of ventricular function in the hypertensive 
heart based on ventricular geometry, as well as a di
agnostic classification of the hypertensive heart ac-
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cording to the "degree of proportionality" of the hy
pertrophy. This concept is based on the fact that the 
ventricular hypertrophy in essential hypertension is 
considered to be proportional, regardless of the 
pressure-volume performance and muscle mass, as 
long as the wall tension remains normal. If wall ten
sion increases, the hypertrophy is said to be under
proportionate. If ventricular thickening is chronic 
and overproportionate, a decrease in wall tension 
occurs. Thus, left ventricular hypertrophy is deter
mined qualitatively by the relationships between 
the pressure and wall thickness-radius relation, or 
the pressure and the mass-volume relation. It can be 
characterized by determining the intraventricular 
pressure, wall thickness, and radius, or the intraven
tricular pressure, muscle mass, and volume.8•15,72 

The mass-volume relation of the left ventricle 
shows a marked correlation to the end-diastolic as 
well as peak systolic wall tension of the left ventricle 
(Fig. 7). As the mass-volume relation increases, the 
end-diastolic and peak systolic wall tensions de
crease. Thus, hypertensives with a high mass-vol
ume relation and normal or low diastolic or systolic 
wall tension can tend toward a comparison group 
with hypertrophic obstructive cardiopathy (closer to 
abscissa), while hypertensives with an approxi-
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mately normal mass-volume relation and elevated 
diastolic and systolic wall tension tend toward a 
comparison group with decompensated aortic valve 
lesions (closer to ordinate). Starting from the nor
mal range, the wall tensions may increase with 
either a rise or fall of the mass-volume relation; on 
the other hand, despite a comparable absolute left 
ventricular mass increase, wall tensions may be nor
mal, decreased, or increased in essential hyperten
sion as a result of a change in the ventricular cavity 
size, and thus the ventricular radius. Therefore, 
when judging the proportionality of hypertrophy in 
essential hypertension, one must take into account 
not only the muscle mass, but also the intraventric
ular volume and wall tension, which vary interindi
vidually. Finally, the relation of muscle mass to 
chamber size is also dependent on the pressure and 
volume load, which vary in proportion. This prob
lem can be particularly important in the hyperdyn
amic forms with an elevated cardiac output (see p. 
245,248). 

Assuming a proportional hypertrophy, the mass
volume relation will increase with increasing pres
sure load. The relationship between both variables, 
i.e., between the systolic pressure as a measure of 
the pressure load and the mass-volume relation as a 
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Figure 7. Relationship between the mass-volume relation (abscissa) and peak systolic wall tension of the left ven
tricle. From Strauer, ref 72 
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resultant of the pressure load, reveals a firm rela
tionship between the systolic pressure values on one 
hand and the mass-volume relation on the other 
when regions of equal tension ("isotension") are 
identified (Fig. 8). At a constant systolic pressure, 
the peak systolic wall tension decreases with in
creasing mass-volume relation. Conversely, at a con
stant mass-volume relation the peak systolic wall 
tension increases with increasing systolic pressure. 
On the other hand, the wall tension within an iso
tension region may remain unchanged despite an ex
treme pressure increase resulting from an increased 
mass-volume relation; it is necessary only that the 
relationship between pressure, volume, and muscle 
mass remains proportionate.72 Presumably, coexist
ing myocardial disease, myocardial structural 
changes, severe dyskinesia, and acute drug interven
tions could cause shifts and overlaps to occur in 
these function curves determined for a chronic dis
ease. 

Systolic wall-tension and contractility reserve 
The contractility reserve of the pressure-loaded left 
ventricle is determined chiefly by its ability to de
velop and maintain a given systolic wall tension. 
Thus, the contractility reserve of the left ventricle is 

dependent on its systolic wall-tension reserve.7.53 

The latter, in turn, can be defined as the ratio of the 
maximum attainable systolic wall tension (T max) to 
the instantaneous systolic wall tension (T,y,t).72 The 
maximum attainable systolic wall tension in the 
human heart is approximately 500 to 600 (l03 dynes/ 
cm2), a value which corresponds to the maximal iso
metric tension developed by the isolated human 
myocardium at a maximal fiber length (Lmax)60 (Fig. 
9). 

As the systolic wall tension (T,y,t) increases on the 
one hand, and/or the mass-volume relation de
creases on the other, the wall-tension reserve of the 
pressure-hypertrophied left ventricle decreases by 
definition (Fig. 10). Thus, acute peak-pressure loads 
on the hypertensive heart lead to a decrease in the 
wall-tension reserve, depending on the instanta
neous systolic tension (T,yst), with a ventriculodyn
amic predisposition toward pressure-induced myo
cardial failure. In chronic pressure overload with 
proportional (i.e., concentric and uniform) myocar
dial hypertrophy, the ventricular hypertrophy fol
lows its respective isotension region. Thereby the 
wall-tension reserve can remain unaffected (Fig. 11). 
Thus, the initial state of ventricular dynamics, char
acterized by the wall-tension reserve and the sever-
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Figure 9. Schematic representation of the relationship between the pressure in the left ventricle and the mass-vol
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Figure 10. Schematic representation of the left ventricular wall-tension reserve, i.e., the ratio of the maximum at
tainable wall tension (TID") to the instantaneous systolic wall tension (T,yst). Note that as the value of T,y,t increases, 
the wall-tension reserve and thus the contractility reserve of the left ventricle declines (N = normal range). From 
Strauer, ref 72 



18: Central Hemodynamics and Cardiac Function in Hypertension 263 

ESSENTIAL HYPERTENSION - Systolic pressure loading (acule,c!ronic) 

LVMM / EDV [xlmt1 T syst = 200 
-. 
> 4 Q 
!.AI 

T syst =100 
-..... 
~ 
~ 
~ 

.2 
ii ... 

" E 
~ 

'0 
> 

.2 .. .. 
1:1 
E , 
> .... 

3 

2 

100 

I'. 
;f 

acute pressure load 

200 

Tsyst =400 

300 

Figure 11. Effects of acute LV pressure load (hypertensive crisis) and chronic LV pressure load on the systolic wall 
tension. Note that the wall-tension reserve decreases with increasing wall tension in acute pressure loads, while the 
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ity of acute pressure loads, determines the function 
and contractility reserve of the left ventricle.72 The 
systolic wall-tension reserve can be improved by 
positive inotropic interventions (to increase the 
maximum attainable systolic wall tension) or by a 
reduction of arterial pressure (Fig. 12). This enables 
the left ventricle to develop more wall tension from 
a particular initial dynamic state, or produce an 
equal increase of wall tension in progressive ventric
ular dilatation with a rise of T.yst. Thus, interven
tions with a positive inotropic action, such as digi
talis glycoside therapy,69 will produce an increase in 
the contractility reserve and functional capacity of 
the dilatated and hypertrophied left ventricle in hy
pertensive heart disease, while reduction of the ar
terial pressure, e.g., with vasodilators or {3-receptor 
blocking drugs, will lower T.yst and thereby increase 
the wall-tension reserve.70- 72 

Regional ventricular wall hypertrophy 
The increase of left ventricular muscle mass in es
sential hypertension is a useful measure of the se
verity of the hypertension and hypertrophy but pro
vides limited information as to whether the 
hypertrophy of the entire left ventricle is propor
tionate or disproportionate relative to the pressure-

volume performance, or whether the hypertrophy of 
the ventricular wall is regionally uniform or asym
metrical. The existence of a uniform or asymmetri
cal hypertrophy in essential hypertension can be 
demonstrated by regional wall-thickness determi
nations. By the analysis of the regional transmural 
wall thicknesses and end -diastolic to end -systolic 
wall-thickness changes along the long axis (apex) of 
the left ventricle and along five transverse axes per
pendicular to it, it is found that the wall-thickness 
increase from end-diastole to end-systole is nearly 
twice the normal value in compensated hyperten
sives, amounting to 100 % to 120 % of the initial end
diastolic value in the % of the anterior wall opposite 
the base (normal = 40 % to 50 %) (Fig. 13). In the 
decompensated hypertensives, by contrast, the rel
ative wall-thickness increase is much smaller. Thus, 
within these three hypertensive groups the regional 
wall-thickness increase is considerably greater in the 
two compensated groups (I and II) with a normal 
end-diastolic volume than in the decompensated 
group with a high end-diastolic volume. At the same 
time, the wall-thickness increase is more pro
nounced in compensated hypertension with coro
nary heart disease and no local contraction abnor
malities than in the comparison group without 



264 H. Just, B. E. Strauer 

LVMM I EDV [glm/] 

Tsyst = 100 

~ T syst = 200 
~ 
~ -
.2 3 
0 

TSyst =400 .. 
GI 
E 

..2 
0 
> 

.2 
2 .~~ 

~(t:# .. \(1' .. 
~~ .. e g 

E @ > 
...J 

100 

Figure 12. Schematic representation of the effects of inotropic changes on the left ventricular wall-tension reserve. 
From Strauer, ref 72 
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coronary disease. The wall-thickness change at the 
cardiac apex is considerably smaller on the whole 
than that in the left ventricular anterior wall, al
though here, too, the compensated hypertensives, 
especially those with coronary heart disease, show a 
systolic thickening which is about twice that in the 
normal group. 

In 12 patients with essential hypertension and a 
normal end-diastolic volume (of the 92 patients 
studied), the regionally pronounced wall-thickness 
change led to ventriculographic findings similar to 
those in hypertrophic obstructive cardiomyopathy. 
Eight of these patients had significant coronary ste
nosis, and two also had extracranial carotid artery 
stenosis requiring operation; all the patients had a 
prior history of hypertension of more than 8 to 10 
years' duration. In none of the 12 patients did pro
vocative tests (Valsalva maneuver, amylnitrite in
halation, and postextrasystolic intraventricular and 
aortic pressure measurement) show evidence of a 
hemodynamically significant intraventricular ob
struction or ventriculoarterial pressure gradient. 
Angiographic visualization of the right ventricle 
showed normal right ventricular contraction. Thus, 
excessive hypertrophy in essential hypertension can 
lead to systolic wall-thickness increases which usu
ally cause a disproportionate thickening of the en
tire anterior wall as a result of generalized ventric
ular hypertrophy and are accompanied in about 
14% of cases by asymmetric wall-thickness changes. 

The prototype of an asymmetric or irregular ven
tricular wall hypertrophy is hypertrophic obstruc
tive cardiomyopathy. The ventricular septum, 
subaortic outflow tract, or any other left ventricular 
segment may be affected with asymmetric hypertro
phy in this disease.42,61,87 The severity can range from 
mild forms with an hourglass-shaped left ventricle 
with no ventriculo-arterial pressure gradient and 
negative provocative tests to the most severe intra
ventricular obstruction with a high pressure gra
dient, positive provocative tests, and angina pecto
ris. However, arterial hypertension accompanies 
hypertrophic obstructive cardiomyopathy in only 
about 1 % to 3 % of cases.16,87 A connection between 
the two diseases (essential hypertension and hyper
trophic obstructive cardiomyopathy) appears un
likely. Conversely, no intraventricular obstruction 
was found in any of the hypertensive patients stud
ied, despite a considerable irregularity of the ven
tricular hypertrophy. The provocative tests were 
negative. The right ventricle and right ventricular 
outflow tract were free. The left ventricular coronary 
reserve, which is generally normal in hypertrophic 
obstructive cardiomyopathy,42,61 was reduced to 
about half normal. The majority of patients had sig
nificant stenoses of the left coronary artery. Thus, 

based on clinical and other findings, it is improbable 
that the irregular ventricular wall hypertrophy in es
sential hypertension represents simply an asympto
matic form of hypertrophic obstructive cardiomy
opathy with essential hypertension. This would 
imply the existence of common etiologic features be
tween the two diseases, yet there is no evidence of 
this. However, abnormal hypertrophy of the papil
lary muscles in arterial hypertension with the re
sulting ventriculographic features of irregular or 
asymmetric ventricular wall hypertrophy must be 
considered. It is more reasonable to assume that the 
irregular hypertrophy in essential hypertension de
velops in such a way that its ventriculogram resem
bles that in hypertrophic obstructive cardiomyopa
thy, without implying a necessary connection 
between the two syndromes. 

Diagnostic and therapeutic conclusions 
Hypertensives with a diminished wall tension show, 
at comparable systolic pressures, an inappropriate 
("overproportionate") hypertrophy in favor of an in
crease in the mass-volume relation. Hypertensives 
with a normal wall tension exhibit a proportionate 
hypertrophy over the entire range of arterial pres
sures and mass-volume relations. Hypertensives 
with an elevated wall tension show an inappropriate 
("underproportionate") hypertrophy, which tends 
to decrease the mass-volume relation75,76 (Fig. 14). 

The relationships demonstrated are useful aids in 
the diagnostic classification and differential therapy 
of essential hypertension from the standpoint of 
ventricular function and coronary hemodynamics. 54 

Hypertensives with a high wall tension and a normal 
or reduced mass-volume relation are at risk for car
diac disease. They have a depressed ventricular 
function and an increased myocardial oxygen con
sumption (Fig. 15). Hypertensives with a normal 
wall tension have normal ventricular function and 
normal myocardial oxygen consumption with pro
portionate hypertrophy. Hypertensives with a de
creased wall tension and high mass-volume relation 
show a normal or increased ventricular function and 
a normal or decreased myocardial oxygen consump
tion. Thus, ventricular function and coronary he
modynamics in essential hypertension are deter
mined primarily by the extent and proportionality 
of the hypertrophy.75,76 

Besides their value in diagnostic and prognostic 
classification, the relationships between pressure, 
degree of hypertrophy, and wall tension provide in
formation regarding the benefit to be derived from 
various forms of drug therapy in hypertensive heart 
disease. Decompensated hypertensives can achieve 
a shift in their abnormal function curves by two 
mechanisms in particular: 
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1. A pressure decrease and reduction of wall tension 
can be achieved by a reduction of arterial pres
sure, i.e., by the use of antihypertensive drugs 
which act by means other than negative inotrop
ism (Fig. 16).75.76 

2. The ejection fraction can be increased by positive 
inotropic measures, which effect a long-term re
duction of cardiac size with a decrease in end-di
astolic volume. Additionally, the abnormal mass
volume relation is increased by the reduction of 
end-diastolic volume (Fig. 17).63 

Both types of therapy-pressure reduction and 
positive inotropism-can, when administered con
currently, exert additive effects. Therefore, a regi
men consisting of digitalis glycosides plus antihy
pertensive drugs (preferably vasodilators) IS 

indicated for decompensated hypertension. 
The therapy for compensated hypertension and 

hypertension with overproportionate hypertrophy 
must rely mainly on mechanisms which normalize 
the abnormally high mass-volume relation. Since 
ventricular function is normal or increased, positive 
inotropic drugs are contraindicated.69.70 The primary 
goal is a regression of the left ventricular muscle 
mass, which, in experiments on hypertensive as well 

as normotensive animals, can be achieved in varying 
degrees with {j-receptor blocking agents.8l•84 The 
value of this concept in the long-term therapy of es
sential hypertension in man remains to be deter
mined by long-term studies in essential hyperten
sive patients. 

Coronary Hemodynamics 

Preliminary remarks on pathophysiology 
The coronary blood flow of the left ventricle is de
termined in part by the coronary perfusion pressure, 
the coronary resistance, and the blood viscosity.2.4.47 
In addition to the vascular control of coronary blood 
flow (vascular component of coronary resistance), 
which is normally dependent on arteriolar tone and 
thus on humoral, metabolic, and neural factors and 
is seriously impaired in the presence of structural 
coronary artery changes (e.g., coronary heart dis
ease) owing to a loss of coronary dilating capacity, 
intraventricular and myocardial factors can lead to 
an impairment of coronary dilatation capacity and 
thus to an abnormally high coronary resistance and 
low coronary reserve (myocardial component of cor
onary resistance). This myocardial component of 
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the coronary resistance encompasses the effects on 
coronary resistance which are independent of the 
vascular component and are associated with the pro
cess of contraction and relaxation. It is most pro
nounced in the presence of abnormally high left 
ventricular end-diastolic pressures, abnormal my
ocardial hypertrophy with myocardial edema, 
tachycardia and inflammatory and fibrotic myocar
dial diseases, as well as hypertrophies of varying 
etiology. 

The coronary reserve is defined as the ratio of the 
coronary resistance under initial conditions to the 
coronary resistance during maximal coronary dila
tation. Thus, determination of the coronary resis
tance is of paramount importance in the clinical di
agnosis of coronary function based on quantitative 
assessment of the coronary reserve. The definition 
of coronary reserve implies that this reserve is di
minished if the coronary resistance is already de
creased under initial conditions owing for example, 
to an increased myocardial energy demand. This re
sults in a lower-than-normal ratio of the coronary 
resistance under initial conditions to the coronary 
resistance during maximal coronary dilatation. In 
this case the coronary reserve can be normalized by 
reducing the myocardial oxygen consumption. The 
coronary reserve thus defined takes into account the 

functional coronary and metabolic response range of 
the heart and largely disregards the absolute mini
mum of coronary resistance attainable during pro
vocative testing. The coronary reserve determined 
from the coronary resistances has proved to be of 
significant value in the clinical setting.4,41,71 To assess 
the absolute response range of the coronary flow, 
however, it is necessary to take into account the 
minimal coronary resistance as well. 

The hypertrophied and dilatated hypertensive 
heart very often shows the clinical (symptoms, 
ECG) and morphologic (myocardial cell edema, mi
tochondrial swelling, and destruction) signs of cor
onary insufficiency. This has been attributed to sev
eral mechanisms: (1) to a cessation of growth of the 
aortic coronary ostial lumina during continued 
growth of the myocardial coronary arteries and their 
branches, (2) to a disproportion between the hyper
trophied myocardial mass and the coronary artery 
system supplying it, (3) to a premature involvement 
of the small intramural arterioles, and (4) to an ab
normal intramural pressure with a consequent in
crease in the myocardial component of the coronary 
resistance. Thus, both components of the coronary 
resistance-the vascular (large and small coronary 
arteries) and the myocardial component (the sum of 
all extravascular ventriculodynamic factors acting 
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Table 6. Variables of Coronary Function in Normal Patients, in Essential Hypertension (EH) 
and in Normotensive Coronary Heart Disease (CHD) 

Normal (n = 12) 
EH (n = 63) 
CHD (n = 38) 

"p < 0.02. 

tp < 0.005. 

tp < 0.00l. 

Pcor 

(mm Hg) 

82 ± 2 
129 ± 8t 
87 ± 5 

avD02 

(vol %) 

12.2 ± 0.1 
12.9 ± 0.2 
12.8 ± 0.6 

Vcor Reor 

(ml/min . 100 g) (mm Hg . min· 100 g ·ml-1) 

71 ± 3 1.15 ± 0.04 
83 ± 2t 1.57 ± 0.06t 
64 ± 3" 1.36 ± 0.09 

P cor: coronary perfusion pressure; avD02: coronary arterio-venous oxygen difference; V cor: coronary flow; Reor: cor
onary vascular resistance; EH: essential hypertension; CHD: coronary heart disease. 

From Strauer, ref 65. 

on the coronary resistance)-contribute to the pre
mature development of coronary insufficiency in the 
hypertensive heart. 

Coronary blood flow and coronary resistance 
The coronary blood flow of the left ventricle at rest 
is elevated an average of 16% above normal in the 
overall group of hypertensive patients studied 
(Table 6). The coronary resistance is 38% above 
normal. The coronary perfusion pressure, i.e., the 
mean diastolic aortic pressure minus the mean dia
stolic pressure in the left ventricle, is elevated by 
56 % on the average. The coronary arteriovenous oxy
gen difference is slightly elevated (Table 6). 

The increase in coronary blood flow per unit of 
left ventricular weight (100 g) demonstrated for the 
overall group of essential hypertensives studied 
shows that, with a largely normal coronary oxygen 
extraction, as indicated by the largely normal coro
nary arterio-venous oxygen difference, an increase 
in myocardial blood flow is necessary to maintain 
the myocardial oxygen balance of the left ventricle 
per unit weight. Essential hypertension thus repre
sents a cardiac disease and form of hypertrophy 
which, unlike other forms, is caused, for example, by 
pressure and volume loads on the left ventricle (aor
tic defects, mitral defects, congenital heart defects, 
etc.). It produces an increase in myocardial and cor
onary blood flow and an increased myocardial oxy
gen consumption despite a significant rise in coro
nary resistance.2.41.42.55.71.76 A change in the myocardial 
energy demand of the human heart is generally ac
complished through a change in coronary blood flow, 
since the coronary arteriovenous oxygen extraction 
is complete, i.e., maximal or submaximal, and can 
for well-known physiologic reasons be increased 
only negligibly.4.78 As a result, a state of increased 
myocardial oxygen consumption leads to a decrease 

in coronary resistance and an increase in coronary 
flow, thereby meeting the increased myocardial en
ergy demand of the left ventricle. So far, no diseases 
of the human heart have been reported which are 
accompanied by an increase in coronary blood flow 
and myocardial oxygen consumption with a concur
rent rise in coronary resistance, as in essential hy
pertension. It may be assumed, therefore, that the 
left ventricle and coronary vascular system in essen
tial hypertension regulate the coronary blood flow 
and myocardial oxygen consumption so as to meet 
metabolic demands, doing so against an abnormally 
high coronary resistance. Numerous findings and 
discussions have been published on the possible 
causes of the increased vascular resistance in essen
tial hypertension. Presumably, the metabolic "un
loading" of the left ventricle, e.g., with antihyper
tensive or negative inotropic drugs, would provoke a 
further rise of coronary resistance, since such mea
sures would counteract the decrease in coronary re
sistance induced metabolically. 

Coronary reserve of the left ventricle 
Based on our own investigations,65.75 the left ventri
cle coronary reserve as determined pharmacologi
cally is reduced to 72%. of normal in compensated 
hypertensives without coronary heart disease, and 
to 42 % of normal in compensated hypertensives 
with coronary disease (Fig. 18). Thus, the coronary 
reserve in essential hypertension with coronary 
heart disease is comparable to that in coronary heart 
disease without essential hypertension, and it ap
pears that the presence of a coronary factor in es
sential hypertension poses a risk of ischemia which 
is at least comparable to that in normotensive cor
onary heart disease as far as the coronary reserve is 
concerned. 

It must be emphasized that the coronary reserve 
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Figure 18. Left ventricular coronary reserve in a normal group, in EH with normal coronary angiogram, in EH with 
significant coronary stenosis, and in patients with normotensive coronary heart disease (CHD). From Strauer, ref 72 

is markedly diminished even in compensated essen
tial hypertension without coronary heart disease, 
i.e., with a normal coronary angiogram. No correla
tion exists between the reduction of coronary re
serve and the end-diastolic pressure, end-diastolic 
volume, or end-diastolic wall tension. On the other 
hand, the coronary reserve is normal at a normal or 
decreased systolic wall tension (comparable to hy
pertrophic obstructive cardiomyopathy) and is de
creased at an elevated systolic wall tension. At high 
systolic wall tension the myocardial oxygen con
sumption is augmented, so that a metabolically de
termined decrease in the initial coronary resistance 
contributes to the numerical decrease in the coro
nary reserve. No correlation is apparent between the 
coronary reserve of the left ventricle and its degree 
of hypertrophy as determined from the mass-vol
ume relation. 

The decrease in left ventricular coronary reserve 
seen in essential hypertension with angiographically 
significant stenosis (>75%) of the left coronary ar
tery or its main branches is quantitatively compa
rable to that observed in normotensive coronary 
heart disease with a corresponding degree of steno
sis. In this respect essential hypertension with cor
onary heart disease presents a coronary hemody
namic pattern which is similar to the diminished 

coronary reserve and coronary risk characteristic of 
normotensive coronary disease. This probably im
plies that the left ventricle is at greater risk for isch
emia in essential hypertension with coronary artery 
stenosis than in normotensive coronary heart dis
ease, since the condition essential for precipitating 
angina pectoris and coronary insufficiency, namely 
a disparity between oxygen supply and oxygen de
mand, is promoted by the underlying systolic pres
sure overload of the left ventricle. Thus, essential 
hypertension with coronary heart disease poses a 
high risk of ischemia. 

Even compensated essential hypertension with no 
angiographic signs of coronary stenosis shows a 
marked decrease in left ventricular coronary reserve. 
Since the coronary factor cannot account for this on 
the basis of coronary angiographic findings, and 
since the myocardial factor, as determined from the 
degree ofleft ventricular hypertrophy, the mass-vol
ume relation, and the end-diastolic and peak sys
tolic wall tensions, shows no correlation with the de
crease of coronary reserve in essential hypertension 
with a normal coronary angiogram, it is reasonable 
to conclude that this functional disturbance of cor
onary regulation may be based on a rise of coronary 
resistance due to disease of the small intramural 
coronary arteries. The assumption of a functional 
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coronary constriction is unnecessary, since histo
logic studies of the coronary vascular system in ar
terial hypertension have revealed structural thick
ening of the vascular walls, fibrosis, and luminal 
reductions of the small intramural arteries and ar
terioles in arterial hypertension.30,38,50 Thus, the left 
ventricle in essential hypertension with a normal 
coronary angiogram must be considered at risk for 
ischemia solely from the standpoint of the range of 
coronary flow regulation. 

The reduction of coronary reserve in these pa
tients is consistent with the clinical observation that 
essential hypertensives or angina pectoris patients 
with essential hypertension may exhibit the clinical 
complaints and objective symptoms of coronary 
heart disease despite a normal coronary angiogram. 
It may further be assumed that continuous or inter
mittent blood pressure elevations and peaks cause 
increases in myocardial oxygen consumption which 
may lead to a critical myocardial oxygen supply. 
Both factors-the diminished range of coronary 
flow regulation and increased myocardial energy de
mand-thereby contribute to the pathogenesis of 
angina pectoris symptoms in essential hypertension 
with a normal coronary angiogram. Based on our 
own experience in patients with essential hyperten
sion, left ventricular hypertrophy, and normal cor
onary angiogram, angina pectoris can be expected to 
occur in about 50% to 70% of cases. In severe left 
ventricular hypertrophy (mass-volume relation > 
2.0 to 2.2), this percentage increases to 80 % to 90 %. 

Myocardial oxygen consumption 
The oxygen consumption of the left ventricle as a 
whole (ml O/min) is 62 % above normal in the over
all group of essential hypertensives. It shows a linear 
correlation with the left ventricular muscle mass (r 
= 0.79), implying that increased oxygen consump
tion in essential hypertension develops as a function 
of ventricular hypertrophy and the underlying pres
sure load. At the same time, the oxygen consump
tion per 100 g of left ventricular weight (ml/min 
·100 g) is 21 % above normal. This means that a sig
nificant increase in myocardial oxygen consumption 
which is independent of the absolute ventricular 
mass takes place in essential hypertension. The 
siope of the line relating the two variables (left ven
tricular muscle mass vs. total oxygen consumption) 
varies considerably in the individual groups. No cor
relation exists between the increased oxygen con
sumption and aortic or left ventricular pressure val
ues, isovolumetric velocity indices, and auxotonic 
pumping variables. 

Hypertensives with a high mass-volume relation 
generally demonstrate a lower oxygen consumption 
than hypertensives with a low mass-volume relation 

resulting from ventricular dilatation. Thus, at com
parable blood pressures, a connection would be ex
pected to exist between oxygen consumption and 
the peak systolic wall tension and peak ventricular 
afterload. The relation shows a linear and signifi
cant correlation between both variables (Fig. 19). As 
the correlation further shows, oxygen consumption 
in essential hypertension may also be normal or di
minished in comparison with the normotensive left 
ventricle. These cases involve an inappropriate hy
pertrophy with an increased mass-volume relation 
and diminished peak systolic wall tension, or an ap
propriate hypertrophy which can maintain a normal 
left ventricular peak systolic wall tension with a high 
systolic pressure owing to a proportionate increase 
in the mass-volume relation. Thus, the myocardial 
oxygen consumption is elevated, on the average, in 
essential hypertension and is determined primarily 
by the individual degree of hypertrophy, i.e., by the 
relationship between muscle mass, volume, and wall 
tension. 

At a comparable arterial pressure elevation, in
creasing ventricular dilatation is accompanied by a 
pathologic decrease in the mass-volume relation and 
an increase in the peak systolic wall tension.4O,45 This 
results in a greater myocardial oxygen consumption. 
Thus, even with a normal coronary angiogram, con
ditions are such that myocardial ischemia and an
gina pectoris may be precipitated, because the de
gree of hypertrophy (myocardial factor) creates a 
disparity between oxygen supply and oxygen de
mand. We thus see that at a comparable arterial 
pressure load, a pathogenic correlation exists be
tween the end-diastolic volume or left ventricular 
size and the change in myocardial energy demand as 
a result of pressure hypertrophy or dilatation in es
sential hypertension. Accordingly, the left ventricle 
is at increased risk for ischemia as ventricular dila
tation progresses. 

Therefore, essential hypertension with increasing 
cardiac enlargement, measurable by the change in 
cardiac size on the chest X-ray, must be considered 
a hypertensive heart disease that carries an in
creased ischemic risk. Of course a normal-sized or 
moderately enlarged left ventricle in essential hy
pertension may also be prone to ischemia or myo
cardial infarction if coexisting coronary artery ste
nosis is present. It is assumed that with increasing 
end-diastolic volume and mass-volume relation, i.e., 
with progressive left cardiac enlargement, the in
crease in myocardial oxygen consumption leads to a 
stronger reduction of the metabolic reserve. By ap
plying therapeutic measures which effectively lower 
the blood pressure, reduce cardiac size, and increase 
the mass-volume relation, it is possible to improve 
ventricular function, lower the myocardial energy 
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Figure 19. Relationship between peak systolic wall tension of left ventricle and myocardial oxygen consumption. 
Note the linear relationship between the two variables. From Strauer, ref 72 

demand, and increase the mechanical and metabolic 
reserve of the left ventricle. Thus, cardiac size in es
sential hypertension not only represents a measure 
of ventricular function but is also a useful correlate 
of the level of the myocardial energy demand and 
the proneness of the left ventricle to ischemia. 

Summary 

Arterial hypertension is the prototype disease for an 
increase in the left ventricular afterload. Its most 
serious cardiac complications relate to the develop
ment of left ventricular hypertrophy (myocardial 
factor) and coronary heart disease (coronary factor). 
Both factors promote the development of myocar
dial failure. The regional and overall function of the 
left ventricle are strongly dependent on the extent, 
duration, and secondary manifestations of hyper
tensive heart disease. 

Compensated essential hypertension without cor
onary heart disease is characterized at rest and dur
ing exercise by a normal or increased ventricular 
function, even in the presence of severe left cardiac 
hypertrophy. Compensated essential hypertension 
with coronary heart disease may exhibit normal ven
tricular function as long as no regional abnormali
ties of wall contraction are present. If the end-dia-

stolic volume becomes increased, or if regional 
contraction anomalies develop, the contractility of 
the entire left ventricle tends to be markedly im
paired even at rest. Decompensated essential hyper
tension is present if the left ventricle is dispropor
tionately enlarged relative to the degree of 
hypertrophy, resulting in a progressive decrease in 
the ejection fraction with increasing end-diastolic 
volume. 

Coronary blood flow and myocardial oxygen con
sumption may be decreased, normal, or increased in 
essential hypertension, although overall there is an 
average increase of 16 % to 21 %, respectively. The 
oxygen consumption is strongly dependent on the 
peak systolic wall tension of the left ventricle, which 
is considered the main determinant of the myocar
dial energy demand .. The coronary resistance is 
high-about 38% above normal. The left ventricu
lar coronary reserve as determined pharmacologi
cally is reduced to 81 % of normal even in compen
sated essential hypertension without coronary 
stenosis, and to 43 % of normal in essential hyper
tension with coronary heart disease. Thus, the hy
pertensive heart appears to be at high risk for isch
emia from the standpoint of the coronary reserve. 

Regional hypertrophy of the left ventricle is 
asymmetric in about 10% to 15% of essential hy
pertensives, producing ventriculographic features 
similar to these of hypertrophic obstructive cardio-
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myopathy, but without intraventricular or outflow 
tract obstruction. 

As arterial hypertension progresses and the car
diac consequences become more severe, there is a 
progressive increase in left ventricular mass. This 
mass increase is disproportionately large relative to 
the duration of the arterial pressure load. This 
means that besides the level of the arterial pressure, 
the duration of the arterial pressure elevation also 
determines the degree of ventricular hypertrophy. 
With progressive mass increase, there is an increase 
in end-diastolic volume and thus cardiac size. This 
is equivalent to a progressive dilatation of the ven
tricle. The result is a decrease or normalization of 
the mass-volume relation, which was considerably 
elevated in the initial stage of the essential 
hypertension. 

A quantitative assessment of the degree of hyper
trophy and determination of the cardiac risk of ar
terial hypertension is made possible by the relation 
between systolic pressure, wall thickness or muscle 
mass, and ventricular radius or volume. By deter
mining the level of the systolic wall tension, the 
mass-volume relation is a major determinant of ven
tricular function. At a comparable left ventricular 
pressure load, the systolic wall tension, i.e., the sys
tolic afterload, rises with decreasing mass-volume 
relation. Thus, hearts with concentric hypertrophy 
and a high mass-volume relation exhibit a low wall 
tension, while hypertensive hearts with dilatation 
and a low mass-volume relation have a high wall 
tension. 

Increasing wall tension is accompanied by a 
depression of ventricular function as measured by 
changes in auxotonic pumping and contractility 
variables. Since there is a simultaneous increase in 
end-diastolic volume, we have a progressive ventric
ular dilatation based on the radiologic cardiac and 
left ventricular size, accompanied by a decline of 
function. At the same time, the myocardial oxygen 
demand increases since the systolic wall tension is 
an important determinant of left ventricular oxygen 
consumption. Thus, in the presence of significant 
coronary stenosis (coronary factor) or an abnormal 
increase in the myocardial component of the coro
nary resistance (myocardial factor), a chronic or 
acute pressure elevation with a rise of systolic wall 
tension leads to an increased myocardial oxygen de
mand, and to generalized or regional ischemia of the 
left ventricle with a consequent impairment of ven
tricular function. 

The contractility reserve of the pressure-loaded 
left ventricle is determined mainly by its ability to 
develop and maintain the systolic wall tension. It 
thus depends upon the systolic wall-tension reserve 
of the left ventricle. The latter, in turn, can be de-

fined as the ratio of the maximum attainable systolic 
wall tension (T max) to the instantaneous systolic wall 
tension (T,yst). With increasing systolic wall tension 
(T,yst) and decreasing mass-volume relation, there is 
a decline in the wall-tension reserve of the pressure
hypertrophied left ventricle. Thus, acute peak-pres
sure loads in the hypertensive heart lead to myocar
dial insufficiency, depending on the value of T,yst. 
The initial ventriculo-dynamic state, characterized 
by the wall-tension reserve, and the severity of acute 
pressure load thus determine the function and con
tractility reserve of the left ventricle in hypertensive 
heart disease. 

The systolic wall-tension reserve can be improved 
by measures with a positive inotropic action. These 
enable the left ventricle to develop more wall ten
sion from a given initial dynamic state or maintain 
a given wall-tension increase in progressive ventric
ular dilatation. Digitalis glycosides and other ino
tropic measures provide a means of increasing the 
contractility reserve or performance of the dilatated 
and hypertrophied left ventricle in hypertensive 
heart disease. 

Another means of improving depressed ventricu
lar function besides the use of positive inotropic 
measures is given through changes of preload and 
afterload. This is equivalent to the treatment of myo
cardial insufficiency in hypertensive heart disease. A 
reduction of the afterload alone lowers the value of 
T,yst and increases the wall-tension reserve (T maxi 
T,yst), thereby reducing the myocardial energy de
mand and improving ventricular function. A given 
reduction of pressure or wall tension is much more 
effective in achieving the desired afterload reduction 
at a high initial wall tension of the left ventricle than 
at a low initial wall tension. A reduction of the pre
load alone increases the mass-volume relation and 
alters ventricular geometry, even with no change in 
arterial or systolic pressure load. This results in a 
decrease in systolic wall tension. Thus, a combina
tion of both measures, i.e., the use of preload- and 
of afterload-reducing substances, together with pos
itive inotropic measures, represents an important 
strategy for the therapy of acute myocardial failure 
in decompensated pressure overload of the left 
ventricle. 

Recognition of Ventricular Hypertrophy 

Cardiomegaly can clinically be detected by precor
dial palpation. Auscultation may add further infor
mation insofar as a left ventricular presystolic gallop 
appears with progression of myocardial hypertrophy 
and consequent alteration of compliance. It usually 
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indicates increased end-diastolic pressure, espe
cially if accompanied by palpable presystolic 
expansion. 

Cardiac enlargement can be quantified by chest 
X-ray. The information obtained can be improved 
by biplane estimation of cardiac volume, preferably 
in the supine position. Evaluation of the cardiac sil
houette and calculation of volume is done according 
to RohrerS3a and Kahlstorf.36• 

Although overall heart size increases with level 
and duration of hypertension, correlation with the 
extent of left ventricular hypertrophy has been un
satisfactory. More recent techniques, such as echo
cardiography, for estimation of wall thickness and 
chamber size have not been applied on a larger scale 
and are not yet available as routine tools in the di
agnosis of left ventricular hypertrophy. 

Electrocardiography (ECG) and vectorcardiogra
phy (VCG) have been the classical noninvasive tools 
for recognition of hypertrophy and of secondary 
changes of mechanical overload or nutritive myo'.-:ar
dial imbalances ("strain"), as well as a sensitive 
means for the diagnosis of secondary complications, 
such as coronary artery disease. ECG and VCG have 
proved to be particularly useful for follow-up and in 
the recognition of progression of adaptive hypertro
phy and secondary myocardial changes, and are val
uable in prognostication. However, quantitative es
timates of left ventricular muscle mass have not 
been possible with adequate accuracy, neither with 
ECG, nor with VCG. Only recently such attempts 
have been published, utilizing computer-assisted 
evaluation, which will be alluded to further on. 

ECG 

Numerous criteria for the recognition of left ventric
ular hypertrophy (L VH) have been proposed and 
tested. Table 7 gives a summary of the accepted and 
currently used criteria for the standard 12-lead 
ECG. 

The diagnostically useful ECG changes can be 
grouped as follows: 

QRS Changes. L VH shifts the electrical forces 
posteriorly and to the left. This results in a counter
clockwise motion of the mean QRS vector in the 
frontal plane toward horizontal or left axis deviation 
or left anterior hemiblock (approximately 10% of 
hypertensive individuals). 

In the horizontal plane the increase in voltage is 
at first appreciated in V2 with a deepening of SV2 and 
augmentation of RV4- 6' With left-axis deviation be
yond - 20° the QRS amplitude in the chest leads 
will decrease owing to vectorial reasons, especially in 
V4- 6, i.e., without actual loss of electrical potential. 

Table 7. Criteria for Diagnosis of Left Ventricular 
Hypertrophy from the Standard 12-Lead 
Electrocardiogram 

Left atrial enlargement: 
P-vector shift counterclockwise 
P-wave duration increased (greater than 

0.1 s) 
PVl- 2 diphasic, terminal component 

negative, greater than 0.05 s 
Ventricular hypertrophy: 

QRS-axis shift counterclockwise 

Incidence 
(%) 

Horizontal axis 25% 
Left axis 20 % 

QRS-T spatial angle 1800 30% 
QRS-T frontal plane angle in presence of 

left axis over 800 

QRS duration increased over 0.08-0.11 s 80% 
Delayed intrinsicoid deflection in VS- 6 

over 0.05 s 20% 
QRS voltage increased 30 % 
Rvs greater than 2.6 m V 
Rvs + SVl-2 greater than 3.5 mV 
R.VL (horizontal or left axis) greater than 

1.2mV 
R.VF (vertical axis) greater than 2.0 mV 
RI or SIll greater than 107m V 
RI + SIll greater than 2.4 m V 

Ventricular "strain": 
QT interval increased (not necessarily 

"strain") 45% 
ST -T wave changes with ST vector 

opposite QRS vector 70% 

The QRS axis also determines which lead in the 
frontal plane will be suitable for diagnosing L VH 
from amplitude criteria, a VL in left axis, a VF in ver
tical-axis conditions.93 The fact that the mean axis 
in the frontal plane reflects only part of the electri
cal forces represented in the main direction of the 
spatial main vector, which for the most part devel
ops posteriorly, that is vertically to the frontal 
plane, already emphasizes the limitations of the am
plitude criteria in the frontal plane. It is obvious 
that the leads characterizing the horizontal plane 
will reflect the true increase in magnitude much 
more reliably. This effect is for the V leads further 
augmented through their proximity to the left ven
tricle. With more severe degrees of L VH, the prolon
gation of depolarization of the thickened left ven
tricular myocardium will become measurable in a 
delay of the upstroke of R1,vS-6' The overall width of 
QRS will increase up to 0.11 s. Further prolongation 
of QRS is classified as left bundle branch block, 
thereby precluding the diagnosis of LVH from the 
standard ECG. If, however, a Q wave is maintained 
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in leads I, a VL, or V4- 6 and myocardial infarction 
can be excluded, then severe, advanced L VH result
ing in the marked intraventricular conduction delay 
can be diagnosed. 

The diagnosis of L VH in the presence ofleft bun
dle branch block may become possible with the use 
of orthogonal lead systems and computerized anal
ysis as has been suggested by von Mengden et al. 99 

P-Wave Changes. Alterations of the P-wave, 
termed "P sinistrocardiale," are secondary changes. 
They appear only after decreasing compliance of the 
hypertrophied ventricle has led to increased left 
ventricular end-diastolic pressure with subsequent 
augmentation of force of left atrial contraction. Left 
atrial hypertrophy and/or atrial myocardial damage 
with or without morphologic scar formation will re
sult and is considered a substrate of the otherwise 
more nonspecific atrial conduction disturbance, 
called P sinistrokardiale. The recognition of atrial 
involvement is considered an important sign of 
LVH.1OO,l04 

Repolarization Changes. Relatively early in the 
process of L VH, the spatial angle between the mean 
QRS vector and the T vector begins to widen.94 This 
can be seen in the ECG at first, again in the horizon
tal plane: With increasing depth of SY2 and height of 
RY5 the amplitude of T in these leads changes in an 
opposite way. Similar developments can be seen in 
the leads of the frontal plane, where with increasing 
leftward shift of the mean axis the T vector moves 
in a clockwise fashion. Here, however, the respective 
changes are not as pronounced. In the early stages 
these changes are nonspecific or not yet diagnostic, 
except for the case of left anterior hemiblock with a 
QRS-T -vector angle wider than 70° to 80°. In the 
absence of coronary artery disease this sign can be 
considered a good indication of L VH.94 

Widening of the spatial QRS-T -vector angle to or 
beyond 180° is not by itself considered evidence of 
left ventricular damage or "strain" in the proper 
sense. This diagnosis indicates compromise of oxy
gen and blood supply to the subendocardial layers 
of the myocardium in the absence of obstructive cor
onary artery disease. The condition is diagnosed 
when ST depression and/or T -wave inversion devel
ops in I, aVL, V4- 6, i.e., the left ventricular leads, as 
evidence of an increasing magnitude of the ST vec
tor opposite in direction to the mean QRS vector 
and concordant with the T vector. For formal details 
of the ST -T alterations in the so-called "strain pat
tern" of advanced LVH, the reader is referred to 
standard texts of electrocardiography.97,lo2 With 
more severe degrees of "left ventricular strain" the 
ST -T alteration may become difficult to distinguish 
from subendocardial ischemia, as seen in coronary 

artery disease. This differential diagnosis can usu
ally be solved only in the clinical context. Even ex
ercise testing, if at all possible in the presence of hy
pertension, does not aid in differentiation. 

The U-waves may become pronounced and in
creased in magnitude rather early in the develop
ment of hypertension and may already relate to the 
hyperkinetic circulatory disorder of early or border
line arterial hypertension. They are, unfortunately, 
rarely of any diagnostic usefulness. 

Factors Interfering with Reliability of ECG 
Criteria. Usefulness and reliability of the electro
cardiographic signs of L VH are impaired through a 
variety of factors. In general, 15 % to 20 % of ECGs 
interpreted as showing L VH will in reality have no 
hypertrophy, i.e., be normal.98 Over half of patients 
with L VH will show a normal, intermediate, or even 
vertical axis. QRS axis itself is always less indicative 
of L VH than an axis shift detected by serial ECGs. 

QRS amplitude is a most unreliable index because 
it is subject to rather large influences, especially 
from extracardiac structures, for example, body size 
and build, configuration of the thorax, and thickness 
of the chest wall.92 

In the presence of left bundle branch block, L VH 
cannot be diagnosed with the standard ECG. 

The ST -T -wave changes are for the most part 
nonspecific and subject to influence of a host of fac
tors, e.g., electrolyte disturbances, especially hypo
kalemia, so often present in hypertension with or 
without diuretic treatment. As is well known, the 
presence of digitalis glycosides obviates any inter
pretation of ST -T -wave changes, specifically in the 
hypertrophied heart. 

VCG 

Orthogonal lead systems have been designed in 
order to compensate for the eccentric position of the 
heart in the thorax. This approach should be espe
cially useful, where changes of spatial orientation 
and of amplitude are to be evaluated. The most 
widely used system is that devised by Frank. The 
hope, however, that more reliable estimates of L VH 
can be obtained by this technique has only partly 
been fulfilled (Table 8). 

Although the scalar presentation of the Frank 
leads X, Y, and Z already yields highly informative 
amplitude criteria/o5 and the loop presentation fur
nishes even more information, namely spatial ori
entation of angles and polar vectors, the technique 
has for several reasons not found wider acceptance. 
Only recently a few centers began to incorporate the 
VCG into their diagnostic armamentarium. With 
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Table 8. Combined Indices for Left Ventricular 
Hypertrophy 

Lewis index: 
(R, + Sm) - (RIll + S,) greater than 1.7 m V 
Gubner and Ungerleider: 
R, + SIll greater than 2.5 m V 
ST, greater than -0.05 mV 
T, less than 0.1 mV (36% autopsy positive) 

Goldberger 
RaVL greater than 1.3 m V 
RaVF greater than 2.0 m V 
LV strain with wide QRS-T angle (68% autopsy 

positive) 
Sokolow and Lyon 

R/T V5-B greater than 10 
R/SV5 divided by R/Sv, greater than 100 
RV5- B + SVI-2 greater than 3.5 mV (64% autopsy 

positive; 36% false negative) 
Noth, Myers, and Klein 

QR greater than 0.05 s 
R duration in V5 or VB greater than 0.04 s 
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Table 9. Correlation Coefficients for Several ECG and 
VCG Parameters Predicting Left Ventricular Muscle 
Mass and Angiocardiographic Estimation of Left 
Ventricular Myocardial Weight 

Sokolow-Lyon index (standard ECG) 
Max. magnitude of QRS vector Hmax 
Max. magnitude of spatial QRS vector 
Magnitude of QRS polarvector 
First maximum of QRS velocity vector 
Second maximum of QRS velocity vector 
Rx + R, 
Hmax + F max + Smax 
RmaxT 
QRS duration 
Max. magnitude of spatial T vector 
Magnitude of T polarvector 

From Hain et ai., ref 96. 

8 ..... 

LV-mass ANGlO (9) 

r 

0.69 
0.80 
0.79 
0.62 
0.61 
0.50 
0.78 
0.75 
0.72 
0.59 
0.55 
0.52 

Figure 20. Correlation between angiocardiographically determined and vectorcardiographically estimated left ven
tricular mass in 36 patients with left ventricular hypertrophy. The formula for estimation of left ventricular mass 
utilizes two vectorcardiographic parameters, namely Hmax and RmaxT (see text). Angiocardiographic mass values are 
given on the abscissa (LV -mass ANGlO), vectorcardiographic estimates on the ordinate (LV -mass VCG calc.) together 
with the formula used. It can be seen, that the correlation is very good; the regression line is nearly identical with the 
line of identity of the two populations. Hain et aI, ref 96 
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the aid of computer analysis, methods for prediction 
of left ventricular mass have been developed.96 

According to Wikstrand et al,l05 evidence of L VH 
is detected four times as frequently by VCG (scalar 
leads) than by standard ECG. Therefore, the VCG 
should be able to detect LVH earlier, not only more 
reliably. L VH is diagnosed from scalar leads by am
plitude criteria if Rx or Rz is greater than 1.8 m V, 
Rx + Sy is greater than 1.9 mY, or Rz greater than 
1.3 mY. 

Prediction of Left Ventricular Mass. Using 
computer analysis of the Frank VCG in patients 
with LVH of varying degree, a method for predic
tion of the left ventricular muscle mass can be de
veloped through comparison by statistical means 
with left ventricular mass as estimated by quanti
tative angiocardiography.96 Table 9 shows correla
tion coefficients for several single VCG parameters 
and the Sokolow-Lyon index from the standard 
ECG. It can be seen that the correlation is unsatis
factory in each case. 

With the use of combined parameters, however, 
the result can be improved rather markedly. 
Through statistical search methodology, a correc
tion factor can be introduced which further en
hances the predictive power. 

The following formula has been derived: 

Left ventricular mass (g) 
= 113 X Hmu(mV) + 7 X RmuT (ms) - 274 

Application of this formula yields a very satisfactory 
correlation between calculated and angiocardi
ographically estimated left ventricular muscle mass 
(Fig. 20). 

The example shows very clearly that the diagnosis 
of LVH by standard ECG or by VCG remains un
certain if single parameters are considered, but can 
be improved greatly with a comprehensive view of 
the different parameters, signs, and indices, thereby 
transforming the qualitative surface ECG into a se
miquantitative method. 

References 

1. Amery A, Julius S, Whitlock LS, Conway J (1967) 
Influence of hypertension on the hemodynamic re
sponse to exercise. Circulation 36:231 

2. Bing RJ (1951) The coronary circulation in health 
and disease as studied by sinus catheterization. Bull 
NY Acad Med 27:407 

3. Birkenhager WH, Es LA van, Honwing A (1968) 
Studies on the lability of hypertension in man. Clin 
Sci 35:445 

4. Bretschneider HJ (1967) Aktuelle Probleme der Ko
ronardurchblutung und des Myokardstoffwechsels. 
Regensburg Arztl Fortbild 1:11 

5. Brod J (1960) Essential hypertension. Hemody
namic observations with a bearing on its pathogen
esis. Lancet II:773 

6. Brod J, Fencl V, Stejl Z, Jirka J, Ulrych M (1962) 
General and regional haemodynamic patterns un
derlying essential hypertension. Clin Sci 23:339 

7. BUrger S, Strauer BE (1977) Ventrikelfunktion und 
Kontraktilitatsreserve bei der spontanen essentiel
len Hypertonie der Ratte. Verh Dtsch Ges Kreis
laufforsch 43:259 

8. BUrger S, Meinardus A, Strauer BE (1978) Hyper
trophiegrad und Dynamik des linken Ventrikels bei 
der spontanen essentiellen Hypertonie der Ratte. 
Klin Wochenschr 56:207 

9. Cohn IN (1973) Blood pressure and cardiac perfor
mance. Am J Med 55:351 

10. Cohn IN, Rodriguera E, Guiha NH (1973) Left ven
tricular function in hypertensive heart disease. In: 
Onesti G, Kim KE, Moyer JH (eds) Hypertension: 
Mechanisms and Management. Grune & Stratton, 
New York, London, p 191 

11. Distler A, Just H, Philipp Th (1973) Studies on the 
mechanism of aldosterone-induced hypertension in 
man. Clin Sci Mol Med 45:743 

12. Dittrich J, Rexroth W, Stein U, Spaan G, Wagner E 
(1977) Hypertensive Herzerkrankung. Inn Med 
4:177 

13. Eich RH, Peters RI, Cuddy RP, Smulyan H, Lyons 
RH (1962) The hemodynamics in labile hyperten
sion. Am Heart J 63:188 

14. Finkielman S, Worcel M, Agrest A (1965) Hemody
namic patterns in essential hypertension. Circula
tion 31:356 

15. Ford LE (1976) Heart size. Circ Res 39:297 
16. Frank S, Braunwald E (1968) Idiopathic hyper

trophic subaortic stenosis. Clinical analysis of 126 
patients with emphasis on the natural history. Cir
culation 37:759 

17. Frohlich E (1973) Clinical-physiologic classification 
of hypertensive heart disease in essential hyperten
sion. In: Onesti G, Kim KE, Moyer JH (eds) Hyper
tension: Mechanisms and Management. Grune & 
Stratton. New York, London, p 181 

18. Frohlich E (1977) Hemodynamics of hypertension. 
In: Genest J, Koiw E, Kuchel 0 (eds) Hypertension. 
McGraw-Hill, New York, p 15 

19. Frohlich E, Tarazi RC, Dustan HP (1969) Hyper
dynamic !3-adrenergic circulatory state: Increased 13-
receptor responsiveness. Arch Intern Med 123:1 

20. Frohlich E, Tarazi RC, Dustan HP (1971) Clinical
physiological correlations in the development of hy
pertensive heart disease. Circulation 44:446 

21. Frohlich E, Tarazi RC, Ulrych M, Dustan HP, Page 
IH (1967) Tilt test for investigating a neural com
ponent in hypertension. Circulation 36:387 

22. Gaasch WH, Quinones MA, Weisser E, Thiel HG, 
Alexander JK (1976) Diastolic compliance of the left 
ventricle in man. Am J Cardiol 38:645 



278 H. Just, B. E. Strauer 

23. Genest J, Koiw E, Kuchel 0 (eds) (1977) Hyperten
sion. McGraw-Hill, New York 

24. Grossman W, McLaurin LP, Moos SP, Stefadouros 
M, Young DT (1974) Wall thickness and diastolic 
properties of the left ventricle. Circulation 49:129 

25. Guyton AC (1977) Personal views on mechanisms of 
hypertension. In: Genest J, Koiw E, Kuchel 0 (eds) 
Hypertension. McGraw-Hill, New York 1977, p 536 

26. Hood WP (1971) Dynamics of hypertrophy in left 
ventricular wall of man. In: Alpert NR (ed) Cardiac 
Hypertrophy. Academic Press, London, New York, 
p 445 

27. Hood WP, Rackley ChE, Rolett EL (1968) Wall 
stress in the normal and hypertrophied left ventri
cle. Am J Cardiol 22:550 

28. Hood WP, Thomson WJ, Rackley ChE, Rolett EL 
(1969) Comparison of calculation of left ventricular 
wall stress in man from thin-walled and thick
walled elipsoidal models. Circ Res 24:575 

29. Hugenholtz PG, Kaplan E, Hull E (1969) Determi
nation of left ventricular wall thickness by angiocar
diography. Am Heart J 78:513 

30. James TH (1977) Small arteries of the heart. Cir
culation 56:2 

31. James TH, Isobe JH, Urthaler (1975) Analysis of 
components in a cardiogenic hypertensive chemo
reflex. Circulation 52:179 

32. Julius S, Amery A, Whitlock LS, Conway J (1967) 
Influence of age on the hemodynamic response to 
exercise. Circulation 36:222 

33. Julius S, Conway J (1968) Hemodynamic studies in 
patients with borderline blood pressure elevation. 
Circulation 38:282 

34. Julius S, Pascual AV, Loudon R (1971) Role of para
sympathetic inhibition in hyperkinetic type of bor
derline hypertension. Circulation 44:413 

35. Julius S, Pascual A V, Sannerstedt R, Mitchell C 
(1971) Relationship between cardiac output and pe
ripheral resistance in borderline hypertension. Cir
culation 43:382 

36. Just H, Horbach L, Nicolescu RF, Rosenthal J, Brod 
J, Wolff HP (1973) Veranderungen der Hamodyna-\ 
mik und Reninaktivitat bei physiologischer Ortho
stase. Cardiol Bull 6:191 

36a. Kahlstorf A (1933) Dber Korrelationen der linearen 
Herzma (3e und des Herzvolumens. Klin Wschr 
12:262. 

37. Kannel WB, Dawber TR (1973) Hypertensive car
diovascular disease. The Framingham Study. In: 
Onesti G, Kim KE, Moyer JH (eds) Hypertension: 
Mechanisms and Management. Grune & Stratton, 
New York, London, p 93 

38. Kathke N (1966) Veranderungen der Koronararte
rienzweige des Myokards bei Hypertonie. Beitr Path 
Anat 115:405 

39. Keith NM, Wagener HP, Barker NW (1939) Some 
different types of essential hypertension; their 
course and prognosis. Am J Med Sci 197:332 

40. Kennedy JW, Baxley WA, Figley MM, Dodge HT, 
Blackmon JR (1966) Quantitative angiocardiogra-

phy: I. The normal left ventricle in man. Circulation 
34:272 

41. Kochsiek K, Tauchert M, Cott L, Neubaur J (1970) 
Die Koronarreserve bei Patienten mit Aortenvitien. 
Verh Dtsch Ges Inn Med 76:214 

42. Kochsiek K, Larbig D, Harmjanz D (1971) Die hy
pertrophische obstruktive Kardiomyopathie. (Ex
perimentelle Medizin, Pathologie und Klinik, Bd. 
35) Springer, Berlin, Heidelberg, New York 

43. Limbourg P, Fiegel P, Just H, Lang KF (1974) 
Kreislaufumstellung und Funktion der linken Kam
mer wahrend isometrischer Belastung bei Hoch
druckkranken. In:. Distler A, Wolff HP (eds) Hyper
tension. Thieme, Stuttgart, p 200 

44. Limbourg P, Just H, Lang KF, Scholmerich P 
(1976) Ventricular function at rest and during ex
ercise in the hypertensive heart. In: Roskamm H, 
Hahn Ch (eds) Ventricular Function and Rest dur
ing Exercise. Springer, Berlin, Heidelberg, New 
York, pp 83-86 

45. Linzbach AJ (1960) Heart failure from the point of 
view of quantitative anatomy. Am J Cardiol 5:370 

46. Linzbach AJ, Linzbach M (1951) Die Herzdilata
tion. Klin W ochenschr 29:40 

47. Lochner W (1971) Herz. In: Bauereisen E (ed) Phy
siologie des Kreislaufes, Bd I. Lehrbuch der Phy
siologie in Einzeldarstellungen. Springer, Berlin, 
Heidelberg, New York, pp 185-228 

48. Lund-Johansen P (1967) Hemodynamics in early es
sential hypertension. Acta Med Scand (Suppl. 1) 
183:482 

49. Meerson FS (1969) Hyperfunktion, Hypertrophie 
und Insuflizienz des Herzens. VEB Volk und Gesund
heit, Berlin 

50. Okamoto K (1972) Spontaneous Hypertension. 
Springer, Berlin, Heidelberg, New York 

51. Onesti G, Kim KE, Moyer HJ (eds) (1973) Hyper
tension: Mechanisms and Management. Grune & 
Stratton, New York, London 

52. Page LB, Yager HM, Sidd JJ (1976) Drugs in 
the management of hypertension. Am Heart J 92: 
252 

53. Riecker G, Bolte HD, Luderitz B, Strauer BE (1978) 
Xtiologische und pathophysiologische Grundlagen 
des akuten Myokardversagens. Verh Dtsch Ges 
Kreislaufforsch 44:79 

53a. Rohter F (1916/1917) Volumenbestimmungen an 
Herzhohlen und Organ en auf orthodiagraphischem 
Wege. Fortschr Rontgenstr 24:285. 

54. Ross J Jr, Sonnenblick EH, Convell JW, Kaiser CA, 
Spiro D (1967) The architecture of the heart in sys
tole and diastole. Circ Res. 21:40 

55. Rowe GG, Castillo CA, Maxwell GM, Crumpton 
ChW (1961) A hemodynamic study of hypertension 
including observations in coronary blood flow. Ann 
Intern Med 54:405 

56. Sannerstedt R (1966) Hemodynamic response to ex
ercise in patients with arterial hypertension. Acta 
Med Scand (Suppl.) 180:458 

57. Sannerstedt R (1969) Hemodynamic findings at rest 



18: Central Hemodynamics and Cardiac Function in Hypertension 279 

and during exercise in mild arterial hypertension. 
Am J Med Sci 258:70 

58. Scherpe A, Strauer BE (1976) Untersuchungen Uber 
die hamodynamischen Determinanten der Auswurf
fraktion des Herzens. Verh Dtsch Ges Inn Med 
82:1109 

59. Spann JF, Buccino RA, Sonnenblick EH, Braun
wald E (1967) Contractile state of cardiac muscle 
obtained from cats with experimentally produced 
ventricular hypertrophy and heart failure. Circ Res 
21:341 

60. Strauer BE (1975) Dynamik, Koronardurchblutung 
und Sauerstoffverbrauch des normalen und kranken 
Herzens. Karger, Basel 

61. Strauer BE (1975) Die hypertrophische obstruktive 
Kardiomyopathie. Internist 16:530 

62. Strauer BE (1976) Anderungen der Kontraktilitat 
bei Druck- und Volumenbelastungen des Herzens. 
Verh Dtsch Ges Kreislaufforsch 42:69 

63. Strauer BE (1977) Ventrikelfunktion und koronare 
Hamodynamik bei der essentiellen Hypertonie. 
Verh Dtsch Ges Kreislaufforsch 43:41 

64. Strauer BE (1978) Das Hochdruckherz: I. Funktion 
des linken Ventrikels in Ruhe und unter korper
licher Belastung. Z Kardiol 67:375 

65. Strauer BE (1978) Das Hochdruckherz: II. Koro
nardurchblutung, Koronarreserve und Sauer
stoffverbrauch des linken Ventrikels. Z Kardiol 
67:452 

66. Strauer BE (1978) Das Hochdruckherz: III. Deter
minanten der linksventrikularen Hypertrophie und 
linksventrikularen Dehnbarkeit. Z Kardiol 67:513 

67. Strauer BE (1978) Das Hochdruckherz: IV. Regio
naler Hypertrophiegrad und Proportionalitat der 
Ventrikelwandhypertrophie. Z Kardiol 67:601 

68. Strauer BE, BUrger S (1978) Das Hochdruckherz: V. 
Masse-Volumen-Relation, Wandspannungen und 
Hypertrophiegrad: Diagnostische und therapeu
tische Konsequenzen. Z Kardiol 67:653 

69. Strauer BE (1978) Das Hochdruckherz: VI. Ventri
kelfunktion und koronare Hamodynamik unter dem 
Einflu{3 von Digitalisglykosiden. Dtsch Med Woch
enschr 103:1691 

70. Strauer BE (1978) Das Hochdruckherz: VII. Die 
Wirkung von Beta-Rezeptorenblockern (Atenolol) 
auf Funktion, koronare Hamodynamik und Sauer
stoffverbrauch des linken Ventrikels. Dtsch Med 
Wochenschr 103:1785 

71. Strauer BE (1977) Neuere Ergebnisse zur Patho
physiologie der Koronarinsuflizienz. Internist 
18:294 

72. Strauer BE (1980) Hypertensive Heart Disease. 
Springer, Berlin, Heidelberg, New York 

73. Strauer BE, Beer K, Keitlinger K, Hofling B (1977) 
Left ventricular systolic wall stress as a primary de
terminant of myocardial oxygen consumption: Com
parative studies in patients with normal left ventric
ular function, with pressure and volume overload 
and with coronary heart disease. Basic Res Cardiol 
72:306 

74. Strauer BE, Brune J, Schenk H, Knoll D, Perings E 
(1976) Lupus cardiomyopathy. Cardiac mechanics, 
hemodynamics and coronary blood flow in uncom
plicated systemic lupus erythematosus. Am Heart J 
92:715 

75. Strauer BE (1979) Ventricular function and coro
nary hemodynamics in hypertensive heart disease. 
Amer J Cardiol 44:999 

76. Strauer BE (1979) Myocardial oxygen consumption 
in chronic heart disease: Role of wall stress, hyper
trophy and coronary reserve. Amer J Cardiol 44:731 

77. Tarazi RC, Fouad FM (1978) Hemodynamic char
acteristics in hypertension. Herz 3:245 

78. Tauchert M (1973) Koronarreserve und maximaler 
Sauerstoffverbrauch des menschlichen Herzens. 
Basic Res Cardiol 68:183 

79. Taylor SH, Donald KW, Bishop JB (1957) Circula
tory studies in hypertensive patients at rest and 
during exercise. Clin Sci 16:351 

80. Varnauskas E (1955) Studies in hypertensive car
diovascular disease with special reference to cardiac 
function. Scand J Clin Lab Invest (Suppl. 17) 7:17 

81. Vaughan Williams EM, Raine AEG, Cabrera HA, 
Whyte JM (1975) The effects of prolonged beta-ad
reno receptor blockade on heart size and cardiac in
tracellular potentials in rabbits. Cardiovasc Res 
9:579 

82. Volker W, Strauer BE, Riecker G (1972) Die maxi
male VerkUrzungsgeschwindigkeit (V max) am hyper
trophierten linken Ventrikel des Meerschweinchens 
beim Goldblatt-Hochdruck. Verh Dtsch Ges Kreis
laufforsch 38:161 

83. Wallace JM (1975) Hemodynamic lesions in hyper
tension. Am J Cardiol 36:670 

84. Weiss L, Lundgren Y, Folkow B (1974) Effects of 
prolonged treatment with adrenergic betareceptor 
antagonists on blood pressure, cardiovascular design 
and reactivity in spontaneously hypertensive rats 
(SHR). Acta Physiol 91:447 

85. Wezler K, Boger A (1939) Die Dynamik des arte
riellen Systems. Der arterielle Blutdruck und seine 
Komponenten. Ergebn Physiol 41:292 

86. Widimsky I, Fejfarova HM, Fejfar Z (1958) Der ju
gendliche Hochdruck. Arch Kreislaufforsch 28:100 

87. Wigle ED, Felderhof CH, Silver MD, Abelman AG 
(1973) Hypertrophic obstructive cardiomyopathy. 
In: Fowler NO (ed) Myocardial Diseases. Grune & 
Stratton, New York, London, pp 297-318 

88. Wood P (1968) Diseases of the Heart and Circula
tion, 3rd ed. Eyre & Spottiswode, London 

89. World Health Organisation (1959) Hypertension 
and coronary heart disease: Classification and cri
teria for epidemiological studies. First report of the 
expert committee on cardiovascular diseases and 
hypertension. Techn Rep Ser 168 

90. World Health Organization (1962) Arterial hyper
tension and ischemic heart disease, preventive as
pects. Report of an expert committee. Techn Rep 
Ser 231 

91. Handbook of Physiology (1968) Section 2: Circula-



280 H. Just, B. E. Strauer 

tion. American Physiological Society, Washington, 
D.C. 

92. Cumming GR, Proudfit WL (1959) High voltage 
QRS complexes in the absence of left ventricular hy
pertrophy. Circulation 19:406 

93. Goldberger E (1953) Unipolar Lead Electrocardiog
raphy and Vectorcardiography, 3rd ed. Lea & Febi
ger, Philadelphia 

94. Grant RP (1957) The Spatial Vector Approach: 
Clinical Electrocardiography. McGraw-Hill, New 
York 

95. Gubner R, Ungerleider HE (1942) Electrocardio
graphic criteria of left ventricular hypertrophy. 
Arch Int Med 72:196 

96. Hain P, von Mengden HJ, Just H (1978) Beziehun
gen von elektrokardiographischen und vektorkardio
graphischen Parametern mit angiographisch ermit
tel ten Massen linker Ventrikel bei Patienten mit 
Linksherzbelastung. Verh Dtsch Ges Inn Med 
84:657 

97. Lamb LE (1965) Electrocardiography and Vector
cardiography. Saunders, Philadelphia 

98. Mazzoleni A, WolffR, WolffL, Reiner L (1964) Cor
relation between component cardiac weights and 
electrocardiographic patterns in 185 cases. Circula
tion 30:808 

99. von Mengden HJ, Just H, Brodda K, Wellner U, 
Hain P (1978) Electrophysiological interpretation of 
spatial VCG-parameters in left ventricular hyper
trophy and left bundle branch block. In: Antaloczy 
Z (ed) Modern Electrocardiology. Excerpta Medica, 
Amsterdam, p 349 

100. Morris JJ Jr, Estes HE, Whalen RE, Thompson HK, 
McIntosh HD (1964) P-wave analysis in valvular 
heart disease. Circulation 29:242 

101. Noth PH, Myers GB, Klein HA (1947) Precordial 
electrocardiogram in left ventricular hypertrophy. 
Lab Clin wmed 32:1517 

102. Csapo G (1980) Konventionelle und intrakardiale 
Elektrokardiographie. Documenta, Geigy 

103. Sokolow M, Lyon TP (1949) The ventricular com
plex in left ventricular hypertrophy as obtained by 
unipolar precordial and limb leads. Am Heart 37:161 

104. Thomas P, Dejong T (1952) The P-wave in the elec
trocardiogram in the diagnosis of heart disease. Brit 
Heart 16:241 

105. Wikstrand J, Wallentin I, Hartford M, Berglund G 
(1980) The corrected (orthogonal) ECG in the early 
diagnosis of the influence of hypertension on the 
heart. Electromedica 3:87 



Essential Hypertension 

M. P. Sambhi 

Historical Background 

Essential hypertension was so named by Frank in 
19111 and termed hypertensive cardiovascular dis
ease by Janeway in 1913.2 There is evidence that the 
disease existed in ancient times. "Hard and bound
ing pulse" is described variously as an important 
manifestation of disease in the ancient systems of 
medicine in China and India; bloodletting was rec
ommended as therapy to lower the tension.3 1t is, of 
course, not surprising that for centuries, in the era 
preceding the development of modern concepts on 
blood circulation and blood pressure, the descrip
tions of hypertension as a disease are traceable only 
as references to its dire complications or terminal 
events. Through the centuries hypertension presum
ably was recognized as "apoplexy." Early Greco
Roman concepts on "apoplexy and paralysis" were 
summarized in the 5th century A.D. by Caelius Au
relianus.4 Sclerosis of the kidneys in the absence of 
pain, oliguria, hematuria, and dropsy was described 
by Aetios in the 6th century A.D. 

Much later, in 1761, Morgagni, in autopsies of 
some of his cases, recorded an association of en
larged heart with hardening of the arteries.3 Richard 
Bright's synthesis of a syndrome with a variable 
combination of enlarged heart, albuminous urine, 
hardness and fullness of the pulse, dropsy, apoplexy, 
and hardening of the kidney and an increase in 
blood urea created the impression that hypertension 
and nephritis were inseparably linked to each other.5 
Subsequent investigators of the same century 
sought to separate the entity of primary hyperten
sion from renal disease. Akbar Mahomed in 1874 
wrote on the "prealbuminuric stage of Bright's dis-
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ease."6 Von Basch in 1880 reported on cases of "la
tent arteriosclerosis" with renal involvemene 

The etiologic concepts of primary hypertension 
passed through another phase of similar guilt by as
sociation, this time with arteriosclerosis. Clifford 
Allbutt in 1895 had already started the second pro
cess of emancipation when in the first Hunterian 
Society Lecture he articulated his views on high ar
terial pressure in elderly persons (or senile ple
thora), which could occur without arteriosclerosis.8 

Problems of Definition 

An intense search for the cause of hypertension over 
the last half century has produced one of the most 
active and fascinating chapters in the annals of in
vestigative medicine. Impressive strides have been 
made in defining the often curable types of hyper
tensive disease secondary to renal or adrenal cause. 
The secondary types of hypertensive disease 
amount to approximately 10% of the total. In the 
majority of patients, the fundamental cause contin
ues to be unknown, and the diagnosis of essential 
hypertension remains a diagnosis of exclusion. 

It is uncertain whether all cases that today fall by 
exclusion into this diagnosis of idiopathic hyperten
sion necessarily belong to a single entity. Although 
the natural history of the disease appears to express 
a classic core pattern when a large number of pa
tients are surveyed, the disease is apt to exhibit a 
wide variation in individual patients. This fact has 
sustained the attractive anticipation that the diag
nosis of essential hypertension represents today 
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merely a mixture of undiscovered subentities. It has 
also aided in the formulation of certain well-known, 
albeit controversial, theories. Pickering proposed 
that essential hypertension may represent a quan
titative rather than a qualitative deviation from the 
norm, acquired through multifactorial inheritance 
and modified by environmental factors.9 Page has 
supported the concept that essential hypertension is 
a disorder of cardiovascular regulation originating in 
an altered interplay of a mosaic of factors rather 
than in a single cause.10 

Natural History 

Both genetic and environmental factors appear to 
playa prominent role in the development of hyper
tension, but their relative contribution is debated. 
Although elevated blood pressure due to any cause 
may follow a similar pattern, the course can be mod
ified by several factors, some of which are well 
known, some controversial, and still others 
unidentified. 

The asymptomatic stage of the disease before the 
target organ damage is clinically apparent has often 
been called the benign stage of the disease. The term 
benign should not be used interchangeably with es
sential hypertension; there is nothing benign about 
the eventual course of essential hypertension. A 
more appropriate classification of essential hyper
tension is into mild, moderate, and severe, depend
ing upon the level of blood pressure and the extent 
of clinically detectable target organ damage to the 
heart, fundi, kidney, and brain. The accelerated or 
malignant phase of hypertension is by no means the 
mandatory end result in all cases, yet the malignant 
phase has been known to supervene in all types of 
preexisting hypertensive disease. The inciting mech
anisms initiating the malignant phase remain to be 
fully defined. 

The Course of Untreated Essential Hypertension 

Our knowledge of the life history of essential hyper
tension is limited to the studies performed before 
the advent of modern antihypertensive therapy. Re
cent studies have established the favorable effects of 
long-term treatment on the course of the disease 
and have thus precluded on ethical grounds future 
controlled studies of the course of the untreated dis
ease. The following review includes selected studies 
of large size only. 

Janeway published in 1913 a retrospective survey 
of 870 patients who had attended his private clinic 

over the years.2 Hypertension for the purpose of this 
survey was defined as systolic pressure about 165 
mm Hg; the diastolic blood pressure was ignored. 
The patients belonged to a select socioeconomic 
class in New York, were not hospitalized, and no 
data were available from necropsy examinations. 

Bechgaard reported in 1946 on 1038 subjects with 
hypertension attending an outpatient clinic with a 
follow-up period of 4 to 11 yearsY The initial accep
tance in the study was based on a single casually re
corded blood pressure. The patient was included in 
the study if the blood pressure exceeded 160/90 or 
if the systolic blood pressure alone exceeded 180 mm 
Hg. The range of blood pressures included in the 
study was therefore very wide, varying from 190/60 
to 300/190 mm Hg. Patients with associated diseases 
such as diabetes mellitus and atherosclerosis were 
included in the study, although an attempt was 
made to assess separately their relative contribution 
to the course of hypertensive cardiovascular disease. 

This critique on these two major investigative ef
forts of that time is presented not as a criticism but 
rather to highlight the tremendous pitfalls and 
problems involved in the performance of studies of 
this type. Both studies followed patients starting 
from a random point in the natural history of the 
disease, and both included systolic hypertension 
and atherosclerosis in the study population, a sanc
tion that is not in accord with the present-day defi
nition of essential hypertension (see below). 

A subsequent study free from many of the objec
tions raised above was reported by Perera in 1955.12 

Hypertension was said to exist if repeated record
ings of casual diastolic blood pressure yielded values 
of 90 mm Hg or above. Patients with discernible sec
ondary causes for hypertension or existing compli
cations were excluded. A total of 500 patients with 
untreated hypertension were followed until death; 
150 of these were followed starting from before the 
onset of hypertension, and the remaining 350 were 
followed starting from a random point during the 
uncomplicated phase of essential hypertension. The 
appearance of complication in this population is 
listed in Table 1. 

The cause of death in this series was less clearly 
defined. In 43 % of the cases the cause was listed as 
undetermined sudden death. Death was attributed 
to congestive heart failure in 22 %, to uremia in 
10%, to cerebrovascular accidents in 9%, to my
ocardial infarction in 6 %, and to rupture of an aneu
rysm in 2 %; mixed multiple factors claimed the re
mainder. Other reports in the literature estimate 
that one-third to two-thirds of patients with un
treated essential hypertension die of cardiac disease, 
15 % to 40 % die of strokes, 5 % to 15 % die of renal 
failure, and the remainder succumb to a complicat-



Table 1. Complication Rate in 500 Patients with 
Essential Hypertension 

Cardiac hypertrophy 
Congestive heart failure 
Angina pectoris 
Myocardial infarction 
Proteinuria 
Azotemia 
Malignant hypertension 
Retinopathy 

Grade II 
Grade III 
Grade IV 

Data from Perera GA, ref 12. 

% 

74 
50 
16 
8 

42 
18 
7 

32 
14 

7 

ing disease. In Perera's study the mean survival was 
20 years; three-fourths of this period was the aver
age duration of the uncomplicated (benign) phase of 
essential hypertension. 

In sharp contrast to the variable course of essen
tial hypertension, the course of the untreated malig
nant phase is strikingly uniform. Schottstaedt and 
Sokolow in 1953 found the average survival to be 8.4 
months in 86 patients.13 Rapidly progressive renal 
failure is the cause of death in the majority. Hem
orrhagic strokes and blindness may occur. In recent 
years a point of view maintains that a primary var
iant of malignant nephrosclerosis accompanied by 
microangiopathic hemolytic anemia and uremia 
may appear as a cause of severe hypertension rather 
than as its result.14 In the American black, malig
nant hypertension is described with musculomucoid 
intimal hyperplasia of intrarenal arteries in the ab
sence of its classic pathologic hallmark, namely fi
brinoid necrosis.15 

Factors Altering the Course of Essential 
Hypertension 

Antihypertensive Treatment 

The degree to which the natural history of hyper ten
sion is apt to be altered by treatment appears to de
pend upon the severity of the hypertensive disease, 
the efficacy of blood pressure lowering by drugs and, 
in case oflong-term treatment, the side effects of the 
particular pharmacologic agent administered. The 
earliest available effective antihypertensive agents, 
such as ganglionic blockers, were too toxic for pro
longed use in asymptomatic hypertension, but their 
contribution to prolonged survival of patients with 
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malignant hypertension was dramatic and undis
puted. 16,17 With the availability of antihypertensive 
drugs better tolerated for prolonged periods, bene
ficial effects of treatment on the course of moderate 
to severe hypertension were reported.18 It was noted 
that the protection afforded by treatment reduced 
the incidence of renal failure, heart failure, and ce
rebrovascular accidents but did not seem to alter the 
incidence of myocardial infarction.19 Reasons for 
this change are incompletely understood, but it has 
been suggested that certain of the complications of 
hypertension (such as hypertensive left heart fail
ure, hemorrhagic strokes, and vascular damage) are 
more directly pressure-dependent, and their amelio
ration by antihypertensive therapy allows a rela
tively greater expression of those complications such 
as myocardial infarction with multiple risk factors, 
some of which are independent of hypertension. 

The benefits of long-term treatment in moderate 
to severe diastolic hypertension were clearly estab
lished in the Veterans Administration cooperative 
study.20 Treatment improved survival and reduced 
the incidence of complications.21 The protection af
forded by the treatment was further shown to be 
proportional to the blood pressure lowering 
achieved by therapy.22 In case of mild hypertension 
(diastolic <104 mm Hg) the results of the treatment 
were equivocal. Several large-scale prospective 
trials, in Europe as well as in America, have been 
organized to investigate whether the course of mild 
hypertension (diastolic pressure 90 to 109 mm Hg) 
is favorably altered by drug treatment. 23 Most of 
these trials are still ongoing; at this time results are 
available only of the U.S. Public Health Service hos
pitals cooperative study, in which 389 subjects with 
diastolic pressure between 90 and 115 mm Hg were 
prospectively studied for 7 to 10 years and randomly 
assigned to either a placebo group or to the treat
ment group receiving a diuretic and reserpine. The 
incidence of major endpoints of death, myocardial 
infarction, and stroke was equal in the two groups 
despite effective lowering of blood pressure in the 
treatment group.24 In a recently completed and un
published study of 56 patients with uncomplicated 
essential hypertension treated with diuretics alone 
(see below), we find that the subjects with mild hy
pertension (150/104 or lower) constituted the bulk 
of the nonresponders to therapy.25 

In view of the above findings, it may be asked 
whether fundamental mechanisms of hypertension 
during its mild phase are sufficiently different from 
those operative during the subsequent established 
phase, thus explaining the relative lack of response 
to diuretics and the influence of antihypertensive 
therapy on the incidence of morbid events. An an
swer is not available at this time. The possibility 
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cannot be excluded that long-term effects, hitherto 
unrecognized, of the particular drugs used partly 
contribute to the observed results,26 and more innoc
uous pharmacologic agents of the future will confirm 
the favorable effects of blood pressure lowering even 
in mild hypertension, compatible with actuarial 
data indicating that cardiovascular morbidity and 
mortality are inversely related to the levels of blood 
pressure included in the range defined as mild 
hypertension.27 

Individual Characteristics 

The special association of atherosclerosis and dia
betes mellitus with hypertension and their aggravat
ing influence on its course and prognosis are well 
known. A discussion of atherosclerosis is presented 
elsewhere in this volume. The influence of the su
perimposition of atherosclerosis on existing essen
tial hypertension is discussed later in the chapter. 

The influence of age, race, sex, body weight, he
redity, and environmental factors on the course of 
hypertension is also discussed separately in this vol
ume. Only selected comments are made here on re
cent work. The influence of heredity is being uncov
ered by blood pressure studies on children,28 and the 
relative importance of environmental factors is 
being studied on genetically homogeneous popula
tions transplanted to a higher-risk environment.29 In 
the United States, hypertension is almost twice as 
prevalent among blacks as whites.30 This greater in
cidence in blacks becomes apparent during the teen
age years,31.32 A recent survey revealed that mortality 
attributable to hypertension is almost four times 
higher in blacks than in whites.33 A recently com
pleted survey by the National Institutes of Health 
in the United States indicates a highly interesting 
inverse relationship of the level of education and the 
prevalence of hypertension in both blacks and 
whites. The prevalence of hypertension was almost 
50 % lower in college graduates than in those with 
less than 10 years of formal schooling.34 Weight re
duction, independent of salt restriction, has been 
shown to lead to a significant lowering of blood pres
sure in patients with uncomplicated essential 
hypertension.35 

Biochemical Markers 

A vast literature, much of it controversial, had de
veloped in recent years on the question of whether 
"low renin essential hypertension" is a distinct var
iant of the disease which runs a more benign course 
than usual, and whether renin is vasculotoxic and an 
important determinant of target organ damage in 

hypertension.36 The question is still unresolved and 
will be briefly discussed later on. 

An inverse relationship of urinary kallikrein con
centration with blood pressure in 601 children was 
reported by Kass.37 This study further showed that 
the urinary concentration of kallikrein exhibited a 
significant familial aggregation parallel with the fa
milial aggregation of blood pressure. Black children 
excreted significantly lower kallikrein levels than 
did white children for comparable levels of blood 
pressure and urinary electrolytes. The significance 
of these data is speculative at this time. Future stan
dardization of these measurements and extension of 
these observations shall be awaited with interest. 

Target Organ Damage in Hypertension 

Physical effects of chronically elevated blood pres
sure in the past have been considered adequate to 
explain the main features of organ damage and com
plications of essential hypertension. In recent years 
involvement of other factors, particularly those with 
possible etiological relationship with hypertension, 
has been sought in the development of target organ 
damage. 

Heart 

Cardiac hypertrophy is observed in three-fourths of 
the patients with essential hypertension (see above), 
yet the quantitative relationship between the degree 
of hypertrophy and the level of blood pressure does 
not always hold.38 It has been suggested that differ
ences in cardiac sympathetic drive among hyperten
sive subjects may partly account for this discrep
ancy.39 Sen et al. observed increased heart weight in 
spontaneously hypertensive rats during the prehy
pertensive stage.40 The same authors also proposed 
that the renin-angiotensin system may promote car
diac hypertrophy through its stimulatory action on 
protein synthesis. However, clinically low renin hy
pertension, including primary aldosteronism, does 
not exhibit a lower propensity for cardiac hypertro
phy.41 Marked increase in the myocardial hydroxy
proline content of the hypertrophied heart in hyper
tension is probably an index of the increased fibrous 
tissue that presumably accounts for the predomi
nant decrease in ventricular compliance. Congestive 
heart failure, on the other hand, appears to be a 
complication more directly related to blood pressure 
and as much to systolic as to diastolic levels. The 
Framingham study showed that congestive heart 
failure developed six times more frequently in hy
pertensive than in normotensive subjects and that 



the survival rate was 50% after 5 years of the devel
opment of this complication.42 Hypertension was 
present in 75% of all subjects with heart failure. 

The risks of even mild hypertension in potentiat
ing the incidence of coronary artery disease and my
ocardial infarction are well accepted and were re
ported by Paul in a 10-year prospective study of 
6640 males.43 As pointed out earlier in our discus
sion, however, antihypertensive therapy does not 
appear to afford the same protection from coronary 
artery disease as from other complications of 
hypertension. 

Kidney 

The incidence of so-called "shrunken kidney" of be
nign nephrosclerosis has been grossly overesti
mated.44 Zollinger reported 13 cases in a series of 
10,000 necropsy examinations.45 Castleman reported 
on 500 renal biopsies taken by Smithwick during the 
splanchnicectomy operations.46 In 45% of the cases 
the renal vascular disease was classified as none to 
mild; in 44 % the disease was termed moderate, and 
in the remaining 11 % the renal vascular changes 
were called severe. In the mild and severe cases of 
renal vascular disease there was a close correspon
dence with the clinical grade of retinopathy in the 
same patients; in the moderate classification there 
was no correlation between the extent of vascular 
damage in the kidney and the retina. The develop
ment of proteinuria and azotemia in patients with 
only mild to moderate hypertension in the absence 
of severe or malignant hypertension is, therefore, 
generally regarded as a clue to the presence of pri
mary chronic renal disease. 

It should be remembered that stenotic lesions of 
renal arteries from atherosclerosis and from fibro
muscular dysplasia may develop during the ad
vanced course of essential hypertension. The possi
bility should be considered in all patients who may 
for no discernible reason exhibit a greater severity 
of hypertensive disease and a resistance to previ
ously effective therapy. 

In mild hypertension, in the absence of detectable 
anatomic change in the kidney, renal function stud
ies usually show an increase in filtration fraction 
presumably due to a reduction in renal plasma flow. 

Brain 

Prineas and Marshall reviewed angiographic data on 
135 patients with the clinical diagnosis of cerebral 
thrombosis with infarction and found that in pa
tients with hypertension (diastolic blood pressure 
> 110 mm Hg) the lesions were smaller, with a deep 
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location in the cerebral hemisphere and without de
monstrable stenotic or occlusive disease of larger 
vessels.47 These findings were contrasted with those 
observed in subjects with diastolic pressure less than 
110 mm Hg who had a high incidence of cortical or 
subcortical infarction associated with demonstrable 
atherosclerotic disease in the larger intracranial or 
extracranial vessels. The Framingham study pro
vided evidence for a direct contribution of blood 
pressure to the incidence of cerebral infarction.48 

Hemorrhagic stroke is visualized, however, as a 
more characteristic lesion in the hypertensive brain 
than cerebral infarction. Pickering has offered evi
dence in favor of the somewhat controversial entity 
of small aneurysms described by Charcot and Bou
chard in 1868 as the anatomical basis for intracere
bral bleeding in the hypertensive patientP Fisher 
has described a variety of other vascular lesions and 
miliary aneurysms in the brains of hypertensive pa
tients, proposing that fibrinoid necrosis underlies all 
as the key pathogenic lesion.49 

Cerebral hemorrhage is a major cause of death 
among patients with hypertension in Japan. Popu
lation studies and animal experiments have indi
cated that a low-protein and high-salt diet have a 
potentiating effect,SO and a high-protein diet has a 
protective effect on the incidence of stroke. 

There are important and significant functional ef
fects of sustained high blood pressure on the cere
bral circulation. There are adaptive structural alter
ations leadig to a thickening of arteriolar walls.51 As 
a result, the limits of the pressure range, both upper 
and lower, across which cerebral blood flow can be 
effectively autoregulated are shifted upward.52•53 El
evation of the upper limits of pressure autoregula
tion in the hypertensive subjects may be viewed as 
a protective phenomenon against the development 
of encephalopathy at high pressures; on the other 
hand, the elevation of the lower limit causes a fall in 
blood pressure to be less well tolerated and may be 
partly responsible for the hypotensive symptoms as
sociated with sudden changes in posture. 

The changes in retinal blood vessels that can be 
observed by ophthalmoscopic examination have 
long been used in the assessment of the severity of 
hypertensive disease. Extreme degrees of change, 
such as the differences between groups I and II vs. 
groups III and IV as described by Keith et al.,54 are 
readily apparent and so is their significance. Beyond 
this assessment the information afforded by routine 
examination of retinal vessels is limited because of 
the limited patterns of reaction to stimuli and injury 
exhibited by these vessels. Retinal vessels differ 
from other systemic vessels of comparable size in 
certain fundamental respects and perhaps are simi
lar to intracerebral blood vessels in the same re
spects. The vessels presumably lack sympathetic in-
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nervation,s5.56 and autoregulatory response to higher 
intravascular pressure is exhibited as narrowing and 
constriction of the vessel wall. Furthermore, the en
dothelium in these blood vessels is normally im
permeable, exudates and hemorrhages occur only 
when a vessel wall has been injured beyond the lim
its of autoregulatory response. 

Presumed Variants of Essential 
Hypertension 

Systolic Hypertension 

The fundamental hemodynamic abnormality in es
sential hypertension is elevated peripheral resis
tance. In the presence of a normally compliant and 
elastic arterial system, elevation of peripheral resis
tance leads to an elevation of mean pressure, with 
systolic and diastolic blood pressures rising propor
tionately, and the changes in pulse pressure are 
insignificant. 

Elevation of systolic blood pressure dispropor
tionate to the level of diastolic blood pressure (and 
hence resulting in a widened pulse pressure) is 
termed systolic hypertension. It can occur under 
the following conditions: 

1. In subjects of young age with normal compliance 
of the arterial tree, high cardiac output states, 
such as hyperthyroidism and arteriovenous fis
tula, may lead to a selective elevation of systolic 
blood pressure with a subnormal diastolic pres
sure and a subnormal total peripheral resistance. 
These conditions should not be classified under 
essential hypertension. The therapeutic ap
proach calls for the management of the specific 
cause. 

2. The syndrome of the so-called hyperfunction of 
beta-adrenergic system in young subjects57 can be 
classified under the category of selective or iso
lated hypertension if increased stroke volume 
and rate exist with a normal peripheral resis
tance. The syndrome, however, can occur in the 
presence of mild and labile elevations of diastolic 
pressure and is therefore more appropriately 
classified under borderline hypertension (see 
below). 

3. In the presence of a rigid and noncompliant ar
terial system secondary to arteriosclerosis in el
derly subjects, systolic hypertension occurs in 
two varieties. Although not always possible, clear 
distinction between the two varieties should be 
attempted because the therapeutic approach, 
prognostic significance, and probably the funda-

mental pathogenic mechanisms in the two types 
are very different. Elevation of systolic blood 
pressure is attributable in both varieties to the 
rigidity and the loss of compliance in the large 
arteries. The distinction rests entirely on whether 
the mean blood pressure and peripheral resis
tance are normal or elevated. 

Selective or isolated systolic hypertension 
If the peripheral resistance, the cardiac output, and 
the mean blood pressure remain essentially un
changed, a superimposed increased rigidity of the 
larger arteries causes mainly a redistribution of sys
tolic and diastolic efflux from the arterial system, in
creasing the systolic and decreasing the diastolic 
runoff and blood pressure. This picture is observed 
in the isolated systolic hypertension of the elderly. 
There is ample evidence in favor of the view that el
evations of systolic blood pressure alone are not 
innocuous. 

Actuarial studies have shown that, at any level of 
diastolic blood pressure, the calculated risk for the 
cardiovascular mortality and morbidity rises in di
rect proportion to the level of systolic blood pres
sure.27 The Framingham study data indicated that 
males as well as females with near-normal diastolic 
but elevated systolic blood pressures showed in
creased cardiovascular risk.48 Data from the Chicago 
Peoples' Gas Company study58 and from the Chicago 
Heart Association Detection Project in Industry ex
tending over 100 firms in greater Chicag059 indicated 
that systolic hypertension (systolic pressure > 160 
mm Hg, diastolic pressure <95 mm Hg) was asso
ciated with a considerably higher prevalence of car
diovascular abnormalities in subjects 40 to 65 years 
of age than that observed for age-matched controls 
with blood pressure in the normal range. A retro
spective study selected 72 subjects with systolic hy
pertension (systolic blood pressure > 160 mm Hg, 
diastolic <90 mm Hg) from a retirement commu
nity of 10,500 at Leisure World in Seal Beach, Cal
ifornia, and compared them with an equal number 
of age-matched normotensive controls; cardiovas
cular morbidity and mortality were higher in the 
group with systolic hypertension.60 

The increase in total cardiac work in hypertension 
is nearly proportional to the elevation of systolic 
pressure and relatively much greater than with the 
elevation of mean or diastolic pressure.61 The well
known studies of Sarnoff and colleagues proposed 
that the increased pressure generation during sys
tole (afterload) was much more demanding for the 
heart in terms of energy requirements than the in
creased filling pressure during diastole (preload).62 
The mean ventricular systolic pressure generated 
during the systole is a direct index of the tension 



developed in the ventricular wall, which is a signifi
cant determinant of myocardial oxygen consump
tion along with ventricular volume (Laplace law). 

These observations have forced a reconsideration 
of therapeutic goals and attitudes regarding this en
tity (see below). 

Dominant or disproportionate systolic 
hypertension 
In this case the elevation of systolic blood pressure 
is disproportionate to the elevation of diastolic 
blood pressure. The distinguishing feature, however, 
is a wide pulse pressure existing with an elevated 
mean blood pressure and elevated peripheral resis
tance. This category can be further subdivided into 
two: fixed and labile. 

1. Fixed dominant systolic hypertension is ob
served in elderly subjects with rigid, inelastic 
large arteries and an accompanying increase in 
mean blood pressure and peripheral resistance. 
Systolic elevation is dominant; the diastolic ele
vation is generally milder. In the presence of 
grossly elevated systolic blood pressure, for the 
mean blood pressure to be normal as observed in 
selective systolic hypertension (see below), the 
diastolic blood pressure has to be subnormal. 
Conversely, a mildly elevated or even a normal 
diastolic pressure in the presence of dominant 
systolic hypertension signifies an increased mean 
blood pressure and an increased peripheral resis
tance, provided the stroke volume is normal. A 
therapeutic vasodilation of the arterioles usually 
lowers diastolic pressure, but the systolic pres
sure either shows only minor parallel changes or 
remains relatively fixed as long as the cardiac 
output stays normal. 

2. Labile dominant systolic hypertension is ob
served in patients generally with moderate to se
vere diastolic hypertension with a wide pulse 
pressure that increases in proportion to the se
verity of diastolic hypertension and decreases 
with its therapeutic amelioration. Loss of arterial 
compliance in these cases should be viewed as 
functional to the extent it is responsive to anti
hypertensive measures. This loss of distensibility 
of the entire arterial wall is pressure-dependent 
and in addition is partly due to a reactive in
crease in smooth-muscle contraction (see below). 

Factors Decreasing Volume Elasticity Coefficient 
of Large Vessels in Hypertension 

The nature of the diminished elasticity of large ar
teries in hypertension is due to factors that may be 
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(1) structural and fixed or (2) functional and 
reversible. 

Structural and relatively fixed increase in arterial 
rigidity is attributable to arteriosclerosis and to the 
alterations in the nature of elastic tissue commonly 
observed with advancing age. Similar changes are 
potentiated by long-standing hypertension. 

There are functional factors in hypertension that 
lead to a loss of elasticity and increased rigidity and 
are more or less reversible through antihypertensive 
therapy. Accordingly, in clinical hypertension it is 
an erroneous oversimplification to accept the exist
ing levels of pulse pressure as an index exclusively 
of arteriosclerotic rigidity of large vessels as opposed 
to the increased vasoconstriction of smaller arteri
oles reflecting the existing level of diastolic blood 
pressure. These functional factors can be listed as 
follows. 

Raised mean arterial pressure. The distensibility 
of arteries decreases progressively as the intra-arte
rial pressure is elevated. At higher pressures, there
fore, large and medium-sized arteries act as rigid 
and noncompliant tubes. Hence, pulse pressure wid
ens progressively in hypertension as higher levels of 
pressures are attained, quite apart from the influ
ence of structural alterations in the vessel wall. 

Increased turgidity of the vessel wall. The follow
ing factors, frequently operative in hypertensive dis
ease, lead to a less compliant and stiffened arterial 
wall: 

1. Increased salt and water content of the vessel 
wall 

2. Neurogenic and/or humoral vasoconstriction 
3. Reactive increase in contraction of the vascular 

smooth muscle (Bayliss effect) 

These factors are operative to a variable degree in 
hypertension of different etiologies. Their effects are 
reversible in direct proportion to the success of the 
antihypertensive treatment. The so-called waterlog
ging effect of salt retention is generalized in the en
tire arterial system and leads to a decreased disten
sibility of the larger vessels. This mechanism can be 
assumed to predominate in the mineralocorticoid 
excess type of hypertension. Muscular contraction 
in the vascular wall of the hypertensive subject, me
diated neurogenically, humorally, or through a 
physical reaction to excessively increased transmu
ral pressures, not only serves to increase the periph
eral resistance at the level of smaller muscular ar
terioles but also affects the larger arteries. The 
effect on the larger arteries may not narrow the 
lumen and may, indeed, depending upon the ana
tomic arrangement of the layers of vascular smooth 
muscle, cause an increase in the lumen of larger ar-
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teries (e.g., the aorta), but the effect on the compli
ance of the vessel wall is uniformly reflected as an 
increase in rigidity. These effects are reversible to 
the extent that structural changes have not devel
oped in response to long-standing hypertension. 

Approach to the Management of Systolic 
Hypertension 

A clear distinction has not always been made in the 
literature between the pure and disproportionate 
varieties of systolic hypertension recording sepa
rately either their respective prevalance or the as
sociated cardiovascular mortality and morbidity. A 
correlation of the systolic levels of blood pressure 
with increased cardiovascular mortality and mor
bidity, in the presence of elevated mean and dia
stolic blood pressure (dominant or disproportionate 
type), indicates that in hypertensive subjects super
imposition of a loss of arterial compliance, mediated 
through either structural or functional factors, sig
nificantly adds to the cardiovascular morbidity and 
mortality in comparison with those showing an ele
vation of peripheral resistance in the presence of 
normally compliant arteries. This is hardly surpris
ing. However, the therapeutic implications are not 
directly applicable to the isolated pure variety of 
hypertension. 

The data from the Veterans Administration Co
operative Study on Antihypertensive Agents indi
cated that treatment of mild hypertension (defined 
as diastolic blood pressure 90 to 104 mm Hg) af
forded a significant protection against cardiovascu
lar morbid events if patients above 60 years of age 
(with elevated systolic levels) were separately con
sidered.sa There was no significant difference among 
the treated and placebo groups in patients less than 
60 years of age. There is little reason, therefore, for 
diffidence in recommending appropriate antihyper
tensive therapy in the disproportionate variety of 
systolic hypertension. There is, on the one hand, jus
tification for being more or less aggressive in the 
aims of the antihypertensive therapy for subjects in 
this category; as previously discussed, the functional 
component responsible for a decrease in arterial 
compliance should respond well to antihypertensive 
therapy. Drug treatment, on the other hand, is apt 
to be less successful in reducing systolic levels of 
pressure, without concomitantly lowering cardiac 
output, in those patients in whom a fixed and struc
tural basis exists for increased rigidity of larger ar
teries. The conventional therapeutic goal of lower
ing diastolic blood pressure levels to normal or 
somewhat below normal should, however, suffice for 
both types of cases. Contrary to some recent implied 
recommendations, it is prudent in the latter group 

not to take the systolic levels as the primary index 
of the optimal therapeutic response and not to be 
aggressive in lowering it to normal, provided dia
stolic pressure can be maintained somewhat below 
normal. 

In the case of the isolated or pure variety of sys
tolic hypertension, there is room for a legitimate dif
ference of opinion regarding the therapeutic ap
proach. The evidence is irrefutable, indicating that 
pure systolic hypertension is also associated with in
creased cardiovascular mortality and morbidity. 
However, there is no proof to indicate a cause-and
effect relationship with systolic elevation per se. 
Systolic elevation may represent merely a marker 
for other associated factors responsible for cardio
vascular damage.54 

Arguments in favor of not subjecting patients 
with isolated systolic hypertension to the unpleas
ant and sometimes serious side effects of antihyper
tensive drugs can be offered as follows: 

1. There are no controlled studies available to in
dicate that antihypertensive therapy can, in fact, 
reduce the cardiovascular mortality and morbid
ity in this group of patients. 

2. The isolated systolic hypertension in the elderly 
responds poorly to drug therapy because, first, 
elderly subjects are more prone to the side effects 
of almost all antihypertensive agents; second, sig
nificant reduction of systolic blood pressure in 
these patients can be achieved only at the cost of 
lowering the stroke volume and running the risk 
of compromising the perfusion of vital organs. 

On the other hand, a compelling rationale can be 
mustered in favor of considering drug treatment in 
addition to the nonpharmacologic modes of therapy 
on the isolated variety of systolic hypertension in 
the elderly subject: 

1. The height of the systolic blood pressure repre
sents the peak pressure during the cardiac cycle 
and represents the peak intravascular strain as 
well as the peak wall tension generated by the left 
ventricle. Elevated systolic pressure requires a 
greater myocardial O2 consumption even if mean 
blood pressure is normal. Elevations of systolic 
pressure accordingly correlate well with the oc
currence of pressure-dependent complications of 
hypertension, such as rupture of blood vessels 
and left ventricular failure. It should be prudent 
to lower the systolic pressure in these patients as 
much as feasible without inviting serious or trou
blesome side effects of drug therapy. 

2. Loss of elasticity in the arterial tree deprives it of 
another one of its important functions, that of 
accommodating extra blood during acute changes 



in stroke volume or cardiac output due to exer
cise, sudden change in posture, or change in emo
tional state. This limitation is often reflected as 
wide fluctuations in blood pressure with systolic 
elevations to levels that may threaten the integ
rity of intracerebral blood vessels as well as the 
performance of the left ventricle. Drug treatment 
designed to prevent undue blood pressure fluc
tuation is strongly indicated. 

Specific recommendations on therapy are not 
warranted at this time. We personally have had good 
results with the use of small doses, at least half nor
mal, of clonidine or metolazone or of a combination 
of the two drugs.65 The decision of whether to treat 
or not should be based not only on the resting levels 
of blood pressure but also on the response of the 
blood pressure in the elderly subject to the demands 
of increased cardiac output. 

The importance as well as the dilemma and the 
difficulty in always making a clear distinction be
tween so-called systolic hypertension and essential 
hypertension are apparent from the above discus
sion. If isolated systolic hypertension in the elderly 
has its pathogenesis originating from arteriosclero
sis, and the pathogenesis of sustained essential hy
pertension is mediated principally through arterio
lar vasoconstriction and an elevation of peripheral 
resistance, the two should be regarded as separate 
disease entities. The fact that arteriosclerosis and 
hypertension share certain risk factors and seem to 
potentiate the severity of each other should not be 
used as a sanction to obliterate the discernible dis
tinctions between the two entities for the purpose 
either of therapeutic approach or of etiological in
vestigation. In this regard it is unfortunate that ep
idemiologic surveys have in the past and in some 
cases still continue to include age-related elevations 
of systolic blood pressure in the study of the natural 
history of essential hypertension in different popu
lation groups. 

Borderline Hypertension 

The term borderline hypertension in preference to 
labile hypertension was coined by Conway and as
sociates at the University of Michigan, Ann Arbor, 
in 196866 to describe subjects in whom the diastolic 
blood pressure was sometimes below and sometimes 
above 90 mm Hg. The term early hypertension is 
also used to describe the same entity. It is tacitly 
assumed that borderline hypertension represents a 
pathogenetic forerunner of sustained hypertension. 

The prevalence of borderline hypertension in
creases with age from approximately 10 % below 30 
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years of age to 25 % or more in later years. Similar 
estimates have been provided by surveys conducted 
in the United States,67 GermanY,68,69 and Belgium.70 
The development of later sustained hypertension 
among the borderline hypertensives has been re
ported to vary from 8% to 26% in recent studies.71 

A variable proportion of subjects with borderline 
hypertension show an elevation of cardiac output 
and heart rate.71 It has not been established whether 
this increased beta-adrenergic function represents a 
primary increase in sympathetic drive to the heart 
or if the autonomic nervous activity is secondary to 
the circulatory abnormality. Careful hemodynamic 
measurements have shown, however, that for a given 
level of cardiac output during rest, exercise, tilting, 
or volume expansion, peripheral resistance is always 
elevated. An increase in cardiac output, therefore, 
does not appear to be essential for the maintenance 
of borderline hypertension.72 

Studies by Safar et al. demonstrated an increase 
in cardiopulmonary (central) blood volume relative 
to the total blood volume in borderline hypertension 
in comparison with normotensive and sustained hy
pertensive subjects.73 The authors further suggested 
that enhanced venous tone and venous return sec
ondary to increased sympathetic activity were in
volved in the redistribution of blood volume and the 
elevated cardiac output observed in borderline 
hypertension. 

Esler et al. classified patients with borderline hy
pertension into low-, normal-, and high-renin groups 
on the basis of a plasma renin and urinary sodium 
normogram.74 In high- and normal-renin groups, 
blood pressure was elevated because of increased 
total peripheral resistance, neurogenically me
diated, that could be normalized in the high-renin 
group by total autonomic blockade. In low-renin 
subjects, on the other hand, the total peripheral re
sistance was normal, while central blood volume and 
stroke volume were elevated; it was suggested that 
the blood pressure elevation was volume-mediated 
and renin activity was suppressed via cardiopulmo
nary volume receptors. 

Our recent studies on patients with uncompli
cated essential hypertension (see above) treated 
with diuretics alone have attempted to characterize 
determinants of antihypertensive response. The 
nonresponders to thiazide diuretics achieving no sig
nificant fall in blood pressure after 3 months of ther
apy had significantly lower blood pressures during 
the pretherapy period than did the responders. 
Many of the nonresponders could be classified as 
borderline hypertensives on the basis of blood pres
sures recorded during the control period before 
therapy (Fig. 1). The nonresponders also exhibited 
a tendency toward higher plasma aldosterone and 
angiotensin II levels and higher rates of in vitro an-
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Figure 1. Systolic (upper panel) 
and diastolic (lower panel) blood 
pressures in 64 patients with un
complicated essential hypertension 
are shown during a control period 
(following a period of no therapy for 
at least 4 weeks) and during treat
ment with hydrochlorothiazide 50 
mg twice daily at 1, 4, 8, and 12 
weeks. The subjects were classified 
as nonresponders if the difference 
between the control mean blood 
pressure (diastolic blood pressure 
plus one-third pulse pressure) and 
the average of mean blood pressure 
during all treatment periods was 
less than 5 mm Hg. At each time pe
riod systolic and diastolic blood 
pressure values are shown as mean 
± S.E.M. of the two groups. From 
Sambhi et ai., ref 25 
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giotensin generation in plasma. Significance of these 
findings in relation to the pathophysiologic mecha
nisms underlying mild and borderline hypertension 
remains to be elucidated. A caution is warranted, 
however, against the common recommendation for 
the use of a diuretic agent in subjects with mild and 
borderline hypertension. Julius has discussed rec
ommendations for selective use of drug therapy in 
borderline hypertension.71 

Low-Renin Hypertension 

Approximately 25% of patients with essential hy
pertension show suppressed values of plasma renin 
activity. Renin is relatively unresponsive to the 
usual stimuli, and in certain respects these subjects 
behave similarly to those with mineralocorticoid ex
cess. On the basis of retrospective studies it has been 
proposed that patients with low-renin hypertension 
have a negligible incidence of cardiovascular com
plication such as strokes and myocardial infarc
tions.75,76 Opinions are sharply divided among var
ious investigators on the two questions: does low
renin hypertension represent a distinct variant and 
a separate entity, or is it merely a nonobligatory 
phase that can occur during one or more periods in 
the natural history of essential hypertension? Is the 
circulatory level of renin (activity) an important 
enough determinant of cardiovascular damage sec
ondary to hypertension, so that for prolonged pe
riods lower levels, spontaneous or induced, confer a 
significant protection and conversely higher levels, 
spontaneous or induced, increase the risk of hyper-

tensive cardiovascular complications? A vast 
amount of literature has accumulated in recent 
years on these questions and on the pathophysio
logic characterization of low-renin hypertension. 
Notable recent reviews and surveys should be con
sulted for details.36.77.78 A brief summary of selected 
aspects only is presented here. A well-known major 
problem appreciated by every critic and ignored by 
every investigator has been the practice of using dif
fering methodology to define the low-renin group 
and of accepting small, skewed samples of subpop
ulations for study to represent the total as essential 
hypertension. This practice has seriously retarded a 
better characterization of the entity. 

Pathophysiology 

The weight of evidence indicates a lack of detectable 
increase in the total blood volume and exchangeable 
sodium space in patients with low-renin hyperten
sion.79- 81 In low-renin subjects categorized as bor
derline hypertensives, an increase in central blood 
volume and, therefore, in the ratio of central to total 
blood volume has been reported.74 Inhibition of 
renin via stimulation of cardiopulmonary receptors 
is proposed as the mechanism of renin suppression. 
It is not established whether the proposed mecha
nism can account for renin suppression in all or a 
significant proportion of cases with low-renin hyper
tension. The expansion of central blood volume has 
been reported by other investigators to be a feature 
of all unselected subjects with borderline hyperten
sion, presumably regardless of their renin status.73 

Furthermore, low-renin state is undoubtedly ob-



served in sustained or permanent hypertension, 
sometimes with moderately high diastolic blood 
pressure. 

The question of mineralocorticoid excess as the 
mechanism for low-renin hypertension, failing to 
qualify as a serious contender, has nevertheless 
managed to keep alive. A recent symposium held at 
the Mayo Clinic summarizes the state of the art.82 
Genest presents a convincing synthesis of arguments 
supported by data from his group, showing that a 
relative state of aldosterone excess demonstrated by 
somewhat higher plasma aldosterone levels and a 
lower metabolic clearance rate is characteristic of 
most cases of uncomplicated essential hypertension 
regardless of their renin status.sa Similarly, an excess 
of adrenal secretion of 18-hydroxy-ll-desoxycorti
costerone (18-0H-DOC), a very weak mineralocor
ticoid, but with a potential of producing experimen
tal hypertension in the rat, occurs in a small 
proportion of patients (10%) with low- or normal
renin essential hypertension. Melby and Dale re
ported that the synthesis of a metabolite of 18-0H
DOC (16 lX, 18-diOH-DOC) is greatly accelerated by 
the adrenal tissue of patients with low renin.84 This 
metabolite lacks mineralocorticoid activity by itself 
but is capable of greatly potentiating the sodium-re
taining action of aldosterone. The Vanderbilt group 
retracted their previous observations on C-19 min
eralocorticoids (16 (J-OH-DHEA) regarding their ex
cess presence in low-renin patients as well as their 
ability to produce hypertension in rats.85 Instead, 
suggestive evidence was presented favoring the role 
of an unknown mineralocorticoid in the blood pres
sure elevation of patients with low-renin hyperten
sion. A blocker of the adrenosteroid biosynthetic 
pathway in the early steps (aminoglutethimide) re
duced aldosterone secretion as well as blood pres
sure in low-renin hypertension. A distal blocker 
(metyrapone) likewise reduced aldosterone but did 
not reduce blood pressure. New and Levine pre
sented case histories of two patients in whom hy
pertension was not related to any of the known min
eralocorticoids but behaved as if it were dependent 
upon an adrenocorticotropic (ACTH) stimulable 
unknown steroidal hormone.86 It may be concluded 
that mineralocorticoid excess attributable to un
known mechanisms may be responsible for the hy
pertension in some cases, but probably only in a very 
small proportion of patients with low-renin 
hypertension. 

A diminished sympathetic tone has been pro
posed as a mechanism for suppressed renin in pa
tients with low-renin hypertension. Esler and Nestel 
related high and low levels of plasma renin at rest 
and during head-up tilting to a corresponding level 
of urinary norepinephrine.87 We have recently re-
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ported that chronic administration of clonidine in 
patients with low-renin hypertension leads to a sig
nificant renin stimulation, whereas plasma renin 
levels are unchanged in patients who have normal 
renins to start with.88 These findings have been in
terpreted in favor of the view that the prevailing ad
renergic tone is different in patients with low-renin 
hypertension from that in the normal renin group. 
It is unknown, however, whether the observed de
viations in the tone of the autonomic nervous activ
ity in low-renin hypertension are primary, or 
whether they are secondary to unidentified factors. 

Another hypothesis proposed by our group attrib
uted the renin suppression in patients with essential 
hypertension to a feedback suppression of renin by 
increased instantaneous local generation of angio
tensin in close vicinity of juxtaglomerular receptor 
sites.89.90 The proposed schema leading to renin 
suppression is shown in Figure 2. It was proposed 
that a substance other than renin and its substrate 
circulates in the plasma of hypertensive subjects 
and acts as a renin activator to accelerate the rate of 
angiotensin generation. As it has not been possible 
to isolate or identify the proposed renin activator 
from hypertensive plasma, the hypothesis remains 
plausible but unsubstantiated. More recently, the 
enzyme renin has been described as occurring in 
various molecular weight species and in forms with 
greater and lesser enzyme activity.91 The physio
pathologic significance of the so-called active and in
active renin forms remains to be explored. 

It appears, therefore, that low-renin hypertension 
is not a separate, distinct entity, but rather that sup
pressed renin observed in a proportion of patients 
with essential hypertension is attributable to several 
mechanisms and can occur in early or borderline hy-

Renin activation 

! 
t t Angiotensin production rate 

t Renin substrate 
conversion rate j ~ngiotensin 

conversion rate 

Increased presentation of renin 
/ toward local receptors 

t Aldosterone ! 
-----.. Renin suppression 

Figure 2. Chain of events proposed as the mechanism 
originating from the presence of a "renin activator" lead
ing to renin suppression in the kidney. From Sambhi et 
aI., ref 89, p 36 
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pertension as well as in association with long-stand
ing sustained diastolic hypertension. The small pro
portion of cases that demonstrate mineralocorticoid 
excess may preferentially respond to aldosterone an
tagonists, but most of the patients do not show this 
selectivity. The controversy concerning the influ
ence of renin levels on the incidence of the compli
cations of hypertension can be resolved only by care
ful prospective studies. For the present, there is no 
evidence to claim that, if a group of patients with 
hypertension characterized today as low renin were 
to be followed, they would be destined to have a 
lower complication rate in the future, or that the 
rate or type of progression of hypertensive disease is 
predictable in these patients. On the other hand, 
retrospective evidence from some, but not all, stud
ies indicates that the extent of cardiovascular dam
age is small during the time renin remains sup
pressed in patients with hypertension.92 When 
significant damage is present, renin is high. There
fore, although a cause-and-effect relationship is un
proved, renin appears to be one of the indicators of 
cardiovascular damage. 

Another area of active controversy and conflicting 
opinions is the question of whether, or to what ex
tent, plasma renin activity determines the antihy
pertensive response to drugs. Several studies re
ported that aldosterone antagonists were capable of 
achieving a greater fall in blood pressure in patients 
with low-renin hypertension.93- 95 Other studies have 
considered beta blockers to be relatively ineffective 
in low-renin hypertension.96 These studies have 
demonstrated correlations between the pretreat
ment levels of plasma renin activity and the magni
tude of fall in blood pressure achieved with the use 
of spironolactone or propranolol. These correlations 
have been interpreted to indicate a cause-and-effect 
relationship between the two parameters and to pro
vide support for the vasoconstriction volume hy
pothesis proposed by Laragh.97 A greater body of 
evidence, including carefully controlled reinvestiga
tions, has, however, failed to confirm a significant 
relationship between plasma renin and the antihy
pertensive effects of spironolactone98,99 as well as 
propranolol,ulO-104 It should be made clear that the 
preceding remarks on therapy are limited to low
renin hypertension and do not address themselves 
to the so-called high-renin hypertension or to the 
broader subject of the relationship of drug treat
ment and plasma renin, which is outside the scope 
of the present discussion. In the case of low-renin 
hypertension it may be concluded that there is no 
convincing evidence available at this time in favor 
of the view that measurement of plasma renin or the 
identification of the "low-renin status" in a given 
patient with hypertension is a useful aid in planning 
the antihypertensive treatment. 

The Nature of the Abnormality 

The kidney, the heart, and the brain have each been 
proposed as the seat of the primary abnormality. 
The seat of the elevated resistance to blood flow lies 
predominantly in the small muscular arterioles. The 
initiating mechanism for this increased resistance is 
controversial. Humoral or neural vasoconstriction 
has been considered likely. Increased flow in the ini
tial stages resulting in structural thickening of the 
small arterioles, the so-called resistance, has been 
proposed as an equally plausible alternative.51 The 
vascular constriction or the narrowing of the lumen 
by wall thickening is not uniform in the regional cir
culations and is probably critical in the splanchnic 
area. Other regions may participate in this process 
but do not appear to be essential to the increase in 
the "total" or "effective" increase in peripheral re
sistance.105 Loss of one or more of the limbs does not 
result in hypertension. Potent vasodilation selec
tively of limb vessels in a subject with hypertension 
does not lead to a reduction of blood pressure. 

In recent years an increasing body of evidence has 
accumulated to show the central nervous 
system involvement in blood pressure regulation 
and in hypertension.106 The role of the autonomic 
nervous system in the development of experimental 
hypertension is ably reviewed by deChamplain.107 
Since the demonstration that certain centrally act
ing drugs such as clonidine reduce blood pressure 
through the stimulation of subhypothalamic and 
medullary centers, resulting in a reduced peripheral 
sympathetic discharge, it has been proposed that a 
defective excitation of these inhibitory centers as a 
primary cause of essential hypertension is an attrac
tive hypothesis deserving attention of future inves
tigators. Such a hypothesis is not subject to proof in 
the hypertensive patient by means of present-day 
methods, nor is the unresolved question of whether 
the role of the nervous system is limited to a per
missive one in the expression of hypertensive dis
ease or is more than that. 

Increased cardiac output, as discussed earlier, is 
frequently observed in patients with early labile or 
borderline hypertension. Increased cardiac output 
presumably originating from an elevated beta-ad
renergic tone may, over a period of time, induce 
structural resetting of resistance vessels, as pro
posed by Folkow.51 With the development of sus
tained hypertension, cardiac output is visualized as 
returning to normal pari passu with the elevation of 
total peripheral vascular resistance. According to 
Guyton, the mechanism by itself lacks a propensity 
for self-perpetuation, as the phenomenon of pres
sure diuresis will counteract the establishment of 
raised arterial pressure.108.109 

It has come to be generally recognized that central 



to any self-sustaining mechanism for the mainte
nance of elevated arterial pressure is its altered re
lationship to the sodium excretion by the kidney, so 
that a higher perfusion pressure is required to ex
crete the amount of sodium optimal for the main
tenance of sodium and volume balance. The ques
tion remains as to what triggers this altered 
relationship in primary hypertension. llo•m The ab
normality in the kidney can presumably be trans
mitted genetically in Dahl's salt-sensitive strain of 
rats112 and by transplantation of a kidney from the 
Milan strain of spontaneously hypertensive rat to a 
normotensive rat.113 The central and pivotal role of 
the kidney in the genesis of hypertension cannot be 
refuted. 

In the uncomplicated early stage of essential hy
pertension, plasma renin activity, plasma and extra
cellular fluid volumes, and exchangeable sodium are 
not increased. Renal blood flow is generally de
creased; glomerular filtration fraction is increased. 
Plasma renin may be suppressed. The reduction in 
renal blood flow occurs preferentially in the outer 
cortical region of the kidney, with a redistribution of 
blood flow to the inner juxtamedullary and medul
lary regions. The well-known phenomenon of exag
gerated natriuresis in response to volume expansion 
is present.114 

A full discussion of various theories proposed as 
the "fundamental renal abnormality" in essential 
hypertension is outside the scope of this chapter. 
The interested reader is referred to a recent treatise 
on hypertension. ll5 Folkow has supported the fun
damentals of Guyton's hypothesis and suggests that 
a neurogenically mediated increase in preglomerular 
resistance may be responsible for resetting the re
lationship of sodium excretion to increased arterial 
pressure.116 Experimental support for this hypothe
sis has been provided by Folkow and associates.ll7 
Birkenhager and Schalekamp118 and Brown et al. ll• 

have proposed that autonomic nervous overactivity 
over a period of time, by working through its effect 
on the heart and blood vessels, leads to a reversible 
resetting of pressure natriuresis, which in time may 
become irreversible through the development of 
renal vascular changes. The time required for the 
development of the renal abnormality is variable, 
and the term renal transformation time was coined 
to denote this variability. Susceptible individuals 
are said to have a short renal transformation time. 
Renal transformation is presumably mediated 
through an increased renal vascular resistance and 
an increased filtration fraction leading to an in
creased sodium reabsorption, owing partly to a rise 
in the oncotic pressure and partly to a reduction in 
hydrostatic pressure in the peritubular capillaries. 
Blood pressure rises in order to maintain sodium 
balance in the face of these changes. 
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The above hypothesis (with minor variations) 
seems to represent the core pattern of many view
points on the mechanism of hypertension. It would 
be out of character for the ego of a full-time hyper
piesiologist to resist the temptation to express a per
sonal bias; that bias is to keep looking for a single 
dominant cause within this plausible scheme of self
perpetuating chain of events, a cause that can be 
transmitted genetically as well as through trans
plantation of the kidney with the "fault." Our fur
ther bias is not to exclude the renin-angiotensin sys
tem from this scheme, because plasma renin is 
usually suppressed or normal during the uncompli
cated phase of essential hypertension. It is our view, 
at the time of writing this, that the suppression of 
renin content in the kidney and consequent changes 
in the renin content of the renal vasculature trigger 
the establishment of elevated renal vascular resis
tance, leading to an increase in systemic arterial 
pressure. The fundamental cause remains unknown. 
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Hypertension in Pregnancy 

Ch. Lauritzen 

Definition 

In pregnancy a blood pressure of 140/90 is consid
ered to be borderline. Higher readings are regarded 
as pathologic. Though the disadvantages of blood 
pressure measurement with the usual sphygmoma
nometers are well known, most investigations are 
based on this method. There are also studies on the 
direct measurement of intra-arterial blood pres
sure/a but the authors found a relatively close cor
respondence to the usual, simpler methods of mea
surement. No correlation was found between blood 
pressure levels and arm circumference or skin-fold 
thickness in this area. 

Causes of Hypertension in Pregnancy 

A distinction must be made between causes preced
ing pregnancy and those leading to an elevation of 
blood pressure during pregnancy itself. The former 
group includes glomerulonephritis, renal artery ste
nosis, coarctation of the aorta, pheochromocytoma, 
pyelonephritis, and essential hypertension. How
ever, preexisting diseases relatively seldom cause 
hypertension of pregnancy. The most frequent cause 
is the elevation of blood pressure brought about by 
the pregnancy itself. It occurs in the last trimester 
and is usually due to toxemia. The causes of toxemia 
and hypertension are not well understood. Never
theless, it is known that endogenous pressor pep
tides formed in the placenta play a crucial role. 
There is evidence that pregnant women who develop 
hypertension in late pregnancy respond excessively 
to the stimulation of the renin-angiotensin system 
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by salt depletion in early pregnancy.I5 Generalized 
vascular spasms occur, first with functional, then 
with morphologic changes in the sensitive organs. 
Intravascular coagulation and specific glomerular 
renal lesions are the typical morphologic substrate 
in the development of hypertension, with albumin
uria and edema present up to the stage of pre
eclampsia. 

Role of Enzymes in the Etiology 

It has been conjectured that there is a correlation 
between the deficiency of monamine oxidase in the 
placenta and hypertension of pregnancy as well as 
hypertension in toxemia. It has been assumed that 
the deficiency of this enzyme might underlie the 
production of hypertensinogenic amines, particu
larly since it is known that the vessels of the human 
placenta respond very sensitively to 5-hydroxy
tryptamine. This, in turn, would mean vasoconstric
tion, anoxia, and a further reduction of monamine 
oxidase activity. There are no studies available at 
present on the influence of the kallikrein-kinin sys
tem on hypertension in toxemia. 

Renin-Angiotensin System 

Renin is normally produced by myometrial and en
dometrial cells. Its role in the normal pregnancy has 
not yet been fully elucidated. It probably takes part 
in the regulation of the uteroplacental blood flow. A 
reduction of blood flow induces a rise in renin secre-



tion and in the levels of circulating or local angio
tensin, whereupon blood flow is again increased via 
beta-adrenergic stimulation.9 

The induction of hypertension by pressor sub
stances formed by the ischemic placenta might fol
low a course analogous to that known for the is
chemic kidney. Again, the enzyme which plays the 
key pathogenic role is renin. It is produced by the 
renal juxtaglomerular cells and is found in the kid
neys, blood, uterus, placenta (chorion), and amniotic 
fluid. As far as is known, the physiologic effects of 
renin are again mediated by angiotensin, i.e., the in
active decapeptide angiotensin I and the vasopres
sor octapeptide angiotensin II. The main effects are 
a systemic influence on blood pressure, the release 
of epinephrine, the stimulation of autonomic gan
glia, the production of aldosterone, and the altera
tion of sodium excretion. Owing to the high estrogen 
levels, aldosterone is increasingly bound to plasma 
protein. This results in a decrease of free aldoste
rone and a concentration of sodium in the serum. 
Progesterone causes increased reabsorption in the 
distal tubule and thus leads to a stimulation of renin 
secretion.19 In normal pregnant women a rise of 
plasma renin, renin substrate, and angiotensin II en
sues. In patients with hypertension of pregnancy 
and severe forms of toxemia, values for renin, renin 
substrate, and angiotensin II are reduced.4.8·15.17.2o.39 
In hypertensive patients with hydatidiform mole 
and hydrops fetalis the values are markedly ele
vated, as in diabetes. In normal pregnancy, sensitiv
ity to angiotensin is reduced, but in hypertensive 
women it is heightened.5 Possibly the lack of a de
crease in the renin-angiotensin-aldosterone levels 
which are elevated in normal pregnancy predisposes 
to hypertension and toxemia. The suppression of 
the renin-angiotensin-aldosterone system in late hy
pertensive toxemia might well be an adaptation to 
the increase of previously unidentified pressor pep
tides or mineralocorticoids in the blood. 

Incidence of Hypertension in Pregnancy 

About 20% of all women become hypertensive dur
ing their first pregnancy. In later pregnancies the in
cidence of this complication tends to be lower, but 
it increases again with age. It varies greatly from 
country to country and at different times. In about 
30% of cases the rise of blood pressure is due to es
sential hypertension; in 10% it is due to nephritic 
toxemia. About 2 % may be attributed to renal dis
eases not caused by pregnancy but arising during 
pregnancy. The remaining 60% of all cases of hy
pertension in pregnancy are due to the presence of 
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toxemia. About one-third are monosymptomatic 
toxemias with hypertension only (H-toxemias), 
without edema or proteinuria. The variety of symp
toms increases with the duration and severity of the 
disease. 

Risk Factors 

It has been demonstrated in large population sur
veys35 that apparently there is no relation to diet, 
especially to the protein, fat, or carbohydrate con
tent of food. However, the incidence of hypertension 
in toxemia increases with age. Primigravidas are at 
greater risk for toxemia and hypertension. Familial 
factors play an additional role. The incidence of tox
emias with elevated blood pressure increases to 40 % 
in the sisters and daughters of women who them
selves experienced toxemia in pregnancyY The 
weight gain in pregnancy has no prognostic signifi
cance in terms of predicting whether a patient will 
develop hypertensive toxemia or not. However, a 
rise of blood pressure combined with weight gain 
and albuminuria strongly indicates an increased risk 
of toxemia-induced premature delivery and perina
tal mortality. Women who develop hypertension to
ward the end of their pregnancy have larger children 
than normotensive mothers. This is presumably due 
to the fact that hypertensive women also experience 
a greater weight gain than normotensive women.25 

Toxemia of Pregnancy 
(Preeclampsia, Gestosis) 

The three main symptoms of toxemia of pregnancy 
are hypertension, edema, and proteinuria, of which 
hypertension is the most striking and most fre
quently demonstrable. Because the blood pressure 
may rise quite gradually, other symptoms have to be 
relied upon for definition and early diagnosis of tox
emia. The presence of edema is of no major clinical 
significance. Proteinuria, however, is less frequent 
and is a clear pathologic sign.24 It usually occurs 
when the blood pressure exceeds 90 mm Hg diastolic 
or 140 mm Hg systolic. 

Nephritic toxemia can occur in patients who have 
a chronic renal disease before becoming pregnant. It 
is often accompanied by very serious complications. 
If the hypertensive toxemia is caused by pregnancy 
alone, it is called hypertension of pregnancy. If only 
an elevation of blood pressure is present, it is called 
monosymptomatic toxemia or H-toxemia. If the hy
pertension is combined with edema and proteinuria, 
EPH-toxemia is present. 
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Kidneys 

In the kidneys, i.e., in the endothelial cytoplasm of 
the glomerular capillaries, a marked endothelial 
swelling is found which contributes to the narrowing 
of the capillary lumen. Apparently this general vas
cular reaction is produced by substances, presum
ably polypeptides, which are synthesized in the pla
centa. The described changes are very similar to 
those seen in rejection of a renal transplant. It has 
been assumed, therefore, that an antigen-antibody 
reaction may be the etiologic factor. 

Optic Fundus 

The retina and its vessels provide a means of di
rectly observing vascular events that take place in 
hypertensive toxemia. The pathologic changes in 
the retinal vessels increase markedly with the sever
ity of the disease. More pronounced, irregular reflex 
bands are observed on the retinal arterioles, as well 
as a generalized narrowing of the arterioles. These 
initially functional changes of the fundus may pro
gress in the severe forms of the disease to retinal 
edema, hemorrhage, exudations, and eventually to 
retinal detachment. 

Diminished perfusion and its consequences are 
also found in the liver and brain. Jaundice, head
ache, and finally eclamptic convulsions may follow. 

Hormones 

In hypertension of pregnancy, the levels of estro
gens, HeG, and HPL in plasma and urine are nor
mal. In cases of secondary placental insufficiency, 
the estrogens and HPL fall, while the HeG rises. Al
dosterone values are usually lowered. Aldosterone 
secretion in pregnancy responds very sensitively to 
changes in sodium intake. If it decreases, the aldo
sterone level rises. 

Early Diagnosis of the Development of 
Hypertension in Pregnancy 

The potassium/creatinine ratio in the 36th week is 
lower in pregnant women who later develop hyper
tensive toxemia. 15 This finding, however, is not 
highly reliable. According to investigations by Gant 
et aI., women who show a rise of 20 mm Hg diastolic 
when changing from the lateral to supine position 
between the 28th and 32nd weeks of pregnancy are 
at very high risk for developing acute hypertension 

in later pregnancy (93% certainty).12 These women 
also show increased sensitivity to the intravenous 
infusion of angiotensin II. Indeed, the probability 
that hypertension will develop is greater than 90 % 
when the infusion of less than 8 ng/kg/min of angio
tensin II induces a rise of diastolic pressure of at 
least 20 mm Hg during the 28th to 32nd weeks of 
pregnancy. 

The metabolic clearance rate (MeR) of the adre
nal estrogen precursor hormone dehydroepiandro
sterone sulfate shows a marked decrease about 4 to 
5 weeks prior to the clinical appearance of hyperten
sion. Though MeR is the sum of several possible 
factors in the plasma clearance of the hormone, it 
mainly represents a kinetic measurement of placen
tal function. Apparently placental function is de
pressed as early as 4 to 5 weeks prior to the devel
opment of a late hypertensive toxemia. 

Effects of EPH Toxemia on the Child 

Perinatal morbidity is higher in pregnancies with 
toxemias, especially in the presence of proteinuria 
and elevated blood pressure. The high infant mor
tality is mainly a problem of premature delivery, 
since 30% of the babies born to preeclamptic women 
have a birthweight less than 2500 g. The low birth
weight cannot be attributed only to the frequently 
reduced duration of pregnancy, but also to the pres
ence of placental insufficiency with retardation of 
fetal growth. Primigravidas with hypertension alone 
do not have a higher perinatal mortality than nor
motensive women. The birthweight is generally 
lower in toxemia combined with hypertension and 
other symptoms than in toxemia with hypertension 
alone. 

Treatment 

The therapy of hypertension during or after preg
nancy consists of lowering the blood pressure in 
order to avoid the occurrence of placental insuffi
ciency with its increased fetal morbidity and mor
tality, as well as to prevent premature placental sep
aration and eclampsia. The most important 
treatment is bed rest, in order to improve placental 
perfusion and increase plasma renin activity and 
concentration.37 The diet should be rich in proteins 
and low in fats and carbohydrates. Salt intake 
should not exceed 2 to 3 g daily. Diuretics are dis
advantageous as they tend to exacerbate salt loss. In 
any case, thiazides do not significantly lower the 



blood pressure in toxemia of pregnancy.28.30 In severe 
hypertension of pregnancy, treatment with antihy
pertensive drugs may be required. This mainly im
proves the prognosis for the mother, less so for the 
fetus. Suitable drugs include reserpine, dihydrala
zine, and clonidine. An excessively rapid and force
ful lowering of the blood pressure may jeopardize 
the life of the fetus by an insufficient blood supply. 
If the maternal hypertension is intractable and rap
idly progressive, the pregnancy must be terminated 
in the interest of the mother (and the child). 
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Introduction 

Until 10 years ago persistent hypertension in infants 
and children was considered an extreme rarity. 
However, in recent years much evidence has accu
mulated that primary hypertension in the young age 
groups is much more prevalent than was previously 
conceived.42,60.66,67,72.83,113.129.13o Earlier, when an ele-
vated blood pressure was discovered in a child, there 
was often a tendency by physicians to discount the 
significance of the finding, relating it to the anxiety 
of the child. Moreover, there were few facilities 
available for differential diagnosis and proper treat
ment applicable to children. If hypertension was 
secondary to coarctation of the aorta, it could be re
lieved by resection, and surgery was also successful 
in the rare cases of renal tumors or neoplasms with 
endocrine activity. With improved diagnostic meth
ods, nowadays applicable even to infants, such as 
arteriography, isotope renogram, renal scan, renal 
biopsy, and renin assay, and with the introduction 
of new, safe drugs to control hypertension not ame
nable to surgery, the hitherto nihilistic attitude to 
diagnosis and treatment has considerably changed. 
In most cases now precise differential diagnosis is 
possible and consequently in the majority adequate 
therapy can be accomplished.13,43,73,96 

The latest phase of interest in childhood hyper
tension is prevention. If we are able to detect and 
control hypertension in its early stages, we might 
prevent much chronic illness in later life as well as 
early deaths; so systemic hypertension to a great ex
tent is a challenge to the pediatrician. This chapter 
will deal only with those aspects of hypertension 
specific to the pediatric age group. For details re
garding physiopathology and diagnostic and thera-

peutic measures pertinent to all age groups, please 
refer to the special chapters. 

Techniques of Blood Pressure 
Measurements in Infants and Children 

Reliable indirect blood pressure measurements in 
infants and young children are often difficult to ob
tain. This may be the reason that many studies have 
to ~e undertaken to evaluate and to compare various 
methods and instruments. ll ,25,41,59.87,88,103,1l9 It is now 
agreed that certain precautions relative to equip
ment and its use as well as to the present status of 
the patient to be examined and his or her environ
ment have to be taken into account in order to avoid 
errors (Table 1). The most important factor intrinsic 
to the pediatric patient is anxiety, which leads to 
falsely high measurements. Thus an infant or young 
child crying may demonstrate a systolic pressure 30 
to 50 mm Hg higher than under quiet or basal con
ditions. A relaxed and unhurried atmosphere is 
therefore important, and a well-trained nurse is 
often preferable as a blood pressure examiner. The 
usual method for taking blood pressure in children 
is by using an arm cuff and auscultation. The cuff 
size is especially important when measuring blood 
pressure in children. An inappropriate cuff size can 
falsely elevate or lower arterial blood pressure 
readings.70•76,88.89,117 The American Heart Association 
recommends that the width of the inflatable cuff be 
two-thirds of the upper arm length and in children 
of adult size be about 20% greater than the diame
ter of the arm.53 The inflatable bladder should be at 
least long enough to halfway encircle the limb, with 
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Table 1. Possible Sources of Error in Measuring Blood 
Pressure in Children 

Equipment 
Defective sphygmomanometer, tubing, cuff, stethoscope 

Use of equipment 
Improper cuff size 
Instrument not at heart level 
Inflation too slow, deflation too rapid 
Mercury column not at eye level 

Examiner 
Imperfect knowledge of technique 
Hearing deficiency 

Variations in condition of subject 
Sitting or supine position 
Anxiety 
Presence of pain 
Postexercise 
Postprandial 
Bladder distension 
Infection 
Fever 
Drug therapy 

Environment 
Diurnal variation 
High or low ambient temperature 
Noise pollution 
Mass screening versus individual examination 

care taken to apply the bladder directly over the ar
tery and to fix it snugly. Since the length and di
ameter of the limbs increase with age, a variety of 
cuff sizes must be available. The following recom
mendation may be taken only as a guideline for the 
proper cuff size: 

Age Group 

Premature and newborn infants 
1-12 months 
1-3 years 
4-8 years 
9-12 years 
Over 12 years 

Appropriate Cuff 
Width (cm) 

2.5-3 
4-5 
5-6 
8-9 

12 
12-14 

In practice the appropriate size of cuff is selected 
according to the size of the child. It is generally 
agreed that phase I of Korotkoff is the index of sys
tolic pressure. The index of diastolic pressure is less 
certain. There has been controversy about whether 
the muffling offsounds, or phase IV, is a better signal 
than the disappearance of sounds. Muffling tends to 

give readings which are too high, and cessation of 
sounds tends to give results which are too low.53 
Thus it is advisable to follow the recommendations 
of the American Heart Association that the point of 
muffling and of disappearance of sounds both be re
corded, e.g., 100/70/55 or, if muffling does not occur, 
100/55/55. 

Three alternative methods are useful in infants or 
small children if the arterial sounds for any reasons 
cannot be heard. When the flush method is used,! 
the cuff is placed above the wrist or ankle and a 
compression bandage is wrapped around the ex
tremity distal to the cuff. The cuff is inflated to 200 
mm Hg, the compression bandage removed, and the 
cuff slowly deflated. The pressure is read when the 
first flushing distal to the cuff appears, and this 
pressure will approximate the mean blood pressure. 
For accurate results the procedure requires two 
observers.87 

Visual or electric oscillometers2 are still widely 
used for indirect blood pressure measurements, 
mainly in newborns and young infants.47.59.91 Systolic 
pressure can be obtained as precisely as by the aus
cultatory method. However, the diastolic pressure is 
difficult to assess accurately. 

The Doppler ultrasonic method3 introduced into 
pediatrics in 1970110 has proved to be most reliable 
even in low-birth-weight babies. Various investiga
tors have determined simultaneously direct intra
arterial blood pressure and pressures recorded by 
the Doppler ultrasonic technique. A good correla
tion between the two methods for systolic and dia
stolic pressure could be demonstrated. The method 
is quite simple and can be used by well-trained 
nurses for routine blood pressure determination in 
all pediatric age groups.97a The main drawback to its 
widespread use is cost. Nevertheless, this type of 
equipment should be used in all pediatric intensive 
care and newborn wards as well as in pediatric op
erating theaters. 

Definition of Normal Blood Pressure in 
Children 

Tables giving normal ranges of blood pressure 
through infancy and childhood differ significantly in 
the mean systolic and diastolic values, depending 
mainly on conditions of testing ("basal," office, hos
pital, home, school) and whether phase IV or V of 
Korotkoff was used for the diastolic pressures. Fig
ure 1 clearly demonstrates the wide range of normal 
values. The difference between the highest and low
est systolic and diastolic mean measurements ap
proximated 10 to 15 mm Hg in all age groups. It may 
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Figure 1. Comparison of indirect 
blood pressure measurements of 
children and adolescents from six 
selected studies in the litera
ture.60,70,82,88,119,122 Londe et al. used 
phase 5 of Korotkoff for determin
ing diastolic blood pressure. The 
other studies used either phase 4 or 
a combination of phases 4 and 5. 

be assumed that the lower systolic values reflect 
basal conditions,S8,120 whereas the high measure
ments in the other studies cited are probably influ
enced by some extrinsic factors. Thus the data from 
Londe70 are established as "normal" standards for 
office practice in a supine position. The children ex
amined by Lauer et al.so all had their blood pressure 
taken in a seated position, which may account for 
the higher measurements. 

2481) from 3 to 14 years of age do not exist_ In con
trast to this, the Bogalusa study118 (n = 3720, ages 
5 to 15 years) showed the blood pressure to be sig
nificantly higher in black children from the age of 9 
years on. 

Up to the age of about 10 years most of the studies 
show no significantly different systolic and diastolic 
pressure values in boys and girls. During adoles
cence, however, there seem to be significant sex 
differences either in systolic or diastolic 
pressures.48,74,97,130 On the other hand, there is no ev
idence that puberty leads to hypertensive pressure 
levels.76 However, Londe et al.74 recently demon
strated that significant systolic or diastolic pressure 
differences between black and white children (n = 

Few studies have been published on the blood 
pressure in normal infants and young children up to 
the age of 4 years. The data available (Table 2) need 
further confirmation. 

Definition of Hypertension in Children 

There is still some uncertainty as to what consti
tutes an adequate definition of hypertension be
cause large numbers of children followed for many 
years with blood pressure measurements recorded 
by a single observer under standardized conditions 
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Table 2. Blood Pressure (rnrn Hg) in Infants in Three Studies 

Age 

Newborn period 
1-3 rno 
4-6rno 
7-9rno 
10-12 rno 

'Flush method. 

Mean 
Arterial 
Blood 

Pressure* 

X Sx 

41 ±8 
67 ±11 
73 ±9.5 
76 ±9 
76 ±14 

Systolic 

X Sx 

70-80 ±5 
74 ±4 
85 ±2 
86 ±2 
89 

Arterial Blood Pressure 

Diastolic 

X Sx 

40-50 ±6 
51 ±4 
64 ±7 
63 ±1 
68 

Systolic 

92.6 
96.7 
97.5 

Sx 

±7.4 
±6.4 
±5.4 

Diastolic 

52.7 
55.0 
54.9 

Sx 

±5.8 
±5.3 
±5.1 

Left data from Moss AJ, Adams FH, ref 88: center data from Kirschsieper KM, Rutenfranz J, ref 52; right data from Fredebohm, ref 27a. 

are unavailable. The recommendation of the World 
Health Organization for adults (values of 140-160/ 
90-95 mm Hg = borderline hypertension; any val
ues over 160/95 mm Hg = definite hypertension) 
cannot be valid for the pediatric age group because 
of the normal changes of blood pressure with age. 
Also, the arbitrary values of 130/85 to 140/85-90 
mm Hg recommended by some as upper limits for 
normal blood pressure in children of all ages36•60•66 

cannot be accepted, because pressures above these 
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Figure 2. Spread between lowest and highest 90th and 
95th percentile values for systolic and diastolic blood 
pressures in two reliable studies (boys and girls together). 

readings would represent severe degrees of hyper
tension for children under the age of 10 years. In ad
dition, hypertensive patients of this age group would 
be eliminated from consideration although their 
blood pressure may be lower than these values. 

Londe et aPO.74 adopted the suggestions of Master 
et al.8I in their study of adults and classified children 
as hypertensive if their blood pressure was occasion
ally above the 95th percentile or consistently above 
the 90th percentile for age. Even those limits, how
ever, are subject to considerable variability, as illus
trated by the range between the lowest and highest 
95th percentiles for systolic and diastolic pressure in 
some of the studies (Fig. 2) It should be kept in 
mind that a single high blood pressure recording in 
a child does not confirm hypertension. It is impor
tant to rule out first all sources of error, in particular 
from equipment and environment. Repeated mea
surements are mandatory before the presence of hy
pertension can be established. One has to be careful 
not to label a child as chronically ill unless there is 
sufficient proof. If, on the other hand, a child has 
mildly elevated blood pressure with a family history 
of hypertension and is obese, there is a strong like
lihood that this is the beginning of essential 
hypertension. 

In summary, the approach of Londe et al. to the 
problems of defining hypertension in childhood 
seems logical. Their data (Table 3) should serve as 
a guideline for evaluating blood pressure levels in 
children and adolescents. The pressure levels for de
fining or suspecting hypertension in the pediatric 
age group given by Liebermann et al.64 and Mitchell 
et al.85 are probably too high. If, however, Londe's 
rule is applied to the data of Voors et al.1l8 the num
ber of children being classified as probably hyper
tensive would increase considerably, because these 
blood pressure data are far lower than in all other 
studies. 
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Table 3. Blood Pressure Levels Suspicious of Hypertension in Children and Adolescents 
According to Data of Anglo-American Authors* 

Author, Year Criteria 3-6 

Londe et aI., 1977 Supine 110/70 
90th percentile 

Lauer et aI., 1975 Seated 118/82 
95th percentile 

Mitchell et aI., Supine 115/84 
1975 95th percentile 

Liebermann, 1974 Supine 120/70 
? 

Voors et aI., 1976 Seated 
90th percentile 105/69 
95th percentile 112/72 

*Systolic and diastolic blood pressures in mm Hg. 

Incidence and Epidemiology of Primary 
and Secondary Hypertension in Children 

The actual incidence of hypertension in children is 
not yet known. The data in Table 4 from six differ
ent screening studies indicate that approximately 
1 % to 12% of children and adolescents have high 
blood pressure. Interpretation of the data, however, 
is difficult for various reasons, including the follow
ing: different definition of hypertension, l different 
position and environment of the subjects when 
blood pressure was recorded,2 different instrumen
tation used,3 and different definition for the dia
stolic pressure (fourth or fifth Korotkoff sound). 
Moreover, in the majority of the studies the preva
lence of hypertension in the population screened by 
age, sex, and race is not indicated. 

A precise distribution of the age at which hyper
tension was first documented in 131 children was 
given by Londe and Goldring73 (Fig. 3). Thirty per
cent had normal pressure before they became hy
pertensive, and 76 (58%) of the hypertensive chil
dren were below 10 years of age. Lauer et al.,60 
applying different criteria for hypertension in the 
younger age group, found virtual absence of hyper
tensive levels in children aged 6 to 9 years. In the 
highly selected group of 100 hypertensive children 
from Gill et al. (only 1 % essential hypertension) 
28% of the patients presented before age 5.29 From 
all these data, no clear conclusions regarding per
centage of hypertensive children in a population and 
onset of hypertension may be drawn. 

Many factors have been implicated as playing a 
role in the epidemiology of essential hypertension. 

Age (Years) 

7-9 10-13 14 15 16-18 

120/75 130/80 m133/82 137/85 140/87 
f128/83 128/83 128/38 

122/83 139/91 143/93 142/93 144/93 

130/92 m140/80 138/95 

130/75 f140/80 140/85 

107/67 116/74 119/77 121/77 
114/70 119/78 123/79 125/81 

It is unequivocal that both genetic and environmen
tal factors are important in determining blood pres
sure. For some time it has been accepted that fa
milial aggregation of blood pressure occurs.64,95,130 It 
could, however, only recently be shownlO,40 that the 
correlation of blood pressure scores between parents 
and natural children was highly significant, whereas 
the correlation between parents and adopted chil
dren was not significant. The conclusion, therefore, 
is that heredity explains most of the familial resem
blance of blood pressure in children. 

Moreover, several longitudinal studies have defi
nitely proved the so-called tracking phenomenon: a 
low blood pressure remains low through many years 
of observation; on the contrary, high pressure read
ings stay in the upper percentile range as a 
rule.15,64,74,130 These findings point also to a strong in-
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Figure 3. Age at which hypertension was first docu
mented in 131 children under practice office conditions. 
Reprinted from Londe S, and Goldring D, ref 73, with 
permission 
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Table 4. Incidence of Hypertension in Childhood 

Position in Incidence of 
Age Range Total No. Which Pressure Definition of Hypertension (%) 

Author, Year (Yr) Screened Was Taken Hypertension (mm Hg) 

Londe, 1966 4-15 894 male Supine 
911 female 

Kilcoyne 14-19 First screen: 3537 Sitting 
et aI., 1974 Rescreen of 

hypertensives: 
215 of 277 
from 1st 
screen 

Lauer et aI., 6-13 3.528 Sitting 
1975 14-18 1.301 Sitting 

Reichman 12-20 1.863 Sitting 
et aI., 1975 

Kimura 0-19 2.728 ? 
et aI., 1965 

Masland 12-21 1.795 ? 
et aI., 1956 

dividual genetic influence although environmental 
factors cannot be excluded totally. 

The relationship between obesity and hyperten
sion has long been recognized for adults and was re
cently confirmed for the pediatric age group 
also.49,60,68,74 All investigators found the prevalence of 
obesity to be significantly higher in the hypertensive 
children than in control groups. 

The markedly higher incidence of hypertension in 
adult blacks than in adult whites has been well 
known for the last decade, but only recently has ev
idence accumulated showing that through childhood 
there is no significant racial difference60,74 except in 
the Bogalusa study. us The data on prevalence of hy
pertension in black adolescents, however, are con
troversial. Londe et aP4 again could not demon
strate a significant difference in the incidence of 
hypertension in black (6.7 %) and white students 

Labile: Systolic and/or Male 12.4 
diastolic pressure Female 11.6 
90th percentile at 
one reading. 
Persistent: Systolic 1.9 
and/or diastolic 
pressure repeatedly 
>95th percentile 

SBP 2:140 1st SBP 5.4 
DBP 2: 90 DBP 7.8 

2nd SBP 1.2 
DBP 2.4 

SBP 2:140 SBP 4.9 
DBP 2: 90 DBP 8.2 

SBP 8.9 
DBP 12.2 
Both 4.4 

SBP 2: 140 SBP 5.9 
DBP 2: 90 DBP 2.5 

SBP 2: 160 0.6 
and/or (Borderline) 9.2 
DBP 2: 95 
(If BP less than 140/ 

90 considered 
normotensive) 

BP > 140/90 1.4 

(8%) aged 14 to 18 years. Kilcoyne,48 on the other 
hand, found a sharp rise in the prevalence rate of 
systolic and diastolic hypertension in black males at 
17 years. 

The concept of many clinicians that a high blood 
pressure is a normal physiologic phenomenon dur
ing puberty could not be substantiated by the in
vestigations of Londe et al. 75 who were unable to 
prove any significant correlation between blood 
pressure levels and any physical or biochemical cri
teria of sexual maturation. Thus high blood pressure 
during puberty should be followed with suspicion. 

Another causative factor in essential hypertension 
probably is dietary salt intake.83,84,121 It is more than 
likely one of the main contributing factors in those 
children who may be genetically predisposed to hy
pertension. Thus the Committee on Nutrition of the 
American Academy of Pediatrics20 recommends re-
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Author, Year, Number Age 

Country of Pat. Ran e( r) 

LONDE et al. 74 4 -18 
1970 USA 

LOGGIE et al. 47 2 -15 
1973 USA 

LOGGIE et al. 29 12 -18 
1975 USA 

SOHLMEYER 55 0-15 
1974 FRG 

GILL et al. 100 0-15 
1976 U.K. 

a 20 40 60 

ducing or avoiding increase in the present level of 
salt intake by children in the population at large. It 
is further stated that children with a family history 
of hypertension may benefit from a low-salt diet and 
that there is a reasonable possibility that a low-salt 
intake early in life may protect, to some extent, per
sons at risk from developing hypertension. 

Our knowledge about the real incidence of second
ary hypertension through childhood is poor. A few 
studies have been performed regarding the relative 
incidence. The data from Figure 4 clearly demon
strate the wide range (7 % to 99 %) of the relative 
incidence of secondary hypertension found in five 
different series. This obviously reflects the fact that 
the patient groups from Londe and Loggie are de
rived from screening a large number of normal in
dividuals, whereas the hypertensive patients of 
Buhlmeyer16 and Gill et al. 29 were highly selected 
and referred to a specialized center for further eval
uation. Thus no valid conclusion can be drawn. 
However, there is some evidence that throughout 
childhood there is an approximate incidence of 50 % 
for secondary hypertension. 

Causes of Secondary Hypertension in 
Childhood 

Over and above the known causes of hypertension in 
adults, there are certain age-specific illnesses which, 
in infants and children, can lead to arterial hyper
tension (Table 5). In Table 6, the more important of 
the many possible causes (almost 100) have been 
summarized and arranged according to frequent and 
less common occurrence. A certain differential di
agnostic clarification appears in Table 7, in which 

80 100 
Percent 

D ~ 
primary secondary 

hypertension 

Figure 4. Relative incidence of 
primary and secondary hyperten
sion in children and adolescents in 
five different studies. 

the more common causes of the disease are pre
sented according to the different age groups. 

As the other chapters of the book generally cover 
all the pathophysiologic, diagnostic, therapeutic, 
and prognostic aspects of secondary high blood 
pressure, the following section is limited to hyper
tension caused by cardiovascular and renal factors 
with special reference to childhood. 

Table 5. Causes of Arterial Hypertension Specific to 
Childhood 

Organ System 

Renal parenchyma 

Heart and 
circulation 

Endocrine glands 

Nervous system 

Cause 

Infantile polycystic kidneys 
Congenital segmental 

hypoplasia-Ask-Upmark 
Wilms' tumor 
Obstructive uropathy 
Nephrocalcinosis due to 

idiopathic hypercalcemia 

Syndrome of multiple 
peripheral arterial 
stenoses (Williams
Beuren) 

Multiple arterial stenoses 
from embryo-fetal 
rubella syndrome 

Congenital large A-V fistula 
(e.g., middle cerebral 
artery to Galen's vein) 
(only systolic) 

Neuroblastoma 

Intracranial bleeding due to 
birth trauma 
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Table 6. Causes of Secondary Hypertension in Childhood 

Organ System Common Rare 

Heart and circulation Coarctation of the aorta 
Persistent ductus arteriosus 

(only systolic) 

Coarctation of the abdominal aorta 
Syndrome of multiple peripheral arterial 

stenoses 
Complete A-V block 
Aortic incompetence 
Large A-V fistula 
Hyperkinetic circulatory state 

Renal parenchyma Chronic pyelonephritis 
Chronic glomerulonephritis 
Following kidney 

Cystic kidneys 
Congenital segmental hypoplasia-Ask-Upmark 
Hydronephrosis 

transplantation 

Renal vessels Stenosis of renal arteries 

Endocrine glands Steroid therapy 

Neuroblastoma 

Central nervous system 

Metabolic disorders 

Others 

Hypertension Caused by the 
Cardiovascular System 

Coarctation of the Aorta 

Coarctation of the aorta (CAA) is considered, to 
some extent, the classic cause of high blood pressure 
in infants. It was known that stenosis of the aorta 

Tumor (especially Wilms' tumor) 
Obstructive uropathy 
Radiation nephritis 
SchOnlein-Henoch nephritis 
Lupus erythematosus 
Hemolytic-uremic syndrome 
Renal trauma including puncture 

Renal vein thrombosis 
Aneurysm of the renal arteries 
Multiple neurofibromas 

Cushing's syndrome 
Adrenogenital syndrome 
Primary hyperaldosteronism 

Pheochromocytoma 
Hyperthyroidism 
Hyperparathyroidism 

Increased intracranial pressure (edema, space-
occupying process) 

Encephalitis 
Heavy metal poisoning (mercury, lead) 
Guillain-Barre syndrome 
Familial dysautonomia (Riley-Day) 

Porphyria 
Hypercalcemia 

Congenital rubella syndrome 
Pseudoxanthoma elasticum 
Stevens-Johnson syndrome 
Burns 
After sympathomimetic drugs (nose and eye 

drops) 
Reserpine and methyldopa overdose 
Progeria 

led to high blood pressure in the upper half of the 
body long before the pathophysiologic relationship 
between renal and endocrine causes and hyperten
sion was recognized. On the other hand, coarctation 
of the aorta was the first illness inducing hyperten
sion which could be treated causally, i.e., by 
surgery.22 

Many questions still remain unanswered today 
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Table 7. Frequent Causes of Sustained Secondary 
Hypertension In Various Age Groups 

Newborn 

Infants and small children 

Preschool children 

School children and youths 

Coarctation of the aorta 
Stenosis of renal arteries 
Polycystic kidneys 

Coarctation of the aorta 
Renovascular processes 
Obstructive uropathy 
Wilms' tumor 
Polycystic kidneys 
Neuroblastoma 

Renovascular processes 
Polycystic kidneys 
Pyelonephritis 
Hydronephrosis 

Renovascular processes 
Renal parenchymal 

disease 

despite decades of intensive pathological, clinical, 
and experimental work by numerous teams. Theo
ries about the etiology of CAA are, as yet, in dispute, 
and the explanations of the pathogenesis of the as
sociated hypertension are controversial. Finally, 
there are differences of opinion as to indication, tim
ing, and type of surgical intervention. 

Pathological anatomy of coarctation of the aorta 
A narrowing in the distal segment of the aortic arch 
is observed in 5 % to 8 % of all congenital heart or 
vessel malformations as either an isolated or asso
ciated defect. The most common form is the typical 
juxta- or preductal, or else ligamentary located, 
coarctation, which can occasionally develop into an 
atresia. This is not the same as an interruption of 

the aortic arch, which can be localized between the 
brachiocephalic artery and the left carotid artery, or 
between the former and the left subclavian artery. 
Anatomically two forms of CAA can be distin
guished: (1) a mostly elongated diffuse stenosis of 
the aortic tube proximal to either the ductus junc
tion or the insertion of the ligamentum arteriosum, 
also described as a tubular hypoplasia or a diffuse 
narrowing of the aortic isthmus, and (2) a short 
hourglass-shaped stenosis on the level of the ductus 
or ligament. The left subclavian artery can be in
volved in the stenosis in either form. The earlier 
subdivision into an infantile (1) and adult form (2) 
has been abandoned since it has been shown that, in 
the case of tubular hypoplasia, there are almost al
ways serious associated defects, which naturally 
present pronounced symptoms, even in young in
fants, thus leading to the discovery of the malfor
mation very early in life. On the other hand, a short 
stenosis without additional defects can also cause 
severe congestive heart failure as early as in the 
newborn. 

Table 8 provides information about the type and 
frequency of associated malformations; to some ex
tent these are subclassified according to the age at 
which the symptoms appear. Among the infants, 
70% to 85% present with a combination of one or 
more defects, the most common of these being per
sistent ductus arteriosus, large ventricular septal de
fect, and malformation of the aortic valve. The nu
merical proportions become even less favorable in 
postmortem statistics/ according to which more 
than 90% of the infants suffered from serious addi
tional defects, so that the coarctation can often be 
regarded only as a complicating associated malfor
mation. If only the patients diagnosed beyond the 
age of infancy are taken into consideration, the fre-

Table 8. Malformations Associated with Coarctation of the Aorta 

Hartmann Sinha Simon and Wimmer, Liberthson 
et al., 1967 et al., 1969 Zloto, 1974 1975 et al., 1979 

Age of patients in years <1 1-15 <1/2 2-60 0-15 1 1-72 
Total no. of patients 60 76 71 190 112 43 191 
Simple CAA 9 24 16 69 43 14 140 
CAA + PDA 30 3 46 35 38 26 14 

+ VSD 26 9 38 11 20 13 5 
+ ASD 26 1 6 2 
+ AS ? 4 5 15 11 1 27 
+ AI ? 2 38 9 
+ aortic valve deformity ? 35 22 
+ mitral lesion 2 19 1 4 
+ EFE 7 
+ others 8 11 20 

PDA = persistent ductus arteriosus; VSD = ventricular septal defect; ASD = atrial septal defect; AS = aortic 
stenosis; AI = aortic insufficiency; EFE = endocardial fibroelastosis. 
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quency of associated defects is reduced to 60 % to 
70%, and these consist mainly of aortic and mitral 
lesions and smaller persistent ductus arteriosus. 

While only a few small collateral arteries exist in 
the newborn, with time an extensive bypass circu
lation develops, especially from the lateral neck and 
scapular region to the upper intercostal arteries and 
over the internal mammary arteries to the lower in
tercostal and epigastric arteries. The widened, thin
walled intercostal arteries may show aneurysmatic 
changes in the upper parts of the thorax. These lead 
to erosions on the dorsal costal segments, which can 
be ascertained as rib notchings on X-rays from 
about 10 years of age on. 

Etiology of the coarctation 
Although research on the causal origin or coarcta
tion of the aorta has been undertaken since the mid
dIe of the last century, a uniform concept has not 
been developed. Craigie ,23 Skoda, and, more re
cently, Brom,14 too, advocate the theory, which is 
supported by histologic findings, that muscular or 
fibrous tissue typical of the structure of the ductus 
arteriosus in the process of closure in the newborn, 
or else of the ligamentum arteriosum, encroaches 
upon the aorta wall in a ring- or pincerlike fashion 
and here, by contraction or stricture, causes a 
stenosis. 

On the basis of pathological examinations Hutch
ins45 formulates the hypothesis that the stenosis de
velops early on in the fetus. He could regularly prove 
a foldlike spur in the dorsal aortic wall opposite the 
entrance of the ductus, the structure of which was 
like that of a normal branching of the aorta. These 
findings led him to the assumption that the ductus, 
unlike the ascending aorta, is preferentially pro
vided with blood during the fetal period and that 
the bloodstream undergoes a division at the ductus 
entrance, cranially (left subclavian artery and caro
tid artery) and caudally. This theory is supported by 
the known fact that more than 80 % of those having 
a coarctation of the aorta have associated defects 
which provoke a relatively larger blood flow through 
the ductus before birth. On the other hand, CAA 
never appears in combination with other heart de
fects such as Fallot's tetralogy or pulmonary atresia. 

Rudolph et a1.,t°2 on the strength of clinical obser
vations and angiocardiographic findings in young in
fants as well as the results of animal experiments, 
put forward hypotheses which could explain the an
atomic differences between the long diffuse hypo
plasia of the distal aortic arch and the short, jux 
taducial, hourglass-shaped stenosis. Serious associ
ated defects (especially large ventricular septal de
fects) could be proved in all patients with tubular 
hypoplasia of the aortic arch (see Fig. 7); these de-

fects could lead to a relatively increased blood flow 
through the ductus and a comparatively smaller flow 
to the ascending aorta, so that the isthmus segment 
has only to cope with a smaller volume of blood than 
under normal conditions of blood flow. Conversely 
the short, localized coarctation is only rarely com
bined with associated defects which affect the he
modynamics. 

The etiology of simple CAA is explained as fol
lows: The existence of even a small fold on the dorsal 
wall of the aorta opposite the entrance of the ductus, 
which could be easily derived from the prenatal flow 
pattern in this area and which at birth has no sig
nificant hemodynamic effects yet, leads to a stenosis 
when the physiologic closure of the ductus occurs 
(see Fig. 6). The blood passes this section freely 
until the duct is constricted, as the entrance of the 
ductus here guarantees a somewhat wider diameter 
of the aorta. This theory may explain the relatively 
frequent clinical observation that the initially nor
mal condition of the blood pressure in the newborn 
develops into one symptomatic of a serious CAA 
within days or weeks.102.114 The manifestation of a 
CAA after ligation of the ductus is supposedly based 
on the same mechanism.26 None of the aforemen
tioned theories is able to explain all anatomic con
ditions satisfactorily. Nevertheless, it can be taken 
as certain that in by far the largest percentage of 
patients prenatal anomalies of blood flow dynamics 
play the main role in the etiology of CAA. 

Pathophysiology of coarctation of the aorta 
In most cases the associated cardiovascular defects 
have a significant effect on the hemodynamic situa
tion of a CAA; indeed, hemodynamics are frequently 
changed to such an extent that, from a pathophys
iologic point of view, the aortic narrowing is of minor 
importance. Thus heart failure with virtually no hy
pertension is often the major clinical finding. 

If, at the beginning, there is only a minor isolated 
stenosis or if the segment of the ductus arteriosus at 
the aorta is still patent, then the obstruction devel
ops only slowly, over weeks or months. In these cases 
there is time for the necessary adaptation of the 
heart and circulation, with the result that these pa
tients can reach school age or adolescence with few 
symptoms. Hence, the hemodynamic and clinical 
situation is significantly affected by the degree of se
verity of the coarctation and the rate of its devel
opment. At first the left ventricle tries to adjust to 
the increased afterload by corresponding hypertro
phy. Especially in the infant and toddler, the left 
ventricular myocardial structure will develop more 
rapidly than it should according to its chronological 
age. The blood supply to the lower half of the body 
is ensured by the opening of sufficient collateral ar-
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teries. In this wayan abrupt rise in blood pressure 
and the consequent induction of heart failure are 
also counteracted. Anyhow, this development is ex
ceptional and affects only about 10% to 15% of all 
those with a CAA. 

On the other hand, if, after birth, the obstruction 
increases quickly and no adequate collateral arteries 
exist, then cardiac failure occurs. This, however, is 
often manifested only through a febrile respiratory 
tract infection in the young child. Certainly, the 
rapid growth of the young child and the thereby nec
essarily fast-increasing cardiac output also play a 
role in this context; because of this, a fixed stenosis 
becomes hemodynamically relatively more effective. 
If cardiac failure occurs, and therewith a reduction 
in cardiac output, the blood pressure in both the as
cending and descending aorta will drop likewise. In 
this situation "normal" blood pressure will result so 
that, in the case of inadequate physical examination, 
the connection will not be correctly judged and the 
CAA will remain undiagnosed. 

If sufficient collateral arteries have developed 
quickly enough, which is rather the exception in 
young infants, lower pressures result in the preste
notic arterial bed and the pressure difference be
tween the ascending and descending aorta is dimin
ished. Therefore, nothing about the actual severity 
of the CAA can be concluded from the finding of a 
slight blood pressure difference between the arms 
and legs. The hemodynamics in the case of a local
ized, short CAA with sufficient collateral circulation 
are schematically presented in Figure 5.101 

If, postnatally, the severity of the CAA increases 
rapidly, very unfavorable changes with regard to 
blood flow, blood pressure, and resistance occur, 
which may be detrimental to the heart and circula
tion. Where, prenatally, there was no reason for the 
development of a bypass circulation, a sharp rise in 
the resistance to the blood flow suddenly occurs in 
the circulatory system and thereby creates an in
crease in the afterload for the nonadapted left ven
tricle. To begin, the systolic and diastolic pressures 
in the ascending aorta rise and the end-diastolic 
pressure in the left ventricle (LV) increases. How
ever, as the reserves of this ventricle in the young 
infant are limited, the left atrial and the end-dia
stolic pressure in the LV mount further, whereas the 
stroke volume decreases. Finally, increasing left 
ventricular failure leads to pulmonary edema. The 
foramen ovale is opened as a result of hyperexten
sion of the left atrium, especially of the septum, so 
that in addition a varyingly large left-to-right shunt 
develops on the atrium level. As a result of the extra 
volume load and, in some cases, also additional left
to-right shunt from the aortic arch over the still 
partly patent ductus into the pulmonary artery, the 

IVC 

Figure 5. Schematic presentation of the hemodynam
ics-intracardial and intravascular pressures in mm Hg 
and oxygen saturation in % (circled)-in a child with a 
short, localized coarctation and sufficiently developed 
collateral circulation. 

pressure in the latter can rise to a systolic value of 
50 to 80 mm Hg. In this situation failure of the right 
ventricle is added to failure of the left because both 
ventricles are exposed to considerably increased 
pressure and output loads. Ostensibly, normal blood 
pressures are measured in the arms under these cir
cumstances, too, and so the diagnosis is obscured. 

Graham et aP4 could show in an impressive man
ner that the younger the patient when cardiac fail
ure became evident, the greater the damage to the 
function of the myocardium; they demonstrated this 
feature by analysis of the systolic and diastolic vol
umes and the ejection fraction of the right and left 
ventricle. Figure 6 shows the hemodynamics in an 
infant with localized, juxtaductal coarctation of the 
aorta and still partly open but mostly closed ductus 
as well as a left-to-right shunt over a patent foramen 
ovale. lol 

By far the most unfavorable hemodynamic situa
tion is that of the frequent combination of a CAA 
with a large ventricular septal defect: the systemic 
resistance is particularly high owing to the obstruc
tion; on the other hand, the pulmonary resistance, 
as a rule, decreases after birth, and usually a con
striction of the ductus arteriosus occurs (Fig. 7). 
This results in an enlarging left-to-right shunt 
through the ventricular septal defect and a critical 
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Figure 6. Schematic presentation of the hemodynamics-intracardial and intravascular pressures in mm Hg and 
oxygen saturation in % (circled)-in a newborn (a) and an older infant (b) with localized juxtaductal coarctation. In 
the newborn, because of the still patent ductus, there is only slight obstruction at the level of the stenosis, left-to-right 
shunt through the ductus, and a patent foramen ovale. Later (b) the stenosis has considerably increased as a result of 
the obliteration of the ductus and disappearance of the left-to-right shunt at the ductus level. 

impairment of the perfusion of the lower part of the 
body, which again may lead to renal failure. The 
pulmonary venous backflow and therewith the end
diastolic pressure in the left atrium and ventricle in
crease, which soon leads to a global heart failure 
with dyspnea and tachypnea as well as hepatomeg
aly. As a result of the large left-to-right shunt, the 
oxygen saturations in the aorta and the pulmonary 
artery are initially at about the same level, yet the 
reduced perfusion of the lower half of the body leads 
to local hypoxia and thus to the development of a 
metabolic acidosis. The spontaneous survival of a 
carrier of such a combination of defects is only pos
sible if either the coarctation is not very pronounced 
or the pulmonary resistance postnatally remains 
high and the ductus arteriosus stays sufficiently pat
ent that an adequate perfusion to the lower half of 
the body can be maintained by these means. Indeed, 
this constellation, hemodynamically fortunate at 
the beginning, is to be found in only a few excep
tional cases, which then, nevertheless, develop a 
progressive pulmonary sclerosis in the course of 
time and thus can no longer be operated upon. 

Pathogenesis of the hypertension 
Essentially two theories exist which explain the 
prestenotic hypertension of CAA; they concern 
either mechanical or humoral-renal factors. 

Gupta and Wiggers35 were the first to refer to the 
significance of the diminished compliance and ca
pacity of the short aortic segment, which in CAA is 
available as the arterial compression chamber. More 
recent animal experiments and clinical-hemody
namic examinations of patients with a CAA show 
unequivocally that, in addition to an increase in the 
total peripheral resistance as a result of the stenosis, 
a change in the pulse wave reflexion also takes place 
which, in turn, leads to a change in the aortic pres
sure curve. These anomalies can be estimated as ev
idence of the inadequate function of the arterial 
compression chamber, whereby the cushioning ef
fect on the pulsatile flow is largely lost. At the same 
time, one must obviously bear in mind that the se
verity of the stenosis and the extent of the collateral 
circulation also essentially determine the level of the 
blood pressure. 

Since the discovery of the renin-angiotensin sys
tem, numerous studies with patients and in animal 
experiments have been undertaken in order to clar
ify its role in the pathogenesis of hypertension. The 
results remain contradictory until now. In children 
as well as in adults the measured plasma-renin ac
tivities were within the standard range under both 
basal conditions and orthostasis.3,78,112,124 

These findings are in agreement with the results 
of very thorough examinations of the renal hemo-
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Figure 7. Schematic presentation of the hemodynam
ics-intracardial and intravascular blood pressure values 
in mm Hg and oxygen saturation in % (circled)-in an 
infant with preductal coarctation of the aorta and tubular 
hypoplasia of the distal aortic arch with a large ventric
ular septal defect as well as left ventricular outflow tract 
obstruction. Cross-shunt over the ventricular septal de
fect with predominant left-to-right shunt, shunt through 
the narrowed but still open ductus arteriosus from the 
pulmonary artery into the descending aorta. "Normal" 
blood pressure in the ascending aorta clearly increased 
pressures in both atria. 

dynamics in CAA.54 The renal blood flow, the glo
merular filtration, and the mean arterial blood pres
sure were not significantly different from the 
corresponding normal values. 

On the other hand, as long ago as 1951 Scott and 
Bahnson were able to show by animal experiments 
that renal factors must playa role in the genesis of 
hypertension in CAA.105 Surgically induced coarcta
tion of the aorta in dogs always led to hypertension 
in the upper half of the body in the course of 5 to 7 
weeks. However, the high pressure dissipated when 
unilateral nephrectomy was performed and the 
other kidney was transplanted to the neck region 
and consequently received blood from the presten
otic aortic segment. 

More recent studies2 of CAA patients have shown 
that, under normal conditions and with lower salt 
intake, the plasma renin activity in these individuals 
was within normal limits similar to healthy controls 
and patients with essential idiopathic hypertension. 
Following administration of furosemide, however, 
the plasma renin activity in CAA patients increased 

significantly, whereas it remained within the normal 
range in the other two groups. Aldosterone, plasma 
volume, and extracellular fluid were already, before
hand, significantly higher in CAA. One can deduce 
from these findings that hypertension associated 
with CAA corresponds to the model of the unilateral 
Goldblatt kidney. The authors sum up the results in 
the hypothesis that CAA first reduces the renal 
blood flow whereby the juxtaglomerular apparatus is 
stimulated to secrete renin which, in turn, initiates 
the production of aldosterone and angiotensin. 
These hormones bring about water and salt reten
tion from which an expansion of the blood volume 
and of the extracellular space follows, with a subse
quent rise in blood pressure. As, thereby, the renal 
blood flow increases again, a restriction, i.e., nor
malization of the renin secretion, occurs as the result 
of a feedback. 

In light of the above-mentioned results, there is 
strong indication for believing that hydromechani
cal as well as humoral-renal factors are responsible 
for the hypertension associated with CAA. 

Clinical features and diagnosis of coarctation of 
the aorta 
A clearly distinguishable pattern, in terms of his
tory, clinical findings, and course, is evident in the 
group of infants on the one hand and older children 
and adults on the other. 

Patients beyond infancy till adolescence generally 
present an unremarkable or at least uncharacteristic 
previous history. Complaints of occasional head
aches, epistaxis, impairment of physical strength, 
cool legs, or nocturnal leg pains are reported in only 
about a quarter of the cases. 

If the children are asymptomatic and thus have 
probably no significant associated malformations, 
one usually finds a good, sometimes almost athletic 
physical development. Physical examination then 
reveals certainly a few findings which are typical of 
CAA: strong brachial pulses, missing or clearly 
weakened femoral pulses and, accordingly, a blood 
pressure increase of varying degree in the upper half 
of the body (Fig. 8) in association with low or un
measurable pressures in the legs. 

If one of the subclavian arteries originates below 
or directly from the stenotic area (about 10% of pa
tients), the corresponding arm pulse (left in the case 
of normal origin, right in the case of an aberrant 
subclavian artery: arteria lusoria) is only weakly 
palpable and the blood pressure here is accordingly 
lower. Normal blood pressure in the arms at rest, at 
least in childhood, does occur occasionally if either 
the stenosis is not very pronounced or a good collat
eral circulation has developed (Fig. 8). Physical ex
ertion then, of course, leads to an inadequate pres
sure rise in the upper part of the body with constant 
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Figure 8. Blood pressure, according to Riva-Rocci, in 
the right arm in 20 children with a coarctation of the 
aorta without hemodynamically significant associated de
fects. The systolic and diastolic values in four patients lie 
below the 95th percentile, according to Londe. From 
Londe S, ref 70 

or only slightly increasing pressure distal from the 
stenosis. Figure 9 shows the extent to which the level 
of the blood pressure can vary in individual patients 
in the course of a day; therefore, one can draw only 
inadequate conclusions as to the severity of the hy
pertension from a single measurement. The intra
individual variation is primarily dependent on the 
different states of vigility, i.e., finally, on cardiac 
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Figure 9. Blood pressure during the course of a day in 
an 18-month-old child with coarctation of the aorta. 

output and peripheral resistance. Nevertheless this 
24-h profile shows that even the lowest systolic pres
sure in deep sleep does not fall below the 90th per
centile. If, in addition, one hears a precordial sys
tolic murmur at the base of the heart or in the 
interscapular region in the back, then the diagnosis 
of coarctation of the aorta is almost certain. 

In teenagers and young adults with a stenosis of 
severe degree and a well-developed collateral circu
lation, one can occasionally hear a continuous fis
tulalike murmur over the shoulder and upper back 
and feel a thrill. Heart failure is only seldom ob
served before the age of 40.63 

Electrocardiography shows normal findings or 
mild to moderate left ventricular hypertrophy. Left 
ventricular strain pattern is seldom seen in isolated 
CAA and, if so, then almost exclusively in older 
patients. 

If no additional defect is present, the roentgeno
logic findings are in most cases unremarkable until 
adolescence. The heart is not enlarged and the shape 
of the heart appears normal. The older the patient, 
the more likely the presence of dilatation of the as
cending aorta and the typical, although not pathog
nomonic, rib notches, especially in the dorsal area of 
the fourth to eighth ribs as a result of the collateral 
circulation through the intercostal arteries. A note
worthy cardiomegaly becomes evident only with the 
development of cardiac failure. The figure of 3 on 
the left upper edge of the mediastinum, which is 
often quoted as due to the aortic constriction in the 
area of the stenosis, can be shown in only a small 
percentage of the patients. 

An entirely different clinical picture38.101.106.109 is 
present iii infants, especially in the first months of 
life. More than 80 % of the children whose CAA is 
diagnosed before the age of 1 year develop symp
toms of cardiac failure, which is more strongly pro
nounced the earlier the signs appear. Cyanosis fre
quently supervenes. As a result of thorough 
investigation one can usually establish a difference 
in the quality of the arm and leg pulses and a dif
ference in the blood pressures. Figure 10 illustrates 
to what extent the blood pressure measurements can 
vary from case to case, also in infancy. All patients 
younger than 3 weeks of age had severe cardiac fail
ure. The diagnosis based on clinical features only is 
often unreliable because, in severe cardiac failure, 
especially in young infants, only faint pulses are 
palpable generally. Moreover, the lower half of the 
body can still be sufficiently perfused through a pat
ent ductus where there is a preductal coarctation. 
The findings on auscultation are, likewise, usually 
not characteristic of CAA, as either the output is 
greatly reduced owing to cardiac failure and there
fore the typical systolic murmur is fainter, or other 
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Figure 10. Blood pressure in 15 symptomatic infants 
with an isolated or preductal coarctation of the aorta 
without further hemodynamically significant associated 
defects. In two patients in the first 2 weeks of life the sys
tolic and diastolic pressures lie within normal limits; in a 
further five, in the second to eighth months of life, only 
the diastolic pressure. 

murmurs are present because of associated anoma
lies such as a ventricular septal defect or aortic valve 
stenosis. The murmur becomes more characteristic 
following successful anticongestive treatment; the 
expected systolic murmur becomes louder, and it 
can now also be heard dorsally between the shoulder 
blades. 

The younger the infant when the aforementioned 
symptoms appear, the more likely one is to find in 
the electrocardiogram: a right ventricular hypertro
phy with incomplete right bundle branch block and 
right axis deviation, particularly when there is also 
an associated atrial septal defect and patent ductus 
arteriosus. Diffuse ST -T changes are frequent. If the 
child survives with medical therapy, the ECG pat
tern changes only slowly and a left hypertrophy pat
tern may appear additionally. On the other hand, 
isolated left ventricular hypertrophy in the ECG at 
this age is very rare. 

The chest X-ray of a symptomatic infant shows 
an unspecific cardiomegaly, often with marked 
prominence of the pulmonary segment; the pulmo
nary vascular markings in most cases seem defi
nitely increased. Pathognomonic changes do not 
show up. 

Early heart catheterization is always necessary 
because the diagnosis of CAA in young infants on 
the basis of clinical findings can only be suspected 
in most cases-seldom confirmed-and, in a high 
percentage of cases, it is associated with severe de
fects. With a view to surgical intervention, which is 
often necessary within the first weeks of life, the 
type, extent, and severity of the coarctation as well 

as possible associated defects ought to be deter
mined as exactly as possible by catheterization and 
angiocardiography. 

Natural history of coarctation of the aorta 
From personal observations over decades Camp
bell17 was able to establish that 20% of the patients 
with an isolated CAA who had survived the first year 
of life without surgical treatment died before the age 
of 20. A further 60% of these did not survive the age 
of 50. The main causes of death besides cardiac fail
ure and bacterial endocarditis were cerebral hem
orrhage following atherosclerosis or cerebral aneu
rysms and rupture of the aorta. However, the latter 
complication may occur even in childhood.91a Hart
mann et al.38 arrived at even more unfavorable re
sults regarding prognosis on the basis of an exten
sive study (710 cases) of infants with CAA in whom 
cardiac failure developed in the first 6 months of 
life. Without therapy, 36% of those with only an 
isolated CAA succumbed during the observation pe
riod. Only 21 % of those with additional defects sur
vived spontaneously. With exclusively medical ther
apy, 88% of the children with an isolated CAA 
stayed alive in contrast to only 22 % of those with 
associated malformations. Obviously the prognosis 
can be improved only by means of surgical interven
tion: 288 (60%) of the 481 operated infants survived. 
Newborn infants who develop congestive heart fail
ure in the first weeks of life have the least favorable 
chances of survival as, even with appropriate surgi
cal treatment, hardly more than a third of the chil
dren can be saved.38•m The large number of severe 
associated defects is especially evident in this frac
tion. These associated defects add to the CAA in 
terms of hemodynamic effect and thereby enhance 
the development of cardiac failure. Generally, it is 
confirmed that the earlier the symptoms appear, the 
less favorable is the prognosis in the individual case. 

Treatment of coarctation of the aorta 
Surgery is generally agreed to be the only sensible 
therapy for CAA. However, opinions vary consider
ably as to the most advantageous time and the best 
technique of operation. 

In view of the unfavorable results of purely med
ical treatment among infants, early surgical inter
vention has long been given preference in cases 
where cardiac failure shows no signs of improving 
within 2 or 3 days of intensive anticongestive ther
apy.l09.115 Others regard each delay of a corrective op
eration as an additional danger for the young infant, 
and surgery is recommended as an urgent measure 
following clarification of the diagnosis and introduc
tion of anticongestive treatment.32•106 At the same 
time, the risk of a residual or recoarctation (20% to 
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30%) as a result of an incomplete elimination of the 
stenosis (hypoplastic segment) or insufficient 
growth of the vessel anastomosis is taken into ac
count as the lesser evil-for it is a question of a life
saving operation for nearly every young infant and 
a second operation is, in general, unproblematic and 
of low risk.123 

Early operation is equally striven for in infants 
with an isolated CAA for several reasons: even after 
cardiac failure has been overcome by means of med
ical measures, the hypertension in the upper half of 
the body remains unchanged, very often reaching 
considerable proportions and, moreover, the pa
tients nearly always fail to thrive. In conclusion, it 
seems certain that the later the stenosis is elimi
nated, the less favorable the later morbidity will be, 
especially in terms of a persistent hypertension, and 
also, in association with this, the long-term 
prognosis. 

While, as a rule, the clinical course compels early 
operation in patients under one year old, the most 
advantageous age for operating on asymptomatic 
toddlers and school-age children is still a matter for 
debate. Recommendations range from the first to 
the twentieth year. Many consider that a resection 
should not be performed earlier than school age be
cause, if it is done in early childhood, they fear that 
the anastomosis will not grow sufficiently with the 
child so that there is danger of a restenosis. These 
ideas are based on the observation that a noticeable 
pressure difference is produced only by a stenosis of 
which the diameter amounts to less than 50% of the 
prestenotic aortic diameter. According to various 
measurements, the aortic cross section in healthy 
children between the ages of 3 and 8 years reaches 
about 50% of the adult aorta. Therefore no signifi
cant narrowing-also no more hypertension
should appear as a result of an operation at this age 
or later. However, as not only mechanical factors 
playa role in the production and persistence of hy
pertension, this idea is valid only in theory. The hy
pothesis is especially inconsistent with the frequent 
observation that the later the operation was carried 
out and the higher the presurgical pressures were, 
the higher is the percentage of patients with persis
tent hypertension following CAA resection. 

Taking into consideration long experience and the 
results of extensive follow-up investigations as well 
as better surgical techniques, it is recommended 
nowadays that operation of the coarctation be car
ried out as early as the diagnosis is established, at 
least before the patient starts school, if feasible. 32.63 
Definite hypertension-pressures constantly well 
above the 95th percentile for age-and additional 
cardiomegaly are criteria for early surgery. Thus, in 

these cases, coarctectomy should be performed as 
early as during the first year of life, even in the ab
sence of frank congestive heart failure. 

The classic operative procedure for CAA is the re
section of the coarcted segment and anastomosis of 
the two ends of the aorta.22 Although the original 
technique of continuous suture was abandoned in 
favor of interrupted sutures for about half of the cir
cumference because of the high number of recoarc
tations, early and long-term results were not always 
satisfactory. The procedure proved to be unsuitable, 
especially with the presence of a considerable hy
poplasia of the prestenotic segment. Various modi
fications were developed, all of which are based on 
a plastic widening by a gusset or a bypass of the nar
row segment. 

Today, a conventional end-to-end anastomosis 
should be limited to those patients who, because of 
later diagnosis, undergo surgery only when they are 
teenagers or adults and whose pre- and poststenotic 
aortic diameters are about the same size. The 
method of choice for infants and small children 
seems to be an excision of the stenosing membrane 
and a plastic widening of the segment using autolo
gous material (pericardium, subclavian artery) or a 
synthetic prosthesis (Dacron, Gore-tex). 

Operative mortality is essentially dependent on 
the age of the patient and the associated defects. 
Consequently, the results of surgery on the young 
infants who have serious associated cardiovascular 
malformations and develop cardiac failure early are 
the least favorable. According to larger statistics 
only 20 % to 40 % of this age group survive 
operation.32.109.115 The results in our unit have been 
considerably improved with the better postopera
tive care and control: 30 of 38 patients survived. 
Older infants and young and school-age children 
have a definitely more favorable prognosis, as they 
seldom show hemodynamically significant associ
ated defects, and one can perform surgery on an 
elective basis. The surgical mortality in these groups 
is below 3 % nowadays. The same applies to young 
adults, whereas the risk obviously increases again 
for patients older than 30 years as atherosclerotic 
vessel changes can lead to life-threatening compli
cations during and after the operation.14 

Course and prognosis following surgical 
correction 
Soon after the introduction of the corrective opera
tion for CAA, one had to recognize that though it led 
to a blood pressure drop in many patients, in a cer
tain percentage, despite optimal technique, unex
pected early or late complications occurred. 

Postoperatively, in numerous patients, an exces-
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Figure 11. Pre- and postoperative systolic pressures 
(right arm) in 16 children over 5 years of age with coarc
tation of the aorta. A paradoxical hypertension occurred 
in three patients, which necessitated antihypertensive 
drugs. 

sive increase in blood pressure occurs which is often 
well above the preoperative initial value33,99 (Fig. 11). 
This phenomenon can be separated into two distinct 
phases. The first phase of this paradoxical hyperten
sion begins soon after the end of the operation. The 
systolic blood pressure increases by 35 to 50 mm Hg; 
the diastolic pressure, on the other hand, hardly 
changes at first. In the second phase, which starts 24 
to 48 h after the operation, the systolic pressure falls 
slightly-however, not below preoperative values
and the diastolic pressure increases by about 25 mm 
Hg. In the course of a week, the blood pressure often 
reaches its initial preoperative level again. In terms 
of pathogenesis, the first phase is based upon in
creased sympathetic activity with considerably in
creased norepinephrine production, whereas the 
second phase is explained by increased plasma renin 
activity. After 1 week the plasma renin values have 
actually already returned to normal. 78,99 The so
called postoperative mesenteric arteritis is also con
sidered to be associated with this paradoxical rise in 
blood pressure. This condition manifests itself in se
vere abdominal pains and, in isolated cases, leads to 
rupture of the intestine. Early application of anti
hypertensive agents is recommended as a prophy
laxis for this serious complication. 

False or real dissecting aneurysms in the area of 
the anastomosis present a rare early complication of 
CAA resection.63,79 If discovered in good time (neck 
and interscapular back pains are typical), they can 
be successfully operated on. Occasional paraplegial07 
as well as cerebral and subarachnoid hemorrhage 
have been described as extracardiovascular compli-

cations. Myocardial infarction and bacterial endo
carditis are also considered as unusual early 
sequelae.63 

Persistent or postoperatively reappearing hyper
tension, known as a complication for a long time, 
poses a large unresolved problem in terms of path
ogenesis and etiology.27,63,79,90,l06,l07 Residual stenosis, 
recoarctation, and as yet unknown factors are re
sponsible for sustained hypertension or recurrence 
of hypertension. The causative associations are un
equivocal only for residual stenosis or restenosis, 
which can be discovered after surgery in infancy in 
15 % to 20 % and in about 10 % of those operated on 
after the age of 1 year. 

On the other hand, persistent hypertension with
out discernible causes is considerably more common 
(25% to 50% ).63,79,90 All postoperative checkups have 
shown that the later the correction was undertaken 
and the higher the preoperative pressure, the more 
frequently the increased blood pressure persisted. If 
one leaves the residual stenoses out of consideration, 
which occur in young infants owing to an aortic arch 
hyoplasia, this age-dependent tendency is recog
nized as early as in the first 5 years of life.106 Changes 
in the elastic quality of the aortic wall, persistence 
of maladjustment of baroreceptors, and a promotion 
of the development of an essential hypertension are 
discussed here as possible factors. Attention has 
only recently been drawn to the phenomenon that a 
disproportionately large pressure rise occurs with 
physical work stress in patients with normal blood 
pressure at rest; this increase can, in part, be ex
plained by a mild residual stenosis which is hardly 
noticeable at rest, but in part also remains unclear 
from an etiologic point of view21,28,46 (Fig. 12). 

The most comprehensive catamnestic study79 in
volving 248 patients 11 to 25 years after a CAA op
eration (age at operation 2 to 50 years) found that 
in spite of good resection of the stenosis in most 
cases, cardiovascular diseases were present in a high 
percentage of the patients. During the period of ob
servation, 12 percent of the patients had died; in 
40 % of those surviving, the postoperative blood 
pressure had not decreased or had even increased, 
and in a further 40% clinically comprehensible 
pathologic changes in the heart and vessels were 
present. In the light of these results, there is a high 
probability of a relationship between the level and 
duration of the hypertension before the operation 
and the unexpectedly high morbidity and early 
death rate following apparently successful surgery. 
The findings emphatically underline the importance 
of the earliest possible diagnosis and treatment of 
CAA. Careful follow-up care and control after a suc
cessful operation are of paramount importance, es-
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Figure 12. Response of blood pressure and heart rate to 
submaximal ergometer stress in eight teenage patients 
after resection of a CAA in comparison with healthy con
trols. From James FW, ref 46 

pecially for the early identification and treatment of 
complications. 

Coarctation of the Abdominal Aorta 

Frequency and types 
Coarctation of the abdominal aorta, which is also 
described as an atypical stenosis of the aorta, is very 
rare in comparison to coarctation of the aorta: only 
about 0.5 % to 1 % of all aortic stenoses are of this 
type. One differentiates morphologically between a 
short hourglass segmental and a diffuse hypoplastic 
type, which again can be localized suprarenally, in
terrenally, or infrarenally (Fig. 13). Of the four big 
visceral arteries (celiac trunk, superior mesenteric 
artery, right and left renal arteries) the renal arter
ies are by far the most frequently involved in the 
narrowing. In this case a branching stenosis is pres
ent on either one or both sides, or there is a supra
renal circumscribed narrowing or a diffuse hypopla
sia for a distance of up to several centimeters.56,u6 

Etiology 
A coarctation of the abdominal aorta may have dif
ferent causes of origin. Similar to the coarctation of 
the aorta, excessive obliteration processes leading to 
a circumscribed narrowing could possibly take place 
at the origin of the branchial arch arteries situated 

farther caudally. The coarctation may also be ex
plained as a fusion error in the development of the 
paired dorsal aortas. The absence of histologically 
domonstrable inflammatory changes supports a pre
natal genesis, as does the frequent combination with 
other malformations, such as congenital heart de
fects, multiple renal arteries and ureters, gonadal 
dysgenesis, and familial occurrence and symptoms 
from early childhood on. On the other hand, those 
stenoses which develop in panarteritis and are ob
served with exceptional frequency in East Asia, in 
particular Japan (Takayasu disease), are supposedly 
acquired.39 Finally, about 50 patients with von Reck
linghausen's disease (neurofibromatosis) have been 
described with coarctation of the abdominal aorta.104 

Arterial stenoses which have developed following 
fetal rubella are mostly not confined to the abdom
inal artery.38 These are considered as of prenatal or
igin. However, they are not assessed as malforma
tions in the strict sense. 

Pathophysiology 
In principle there are no differences to the situation 
with coarctation of the aorta. The collateral circu
lation occurs essentially via the mammary and epi-
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Figure 13. Morphologic distribution and localization as 
well as relative frequency of the different types of abdom
inal coarctation of the aorta. From Vollmar J, ref 116 
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gastric arteries as well as the lower intercostal arter
ies to the external iliac arteries so that, in general, 
a sufficient blood supply is maintained to the parts 
of the body distal to the stenosis. The observation 
that in the case of infrarenal stenoses in general no 
or only slight hypertension is demonstrable is both 
interesting and important for the explanation of the 
pathogenesis of high blood pressure in stenosis of 
the aorta. Evidently the size of the remaining aortic 
pressure chamber and the blood circulation over the 
collaterals is therefore sufficient in these patients to 
avoid hypertension due to a high vascular resistance. 
In contrast to this, a considerable hypertension is 
always present in the cases of an inter- or suprarenal 
stenosis regardless of whether this is segmentary or 
fusiform. The significance of the renin-angiotensin 
system is thereby underlined, although so far no ap
propriate biochemical data have been communi
cated, probably because of the rarity of these cases. 

Diagnosis 
Symptoms of coarctation of the abdominal aorta sel
dom appear before puberty. Headaches, vertigo, and 
epistaxis are interpreted as results of hypertension. 
These symptoms, indeed, are reported by only the 
minority of patients. Beyond adolescence, dyspnea 
on exertion, limited working capacity, and palpita
tions can appear in patients with severe hyperten
sion. Insufficient blood flow to the infrastenotic 
body parts is just as rare as in the case of a typical 
CAA. Symptoms of claudication are therefore the 
exception. If the superior mesenteric artery is in
volved in the case of an extreme hypoplasia of con
siderable length, the mesenteric blood flow may be 
impaired, which is manifested by relapsing epigas
tric pains that appear above all after mealtimesYs It 
is far more difficult to arrive at a correct diagnosis 
on the basis of clinical data than in classic CAA. 
Hypertension in the upper part of the body and 
missing or weakened femoral pulses are present in 
both types. The interscapular systolic murmur, 
which is typical for CAA, is, of course, missing. This 
finding can, however, also be established with isth
mus atresia; therefore it has no great value in differ
ential diagnosis. On abdominal auscultation blood 
flow murmurs are heard in most cases of circum
scribed stenosis, but seldom in cases of fusiform nar
rowing. Relatively frequent continuous blood flow 
murmurs which originate in large collateral vessels 
can be heard in both types. An unequivocal diagno
sis in terms of morphology and localization can be 
made only with the help of aortography. 

Therapy and prognosis 
The spontaneous prognosis of coarctation of the ab
dominal aorta is almost as unfavorable as that of 

CAA. If no treatment is carried out, 27% of the pa
tients die before the age of 20, 52.5 % before the age 
of 30, and 75% before the age of 40 and, in fact, 
mostly from complications dependent on hyperten
sion.a9•56 As no significant change in the spontaneous 
course is achieved by medical therapy using anti
hypertensive agents, the coarctation should be op
erated on, if possible immediately after the clarifi
cation of the diagnosis. From several possible 
operative procedures only the aorto-aortic bypass 
using a synthetic prosthesis has proved reliable. If 
the renal arteries or the superior mesenteric artery 
are involved in the stenosis, a plastic reconstruction 
should be carried out simultaneously if necessary, or 
revascularization by means of a direct anastomosis 
between the prosthesis and involved vessel should 
be undertaken. 

According to a larger review56 the operative mor
tality is 11 %. A return to normal blood pressure is 
achieved in about 70% of the patients. If the hyper
tension persists postoperatively, an angiographic as
sessment of the surgical result is necessary. If there 
are still stenotic segments present in the renal arter
ies, a further reconstructive operation is indicated 
and, in individual cases, even a nephrectomy. 

Renal Hypertension in Childhood 

A renal disease is the underlying cause in the great 
majority of children with secondary hyper
tension.57•68•71 It is not unusual for a clinically quies
cent renal disease to be first noticed as a result of 
hypertension being accidentally identified. Fre
quently, a renal cause can be ascertained on the 
basis of a thorough history-taking and clinical ex
amination that is is unnecessary to extend the di
agnostic procedures to rare endocrine, neurologic, or 
metabolic illnesses. 

As the pathology and pathophysiology of diseases 
of the renal parenchyma and renal vessels which 
lead to hypertension have already been described in 
the foregoing chapters, only the age-specific partic
ularities of childhood will be closely looked at here. 

The parenchymatous and renovascular causes of 
hypertension found only, or also, in childhood are 
presented in Table 6, in which extremely rare dis
eases have not been included. 

Renal-Parenchymal Causes of Hypertension 

Besides the known acquired renal-parenchymal dis
eases also found in adults, a large number of differ
ent congenital malformations may be responsible for 
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renal hypertension in childhood.71 Whereas renovas
cular processes and obstructive uropathy, i.e., con
genital malformation, present the main cause for hy
pertension in infancy, after the first year of life renal 
parenchymal diseases constitute in more and more 
cases the reason for an elevated blood pressure. Ba
sically the pathogenetic relationships are the same 
as in adults: inflammatory or ischemic changes in 
the renal cortex activate the renin-angiotensin-al
dosterone system and lead, as a result of dysfunction 
of the sodium-water balance, to high blood pressure. 
At the outset of hypertension vasoconstriction is the 
main hemodynamic deviation. However, with grow
ing renal failure, hypervolemia plays an increasingly 
important role in sustaining the high blood pressure. 

Congenital diseases 

Polycystic Kidneys. In this term all those inhib
itory malformations are included which lead to open 
or closed cysts in the course of the renal tubuli. 
Large solitary renal cysts, which occasionally lead to 
hypertension in adults but never in children, are 
pathologically and anatomically distinguished from 
polycystic kidneys, which become apparent espe
cially in infants and children. The latter form is the 
result of an autosomal recessive inherited trait and 
often appears in combination with hepatic cysts. As 
a rule the infantile type of polycystic renal degen
eration leads to death in the first months of life, 
whereas the juvenile form has a more prolonged 
course with survival up to the second or third decade 
of life.65 Typical clinical findings in the infantile 
type, which are often already evident in the new
born, are very enlarged and firm kidneys leading to 
abdominal distension, hypertension, uremia, and 
anemia as well as excessive salt loss with forced 
polyuria as a result of insufficient tubular concentra
tion. In the juvenile type, as a rule, findings such as 
albuminuria, uremia, and hypertension first appear 
in children between the ages of 5 and 10 years. 

Segmental Hypoplasia Ask-Upmark. This 
congenital malformation has to be classified as a 
form of renal dysplasia. Usually segmental hypopla
sia Ask-Upmark leads to marked hypertension as 
early as during the first 2 years of life. A varyingly 
large segment of the kidney is affected. Histology 
characteristically shows dilated tubuli, hyalinosis 
and sclerosis of the arterioles, and absence of the 
glomeruli. Girls are affected twice as frequently as 
boys by this disease, which is not inherited. In terms 
of pathophysiology this form of hypertension is, at 
the beginning, exclusively induced by high vascular 
resistance, i.e., caused by increased renin activity. 
The kidneys can still be functioning normally, de-

pending on the extent of the hypoplasia. Unequivo
cal diagnosis of this congenital anomaly is often very 
difficult because of the small size of the affected seg
ment and doubtful angiographic and scintigraphic 
findings. If the hypoplastic segment can be removed, 
the prognosis for the patient is favorable. 

Acquired diseases 
Acquired renoparenchymatous diseases form-in
fancy excepted-by far the most common cause for 
renal hypertension in childhood.29,93 

Acute Glomerulonephritis. From 1 to 3 weeks 
after a pharyngeal infection by ,B-hemolytic strep
tococci, an antigen-antibody complex is deposited at 
the basal membrane of the glomeruli. With this phe
nomenon complement consumption occurs. The 
clinical picture is characterized by edema, oliguria, 
hematuria, and hypertension. The most commonly 
affected age group is between 2 and 12 years with 
both sexes being equally affected. Ninety percent of 
the cases of acute glomerulonephritis recover spon
taneously and, in general, blood pressure returns to 
normal, too. In cases of extremely high blood pres
sure with additional hypertensive crises, a hyper
tensive encephalopathy can develop which may 
sometimes lead to an incorrect diagnosis of enceph
alitis.66,98 

Chronic Glomerulonephritis. Chronic glomeru
lonephritis constitutes about half the renal paren
chymal diseases which lead to high blood pressure. 
The various forms can be differentiated only histo
logically by means of a renal biopsy. The dominant 
features are clinical growth retardation, anemia, al
buminuria, and hematuria. Urea and creatinine are 
increased according to the degree of renal failure. 
The clinical course of the disease can be as variable 
in a child as in adults; as a result the prognosis is 
poor and nearly always leads to terminal renal fail
ure within a few years. 

Chronic Pyelonephritis. Whether chronic pye
lonephritis is a primary cause for hypertension in 
children is even more controversial than whether it 
is in adults. Possibly, in the case of an unremarkable 
clinical course of the disease, it will be identified 
only at the stage of kidney atrophy with renal failure 
and, in a child, then falsely diagnosed as renal dys
plasia. Retrospectively unexplained bouts of fever, 
nausea, and abdominal pains can point to a previous 
chronic urinary tract infection.4,58 

Obstructive Uropathy. Organic obstructions in 
the urinary tract, such as urethral valves or ureter 
stenoses, as well as functional disorders in voiding 
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urine, e.g., with neurogenic bladder, lead to a vary
ingly severe urinary stasis. Thus pressure builds up 
in the urinary tract, especially in the renal pelvis 
and calyces, and the renin-angiotensin-aldosterone 
system is thereby activated. Urethral valves can pro
duce such an extreme obstruction that an excessive 
dilation of the urinary tract with formation of hy
dronephroses on both sides is already present at 
birth. Clinically, then, the patient presents with a 
distended abdomen with tumorlike, enlarged kid
neys and a dilated bladder. Therefore, an extreme 
renal failure can already be present at birth. As a 
rule, however, the course of the disease is more pro
tracted so that the above-mentioned findings and 
hypertension resulting from renal failure become 
noticeable only during the first 6 months of life.126 In 
young infants an obstructive uropathy is often di
agnosed only after urosepsis has developed. 

If only a one-sided urinary tract obstruction is 
present, the course of the disease is prolonged and it 
is possibly first discovered only at toddler or school 
age. If formation of urinary calculi is the cause of the 
obstructive uropathy, metabolic disorders such as 
oxalosis and hyperparathyroidism should be ex
cluded by performing the appropriate investigations 
in childhood. It is often possible to surmise the di
agnosis on the strength of clinical findings; usually, 
however, it can be verified only by roentgenologic 
and endoscopic investigations. With almost all 
forms of obstructive uropathy considerable im
provement and often, in fact, a cure can be effected 
by surgery. This is not the case, however, with pa
tients suffering from a neurogenic bladder, which is 
found very frequently in children with myelomen
ingocele. 

Tumors. The pathogenesis of hypertension due to 
intra- and perirenal tumors is most probably non
homogenous. Three mechanisms are discussed as 
possible causes for increased activity of the renin
angiotensin system. One or more intrarenal arteries, 
depending on the position and size of the tumor, can 
be compressed resulting in reduced blood supply to 
the pertinent renal area. A diminished blood supply 
of this kind, however, can also be the consequence 
of intrarenal arteriovenous shunts typical of malig
nant renal tumors. The production of vasoactive 
agents in the tumor itself can also be considered 
as a third cause of renal hypertension due to 
tumors.18.86.128 

The Wilms' tumor, the most common renal tumor 
in children, is discovered most frequently between 
the ages of 1 and 4 years. The diagnosis is often sus
pected as a result of careful clinical examination and 
is confirmed by urogram and, if necessary, arterio
gram. The prognosis is favorable if extirpation is 

carried out at stage I. As a rule the hypertension dis
appears completely following removal of the tumor, 
although it can reappear if metastases develop. 

Schonlein-Henoch Disease, Lupus Erythema
tosus. Generalized lesions of the arterial vessels are 
main features of these two diseases. As a result of 
the involvement of the glomerular arterioles, the 
kidneys, becoming the focal point of the disease, 
produce hypertension. 

Schonlein-Henoch nephritis, a typical affection of 
childhood, is most common between the ages of 5 
and 7 and affects boys especiallyYlO Streptococcal in
fections, medications, vaccinations, primary tuber
culous infection, and even insect stings are given as 
causative factors. Clinically, the diagnosis can often 
be made because of the typical position of the pe
techial hemorrhage on the lower extremities and in 
the area of the buttocks. Swelling of the joints, he
maturia, proteinuria, and severe abdominal pains, 
sometimes with bloody stools, are associated with 
this condition. Histologically, a focal nephritis is al
most always identifiable from renal needle biopsies. 
Furthermore, mesangial deposits of immune globu
lin and complement in individual glomeruli are typ
ical. The serum complement can be lowered. If there 
is a noteworthy arterial hypertension, an unfavora
ble course of the disease has to be assumed, usually 
ending in terminal renal failure. Lupus erythema
tosus seldom appears before the age of 9 and rarely 
takes a peracute course during childhood or 
adolescence. 

Hemolytic-Uremic Syndome. This syndrome, 
which has not yet become quite clear in terms of 
etiology, constitutes the most common cause for 
acute renal failure in infants and small children. 
Older children seldom suffer from this condition. 
However, if they do, the disease is generally more 
severe. Virus infections are considered to be causa
tive noxae. Anamnestically, a gastrointestinal infec
tion almost always precedes the onset of the disease. 
Clinically, the hemolytic-uremic syndrome is char
acterized by marked hemolysis and the simultane
ous appearance of renal failure. Histologically, en
dothelial lesions in the arterioles are manifest, 
which evidently can lead to microthromboses in the 
glomeruli and finally to necrosis of the renal cortex. 
Hypertension can appear when renal function is re
duced by as little as 25 %. Renal function in infants 
and toddlers is usually reestablished within 2 days 
to 6 weeks. On the other hand, however, older chil
dren often suffer from irreversible functional loss. 

Fibrinolysis was recommended as treatment; how
ever, this has been discarded, as it had little success. 
Better results seem to have been obtained by reduc-
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ing the adhesiveness of the thrombocytes using di
pyridamole or acetylsalicylic acid. It is not unusual 
for these patients to need temporary hemodialysis. 
However, hypertension persists during this treat
ment and often remains even after successful kidney 
transplantation, with the result that a bilateral ne
phrectomy can be indicated in some cases. 

Renovascular Hypertension 

Renovascular hypertension is due to either a pri
mary malformation of the renal vessels or a second
ary disease involving the vessels. Table 6 shows the 
main causes of renovascular hypertension in child
hood. Vascular processes constitute the most com
mon cause for renal hypertension in young infants.1 
After the first year renovascular processes, espe
cially stenoses of the renal arteries, are the cause in 
about 15 % of the cases of high blood pressure in 
children. 

Fibromuscular dysplasia 
By far the majority of stenoses of the renal arteries 
are caused by fibromuscular dysplasia of the vascu
lar wall. Histologically, there is hypertrophy of the 
medial and adventitial muscle fibers. The changes 
are either spread diffusely over the whole vessel or 
isolated, affecting only a short segment. Surgical 
correction is possible with the latter type, especially 
if it is unilaterally located. 

Aneurysms of the renal arteries 
Aneurysms of the renal arteries or their branches 
are congenital malformations which appear either as 
isolated lesions or as part of a generalized disease of 
the arteries. As a result of compression of the neigh
boring arteries, they cause a reduced supply of blood 
to the corresponding renal areas. 

Thromboses and embolisms of the renal arteries 
Nowadays thromboses of the renal arteries are the 
most common cause of hypertension in the newborn. 
In particular, they appear as a complication of the 
umbilical artery catheters which are inserted for 
better control of blood gases and pressure. Compli
cation rates of from 4 % to 95 % must be considered, 
depending on the position of the catheter tip and 
the length of time it is in place.31 Embolisms of the 
renal arteries have occasionally been observed in the 
course of spontaneous closure or surgical ligature of 
a persistent ductus arteriosus. 

Clinical findings are nonspecific. Cardiorespira
tory and neurologic symptoms such as tachypnea, 
cyanosis, hepatomegaly, and opisthotonos as well as 
convulsions are dominant. The prognosis for reno-

vascular hypertension with this genesis is very un
favorable, having a mortality rate of up to 30 %. 

Thrombosis of the renal veins 
Thromboses of the renal veins, on one or both sides, 
can already be present in the newborn, e.g., associ
ated with polycythemia in infants of diabetic moth
ers. More common causes are severe dehydration 
and hypovolemia due to nephrotic syndrome. Pre
dominant signs are oliguria, hematuria, and protein
uria. Frequently the affected kidney can be palpated 
as large and sensitive to pressure. Hypertension 
does not occur in every case. 

Kidney Transplantation 

For the past several years more and more kidney 
transplantations have been carried out successfully 
in children suffering from terminal renal failure. At 
present in Europe there are about 500 to 550 chil
dren living with functioning transplants. In Han
nover, Federal Republic of Germany, alone there are 
71 children between the ages of 3 and 16 years being 
cared for following kidney transplantation.92 All the 
patients in this age group have developed, or re
tained, hypertension postoperatively. According to 
Rance et al.96 about 10% of children with hyperten
sion have renal transplants. Pathogenetically, the 
high blood pressure is due to either a renal artery 
stenosis at the site of the anastomosis or a renopar
enchymatous cause due to acute or chronic organ 
rejection.24•77•125 However, hyperaldosteronism as a 
result of the steroid therapy or the primary disease 
can also be a causative factor. As yet, the hypothesis 
of Bachy et al.," that an essential hypertension is 
transferred from the donor to the recipient, has 
gained no further support. 

Antihypertensive Therapy 

Drug therapy should be initiated in cases of arterial 
hypertension which cannot be influenced or cured 
by surgical means, e.g., aortic stenoses, renal artery 
stenoses, or urinary tract obstruction. This is espe
cially the case with bilateral renoparenchymal dis
ease. In principle, a decrease in blood pressure 
should be striven for even when, as a result, an al
ready present renal failure decompensates more 
quickly because nowadays dialysis and transplanta
tion offer a considerably better prognosis for termi
nal renal failure in children as well as in adults. 

Table 9 presents the most commonly used anti
hypertensive drugs with appropriate doses for 
children.6.840.96.108 
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Table 9. Antihypertensive Drugs in Childhood-Dosage Regimen 

Daily Starting and Maximum 
Doses (mg/kg) 

Maximum 

Drug Oral Intravenous Oral IV 

Diuretic agents 
Furosemide 2-3 1-2 10 6 
Spironolactone 2-3 1-2 5 4 
Chlorothiazide 10 20 
Hydrochlorothiazide 1 2 
Chlorthalidone 1 1 

Vasodilator agents 
Hydralazine 0.5-1 0.5-1 5 1.5 
Minoxidil 0.1-0.5 2 

Adrenergic blocking agents 
Propranolol 0.5-1 8 
Methyldopa 10 40 
Reserpine 0.02 0.03 0.07 0.07 
Clonidine 0.003 0.003 0.006 ? 
Guanethidine 0.2-0.5 1-2 

Drugs for Treating Hypertensive Crises 

Drug 

Diazoxide 

Sodium nitroprusside 
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The diagnosis of arterial hypertension starts with 
the procedure of measuring arterial blood pressure. 
The methodology has been developing for almost 
two and a half centuries (Table I). However, it still 
leaves much to be desired, if one can judge from the 
multiplicity of techniques and methods, as well as 
from a simple enumeration of the common pitfalls. 

In this chapter the principle upon which blood 
pressure measurements are based, the methods ap
plied, and the sources of error are followed by a brief 
description of direct, long-term, and telemetric 
measurements. 

Technique 

The arterial pressure, as it is usually measured 
(manometric pressure), is the difference between 
the intra-arterial and atmospheric pressures. There 
are rare instances where the absolute pressure 
(manometric plus atmospheric) should be con
sidered. 

Determining the arterial pressure, therefore, 
amounts to measuring the difference between intra
arterial and atmospheric pressures. This can be 
achieved by invasive and noninvasive techniques. 

Invasive Techniques 

Access to the intra-arterial space by traumatic 
methods is used in this procedure. A needle or cath
eter is introduced into an artery, and the intra-ar
terial space is connected to the measuring device by 
means of a fluid column. This technique has the dis-

advantage of pressure damping introduced by the 
transfer of pressure through a long, narrow tube. 
Blood coagulation in the tubing and the usually nec
essary heparinization complicate the procedure. The 
technique is widely used, however, when accuracy 
requirements are such that the distortion of the 
pressure wave obtained is of no particular im
portance. 

Miniaturized pressure transducers placed at the 
tip of the catheter are used to measure the pressure 
on the spot and avoid the interference of the fluid 
column. This technique provides the most accurate 
pressure wave contour and is used clinically mainly 
in contractility studies and experimentally in pres
sure wave analysis. 

Noninvasive Techniques 

Current noninvasive techniques most commonly 
aim at measuring the pressure required to interrupt 
blood flow through an artery and compare the flow 
interruption pressure to the atmospheric pressure. 
Variations of the basic technique consist in the way 
the interruption of flow is recognized. 

Palpation of the arterial pulse peripheral to the 
point of flow interruption or auscultation of the Ko
rotkoff sounds at the distal part of the artery are the 
most commonly used techniques. Microphones are 
used to pick up the Korotkoff sounds when auto
mated pressure recorders are employed. Ultrasonic 
transmitters can also monitor flow changes through 
an artery. Infrasonic vibrations have also been de
tected and signals heard as sounds over a loud
speaker. The changing magnitude of oscillations 
caused by pressure fluctuations has also been used 
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Table 1. Historical Development of Blood Pressure 
Measurement 

1733 Hales: Blood column in glass tube 
1828 Poiseuille: Artery connected to mercury tube 
1861 Marey-Chaveau: Direct recording with 

membrane and drum recorder 
1890 Basch-Potain-Marey: Direct measuring devices 
1903 Frank: Optical manometer 
1904 Erlanger: Diastolic pressure from oscillation 

muffling 
1905 Korotkoff: Description of sounds 
1909 Pachon: Oscillometer 
1945 Grundfest-Hay-Feitelberg: Strain gauge 

manometer 
1947 Tybjaerg-Hanse-Warburg: Capacitance 

manometer 
1959 Laurence: Catheter-tip manometer 
1965 Ware: Ultrasonic recording 

for some time to detect the moment at which the 
flow is interrupted. Visual changes in the extremital 
skin, especially flushing distal to the point of inter
ruption, have also been used as an indicator. 

Clinically,'the palpation-auscultation technique is 
most commonly used. Of the 27 automated pressure
measuring devices available, 21 operate on the aus
cultatory principle, 3 on infrasound, 2 on ultra
sound, and 1 on the oscillometric technique.B•9 Two 
other techniques are still in the testing stage. 

The phase-shift technique relies on the principle 
of measuring the time difference of the flow wave 
arrival at two points. This difference is smallest 
when a pressure, equal to diastolic is applied over the 
artery. 

Tonometry is based on the external application of 
piezoelectric elements over an artery. 

Methods 

The most common method of measuring arterial 
blood pressure in man is by use of a simple instru
ment, the sphygmomanometer. The compression 
bag of the instrument, completely enclosed in an in
elastic cuff, is 30 cm long and 12-14 cm wide. The 
bag should be 20 % wider than the circumference of 
the limb and longer than half the diameter of the 
limb. Cuffs used in children, are therefore smaller in 
width and length.6 

The cuff is placed around the arm approximately 
2.5 cm above the antecubital space, with the bag po
sitioned over the inner surface of the arm. It is held 
in place by a long (80 cm) cloth bandage, fasteners, 
or Velcro tabs. An integral inflatable cuff was re-

cently suggested.3 The bag is inflated by a bulb with 
an adjustable air valve to 30 mm Hg above the point 
at which the radial pulse disappears. It is subse
quently deflated at a rate of 3 mm Hg/s. 

The reappearance pressure of the radial pulse is 
designated as the systolic pressure. By applying the 
stethoscope over the brachial artery, one can deter
mine the pressure at which a tapping sound appears 
for at least two consecutive beats as well as the point 
at which the sound is abruptly muffled. This muf
fling is caused by the disappearance of sounds with 
a frequency higher than 60 Hz. The muffling pres
sure is designated as the diastolic pressure (Korot
koff phase IV) but is in fact 7-10 mm Hg higher 
than the pressure measured intra-arterially. The 
disappearance of the sounds is closer to the intra
arterial diastolic pressure (Korotkoff phase V) but 
may vary considerably during exercise and therefore 
is not recommended as an indicator. The appear
ance of the first tapping sound is designated as the 
systolic pressure, unless the radial pulse is felt at a 
higher pressure, which is then designated as systolic. 

Mercury or anaeroid manometers are used. The 
latter should be zeroed before starting the measure
ment. The random-zero manometer15 is designed so 
that a random-zero setting is used for each measure
ment, thereby minimizing examiner bias. 

Devices which operate by the microphone or ul
trasound sensing of flow reappearance and conver
sion of the signals to either sound or light do not 
offer any particular advantage. They facilitate blood 
pressure measurement by inexperienced persons, 
such as patients, and are mostly used by them. 

In the oscillometer two compression bags are 
used. One interrupts the flow and the other is con
nected to the oscillation indicator. 

The phase shift method utilizes three cuffs, side 
by side. The cuffs are inflated, and during subse
quent deflation their volume is recorded with pres
sure transducers. The time delay between proximal 
and distal cuffs is less than 1 mls at the pressure 
which is designated as diastolic. Compared to the 
auscultatory method, the phase-shift diastolic pres
sure is slightly below the muffling level. 

The direct methods make use of several types of 
devices.4•12 Mechanical devices include simple anae
roid or mercury manometers. Mechanical recorders 
utilize rubber or beryllium-copper membranes cou
pled to recording instruments. Mirrors attached to 
the membranes transmit light beams, magnify their 
trajectory, and record them on photographic paper 
(optical manometers). Electrical transducers are 
most frequently used now. They operate on three 
principles. Resistive transducers use stress-sensitive 
wires which change their electrical resistance when 
subjected to varying pressures. Inductance trans-



ducers utilize current changes produced by an iron 
slug moved by a membrane within a magnetic coil. 
They are the most commonly used in hemodynamic 
measurements. Capacitance transducers offer some 
advantages. Pressure exerted on a metallic mem
brane alters the capacitance of a system operating 
as a capacitor. The sensitivity of these instruments 
should be at least ± 1 mm Hg, and their frequency 
response must reach the 10th harmonic of the basic 
frequency (for pressure measurements in the arter
ies, 10-30 Hz). Piezoelectric, photoelectric, thermo
electric, electronic, and radioactive transducers and 
"pressure-sensitive" paint are seldom used for pres
sure recording in the laboratory. 

Sources of Error 

The validity of the pressure measurement can be af
fected by flaws in the instrumentation and tech
nique, by the momentary condition of the patient, 
and by observer variables. 

Instrumentation 

If the width of the compression bag is too narrow for 
the patient's arm, the pressure will be falsely ele
vated because the full pressure is not applied to the 
artery. Inadequate covering of the bag by the inelas
tic cuff or the use of fastening hooks can also lead to 
higher pressure readings. 

Mercury tubes should not be dirty or oxidized, 
and the air vent on the top must be patent. The mer
cury column should always be in a vertical position. 
Air bubbles may lead to erroneous readings and are 
usually present when the mercury reservoir is inad
equately filled. In this case the zero reading is also 
inexact. If the mercury reservoir is less than 10 times 
larger in diameter than the mercury column, an ad
justment should be made to correct for the differ
ence in the reservoir level for several column read
ings. Anaeroid manometers should be frequently 
(at least yearly) calibrated against mercury mano
meters. 

The Patient 

Positioning the arm at a level lower than the fourth 
intercostal space in the sitting or standing patient 
may give higher readings. In obese patients, or when 
measuring the pressure at the thigh, a wider and 
longer compression bag and cuff must be used. Oth-
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erwise the pressure readings will be erroneously 
high. 

The reading is also strongly influenced by the mo
mentary condition of the patient. The mere pres
ence of a physician or even the thought of an im
pending examination can alter the reading in many 
individuals. 

Taking the "basal blood pressure" involves sev
eral days of rest in a private hospital room, numer
ous pressure measurements for acclimation pur
poses, administration of a sedative the night before 
the measurement, and performance of the measure
ment early in the morning by a familiar individual 
who does not engage in conversation and measures 
the pressure repeatedly for 15 min.n.l3 The mean of 
the two lowest readings is the basal pressure. 

The "casual" blood pressure is usually higher 
than the basal, and the relationship between the 
basal and the supplemental (casual minus basal), if 
there is any, tends to be inverse. 

Common precautions to reduce patient-related 
errors of measurement include the avoidance of 
meals, exercise, changes in temperature, smoking, 
and excitement before the examination. Postural 
changes should also be avoided for at least 5 min 
before the measurement. 

Measurement by the patient or by a family mem
ber may reduce patient sources of error in some in
stances. It may also increase examiner errors, 
however. 

The Examiner 

Examiner errors are most important in patient fol
low-up, drug evaluation, and epidemiologic surveys. 
This has been documented by comparing examiner 
readings with automatic recordings. Examiner read
ings tend to be higher than recorder readings.l4 The 
most significant variations occur in determining the 
sound-muffling point of the diastolic pressure and 
the level of the systolic pressure. Rapid deflation er
roneously increases the systolic pressure reading 
and probably lowers the diastolic one. 

The so-called auscultatory gap is another source 
of error. In this rare case sounds disappear for an 
interval up to 40 mm Hg and then reappear. Pulse 
palpation findings are unaffected. 

Psychological factors can apparently also influ
ence examiner findings. The findings vary in accor
dance with examiner bias and digit preference. The 
random-zero manometer was designed to avoid 
these errors, which are significant in a large number 
of measurements. 

Arrhythmias may be a source of examiner error if 
one does not ignore an occasional premature con-
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traction or does not average several readings in more 
complex or "absolute" arrhythmias. Increased vas
cular resistance in shock can reduce arterial flow. 
Thus, the Korotkoff sounds may become faint or in
audible and pressure readings grossly inaccurate. 
Direct pressure determinations are recommended in 
such cases. 

Direct and Indirect Measurements 

Direct measurements are more accurate than indi
rect ones. They avoid most of the errors attributed 
in this chapter to indirect measurements. They in
dicate the systolic, diastolic, and mean pressure and 
provide a graphic record of the pressure pulse wave 
for observation of specific features such as the di
crotic notch position, the slope of the upstroke, the 
presence of a second peak, etc. 

Direct measurements may be made in any large 
artery and are not restricted to the extremities. On 
the other hand, direct measurements can be per
formed only by the invasive technique. These carry 
some risk of artery wall lesions or thromboembolic 
complications. Hence, direct measurements are 
done only in hemodynamic studies or for in-hospital 
continuous monitoring of blood pressure for periods 
of several days. 

long-Term and Telemetric Measurements 

The continuous recording and measurement of 
blood pressure are most accurately achieved by di
rect techniques. If a small polyethylene catheter is 
used, such measurements can be performed not only 
in immobilized patients but also in ambulatory cases 
for short periods. Portable tape recording systems 
can be used to record the amplified transducer 
signaV 

Noninvasive long-term measurements offer many 
advantages. A microphone picks up the signal and 
relays it via a transducer to a portable magnetic re
corder.14 The patient then measures the pressure in 
the usual way every 30 min. 

In a modified technique, compression and de
compression of the cuff can take place every 5 min5 

or every 30 s with a 15-s interval between 
determinations. lO 

The constant cuff pressure technique is also a 
phonoarteriographic one, in which the pressure in 
the cuff is maintained at the systolic or diastolic 
level for 50 consecutive strokes and then deflated. 

In the technique of tonometry,2 a force-sensitive 

transducer is placed over a superficial artery. A con
tinuous recording of beat-to-beat pressures can be 
obtained in this way. This technique is most prom
ising, despite difficulties involved in securing the 
transducer over the artery. 

The correlation between long-term measurements 
and the "casual" blood pressure is poor and indi
cates the need for improved long-term recordings. 
Irving et al. found that the automatically recorded 
pressures tended to be lower than casual by as much 
as 20%.5 

Automatic, portable recording devices as well as 
direct measurements can also be used for telemetric 
determinations. The signal from the amplifier can 
be transmitted to a receiver in the laboratory, where 
it can be continuously recorded over a distance up 
to 250 km.l However, technical difficulties have re
stricted the use of these devices to a very few 
(mostly aerospace) laboratories. 
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Introduction 

It has long been recognized that blood pressure is an 
unstable parameter. It varies with the time of day 
and in accordance with the mental and physical ac
tivity of the individual. This spontaneous variability 
of blood pressure raises several problems with re
spect to the interpretation of epidemiologic or clin
ical studies of hypertension. Blood pressure read
ings can also be influenced by factors external to the 
individual, such as observer bias and environmental 
conditions. 

Blood pressure can be measured either directly, 
i.e., by an indwelling catheter, or indirectly by 
sphygmomanometry or by automatic devices. The 
direct method requires arterial puncture, which in 
itself may elicit an emotional response with a rise in 
pressure. It is evident that such factors as accuracy 
and calibration of the sphygmomanometer, cuff size, 
and arm size will affect the reading. Other factors 
include the position of the patient, the position of 
the arm, the speed with which the cuff is inflated or 
deflated, respiration, the presence of arrhythmias, 
an auscultatory gap, and spontaneous vascular 
bruits. Moreover, many variables on the part of the 
observer, such as concentration, auditory and visual 
acuity, digit preference, and wishful thinking rep
resent potential sources of error. 

The mere presence of an observer can in itself 
raise the arterial pressure; moreover, blood pressure 
tends to be higher when measured by a physician 
than when measured by a nurse. Observer bias and 
observer errors can be avoided by the use of auto
matic devices. In the last 20 years several devices 
have been developed which have made it possible to 

obtain continuous recordings of blood pressure 
throughout the day. Much progress has been made 
with these instruments, and there is even experience 
with portable recorders which measure intra-arterial 
pressure directly in free-ranging patients. 

Casual and Basal Blood Pressure 

The terms casual and basal blood pressure were in
troduced by Addis in 1922.1 This investigator mea
sured arterial pressure in the morning soon after the 
subject had awakened but before rising. This was 
called the basal blood pressure. Any other pressure 
taken during the day was called the casual pressure. 

This concept was adopted and expanded by Alam 
and Smirk.2 While Addis had recommended that for 
a basal pressure the patient should be prepared as 
for a basal metabolic rate, these authors modified 
the determination by rest and emotional desensiti
zation: continued repetition of a stimulus (in this 
case the blood pressure measurement) and the 
avoidance of new stimuli. The entire procedure was 
explained to all patients; they were seated in a 
warm, quiet room, and no conversation was allowed, 
since even quiet conversation can raise the blood 
pressure. 50 Frequent measurements were carried out 
for about half an hour. Basal blood pressure was de
fined as the lowest pressure obtained in three con
secutive readings during the half-hour rest period 
and acclimation of the subject to the presence of the 
observer and to the procedure itself. In 25 normo
tensive subjects the average basal pressure was 106/ 
67 compared to 151/95 in 27 patients with essential 
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hypertension. Casual blood pressures taken soon 
after the patient had entered the room were 121/71 
and 195/116, respectively. The difference between 
casual and basal blood pressure was called the sup
plemental pressure. 

Whereas it was first thought that the basal blood 
pressure was relatively stable, it was soon learned 
that this was not invariably SO.25 The criteria for ob
taining a true basal blood pressure were later mod
ified by Smirk.46 Measurements were taken in pas
sive patients after a night's rest, and the average of 
the two lowest pressures was taken as the basal 
value. Usually a mild sedative was taken on the pre
vious evening. Doyle and Smirk found that the basal 
blood pressure obtained in this way was at least par
tially neurogenically maintained, since ganglion
blocking drugs reduced the blood pressure even 
further.15 

It should be emphasized at this point that basal 
blood pressure as defined by Smirk is by no means 
synonymous with lowest pressure. In later years it 
was demonstrated by the use of automatic devices 
that minimum levels of blood pressure usually occur 
during sleep.5,7,8,12,24,34,41,45 

In view of the differences between casual, basal, 
and lowest blood pressures, considerable uncer
tainty exists as to the real significance of casual 
blood pressure readings. Besides the 24-h variations 
of blood pressure, which will be discussed below, the 
blood pressure tends also to vary with time. This 
must be taken into account in the evaluation of ep
idemiologic studies. In several of these it has been 
shown that blood pressure tends to increase with 
age.13,16,22,26,35,53 It has even been shown that subjects 
with initially high pressures may show a fall in pres
sure when examined several years later.3,4,20,37 This 
phenomenon, often referred to as regression toward 
the mean, makes it impossible to compare casual 
blood pressure in cross-sectional studies unless a 
standardized protocol is followed with measure
ments conducted over an adequate period of time. 
Since it is impossible to obtain basal or even lowest 
blood pressure readings in large epidemiologic stud
ies, little is known about the behavior of these vari
ables with time. 

Kilpatrick showed that daily fluctuations of basal 
blood pressure were less than those of casual pres
sure. In patients with essential hypertension, these 
basal fluctuations were more pronounced than in 
normotensives. In a cross-sectional study of 55 sub
jects with essential hypertension, de Leeuw found 
that both the basal and lowest blood pressure in
creased significantly with age.29 It seems to be im
portant, therefore, to define the daily blood pressure 
variations and the mechanisms involved. 

Diurnal Variability of Blood Pressure 

Despite numerous physiologic mechanisms which 
act to keep the blood pressure within normal limits, 
there is hardly a variable that changes more during 
the day than blood pressure. For most subjects, 
however, the pattern of 24-h blood pressure varia
tions is quite similar. As early as 1898, Hill reported 
a fall in blood pressure during sleep,t7 a finding 
which has been frequently confirmed by others. Un
fortunately, initial studies on this subject were 
fraught with errors, since there was still interaction 
with the observer. It was not until the advent of au
tomatic devices that more reliable studies could be 
undertaken. 

Shaw and co-workers45 were the first to study 24-
h variations in blood pressure with an automatic in
strument which was set to measure the blood pres
sure indirectly at 30-min intervals. Of the 28 pa
tients studied, 16 had benign essential hypertension 
and 12 had malignant hypertension. The patients 
were hospitalized for the study. It was found that 
absolute variations (Le., difference between highest 
and lowest readings) were similar in both groups: 71 
and 62 mm Hg for systolic and 41 and 40 mg Hg for 
diastolic, respectively. Obviously, absolute varia
tions are greater for systolic than for diastolic pres
sure. Surprisingly, the authors found that during 
sleep the average pressure was 15/9 mm Hg lower 
than during the daytime in patients with benign hy
pertension, but that no fall of blood pressure oc
curred in the patients with malignant hypertension. 
This could not be explained by the severity of the 
hypertension as determined from casual readings, 
and the findings were attributed to a relatively 
"fixed" vascular resistance in malignant hyperten
sion. This cannot be the sole explanation, however, 
since the absolute variations in pressure were simi
lar. A difference in sleeping behavior, unstated by 
the authors, could equally well be responsible for 
these features. 

A convincing study was conducted by Richardson 
et al.41 With an oscillograph, blood pressure record
ings were obtained from 8 normal and 30 hyperten
sive subjects over at least a 12-h period, including at 
least 4 h of sleep. In five subjects the accuracy of the 
measurements was assessed by comparison with si
multaneous intra-arterial recordings. In 87% of 
these paired observations, indirect values differed 
from the intra-arterial pressure by 10% or less. Also, 
the effect of the procedure itself was tested. 
Whereas intra-arterial pressure rose slightly during 
inflation of the cuff, it usually returned to control 
values while cuff pressure was still above systolic 
pressure, and thus before the measurement was re-
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corded. In this way reliable results were obtained 
with the automatic device. 

Marked variations were found with respect to sys
tolic and diastolic blood pressures. Both were signif
icantly higher in the late afternoon and evening than 
in the morning. The lowest values were found during 
the early hours of sleep; in the hour of awakening 
pressure rose again. Despite differences in the mag
nitude of the variations, the same general pattern 
was found in both normotensives and hypertensives, 
regardless of etiology. Eight subjects took a nap dur
ing daytime of less than I-h duration. In half of 
them no change in blood pressure occurred, while it 
fell in the others. In subjects who awoke in the night, 
blood pressure rose markedly and then fell again 
when the subjects went back to sleep. Variability 
was apparently unaffected by meals. The difference 
between highest and lowest readings averaged 31/23 
mm Hg for normotensives, 53/34 mm Hg for pa
tients with uncomplicated essential hypertension, 
and 46/29 mm Hg for patients in whom hyperten
sion was complicated by myocardial infarction, 
heart failure, or cerebral vascular disease. In pa
tients with secondary hypertension, variability was 
35/19, which was significantly less than in patients 
with essential hypertension. 

Although no significant correlation was found be
tween the level of pressure and its variability, pa
tients with the highest pressures tended to show the 
least variation. In contrast, older subjects tended to 
exhibit little more variability than young ones. 
Nevertheless, these results do not permit the divi
sion of patients into those with a more labile and 
those with a more sustained form of hypertension, 
with the possible exception of secondary forms of 
hypertension, which may be more sustained. In this 
study the basal blood pressure was also recorded by 
the method of Alam and Smirk.2 Basal blood pres
sures were never so low as those measured during 
sleep and were often close to the highest pressures 
measured during the daytime. Occasionally, basal 
pressure was higher than the lowest casual pressure. 

A comparable study was performed by Bock and 
Kreuzenbeck.ll The results of these authors are 
comparable to those of Richardson et al.,41 but in 
their patients the nocturnal fall of blood pressure 
was absent. Maximum blood pressure variations 
were 24/14 mm Hg for normotensives, 37/16 mm Hg 
for patients with essential hypertension, and 43/13 
mm Hg for those with secondary hypertension. 
None of the differences were significant. However, 
the patients with benign essential hypertension ex
hibited significantly larger variations in systolic 
pressure (39 mm Hg) than normotensives. In malig
nant hypertension, blood pressure varied by 31/10 
mmHg. 
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Figure 1. Relationship between lowest and highest 
blood pressures during a 24-h observation period. From 
Birkenhiiger WH, Schalekamp MADH, ref 10 

Birkenhager and co-workers were the first to try 
to quantify the lability of blood pressure.8,10,43 By use 
of a phase-shift oscillograph, the blood pressure was 
recorded at 5-min intervals for several I-h periods 
during the day. Overnight blood pressure was deter
mined at 20-min intervals from 8 P.M. to 8 A.M. Var
iability of blood pressure was expressed as follows: 
The difference between the highest and the lowest 
readings was expressed as a percentage of the high
est. This was done for both systolic and diastolic 
pressure. The mean of these two percentages was 
termed the blood pressure variability. In these 
studies blood pressure variations ranged from 12 % 
to 50 % of the highest value. With one exception 
they were always greater than 20%. Only patients 
with uncomplicated essential hypertension were 
studied, and all showed peak values of blood pres
sure during the daytime (usually during visiting 
hours) and lowest values at night. A direct relation
ship was observed between lowest and highest mean 
arterial pressure (Fig. 1). 

Variability as such was not related to the level of 
casual blood pressure (measured at noon). These re
sults suggest that there are only gradual differences 
in variability between subjects with uncomplicated 
hypertension. No justification is found for dividing 
this population into subgroups with labile or fixed 
hypertension. 

Athanassiadis et al. did a similar study in 10 nor
motensives, but they made recordings over 3 consec
utive days and again for 24 h after 1 and 2 weeks.s 
They observed no acclimatization to the apparatus: 
that is, there was no trend in the direction of lower 
pressures or decreased range of blood pressure vari-
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ation with time. The only cause of significant alter
ations in blood pressure was sleep. The average wak
ing blood pressures were directly related to average 
sleeping pressures, which is in accordance with the 
findings of Birkenhager and Schalekamp.1O Short 
naps taken during the day had a much smaller effect 
on blood pressure than nocturnal sleep. 

Schneider and Costiloe reported on five patients 
in whom 24-h measurements of blood pressure and 
heart rate were made with an automatic portable in
strument.44 This allowed study of the patients while 
they were home. The information given in this paper 
largely confirms the results of the studies cited 
above. Of interest is the fact that in all subjects both 
blood pressure and heart rate were higher during the 
first 3 to 5 h after waking in the morning than during 
the rest of the day. 

Thus far we have focused on studies in which 
blood pressure was measured indirectly. However, 
during the last 15 years several reports have been 
published with respect to intra-arterial measure
ments. In particular, this has become fruitful since 
the development of a portable automatic apparatus 
capable of recording intra-arterial pressure contin
uously in unrestrained subjects.6 Initially 22 sub
jects were studied.7 Eight of them were nor
motensive, eight had uncomplicated essential 
hypertension, and six had essential hypertension in 
the malignant phase. All but four of the control sub
jects were hospitalized during the measurements. 
Systolic pressure fell significantly more during sleep 
in the subjects who slept at home than in the others. 
For diastolic pressure this was less apparent. Small 
fluctuations were detected for both systolic and di
astolic pressure, but were more pronounced for the 
former. During waking hours there was somewhat 
more fluctuation than during sleep. 

The variability of arterial pressure appeared to be 
larger than was suspected from indirect data. When 
variability was expressed in terms of percentage, 
similar to that described by Birkenhiiger et al} sys
tolic pressure varied by 44 % to 58 %. Variability of 
diastolic pressure ranged from 45 to 70%, those sub
jects with malignant hypertension showing the least 
variation and those with normal pressures showing 
the most. In absolute terms, however, changes were 
larger for the hypertensives than for the controls. 
Even in the patients with malignant hypertension, 
blood pressure fell during sleep. 

In subsequent years the Oxford group collected 
extensive material from the continuous direct re
cording of blood pressure.30- 34 Blood pressure was 
studied at work, while driving, during episodes of 
pain, exercise, coitus, and sleep. All these studies 
showed intermittent rises during the day, depending 
on mental and physical activity, and a fall during 
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Figure 2. Schematic representation of the diurnal fluc
tuations of blood pressure. From Birkenhager WH, 
Schalekamp MADH, ref. 10 

the night. Sleep at home tended to lower pressure 
more noticeably than sleep in the laboratory or in 
the hospital. 

Recently Birkenhager and Schalekamp proposed 
a simple scheme for the computation of mean blood 
pressure values in an attempt to standardize blood 
pressure variability (Fig. 2).10 The basal blood pres
sure taken immediately after waking is used as a ref
erence. Peak blood pressures measured during the 
day represent pressor responses to stimuli. The 
maximum excursion in daytime blood pressure is 
noted, and the difference from the basal pressure is 
called the pressor range. Similarly, the lowest blood 
pressure during sleep is subtracted from the basal 
pressure to give the depressor range. The sum of 
both ranges is considered the total variability of 
mean blood pressure. 

This concept was applied to 80 subjects with un
complicated essential hypertension in whom indi
rect recordings were obtained over a 3-day period 
with an Arteriosonde.29 Average values were as fol
lows: 139 mm Hg for the maximum and 101 mm Hg 
for the minimum level of mean arterial pressure. 
Basal pressure was 116 mm Hg on the average. This 
resulted in a mean pressor range of 24 mm Hg (or 
23% of basal pressure) and a mean depressor range 
of 18 mm Hg (or 15% of basal pressure). 

Determinants of Blood Pressure 
Variability 

Despite a long list of publications dealing with vari
ations in blood pressure, little attention has been 
paid to the mechanisms underlying the instability of 
pressure. As mentioned above, the most conspicuous 
feature of the variability is the fall of blood pressure 
during sleep. But there may also be considerable 
variations during the day, usually in response to en
vironmental stimuli. Peak values occur in the morn-
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ing and evening. No data are available relating these 
changes in pressure during the day to hemodynamic 
parameters or the activity of pressor hormones. Ap
parently, it is taken for granted that the episodic 
rises in blood pressure associated with fear, exercise, 
and so on are mediated by the sympathetic nervous 
system. Below we shall discuss several factors which 
might influence the pattern of 24-h variability of 
blood pressure, especially in relation to sleep. 

Age and Sex 

There is no evidence that blood pressure is more 
variable in men than in women. However, age seems 
to alter the pattern of variability. Richardson et al. 
found the daily range of blood pressure variation to 
be slightly greater in older patients than in younger 
ones, though the difference was not statistically 
significant.41 

In the study of Bevan et aI.7 blood pressure fell 
more clearly in four younger patients, but the design 
of that study does not permit us to conclude that 
this was due to age alone. No effect of age was found 
by Athanassiadis, but only 10 subjects aged 18 to 42 
were studied.5 

Birkenhiiger et al. found variability to decrease 
slightly with age.9 The components of blood pressure 
variability shown in Figure 2 were studied by de 
Leeuw29 as a function of age. In 80 subjects with un
complicated essential hypertension, highly signifi
cant direct relationships were found for both maxi
mum and minimum levels of the systolic, diastolic, 
and mean blood pressures. In 55 of the patients 
basal blood pressure could be accurately measured. 
This variable was also directly related to age. In ab-
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Figure 4. Average and standard deviation of basal, min
imum, and maximum blood pressure for each decade in 
55 patients with essential hypertension. From de Leeuw 
PW, ref. 29 

solute terms the range of variation in systolic, dia
stolic, and mean blood pressures was not related to 
age, but when the ranges were expressed as a per
centage of the highest reading, an inverse relation
ship between age and systolic and diastolic variabil
ity was found. The average of the two, called the 
total variability, also decreases with age (Fig. 3). 
The pressor range appeared to be inversely related 
to age both in absolute and in percentile terms. The 
depressor range increases with age, but only when 
this is expressed in absolute terms. Figure 4 gives 
the averages and standard deviations for basal, max
imum, and minimum mean arterial pressures as a 
function of age (i.e., the mean age for each decade). 
The figure shows that, at least after age 40, basal 
blood pressure tends to increase faster with age than 
maximum pressure, with the result that the pressor 
range falls. 

A situation which has also been described for ma
lignant hypertension is frequently seen in older sub
jects. While the total range of blood pressure varia
tion does not appear to be diminished, there is less 
tendency for blood pressure to fall during sleep. In 
contrast, lowest values are often found during the 
day. The results indicate that in older age groups 
blood pressure tends to be less labile, with a dimi
nution of pressor activity; this might be accompa
nied by a reversal of the normal diurnal cycle, which 
thus far has been demonstrated only in some hyper
tensive pregnancies.40•52 It is not certain, however, 
that these trends are due to age per se. From a the
oretical standpoint it is also possible that cardiovas
cular complications occur in those patients who ex
hibit the largest variations in pressure. Indeed, 
Schneider and Costiloe found marked fluctuations 
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in one patient with angina pectoris and a previous 
myocardial infarction." 

Level of Blood Pressure 

There is no conclusive evidence that the degree of 
blood pressure variability is related to the severity 
of hypertension or even to the presence of hyperten
sion iteself. Although Richardson et al. noted the 
least variation in those hypertensives with the high
est median systolic and diastolic pressures,41 no sig
nificant correlation could be demonstrated. Ibrahim 
et al. found significant lability of blood pressure 
even in severe hypertension.18 Most authors, how
ever, agree that the nocturnal fall in pressure is less 
pronounced in more severe hypertension. De Leeuw 
took blood pressure measured at 10 A.M. as a refer
ence for casual pressure.29 Total variability (average 
of systolic and diastolic variability) appeared to be 
unrelated to 10 A.M. blood pressure when the effect 
of age was excluded. In contrast, a highly significant 
inverse relationship was observed between total var
iability and basal blood pressure. Sokolow et al. in
vestigated diurnal blood pressure variations in 124 
patients with mild to moderate hypertension.49 No 
relationship was found with the severity of the 
disease. 

In all, there is no sound basis for the concept that 
hypertension starts with a labile phase and then be
comes progressively sustained. 

To define the stage of hypertension somewhat dif
ferently, Birkenhager et al. measured resting cardiac 
output in a number of hypertensive patients in 
whom 24-h variability was also determined.8.9 Vari
ability was directly related to cardiac output and in
versely related to peripheral vascular resistance. 
When the observations were extended, these rela
tions remained!9 In the latter study no relationships 
were found between systemic hemodynamics and 
pressor or depressor range. These observations sug
gest that, irrespective of the level of blood pressure, 
an increase in vascular resistance sets limits on the 
lability of blood pressure. 

Mechanisms of Blood Pressure Variability 

Variations in blood pressure could depend on alter
ations in cardiac output, peripheral vascular resis
tance, or both. No systematic studies have been car
ried out with respect to the hemodynamic basis of 
blood pressure variability during the day. However, 
when one compares average levels during the day 
and at night, it seems that, despite the fact that car-

diac output may slightly decrease during sleep, al
terations in vascular wall tone are of prime impor
tance for the fluctuations of blood pressure.12.24.38 
When cardiac output is lowered by beta blockade, 
the pressor range, being a quantitative expression of 
the diurnal lability of blood pressure, may either de
crease or increase.27 This also indicates that vascular 
tone rather than myocardial function is responsible 
for the phenomenon of variability. 

The mechanisms involved in vasoconstriction and 
vasodilatation are still unknown. Contrary to expec
tations, the pressor range bears an inverse relation 
to norepinephrine levels, and the same is true for 
variability of mean arterial pressure. Although these 
reactions are quite weak under basal conditions, the 
shift of these parameters during treatment with pro
pranolol (Fig. 5) suggests that we are dealing with a 
real mechanism. This may mean that norepineph
rine secretion is stimulated or inhibited (by feed
back) to compensate for alterations in vascular tone 
induced by an as yet unidentified mechanism. 
Whether this is related to presynaptic stimulation of 
alpha receptors or to interference with reuptake 
cannot yet be determined. Modulation of sympa
thetic outflow from the central nervous system is 
still another possibility. In this respect the role of 
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Figure 5. Relationship between changes in pressor 
range and changes in norepinephrine levels during treat
ment with propranolol. From de Leeuw PW, ref. 29 
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the baroreceptors should be considered more 
closely. Resetting and an increase in the sensitivity 
of the baroreceptors occurs rapidly and reversibly 
during sleepY Changes in sensitivity, however, ap
pear to be variable and seem to be most pronounced 
during periods of dreaming or, more accurately, dur
ing rapid eye movement (REM) sleep. This sleep 
phase is associated with transient increases of blood 
pressure, and some correlation exists between the 
number of rapid eye movements and the level of 
mean arterial pressure during the night.48 During 
the REM phase blood pressure is much more varia
ble than at other times during sleep. Sometimes 
both the highest and the lowest pressure levels are 
found in this period. 

No nocturnal fall in pressure occurs in the absence 
of sleep, yet the degree of fall bears no relation to 
the depth of sleep. Rather uniformly, pressure be
gins to fall with the disappearance of alpha rhythm 
in the electroencephalogram.39 However, the record
ing of the EEG itself restricts the patient, and thus 
the fall of blood pressure is less than in subjects 
without EEG monitoring.42 

In all, little information is available at present on 
the exact relations between cerebral activity, sym
pathetic function, and blood pressure regulation 
during sleep. 

Significance of Blood Pressure Variability 

To date, none of the studies dealing with blood pres
sure variability has provided any insight into the 
true significance of this phenomenon. While Smirk 
et a1.47 found that life expectancy correlated better 
with basal than with casual blood pressure, even the 
latter carries prognostic significance.23 In addition, 
Sokolow et aP9 found no correlation between blood 
pressure variability and the severity of hypertension 
or the severity of complications. Though attempts 
have been made to relate complications such as car
diac asthma, myocardial infarction, and stroke to 
specific times of the day and blood pressure changes, 
this matter is still far from settled. 

Another problem associated with the variability 
of blood pressure is the transition from normoten
sion to hypertension. Since it is impossible to draw 
a clear dividing line between the two ranges,38 a 
number of subjects cannot be classified precisely as 
being normotensive or hypertensive. This has led to 
the concept of borderline hypertension, a condition 
defined differently by various authors. Many studies 
have been devoted to the demonstration of hemo
dynamic abnormalities in this group of patients. 
(For review, see Birkenhager and Schalekamp.lO) 

Labile hypertension was usually found in young 
subjects with a high cardiac output, but regardless 
of hemodynamics, this condition in itself is a fairly 
good predictor of future sustained hypertension.21 In 
most instances, however, a diagnosis of borderline 
hypertension is based on three casual blood pressure 
readings. Since in most laboratories hypertensive 
patients are examined during the day, it is not sur
prising that marked lability of blood pressure (cf. 
pressor range) has been associated with young pa
tients with early hypertension. Finally, blood pres
sure variability is something which is frequently 
overlooked in the assessment of antihypertensive 
drug therapy. Several reports indicate that treat
ment with a variety of drugs does not greatly alter 
total variability.ll,14,19,27,30,51 which makes evaluation 
of therapy from casual readings extremely risky. 

Summary 

Despite a number of physiologic mechanisms which 
act to keep the blood pressure within normal limits, 
there is hardly a variable which changes more during 
the day than blood pressure. This phenomenon has 
been observed in both normotensives and hyperten
sives alike. During sleep there is a pronounced fall 
in pressure, which may be related to changes in 
brain activity. In patients with malignant hyperten
sion this nocturnal fall is less apparent, but total 
variability is not much different from that in other 
patient groups. There is as yet no uniform quanti
tation of the diurnal variations in blood pressure. 
Such a quantitation would be desirable, however, in 
order to grasp the physiologic significance of this 
phenomenon. It could also provide an important 
clue for the evaluation of antihypertensive therapy. 
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Funduscopy is an important step in the comprehen
sive examination of a hypertensive patient. The 
value of this method of examination is that it allows, 
as nothing else, a direct, unbiased, in vivo observa
tion of a circumscribed vascular region. 

With respect to the diagnostic and prognostic 
value of optic fundus changes, it must be kept in 
mind that only vessels of a certain size, i.e., arteri
oles and venules, can be observed in the fundus. 
Clinical experience has shown repeatedly that only 
under certain circumstances and only to a limited 
degree can inferences drawn from these vessels be 
applied to the state of other, especially larger, 
vessels. 

For clinical and teaching purposes, many at
tempts have been made to organize these symptoms 
into a pattern. Two main classifications are in use at 
present: the classification of Keith et aU and Thiel's 
classification; used primarily in the German-speak
ing world. Both recognize four grades (Table 1). 

Fluorescein Angiography 

Besides direct and indirect ophthalmoscopy, fluo
rescein angiography has been available to the 
ophthalmologist as an additional method of exami
nation3.4 for over a decade. It consists of the intra
vital staining of the fundus vessels with sodium fluo
rescein. The dye is injected intravenously, reaches 
the optical and retinal vessels by way of the internal 
carotid artery, ophthalmic artery, and central reti
nal artery, perfuses the retinal capillaries and the 
arteriovenous anastomoses in the periphery of the 

retina, and finally leaves the eye by way of the cen
tral retinal vein and ophthalmic vein (Fig. 1a and b). 

Description of Findings 

In this section we shall describe the development of 
optic fundus changes in hypertension according to 
their degree of severity. Crucial for evaluation are 
the changes in the arterial vessels of the retina. 22 

Grade 1. At first a narrowing of the smaller retinal 
vessels and a straightening of their course may be 
observed without any apparent changes in their cal
iber. The large arteries of the retina are often en
gorged and perhaps passively distended; the vascu
lar light reflexes are still normal at first. These signs 
indicate incipient atherosclerosis of the retinal ves
sels, such as can be found after age 45 in patients 
without hypertensive disease. But these sclerotic 
changes can be observed in younger patients about 
a year after the onset of hypertension. Initially the 
process is still functional, since the narrowing is 
reversible. 

Grade II. If the high blood pressure persists, the 
vascular wall shows a thickening, especially of the 
media, accompanied by hyperplasia of the tunica 
elastica, manifested by a strengthening and widen
ing of the vascular light reflex. Constriction of the 
vascular lumen is clinically evident as irregularities 
in caliber (Fig. 2a and b). Furthermore, increased 
tortuosity as well as engorgement of the vessels can 
be observed. At the sites of arteriovenous crossings, 
the venous lumen appears to be narrowed and even 
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partially interrupted (Gunn's crossing sign) (Fig. 3). 
However, it can be demonstrated with fluorescein 
angiography that this narrowing is only apparent. 
Seitz showed in histologic experiments that these 
crossing signs are due to the proliferation of adven
titia and surrounding tissue at the crossings, causing 
the veins to be obscured at these points.6 In the fur
ther course of the disease, small diapedetic hemor
rhages may occur, and sporadic fatty degeneration 
may be found as well. As a consequence of these vas
cular changes and the resulting impairment of blood 
flow, the pigment .!elllayer of the retina is loosened 
in the region of the macula. These changes are not 
necessarily associated with hypertension; they are 
also observed in older, nonhypertensive patients 
with arteriosclerosis. If hypertensive disease is pres
ent, however, these pigment layer changes are found 
even in younger patients. The influence of the se
verity and duration of hypertension is less pro
nounced in the young patient, however, for the ju
venile vessel can withstand elevated blood pressures 
for a longer period of time without damage.7 

Grade III. The severe changes in the retinal ves
sels and retina itself that are associated with angio
spastic or hypertensive retinopathy consist of 
marked constriction of the arteries ("silver wire" ar
teries, Fig. 4) and pronounced crossing signs. His
tologically, these arteries have an extremely hyper
plastic wall6 and a narrowed blood column. The 
entire fundus appears pale, and ischemic infarctions 
("cotton-wool" exudates) appear in the retinal cap
illary bed (Fig. 5a and b). Hemmorhages occur in the 
nerve fiber layer as a result of damage to capillaries 
and arterioles. Lipoids are deposited, particularly in 
the area of the posterior optic pole, and sometimes 
form a "machlar star" figure (Fig. 6). Hyperemia of 
the papilla is observed. Cotton-wool patches develop 
within 24 to 48 h, appearing at first fluffy white, 
later becoming light gray, and eventually disappear
ing. If the patient goes untreated for weeks and 
months, fresh and old cotton-wool patches can be 
observed side by side. 

Ophthalmoscopically, white, shiny, atheromatous 
plaques are sometimes found in hypertensive pa
tients. These changes have puzzled ophthalmolo
gists ever since Hollenhorst reported finding with 
remarkable frequency light, shiny, orange-colored 
plaques at the bifurcations of the retinal arterioles 
in patients with an obstructive disease of the carotid 
artery or basilar vertebral artery system.s Only by 
means of fluorescein angiography has it been possi
ble to demonstrate that these plaques lie outside the 
artery and do not penetrate the lumen; they repre
sent degenerative products of the arterial wall. 

Color Plates (see pages 349-350) 

Figure 1. a Right optic fundus (30-year-old woman) 
showing functional narrowing of arteries and an omega
shaped division of the arteries. b Fluorescein angiogram 
of the same eye. The pictures demonstrate more clearly 
that no luminal constrictions are present. 

Figure 2. a Right optic fundus showing conspicuous 
caliber changes and constriction of arteries and arteri
oles. b Fluorescein angiogram of the same eye. The afore
mentioned changes are more distinct and are visible in 
their full extent. 

Figure 3. Detail of Gunn's crossing sign (the vein ap
pears interrupted in its course by the superimposed ar
tery). Diapedetic hemorrhages are also present. 

Figure 4. Incipient angiospastic retinopathy. Particu
larly conspicuous are the narrow, pale arteries and the be
ginning of fatty exudations between papilla and macula. 

Figure 5. a Angiospastic retinopathy. Numerous white 
fluffy patches, the so-called cotton-wool exudates, are 
seen in the fundus. b Fluorescein angiogram of the same 
eye, showing the area of the cotton-wool patches. The 
capillary-free areas, at whose edges the dye leaks from the 
thickened capillaries (ischemic infarctions in the nerve 
fiber layer), are clearly visible. 

Figure 6. Angiospastic retinopathy with cotton-wool 
patches and fatty exudation in the area of the macula. 

Figure 7. Angiospastic retinopathy with pronounced 
papilledema and hemorrhages, very narrow arteries, and 
fatty exudations between papilla and macula. 

Figure 8. a Left optic fundus with moderate arterial 
narrowing and widened arterial light reflex; a somewhat 
thickened, meandering vein, considered pathologic, is 
seen at the top of the picture. Ophthalmoscopically, this 
is a grade II fundus. b Fluorescein angiogram of the same 
eye. Besides arterial narrowing, note the pathologic 
changes in the capillaries, which are not restricted to the 
upper retinal region. On the basis of the fluorescein an
giogram, this may be classified as a grade III fundus. 
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Table 1. Classification of Fundus Changes in Hypertension 

Keith, Wagener, and Barker (Ref 1) 

Grade I: Incipient sclerosis and narrowing of the 
retinal arterioles 

Grade II: Moderate atherosclerosis, widened arterial 
light reflex; crossing signs; general or focal 
narrowing of the arterioles 

Grade III: Angiospastic retinitis characterized by 
edema, exudates, and retinal hemorrhages; 
sclerotic and spastic changes of the 
arterioles 

Grade IV: "Measurable" papilledema present in 
addition to the features of grade III 

Only signs of sclerosis in the fundus are described in 
grades I and II. The only difference between grades 
III and IV is the presence of "measurable 
papilledema" in grade IV 

Grade IV. The development of papilledema, start
ing with a grayish discoloration at the temporal bor
der of the papilla, is indicative of grade IV angio
spastic retinopathy (Fig. 7). The veins appear 
congested and dark; the arteries are extremely nar
row and often difficult to recognize owing to pro
gressive retinal edema. There is a spastic-tonic con
striction of the arteries.9 The extent of capillary 
damage may be assessed by fluor esc in angio
graphy.lO The microaneurysms may reach 100 ~m in 
size/1 with the largest number occurring at the edge 
of visible cotton-wool patches.12 

Prognostic Considerations 

The hypertensive vascular changes develop more 
rapidly in women than in men (author's study of 
1000 hypertensive patients). The aforementioned ir
regularities in caliber, the narrowing of the arteri
oles, and the occurrence of crossing signs and pig
mentation changes in the macular area are 
significantly influenced by the patient's age. More
over, the level of the blood pressure and duration of 
the hypertension have a major effect on the devel
opment of pathologic vascular changes. Patients 
under digitalis medication, and thus with a certain 
degree of congestive failure, were found to exhibit 

Thiel (Ref 2) 

Grade I: Deep-red coloration of the fundus. "Copper 
wire" arteries (engorged arteries with broad, 
golden-yellow reflex streaks), also engorged 
veins, crossing signs, corkscrewlike tortuosity 
of venules 

Grade II: In addition to the changes of Grade I, varying 
width and opacity of the arteries, isolated 
small foci of fatty degeneration and clusters of 
retinal hemorrhages 

Grade III: Delicate papillary and peripapillary edema; 
constricted arteries with narrow, brightly 
shining reflex streaks; extreme narrowing of 
the arterioles. Crossing signs; veins appear 
"deflected and compressed." Cotton-wool 
exudates, very fine streaklike hemorrhages 

Grade IV: Pale coloration of the fundus; papilledema and 
peripapillary edema; white degeneration 
patches; star configuration in the macula; 
silver-wire arteries; linear, punctate, and 
blotchy retinal hemorrhages 

far more frequent and more severe changes in the 
retinal vessels, such as Gunn's crossing signs or even 
exudative retinal changes. Such patients also 
showed characteristic ECG abnormalities such as a 
depression of the ST segment and a change in the 
QRS vector, as well as inversion of the T wave.23 

In determining which variables were important in 
the occurrence of pathologic fundus changes, it was 
found that sex and duration of hypertension are of 
less significance than the degree of blood pressure 
elevation, the rise in serum triglycerides, and T
wave inversion in the ECGY The glucose tolerance 
test shows a significant negative correlation, i.e., the 
more severe the fundus changes, the more nearly 
normal the glucose tolerance. This reflects the pres
ence of impaired renal function leading to a decrease 
in insulin excretion. Triglyceride determination, 
ECG, and the glucose tolerance test are useful tools 
in finding indications of changes in the retinal ves
sels. If these were pathologic, or if a previously path-
0logic glucose tolerance became normal during the 
course of the disease, then clear signs of sclerosis 
could be observed in the retinal vessels. 

The accurate recognition of vascular changes, par
ticularly those which are initially mild, has been im
proved by fluorescein angiography. This technique 
allows an accurate evaluation of the state of the vas
cular lumen and the presence of crossing signs. Fur
thermore, the morphologic state of the capillaries 
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may be determined, allowing early identification of 
areas in which complications in the retinal paren
chyma, such as hemorrhages and ischemic infarc
tions, may occur (Fig. 5b). The dye cannot leak from 
a healthy vessel, so that the vessel is clearly visual
ized during the entire transit time (called the reti
nal circulation time). In pathologically altered ves
sels, however, the dye extravasates because of its low 
molecular weight and stains adjacent tissues. The 
clear visualization of even the smallest retinal cap
illaries in hypertensive patients also reveals micro
aneurysmal dilatations of the capillary network, 
which previously were deemed especially typical of 
diabetic retinopathy. While such lesions are more 
frequent and extensive in this form of retinopathy, 
hypertensives with only moderate caliber changes of 
the retinal arteries also show capillary dilatation, 
microaneurysms, and isolated capillary destruction 
in many cases (Fig. 8a and b). As a result, reactive 
changes leading to hemorrhages and vascularization 
are not infrequent. Thus, microaneurysms and cap
illary destruction are evidence of severe injury to the 
capillary network and indicate the sites of predilec
tion for later hemorrhage and necrosis. 

In younger patients these capillary changes occur 
only after a long history of hypertension with high 
blood pressure values, while in older patients they 
can be demonstrated as early as 1 year after the 
onset of hypertension, as is also the case for changes 
in the retinal pigment of the macula.7 With remark
able frequency, an incipient macular degeneration 
can be demonstrated in juvenile hypertensives even 
in the presence of mild retinal vascular sclerosis; the 
incidence and extent of the macular changes in
crease sharply with the patient's age. It can thus be 
concluded that, besides sclerosis of the retinal ves
sels, there must also be marked sclerosis of the cho
roidal vessels in hypertension, whose deficient blood 
flow causes disruption of the choroid capillary layer 
and degeneration of the pigment layer and sensory 
epithelium of the retina, which are nourished by the 
choroid capillary layer. The choroid vessels may 
even show more severe sclerotic changes in hyper
tension than the retinal vessels, as Marquardt indi
cated in 1968 on the basis of histologic studies.14 

With the appearance of cotton-wool patches and 
flame-shaped hemorrhages, a benign hypertension 
may progress to a malignant one. While formerly the 
prognosis was unfavorable with the onset of angio
spastic retinopathy, Heydenreich reporting in 1967 
a life expectancy of 5 years on the average,s Hany et 
al. reported that 50% of treated hypertensive pa
tients were still alive after 5 years.15 Progress in 
modern therapy has improved life expectancy to a 
significant degree.16.17 

Reversibility of Hypertensive Changes 

While the spastic changes of the arterioles are re
versible,18 the organic vascular changes, such as 
Gunn's crossing signs, are not.19 

According to the observations of Hill and Dollery, 
the narrowed arterioles may dilate again with ade
quate antihypertensive treatment.20 The large, pas
sively distended, sclerotic arteries become narrower 
after the arterial pressure is lowered.21 Such regres~ 
sions, however, are found almost exclusively in 
young patients with a short history of the disease. 

Secondary changes, such as hemorrhages and 
fatty exudations, disappear after treatment. While 
ophthalmoscopic findings show a regression of mi
croaneurysms and cotton-wool patches, the conse
quences of these changes may be demonstrated later 
by fluorescein angiography. Papilledema also re
gresses after a few months of treatment. If the 
changes are present for only a short time, as in tox
icosis of pregnancy, the pathologic changes disap
pear soon after normalization of the blood pressure. 
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Cost-Effectiveness Considerations 

A large number of methods have been developed to 
detect the cause of hypertension, some of which are 
costly or potentially hazardous. With the enormous 
number of hypertensives in the industrial countries, 
attempts have to be made in practice to attain a rea
sonable relation between expenditure of money (and 
of time) and effectiveness. All reflections on ration
alization of the diagnostic procedure must take into 
account that secondary forms of hypertension 
amount to a maximum of only 10 to 15% of all cases 
of hypertension. Among a total of 4939 patients with 
hypertension examined in the Cleveland Clinic dur
ing 1966-1967, specific therapeutic interventions 
were potentially available for only 5.9 % of hyper
tensives and were apparently applied in 2.8 % or 
less.6 The cost-effectiveness analysis of an extensive 
diagnostic program is thus inevitably unfavorable in 
view of the small propotion of specifically curable 
forms of hypertension. This is illustrated by an anal
ysis by McNeil and Adeistein10 according to which 
the cost for the diagnosis of a renal artery stenosis 
using intravenous pyelography as the screening 
method was $2000 and the costs for surgical correc
tion of a renal artery stenosis ranged from $11,800 
to $33,800 per patient, depending on age, sex, and 
diagnosis (fibromuscular hyperplasia or atheroscle
rotic stenosis). These cost-related considerations 
naturally do not apply to secondary forms of hyper
tension, such as coarctation of the aorta, Cushing's 
syndrome, or contraceptive-induced hypertension, 
which can be discovered by simple examinations. 

The advantages of a specific therapy should not 
be overlooked. With successful specific therapy, the 
patient does not need to take drugs for the rest of 

his or her life. Side effects due to the drugs are not 
to be feared, and the reliability with which the drugs 
are taken is unimportant. However, the available al
ternative of drug therapy for hypertension, which 
can be used in almost all cases, makes it unnecessary 
to adopt screening programs that can detect all sec
ondary forms of hypertension. The average costs of 
lifelong drug therapy are very much lower than the 
estimated costs for detection and successful surgery 
of renal arterial stenosis. 11 

The current widespread enthusiasm in searching 
for secondary types of hypertension in all hyperten
sives is no doubt supported by the insurance com
panies' practices, which (especially in the United 
States) often provide full coverage for hospitaliza
tion and surgical expenses while paying for none or 
only part of ambulatory services and costs for life
long antihypertensive therapy. 

Rethinking will doubtless become necessary here 
in the future in order to keep the financial expense 
in combating hypertension within justifiable limits. 

Aims of Basic Investigation 

The aims of the basic diagnostic evaluation of hy
pertension are: 

1. To detect secondary causes of hypertension, in 
particular those amenable to specific therapy 

2. To assess the extent of organ damage secondary 
to the hypertensive process as well as to detect 
other cardiovascular risk factors 

3. To establish the state before therapy by making 
a record of symptoms and of laboratory status to 
aid in the detection of side effects due to therapy 
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Table 1. Recommendations of the Joint National Committee on Dectection, Evaluation, and Treatment of High 
Blood Pressure 

Medical history 

Physical evaluation 
Two or more blood pressure measurements (one standing) 
Height and weight 
Funduscopic examination (especially important in persons with diastolic blood pressure of 110 mm Hg or 

higher) 
Examination of the neck for thyroid enlargement, bruits, and distended veins 
Auscultation of the lungs 
Examination of the heart for increased rate, size, precordial heave, murmurs, arrhythmias, and gallops 
Examination of the abdomen for bruits, large kidneys, or dialtation of the aorta 
Examination of the extremities for edema, peripheral pulses, and neurologic deficits associated with stroke 

Basic laboratory tests 
Hematocrit 
Urinalysis for protein, blood, and glucose (dipstick) 
Creatinine and/or blood urea nitrogen 
Serum potassium 
Electrocardiogram 

Other tests which may be helpful include a chest X-ray, blood sugar, serum cholesterol, serum uric acid, microscopic 
urinalysis, and blood count. Clinical judgment or abnormal findings obtained during the routine evaluation may 
suggest other tests, such as an intravenous urogram and urinary catecholamines. 

Comment: In view of the rarity of the specific recognizable causes of high blood pressure, coupled with both the cost in 
dollars and the small but real risk to the patients of certain diagnostic procedures, it is recommended that all routine 
pretreatment work-ups be limited to defining the severity of the blood pressure and to identifying its complications 
and associated cardiovascular risk factors. 

More complex diagnostic procedures designed to discover specific causes of high blood pressure, such as primary 
aldosteronism, renovascular disease, or pheochromocytoma, can be reasonably reserved for those subjects (1) in whom 
routine history, physical examination, or the recommended laboratory findings suggest one of the specific recognizable 
causes; (2) who are under the age of 30, since they have the greatest prevalence of correctable secondary high blood 
pressure; or (3) in whom drug therapy proves inadequate or unsatisfactory. 

From Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure, ref 12. 

In recent years, expert committees in different 
countries have elaborated recommendations for the 
basic diagnostic evaluation of hypertensive patients. 
Table 1 shows an abridgment of the recommenda
tions of the American Joint National Committee on 
Detection, Evaluation, and Treatment of High 
Blood Pressure.12 The diagnostic basic program pro
posed by the American Joint National Committee is 
less extensive than that suggested by the German 
League against High Blood Pressure,2 which is 
shown in Table 2. 

Supplementary Comments on the Basic 
Diagnostic Program 

History 

Family History. High blood pressure or sequelae 
of hypertension such as stroke and myocardial in
farction can frequently be demonstrated in the par-

ents, grandparents, brothers and sisters, or children 
of patients with essential hypertension. However, 
even in patients with hypertension resulting from 
renal artery stenosis or chronic pyelonephritis, an 
increased incidence of hypertensive conditions in 
the family has been observed. Pheochromocytoma 
can likewise occur in familial forms. Survey of the 
family history in hypertensives accordingly provides 
important information on a possible hereditary pre
disposition. However, differential diagnostic conclu
sions with regard to the genesis of the hypertension 
cannot be drawn from the family history. 

Previous Diseases. It is important to establish 
how long elevated blood pressure values have been 
known, what the highest blood pressure value has 
been, what treatment had been previously given, 
whether the patient had gone through previous kid
ney diseases, the course of any pregnancies (indica
tions of pyelonephritis or EPH toxemia of preg
nancy?). It is also important to establish whether 
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Table 2. Recommendations for Basic Investigation of the Hypertensive Patient of the German League against High 
Blood Pressure (1980) 

In all 
pat ients 

History 

Family : Hypenension 
Stroke/Myocardial in larct ion? 

Rena l disease within the family ? 
In the patient? 

Complicated pregnancies? 

Heart d isease? 

Drugs/Con traceptive pills? 

Hypenension crises? 

Smoking habits?' 

L 
~ 

-

Repeated blood pressure measuremen t 

-t.heOChrOmOCytoma? 
I- _ 

Clinical 
Investigat ion 

Urine 

Blood 

Overweight. appearance 

Heart : Auscul tat ion 

Pulse : Arms. gro in. leet 

Kidneys : Bimanual palpat ion 

Protein 

Sediment 

Glucose' 

Creat ine 

Potassium 

Glucose ' 

Cholestero l' 

Uric acid ' 

E I ectrocard iogr am 

Chest X-ray 

Intravenous pyelogram 

Cush ing's syndrome? 

:J-i Coarcta tion of the 
aorta? 

-

-
Kidn ey d isease? -

I-
Diuretics? 
Laxat ives? 
Li corice? 
CarbenoJ(olone? 
Primary/Secondary 
aldosteronism? 

In addition. 
if d iasto lic 
pressure over 
l00 mm Hg 

Fundus : Malignant hypertension ? 

"Not required for diagnostic evaluation of hypertension; however, recommended for detection of additional cardiovascular risk factors. 

complications of hypertension, such as stroke, car
diac insufficiency, angina pectoris, or myocardial in
farction, have already occurred. 

Occupational and Social Situation. Since envi
ronmental factors can influence the blood pressure, 
knowledge of the occupational and private situation 
of the hypertensive patient (nature of the occupa
tion, satisfaction, disappointment, or excessive de
mands at work, economic difficulties, living condi
tions, marriage and family conditions, sexual 
problems) is indispensable for the investigator. 

Medication. Since certain drugs can induce hy
pertension, a meticulous recording of the medica
tion history is important. In particular, the patient 

must be asked about the use of contraceptive pills 
or other drugs or substances which may induce hy
pertension (e.g., carbenoxolone, licorice, steroids, in
domethacin) or can induce potassium deficiency 
(e.g., saluretics, carbenoxolone, licorice, laxatives). 
In addition, inquiries should be made with regard to 
possible analgesic abuse (which might cause anal
gesic nephropathy). Since cigarette smoking is an 
additional cardiovascular risk factor, smoking hab
its should also be noted. 

Symptoms 
The symptoms presented can provide important in
formation on the nature and severity of a hyperten
sive condition. According to a study of Bechgaard,I 
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the following symptoms are found in patients with 
hypertension of more than 10 years' duration: 

Exercise dyspnea 
"Nervousness" 
Palpitations 
Dizziness 
Precordial pain of general nature 
Typical angina pectoris 
Headache 
Depression 
Resting dyspnea 
Epistaxis 

% 

42 
35 
32 
30 
26 
7 

23 
7 
4 
3 

It is evident that none of the symptoms listed is spe
cific for hypertension. All these symptoms can also 
be observed in normotensives. Conversely, a large 
number of hypertensives do not display any symp
toms at all. 

Clinical picture in pheochromocytoma 
Patients with pheochromocytoma frequently dis
playa relatively typical clinical picture (Table 3) 
which is particularly suggestive when such symp
toms occur episodically. 

Symptoms in primary aldosteronism 
The typical symptoms of patients with primary al
dosteronism (Table 4) are attributable to the potas
sium deficiency. Similar symptoms may develop in 
potassium deficiency of any etiology. Other forms of 
hypertension, especially essential and renal hyper
tension, do not lead to a specific clinical picture. 

Physical Examination 

Blood Pressure Measurement. Except for ex
cessively raised values, the diagnosis "hypertension" 
should never be made on the basis of a single mea
surement of blood pressure. It is a well-known fact 
that blood pressure readings at the first visit to the 
physician are frequently higher than in later follow
up examinations. The presence of chronic hyperten
sion is to be assumed only when the blood pressure 
displays unequivocally raised values in at least three 
measurements on two different occasions. At least 
two blood pressure measurements should be per
formed at each visit to the physician and the values 
obtained should be averaged. Initially, the blood 
pressure should be determined in both arms. In fur
ther measurements, measurement on the arm in 
which the higher blood pressure was identified is suf-

Table 3. Symptoms in 76 Patients with Pheochromocytoma 

Symptoms presumably due to excess catecholamines 
and/or hypertension 

Headaches (severe) 
Excess sweating (generalized) 
Palpitations ± tachycardia 
Anxiety or nervousness (± fear of impending death; 

panic) 
Tremulousness 
Pain in chest and/or abdomen (usually epigastric) and/or 

lumbar regions and/or lower abdomen and/or groin 
Nausea ± vomiting 
Weakness, fatigue, prostration 
Weight loss (severe) 
Dyspnea 
Warmth ± heat intolerance 
Visual disturbances 
"Dizziness" or faintness 
Constipation 
Paresthesia or pain in arms 
Bradycardia (noted by patient) 
Grand mal 

From Manger WM and Gifford RW, ref 9. 

Approximate Percent 

Paroxysmal 
Hypertension 
(37 Patients) 

92 
65 
73 
60 

51 
48 

43 
38 
14 
11 
13 

3 
11 
o 

11 
8 
5 

Persistent 
Hypertension 
(39 Patients) 

72 
69 
51 
28 

26 
28 

26 
15 
15 
18 
15 
21 
3 

13 
o 
3 
3 
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Table 4. Symptoms in 103 Patients with Primary 
Aldosteronism. 

Muscle weakness 
Polyuria (nocturia) 
Headache 
Polydipsia 
Paresthesias 
Visual disturbance 
Intermittent paralysis 
Tetany 
Fatigue 
Muscle discomfort 
No symptoms 

From Conn JW, Knopf RF, Nesbit RM, ref 4. 

% 

73 
72 
51 
46 
24 
21 
21 
21 
19 
16 
6 

ficient. Differences in blood pressure between the 
right and the left arm can be evaluated diagnosti
cally only when they constantly exceed 20 mm Hg 
systolic or 15 mm Hg diastolic. If the foot pulse ap
pears to be weakened, blood pressure should also be 
taken in the leg. In the first investigation as well as 
in control check-ups under therapy, a measurement 
of blood pressure after standing for several minutes 
should be done in addition to the measurement in 
the sitting position in order to detect orthostatic re
actions. 

Procedure in Borderline Hypertension. If in a 
patient occasionally slightly raised and sometimes 
normal blood pressure values are registered in mul
tiple blood pressure readings on different days, the 
presence of a "borderline hypertension" can be as
sumed. A true chronic hypertension eventually de
velops only in some of these patients: data in the lit
erature on the proportion vary substantially (see 
literature review in ref. 8). However, since a transi
tion to chronic hypertension is not to be feared in 
the majority of patients with borderline hyperten
sion, there is no general necessity for a detailed di
agnostic clarification of the labile blood pressure el
evation in this patient group. 

If doubt as to whether a chronic or merely an in
termittent raised blood pressure is present still re
mains even after multiple blood pressure readings 
on different days, an attempt can be made to obtain 
additional information by taking the blood pressure 
in the domestic environment of the patient per
formed by a member of the family or by the patient 
(e.g., blood pressure measurements in the morning 
and evening over a period of 2 weeks).5 

When there is certainty that merely a borderline 
hypertension is present, patients under 35 years old 
should be summoned for control measurements of 

blood pressure at least once a year, and patients over 
35 years old at least twice a year.7 

Nutritional State. Since obesity can unfavorably 
influence the blood pressure, the determination of 
height and weight has particular importance in adi
pose patients for documentation of the overweight. 

Clinical Examination. Special attention has to 
be paid to the investigation of the heart as well as 
auscultation and palpation of the large vessels and 
arteries of the limbs. 

The following causes of hypertension can be at 
least suspected on the basis of the physical exami
nation: Cushing's syndrome ("moon" facies, "buf
falo" hump, striae rubrae); coarctation of the aorta 
(difference in blood pressure between the arms and 
legs, typical auscultatory finding over the heart); 
renal artery stenosis (a vascular murmur can be aus
cultated in about 50% of the cases in the epigas
trium or in the region of the renal hili); and polycys
tic kidney disease (typical palpatory finding). 

The physical examination, moreover, reveals se
quelae of the hypertension or manifestations of ar
teriosclerosis (e.g., left ventricular hypertrophy, car
diac insufficiency, stenotic murmurs over certain 
vessel areas such as the carotids, lack of foot pulses) 
which may already have occurred. 

Urinalysis 

The minimum program includes an analysis of fresh 
morning urine for protein and formed elements. If 
proteinuria is discovered, a quantitative determina
tion of protein excretion in 24-h collected urine 
should be performed. 

Blood Tests 

Serum Creatinine. To detect impaired renal 
function determination of the serum creatinine level 
is appropriate because of its close correlation with 
the glomerular filtration rate and its independence 
of dietary protein intake. Determination of serum 
urea or urea nitrogen concentration is to be recom
mended only when the serum creatinine levels are 
markedly raised. 

Serum Potassium. Hypokalemia may be the first 
indication of the presence of primary aldosteronism 
or of another rare form of mineralocorticoid hyper
tension. However, the most frequent cause of hypo
kalemia in hypertension is a prior saluretic medica
tion. Saluretics must therefore be discontinued at 
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least 14 days before determination of the serum po
tassium level. This also applies to potassium-spar
ing diuretics and aldosterone antagonists, since a 
raised or false normal serum potassium level can 
occur under administration of these drugs. Taking 
of laxatives, licorice, or carbenoxolone can likewise 
lead to hypokalemia. 

Additional Blood Work Parameters which are 
not necessary for diagnosis of hypertension, but 
which are to be recommended for detection of fur
ther cardiovascular risk factors or to establish the 
initial status before therapy, include the determi
nation of blood glucose (fasting or 2 h postprandial), 
cholesterol, serum triglycerides, and uric acid. 

Urography 

The question as to whether excretion urography 
should be applied routinely in the diagnostic evalu
ation of hypertension is controversial. Thus the Ger
man League against High Blood Pressure recom
mends a urogram in all patients with diastolic blood 
pressure values over 100 mm Hg, whereas, for ex
ample, the American Joint National Committee on 
Detection, Evaluation, and Treatment of High 
Blood Pressure12 does not consider this a routine 
measure (see above). 

The intravenous pyelogram enables detection of 
unilateral or bilateral shrunken kidney, alterations 
of the renal cavity system, of cysts, tumors, urinary 
tract obstruction, etc. Furthermore it can provide 
indirect indications of the presence of a unilateral 
renal artery stenosis.3 With regard to the rare occur
rence of renal artery stenoses or a unilateral shrun
ken kidney, which can be potentially treated by sur
gery or by catheter dilatation, it must be borne in 
mind that the result of intravenous pyelography 
leads to direct therapeutic consequences only in 
very few cases. The relatively high costs, the sub
stantial time expenditure for physician and patient 
as well as the radiation exposure of the patient are 
weighty objections to the routine use of the uro
gram. 

If the decision to perform an intravenous pyelo
gram is deferred, ultrasonography examination can 
be considered as an orientative morphologic inves
tigation of the kidneys. It may also provide impor
tant information on kidney size, shape, cavity sys
tem, stones, cysts, etc. 

Urography is to be preferred to isotope nephrog
raphy, since the former has the same accuracy with 
regard to the detection of a unilateral renal artery 
stenosis. In addition, it provides abundant further 

information on kidney position, size, morphology of 
the renal cavity system, cysts, etc. Renal scintigra
phy is also inferior to urography in the diagnostic 
information it provides. Isotope nephrogram and 
renal scintigraphy should therefore be used in the 
context of basic diagnostics of hypertension only in 
patients with contrast medium intolerance. 

Determination of the Catecholamine and 
Metanephrine Excretion 

Routine determination of the catecholamine and/or 
metanephrine excretion was not included in the 
basic program for reasons of cost. However, if the 
presence of a pheochromocytoma is suspected (50% 
of the patients with pheochromocytoma exhibit a 
chronic hypertension!) on the basis of typical history 
(see Table 3) or an especially labile blood pressure, 
then it becomes necessary to determine the meta
nephrine or catecholamine excretion or the plasma 
catecholamines. 

Investigations to Detect Hypertensive Organ 
Damage 

Apart from the physical examination and the deter
mination of serum creatinine levels already men
tioned, the electrocardiogram, the chest X-ray ex
amination, and the funduscopic investigation are 
suitable methods to establish whether organ damage 
due to hypertension is already present. 

Electrocardiogram. The ECG investigation pri
marily serves to detect left ventricular hypertrophy. 
The accuracy of the electrocardiogram with regard 
to the detection of left ventricular hypertrophy is 
greater than that of a chest X-ray examination. Pa
tients with "definite" electrocardiographic signs of 
left ventricular hypertrophy (high R waves in the 
left precordial and low S waves in the right precor
dial recordings associated with lowering of the ST 
segment and flattening or inversion of the T waves) 
display a three times higher risk of clinically mani
fest coronary heart disease than hypertensives with
out corresponding ECG changes.8 

Chest X-ray Examination. The chest X-ray pro
vides information on the presence of left ventricular 
hypertrophy or dilatation. Pulmonary congestion 
due to left ventricular failure or (as an indication of 
an aortic isthmus stenosis) rib lesions can be discov
ered in addition. 
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Funduscopic Examination. It is especially im
portant to detect alterations of the fundus of the 
eye, such as hemorrhages, exudates, and papille
dema. These alterations can easily be diagnosed by 
any physician with the speculum. 

Conclusions 

Besides providing (although incomplete) diagnostic 
evaluation of hypertension, the basic program which 
has been sketched also enables at the same time the 
detection of the degree of severity and possible com
plications of the hypertension as well as the discov
ery of further cardiovascular risk factors. If the sus
picion of a secondary and, in particular, potentially 
surgically curable form of hypertension is revealed 
by the basic program, further investigations which 
are reserved for appropriately equipped special out
patient departments and clinics are necessary pro
vided that therapeutic consequences are to be ex
pected on the basis of the age and the general 
condition of the patient. 

The following can be regarded as indications for 
further special diagnostics: 
1. Forms of hypertension which potentially can be 

cured by surgery: 
Suspicion of pheochromocytoma (typical symp
toms; especially labile blood pressure behavior) 

Suspicion of Cushing's syndrome ("moon" facies, 
"buffalo" hump, striae rubrae) 

Suspicion of mineralocorticoid hypertension (key 
symptom: hypokalemia) 

Suspicion of unilateral renal artery stenosis (vas
cular murmur in the abdomen; indirect indica
tions in the iv pyelogram) 

Unilateral shrunken kidney (corresponding find
ing in the urogram or ultrasonogram) 

Suspicion of coarctation of the aorta (blood pres
sure difference between the arms and legs; typ
ical auscultatory finding over the heart) 

2. Suspicion of renal parenchymatous hypertension 
(proteinuria, erythrocyturia, cylindruria, eleva
tion of the serum creatinine level, pathologically 
altered urogram) 
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Laboratory Diagnosis in Hypertension 26 
H. Wernze 

Introduction 

Laboratory studies are indispensable for the differ
entiation of the various forms of hypertension. With 
the introduction of new methods, most notably ra
dioimmunoassay, the diagnostic possibilities for the 
identification of endocrine forms of hypertension 
have been significantly expanded. The application 
of these procedures has been broadened greatly by 
kits offered by pharmaceutical companies and is 
therefore no longer restricted to specialized labora
tories. Extensive and nonspecific analytical methods 
need not be employed in every form of hypertension, 
however. In the majority of hypertensive patients, 
particularly the elderly, it is not necessary to carry 
out an extensive program of analytical laboratory 
tests based on differential diagnostic and therapeu
tic considerations. The dilemma of laboratory diag
nosis lies in the lack of reliable, simple methods for 
identification of the frequently occurring primary 
(essential) hypertension. As a result, the necessary 
differentiating laboratory tests are neglected or ap
plied insufficiently in the rare secondary forms of 
hypertension which sometimes are amenable to 
causal therapy. Findings of blood chemistry and uri
nalysis may offer valuable indications not only for 
differentiation but also for evaluating the course of 
hypertension with manifest or imminent complica
tions of the primary disease. But knowledge of the 
methodological assumptions relating to the patient, 
and especially of the sometimes complicated and 
sensitive techniques, should be thorough enough to 
enable the physician to avoid being misled by erro
neous laboratory results. For practical purposes, it 
seems advisable to differentiate between (1) a stan
dard program of simple analytical laboratory tests, 

and (2) special endocrine studies for specific 
problems. 

Standard Laboratory Tests 

Preliminary Note 

Selected tests of urine and blood chemistry are car
ried out in hypertensive patients for the following 
purposes: 

1. Identification or exclusion of renal function im
pairments to rule out secondary forms of hyper
tension in congenital anomalies and inflamma
tory and (rarely) malignant or postrenal 
(urologic) diseases of the kidneys 

2. Recognition of metabolic diseases that are fre
quently associated with primary hypertension 
and may cause the hypertension to become com
plicated by diabetes, gout, hyperlipemia, etc. 

3. Detection of hypermineralocorticoid hyperten
sion by systematic screening of the electrolyte 
metabolism (potassium!) so that specific endo
crine studies can be employed 

4. Evaluation of the development of organ damage 
(kidney) in every case of longstanding 
hypertension 

5. Control of possible side effects of antihyperten
sive therapy 
a. Salidiuretics: hypokalemia, hyperuricemia, 

hyperglycemia 
b. Antikaliuretics: hyperkalemia, elevation of 

serum creatinine and urea 
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At least in the initial examination of a hyperten
sive patient, the following standard laboratory tests 
should be available for total evaluation based upon 
a mosaic of case history, clinical work-up, and radio
logic and radioisotope findings. The evaluation of 
largely nonspecific laboratory results must always 
take into account hypertension-independent coex
isting diseases, a consideration that makes the di
agnostic task even more difficult, especially in older 
patients. 

Blood 

Potassium and sodium 
The flame-photometric analysis of potassium is 
methodologically simple (automatic evaluation) and 
reliable with the routine use of gauging standards. 
Hypokalemia may become a diagnostic milestone in 
untreated hypertensive patients, with the need to 
take into account all forms of endogenous hyper
mineralocorticoid syndrome or exogenous intake of 
mineralocorticoid-like substances (carbenoxolone, 
glycyrrhinicic acid). The following points are crucial 
for a correct evaluation of K+ alterations: 

1. Not only clearly hypokalemic values ( <3.3 mEql 
liter) but also low-normal values are of im
portance. 

2. Owing to inconstancy of K+ alterations, several 
(five to seven!) measurements should be carried 
out. 

3. Hypokalemia may also be encountered in accel
erated (malignant) hypertension with secondary 
hyperaldosteronism. 

4. Drug-induced hypokalemia (salidiuretics and 
their combination products) represents the most 
frequent cause in hypertensive patients. 

5. The hypokalemic tendency is aggravated in pri
mary aldosteronism by the administration of 
NaCI (200-300 mEq Na+ over 3 to 5 days) and 
may be utilized diagnostically. 

6. Hypokalemic states of different origin may coin
cide with hypertension in terms of time but not 
of cause. 

Hypercalcemia may be indicative of renal failure or 
may be attributable to an overdose of antikaliuretics 
(spironolactone, triamterene, amiloride). 

The analysis of serum sodium (by flame photom
etry) is less conclusive in the differential diagnosis 
of hypertension. A tendency toward elevated Na+ 
levels or hypernatremia (rarely observed) is indic
ative of primary hyperaldosteronism. Hyponatre
mia occurs in advanced (malignant) hypertension 
and is the result of increased renal sodium losses or 

a sign of universal cell damage (nonuniform distri
bution). High doses of spironolactone or salidiuret
ics (rarely) may lead to hyponatremia. 

Calcium 
Blood screening for hypercalcemia should be car
ried out in every patient with established hyperten
sion to detect or to exclude primary hyperparathy
roidism (pHPT). According to newer findings95 

deterioration of calcium homeostasis may lead to 
hypertension directly and does not exclusively fol
low PHT -induced renal failure due to nephrolithia
sis and nephrocalcinosis. Borderline values should 
be repeated under limited fluid intake to unmask 
hypercalcemia. Analysis (total calcium) can be per
formed either by flame photometry, titrimetry, or 
atomic absorption spectrophotometry. 

Creatinine 
The determination of serum creatinine is the most 
important test for the detection of impaired glomer
ular function and for the follow-up of a manifest 
renal failure. Serum creatinine, as opposed to urea, 
is almost independent of the protein balance. There 
is a close correlation between serum creatinine and 
the creatinine clearance, but an elevation of creati
nine occurs only when clearance falls below 40% to 
50 % of normal. Thus, normal values do not preclude 
discrete to mild disturbances of renal function, and 
so the endogenous creatinine clearance (Cl), ex
pressed as 

CI - urinecreat X urine •• l II . 
croat - I m mm 

P asm~t 

is more predicative. 
The creatinine determination may be influenced 

by the presence of reducing substances; automatic 
colorimetry yields reliable results owing to the time
dependence of the Jaffe color reaction (picric acid). 
Increased serum bilirubin interferes with the anal
ysis and cannot be corrected adequately. 

Urea 
Elevated plasma urea levels may represent an in
creased residue from protein metabolism (catabo
lism), or may stem from a high-protein intake as 
well as a reduced renal excretion. Thus, extrarenal 
factors play such a major role that the urea assay 
can hardly be considered a reliable measure of renal 
function. Test sticks permit a qualitative or (with 
prolonged incubation) semiquantitative estimation 
of elevated urea concentrations. Accurate quantita
tive determinations are possible with the urease 
method using manual or automatic evaluation. 



Uric acid 
Uric acid levels are of little importance as a measure 
of renal function. For evaluation of hyperuricemia 
due to gout, a 4-day purine-free diet must precede 
the study. It must be borne in mind that hyperuri
cemia not related to gout may be induced by abnor
mal cell destruction (leukemia, polycythemia, treat
ment with cytostatics plus radiation therapy) and 
even more frequently by drugs (saluretics) or fast
ing. An enzymatic color test is available for analysis. 

Glucose 
The quantitative analysis of blood glucose concen
trations is carried out by specific hexokinase reac
tion. Immediate qualitative determinations by test 
sticks are available. These sticks can also be used 
with the test stick photometer for quantitative 
results. 

Cholesterol and triglycerides 
The quantitative determination of cholesterol by 
color reaction is a very delicate procedure (temper
ature, dampness affect it). The enzymatic and spe
cific color tests yield values lower by an average of 
30 mg per 100 ml. The spectrum of differential di
agnosis must be considered in all states of hypercho
lesterolemia. No drug is known to interfere with the 
enzymatic color test. The determination of triglyc
erides requires the breakdown of glycerine esters, 
whereupon the glycerine can be reliably measured in 
an enzymatic reaction via NADH. Blood samples 
should be drawn after 12 h of fasting and alcohol 
abstinence. 

ESR electrophoresis and total protein 
Determinations of erythrocyte sedimentation rate 
(ESR) and total protein, as well as the preparation 
of an electrophoresis diagram, are employed as ex
clusion tests in the diagnosis of hypertension. They 
should not be omitted, nevertheless, at least in the 
absence of earlier results. 

Quantitative and morphologic blood status 
Each routine examination should include the deter
mination of hemoglobin, red blood cell count, white 
blood cell count, and differential WBC in order to 
recognize typical signs of inflammatory processes or 
anemia of renal origin. 

Urine 

Urine concentration 
Measurement of the specific gravity by aerometer is 
still an acceptable method, as long as reading errors 
(foam) are avoided. False readings caused by tem-
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perature and especially by sugar and protein excre
tions-and their correction-have to be kept in 
mind. A possible elevation of specific gravity by re
nally excreted X-ray contrast media (up to 1050!) 
must be considered, but cannot be corrected. Deter
mination of urine osmolarity requires too great an 
investment of equipment and time for routine 
examinations. 

pH value 
The urinary pH can be reliably measured with test 
sticks; electrometric measurement is unnecessary. 

Protein 
The qualitative demonstration of proteins in the 
urine by sulfosalicylic acid covers concentrations of 
15 mg/liter; a physiologic proteinuria (up to 50 mg/ 
liter may cause opalescence. False-positive results 
caused by a number of drugs are well known. The 
reliable boiling test has been almost totally replaced 
by many highly specific test sticks (albumin), but 
the semiquantitative assessment remains inexact. 
The biuret method (photometric analysis) can be 
used for quantitative measurements of protein ex
cretion. Electrophoretic studies of urinary proteins 
go beyond the basic program for the diagnosis of hy
pertension. 

Glucose 
For specific enzymatic glucose identification (glu
cose oxidase, peroxidase), test sticks may generally 
be considered the method of choice. The semiquan
titative assessment is quite reliable with some ex
perience and correct handling. 

Electrolyte analyses 
The quantitative (flame photometric) measurement 
of sodium and potassium in the 24-h urine is of no 
practical importance in the diagnosis of hyperten
sion. Even when dietary intake is constant in elec
trolyte composition (as assessed by nutrition ta
bles), large differences in the excretion of various 
electrolytes can be seen.8 The precise collection of 
24-h urine specimens from many patients is always 
difficult. Assessment of increased mineralocorticoid 
activity solely by measuring the NalK ratio in ran
dom urine samples is completely unreliable. 

Cellular and other structural elements 
A prerequisite for the qualitative assessment of the 
urinary sediment is a freshly voided urine (morning 
midstream urine) no more than 3 h old. While epi
thelial cells, some leukocytes, and even erythro
cytes may also be found under physiologic condi
tions, a marked accumulation of leukocytes and 
erythrocytes is pathologic. For borderline results or 
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for course studies, it is advisable to count the num
ber of cells in the counting chamber, referring to an 
exact period of urine collection, as recommended by 
Addis. Normal values: up to 3 million erythrocytes 
per 24 h up to 5 million leukocytes per 24 h. Hyaline 
casts are indicative of inflammatory renal disease 
but may also occur in physical exertion, infections 
with fever, and cardiac congestion. Granular casts 
formed from cellular debris indicate acute and 
chronic renal parenchymal diseases. Leukocyte 
casts caused by the aggregation of leukocytes in the 
tubule system are indicative of pyelonephritis. The 
occurrence of erythrocyte casts is possible in any 
hematuria of renal cause. 

Bacteriologic studies 
The culture analysis of midstream urine for the 
demonstration of microorganisms should be man
datory in each leukocyturia originating in the uri
nary tract because of the frequency of bacterial pro
cesses (cystitis, pyelonephritis). The bacterial count 
should be performed with the aid of immersion cul
ture media; counts over 100,000/ml are considered 
pathologic, although this number may be lower for 
some organisms (enterococci, Pseudomonas). For 
the qualitative demonstration of bacteriuria, test 
sticks to identify nitrite excretion (reduction of ni
trate to nitrite by bacteria) have proved valuable. 
They have been found more than 90% accurate in 
first-morning urine samples. 

Endocrine Studies 

Catecholamines, Catecholamine Metabolism, 
and Catecholamine Metabolites 

Preliminary remarks 
The scientific study of catecholamine metabolism in 
the various forms of hypertension remains a matter 
of much current interest. In the diagnosis of hyper
tension, the demonstration of quantitative changes 
in the catecholamine balance is the key to therapeu
tic measures in all patients with pheochromocy
toma. Positive as well as negative findings are of 
much diagnostic importance, therefore. The analysis 
of large numbers of pheochromocytoma patients has 
shown that in some instances the overproduction of 
a hormone can be demonstrated only by the com
bined application of several analytical methods.47•75 

Nevertheless, it remains extremely difficult to uti
lize all the quantities which characterize the cate
cholamine metabolism in establishing the diagnosis. 
Analyses are available for the following agents and 
metabolites (Fig. 1): 
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Figure 1. Structural formulas of norepinephrine (NE) 
and epinephrine (E) and their metabolites normetane
phrine and metanephrine as well as vanillylmandelic acid 
(VMA). 

1. Epinephrine and norepinephrine 
2. Metanephrine and normetanephrine 
3. Vanillylmandelic acid 

The tumor size and turnover rate of the secreted 
catecholamines determine the qualitative excretory 
patternY In the very rare cases of pheochromocy
toma without sustained hypertension and an ab
sence of catecholamine excess, provocative mea
sures in the form of physical maneuvers (e.g., flank 
massage) or pharmacologic tests (glucagon, hista
mine) are still necessary as a means of precipitating 
an attack and measuring the catecholamines or their 
metabolites in the plasma and/or urine.47 Despite 
the large number of negative analyses obtained
which is understandable in view of the low incidence 
of pheochromocytoma (0.7% )-the diagnosis of cat
echolamine-producing tumors nevertheless merits 
very close attention. The aforementioned tech
niques are employed not just on the appearance of 
the classic signs of a pheochromocytoma crisis but, 



in view of the varied symptomatology of these tu
mors (approximately 50% sustained hypertension), 
must be applied in every patient with unexplained 
hypertension, often repeatedly and at the start of 
the diagnostic program. Research into new simple 
and reliable screening methods is welcome, indeed, 
in view of the high cost and complexity of tradi
tional analytical techniques. The demonstration of 
plasma catecholamines (total) with the radioenzy
matic (RE) technique, for which a kit (Upjohn Di
agnostics) is now available, may also represent a 
highly accurate method of the future. * 

Epinephrine (E) and norepinephrine (NE) 

Urinalyses. The quantitative determination of 
the free catecholamines, and to some extent the 
conjugated catecholamines, epinephrine and nor
epinephrine in the urine has a satisfactory accuracy 
rate in the biochemical diagnosis of pheochromocy
toma but is a laborious procedure. Still most fre
quently used are the fluorometric methods and their 
modifications,46,86 in which E and NE can be assayed 
separately owing to the differences in their spectra 
and pH dependence. The NE/E ratio varies from 
one author to the next, ranging from 3:1 to 8:1. The 
catecholamine excretion (free portion) varies as a 
function of the body position and physical activity 
(NE during bed rest = 10 to 20 J.Lg per 24 h, NE dur
ing moderate activity = 30 to 60 J.Lg per 24 h.22 More
over, there are diurnal variations,2 and NE tends to 
increase with age,85 although this is of little impor
tance for the interpretation of a heightened excre
tion in pheochromocytoma. In children, on the other 
hand, the total catechol excretion per kilogram of 
body weight considerably exceeds the upper-normal 
value for adults.94 Values of about 45 J.Lg per 24 h can 
be considered midnormal for free catecholamine 
excretion;9.66,93 with 100 f.Lg per 24 h being the upper 
limit of the normal range.14,29,75 In pheochromocytoma, 
an extreme variation of values between 80 and 9000 
J.Lg per 24 h is known (Fig. 2). Thus, there is a dis
tinct overlap with the normal range, which accounts 
for the varying reports of different authors as to the 
accuracy of the catecholamine assay (from 50% to 
95 %). This uncertainty makes it essential to per
form multiple determinations as well as supplemen-

* A recently developed, relatively uncomplicated urinary 
screening test (Catecult, Rohm Pharma GmbH), which 
demonstrates a general elevation in the excretion of NE, 
E, DP, and intermediate products of catecholamine me
tabolism with an unchanged catechol structure, has a re
ported accuracy rate of 90% (Cordes et ai., 1979, DMW 
104:1339). Comprehensive comparative investigations are 
lacking, however. 
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Figure 2. Comparison of the excretion of free catechol
amines, metanephrines, and vanillylmandelic acid in 64 
patients with histologically documented pheochromocy
toma. From Sjoerdsma A et ai., ref 75 

tary determinations of metanephrines or vanillyl
mandelic acid if pheochromocytoma is suspected. 
Diagnosis is further complicated by the fact that pa
tients with "resting pheochromocytoma" (approxi
mately 1 % to 2 %) display only periodic excretions 
of catecholamines, separated by intervals of normal 
excretion. In sustained hypertension, the measure
ment of E and NE in the 24-h or 12-h (overnight) 
urine is preferred to the analysis of urine collected 
on a short-term basis. In paroxysmal hypertension, 
the urine collected several hours (3 to 4) after the 
hypertensive crisis should be analyzed. The wide
spread practice of utilizing not the urinary volume 
but the 24-h excretion of creatinine as an index for 
accurate urine collection and calculation (micro
grams of catecholamines per gram of creatinine) re
mains controversial but is favored by some authors. 
Apparently the day-to-day variation of creatinine 
excretion is far greater than previously assumed.30 

When analyzing NE and E in the short-term urine, 
such indexing is undoubtedly useful. Prior acidifi
cation of the urine, i.e., the preliminary addition of 
10 ml of 10% Hel to the collection vessel, is essen
tial to avoid E and NE losses in the neutral or al
kaline milieu. Differentiation of the total catechol
amines into the NE and E portions (E normally 5 % 
to 10%) to characterize the pheochromocytoma as 
adrenal or extra-adrenal is seldom employed. Be-
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sides false-negative results, false-positive catechol
amine excretion values must also be critically ana
lyzed. The following clinical situations may be 
associated with an elevated excretion: cardiac fail
ure, acute myocardial infarction, hypothyroidism, 
thallium intoxication, intermittent porphyria, 
depression and persistent stress situations, stren
uous physical exertion (sports), hypoglycemia, aci
dosis, as well as excessive (malignant) hypertension 
with involvement of the central nervous system and 
states with increased cerebrospinal fluid pressure. 
False-positive catecholamine values have been 
noted in uremia, depending on the methodology em
ployed (fluorometric ethylenediamine method!). In 
primary hypertension, mild elevations of catechol
amine excretion and deviations in the NE!E ratio 
have been noted in isolated cases.'l The fact that 
pheochromocytomas do not necessarily exhibit ex
cessive values (see Fig. 2) merits particular 
attention. 

Of critical importance for a correct interpretation 
is a knowledge of drug-induced changes in catechol
amine excretion (Table 1), especially since numer
ous patients must be treated, or are being treated, 
with antihypertensive medications. If at all possible, 
it is desirable to precede drug therapy with a I-week 
period without treatment in order to facilitate anal
ysis. We have found that hospitalized patients with 
marked hypertension can be safely carried through 

Table 1. Established (or Possible) Effects of Various 
Drugs on Plasma Catecholamine Levels or Urinary 
Metabolites 

Elevation 
Exogenous catecholamines or sympathicomimetics 

(especially those in nose drops, asthma medications, 
or "cold remedies") 

a-Methyldopa* 
Monamine oxidase (MAO) inhibitors 
L-Dopa 
Diuretics 
Methylxanthine (caffeine, theophylline) 
Chlorpromazine (effect depends on method of analysis) 
Fluorescent substancest 

Reduction 
Clonidine 
Reserpine alkaloids 
Guanethidine 
i3-Receptor blocking drugs 

'a-Methyldopa and MAO inhibitors reduce the excretion of VMA. 
tQuinidine, quinine, tetracycline, ampicillin, chloral hydrate, and 
vitamin C affect the fluorescence measurement of urinary and 
plasma catecholamines. 
Modified from Strong CG, Northcutt RC, Sheps SG, ref 77a. 

this period with barbiturates alone (0.1 to 0.2 g of 
phenobarbital). 

Among the antihypertensive drugs, a-methyldopa 
causes a particularly marked rise of catecholamine 
levels. Opinions vary as to the action of some agents 
(cf. ref. 47). Excessively high values, even if obtained 
under therapeutic influence, are usually indicative 
of pheochromocytoma. If suspected pheochromocy
toma is confirmed (e.g., after a hypertensive crisis), 
a catecholamine determination may be prudent 
even under the influence of drug therapy. 

The effect of alcohol, coffee, tea, and nicotine on 
catecholamine release should be taken into account, 
although these interfering factors are of minimal im
portance in the analysis of the 24-h urine specimen. 
The effect of bananas is also of minor significance 
with moderate consumption «200 g/day). 

Plasma Analyses. Under normal circumstances 
the catecholamine concentration in the plasma is 
about 100 times lower than in the urine. So far, E 
and NE plasma analyses have been carried out less 
as screening tests than as supplementary studies in 
provocative tests or in cases of established catechol
amine excess whose etiology is obscure. Catheteriza
tion of the adrenal veins or staged blood sampling in 
the various segments of the vena cava to localize 
adrenal, extra-adrenal, or even multiple tumors is 
not foolproof, however. A single determination with 
the less sensitive fluorometric methods requires at 
least 10 ml of plasma. With the introduction of ra
dioenzymatic techniques,21.58.62 a significant improve
ment has been achieved from an analytical stand
point in terms of precision and sensitivity. In 
addition, such techniques are capable of demon
strating epinephrine, norepinephrine, and dopa
mine in plasma volumes smaller than 0.1 ml. The 
concentration of total catecholamines in normal in
dividuals varies considerably with the relatively 
nonspecific fluorometric methods and may exceed 
by a factor of 10 the values measured by radioenzy
matic (RE) methods. The mean normal ranges mea
sured by various groups with the RE method range 
from 141 to 230 pg/ml for NE and from 13 to 70 pg/ 
ml for E. The total catecholamine concentration is 
about 200 ± 60 (± SEM) pg/ml.36 Thus, standard
ized conditions for collection of the blood specimen 
(recumbent position, painless needle insertion; prior 
placement of a venous indwelling catheter is best) 
and ice-cooling of the specimen are of prime impor
tance. The treatment cf the specimen itself varies 
from one author to the next21.36.58.62 with respect to 
(1) collection ofthe plasma in heparin or in ethylene 
glycol-bis(a-aminoethyl ether)N N-tetraacetic acid 
(EGTA), (2) the addition of antioxidants (reduced 
glutathione), and (3) protein precipitation by perch-



loric acid. The differentiated determination of NE 
and E to establish an adrenal or extra-adrenal pheo
chromocytoma by use of the RE method may well 
assume greater importance in the future. 

Recently it was shown that plasma catecholamine 
determinations performed by the RE technique are 
superior to comparative measurements of catechol
amine metabolites performed in the urine. lOa It is 
noteworthy that it was possible in this study to iden
tify six patients with operatively confirmed pheo
chromocytoma but normotensive blood pressures at 
the time of blood sampling based on elevated 
plasma concentrations of NE and E. Quite recently, 
an oral clonidine-suppression test was proposed lOb to 
differentiate moderately elevated NE and E plasma 
levels induced either by pheochromocytoma or es
sential hypertension. 

Metanephrine (MN) and normetanephrine 
The determination of the urinary E and NE metab
olites metanephrine and normetanephrine is less 
common in Europe than is the determination of 
VMA. The products called metanephrines (MN), 
which are excreted mainly in conjugated form (as 
sulfates or glucuronides ), are always determined as 
total metanephrines after acid hydrolysis.60 Follow
ing this step the MN analysis includes: (1) column 
chromatography (adsorption on Amberlite CG 50), 
(2) elution, (3) conversion of MN to vanillin, and (4) 
spectrophotometry of the dye at 350 nm. Analogous 
to the findings for E, NE, and VMA, the excretion 
of MN is elevated in children and declines until 
about age 18; the mean normal value for ages 2 to 5 
is 1.25 J.Lg/mg of creatinine and for ages 15 to 18, 0.24 
J.Lg/mg of creatinine.27 The upper-normal limit in 
adults varies from author to author, ranging from 
1.25 to 1.90 mg per 24 h. The maximum excretion 
found in patients with pheochromocytoma may 
reach 160 mg per 24 h (Fig. 2); the average reported 
by most authors is 7 to 8 mg per 24 h. The accuracy 
of the MN determination in pheochromocytoma is 
between 87% and 100%. With large tumors (> 50 
g) and a catecholamine content greater than 100 mg, 
the MN excretion can exceed the catecholamine ex
cretion by a relatively wide margin.14 

Pharmacologic agents and substances that influ
ence the catecholamine balance or interfere with 
analysis can of course distort the values (cf. Table 
1). Owing to its relative resistance to drug interfer
ences, its practicability, and the infrequency of 
false-negative and false-positive results, the meta
nephrine assay appears to represent a first-line di
agnostic method. It is significant, moreover, that the 
metanephrines apparently more accurately reflect 
the entry of free amines into the bloodstream than 
does the analysis of VMA. 
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Vanillylmandelic acid (VMA) 
The analysis of urinary VMA in healthy persons en
compasses 80 % to 85 % of the substances generated 
by catecholamine metabolism. Analyses which in
clude suitable separation techniques (paper or thin
layer chromatography) to isolate the components of 
the phenol-carbonic-acid mixture with subsequent 
diazotation and photometry have a high specificity. 
Nevertheless, the spectrophotometric determina
tion of VMA after its conversion to vanillin61 is gen
erally preferred owing to its better practicability. 
VMA excretion is elevated in childhood, varies con
siderably, and reaches the normal adult value at 
about age 15.27 The daytime and nighttime excre
tions vary in a ratio of 3: 1.16 The mean total excre
tion in adults is about 4.0 mg per 24 h, with varia
tions between 0.6 and 11.1 mg per 24 h (cf. ref 13). 
The majority of authors report a borderline range of 
6 to 8 mg per 24 h, or 3.5 to 4 micrograms of VMA 
per milligram of creatinine.28 With the high diagnos
tic accuracy of 80 % to 97 %, borderline values are 
always an indication for repeat determinations and 
additional catecholamine or metanephrine measure
ments. Occasional false-positive VMA tests must be 
accepted. Most investigators report average excre
tory values in pheochromocytoma of 20 mg per 24 h 
(cf ref. 66), sporadic values up to 600 mg per 24 h in 
isolated cases (Fig. 2). Pheochromocytomas with a 
relatively high VMA excretion (compared to NE and 
E) usually have a weight exceeding 50 g and display 
a low catecholamine turnover rate. High excretory 
values are found in ganglioneuroma and neuroblas
toma in childhood, here combined with an elevation 
of homovanillic acid excretion.26,29 A knowledge of 
drug interferences (Table 1), especially the negative 
influence of a-methyldopa (VMA decrease!), is in
dispensable. 

Dopamine (DP) and homovanillic acid (HVA) 
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The diagnostic determination of dopamine and its 
main degradation product homovanillic acid is lim
ited to tumors arising from the sympathetic tissue 
or sympathetic ganglia (neuroblastoma, ganglioneu
roma, ganglioneuroblastoma). The quantitative re
lations of the individual catecholamines E, NE, and 
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DP in these tumors, which usually occur in child
hood, differ from those in pheochromocytomas. A 
strong liberation of dopamine or its precursor, dopa, 
is a rare finding in pheochromocytoma and generally 
is indicative of malignancy. The measurement of DP 
or HV A is unnecessary if pheochromocytoma is sus
pected. 

Formerly, HVA was demonstrated in the urine 
spectrophotometrically following extraction and 
paper (thin-layer) chromatography. Today this is 
done more simply and just as specifically by fluoro
metry.9 The HVA excretion is elevated in childhood 
and declines until age 15.27 At ages 10 to 15, the 
mean value is 5.1 mg per 24 h (cf ref. 66), or 2.42 
J.l.g/mg of creatinine.27 This range also holds for 
adults.26 In neuroblastoma, average values of around 
32 mg per 24 h (up to 150 mg per 24 h in isolated 
cases) can be demonstrated (cf. ref. 66). The quan
titative determination of dopamine in the urine is 
not a common technique but, like the catecholamine 
assay, can be done fluorometrically.9 The excretion 
in adults is 200 J.l.g per 24 h. The radioenzymatic and 
specific demonstration of DP may well acquire fur
ther importance in the future. 

Dopamine-fj-hydroxylase (DPH) 
This enzyme, which is essential in the conversion of 
dopamine to norepinephrine, has not yet become 
important in the differential diagnosis of hyperten
sion, although a moderate elevation has been de
scribed in patients with pheochromocytoma.5.24.35 A 
marked ninefold activity increase has been demon
strated in tumor homogenates from pheochromocy
tomas. 35 Due to the large interindividual variation of 
the serum DPH with a correspondingly extreme 

scatter of the normal range from zero to several 
hundred units, it is not yet possible to obtain relia
ble diagnostic information; indeed, it cannot even be 
determined whether an E- or NE-producing tumor 
is present. 

Renin-Angiotensin System (RAS) 

Preliminary remarks 
Not all components of the RAS (Fig. 3) are of equal 
importance in the differential diagnosis of hyper ten
sion. Plasma renin assays are widely used both in 
the scientific research of hypertension and in the 
area of practical diagnosis. The broad potential of 
the plasma renin assay is further demonstrated by 
attempts to administer various antihypertensive 
agents according to the level of the plasma renin,11 
thus utilizing the renin level as a key to differential 
therapy. The accuracy of plasma renin activity 
(PRA) measurements is not inferior to that of the 
plasma renin concentration (PRe) determinations, 
which generally are favored on kinetic grounds. The 
end-product measurement of angiotensin I or II by 
radioimmunoassay (RIA), which evolved from the 
renin bioassay, has contributed worldwide to an un
derstanding of the diagnostic value of PRA deter
minations. From the highly significant correlation 
between the angiotensin II plasma level and the 
PRA,84 it can be concluded that the in vitro libera
tion of angiotensin I (as a measure of renin activity) 
reliably reflects the in vivo concentration of angio
tensin II in the majority of clinical situations. From 
a practical diagnostic standpoint, as well as on 
methodological grounds (antibody specificity), an-

ANGIOTENSINOGEN (Tetradecapeptide; MW approx. 57,000) 
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Figure 3. Simplified scheme of the substrate (underscored) and enzyme (boxed) components in angiotensin system. 



giotensin II determinations, as well as measure
ments of other components of the RAS (angiotensi
nogen, angiotensin I-converting enzyme, angioten
sinases), are at present of little or no importance in 
hypertension. 

Renin 
The measurement of the plasma renin by bioassay 
in the hypertensive rat (or vascular strip prepara
tion) compares favorably with the results of RIA 
measurements, despite quantitative discrepancies.70 

In contrast to the more laborious PRC analysis, 
PRA determinations (see Table 2) are commonly 
performed worldwide in hypertensive patients. The 
results of ring tests in various reputable laboratories 
are disappointing for both methods.6 To date no in
ternational agreement has been reached concerning, 
the most favorable working procedure with regard 
to: (1) the optimum buffer medium and pH value 
during incubation ofthe plasma (pH 7.4, 5.9, or 5.5), 
(2) the concentration and composition of inhibitors 
added to inhibit angiotensinases and converting en
zyme, (3) single-point or kinetic measurements, (4) 
the use of an angiotensin I reference standard or ex
ternal calibration with an international renin stan
dard, and (5) the optimum working procedure for 
the measurement of specimens with very high or low 
renin. 

Since relatively high values are obtained on strong 
dilution of the incubated plasma,71,87 we avoid dilu
tion prior to the RIA reaction; for PRA determina
tions we incubate all plasmas uniformly for 15, 45, 
90, or in some cases 180 min at pH 5.9 before car
rying out the RIA measurement. The superiority of 
phenylmethylsulfonyl fluoride (PMSF) as a pepti
dase inhibitor, which is used by us and a few other 
laboratories, has been reconfirmed in a recent 
study.20 

In view of the large number of methods and mod-
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ifications proposed, as well as the various renin kits 
available commercially, the large variation in nor
mal values is hardly surprising on methodological 
grounds alone (cf. ref. 6). For the establishment of 
normal values, which is best done individually by 
each laboratory in a large population, analysis-in
dependent factors such as (1) diurnal variations, (2) 
body position and physical activity before the sam
ple is drawn, (3) age-dependence, and (4) sodium in
take are of fundamental importance. 

The PRA range in our laboratory for normal con
trol subjects of both sexes ranging in age from 14 to 
81 (n = 126) is between 0.4 and 3.4 ng/mllh and was 
determined under the following conditions: > 2 h 
recumbency, no dietary restriction, blood drawn on 
empty stomach between 7:30 and 9:30 A.M, plasma 
incubation at pH 5.9, inhibitors (see below), inter
national reference standard: Ileu-5-angiotensin I 
(Medical Research Council No. 71/328, London). 

In many centers, especially outpatient clinics, the 
"orthostatic" renin obtained in the ambulatory pa
tient is preferred to the "resting" renin for practical 
reasons. This stimulated renin, possibly increased 
by a combination of alimentary salt restriction and 
the administration of a saluretic (20 to 80 mg of fu
rosemide iv or by mouth), has proved its worth not 
only in the hypermineralocorticoid syndromes but 
also, and especially, in the classification of "low
renin" hypertension. 

For the combined measurement of the resting and 
orthostatic renin, it is necessary that the patient be 
recumbent for at least 1~ to 2 h (Fig. 4) to permit 
the orthostatically induced renin increase to subside 
fully. The 'blood sample should be drawn after 2 to 
3 h at the time of maximum stimulation. Renin de
terminations in the arterial and peripheral venous 
blood yield equal results. 

Allowance for the sodium balance measured on 
the basis of the preceding 24-h Na+ excretion to con-

Table 2. Comparison of Conditions Under Which Plasma Renin Activity (PRA) Determinations 
and Various Plasma Renin Concentration (PRC) Determinations Are Carried Out 

Renin 

PRA = renin (endogenous) 
PRC = renin 
a. After plasma extraction by 

column chromatography (DEA 
= cellulose) 

b. Renin (endogenous) 

Substrate 

Renin substrate (RS) (endogenous) 
RS 
a. Endogenous RS inactivated at 

pH 3.3 + addition (excess) of 
heterologous RS (swine, bovine, 
sheep) 

b. Endogenous RS + addition 
(excess) of heterologous RS 

Product 

ATI 
ATI 

'In all procedures which involve acidification of the plasma « pH 3.0), of the renin extracted from the plasma, or 
of the entire reaction material, it must be taken into account that inactive, acid-activated prorenin is determined 
along with the active renin, i.e., that the determination is a total renin assay. 
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Figure 4. Changes in PRA (measured by radioimmu
noassay) in six hypertensive patients after 2-h orthostasis 
and resumed recumbency after 15, 30, 60, and 120 min; 
resting blood sample drawn at 7 A.M. 

struct renin/Na+ nomograms43,64 remains a difficult 
requirement due to the problems involved in quan
titative urine collection. The single measurement of 
the 24-h sodium excretion, moreover, must be con
sidered an unreliable index of Na+ intake.s Since no 
inverse relationship has been found between the 
basal renin and Na+ excretion with a normal Na+ 
intake (more than 75 mmol/day) (cf. refs. 64,80), the 
additional trouble is hardly justified for either the 
patient or the laboratory. Only in alimentary so
dium deficiency or sodium excess for about 4 to 5 
days does one find a clear inverse relationship of 
both quantities. 

15 

10 

9 
8 
5 

The duration of the preservation of blood samples 

~ PRA (ng/ml/h) 
; • • • tI!t 

at -20°C is not without influence owing to the cold 
activation of prorenin.72 On the other hand, it has 
been our experience that the preservation of blood 
samples in an ice bath is by no means essential, as 
is generally assumed. Storage of the plasma for 2 to 
3 h at 20°C does not influence the PRA.23•88 When 
resting PRA values are subject to repeat determi
nations on three consecutive days, considerable fluc
tuations can occur in some cases (Fig. 5). Some 30% 
of patients with essential hypertension cannot be 
assigned to the same renin category when repeat de
terminations are done.13 

To confirm reduced renin values in hyporeni
nemic hypertensives, therefore, three measure
ments in the peripheral venous blood should be 
available if possible. In hyperreninemic hyperten
sion, which is usually based on unilateral or bilateral 
renal lesions, additional renal vein renin determi
nations in the separate kidneys can be highly infor
mative. Prior renin stimulation with furosemide 
and/or further sodium restriction (10 mmol for 3 to 
5 days) for better lateralization of an elevated renin 
secretion (ratio of affected kidney to healthy kidney 
> 1.5) are helpful. Adherence to a standardized 
procedure25 ensures comparable results. Note: Even 
normal peripheral venous renin values do not ex
clude a functionally significant lateral disparity of 
renin secretion in patients with unilateral renal 
lesions. 

Drug effects on renin (Table 3) offer a variety of 
sources of error and uncertainty, in the case of both 
conventional drugs and those newly introduced. Un
certainties may relate to the impact of the drug dos
age as well as the duration of prior drug therapy. 
The practically important question of when values 

4 •• 
3 ----------~-----------;---,--------------------------... -------------------------

~ ~ ~ , 
•• ~,~ i, .. 2 , , 

0,7 

. . .... . .., . . . ., . . :: ~: . 
0.5 -----.. ------------------~------i--------------------------f--.------+-----

0,4 ~ • 1 
0,3 • • 

0,2 

Figure 5. Repeat measurements of 
PRA on three consecutive days in 20 
patients with pharmacologically un
treated hypertension of varying 
etiology. All blood samples were 
drawn at the same time of day (8:15 
to 8:30 A.M.) on an empty stomach 
after 8-h bed rest. Plasma treated 
for RIA work-up. The broken lines 
indicate the upper and lower limits 
of normal. 



Table 3. Substances and Drugs Which Interfere with the Renin-Angiotensin-Aldosterone System 

Type of Substance 

Sympathicomimetics 
Epinephrine 
Norepinephrine 
Isoproterenol 
Dopamine 

{3-Receptor blocking drugs 
Propranolol } 
Metoprolol 
Oxprenolol 

Antihypertensives, vasodilators 
Clonidine 
Diazoxide 
Reserpine 
Nepresol 
a-Methyldopa 
Guanethidine 
Sodium nitroprusside 
Phentolamine 
Labetalol 
Saralasin 
Converting enzyme inhibitor (SQ 14225) 

Diuretics 
Loop diuretics (furosemide, bumetanide, ethacrynic 

acid) 
Benzothiadiacine derivatives and substances with 

analogous actions (chlorothiazide, thiabutacide, 
clopamide, chlorthalidone) 

Antikaliuretics [spironolactone, triamterene, 
amiloride (?) 1 

Antacids 
Carbenoxolone 

Nonsteroidal anti-inflammatory and antirheumatic 
agents of the indomethacin type 

Antidepressants 
Lithium 

Psychostimulants 
Theophylline, caffeine 

Hormones 
Estrogens 
Desoxycorticosterone 
Aldosterone 
Dexamethasone 
ADH 
ACTH 
Angiotensin II 
Glucagon 
Insulin 
Prostaglandin E 

Chemotherapeutic agents 
Gentamicin 
Vinblastine 

Expanded from Werning C, ref 86a. 

Effect on Renin (Increase t, 
Decrease L No Change ~) 
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Normalization 
After Withdrawal 
(Days) 

Short-term effect 

1-3 

1-2 

2-4 

2-5 

5-21 

Up to 8 

1-2 

Short-term effect 

2-14 
3-5 
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Table 4. Abnormal Findings, Clinical Situations, and Procedural Conditions Which Make Renin 
Assays Advisable in Every Case of Hypertension of Useless or Misleading 

Renin Analysis Useful in: 

1. All cases of hypokalemic hypertension (after 
exclusion of prior diuretic and laxative 
therapy) 

2. Angiographically proven renal artery stenosis 
3. Lateral disparity of renal size in X-ray (> 

1.5 cm on long axis) 
4. Abnormal pyelograms (unilateral: delayed 

visualization, deformation of calyces) 
5. Therapy-resistant hypertension in renal 

failure requiring dialysis 
6. All cases of childhood hypertension 

can be expected to normalize following the discon
tinuance of a drug has been answered for only a few 
substances. 

Since renin determinations generally contribute 
to the differential diagnosis of hypertension only in 
conjunction with other findings, the guidelines given 
in Table 4 should be taken into account in establish
ing a rational diagnostic program. 

Angiotensinogen (renin substrate, RS) 
Angiotensinogen determinations in the plasma are 
of no diagnostic importance, despite the fact that 
some forms of hypertension (malignant hyperten
sion, Cushing's syndrome, primary hyperaldostero
nism, renoprival hypertension) may be associated 
with a rise of RS.40•89 RS measurements can serve to 
help verify hypertension triggered by estrogens or 
contraceptives in cases where the blood pressure 
and plasma RS levels fall after therapy is 
terminated. 

According to recent studies, plasma angioten
sinogen can be separated into two main fractions 
and six subfractions.46 The hepatic biosynthesis of 
the glycoprotein is stimulated by hormones (estro
gens, glucocorticoids, angiotensin II) and, in renal 
insufficiency, by an as yet unidentified factor of pro
tein character (cf. survey in ref. 89). An inverse re
lationship exists between the plasma renin and 
renin substrate only with a strongly elevated renin 
level. There is no diurnal variation. 

In most studies angiotensinogen is measured in
directly by the "exhaustion" principle (human renin 
excess for the quantitative transformation of RS to 
AT I), with radioimmunoassay used to measure the 
AT I concentration (cf. ref. 89). A direct radioim
munoassay has also been developed.19 In the more 

Renin Analysis Useless or Misleading in: 

1. Acute renal parenchymal disease 
2. Chronic renal disease (exception: therapy

resistant hypertension in renal failure and 
dialysis) 

3. Prior or current pharmacologic therapy 
(saluretics, antihypertensives, estrogens, 
contraceptives, spironolactone and other 
antikaliuretics, ti-receptor blocking agents, 
glucocorticoids, mineralocorticoids) 

4. Prolonged low-sodium diet 
5. Ignorance of patient's position prior to blood 

sampling 
6. Absence of inhibitors added to drawn blood 
7. Prolonged storage of the blood at room 

temperature 

common indirect method, the plasma should be 
treated with inhibitors, as in the renin assay. Ac
cording to one survey (cf. ref. 89) the normal values 
of various research groups vary over a wide range 
between 550 and 3315 ng/ml, apparently owing to 
differences in the angiotensin I standard, non-angi
otensinase-free renin preparations, or excessive in
cubation times. Prolonged storage of the plasma at 
-20°C does not alter the RS concentration.72 

Angiotensin II (AT II) 
Plasma angiotensin II determinations do not con
tribute to the clinical diagnosis of hypertension from 
the standpoint of supplementing the renin assay. As 
a single test for the demonstration of angiotensin
dependent forms of hypertension, the AT II analysis 
is inferior to the renin assay on methodological and 
theoretical grounds. Changes in the renin level (with 
a normal renin substrate content) by a factor of 6 
raise the AT II concentration by only about a factor 
of 2.84 Since, in radioimmunoassay, most antibodies 
do not react exclusively with AT II but also with its 
metabolites, variable peptide concentrations of AT 
II, its heptapeptide (AT III), and further bioinert 
fragments (hexapeptide and pentapeptide) are mea
sured in the plasma. The separate determination of 
AT II and AT III is difficult and necessitates further 
separation techniques (paper or thin-layer chroma
tography). From 55% to 100% ofthe "angiotensins" 
in the plasma are represented by AT 11.73•76 No dis
tinct differences are found between the AT II con
centrations in the venous and arterial blood when 
considering averages for large study populations, al
though marked deviations in either direction may be 
noted in individual cases. While some groups deter
mine AT II in the fresh plasma, extraction tech-



niques [adsorption on ion exchanger (Dowex, Am
berlite)], ultrafiltration, or ethanol precipitation of 
the plasma are widely used and have their advan
tages. Simple ethanol precipitation is not inferior to 
the widely used Dowex method (with column chro
matography or the batch technique), though work
ing with a relatively impure, lipid-rich residue is 
necessary.77 The results are critically influenced by 
rapid treatment of the blood in an ice bath with in
hibitor solutions for peptidase suppression. 

The following inhibitor combinations are utilized 
in our laboratory: 0.5 ml 0.25 M NazEDTA + 0.05 
M O-phenanthroline and 0.1 ml 0.378 M PMSF in 
ethanol. 

The AT II concentration in normal subjects at 
rest and with unrestricted Na+ intake ranges from 4 
to 26 pg/ml. 

Angiotensin I-converting enzyme (CE) 
The determination of AT I-converting enzyme 
(identical to kininase II) has not acquired impor
tance in the laboratory diagnosis of hypertension. 
The CE fixed in the tissues, especially in the pul
monary vascular wall, probably plays the main role 
in the conversion of AT I to AT II. Changes in the 
plasma concentration in various forms of hyperten
sion have not yet been demonstrated with certainty. 

Reductions have been found in diseases of the 
pulmonary parenchyma (carcinoma, tuberculosis, 
cystic fibrosis), and elevations in patients with sar
coidosis, Gaucher's disease, and leprosy. 57 Recently 
a significant rise of CE has also been noted in cases 
of acute viral hepatitis and cirrhosis of the liver.69 

It is likely that in the future CE analysis will gain 
importance in antihypertensive therapy with iv and 
orally active CE inhibitors. CE is relatively stable 
and is not affected by 8 days' storage of the serum 
at 4°C (or at -20°C for several months). The rela
tively simple enzyme determination with synthetic 
substrates can be done in the serum or plasma (hep
arin) using fluorometric, colorimetric, or radiometric 
means (survey of methods cf. ref. 10). The normal 
ranges vary with the method and substrate used. 

Angiotensinases 
Measurement of the activity of angiotensin II-split
ting enzymes in the plasma is of no diagnostic im
portance in hypertensive patients. AT II is degraded 
less in the plasma than in the vascular wall. For the 
demonstration of heterogeneous plasma and tissue 
enzymes, in vitro determinations are mainly used. In 
these methods the residual activity of AT II is either 
measured biologically (rat blood pressure prepara
tion) after incubation with plasma, or the splitting 
of AT II (amino acid analysis) is determined by the 
demonstration of aspartic acid in the optical test.38 
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Steroid Hormones and Their Metabolites 

Preliminary remarks 
The elevated secretion of adrenal steroids in essen
tial hypertension has been the subject of exhaustive 
research in recent years,54 yet no diagnostic signifi
cance has yet been derived. Laboratory analysis is 
aimed chiefly at the hypermineralocorticoid forms 
of hypertension, for which an excess of aldosterone 
(primary and idiopathic aldosteronism) can be dem
onstrated. According to recent findings,59 additional 
steroid analyses [ll-desoxycorticosterone (DOC), 
corticosterone] following the administration of dex
amethasone can also be helpful in further differen
tiating the hyperaldosteronism associated with 
adrenocortical adenoma or bilateral adrenocortical 
hyperplasia, which is important on therapeutic 
grounds. The demonstration of a secondary aldoste
ronism in renin-angiotensin-dependent hyperten
sion is not essential and contributes only in excep
tional cases to a differential diagnosis. In congenital 
disturbances of the biosynthesis of adrenal steroids 
as well, determinations of DOC and corticosterone 
are of major importance. Despite the rarity of these 
hypermineralocorticoid syndromes with hyperten
sion (11-{3-hydroxylase deficiency, 17-a-hydroxyl
ase deficiency), the possibility of abnormal hormone 
formation must be considered in every case of hy
pokalemic hypertension, especially in children and 
adolescents. The additional analysis of further ste
roids (androgens, estrogens, progesterone, 17 -a-hy
droxyprogesterone, and their metabolites) serves 
only a supplementary diagnostic function. 

Although the hypertension in the various forms of 
Cushing's syndrome is not exclusively the product 
of a glucocorticoid excess, it is sufficient to demon
strate hypercortisolism that is resistant to inhibition 
by dexamethasone. Since hypertension represents 
only one portion of the symptom complex, impor
tant function tests such as the dexamethasone 
suppression test or metyrapone test should always 
be included in the overall diagnostic program. The 
measurement of 17-hydroxysteroids for the detec
tion mainly, but not exclusively, of cortisol and cor
tisol metabolites in the urine is still justified, partic
ularly in conjunction with the aforementioned 
function tests. The determination of C17-ketoste
roids, on the other hand, is overrated in the diag
nosis of Cushing's syndrome. 

The analysis of steroid hormones in the plasma 
has become the domain of radioimmunoassay tech
niques. The RIA measurement of hormone metab
olites in the urine (e.g., the tetrahydro derivatives 
of cortisol, corticosterone, DOC, 18-0H-DOC, aldo
sterone), on the other hand, is less commonly prac
ticed on methodological grounds. However, such de-
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terminations are of much diagnostic value in that 
they convey a picture of the integral 24-h hormone 
secretion. The varying specificity of many steroid 
antibodies necessitates the use of separation tech
niques for both plasma and urine analysis. Methods 
for the simultaneous separation and subsequent 
RIA measurement of numerous steroids of adrenal 
and non adrenal origin are becoming increasingly 
important.67.74 At the same time, the technically 
complex measurement of the secretion rates of in
dividual steroids following the in vivo administra
tion of radiolabeled hormones is no longer a diag
nostic necessity. 

The large interindividual and sex-specific68 scat
ter of plasma steroids and their excretory products 
in the urine must always be taken into account. The 
confirmation of a normal or abnormal finding by re
peat measurements should be a routine part of all 
steroid analyses, therefore. Indeed, they are indis
pensable for the correct interpretation of plasma 
levels owing to the episodic character of hormone 
secretion. 

Plasma aldosterone analysis 

Aldosterone 

The cumbersome double-isotope derivative me
thod,56 which requires large amounts of plasma (20 
to 30 ml), has been almost completely superseded by 
radioimmunoassay methods. Owing to the small al
dosterone concentration in normal plasma (3 to 20 
ng per 100 ml) and the relatively high concentration 
of other adrenocortical steroids, some of which are 
cross-reacting, the latter must be separated out by 
column chromatography,55 paper chromatography,82 
or thin-layer chromatography (TLC)33 following 
plasma extraction. So far only a few groups of re
searchers have succeeded in obtaining highly spe
cific aldosterone antibodies that render separation 
techniques83 or even plasma extraction37 unneces
sary. In a comparison of various techniques using 
commercial kits, the RIA aldosterone determination 
after preliminary TLC separation is found to be su
perior in high as well as low concentration ranges. 53. 

For optimum reproducibility, our laboratory em
ploys TLC separation of the plasma (or urinary) ex
tracts on silica gel; high blank values as a result of 

the pilot standard also run during the analysis (min
imum concentration for identification in UV light 
= 0.5 ILg!) are avoided by running inert substances 
such as caffeine and aminopyrine. 

In accordance with the control of aldosterone se
cretion by changes in renin/angiotensin II, the de
pendence of aldosterone on (1) body position, (2) 
diurnal variation, (3) sodium and potassium intake, 
(4) menstrual cycle, and (5) drug actions that influ
ence the renin-angiotensin-aldosterone system (see 
Table 3) must be taken into account. 

A knowledge of the interfering effect of spirono
lactone is essential owing to its widespread use in 
antihypertensive therapy. Owing to the long half
life of the spironolactone metabolites, 2 to 3 weeks 
are required before the plasma aldosterone level can 
normalize. It should be noted, however, that in pri
mary hyperaldosteronism spironolactone can lead to 
an initial fall of the elevated plasma aldosterone.I2 

Aldosterone analyses in the adrenal venous blood 
are sometimes of limited value for the localization of 
an aldosteronoma because of the difficulties in
volved in catheterizing the right suprarenal vein and 
because of possible intermixing of the adrenal ve
nous blood with blood from the vena cava. As a rule, 
aldosterone determinations are performed in hepa
rinized plasma, but we have found that determina
tions in serum or EDT A plasma are also satisfac
tory. It has been our experience that prolonged 
preservation at -20°C (up to 1 year) does not influ
ence the results. The plasma can even be kept at 
+23°C for up to 3 days,3 thus permitting it to be 
mailed. 

Urinalysis for aldosterone 
Although urinary aldosterone excretions include 
free aldosterone (0.1 % to 0.3 %), the renal metabo
lite aldosterone-18-glucuronide (5% to 12%), the 
hepatic metabolite tetrahydroaldosterone (20% to 
40%), and aldosterone-1-monosulfate (0.5% to 1 %), 
the renal metabolite aldosterone-18-glucuronide has 
traditionally served almost exclusively as the "uri
nary aldosterone" for the diagnosis of changes in the 
aldosterone balance. Indeed, there is a good corre
lation between the plasma aldosterone (8 A.M. val
ues) and aldosterone-18-glucuronide excretion 
under various conditions. so The analyses are com
parable to plasma aldosterone assays from the 
standpoint of the labor involved and the current 
RIA technique. The urinary aldosterone is of consid
erable value as an index of the 24-h secretion for 
orientative as well as outpatient studies. In frac
tional12-h urine collections, the amount of aldoste
rone excreted during the night is only about one
third that excreted during the day.I6 The depen-



dence of the measured value on an accurate urine 
collection, as well as renal function, must always be 
borne in mind. With low urine volumes « 600 ml), 
it is advisable to calculate the aldosterone excretion 
on the basis of the creatinine excretion (micrograms 
of aldosterone per gram of creatinine). 

Since the development of specific antibodies for 
tetrahydro-aldosterone,s3 RIA measurements of the 
excretion of this metabolite will become increasingly 
important as a further index of aldosterone metab
olism, especially in the area of research. 

The measurement of free aldosterone in primary 
aldosteronism corresponds to the excretion of aldo
sterone-18-glucuronide,I5 but shows a closer corre
spondence to the tetrahydroaldosterone excretion in 
more recent studiesl2a in various forms of hyperten
sion. The necessity of chromatography for the spe
cific demonstration of urinary aldosterone meta
bolites has been confirmed by comparative 
determinations recently reported.12a The average 24-
h excretion of aldosterone-18-glucuronide in persons 
with normal heart, liver, and kidneys is 11 f.Lg with a 
wide scatter between 3 and 20 f.Lg. For tetrahydroal
dosterone the range is 10 to 70 f.Lg, and for free al
dosterone, 0.07 to 0.45 f.Lg.l2a 

Plasma cortisol assay 

Cortisol 

Indications for the diagnostic application of plasma 
cortisol assays in hypertensive patients are hyper
cortisolism in Cushing's syndrome as well as defects 
of cortisol biosynthesis (l1-J3-hydroxylase defi
ciency, 17-a-hydroxylase deficiency). In interpreting 
plasma cortisol findings, the following observations 
should be taken into account: 

1. Single determinations are, as stressed earlier, of 
limited value owing to interindividual variations. 

2. At least four determinations (8 A.M., 2 P.M., 6 P.M., 

10 P.M.) are necessary to verify the diurnal 
variation. 

3. Cortisol concentrations in the middle and upper 
borderline range, or intermittently elevated or 
normal values, do not exclude Cushing's syn
drome. 

4. The dexamethasone suppression test (2 mg over-
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night test, or 2 or 8 mg for several days) is helpful 
in differentiating the variants of Cushing's 
syndrome. 

5. The cortisol values are generally influenced by an 
erect posture in the elderly (60 to 74 years), per
haps rising by 50%!85 

6. Substances which raise the transcortin level 
cause an elevation of the total cortisol; these in
clude estrogens and contraceptives as well as 
states with an endogenous estrogen excess 
(pregnancy). 

From a technical standpoint the fluorometric 
assay method48 has numerous limitations due to its 
relative specificity (measurement of all 11-J3-hy
droxylated compounds) and proneness to interfer
ence by varying residual fluorescence (free choles
terol) and by the actions of detergents and drugs 
(spironolactone). The method has a lower limit of 
about 5 f.Lg per 100 ml. Nevertheless, this analysis is 
suitable as long as interfering fluorescent substances 
are taken into account. Competitive binding analy
sis and RIA measurements are equivalent in their 
diagnostic value and can demonstrate concentra
tions below 5 f.Lg per 100 ml. Higher progesterone 
levels (pregnancy) can distort the results measured 
for cortisol by both methods as a result of a cross 
reaction of poorly specific cortisol antibodies or 
binding to transcortin. The normal range (8 A.M.) 

varies between 5 and 25 f.Lg per 100 ml. The most 
recent results of hormonal ring tests in Germany 
have shown that substantial (up to 100%) devia
tions can occur in RIA measurements from one lab
oratory to the next. Fluorometrically determined 
values may be more than twice the values measured 
by RIA.31 Heparin is usually used as an anticoagu
lant, but we have found that equal values are ob
tained in the RIA test by the use of Na2-EDTA. 

Urinalysis for cortisol 
The relatively simple determination of free (uncon
jugated) cortisol in the 24-h urine is not widely prac
ticed. With accurate urine collection, it can be con
sidered a good measure of bioactive cortisol in the 
tissues and provides an integral measure of adreno
cortical function. Again, RIA methods are more 
heavily relied upon than the fluorometric technique. 
Additional separation techniques (paper or thin
layer chromatography) are unnecessary in Cushing's 
syndrome but may be necessary in abnormal steroid 
patterns (biosynthesis defects) and in function tests 
(metyrapone). The average value is 65 f.Lg per 24 h,32 
with a large scatter from 20 to 160 f.Lg per 24 h. Nor
mal values as high as 378 f.Lg per 24 h are known from 
fluorometric measurements. IS 
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Corticosterone 

CH:zOH 
I 
C=O 

Corticosterone 

The diagnostic importance of the plasma corticoste
rone is for the present still limited to hormone syn
thesis defects with hypertension. Owing to the ade
quate specificity of the majority of antibodies and 
relatively simple assay procedure (plasma extrac
tion, recovery measurement, RIA reaction)81 the 
plasma analysis is straightforward. The normal 
range is 0.5 to 2 f.Lg per 100 ml. The values found in 
ll-i1-hydroxylase deficiency are usually below 0.5 f.Lg 
per 100 ml, and in 17-a-hydroxylase deficiency, be
tween lOA and 30 f.Lg per 100 ml.7 The administra
tion of spironolactone can cause a considerable ele
vation of values, apparently by influencing the 
steroid balance on the adrenal level. With borderline 
findings, one should resort to the determination of 
tetrahydrocorticosterone in the 24-h urine, a proce
dure available in certain specialized endocrinologic 
laboratories. 

ll-Desoxycorticosterone (DOC) 

The object of the DOC assay, like the corticosterone 
assay, is to disclose enzyme defects of steroid bio
synthesis. In Cushing's syndrome (adrenocortical 
carcinoma) and in ectopic ACTH production, ele
vated DOC levels are less significant diagnostically 
than patho-physiologically. The role of an isolated 
and varying DOC elevation in "low-renin" hyper
tension is not yet known. As to the possible impor
tance of plasma DOC measurements in the differ
ential diagnosis of hyperaldosteronism, see above, 
Preliminary remarks (p. 273). 

DOC in the plasma can be determined, after 
paper-chromatographic or column-chromatographic 

separation, either by competitive protein binding 
analysis or by radioimmunoassay. High blank val
ues, cited in numerous RIA studies, are an obstacle 
to accurate quantification. The normal range is 2 to 
12 ng per 100 ml, with a mean childhood value of 
10.2 ± 7.6 ng per 100 ml.74 

Desoxycortisol (substance S) 

Compound S 

There is a strong compensatory elevation of ll-de
soxycortisol in patients with ll-i1-hydroxylase defi
ciency, as in the function test with metyrapone. RIA 
measurements after chromatographic separation are 
available,74,81 as well as the measurement of tetra
hydro-ll-desoxycortisol in the 24-h urine. An ll-de
soxycortisol excess can be recognized on determi
nation of the 17 -hydroxysteroids in the urine. The 
normal plasma level ranges from 0 to 0.8 ng/ml; in 
childhood an average value of 0.57 ± 0.26 (SD) ng/ 
ml can be measured in the morning (9 to 10 A.M.).74 

18-Hydroxy-ll-desoxycorticosterone 
( 18-0H-DOC) 

o 

CH,OH 
I 
C=O 

The measurement of this weak mineralocorticoid, 
which possesses only 1/175 of the action of aldoste
rone, is of no importance in the differential diagno
sis of hypertension, although marked elevations 
have been demonstrated in essential hypertension of 
the low-renin type as well as in primary hyperaldo
steronism.49 The plasma analysis is done by radioim
munoassay. The highest levels are found around 8 
A.M. with values between 3 and 16 ng per 100 ml. 
Specific antibodies are also available for the RIA 
measurement of 18-0H-tetrahydro-DOC in the 24-
h urine.34 



Progesterone and 17 -a-hydroxyprogesterone 
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17 ·a· Hydroxyprogesterone 

The plasma progesterone is elevated in 17-a-hy
droxylase deficiency, and 17 -a-hydroxyprogesterone 
is correspondingly decreased. In ll-J3-hydroxylase 
deficiency, the disinhibition of ACTH secretion as a 
result of the cortisol deficiency causes an excessive 
production of 17 -a-hydroxyprogesterone. Progester
one may also be elevated in essential hypertension.65 
Both steroids can be measured by RIA with specific 
antibodies. The normal values for progesterone vary 
with the menstrual cycle. Mean values are as fol
lows: follicular phase, 0.55 ± 0.103 (SD) ng/ml; mid
luteal phase, 8.6 ± 4.6 ng/ml;! prepuberty, 0.31 ± 
0.19 ng/mL74 

The normal values for 17 -a-hydroxyprogesterone 
are: follicular phase, 0.57 ± 0.21 ng/ml; prepuberty, 
0.32 ± 0.13 ng/mL74 

17 -Hydroxysteroids 
The analysis of 17 -hydroxysteroids in the urine as a 
group test of adrenal steroids is still widely em
ployed in the screening of adrenal disturbances. 
Cortisol, cortisone, ll-desoxycortisol, and their 
tetrahydro metabolites are detected in such analy
ses. In diagnostic programs for hypertensive pa
tients, the main emphasis is on the demonstration 
of hypercortisolism. The method can also be used in 
function tests (dexamethasone, metyrapone), al
though numerous drugs interfere with the Porter
Silber color reaction (phenylhydrazine), such as 
phenothiazines, barbiturates, and digitalis prepara
tions.39.53 It is generally sufficient to precede the 
analysis with a 3-day medication-free period. Nor
mal values vary with age and gender. 
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17 -Ketosteroids 
The urinalysis of 17 -ketosteroids, often employed to 
estimate the androgenic activity of the adrenal cor
tex, encompasses the following steroids: etiocholan
olone, dehydroepiandrosterone, androsterone, and 
additional trace steroids, but not testosterone or 
cortisoL In men, two-thirds to three-fourths of these 
steroids originate from the adrenal cortex; in 
women, 100%. In Cushing's syndrome (adrenocor
tical carcinoma, less frequently adrenocortical hy
perplasia), elevated values may be present due to a 
dehydroepiandrosterone excess. Markedly low levels 
are found in 17-a-hydroxylase deficiency, and ele
vated levels in ll-J3-hydroxylase deficiency as a re
sult of increased androgen synthesis. Normal values 
vary with age and gender. A number of commonly 
used drugs interfere with the Zimmermann color re
action (coupling with methadinitrobenzene in alka
line milieu) on spectrophotometric analysis.39 

Pregnanetriol and pregnanediol 

HO 
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HO 
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CH 3 
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The measurement of pregnanetriol in the urine (as 
a metabolite of 17-a-hydroxyprogesterone) and 
pregnanediol (as a metabolite of progesterone and 
pregnenolone) has a limited diagnostic role in cases 
where the demonstration of plasma hormones is un
available. Both spectrophotometric assay methods 
are quite laborious.59 The normal range for pregna
nediol in women is 0.4 to 1.8 mg per 24 h, and 1.5 to 
4.8 mg per 24 h in the secretory phase; the normal 
range in men is 0.2 to 1.5 mg per 24 h.52 The normal 
range for pregnanetriol is 0.42 to 3.2 mg per 24 h in 
women and 0.4 to 2.35 mg per 24 h in men. 52 It 
should be noted, however, that the values cited are 
subject to strong fluctuations, being age-dependent 
in both sexes and cycle-dependent in women. The 
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function tests are more important for diagnostic 
purposes. 

Estradiol and testosterone 

OH 

HO 

Estradiol 

OH 

Testosterone 

Analysis of the sex steroids is helpful only in pa
tients with hypertension associated with a defect of 
adrenal hormone production. The progressive viril
ization in ll-i1-hydroxylase deficiency is accompa
nied by an excess of testosterone or its precursors. 
In 17 -a-hydroxylase deficiency there is a decrease of 
all androgenic and estrogenic steroids. The radioim
munoassay of these hormones belongs in the inves
tigative program of every laboratory specializing in 
andrology and gynecologic endocrinology. The nor
mal ranges vary as a function of age and sex, as well 
as with the menstrual cycle in women. The normal 
ranges show a distinct age-bracketing in children.17•92 

Additional Endocrinologic Techniques 

Preliminary remarks 
The demonstration of pituitary hormones and "tis
sue" hormones and their enzyme components can 
offer only limited help in the differential diagnosis 
of hypertension and may not be justified at the pres
ent time. The technique for demonstrating pitu
itary hormones by means of RIA is (aside from 
ACTH) firmly established. Methods for quantita
tive determination of the various prostaglandins are 
still in the developmental stage and even today are 
practiced in only a few specialized laboratories, with 
substantial disparities in normal values. On the 
other hand, with the introduction of new synthetic, 
chromogenic substrates, the kallikrein assay in the 
urine could one day acquire diagnostic importance 
in the differentiation of primary aldosteronism and 
essential hypertension. 

ACTH 
ACTH determinations in the plasma have not been 
widely used for differentiation of the various forms 
of Cushing's syndrome.91 The reasons are mainly 
methodological: ACTH has a short half-life. The 
problem of preventing or retarding its degradation 
after collection of the blood sample has not yet been 
adequately resolved. Chilling of the blood and rapid 
centrifugation at 4°C are essential steps. The meth
ods currently used vary both in terms of the extrac
tion from the plasma and the antibodies used in the 
RIA. ACTH assays in the unextracted plasma are 
strongly influenced by the proteolytic breakdown of 
the tracer ACTH in the RIA preparation and so are 
not recommended. In view of the exacting method-
010gy' the use of well-standardized kits appears ad
visable. In congenital defects in the biosynthesis of 
steroid hormones, elevated plasma ACTH levels42 
confirm the diagnosis, but need not be present. 
Mildly elevated ACTH levels in essential hyperten
sion are of no diagnostic consequence and have been 
little studied from a pathogenic standpoint.90 The 
diurnal variation is identical to that of cortisol. The 
normal values in adults (8 A.M.) are between 20 and 
80 pg/ml. 

Somatotropic hormone (5TH) 
The observation of an increased incidence of hyper
tension in acromegaly implies no specific tasks with 
regard to hormone analysis. The RIA measurement 
of somatotropic hormone (STH) in the plasma is 
straightforward. It should be noted that STH basal 
values are not necessarily elevated in the acrome
galic patient. The absence of a fall of 8TH following 
the oral administration of 100 g of glucose is of di
agnostic significance. No correlation is present be
tween the plasma STH and the blood pressure. The 
normal range for STH is 2 to 10 ng/ml. 

Prolactin 
Prolactin determinations are of no importance in 
the diagnosis of hypertension, despite recent reports 
of alterations in juvenile hypertensives (elevated 
concentration profile at night).78 According to stud
ies by other authors,51 the basal values of hyperten
sive patients are not altered relative to those of nor
motensive controls. The prolactin assay (RIA, 
double-antibody method) is uncomplicated. Numer
ous drugs influence the secretion of prolactin, and 
we have noted that an upright posture causes a de
cline. Strong elevations have been measured in renal 
failure with and without hypertension. The normal 
range is 5 to 15 ng/ml. 



Parathormone (PTH) 
Hypercalcemia induced by increased autonomous 
PTH secretion can be proven by RIA which is one 
ofthe most intricate assays to work with. Difficulties 
are yet brought about by different (not human 
PTH) standards, various antibodies against PTH 
fragments and quality of the tracer PTH. Recently, 
a carboxy-terminal PTH fragment assay was intro
duced which indicates PTH excess accumulation of 
bioinactive split products in the circulation. Normal 
ranges vary from laboratory to laboratory. 

Prostaglandins 
The importance of renal prostaglandins (PG) in the 
pathogenesis of hypertension is a subject of much 
current interest (see Chap. 13). As yet, however, 
they have found no role in practical diagnosis. 

Hypertensives of the low-renin type apparently 
excrete significantly less E prostaglandins than do 
healthy controls and hypertensive patients with nor
mal renin.79 

The quantitative demonstration of prostaglandins 
of the E and F class in the urine reflects the synthe
sis rate in the kidney. Investigations in the renal ve
nous blood are also informative. On the other hand, 
the interpretation of changes of the PG level in the 
peripheral venous blood is generally difficult owing 
to differences in the organs of origin and to rapid 
transformation during transit of the lungs. The 
bioassay of RIA requires various separation tech
niques (column chromatography in silicate columns 
or TLC). Despite relatively specific antibodies, RIA 
suffers from numerous nonspecific interference ef
fects. PG determination by gas-chromatographic
mass-spectrometric analysis is time-consuming and 
requires elaborate technical facilities. The average 
normal range reported for PGE2 is between 171 and 
350 ng per 24\h with a sizable individual variation 
from 60 to 850 ng per 24 h. Extreme elevations re
ported in men (up to 20,000 ng per 24 h!) may be the 
result of contamination with seminal fluid. 

Kallikrein 
The demonstration of quantitative differences in 
the renal excretion of the enzyme kallikrein in the 
various forms of hypertension has not yet acquired 
diagnostic importance. A breakdown of previous 
findings shows that patients with essential hyper
tension as well as those with renal hypertension may 
have a diminished kallikrein excretion.44.50 The 
broad overlap with the normal range makes it 
doubtful, in any case, whether such a finding could 
be diagnostically helpful in the individual patient. 
On the other hand, the relatively high kallikrein ex
cretion in primary aldosteronism (even compared to 
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normotensive controls)44 could be significant, pro
vided the finding is confirmed in a larger patient 
population. 

The new methods involving the esterolytic split
ting of synthetic substrates by the addition of urine 
(radiometrically measured) are equivalent to the 
bioassay method. A new chromogenic tripeptide 
substrate, when incubated with fresh urine, liber
ates p-nitranilide, which then can be easily mea
sured photometrically! 
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Clinicians today differentiate primary or essential 
hypertension from the secondary or symptomatic 
forms. The etiology of the former is unknown, 
whereas secondary arterial hypertension can occur 
as a result of cardiac, renal, or endocrine abnormal
ities. Essential hypertension may be diagnosed only 
after the exclusion of all other forms. 48 On the other 
hand, every long-standing case of symptomatic hy
p,ertension has the potential of becoming self-sus
taining even after the underlying lesions have been 
corrected. A prompt, intensive diagnostic work-up 
is essential, therefore. 

Hypertension due to Cardiovascular 
Causes 

Cardiac-related hypertension is usually diagnosed 
during the clinical examination; radiologic studies 
confirm the diagnosis and dictate the therapeutic 
strategy.lO 

Noninvasive Radiologic Studies 

Chest teleroentgenogram in two planes 
The X-ray focus and film are spaced 2 m apart in 
order that an approximately parallel beam is ob
tained. In this wayan essentially distortion-free as
sessment of cardiac size can be made. Since the 
heart presents as a homogeneous organ in the usual 
roentgenogram, the different contours provide only 
a topographic impression of the individual heart 
chambers.46 As a result, only the cardiac borders can 
be evaluated. In the posteroanterior chest film (Fig. 

1), the following heart and vascular structures are 
visible as marginal features: 

From Upper Left Downward. Distal portion of the 
aortic arch, proximal portion of the descending 
aorta, main branch of the pulmonary artery (the 
"pulmonary segment"), left atrial appendage, and 
left ventricle. 

From Upper Right Downward. Superior vena cava, 
right atrium. The right ventricle is an anterior struc
ture normally not delineated in the posteroanterior 
film.94 In cases of long-standing arterial hyperten
sion, the left ventricle enlarges toward the left, at 
times reaching the chest wall. The lateral view is 
routinely used for cardiac evaluation and is obtained 
by placing the left thorax against the film (dextro
sinistral projection; Fig. 2). The structures seen an
teriorly are, from above downward, the ascending 
aorta, main branch of the pulmonary artery, and the 
right ventricle. Normally a free space is present be
tween the anterior heart border and the sternum
the retrosternal space. An enlargement of the right 
ventricle is seen as a protrusion of the upper ante
rior heart border into this space. (Figure 3 shows 
standard projections of the heart.) 

The posterior cardiac or vascular silhouette is 
partially defined above by the superior vena cava, 
the descending aorta, the pulmonary vessels, and 
the left atrium. The left ventricle and inferior vena 
cava follow. The posterior cardiac contour and the 
spinal column bound the retrocardiac space. En
largement of the left ventricle is recognized in this 
view by a posterior displacement of the visible con
tours; the so-called caval triangle is filled. 45 
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Figure 1. Posteroanterior chest teleroentgenogram, 
aortic configuration of the heart in hypertension. The 
heart is moderately enlarged to the left by left ventricular 
hypertrophy, the waist is preserved, the aorta is only 
mildly dilated, and there is evidence of hilar congestion 
(hypertensive heart). 

Figure 2. Dextrosinistral chest teleroentgenogram. 
"Elasticity hypertension." Dorsal protrusion of heart due 
to enlarged left ventricle. The mildly dilated aorta shows 
increased radiopacity throughout its course (hyperten
sive heart). 

Oblique chest teleroentgenogram 
The posteroanterior and dextrosinistral views must 
be supplemented by right or left anterior oblique 
films in certain cases (congenital anomalies). These 
can provide additional information for assessing the 
posterior protrusion of the left ventricle, the ante
rior enlargement of the right ventricle and atrium, 
as well as the course and configuration of the tho
racic aorta (left anterior oblique). 

The right anterior oblique film can help in deter
mining right ventricular enlargement (especially in 
the outflow tract) and posterior enlargement of the 
left atrium and ventricle. 

The kymogram 
The kymogram provides a graphic record of the 
movements of the cardiac silhouette and great ves
sels. In this procedure, an X-ray-permeable lead 
grid is positioned between the patient and film. This 
grid has slits at regular intervals through which the 
film is exposed. Thus every image line moving per
pendicular to the slits describes a curve. A synchro
nous evaluation of cardiac and vascular movements 
is possible to some degree. For example, aortic in
sufficiency will be demonstrated by vigorous mar
ginal pulsations in all segments of the thoracic aorta, 
explained by the greater systolic-diastolic volume 
changes in this area. On the left heart border, one 
will also see the development of a lateral plateau 
with high tension peaks. The degree of pulsation 
changes does not necessarily correlate with the se
verity of the aortic insufficiency, however.94•95 

Invasive Radiologic Studies 

Cardiac catheterization 
By catheterization of the heart and neighboring ves
sels, it is possible to measure the intra- and extra
cardiac pressures, determine cardiac and hemody
namic parameters, and radiographically visualize 
the heart and great vessels. Cardiac catheterization 
is the diagnostic procedure of choice in all the forms 
of hypertension listed in Table 1. Exceptions are 
"elasticity" hypertension, hypertension in complete 
A-V block, and the hyperkinetic heart syndrome, in 
which invasive methods should be avoided in estab
lishing the diagnosis and determining therapy. 

Angiography of the heart and great vessels, 
ventriculography (Ievogram) 
The contrast material is injected through a catheter 
into either the left or right ventricle with a mechan
ical syringe. Cinematography at 50 frames per sec
ond is usually employed. For the best anatomic de
tail, the AOT method (film magnification with 
automatic film changer) is preferred. A ventriculo-
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Figure 3. Standard projections of the heart. a Posteroanterior projection. b Left lateral projection. c Right anterior 
oblique projection. d Left anterior oblique projection. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left 
ventricle; A, aorta; P, pulmonary artery; M, mitral valve; T, tricuspid valve; C, superior vena cava. 

gram is necessary for the determination of ventric
ular form, size, and function. 77 

Aortography 
Aortography with visualization of the ascending 
aorta, the aortic arch, and the arteries arising from 
the aorta is accomplished by injecting contrast ma
terial in the area of the aortic root through a cathe
ter inserted retro-grade through the femoral ar
tery.96 This procedure is contraindicated (danger of 
perforation) in the presence of aortic stenosis (e.g., 
coarctation of the aorta). To then demonstrate the 
stenosed vascular segment radiologically, access is 

gained via the brachial artery.78 This procedure is 
performed in coarctation of the aorta as well as in 
aortic valve insufficiency, sinus of Valsalva aneu
rysm, and patent ductus arteriosus. 

Possible Complications of Invasive Diagnostic 
Studies50 

Vascular injury 
Vascular injuries are possible at the site of catheter 
insertion (tears, hematomas, aneurysms, A-V fistu
las). Passage of the catheter through the arteries and 
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Table 1. Survey of Forms of Arterial Hypertension due 
to Cardiovascular Causes 

1. Windkessel hypertension 
Hypertension due to loss of aortic elasticity ("elasticity 

hypertension") 
Hypertension in aortic valve insufficiency 
Hypertension in patent ductus arteriosus and aortic

pulmonary window 
Hypertension in perforated sinus of Valsalva aneurysm 

2. Other forms of hypertension from cardiovascular 
causes 

Hypertension in coarctation of the aorta 
Hypertension in complete A-V block 
Hypertension in hyperkinetic syndrome 

veins can cause vascular wall injuries as well as dis
sections and perforations of arteriosclerotic vessels. 

Cardiac arrhythmias 
Contact between the catheter and abdominal vessels 
may evoke vagus reflexes with resulting bradycardia 
and a fall in blood pressure. Endocardial contact 
with the catheter generally causes atrial or ventric
ular extrasystoles, and at times even persistent tach
ycardias (atrial and ventricular tachycardia; atrial 
and ventricular fibrillation). 

Endocarditis 
Every invasive procedure carries a risk of bacterial 
endocarditis, especially in patients with acquired 
valve defects. 

Thromboembolism 
Thromboembolic complications occur in 1.5% of 
catheter studies. Thrombi may form at the arterial 
puncture sites, or clots may dislodge from poorly 
rinsed catheters. Catheter manipulations can some
times dislodge thrombi from the interior of the 
heart. Finally, air embolism may result from im
proper irrigation of the catheter. 

Allergic reactions 
An intolerance to (usually iodinated) contrast ma
terials can precipitate allergic reactions with urti
caria, fever, and chills. Life-threatening reactions 
with bronchoconstriction are rare. 

Radiation exposure 
The catheter is advanced under fluoroscopic control, 
and serial films are taken during angiography. 

Characteristic Radiographic Findings 

"Windkessel" forms of hypertension 
Elasticity hypertension ("senile hypertension") sec
ondary to a loss of aortic elasticity is a manifestation 

of arteriosclerosis of the great arteries. The resulting 
loss of "windkessel" (expansion chamber) function 
leads to a rise in systolic blood pressure with a con
comitant fall of diastolic pressure.90 

Hypertension in Aortic Insufficiency. Aortic 
valve insufficiency may be a result of rheumatic or 
arteriosclerotic degenerative changes, bacterial en
docarditis, or in rare cases a congenital malforma
tion of the aortic valve. The incompetent valve per
mits the reflux of blood from the aorta back into the 
left ventricle during diastole, resulting in a fall of 
diastolic pressure. Also, the left ventricle must in
crease its output to expel the regurgitant blood and 
maintain a normal output to the circulation. This 
occurs primarily through an increase in the systolic 
pressure90 (Fig. 4). 

Hypertension in patent ductus arteriosus and 
aortic-pulmonary window 
The patent ductus arteriosus creates a communica
tion between the aorta and left pulmonary artery. 
The aortic opening is situated immediately below 
the origin of the left subclavian artery. This congen
ital defect, which is life-sustaining during fetal life, 
remains open instead of obliterating during the first 
few days of life.1 In the aortic-pulmonary window, 
there is a congenital opening in the septum between 
the aorta and pulmonary artery just above its origin 
from the heart. 13•27 In both forms there is a left-to-

Figure 4. Aortic valve insufficiency and sinus of Val
salva aneurysm; retrograde thoracic aortogram. Reflux of 
contrast medium into dilatated, nonhypertrophic left 
ventricle (weak opacification of the slightly _enlarged left 
atrium is seen in cases of relative mitral insufficiency). An 
aneurysm of the left sinus of Valsalva is filled with con
trast material. The origin of the coronary arteries is nor
mal. 
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Figure 5. Patent ductus arteriosus in posteroanterior 
upright film. Narrow pedicle, aortic arch not prominent, 
left ventricular hypertrophy with radiographically visible 
enlargement as a result of left ventricular volume over
load. 

right shunt resulting from the pressure gradient and 
low resistance in the pulmonary circulation. In order 
to maintain a normal peripheral blood flow, the 
heart must increase its output, again via a rise in the 
systolic pressure. Because of the aortic leak, the di
astolic pressure is descreased90 (Figs. 5 and 6). 

Figure 6. Patent ductus arteriosus in 8-year-old child. 
The catheter is advanced from the right femoral vein into 
the pulmonary artery. It makes an acute turn medially 
and caudally at the level of the pulmonary arch and dis
plays a deltalike contour: course of the catheter through 
the patent ductus into the descending aorta (posteroan
terior supine film). 

Hypertension in perforated sinus of Valsalva 
aneurysm 
An aneurysm may arise in the sinus of Valsalva, lo
cated in the area of the aortic root. This can result 
from congenital or endocarditic weakness of the vas
cular wall. The aneurysm usually perforates into 
either the right atrium or right ventricle, creating a 
left-to-right shunt with consequences similar to 
those in patent ductus arteriosus (rise of systolic 
pressure, fall of diastolic pressure)65 (Fig. 7). 

In Figure 7 a transseptally placed catheter injects 
contrast material from the right ventricle into the 
left ventricle, revealing a ruptured aortic sinus per
forating into the right ventricle. 

Hypertension due to other cardiovascular causes 

Hypertension in Coarctation of the Aorta. The 
coarctation forms as a result of congenital obstruc
tion (or, more rarely, obliteration) of the aorta in its 
proximal descending portion. The extent and length 
of the change are variable. Depending on its ana
tomic relation to the ductus arteriosus or ligamen
tum arteriosum, the coarctation may be classified as 
pre ductal (infantile form) or postductal (adult 
form) .49 The collateral supply to the lower half of the 
body is by branches of the subclavian artery, espe
cially the internal thoracic artery, which communi
cates with the thoracic aorta via the intercostal ar
teries. The costocervical trunk and thyrocervical 
trunk are also involved in the collateral supply. A 
pressure gradient develops at the site of the coarc
tation, with hypertension of the upper body half and 
hypotension of the lower half (Figs. 8-10). 

Hypertension in Complete A-V Block. In these 
cases there is extreme bradycardia with a very great 
increase in stroke volume. Necessary hypertension 
is the term sometimes applied to this state.90 

Hypertension in the Hyperkinetic Syn
drome. Heightened stimulation of the (1 receptors 
of unknown etiology may be encountered in juvenile 
patients. The result is a rate-dependent increase in 
the cardiac output with systolic hypertension.66 

Results and Diagnostic Value of Radiologic 
Studies 

The chest teleroentgenogram can in itself be infor
mative and diagnostically valuable, depending on 
the duration of the arterial hypertension. In long
standing cases, left ventricular hypertrophy is easily 
recognized. In the PA view, the ventricular contour 
protrudes to the left toward the chest wall (Fig. 1), 
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Figure 7. Perforated sinus of Valsalva aneurysm (into right ventricle); lateral film. Contrast medium injected into 
left ventricle via transseptally placed catheter. PA, pulmonary artery; LV, left ventricle; RV, right ventricle; RA, right 
atrium. 

while the lateral film shows dorsal displacement 
(Fig. 3), occasionally to the point where the cardiac 
shadow overlaps the spinal column.64 The aortic 
pedicle gives a particularly dense shadow in elastic-

Figure 8. Coarctation of the aorta in 25-year-old man; 
posteroanterior chest teleroentgenogram. Marked inden
tation below aortic knob in typical location, rib notching. 

ity hypertension (Fig. 2), is sometimes ectatic, and 
often shows calcifications in the aortic knob.88 

The chest teleroentgenogram is also helpful in 
aortic insufficiency, for as hemodynamics become 
more severe, accompanying roentgenographic 
changes become evident. The typical "aortic heart" 
appears, as the left lower portion of the cardiac 
shadow elongates and enlarges to the left and cau
dally. The angle between the heart and pulmonary 
artery origin becomes more acute, the aortic knob is 
protuberant, and the rest of the aortic arch is di
lated. The kymogram yields additional information 
from the more vigorous excursions of the ascending 
and descending aorta.94•95 

Coarctation of the aorta shows a prominent left 
heart and in some cases cardiac enlargement. The 
aortic knob is usually prominent and sometimes dis
plays a typical indentation (Fig. 8). The kymogram 
also provides information from the varying pulsa
tions observed proximal and distal to the site of 
coarctation. The diagnosis is verified by the notch
ing seen on the inferior margin of the third through 
eighth ribs due to pulsatile erosion by the tortuous 
and at times aneurysmically dilated intercostal ar
teries68 (Fig. 9). A normal-size cardiac shadow is ob
served with the smaller shunt volumes that occur in 
patent ductus arteriosus and aortic-pulmonary win
dow. With larger shunts the left atrium and ventri
cle are enlarged. the pulmonary arch is dilated, and 
the hilar image is intensified by the increased pul
monary blood flow (Fig. 5). Kymography discloses 
hilar pulsations. 13.27.51 
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Figure 9. otching of ribs (detail). 

Angiography and cardiac catheterization can be 
considered together in relation to their diagnostic 
utility. 

Cardiac catheterization in aortic insufficiency 
makes it possible to measure the hemodynamic ef
fects of the valve defect. The stroke and regurgita
tion volumes can be calculated from the ventriculo
gram. Aortography indicates the regurgitation 
volume. These findings, along with the clinical pic
ture, will determine whether treatment should be 
operative or conservative.9.63.91 

Right-heart catheterization is sufficient to estab
lish a diagnosis of patent ductus arteriosus. The 
shunt volume can be calculated from the oxygen sat
uration gradient between the pulmonary artery dis
tal to the ductus and the right ventricle. In about 
80 % of cases the ductus can be directly catheterized 
(Fig. 6). Angiography is advised only if coexisting 
anomalies are suspected. 51 

Figure 10. Coarctation of the aorta; transseptal levo
gram. The catheter is advanced from the right femoral 
vein transseptally via the right atrium into the left ven
tricle. The contrast medium opacifies the hypertrophied 
left ventricle and demonstrates an hourglass-shaped ste
nosis in the upper part of the descending aorta. Well
formed collateral circulation via the internal mammary 
artery. 

If coarctation of the aorta is present, cardiac cath
eterization enables one to determine the pressure 
gradient by measuring the pre- and poststenotic 
pressure. A coexisting aortic valve defect (in 5 % of 
cases) must also be excluded. Futhermore, the an
giographic demonstration of the location and length 
of the coarctation as well as the collateral supply to 
the lower body half is mandatory for operative cor
rection67 (Fig. 10). The diagnosis of coractation of 
the aorta constitutes an indication for surgery. 

Cardiac catheterization and angiography are con
sidered the method of choice in hypertension asso
ciated with cardiovascular defects. They not only 
permit an accurate diagnosis, but are extremely 
helpful in planning further therapy. 

Nephrogenic Hypertension 

There are three main groups of nephrogenic hyper
tension: prerenal (vascular), intrarenal (parenchy
mato-vascular), and postrenal (urinary tract). The 
boundaries between these groups are indistinct. 
Changes in or effects on the vascular system are al
ways the factor precipitating the hypertension. This 
is also true to some extent for the hydronephrotic 
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Figure 11. a Right-sided nephroptosis established by upright urogram. b Associated angiogram with marked renal 
artery stenosis on the side of the ptosis. 

kidney, in which pressure on the renal parenchyma 
can result in intrarenal circulatory impairment. 

The excretory urogram (plain film, early and late 
contrast films) is at the forefront of the radiodi
agnostic repertoire. It is used in the demonstration 
of: 

1. Pathologic calcifications in the kidneys or urinary 
outflow tract (stones, parenchymal calcifications 
associated with tuberculosis or tumors, calcified 
cysts, vascular or aneurysmic calcifications, 
trauma effects) as well as irregularities in the size 
or location of the kidneys. 

2. Outflow obstructions (acquired, congenital) with 
reflux in the ureter (hydroureter, megaureter) 
and renal calyces (hydronephrosis,t2 pyone
phrosis) associated with prostatic disorders and 
other lower abdominal diseases, ureteroceles, 
subpelvic constrictions, multiple sma1l41 or large 

STENOSIS 

solitary cysts, horseshoe kidneys, and other 
malformations. 

The exact size and form of the kidneys can be de
termined by zonography or nephrotomography. A 
decrease in the length of the right kidney by 2 em or 
more as compared to the left kidney, or of the left 
kidney by 1.5 em or more relative to the right kid
ney, is considered significant. 16.93 In thin patients, 
upright films should be obtained (Fig. lla,b). 

In the rapid-sequence method,6.24.29.47.71.73.93 early 
films are made 1, 2, 3, and in some cases 4 and 5 min 
after injection of the contrast medium, followed by 
late films taken at 8, 15, and 30 min. Generally the 
results obtained with the late films can also be ob
served in the 5- and 6-min films (Fig. 13b). The con
trast material should be rapidly injected as a bolus. 
If venous conditions permit, one ampule of contrast 
medium is injected with a tourniquet affixed, and a 

NORMAL 

Figure 12. 
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second ampule is injected after the tourniquet is re
leased. As an alternative, each ampule can be in
jected simultaneously into both cubital veins. In the 
presence of a functionally significant unilateral 
renal artery stenosis with a diminution of renal 
blood flow and glomerular filtration, the contrast 
material will appear earlier and will be more concen
trated on the unstenosed side than on the stenosed 
side in the 1- or 2-min film. On the stenosed side the 
contrast medium reaches the renal pelvis more 
slowly as a result of the slower flow of the primary 
urine. Because the percentage water reabsorption is 
greater than on the healthy side, the nonreabsorbed 
materials, including the contrast medium, appear 
somewhat later in hyperconcentrated form in the 
collecting system (see Fig. 12). These processes are 
demonstrated by the late films of the excretory uro
gram, which show normal drainage of the contrast 
medium from the calyceal system on the healthy 
side and hyperconcentration of the medium on the 
stenosed side (Fig. 13a-d). 

This effect can be accentuated with "washout" 
pyelography, in which the patient is given an infu
sion of physiologic saline or 40 g of urea (not in pa
tients with impaired renal function and high BUN) 
in 500 ml of distilled water or saline. This will ac
celerate the excretion of contrast medium on the 
healthy side. A similar effect can be achieved by ad
ministering a diuretic. 

It should be mentioned that rapid-sequence urog
raphy is an object of growing criticism.61,93 Stolle et 
al.,93 for example, evaluated the IVPs of 402 ran
domly selected hypertensive patients, 80 of whom 
subsequently underwent arteriography. They found 
an accuracy rate of 58 % in cases of proven unilateral 
renovascular disease. Urographic signs suggestive of 
renal artery stenosis were found in 6.5 % of the over
all group. Renal artery stenoses smaller than 60% of 
the vascular diameter rarely showed urographic 
signs. Correctly positive findings were obtained in 
18.5 % of cases; The urogram was positive in 33 % of 
patients with 20% to 50% stenosis, 55% with 50% 
to 80% stenosis, and 77% with stenosis greater than 
80 %. The percentage of false-positive results in this 
study was remarkably high: 17.5%. 

The early films increased the number of correct 
tentative diagnoses only moderately. On the other 
hand, there was a greater than average number of 
false-positive results in the early phase. Thus, one 
should not be too optimistic regarding the value of 
early films in the excretery urogram. 

Consideration of the pole-to-pole diameter of the 
kidneys is of great importance despite the fact that 
it is not an exact measure of renal size.36 Marked 
renal size disparities combined with hypertension 

should always prompt radionuclide studies, which 
are discussed elsewhere in this book. The results of 
these studies will determine in large measure 
whether to proceed with angiography, assuming the 
patient is operable. 

Renal angiography3,30,98 involves the injection of a 
contrast material into the aorta (abdominal survey 
aortography) or into the renal artery itself (selec
tive renal arteriography). With abdominal aortog
raphy it is possible in various projections to accu
rately assess the proximal renal artery (Fig. 14) and 
to detect any collateral vessels that may arise from 
the aortic branches. Selective arteriography pro
vides a high-contrast image of the intrarenal arterial 
system and intrarenal collaterals which is free of 
overlapping shadows. Magnification angiography 
can yield additional information in some cases. 

Selective catheterization of the renal artery is also 
necessary in cases where it is desirable to determine 
the pressure gradient across a stenosis. In this pro
cedure a very thin polyethylene catheter with an 
outer diameter less than 1 mm is threaded through 
the selective renal catheter past the site of the ste
nosis. The angiographic catheter itself is then with
drawn into the abdominal aorta under fluoroscopic 
control. The pressure distal and proximal to the ste
nosis is then measured. Hemodynamic significance 
is assumed if the pressure gradient is greater than 
40 mm Hg.7,8 

Abrams, Baum, and Stamey describe a simple 
method for determining the hemodynamic signifi
cance of a renal artery stenosis.2,4 Fifteen milliliters 
of a renally excreted contrast medium is injected di
rectly into the renal vein with a pressure injector 
within three-fourths of a second. The time required 
for the medium to disappear from the renal veins is 
called the washout time. (Small amounts of medium 
remaining in the dorsally located veins are disre
garded.) In normal subjects the washout time is 1.25 
to 4.5 s. In the presence of 50 % to 80 % stenosis, it 
is 1.5 to 6 s; in stenoses exceeding 80% the washout 
time is considerably prolonged and averages 6 to 11 
s. Prolonged washout times are also associated with 
the increased resistance in the smaller renal arteries 
and arterioles seen in advanced nephrosclerosis. 

According to Wolf, the increase of renal size after 
the infusion of vasodilators in vasodilated excretory 
urography provides a suitable means of detecting 
clinically significant renal artery stenosis. A size in
crease of 10% or more indicates an absence of sig
nificant stenosis, while an increase of 5 % or less is 
interpreted as clinically significant.102,lo3 Raust et 
aP9 tested this method in 1032 kidneys, 84 of which 
were also studied angiographically, and compared it 
with the rapid-sequence excretory urogram. They 
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Figure 13. a-d Twenty-year-old woman: left renal artery stenosis with collateral supply via adrenal and capsular 
arteries; a at 1 min; b collateral above the ureteral arteries; c at 6 min contrast medium excreted only on right side; d 
much stronger opacification on left than on contralateral side. 
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found it to be of less diagnostic value than repre
sented by Wolf et al. and state their preference for 
the urogram. 

The possible causes of renovascular hypertension 
are as follows: 

1. Causes primarily affecting the renal vasculature 
a. Arteriosclerosis of the renal artery and intra-

renal arteries 
b. Fibromuscular disease 
c. Neurofibromatosis 
d. Segmental hypoplasia (Ask-Upmark) 
e. Arterial thrombosis (secondary to arterioscle

rosis, fibromuscular disease, inflammation, ar
teritis of varying etiology, renal artery aneu
rysms, polycythemia, trauma) 

f. Embolism (heart defect) 
g. Arteriovenous fistula (trauma, biopsy, sur

gery, tumor) 
h. Aneurysms of the renal artery and its 

branches14 

i. Various arteritides 
(1) Thromboangiitis obliterans 
(2) Periarteritis nodosa22 

(3) Takayasu's disease 
j. Renal transplantation 

2. Causes secondarily affecting the renal vas
culature 

Figure 14. Survey angiogram of 
50-year-old hypertensive man with 
marked proximal renal artery ste
nosis, mainly on right side, where 
poststenotic dilatation is also seen. 

a. Severe arteriosclerotic changes of the supra-, 
inter-, and infrarenal abdominal aorta 

b. Coarctation of the aorta 
c. Compression from without (hematoma, Page 

kidney,32.7o.89 cysts, malignant tumor) 
d. Tension from abnormally positioned fibrous 

tissue (diaphragmatic insertions)57 

While the experimental work of Goldblatt has es
tablished renovascular lesions as a possible cause of 
hypertension, it must be borne in mind that only 
about 5 % of all hypertensives have a renovascular 
cause for their disease.16 

A large proportion of patients with renal artery 
stenosis are normotensive.33 This is especially true of 
arteriosclerotic stenoses, which account for the ma
jority of such lesions.3 Arteriosclerotic stenoses are 
found primarily in the proximal third of the renal 
artery and are often associated with poststenotic dil
atation even to the point of aneurysm. As the dis
ease progresses, the renal artery may become com
pletely obstructed. 

Fibromuscular disease34.72.sa.97 is most prevalent in 
the middle and distal thirds of the renal artery. In
trarenal branches may also be affected, however. 
The angiographic changes show a "string of beads" 
pattern and are usually localized on one side. The 
disease may affect the intima, media, adventitia, or 
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Figure 15. a Fibromuscular hyperplasia of the right renal artery. The hypernephroma in the upper renal pole is 3 
cm in diameter (histologically proven). b Twenty-year-old hypertensive man with stenosis of distal half of right renal 
artery and significant, nearly threadlike constriction of a renal artery segment branch. Probable fibrous stenosis of 
intima or adventitia; no operation. 

even periarterial tissue. The most common form in
volves the media, and this constitutes true fibro
muscular hyperplasia (Fig. 15a). The intima19 and 
adventitia are very rarely involved. A higher than 
average proportion of patients with fibromuscular 
disease are reported to have nephroptosis or hyper
mobile kidneys."7 While the aforementioned string
of-beads appearance of medial fibrosis is pathogno
monic, circumferential stenosis with no diverticu
lum-like dilations is the main finding in fibrous ste
nosis of the intima and adventitia (Fig. 15b). 
Besides the main renal artery, accessory renal arter
ies may also be affected by fibrous dysplasia. In con
trast to the localized stenoses in arteriosclerosis, col
laterals are frequently observed in fibromuscular 
dysplasia.57 Fibromuscular dysplasia also differs 
from arteriosclerosis in that the abdominal aorta is 
free of changes. In segmental hypoplasia (Ask-Up
mark kidney),39,84 the arteries demonstrate medial 
hyperplasia and a fibroelastic hyperplasia of the in
tima.5 

The vascular changes of fibromuscular dysplasia 
cannot be distinguished angiographically from sten
oses caused by neurofibromatosis.42 Rosenbusch et 
al. found in the literature 72 cases of neurofibro
matosis associated with renovascular hypertension.83 

They reported on three further patients, two of 

whom displayed unilateral renal artery stenoses 
with small aneurysms. The third patient had a 
coarctation of the abdominal aorta. 

It is virtually impossible to distinguish angio
graphically a renal artery thrombosis from an em
bolism (Figs. 16 and 17). Complete occlusion of the 
main renal artery by thrombosis or embolism does 
not automatically lead to hypertension, unless a col
lateral circulation has developed. 

Arteriovenous fistulas may be congenital or ac
quired. Congenital fistulas are seen with arteriove
nous angiomas, while acquired fistulas can result 
from trauma, biopsy, surgery (Fig. 18), arterioscle
rosis, severe inflammatory processes and, most com
monly, hypernephromatic disease (Fig. 19). An im
portant cause of A-V fistulas is the common ligature 
of an artery and vein during nephrectomy. A-V fis
tulas may also form from the rupture of an aneu
rysm. These are usually true aneurysms. They may 
be congenital, traumatic, arteriosclerotic, mycotic, 
or inflammatory in origin, the arteriosclerotic type 
being the most common. 

Fibromuscular disease as well as periarteritis no
dosa can lead to microaneurysms.35 The majority of 
the aneurysms are of the saccular type (Fig. 20). Fu
siform aneurysms are poststenotic dilatations seen 
distal to high-grade stenoses. Usually the aneurysms 
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Figure 16. Recent renal artery thrombosis of single left 
kidney with general arteriosclerosis; no hypertension. 

are isolated and localized in the main artery. Calci
fications of the aneurysmal wall are not uncommon. 
The cause of hypertension with aneurysms is related 
to decreased blood flow as a result of turbulence, 
thrombosis within the aneurysm, and consequent 
narrowing of the flow channel, pressure of the aneu
rysm on neighboring vessels. Aneurysms may also be 
multiple (Fig. 21), and they are bilateral in about 
50 % of cases. 

The renal vessels are commonly involved in the 
various arteritides. In periarteritis nodosa, for ex
ample, 80% of patients will have renovascular in
volvement, typically with microaneurysms in the 
renal periphery (Fig. 22) .57 

Hypertension after renal transplantation is seen 
in 37% of cases (Doyle in ref. 61). Various causes 
have been suggested: (1) renovascular processes, (2) 
immunosuppressive therapy, and (3) rejection 
responses. 

Figure 17. Acute right renal artery embolism in 53-
year-old man with pacemaker (due to heart block and ar
rhythmia) ; no hypertension. 

Figure 18. Hypertension in patient with arteriovenous 
fistula after right upper polar resection. Photo: Prof. Dr. 
W. Wenz, Institute of Radiology, University of Freiburg. 
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Figure 19. Hypertension in massive arteriovenous fis
tula secondary to left-sided hypernephroma. Opacifica
tion of inferior vena cava seen during arterial phase of 
survey aortogram. Patient became normotensive after 
surgery. 

Angiography, which is performed through the fe
moral artery on the side opposite the transplant,59 
can demonstrate thromboses or constrictions in the 
area of the vascular anastomosis. Often the patient 
must be rotated in various oblique views in order to 
demonstrate the stenoses. A slight decrease in the 
renal artery diameter is frequently observed, but 
this may be of no significance. In rejection episodes 
a rarefaction of the parenchymal vessels is seen, and 
the usually constricted intrarenal arteries appear to 
be unduly straight; the flow rate is reduced. lOti 

Of course changes in the supra-, inter-, and in
frarenal portions of the lower abdominal aorta can 
lead to impairments of renovascular flow. 

An extremely rare cause of flow reduction in a 
renal artery is described by Kincaid:57 tension on 
the renal arteries by atypically located muscle fi
bers of the diaphragm and psoas muscle (films made 
during inspiration and expiration3). 

A further possible cause of constriction of the 
renal artery and its branches is compression from 

Figure 20. Large saccular intrarenal aneurysm in ado
lescent female hypertensive patient. 

a perirenal or subcapsular hematoma with conse
quent fibrosis, or as a result of cysts or malignancies. 

Angiographs are indicated after stenosis surgery58 
if clearance studies suggest a flow reduction or if hy
pertension recurs. Possible complications of venous 
bypass surgery include stenoses, obstructions, in
farctions, and especially dilatations, which at times 
take the form of aneurysms (Fig. 23a,b). The dila
tations, which tend to be progressive, make radio
logic follow-up imperative3l (Fig. 24a,b). 

The collateral circulation38 in renal artery steno
sis can take various forms (Fig. 25). In general, the 
demonstration of a collateral circulation implies 
that the stenosis is hemodynamically significant. 
Bookstein and Ernst, by changing the flow direction 
in the distal, non parenchymatous branches of the 
renal artery by the infusion of vasodilators or vaso
constrictors, were able to establish the existence of 
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Figure 21. One large and multiple small left renal ar
tery aneurysms in a 26-year-old hypertensive man. BP 
220/110 before surgery, 145/85 14 days after nephrectomy. 

collaterals and thus the presence of a significant 
stenosis.16,18 

Technique 

1. Infusion of acetylcholine, 80 J.Lg/min for 5 min, 
followed by angiography 10 slater, or 

2. Epinephrine, 3-4 J.Lg, again followed 10 s later by 
angiography 

A stenosis is also considered significant if it re
duces the vascular lumen to less than 1.5 mm. How
ever, the spatial configuration of the stenosis cannot 
always be accurately determined angiographically, 
especially in the case of fibromuscular dysplasia. 

Renal parenchymal changes are the most fre
quent cause of nephrogenic hypertension. 

The radiologic diagnosis of chronic interstitial 
nephritis, which may be bacterial (various forms of 
pyelonephritis) or nonbacterial (e.g., analgesic 
abuse, hyperuricemia, gout, radiation injuryll2), is 
based upon urography. 

Kropelin describes irregular contrast opacifica
tion in the collecting system, a hypotonic collecting 
system, and a loss of caliceal concavity as being 
characteristic of chronic pyelonephritis.61 In the late 

Figure 22. Fifty-year-old man with hypertension in his
tologically established periarteritis nodosa (biopsy ma
terial). Selective right renal arteriogram demonstrating 
multiple small renal artery aneurysms. 

stages, parenchymal destruction, scarring, atrophy, 
and even calcification may be present. 

The diagnostic investigation of bacterial intersti
tial nephritis (pyelonephritis) should include the re
flux test (Fig. 27) which must always be performed 
before urography. The reflux test is done after retro
grade bladder filling under fluoroscopic control. 
Since some patients demonstrate reflux only during 
micturition, it is necessary to obtain a film during 
voiding. It is customary to differentiate vesicoure
teral from vesicorenal reflux. 

Angiography is rarely indicated in the evaluation 
of the hypertensive patient with chronic interstitial 
nephritis. In cases of advanced pyelonephritis, an
giography usually shows a rarefaction of the periph
eral arterial branches, which appear straightened 
and have a narrow lumen. The outer vascular con
tour may display irregularities, and thromboses of 
the smaller branches are present. The medullary
cortical boundary is indistinct, and the overall renal 
contour is irregular (Fig. 28). The main angiographic 
signs of severe primary malignant nephrosclerosis 
(Fig. 29a,b) are nonvisualization of the arcuate ar
teries and a marked delay of the arterial transit time 
(normally 1.5 to 2.5 s; in extreme cases over 20 s). 
Less pronounced flow delays are found in arterio-ar-
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Figure 23. a Stenosis in initial 
part of right renal artery following 
left nephrectomy. b Condition 4 
months after arterial reconstruction 
by venous interposition. Aneurys
matic dilatation of venous graft. BP 
280/170 before surgery, 145/100 
after surgery. 
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Figure 24. a Narrowing of right 
renal artery with poststenotic dilata
tion and collateral supply via ureteral 
artery. b Condition after placement 
of somewhat overlong Velour pros
thesis. 
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teriolosclerosis, chronic pyelonephritis, and chronic 
glomerulonephritis. 

In contrast to chronic pyelonephritis, the renal 
contours are generally less irregular in arterio-arte
riolosclerosis, and the medullary-cortical boundary 
may even be greatly accentuated.40 The intrarenal 
arteries up to the arcuates are more or less ectatic, 
and only in advanced cases is there a marked lu
minal difference between the renal artery and the 
interlobal arteries and more distal vessels ("pruned
tree" sign). As the glomeruli and arterioles are de
stroyed, the cortex becomes thin. Lucent areas in 
the cortex are further evidence of the nonuniformity 
of the disease process. Because the cortex shows lit
tle contrast filling, a marked delineation appears be
tween the medulla and cortex. The capsular arteries 
are dilated and show increased flow, but, unlike the 
findings in chronic inflammation, they usually ex
hibit little tortuosity. The capsular arteries are fre
quently seen to join with the perforating arteries. 

In most forms of glomerulonephritis, intensive 
radiologic studies are unnecessary. If renal angiog
raphy is done in chronic glomerulonephritis (e.g., to 
exclude a suspected tumor), one is impressed by the 
relatively homogeneous vascular reduction. The 
renal contours are generally smooth and the med
ullary-cortical boundary indistinct. The arcuate ves
sels become unidentifiable only in the late stages of 
the disease. The capsular arteries appear well 
formed. 

Hypertension associated with membranous or 
perimembranous glomerulonephritis may at times 
necessitate further angiographic studies. For exam-

Figure 25. Collateral supply of the kidney. 
1, lumbar arteries; 2, intercostal arteries; 3, 
adrenal arteries (Figs. 13a, 26b): 4, ureteral 
arteries (tortuosity of ureter, notching, scal
loping); 5, gonadal arteries, mesenteric arter
ies; 6, renal capsular arteries; 7, renal pelvic 
arteries (Fig. 26a); 8, diaphragmatic arteries. 

pIe, Barbiano et al. evaluated 112 cases and found a 
nephrotic syndrome in 57 and hypertension in 43.11 

The arteriograms are essentially normal except for 
non visualization of the renal vein in the venous 
phase. Venous drainage via the capsular vessels, on 
the other hand, may be quite pronounced. The find
ings can be substantiated by venography (Fig. 30). 

In rare cases hypertension may be caused by a 
renin-secreting tumor, called also a juxtaglomerular 
cell tumor. 110 Because of its small size (up to 4 cm) 
and relatively poor vascularity, it can easily be over
looked in the angiogram. The condition of primary 
renin ism produced by this tumor is also called the 
Robertson-Kihara syndrome, after the authors who 
first described it. 

Hypertension due to Endocrine Causes 

The recognition of endocrine-related hypertension 
is based principally on clinical and laboratory find
ings. If the cause is adrenal (which is usually the 
case), radiologic methods can show the morphologic 
aspects (tumor or hyperplasia) and localization.21 

Anatomy and Vascular Supply of the Adrenal 
Glands 

The size of the adrenal glands varies considerably. 
Reschke found in his seriographs of normal adrenals 
(with no allowance for the 21 % magnification fac
tor) a variability of 220 to 994 mm2 for the right 
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Figure 26. a A 22-year-old hypertensive woman with stenosis of a left renal artery segment branch, poststenotic flow 
reduction and collateral supply via renal pelvic arteries and arteries of the renal sinus. b A 63-year-old man with high
grade right renal artery stenosis and collateral supply via the inferior suprarenal artery (see also Fig 28.). 

adrenal, 273 to 1188 mm2 for the left adrenal, and 
850 to 1717 mm2 for both.so The adrenals consist of 
80 % to 90% cortex and 10% to 20 % medulla. The 
right adrenal has the shape of a triangle whose lower 
surface abuts on the upper border of the kidney. 
The inferior vena cava takes a course medial and an
terior to this gland. The left adrenal gland may be 
triangular but may also be crescentic or elliptical in 
shape. It is usually situated somewhat lower than 
the right and abuts on the upper medial border of 
the kidney. The adrenals receive their blood supply 
from three arteries: 

1. The superior suprarenal artery arising from the 
inferior phrenic artery 

2. The middle suprarenal artery, which almost al
ways arises directly from the aorta 

3. The inferior renal artery, which is a branch of the 
renal artery. The adrenal also receives blood from 
the ovarian-testicular arteries, the superior mes
enteric, the celiac trunk, and one of the lumbar 
arteries. 

The left adrenal drains mediocaudally into the 
renal vein, normally in common with the inferior 
phrenic vein. The two vessels may drain the adrenal 
separately in some cases, however. On the right, the 
adrenal vein drains directly into the inferior vena 
cava. In rare cases two or three veins arise from the 
gland. The adrenal vein reaches the vena cava ap-
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Figure 27. Massive right-sided vesicorenal reflux. 

proximately at the level of the inferior border of the 
twelfth rib, 3 to 4 em above the right renal vein. He
patic veins also enter the inferior vena cava in im
mediate proximity to the adrenal vein; this fact 
must be considered during attempts to catheterize 
the right suprarenal vein. It is reported that in 10% 
to 15 % of cases, the venous drainage of the right 
adrenal gland is into a hepatic vein.53 The right adre
nal vein has a maximum length of 10 mm; the left is 
in the range of 20 to 40 mm. 

Radiologic Methods of Diagnosis 

Abdominal scout film, urography, and 
tomography 
The radiologic examination of the adrenal glands 
begins with the plain abdominal film. Calcifications 
in a nonenlarged adrenal are usually based on tu
berculosis but may also be related to hematomas 
that occurred at birth and later calcified. Streak and 
eggshell calcifications are indicative of a cyst. Irreg
ular calcium deposits may be present with large 
adrenal tumors. Calcified mesenteric lymph nodes, 
pancreatic calcifications, or calcified rib cartilage 
should also be considered in the differential diag
nosis. The plain film is followed by urography and, 
if necessary, tomography. Adrenal tumors 2 cm or 

Figure 28. Same patient as in Fig. 26b on selective right 
arteriography. Advanced pyelonephritis with nephroli
thiasis, constriction, and rarefaction of the arterial vas
cular tree. Medullary-cortical boundary indistinct, irreg
ular contour of small kidney, premature venous filling. 

more in diameter are capable of affecting neighbor
ing organs. Indirect evidence of an adrenal tumor is 
provided by an off-axis position of the kidney (Fig. 
31) as well as by an overlapping of the psoas shadow 
by a soft-tissue mass (lateral or caudal displacement 
of the kidney, Fig. 32). 

Invasive methods of diagnosis 

Retroperitoneal Pneumography. Unlike most 
authors, Deininger et al. continue to use retroperi
toneal pneumography in adrenal diagnostics.26 In 
this procedure a maximum of 1000 ml of either ni
trous oxide or carbon dioxide, both easily absorbed, 
is insufflated retroperitoneally. The distribution of 
the gas is monitored fluoroscopically; frontal and 
sagittal films taken in either the supine or upright 
position are recommended. 

Angiography 

Arteriography.23.54.55.80 The arteriogram should be 
done in two planes if possible, with the selective vi
sualization of at least one adrenal artery. The infe-
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rior suprarenal artery, which ordinarily arises from 
the renal artery, is best visualized by the prior injec
tion of 10 f.Lg of suprarenin into the renal artery fol
lowed by the injection of 10 to 12 ml of contrast ma
terial into this vessel. Although adrenal arteries 
have been reported to arise from a lumbar artery, 
injection of the lumbar artery should be avoided be
cause of the risk of spinal artery lesion with result
ing paralysis.20 Since pheochromocytomas can also 
occur outside the adrenal, selective procedures 
should be supplemented by survey aortography of 
the abdomen including the urinary bladder and per
haps the thoracic space and cervical region if such a 
tumor is suspected. Subtraction films can yield ad
ditional information in some cases. The amount of 
contrast material to be used varies; normally 2 to 4 

Figure 29. a,b A 22-year-old man 
with BP of 260/130. Renal biopsy ma
terial showed grade IV primary malig
nant nephrosclerosis (Institute of Pa
thology, Mainz, West Germany). a 
Survey aortogram showing splenic ar
tery with intrasplenic branches; the he
patic artery and renal arteries are also 
demonstrated, but not to the periph
ery. b Stagnation of contrast medium 
in the renal arteries; the area supplied 
by the celiac trunk is already free of 
contrast medium. 

ml is required for the inferior and middle suprarenal 
artery, 5 to 6 ml for the inferior phrenic artery and 
the ovarian or testicular artery, and up to 10 ml in 
the case of large tumors. 

Venography.25.37.54.55.74-76.81.1oo As in arteriography, 
adrenal venography is done via the femoral vein 
using the Seldinger technique. Anatomic conditions 
require that different catheter shapes be used for 
the right and left adrenal glands. To visualize the 
right adrenal gland, 3 to 4 ml of contrast medium is 
needed, and 6 to 8 ml to visualize the left. Up to 10 
to 12 ml may be required for tumors. 

The optimum quantity of contrast material for a 
particular situation can be determined by a test in
jection of 1 to 2 ml. A preliminary injection is also 
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Figure 30. A 71-year-old woman with perimembranous 
glomerulonephritis and bilateral renal vein thrombosis. 
BP prior to treatment 210/100; BP after antihypertensive 
medication 150/85. Diagnosis of immune complex ne
phritis established by renal biopsy. 

Figure 31. Change in the long axis of the left kidney by 
an extrarenal tumor. 

recommended before drawing blood from the adre
nal gland for hormone analyses, especially on the 
right side, in order to verify the position of the cath
eter in the adrenal vein. 

Noninvasive methods of diagnosis 

Computed Tomography.28.43.56.60.82.107-109 Adrenal 
diagnostics have been substantially improved in re
cent years by increasing experience with computed 
tomography. As a noninvasive procedure, it should 
precede angiography. 

Tomography shows the normal adrenal gland as 
a triangular (Fig. 33) or elliptical structure. Vascular 
structures (e.g., hepatic veins) may be a source of 
deception, especially on the right side, and so it is 
good practice to render these identifiable by inject
ing 20 ml of a renally excreted contrast material 
(60%). This will increase the density of the vessels 
from 40 to about 100 Hounsfield units, while in
creasing that of the remaining tissues by only about 
20 units. Adrenal hyperplasia may be assumed if 
the limb of the organ is more than 2 cm in length. 

If a rapid scanner with a scan time of 2 to 4 sand 
attainable shadow density of 4 mm is available, tu
mors as small as 10 mm in diameter can be detected 
(Fig. 34) (K. H. Hiibener, Tiibingen, personal 
communication).108 

Sonography. While Davidson et a1.25 and Lecky et 
a1.62 report that the minimum tumor size for ade
noma detection by sonography is 30 mm, tumors as 
small as 13 mm104 or 15 mm44 can be demonstrated 
with the use of modern ultrasonic instruments with 
gray-scale display<<·69.85-87.104.106.111.113 and focusing 
transducers. The normal adrenal gland can be dem
onstrated in about 85% of cases.44 The accuracy of 
the procedure is about 95 % .104 Transsonancy indi
cates cysts, complex echo structures may occur in 
necrosis.«·106 The differential diagnosis of adrenal 
neoplasms with a solid echo structure is not possible 
(Fig. 35). 

A correct examination technique is of prime im
portance with sonography. This should include 
transverse scans in the supine position, sagittal 
scans in the prone position and, if necessary, sub
costal longitudinal scans in the supine position (for 
the right side).« The type of transducer used de
pends on the patient's body size (slender: 3.5 MHz, 
13-mm crystal diameter, medium focus; obese: 2.25 
MHz, 19-mm crystal diameter, long focus).44 Errors 
may arise from masking effects by the liver, pan
creas, or lymph nodes. 
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Figure 32. Displacement of the left kidney by a highly 
differentiated adrenal cortical carcinoma (histologically 
verified). 

Complications of invasive diagnostic procedures 
The greatest danger in angiography is extravasa
tion.17•52 This can be avoided if the recommended 
amount of contrast medium is not exceeded and if 
the injection itself is not forced. Vascular throm
boses are not a real threat as long as the catheter is 

Figure 34. Adrenal tumor of left side, 2.5 cm in diame
ter, verified at operation. Photo: Prof. Dr. G. Friedmann, 
Institute of Radiology of the Cologne University Clinics. 

Figure 33. Normal-size triangular right adrenal gland. 
Photo: Prof. Dr. G. Friedmann, Institute of Radiology of 
the Cologne University Clinics. 

removed from the adrenal artery or vein immedi
ately after injection. 

To avoid hypertensive crisis during contrast vi
sualization of a pheochromocytoma, careful premed
ication is required. The usual regimen is to admin
ister an ex blocker (Dibenzyline) intravenously, 

Figure 35. Ultrasonogram in prone position. Longitu
dinal section of right kidney. Pheochromocytoma of adre
nal gland in lO-year-old child with excessive hyperten
sion. Reflections at center of tumor caused by central 
calcification. Photo: Prof. Dr. G. van Kaick, Heidelberg. 
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beginning at least 3 days prior to the procedure, in 
doses of 1 mg/kg body weight, until normalization of 
blood pressure is achieved. Opinions vary at present 
as to the advisability of using fJ blockers when tachy
cardia is present (40 mg of propranolol by mouth 
until the pulse rate has fallen below 80).61,99 

In retroperitoneal pneumography, complications 
can be avoided by making certain that the needle tip 
is not within a vessel and by using no more than 
1000 ml of a rapidly absorbed gas. 

Results and value of radiologic investigations 
Plain abdominal films and urography with tomog
raphy are limited in their diagnostic value. To be 
detected, tumors must be at least 2 cm in diameter 
on the right and 4 to 5 cm on left owing to the lo
calization of the adrenal gland.99 Additional difficul
ties are encountered on the left-even in retroperi
toneal pneumography-in that the fluid-filled 
gastric fundus can mimic an adrenal tumor. 

Before the advent of computed tomography, the 
method of choice was venography. It can demon
strate tumors as small as 10 mm in diameter and 
thus provides a diagnostic accuracy of 80% in the 
usually small adenomas of Conn's syndrome.21 Over
all demonstration of the adrenal gland is also easily 
done with venography, since generally the venous 
drainage is by only a single main vein, and the veins 
communicate with one another. The right adrenal 
vein is more difficult to catheterize than the left, 
Voegeli and Kiiser reporting a success rate of 65 % 
on the right vs. 96% on the left.99 Other investiga
tors report similar results. 

The diagnosis of hyperplasia is often difficult 
owing to the variability in the form and size of the 
adrenals. It is most easily accomplished by venog
raphy. According to Lecky et aI., the adrenal veno
gram demonstrates gland enlargement with in
creased distances between the contrast-filled veins.62 

Reschke feels that the adrenal must be at least 1000 
mm2 (both 1300 to 1500 mm2) in order for adrenal 
hyperplasia to be diagnosed.so It is not unusual for 
the hyperplastic adrenal to lack a distinct 
border. 53 Nodular hyperplasia caused by the pres
ence of multiple small adenomas gives the gland a 
perforated appearance. 

Arteriography, which can demonstrate only a por
tion of the gland via one of the adrenal arteries, is 
employed when venography is unseccessful (usually 
on the right side). However, if clinical and labora
tory findings clearly point to adrenal disease, it may 
be assumed even without angiography that if find
ings are normal on one side, a pathologic process will 
be present on the opposite side. In cases where pheo
chromocytoma is suspected and adrenal findings are 

normal, venography of the adrenals should be fol
lowed by survey aortography of the abdomen, chest, 
and neck. If X-ray studies fail to demonstrate the 
pheochromocytoma, localization may be attempted 
by staged blood sampling from the vena cava and 
determination of catecholamine levels from the 
blood samples. 

The radiologic procedures serve to preoperatively 
localize and outline the type of adrenal pathology 
present. Whereas adrenal hyperplasia is bilateral, 
adenomas tend to be unilateral, are multiple in 5 % 
to 10% of cases, and affect the left adrenal more fre
quently than the right.so,99 With large adenomas, the 
opposite side is usually hypoplastic. 37 

It is difficult or impossible to deduce the charac
ter of an adrenal process from the vascular archi
tectonics. Thus, the adenoma of Conn's syndrome, 
which seldom exceeds 3 cm in diameter, the ade
noma in Cushing's syndrome, and pheochromocy
toma are all relatively hypovascular and are often 
impossible to differentiate from one another. 

There are criteria, however, which may enable a 
more specific diagnosis to be made. It is reported, 
for example, that the Conn syndrome adenoma 
causes the arteries to separate in candelabrum fash
ion (Fig. 36). In the late arterial phase, increased 

Figure 36. Selection visualization of the right middle 
suprarenal artery in a 40-year-old male hypertensive pa
tient with right-sided Conn adenoma (histologically ver
ified); patient became normotensive after surgery. 
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Figure 37. Selective visualization of the left suprarenal 
vein. Histologically verified adenoma of left adrenal in 
Cushing's syndrome; surgery resulted in remission of hy
pertension. 

I b 

marginal vascularity is seen,BO and the veins are dis
placed toward the periphery;37.1ill the site of predilec
tion is the organ periphery.37 

A venous network within the tumor itself, in ad
dition to the opacification of the peripheral veins, is 
more a sign of Cushing adenoma than of any other 
tumorlill (Fig. 37). The vascular picture of 
pheochromocytoma15•101 is highly variable (Fig. 38a
c). Hypovascularity37 as 'Yell as hypernephroma-like 
vascularity26 has been reported. In 90% of cases 
pheochromocytomas are unilateral, and 10% are 
extra-adrenal,26 in which case they are usually hy
pervascular.62 Bilateral adrenal pheochromocytomas 
or adrenal hyperplasia associated with medullary 
thyroid carcinoma constitute the Sipple syndrome. 

Malignant pheochromocytoma is characterized 
by the osseous type of metastasis. 

The adrenal carcinoma is better vascularized 
than the adenomas, but it, too, is relatively poorly 
vascularized. It is mentioned here because it is oc
casionally associated with hypertension. 

Avascular space-taking lesions which cause 
stretching and displacement of the arteries and 
veins are usually adrenal cysts; they are a relatively 
uncommon cause of hypertension.62 

Angiography can show whether an adrenal tumor 
is benign or malignant only if extension is sufficient 
to indicate malignancy. 

Today, the noninvasive procedures of sonography 
and computed tomography have almost completely 
replaced angiography in adrenal diagnostics. Sonog
raphy is particularly important as a screening test 

c 

Figure 38. a-c Histologically verified pheochromocytoma of left adrenal gland with hypertensive crises and post
operative normalization of blood pressure. a Rich arterial supply. b Visualization of a dense venous capsular plexus. 
c Weak venographic visualization of a sparsely developed intratumoral venous system with good filling of the left 
adrenal vein. 
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for the detection of gross changes. lOS With computed 
tomography, the organ can be demonstrated, and a 
diagnosis made, in 90 % to 95 % of patients.107.1OS A 
lack of retroperitoneal fatty tissue can make it dif
ficult to delineate the adrenals. Misinterpretations 
can result from enlarged lymph nodes, among other 
things, but these can be largely eliminated by con
trast enhancement. 

Summary 
In summary, it can be said that after excretory urog
raphy, the noninvasive procedures of sonography 
and computed tomography are the methods of 
choice in the radiologic diagnosis of adrenal disease. 
Foremost among the invasive procedures is venog
raphy, especially since it affords an opportunity for 
selective blood sampling. Arteriography may be nec
essary in pheochromocytoma diagnosis; it is also in
dicated if venography proves to be unfeasible, par
ticularly on the right side. For the recently 
developed therapeutic approach to renovascular hy
pertension with percutaneous transluminal angio
plasty see Chapter 16. 
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Radionuclide Methods in the Diagnosis of 
Arterial Hypertensive Disease 

28 

E. Oberhausen, R. Berberich 

Many hypertensive diseases are based upon disor
ders of organs and organ systems and, conversely, 
hypertension has secondary damaging effects, espe
cially on the kidneys, the heart, and the vessels. 
Therefore, for the diagnostic evaluation of hyper
tension, of its possible causes, and of its secondary 
consequences, extensive diagnostic procedures must 
be undertaken in some cases. This need is some
times met by the use of suitable radioactive drugs 
for functional diagnosis and scintigraphic studies. 
How often the different radionuclide methods are 
used is determined, on the one hand, by the contri
bution of the pathologically altered functions of the 
various organs to the genesis of the arterial hyper
tension and, on the other hand, by the probability 
of secondary organ damage. It is further influenced 
by the wide variations in the value of diagnostic ra
dionuclide methods for different organs and organ 
systems. It may be stated in general that nearly all 
radionuclide studies involve minimal inconvenience 
and risk to the patient. Thus, they are useful not 
only for the actual diagnosis but especially for ob
serving the course of a disease which may require 
follow-up examinations at more or less regular in
tervals. The following discussion ofradioisotope ex
amination techniques employed in arterial hyper
tensive diseases is subdivided according to the 
organs examined. 

Kidneys 

Isotope Clearance Studies 

Determinations of radioisotope clearance have be
come increasingly important in recent years. This is 
mainly because these methods are much easier to 

carry out and place less stress on the patient than 
classic methods having about the same accuracy. 
Like all determinations of renal clearance, radioiso
tope methods are based on the fact that elimination 
of the clearance substance is proportional to its 
plasma concentration Cpo If the substance m is ex
creted exclusively by the kidneys, the following for
mula applies: 

dm - = -Cp X Cl 
dt 

(1) 

That is, the amount of substance (dm) eliminated 
per unit time (dt) is equal to its plasma concentra
tion multiplied by the plasma volume (Cl) cleared 
in that time. This plasma volume cleared per unit 
time is defined as clearance. Equation (1) is the 
basis of all clearance determinations. The various 
methods employed to date can be distinguished ac
cording to whether Eq. (1) is used in differential or 
(as in the classic methods) in integrated form. A fur
ther distinction arises from the question of whether 
additional assumptions concerning the distribution 
volumes of the substances employed are required 
besides Eq. (1). Finally, the importance of a method 
depends in large measure on whether it is suitable 
for clearance determinations in the separate 
kidneys. 

Among the radioactive agents available for clear
ance studies, the excretory mechanism of 131I-iodo_ 
hippurate is very similar to that of para-aminohip
puric acid (PAH). Comparative studies have shown 
that' the extraction of 131I-iodohippurate is only 
about 86% that of PAH.6•49 However, this is no ob
stacle to the use of 131I-iodohippurate as a clearance 
substance as long as the different extraction values 
are kept in mind. The chelating agents EDT A or 
DTPA, tagged with 51Cr, 169Yb, or 99mTc, are handled 
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by the kidneys in a manner similar to inulin.1l·19.27 
These substances are suitable for the determination 
of the glomerular filtration rate. 51Cr-EDTA has 
been used most extensively, and comparative mea
surements with inulin57.61 have shown maximum dif
ferences of about 5 % . 

Measurements with the partially shielded 
whole-body counter 
By measuring the retention curve with a partially 
shielded whole-body counter, clearance determina
tions can be carried out according to Eq. (1), without 
additional assumptions regarding the distribution 
volumes of the clearance substance. If 131I-iodohip
purate is used as the clearance substance, a reten
tion curve and isotope renogram can be obtained 
simultaneously, and a split renal clearance deter
mination becomes possible. Figure 1 shows the ar
rangement of the partially shielded whole-body 
counter with two NaI crystals, coupled to an on-line 
electronic analyzer.37.43 With this system it is possi
ble to measure the total amount of labeled clearance 
substance as a function of time. Since the activity 
already eliminated by the kidneys should no longer 
influence the measurement, the gamma rays from 
the kidney and bladder region are screened out by 
a lead shield so that they cannot reach the crystals. 
From the retention curve measured by this arrange
ment, it is possible to determine the differential 
quotient at the times when blood samples are drawn 
for measurement of plasma concentration. The 
clearance is then calculated in accordance with Eq. 
(1) by the formula 

Cl= 
dm/dt 

(2) 

While the retention curve is being measured, the ac
tivity over each kidney can be simultaneously re
corded in an isotope renogram by means of colli
mated external gamma-ray detectors. The different 
counting geometries in various patients prevent the 
isotope renogram from yielding quantitative results 
by itself: but if the total clearance of both kidneys 
is known, it is possible to compare both sides and 
thus to determine the portion of the total clearance 
accounted for by each kidney. The form of the ren
ogram depends on a number of factors which inter
act in such a way that the renogram over the left 
kidney is determined in part by the function of the 
right kidney, and vice versa. The renogram repre
sents essentially the sum of the following two 
components: 

1. The retention curve, which is determined by the 
presence of activity within the field of view of the 
detector and parallels the retention curve of the 
whole body 

2. The component defined by the excretion of the 
radiolabeled substance into the collecting system 
of the kidney and by the time necessary for pas
sage through the collecting system 

Because of the overlapping of the different compo
nents, the individual phases of the renogram curve 
cannot be ascribed to individual factors. It is best, 
therefore, to employ a neutral subdivision into three 
parts, as shown in Figure 2. Part 2 is best suited for 
comparison of the two kidneys; its course is dictated 
by the following parameters: the selective accumu
lation of iodohippurate in the kidney, its decreasing 
concentration in the plasma, and its diffusion into 
the part of the extracellular space "seen" by the de-
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Figure 1. Arrangement of partially shielded whole-body Figure 2. Isotope renogram and normalized retention 
counter. curve. 
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tector. The sum of the latter two parameters takes 
the same course as the retention curve measured 
over the whole body. If the retention curve is pro
jected onto the renogram curve, as shown in Figure 
2, the area F between the two curves and the abscis
sas tl and t2 is a measure of the selective accumula
tion of iodohippurate in the kidney. The following 
equations express the relation between the two areas 
FL and FR: 

(3) 

where AL and AR designate the respective portions 
of iododohippurate clearance accounted for by the 
left and right kidneys. If the total clearance has also 
been determined, the values for the separate kid
neys are obtained by multiplying the total clearance 
by AL and AR.31•36 

Part 3 of the renogram is usually a good indicator 
of outflow conditions. However, it must be kept in 
mind that part 3 is always prolonged when renal 
function is impaired, even if no outflow obstruction 
is present. Furthermore, prolongation may be 
caused by protracted retention of the iodohippurate 
in the renal parenchyma or in the collecting system. 
These two possibilities cannot be differentiated by 
measurement with simple probes. 

Figure 3 shows the results of a split clearance de
termination with 131I-iodohippurate. The retention 
curve and the determination of the plasma activity 
concentration yield a total clearance of 210 ml/min, 
which is already indicative of renal function impair
ment. Evaluation of both renograms indicates that 
the reduction is more severe in the left kidney than 
in the right one, which also shows a reduced clear
ance of 119 ml/min. Thus, the study indicates a bi-

Clearence 173 = 210milmin 
1:43% =91milmln 
r 57% =119ml/mln 

minp.1. 20 15 10 5 

Figure 3. Retention curve and isotope renogram in im
paired, lateralized renal function. 

lateral disease process that is more advanced on the 
left side than on the right. 

Figure 4 demonstrates that the split clearance de
termination is possible even with severe outflow ob
struction-an advantage not obtained with the clas
sic method. The rise in the activity curve for the 
right kidney throughout the test is indicative of a 
right-sided outflow obstruction. For calculating the 
split clearances, however, only the initial part of 
phase 2 is used, since it is not yet influenced by the 
obstruction. 

Figure 5 shows how a marked reduction of 131I_io_ 
dohippurate clearance is also present in the case of 
functionally significant renal artery stenosis. The 
patient, a female, was shown angiographically to 
have bilateral renal artery stenosis which was more 
severe on the left side than on the right. In their sta
tistical study, Maxwell et al. showed that of 693 
cases of angiographically proven renal artery steno
sis, 86 % also demonstrated a corresponding change 
in their isotope renograms.30 Since not all angio
graphically demonstrable renal artery stenoses are 
functionally significant, it remains unclear whether 
the 14% without renographic changes had function
ally insignificant stenoses. This possibility would at 
least be consistent with our own experience, which 
indicates that functionally active stenoses generally 
cause a marked reduction of iodohippurate clear
ance. In several angiographically proven renal artery 
stenoses with normal clearance in the involved kid
ney, no change of clearance or improvement of hy
pertension was found after surgical correction of the 
stenosis. Heidenreich et al. were able to show that 
simultaneous determinations of the 131I-iodohippur-

ClearanCe1.73= 594 mil m in 
I: 50% = 297ml/min 
r: 50% = 297 mil min 

minp.i 20 

Figure 4. Retention curve and isotope renogram in 
right-sided outflow obstruction. 
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Figure 5. Retention curve and isotope renogram in bi
lateral renal artery stenosis. 

ate clearance and 99mTc-DTPA clearance (which cor
responds to the inulin clearance) can be performed 
with the partially shielded whole-body counter.17.20 

The two radionuclides 1311 and 99mTc satisfy the re
quirement that their gamma energies be sufficiently 
far apart to permit resolution during measurement. 
This combination also affords the opportunity of si
multaneously determining the filtration fraction. 

In general, determination of the split 1311-iodohip
purate clearance represents a valuable addition to 
the diagnosis of hypertension, making it possible to 
verify a suspected renal cause even in complicated 
cases. The importance of clearance studies in follow
up examinations is particularly stressed. They are 
easy to perform, involve minimum patient stress, 
and in most cases yield important prognostic 
information. 

Measurements with the Anger camera and 
computer system 
In some cases it is necessary to know the clearance 
of different segments of kidney, for otherwise con
ventional collimators cannot be adjusted to the 
renal tissue if one kidney is dystopic or if develop
mental anomalies (horseshoe kidney, cake kidney) 
are present. In all these cases, relative clearance val
ues can be determined by renal function scintigra
phy with the Anger camera and an on-line computer 
system. With the Anger camera, incident gamma 
rays from the total field of view (26 to 40 cm in di
ameter) are localized electronically according to 
their absorption site in the detector. By use of a par
allel-hole collimator, a graphic image of the activity 
distribution is created which can be stored in the 
computer system for retrieval and analysis. 

Because renal function scintigraphy requires con
siderably more equipment than does isotope renog-

raphy, it should be reserved for cases in which the 
individual renal clearance must be supplemented by 
more detailed data, or when renal shape or location 
require it. For the examination, the patient is placed 
in either the prone or supine position. Approxi
mately 300 ~Ci of 1311-iodohippurate is injected, on 
the average. The total duration of the examination 
is about 30 min. The computer system linked to the 
Anger camera must have the capability of continu
ously storing individual images on a magnetic disk 
or tape. It must also have the capability of plotting 
"region of interest" time-dependent activity curves 
for more than five regions in the field of view either 
simultaneously or consecutively. After the injection, 
the individual images are recorded on disk or tape 
at 20-s intervals. To determine the relative clear
ance values, regions of interest are assigned over the 
right and left kidneys and a tissue area containing 
neither renal parenchyma nor efferent collecting 
ducts. The time-activity curves are plotted for these 
regions from the individual images. An example of 
the selection of regions of interest and the corre
sponding time-activity curves is shown in Figure 6. 

If the relative clearance of renal segments is also 
to be determined, additional "regions" must be as
signed accordingly.39.47 The evaluation is done ac
cording to the same procedure described above for 
the four-channel system, using the time-activity 
curve over the area free of renal parenchyma (tissue 
curve) instead of the whole-body retention curve. 

Figure 7 shows the results of such an examination. 

a c 

Figure 6. Exam pie of the selection of regions of interest 
and the computed time-activity curves. a Tissue curve; b 
left kidney; c right kidney. 
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A previous split clearance determination with a par
tially shielded whole-body counter had demon
strated a reduction on the right side. Also, pyelone
phritic changes in the right caudal area were seen in 
the urogram. On the picture showing the accumula
tion of iodohippurate between 1 and 3 min, it can be 
seen that the caudal part of the right kidney takes 
up practically no iodohippurate. The renograms of 
the corresponding cranial and caudal pole are nor
mal for the entire left kidney and for the cranial pole 
of the "right kidney. For the caudal pole of the right 
kidney, however, a marked function impairment is 
demonstrated. Thus it can be concluded that the re
duced clearance of the right kidney can be attrib
uted entirely to its caudal part. 

Comparative measurements between the iodohip
purate clearance determination by the four-channel 
apparatus, on the one hand, and the Anger camera 
with on-line computer system, on the other, showed 
very good agreement in terms of lateral distribu
tionY At the same time, it was found that the total 
clearance determination from the tissue curve is 
subject to a sizable error. This is a further reason for 
considering the split clearance determination with 
the four-channel system a standard method and 
using the Anger camera with computer system only 
for the study of special problems. 

Clearance determination from the fall of plasma 
activity 
In their search for a simple method of assessing 
renal function, a number of authors have attempted 
to calculate renal clearance from the fall in the 

Figure 7. Renal phase scintigram for 
studying the clearance of renal segments. 

plasma concentration of substances eliminated by 
the kidneys after iv injection.35•52 In this approach it 
must be assumed that the behavior of the substance 
in the organism can be described by a two-compart
ment system (Fig. 8), or in approximation by a one
compartment model, in addition to Eq. (1). 

In a two-compartment model, the changes in the 
serum concentration can be described by the sum of 
two exponential functions: 

(4) 

The serum concentration curve for slCr-EDTA, a 
substance filtrated only by the glomeruli, corre
sponds closely to this model (Fig. 9). In routine ap
plications, usually only the monoexponential part of 

Plasma 
Extravascu lar 

"'2 compartment. 
"'3 

mE VE mp Vp 

"', 
I 
t 

Figure 8. Two-compartment model for calculating the 
clearance from the fall of plasma activity. mp, Quantity 
of substance in the plasma; Vp, plasma volume; mE, quan
tity of substance in extravascular compartment; VE, ex
travascular compartment. 
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Figure 9. Fall of plasma activity for substances handled 
by glomerular filtration. 

the curve, reached after about 60 min, is used. The 
clearance is then calculated according to the formula 

Cl = VO.693 
T1/2 

(5) 

where V is the extrapolated distribution volume 
computed from the ratio of injected activity to ex
trapolated initial plasma concentration and Tl/2 is 
the half-life computed from the fall of the plasma 
concentration. 

This simplified method neglects the initial part of 
the curve and is therefore necessarily subject to a 
systematic error of about 10% that varies individ
ually to some degree. This method cannot, there
fore, replace the accurate determinations of glomer
ular filtration by the whole-body counter or the 
classic method, but it is certainly far superior to the 
simple serum creatinine assay and to the endoge
nous creatinine clearance. 

Measurements of renal plasma flow have also 
been attempted from the fall of plasma iodohippur
ate activity. For this substance, however, a two-com
partment model is insufficient, and the plasma con
centration curve is not monoexponential in any time 
interval.38 Therefore, major deviations occur in in
dividual cases compared to the accurately deter
mined clearance values, although good correlations 
are still obtained in large-scale studies. 51 

Blood Flow Scintigraphy 

A further radioisotope method for the diagnosis of 
perfusion disorders is renal blood flow scintigra
phy.45.~ This study requires the same equipment as 
the renal function scintigram, i.e., a gamma camera 

tigraphy. When the latter is used, a static image can 
also be obtained . 

In the blood flow scintigram, 10 to 15 mCi of the 
radioactive agent is injected intravenously, prefera
bly as a bolus. This is best achieved by using a two
chamber syringe,7 which is automatically post
rinsed with physiologic saline. During the first 30 s 
after injection, the changing activity pattern is pho
tographed in individual exposures of 0.25-s dura
tion, thus permitting an evaluation of the perfusion 
of the kidneys, aorta, and iliac arteries. Especially in 
the case of pronounced stenoses, this is apparent 
even in corresponding cumulative images. For a 
more detailed assessment, especially of renal perfu
sion, time-activity curves can be generated. Figure 
10 shows such curves for a patient with lateraliza
tion of renal function. While a distinct "peak" is de
monstrable on the left side owing to the high renal 
perfusion, only a normal rise of activity is present on 
the right side, similar to that seen over a less well 
perfused body region. For comparison, Figure 11 
shows a single image from the blood flow scintigram 
taken in the same patient as well as the renograms 
derived from the scintigram. Like the blood flow 
scintigram, the individual image indicates a reduc
tion of renal parenchyma on the right side; the ren-

linked to a data processor. It is done with either Figure 10. Time-activity curve in lateralized renal per-
99mTcO. or 99mTc compounds suitable for renal scin- fusion. 
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Figure 11. Renal phase scintigram of same patient as in 
Figure 10. 

ogram shows a markedly reduced secretion on the 
right side. 

While the 131I-iodohippurate clearance is a mea
sure of effective renal plasma flow only when secre
tion of this substance in the tubular cells is undis
turbed, the blood flow scintigram reflects the 
perfusion of the kidneys independent of other as
pects of renal function and thus represents an im
portant method (particularly in the absence of urine 
flow) of ascertaining whether the kidney is perfused 
or not. It is only a qualitative procedure at present, 
however, since a quantitative evaluation of the 
blood flow scintigram has not yet been described. 

Imaging 

The static renal scintigram is a two-dimensional 
representation of the spatial distribution of gamma
radiating radionuclides in the kidney, using radio
active substances which alter their distribution pat
tern very slowly. The most important radioactive 
agents used are 197Hg-Iabeled chlormerodrin and es
pecially the 99mTc-Iabeled compounds DTPA and 
dimercaptosuccinate. 18 The distribution of the 
gamma-radiating nuclides can be recorded with 
either the scanner or the gamma camera. In the case 
of the scanner, a collimated detector scans the field 

of interest, and the distribution is plotted as a line 
scintigram. With the gamma camera, gamma rays 
are registered simultaneously from the entire image 
field, assigned to corresponding points in the image, 
and displayed on the oscillograph screen. The scin
tigrams are documented with a Polaroid camera. 
The advantage of gamma cameras over scanners lies 
in their much higher recording speed and their 
greater spatial resolution. 

Whereas the urogram visualizes the renal collect
ing system, the renal scintigram gives a picture of 
the functioning renal parenchyma. Thus, the uro
gram and scintigram do not compete with each other 
but are mutually complementary. 

The scintigram is particularly important in de
tecting parenchymal diseases that originate in the 
area of the renal cortex, i.e., at a distance from the 
collecting system. In these cases radionuclide meth
ods are often the only means of establishing an im
pairment of function and determining the localiza
tion and extent of the focus. An example is shown in 
Figure 12. With relatively discreet inflammatory 
changes in the right collecting system, 131I-iodohip
purate clearance fell to 152 ml/min and thus to 36 % 
of the total function, and the scintigram demon
strates the corresponding reduction of functional 
parenchyma in the right kidney. Thus, in cases 
mainly with parenchymal involvement, radionuclide 
studies can demonstrate disease processes before se
rious alterations become visible in the urogram. 

With staghorn calculi in the renal pelvis or renal 
calyces, the reduction of function is usually the re
sult of secondary pyelonephritis as well as urinary 
stasis. It is therefore important to know not only the 
degree of function impairment but also the location 
of still healthy as well as nonfunctioning tissues. 
This is achieved by combining the split renal clear
ance with the scintigram. Figure 13 shows the ex
amination results of such a case. The clearance of 
the right kidney is plainly reduced relative to the 
left but is such that the organ should be preserved. 

Figure 12. Static renal scintigram in right-sided pyelo
nephritis. 
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Figure 13. Retention curve, renograms, and static scin
tigram in right-sided secondary pyelonephritis. 

The scintigram shows that primarily the medial part 
of the caudal section is nonfunctioning. Such find
ings help in the decision whether a lithotomy or a 
nephrectomy is indicated. Since partial nephrecto
mies are often necessary with staghorn calculi, the 
scintigram may indicate which parts of the kidney 

should be spared if possible, or whether a partial 
renal resection appears justified owing to localized 
storage defects. 

Adrenal Glands 

Determination of Total Electrolyte Content 

Total potassium content as well as the content of 
exchangeable sodium can be determined by dilution 
measurements. For potassium, 42K with a half-life of 
12.4 h is administered orally or intravenously in an 
activity of about 100 ~Ci. The total urine excreted 
until equilibrium is achieved is collected and its ac
tivity determined. After about 24 h, an equilibrium 
develops between the 42K and the potassium present 
in the body. The total potassium content can now be 
determined from urine samples by the determina
tion of 42K and the potassium concentration in the 
urine according to the equation 

(6) 

where 39Ke = total potassium content in mEq; 42Ki 
= injected activity of 42K in ~Ci; 42Ka = activity of 
42K in ~Ci excreted before collection of equilibrium 
urine sample; 42Ku = concentration of activity in 
urine in ~Ci/cm3; and 39Ku = potassium concentra
tion in urine in mEq/cm3. 

This method yields the total potassium content, 
for after 24 h the exchange between the adminis
tered 42K and the natural potassium present in the 
body is practically complete.25,5O In this method the 
total potassium and exchangeable potassium coin
cide within the limits of error of the determination 
method. The situation is different for sodium. Here 
only 70% to 76% of the sodium present in the body 
is exchanged within 24 h.29 Thus, if an analogous 
method is used that involves the administration of 
22Na or 24Na, it is possible to calculate the exchange
able sodium. Table 1 presents the values measured 

Table 1. Normal Values of Exchangeable Sodium and Potassium 

Subject (Age) Sodium (mEq/kg) Subject (Age) Potassium (mEq/kg) 

Men Men 
18-33 41.4 ± 21 % 16-30 48.1 
34-50 41.4 31-60 45.1 
51-70 40.1 61-90 37.3 
Women Women 
16-33 39.2 ± 16% 16-30 38.2 
35-72 41.4 31-60 34.2 

61-90 29.7 
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in normal persons for total potassium by Moore et 
a1.33 and for exchangeable sodium by Edelmann.12 
While the exchangeable sodium remains largely con
stant, the total potassium shows a clear dependence 
on age and sex, attributable to differences in fat con
tent. This was confirmed particularly clearly by the 
determination of total potassium content from the 
gamma radiation of 4OK, which is present in natural 
potassium in a concentration of 0.0118 wt % .28,42 
Thus, with sufficiently sensitive detectors, called 
whole-body counters,34 it is possible to measure the 
total potassium content without administering any 
radioactive agents. By an additional injection of 
about 0.2 ~Ci of 22Na, total potassium and exchange
able sodium can be determined simultaneously with 
the whole-body counter.26 

Figure 14 shows the gamma-ray spectrum re
corded in one patient after the injection of 0.2 ~Ci 
of 22Na. Measurement in both energy channels El 
and E2 makes it possible to determine 22Na and 4°K 
at the same time. For 4OK, measurement with the 
whole-body counter yields the total potassium con
tent directly, while the determination of exchange
able sodium depends on knowledge of the ratio be
tween the 22Na activity and the sodium content of a 
urine specimen. Repeated measurements in normal 
persons over a 30-day period showed that 22Na as 
well as 40K can be determined with 3 % accuracy 
during a 30-min measuring period. 

Figure 15 shows the results for total potassium 
and exchangeable sodium obtained in a female pa
tient after a single injection of 0.2 ~Ci of 22Na before 
and after surgical removal of an adrenal adenoma. 
Before surgery, the total potassium was clearly sub
normal, while exchangeable sodium was just as 
clearly elevated. In a measurement 12 days after 
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Figure 15. Total potassium and exchangeable sodium 
before and after removal of an adrenal adenoma. 

surgery, the potassium had increased above normal 
levels while the sodium had correspondingly 
decreased. 

Studies of Steroid Metabolism 

A large number of 14C_ or 3H-Iabeled hormones with 
a relatively high specific activity are available for 
such studies. Their high specific activity ensures 
that the endogenous steroid hormone pool in in vivo 
studies remains essentially unchanged, thus meeting 
an important methodological prerequisite for meta
bolic examinations. To date, radiolabeled sub
stances have been used almost exclusively as a tool 
for pathophysiologic research, rather than in diag
nosis. It must be kept in mind, however, that kinetic 
data in particular, which can be obtained only with 
radiolabeled steroids, provide further insights into 
the function and significance of the endocrine 
glands as well as the steroid hormone metabolism in 
various diseases. 

The plasma concentrations of certain steroids or 
their elimination in the urine are a relatively poor 
index of the amount of steroid secreted by an en
docrine gland, as these values are influenced by the 
function of the liver, kidneys, and thyroid. Much 
more precise is the secretion rate determined ac
cording to the dilution principle.48 In this method a 
radiolabeled steroid of known activity is injected, 
and the specific activity is determined for a metab
olite of this steroid isolated from the urine. If the 
conditions listed below are satisfied, the secretion 
rate S is given by the formula 

A 
S=

a . t 
(7) 

200 nei of 22Na. where A = injected activity; a = specific activity of 
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the metabolite, mmol/activity; and t = collecting 
time. 

The conditions necessary for the validity of this 
simple relation29.59 are: 

1. The injected radiolabeled steroid and endoge
nous steroid must have the same distribution 
area. 

2. The amount of steroid injected must be minute 
compared to the amount of endogenous steroid 
present. 

3. The injected steroid must correspond to the en
dogenous hormone in its chemical and biological 
properties. 

4. The isolated metabolite must originate exclu
sively from the steroid hormone to be 
determined. 

5. The collecting period must be as long as the pe
riod during which the radiolabeled metabolite is 
excreted. 

These conditions can be met in the determination of 
the secretion rates of cortisol, corticosterone, and 
aldosterone. The following secretion rates were 
found for these three steroids in normal persons: 

Cortisol: 11.0-22.0 mg/day9 
Corticosterone: 2.1-4.0 mg/day21 
Aldosterone: 0.04-0.18 mg/day56 

Figure 16 shows how the secretion rates for cortisol 
and corticosterone in a female patient with Cush
ing's syndrome change in different tests.22 

Some steroids do not originate entirely from the 
secretion of an endocrine gland but are partially 
formed as precursors in the liver. In this case mea
surement by the simple principle of isotope dilution 
yields the production rate, which is made up of the 
secretion rate as well as the synthesis rate in the 
liver. Further difficulties in measurement may arise 
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Figure 16. Secretion rates of cortisol and corticosterone 
in a female patient with Cushing'S syndrome. A, initial 
value; B, dexamethasone test; C, metyrapone test; D, 
ACTH test. 

because (as in the case of progesterone) no metabo
lite is known to derive exclusively from a single ste
roid hormone. 1 A further parameter for characteriz
ing steroid metabolism is the "metabolic clearance 
rate," which is the plasma volume that is completely 
cleared per unit time of a particular steroid. It can 
be measured by the injection of the radiolabeled ste
roid and the subsequent measurement of the fall in 
plasma activity. The following relation applies: 

MCR = de P 
--.-

dt e 
(8) 

where MCR = metabolic clearance rate; e = plasma 
concentration of radiolabeled steroid; and P = 
plasma volume. 

The following relation exists between the meta
bolic clearance rate and the production rate: pro
duction rate = MCR X hormone concentration in 
the plasma. Thus, the metabolic clearance rate can 
be obtained by dividing the production rate by the 
hormone concentration, and vice versa. Further
more, by measuring both variables it is possible to 
determine whether the proposed simple model ap
plies or whether more complicated multicompart
ment models must be employed. 

Scintigraphic Imaging of the Adrenals 

In the various states of adrenal hyperfunction, it is 
often difficult to decide from laboratory data 
whether the condition involves a primary pituitary 
process with secondary adrenocortical hyperplasia 
or an adenoma or carcinoma of the adrenal gland. 
Hence, morphologic visualization of the adrenal is 
necessary for further evaluation. Besides roentgen
ologic studies, an important means of accomplishing 
this is by scintigraphic imaging.5,8,10 19-Iodocholes
terol and 6-iJ-iodomethylcholesterol, both labeled 
with 1311, and 6-Se-cholesterollabeled with 75Se have 
been used as radioactive agents for adrenal imaging. 
The biological half-life of cholesterol in the adrenal 
is about 8 days and thus considerably longer than in 
the other organs, where its half-life is about 2 
days.Therefore, scintigrams taken after the fifth day 
following intravenous injection usually show no in
terfering activity due to background in the gastroin
testinal tract. With 19-iodocholesterol, most authors 
have used an activity of 1 mCi for adrenal scintig
raphy. According to Trage et aI., 6-iJ-iodomethyl has 
a much greater tissue affinity and so only 250 !LCi of 
this substance is sufficient.60 This activity should not 
be exceeded in order to avoid excessive radiation ex
posure for the patient. Since 1311 is released during 
breakdown of the compounds labeled with it, the 
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thyroid gland has to be blocked. Montz et al. indi
cate that the probability of detection is better with 
75Se-cholesterol than with 19-iodocholesterol and 
that useful scintigrams can be obtained after only 2 
to 3 days.32 Normal adrenals are visualized as ellip
tical areas measuring 2-3 X 3-4 cm in size. The 
storage intensity of the labeled compounds is sym
metrical. Slight size differences between the two 
adrenal cortical areas are physiological. In adrenal 
hyperplasia, measurable enlargements are fre
quently visible in the scintigram and can be differ
entiated from autonomous tumors by the scinti
graphic dexamethasone test. Only one adrenal is 
visualized in unilateral destructive processes or in 
cortical adenomas and carcinomas, which form ex
cessive glucocorticoids and suppress the function of 
the normal adrenal cortical tissue by inhibiting cor
ticotropin-releasing factor and the release of ACTH. 

Figure 17 illustrates the fact that demonstrable 
accumulations can also occur in the metastases of 
adrenocortical carcinomas. After surgical removal of 
the carcinoma, a normal liver-spleen scintigram was 
obtained with 99mTc-sulfur colloid. The posterior 
view shown in the left of the figure reveals two sites 
of reduced storage in the liver and one in the spleen. 
The right portion of the figure shows a cumulative 
liver-spleen scintigram along with the adrenal scin
tigram subsequently obtained. It can be seen that 
the three areas consist of tissue which stores 6-f3-io
domethyl. Another storage area is seen caudal to the 
spleen. 

The adrenals cannot be visualized in hypercorti
cism or when corticoids are administered. In second
ary hypocorticism, imaging (storage) can be 
achieved by stimulation with ACTH; this is not pos
sible in primary hypocorticism. Adrenal scintigra
phy is also capable of detecting residual tissue after 
surgery, demonstrating regeneration or recurrences, 
and locating ectopic adrenal tissue, thereby obviat
ing the need for more stressful diagnostic 
procedures. 

Thyroid Gland 

Diagnostic procedures for the identification of hy
perthyroid states are of particular interest in evalu
ation of the hypertensive patient. Besides the radio
nuclide methods of localization and functional 
diagnosis discussed below, the measurement of thy
roid hormone concentration is one of the most im
portant basic examinations. Questions of method 
and related problems are discussed in Chapter 26. 

Localization Studies 

Scintigraphic imaging of the thyroid can be per
formed with the two iodine isotopes 1231 and 1311 or 
with 99mTc. Iodine isotopes have the advantage that 
both scintigraphy and function studies can be car
ried out at the same time. With 1311, however, it must 
be considered that the thyroid receives a radiation 
dose of about 2 rad/j.LCi of 1311 administered, result
ing in a thyroid radiation exposure of about 50 rad 
for a normal examination. For this reason, and 
owing to its better gamma energy for scintigraphic 
imaging, 1231 is much preferred. When this isotope is 
used, the radiation dose to the thyroid is comparable 
to that obtained with the 99mTc thyroid scintigram, 
and the gonadal dose is smaller. Thyroid scinti
grams with 99mTc largely preclude simultaneous 
function studies, and so the evaluation must be 
based on scintigrams and in vitro tests. 

The scintigram discloses the size of the thyroid 
and indicates whether the activity is uniformly dis
tributed over the tissue or whether the storage is 
patchy.2 Areas of abnormal storage should be coor
dinated with palpation findings. In diffuse hyper
thyroidism, the scintigram is very often unremark
able. If nodular goiter occurs, differentiating it from 
autonomous adenoma can be difficult, especially 
when still compensated; for even with euthyroid goi
ter one often finds functionally heterogeneous areas 

Figure 17. Metastases of an 
adrenocortical carcinoma. 
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which are usually the result of regressive cystic 
changes in individual tissue segments. Since the 
serum levels of the thyroid hormones frequently re
main normal for some time in cases of autonomous 
adenoma, repetition of the scintigraphy after thy
roid suppression with 3 mg of thyroxine is often nec
essary in order to delineate autonomous tissue 
whose storage function is still undiminished. 

Function Studies 

Still the most widely used function test is the two
phase radioiodine study with measurement of iodine 
uptake in the thyroid over a 48-h period, and the 
determination of plasma concentrations of radiola
beled substances after 48 h. The test thus discloses 
the iodine affinity of the thyroid. Because the la
beled substances present in the plasma after 48 h 
are almost exclusively thyroid hormones, the test 
also provieds a measure of how rapidly the thyroid 
releases the iodine in hormonal form. In hyperthy
roidism, an increase in iodine storage is usually seen 
after 24 h and a marked decrease between 24 and 48 
h. The plasma concentration of the radioactive io
dine after 48 h is also elevated compared to the as
sumed limit of 0.27 % of administered activity per 
liter of plasma. Because such changes of the iodine 
metabolism may also result from reductions of the 
thyroid iodine pool due to other causes, diagnostic 
conclusions should be drawn only in connection with 
the scintigram and only if the plasma thyroxine con
centration is known. In borderline cases, a determi
nation of the tri-iodothyronine concentration will 
usually be necessary as well, since this is the only 
hormone to be elevated in some forms of hyperthy
roidism. 

A further possibility in difficult-to-diagnose cases 
is repetition of the radioiodine test together with the 
scintigram after suppression of the thyroid. 

Difficulties in the radioiodine test are associated 
mainly with the prolonged duration of the exami
nation. A much more easily handled function test is 
the thyroid iodide clearance.3 It is derived from the 
uptake of radioactive iodine per unit time and the 
plasma concentration in accordance with Eq. (9): 

(9) 

where dA/ dt = radioactive iodine uptake in the 
thyroid per unit time and Cp plasma 
concentration. 

Thirty minutes is sufficient for measurement, dur
ing which time the rise of activity over the thyroid 
is measured. A roughly linear relation exists be-

Figure 18. Typical complex of findings in hyperthy
roidism. 

tween stored activity and time. With suitable cali
bration, the slope of this line yields the uptake per 
unit time. The blood sample for the determination 
of plasma activity is drawn at about the midpoint of 
the measuring period. Figure 18 shows the typical 
complex of findings in hyperthyroidism. With a 
largely normal scintigram, the iodide clearance is 
370 ml/min (normal: 30-60 ml/min), and the thy
roxine concentration is 18 f.Lg per 100 ml; both are 
markedly elevated. Large scale studies58 have shown 
a significant difference between euthyroidism and 
hyperthyroidism in terms of iodide clearance, thus 
ensuring a relatively high degree of diagnostic cer
tainty. By use of 1231, thyroid clearance and scintig
raphy can usually be performed within 2 h after ad
ministration of the radioiodine,23 thus providing an 
easy-to-handle test of thyroid function disorders. 

Heart and Circulation 

Stenoses of the aorta and larger arteries can be dem
onstrated relatively easily by the method of blood 
flow scintigraphy described earlier in this chapter. A 
sharply decreased rise of activity is observed distal 
to the stenosis. 

The cardiac changes that commonly result from 
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Figure 19. Time-activity curve over left ventricle dur
ing first passage of tracer. 

long-standing hypertension can also be demon
strated with radionuclide methods. The agents used 
must remain in the bloodstream for some time. Al
bumins or erythrocytes tagged with 99mTc are most 
commonly used, but HamIn has also been recom
mended by some authors. The studies are usually 
done with the gamma camera linked to a data pro
cessor with time-activity curves generated for the 
selected regions of interest. Thus, the examination 
technique is similar to the arrangement in renal
phase scintigraphy, but the imaging frequency must 
be much higher, ranging from 4 to 20 frames per sec
ond. With a bolus injection, the minimum24 or 
mean16 transit time can be determined for the first 
passage of the tracer through the heart. These two 
parameters in themselves permit a global function 
assessment to be made.40,«,62 With a suitably high 
temporal resolution, it is possible to determine the 
left ventricular ejection fraction from the fluctua
tions of the time-activity curves recorded over the 
left ventricle during the cardiac cycles.54,6a One such 
time-activity curve is shown in Figure 19. 

As soon as the radiolabeled substance has become 
evenly distributed in the circulatory system, each 
cardiac cycle is associated with the same pattern of 
pulse counts measured over the heart. In order to 
obtain time-activity curves that are as free as pos
sible from statistical variations, the pulse counts for 
some 200 cardiac cycles are added together by 
phase. This in-phase addition is accomplished by 
using the R wave of the ECG as the starting point 
for imaging in each cardiac cycleY From these im
ages, time-activity curves like those shown in Figure 
20 are generated. They reflect the change in the 
pulse counts and, thus, in a quantity analogous to 
the ventricular volume. From the course of the 
summed individual images, it can be determined 
whether contraction of the left ventricle is regular or 
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Figure 20. Time-activity curves after uniform distri
bution of tracer. 

tracted from the pulse counts of the end -diastolic 
and end-systolic images, the ejection fraction of the 
left ventricle is obtained from the ratio of the net 
pulse counts.4 Figure 21 shows the end-diastolic and 
end-systolic cumulative images for a patient in 
whom the ejection fraction was determined. 

If the radioactive material is injected not as a 
bolus but by continuous infusion for about 10 to 12 

whether localized disturbances of motility are pres- Figure 21. End-systolic and end-diastolic cumulative 
ent. If the contribution of tissue activity is sub- image. 
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Figure 22. Time-activity curves over the vena cava and 
left ventricle during uniform infusion. 

s, it becomes possible to determine a patient-specific 
calibration factor in order to calculate the corre
sponding volumes from the measured pulse counts.13 

Several seconds after the start of the continuous in
fusion a constant activity is measured over the vena 
cava (Fig. 22), while activity fluctuations due to car
diac actions are recorded over the ventricles. Since 
after several seconds the variations of pulse count 
correspond to the inflowing activity during one car
diac action, a correlation can be established between 
infused activity and the measured pulse count. If, 
after uniform distribution, the activity concentra
tion in the blood is also determined, all variables 
necessary for converting the ordinate of the curve in 
Figure 20 into unit volume are known. Then in ad
dition to the ejection fraction the cardiac output and 
maximum volume differential can be evaluated. In
asmuch as the radioactive substances used remain in 
the bloodstream for some time, the parameters im
portant for assessment of cardiac function can be 
determined both at rest and during exercise, thereby 
gaining further important diagnostic information. 
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The Early Treatment of Mild Hypertension 29 
K. O. Stumpe 

Mild blood pressure elevations are observed rela
tively frequently and in all age groups. There is no 
generally accepted definition of mild hypertension, 
however, nor is there agreement as to the level of 
pressure at which treatment should commence. 
Theoretically, antihypertensive therapy should be 
initiated at the level which carries an excess risk for 
future morbidity and mortality. 

At present only isolated prospective studies are 
available which demonstrate the benefit of early 
treatment in mild hypertension. For example, the 
Veterans Administration Cooperative Study Group 
reported on the effect of treatment in patients with 
diastolic blood pressures between 90 and 114 mm 
Hg.29 Statistical evaluation showed that the 5-year 
incidence of typical hypertensive complications 
such as heart failure, cerebral hemorrhage, hyper
tensive encephalopathy, and aortic aneurysm was 
only 7 % in patients who received antihypertensive 
treatment, while it was five times higher (35 %) in 
the untreated control group. 

There is also evidence that a correlation exists be
tween blood pressure level and life expectancy even 
within the so-called normotensive range. For exam
ple, a man in his midthirties with a blood pressure 
of 130/90 mm Hg has a shorter life expectancy than 
a man of equal age with a blood pressure of 120/80 
mm Hg.16 A comparison of 35- and 55-year-old men 
shows that the effect of rising blood pressure on re
maining life expectancy decreases with age and that 
persons over 65 may no longer experience the con
sequences of hypertension. Thus, the younger the 
patient, the more potentially serious the hyperten
sion, and the earlier antihypertensive therapy 
should be instituted, even if the blood pressure ele
vation is mild. 

By utilization of statistics on the distribution of 
blood pressure in a large sample of the adult popu
lation and morbidity data,5 it is possible to define 
normotensive, hypertencive, and borderline hyper
tensive values for various age groupslO (Table 1). 

The term mild hypertension should be reserved 
either for borderline values accompanied by signs of 
cardiovascular changes (ECG, chest X-ray, fundus
copy) or for values which are consistently within the 
hypertensive range but do not exceed 105 mm Hg 
diastolic in the 18 to 60 age group. As for the systolic 
cutoff point, there is considerable uncertainty owing 
to a lack of corresponding studies on the benefit of 
antihypertensive therapy in pure systolic hyperten
sion. This applies in particular to patients over age 
60.6 

As long as the definition of hypertension is based 
upon the demonstration of an improved prognosis 
with antihypertensive therapy, the cutoff points are 
variable and may have to be lowered in the light of 
current or future prospective studies. 

Owing to the extreme variability of the blood 
preSS'lre, it is often difficult to differentiate border
line hypertension from mild established hyperten
sion, especially if no organ damage is present. The 
transitions are fluid. The significance of mild as well 
as borderline hypertension lies in the fact that they 
may represent the initial stage of a later significant 
hypertension and may be accompanied by excess 
cardiovascular morbidity and mortalityY·13-15 On 
the other hand, in view of the frequency of mild 
blood pressure elevations, the incidence of future 
hypertension of moderate severity is not overwhelm
ing. The average prevalence is between 15% and 
20% .23.24 Consequently, in 10 to 20 years, 80% to 
85 % of young patients with mild and borderline hy-
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Table 1. Classification of Blood Pressures 

17-40 41-60 >60 Years 

Normotension ::;140/90 ::;150/90 ::;160/90 
Hypertension 2:160/100 2:160/100 2:175/100 
Borderline hypertension 

(a) 
>140/90 >150/90 >160/90 
<160/100 <160/100 <175/100 

or (b) Some levels hypertensive, some normotensive. No cardiovascular changes. 

pertension will not develop significant hypertension. 
Thus, since only a small percentage of patients 
would benefit from antihypertensive therapy, the 
question arises: Should all patients with mild hyper
tension receive treatment in order to prevent com
plications in a minority of the whole group? This 
question can be answered in the affirmative only if 
the curative or preventive effects of treatment out
weigh the possible harmful side effects of the medi
cation in the overall group. 

On the basis of available data and previous expe
rience, it does not appear that all patients with mild 
or borderline hypertension should receive antihy
pertensive treatment. An effort should be made to 
identify the hypertensive subgroup which is at high
est risk of developing significant hypertension lead
ing to vascular complications. It is this high-risk 
group which should be treated. Low doses of drugs 
which produce as few subjective or chemical side ef
fects as possible are indicated. 

The identification ofthis "high-risk group" can be 
undertaken with the aid of certain diagnostic mea
sures (Table 2). Besides the question of family hisc 

tory, the physician must be alert for cardiovascular 
changes. If the optic fundus, ECG, chest X-ray, or 
renal function parameters (serum creatinine) indi
cate the presence of vascular changes or left ventric
ular hypertrophy, initiation of treatment is indi
cated in both borderline and mild hypertensives. 

The presence of risk factors is also important. 
There are basically two types of risk factors: those 
leading to the development of atherosclerotic dis
ease and those predisposing to later development of 
hypertension (Table 3). In the presence of a mild 

Table 2. Minimum Diagnostic Program for Mild 
Hypertension 

Family History 

Physical examination 
Weight 
Funduscopy 
Left ventricular hypertrophy 

Laboratory Tests 

Serum creatinine 
Serum cholesterol 
Serum glucose 
Urinalysis 
ECG 
Chest X-ray 

blood pressure elevation, factors which are likely to 
predispose to a progression of the hypertension are 
of special interest. These are the blood pressure 
level, family history, tachycardia, and race. 

The blood pressure level is by far the strongest 
factor predisposing to the development of signifi
cant hypertension,23 even in the very narrow border
line and mild hypertensive range. It is, therefore, 
very important to obtain multiple and representa
tive blood pressure readings in patients with mildly 
elevated blood pressures. The therapeutic decision, 
estimation of the effect of treatment, and monitor
ing of blood pressure trends can be based only on 
reliable blood pressure measurements. It is there
fore recommended that the mildly hypertensive pa
tient perform regular blood pressure self-determi
nations at home in addition to the determinations 
performed in the physician's office. When the pa
tient has learned the technique, a cuff should be pre
scribed or lent for home use. Optimally, the home 
and office measurements should supplement each 
other. Studies by Julius,lO as well as personal expe
rience, have shown that the blood pressure mea
sured in the office or clinic does not always coincide 
with the values measured under "usual" circum
stances. Thus, while most borderline and mild hy
pertensives have lower blood pressure readings at 

Table 3. Differentiation between Risk Factors 
Influencing Development of Arteriosclerosis and 
Hypertension 

---+ Arteriosclerosis 
1. Hyperlipidemia 
2. Hyperglycemia 
3. Hyperuricemia 
4. Nicotine 
5. Lack of exercise 

---+ Hypertension 
1. Blood pressure level 
2. Family history 
3. Race 
4. Tachycardia 
5. Obesity 
6. High-salt intaket 



home than in the office or clinic, higher home read
ings are obtained in about 30% of cases. 

Family history is also of considerable impor
tance.28 If one or both parents had hypertension or 
died from the complications of hypertension, the 
offspring with mild or borderline hypertension has 
a three times higher chance of developing significant 
hypertension than in the absence of a family history. 

Another indicator of the risk of future significant 
hypertension is tachycardia. 13 An increase in the 
pulse rate cannot always be considered a benign 
symptom. It is frequently and erroneously assumed 
that tachycardia in the physician's office or outpa
tient clinic is a sign of temporary anxiety and as 
such is innocent.lO As early as 1945, Levy et al. 
showed that tachycardia carries a significantly 
higher risk for future significant hypertension, even 
if the blood pressure values are normal.13 

Another important factor is race. It is known that 
blacks with borderline and mild hypertension are 
three to four times as likely as white individuals to 
develop significant hypertension.5 

When and how should mild hypertension be 
treated? The fact that drug therapy is not immedi
ately indicated in every case does not free the phy
sician from the obligation to manage all patients 
with mild or borderline hypertension. The patient 
should be educated about the importance and risks 
of high blood pressure and made aware of the need 
for frequent blood pressure measurements. If the 
diastolic blood pressure is below 100 mm Hg and no 
a,-.>parent risk factors are present, blood pressure 
trends can be monitored by measurements at 6-
month intervals, and general nonpharmacologic 
measures adopted to normalize the blood pressure. 
If the baseline increases by 10 mm Hg in 1 year, drug 
therapy should be instituted. Treatment should pro
duce few side effects, and the regimen should be 
easy to follow. 

Because the antihypertensive drugs currently in 
use can cause subjective complaints as well as un
favorable biochemical changes, the treatment of 
mildly hypertensive patients should begin with non
pharmacologic measures (Table 4), particularly if 
there is no organ damage and no more than one of 

Table 4. General Therapeutics for Mild Hypertension 

1. Correction of: 
Obesity 
Hyperlipidemia and hyperglycemia 
Excessive salt and nicotine intake 

2. Physical exercise 

3. Frequent blood pressure measurements including 
blood pressure determinations by patient 
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the aforementioned risk factors is present. Two such 
measures are of particular benefit in mild hyperten
sion: weight reduction and restriction of salt intake. 
Reisin and his group have recently shown that a 
weight reduction of 10 kg without salt restriction in 
overweight hypertensives leads to a marked reduc
tion or even normalization of blood pressure.21 It 
must be realized, of course, that only about one of 
three obese patients will succeed in achieving a long
term weight reduction. For this reason one should 
not wait for the possible benefits of weight reduction 
in mild hypertensives if the diastolic pressure is con
sistently above 100 mm Hg but should supplement 
weight control with simultaneous pharmacologic 
therapy. If weight reduction is successful, the drug 
regimen can be reduced or discontinued in stages. It 
should be remembered that the obese patient with 
mild hypertension is jeopardized less by his obesity 
than by his high blood pressure. 

Another nonpharmacologic measure is the limi
tation of salt intake. Although salt restriction is not 
of proven value in the long-term reduction of blood 
pressure, a significant association between salt in
take and prevalence of hypertension is frequently 
found.7 The patient should be discouraged from con
suming salt-rich foods or adding salt to already pre
pared foods. Recent studies have shown that the 
blood pressure can be lowered by a moderate restric
tion of salt intake to about 5 to 8 g/day.17 

Besides these two important general measures, 
other risk factors such as elevated plasma lipids, dis
turbances of sugar and purine metabolism, and ex
cessive smoking should be corrected either by di
etary modification or pharmacologic therapy. 
Exercise should also be recommended in the form of 
running, bicycling, swimming, ball-playing, etc. 
Such physical activity aids in weight control and 
contributes to the patient's feeling of well-being. 

If adequate blood pressure reduction cannot be 
achieved by the nonpharmacologic measures men
tioned, we institute drug therapy (Fig. 1) in patients 
under 40 if multiple measurements indicate an av
erage blood pressure of 145/95 mm Hg or higher, or 
if the average pressure fluctuates between 140/90 
and 150/95 mm Hg or higher and there is a family 
history and one risk factor, or if there is no family 
history and two risk factors. These patients should 
be treated over a 2-year period. After this period, 
treatment may be discontinued for 2 months. If the 
blood pressure rises, therapy is reinstituted. If the 
patient remains normotensive, blood pressure mea
surements, ECG, and creatinine assay are per
formed every 6 months. The patient should not ob
tain the impression that he or she is "cured" of 
hypertension and must understand the need for 
continued supervision. 
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BP> 145/95 

t 
< 40 years 
a) fam. hist. (+) 1 risk f. 
b) fam. hist. (-) 2 risk f. 

Therapy for 
OllIE 2 years 

+ 
Normotensive 
------
Discontinue 
therapy for 
2 months 

+ + 
Home and Home and 

Average BP*'in 
physician's office 
and/or at home 

B P 140-150/90-95 
i 

> 40 years 

BP < 130/80 

1 
Yearly 

measurement 

Hypertensive 

* Multiple measurements 
office readings office readings 
normotensive 

BP each 6 months 
ECG, creatinine yearly 

hypertensive 

Figure 1. Indications for therapy in mild hypertension. 

The question of whether elderly patients (over age 
65) with pure systolic hypertension (systolic blood 
pressure above 165 mm Hg and diastolic pressure 
less than 95 mm Hg) should receive antihyperten
sive treatment cannot be answered at present, owing 
to a lack of corresponding prospective studies. The 
systolic blood pressure increase in these patients 
may be the result of the often extensive vascular 
sclerosis occurring in this age group. 

In elderly patients with diastolic values of 105 mm 
Hg and higher, treatment is definitely indicated. 
Judged by available data, such treatment can signif
icantly reduce the incidence of stroke and heart 
failure. 18,20 

With regard to the pharmacologic treatment of 
mild hypertension, two classes of antihypertensive 
drugs are preferred owing to their efficacy and mild 
side effects. These are the iJ-blocking drugs and the 
diuretics. Each type of drug may be administered 
singly, since they cause no significant sodium and 
fluid retention and thus do not promote the devel-

opment of resistance. The question of which of the 
two drug types is superior cannot yet be answered. 
The antihypertensive effect is approximately the 
same in an unselected patient group, and the rare 
subjective side effects are tolerated equally well. 
However, iJ-blocking drugs may one day prove su
perior to the diuretics owing to their fewer biochem
ical side effects. We refer not to the changes in po
tassium, glucose, or uric acid metabolism that occur 
with diuretics, but to the recently observed distur
bances of lipid metabolism, notably the increase in 
plasma triglycerides and iJ-lipoproteinsY Such 
changes may increase the risk of coronary heart dis
ease.2,8 Meanwhile, there is evidence that the inci
dence of heart attack is reduced in hypertensive pa
tients treated with iJ-blocking drugs;12,25 future 
confirmation of these findings would shift the deci
sion in favor of the iJ-blockers. More prospective 
studies are needed before this question can be 
resolved. 

We consider the iJ-receptor blocking agents to be 



Table 5. Drug Therapy for Mild Hypertension 

1. p-Receptor blocking drugs, e.g., 3 X 20-40 mg of 
Inderal daily, not exceeding 2 X 30 mg/day 

If above is contraindicated: 
2. Thiazide diuretics combined with K+ -retaining 

diuretics 
Indicated only under some circumstances: reserpine, 

clonidine, a-methyldopa, and guanethidine 

the drugs of first choice in the treatment of mild hy
pertension (Tables 5 and 6). This applies even to el
derly patients, provided there are no contraindica
tions such as obstructive syndrome or second-degree 
A-V block. Therapy should start with relatively low 
doses of the (j-blocking drug, e.g., 20 to 40 mg of Do
citon three times daily. Doses higher than 2 X 80 
mg of Dociton or equivalent doses of other (j-block
ing drugs are seldom necessary. 

At present, about 20 (j-receptor blocking drugs are 
available in the Federal Republic of Germany. 
These drugs are entirely equivalent with regard to 
their antihypertensive efficacy at comparable 
doses.4,9,26,27,30 However, there are considerations 
which might favor a particular (j-blocking drug 
under certain circumstances. A distinction is made 
between cardioselective and noncardioselective (j
blocking drugs. This cardioselectivity is only rela
tive, since all (j-blocking drugs increase the bron
chial resistance at adequate doses and are therefore 
contraindicated in asthmatics and patients with se
vere obstructive bronchitis.22 Nevertheless, if mild 
bronchospasm occurs during treatment with a non
cardioselective blocking drug, changing to a selec
tive drug might enable the continuation oftherapy.30 
If a low pulse rate is present before start of treat-
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ment or marked bradycardia develops during the 
course of treatment, a (j-blocking drug with intrinsic 
sympathicomimetic activity, such as pindolol, ox
prenolol, or acebutolol, may be used. These drugs 
have a negligible effect on pulse rate in some pa
tients. (j-Blocking drugs with intrinsic sympathi
comimetic activity are also indicated if peripheral 
circulation is impaired (cold extremities). If the 
drug possesses cardioselectivity as well, the cold-ex
tremities symptom is even less common, and the 
drug may be used even in mild cases of Raynaud's 
disease.30 

On the other hand, (j-blocking drugs with intrinsic 
sympathicomimetic activity can cause palpitations, 
restlessness, sweating, and even blood pressure ele
vation, especially at higher doses. In these cases a 
change to a (j-blocking drug without intrinsic sym
pathicomimetic activity is advised. Finally, the cen
tral nervous system side effects of some (j-blocking 
drugs, such as sleeplessness, nightmares, or fatigue, 
can often be relieved by changing to a (j-blocker 
which is less apt to cross the blood-brain barrier, 
such as atenolol or sotalol.30 

If (j-blocking drugs are contraindicated, low doses 
of a thiazide preparation, either alone or in a fixed 
combination with a potassium-retaining diuretic, 
are recommended (Table 7). If moderate doses of a 
(j-blocking drug are insufficient to lower the blood 
pressure, combined treatment with a (j-blocking 
drug and a diuretic may be tried (Table 8). These 
combinations need be administered only once daily 
in most cases.'9 

Reserpine, clonidine, a-methyldopa, or guanethi
dine should not be the drug of first choice in mild 
hypertension. These drugs almost always cause side 
effects and necessitate concurrent diuretic therapy. 
Reserpine, moreover, increases the appetite. lO 

Table 6. Differential Therapy with p-Receptor Blocking Drugs for Mild Hypertensiont 

Receptor 
Preparation mg ISA* Affinity Lipophility Dosage (mg) 

Propranolol Inderal 80 () p, + P2 ++ 2-3 X 40-2 X 240 
Timolol Temserin 10 () p, + P2 + 2 X 5-2 X 10 
Nadolol Corgard 120 () p, + P2 ++ 1 X 60-120 
Sotalol Sotalex 160 6 p, + P2 () 2-3 X 80-2 X 320 

Pindolol Visken 5/15 ++ p, + P2 + 3 X 5-2 X 15 
Oxprenolol Trasicor 80 + PI + P2 + 3 X 40-3 X 80 

T. ret. 160 (Retard: 1 X 160) 

Atenolol Tenormin 100 () P, () 1 X 50-200 
Metoprolol Lopressor 100 () PI + 2-3 X 50-100 
Acebutolol Prent 250 + PI + 2 X 250-500 

*Intrinsic sympathicomimetic activity. 
tOnly some of these J3-blockers are available in the U.S. 
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Table 7. Feasible Diuretic Therapy for Mild 
Hypertension * 

Esidrix 
(25 mg hydrochlorothiazide) 2-3 tablets daily 

Hygroton 
(50 mg chlorthalidone) 1 tablet daily 

Moduretik 
(50 mg hydrochlorothiazide + 5 mg amiloride) 1-2 
tablets daily 

Dytide-H 
(25 mg hydrochlorothiazide + 50 mg triamterene) 1-2 
tablets daily 

Diucomb 
(25 mg bemetizide + 50 mg triamterene) 1 tablet daily 

Aldactone 100 or Osyrol 100 
(100 mg spironolactone) 2-3 capsules daily 

Aldactone 50-Saltucin 
(50 mg spironolactone + 5 mg butizide) 2-3 tablets 
daily 

-Many of these combinations and their dosages are not yet availa
ble in the United States. 

Although the necessity of treatment in mild hy
pertension has not yet been proved conclusively, one 
should not deny treatment to carefully selected 
high-risk patients with mild hypertension until suit
able prospective studies have been completed. 
There is no doubt that such therapy can largely pre
vent the occurrence and progression of vascular and 
organ damage and prolong the life expectancy. 

Table 8. Fixed Combinations of i3-Receptor Blocking 
Drugs and Diuretics for Treatment of Mild 
Hypertension * 

Antra 

Moducrin 

Torrat 

Trasitensin 

Viskaldix 

Alprenolol 100 mg 
Hydrochlorothiazide 10 mg 

Timolol 10 mg 
Hydrochlorothiazide 25 mg 
Amiloride 2.5 mg 

Methypranol 20 mg 
Butizide 2.5 mg 

Oxprenolol 80 mg 
Chlorthalidone 10 mg 

Pindolol 10 mg 
Clopamide 5 mg 

-Many of these combinations and their dosages are not yet 
available in the United States. 
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Systolic Hypertension in the Elderly: 30 
A Therapeutic Problem 

A. V. Chobanian 

Systolic hypertension in the elderly is a common 
clinical problem which represents a major therapeu
tic dilemma. The magnitude of the problem is in
creasing as the population of individuals over 50 
years of age is expanding. Recent epidemiologic 
studies have suggested that systolic hypertension is 
an important risk factor for several major cardiovas
cular complications. However, the merits of treat
ment for the disorder remain obscure, and the op
timum approach for lowering blood pressure has not 
been defined clearly. This paper will review some of 
the available information on this subject and will 
offer a personal approach to its management. 

Prevalence 

Pure systolic hypertension is generally defined as a 
systolic blood pressure equal to or greater than 160 
mm Hg and a diastolic pressure of less than 90 to 95 
mm Hg. Various prevalence rates have been re
ported, depending on the population studied and 
the cut-off points used. Prior to age 50, the preva
lence rate of pure systolic hypertension in the gen
eral population is less than 5 %. However, there is a 
rapid increase in incidence subsequent to this period 
even though diastolic pressure tends to remain rel
atively stable. In the Framingham study group, the 
overall prevalence of systolic hypertension above 
age 70 was 27 %, and 16 % had pure systolic hyper
tension without diastolic elevation.1O In studies of an 
elderly population at Seal Beach, California, ap
proximately 14% had isolated systolic hypertension 
on initial evaluation, although the prevalence de
creased markedly if subsequent determinations of 

blood pressure also were utilized.3 High prevalence 
rates also have been reported in the United States 
National Health Examination Survey. In this sur
vey, in white males and females from 65 to 74 years 
of age, 15 % and 31 %, respectively, had systolic 
blood pressures equal to or greater than 160 mm Hg 
and diastolic pressures less than 95 mm Hg. In 
blacks, the respective figures in males and females 
were 26 % and 39 %. Whatever the exact prevalence, 
there is no question that systolic hypertension is ex
tremely common in older individuals. 

Vascular Changes with Aging 

A variety of structural and biochemical changes 
occur in arteries as a result of aging. There is an age
related thickening of the intima and media which is 
associated with an increase in smooth-muscle cells, 
collagen, and elastin. Increased calcium deposition 
is also typical. The calcium tends to be distributed 
diffusely but is particularly associated with arterial 
elastin and glycosaminoglycans. Free and ester cho
lesterol and sphingolipids also increase in the intima 
as a result of age. Many of these changes have cer
tain similarities to those occurring as a result of ath
erosclerosis. With atherosclerosis, there is a marked 
increase in intimal smooth-muscle cells and connec
tive tissue constituents as well as of free and esteri
fied cholesterol and sphingolipids. Arterial calcifi
cation is also common and tends to be focal in 
nature. The net effects of either aging or atheroscle
rosis on arterial function may be similar and addi
tive in nature, and the end result is an arterial sys-
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tem which has lost some of its elasticity or 
distensibility. 

Pathophysiology 

With increasing age, there usually is a decrease in 
arterial compliance or capacitance/ which is defined 
as the unit change in volume of the artery per unit 
change in pressure. Arterial capacitance and the 
stroke volume of the heart are the major determi
nants of the arterial pulse pressure. Accordingly, as 
age increases, the systolic blood pressure will tend 
to be higher and the diastolic pressure lower (assum
ing that cardiac output, peripheral resistance, and 
mean arterial pressure are constant). When systolic 
hypertension is present in elderly patients, mean 
blood pressure is also elevated since the diastolic 
pressure is generally in the normal range and not re
duced. Since cardiac output is not elevated in this 
group, the major contribution to the hypertension 
must be an increase in total peripheral resistance. 

Contrary to some previous thinking, the blood 
pressure is not fixed in these patients but may ex
hibit much of the lability seen in normal subjects or 
in patients with diastolic hypertension. Thus, such 
factors as sleep,bed rest, and hospitalization tend to 
reduce the systolic pressure while other influences 
such as physical exertion or emotional excitement 
tend to raise the blood pressure. In addition, while 
the blood pressure response to antihypertensive 
drugs may not be as marked in this group as in other 
hypertensive subjects, effective lowering of blood 
pressure can be achieved with therapy. Unfortu
nately, normalization of mean blood pressure gen
erally cannot be induced unless diastolic pressure is 
reduced to below the normal range. Such normali
zation may be hazardous since critical perfusion of 
vital organs may be impaired. 

Other than for the changes in arterial capacitance 
with aging, little information is available concerning 
the mechanisms responsible for this form of hyper
tension. Plasma renin activity has been shown to 
decrease with age/3 presumably as a result of de
creased functional activity of the juxtaglomerular 
apparatus, but it is uncertain whether the systolic 
hypertensive group differs from the elderly popula
tion as a whole. Decreased baroreceptor sensitivity· 
and increase in plasma norepinephrine12 have been 
reported in aging individuals. A decreased rate of 
degradation of circulating catecholamines and an in
creased effect of infused catecholamines on blood 
pressure of rats as a result of aging also have been 
suggested.6•7 However, the relevance of these obser
vations to the clinical situation is uncertain. Simi-

larly, little if any information is available concerning 
such important characteristics as dietary sodium in
take, fluid volume, and mineralocorticoid status in 
these patients. 

Associated Diseases 

Systolic hypertension tends to parallel the degree of 
severity of atherosclerotic disease in the vasculature. 
Therefore, those diseases which are associated with 
enhanced atherogenesis tend to be more prevalent 
in elderly patients with pure systolic hypertension. 

The prevalence of diabetes is particularly high in 
this population. In addition, many of the patients 
may have prior long-standing essential hyperten
sion. Therapy with antihypertensive drugs may 
serve to normalize the diastolic blood pressure but, 
as a result of the diminished compliance in the ar
terial system, the systolic blood pressure might re
main above the normal range in this group. 

Risks from Systolic Hypertension 

The previously held view that systolic hypertension 
is a benign process has been put to rest by several 
independent investigations. In the Framingham 
study, after age 45 systolic blood pressure was ac
tually more important than the diastolic blood pres
sure in influencing the morbidity and mortality from 
cardiovascular diseases.9- 11 

Elderly patients with isolated systolic hyperten
sion have increased incidence rates for cardiovascu
lar death, ischemic heart disease, congestive heart 
failure, strokes, and left ventricular enlarge-

t 359- 11 Th' . k b men . . . elf rIS appears to e particularly 
great when the systolic blood pressure exceeds 180 
mm Hg. Unfortunately, no data are available con
cerning the effects of treatment in reducing these 
risks. The possibility certainly exists that elevated 
systolic pressure merely reflects the degree of vas
cular disease present and therefore might not be a 
causative factor in the later development of vascular 
complications. In addition, since these patients have 
a high prevalence of associated vascular disease 
blood pressure lowering at times may prove to b~ 
poorly tolerated.8 

Clinical Evaluation 

A schematic diagram summarizing the approach 
which should be followed is shown in Figure 1. The 
diagnosis depends on systolic blood pressures ex-
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Confirm Diagnosis 

Systolic BP;;' 160 mm Hg 
Diastolic BP < 90-95 mm Hg 

! 
Eliminate Secondary Causes 

Hyperthyroidism 
Arteriovenous malformations 
Arteriovenous fistulas 
Severe anemia 
Paget's disease 
Thiamine deficiency 
Complete heart block or bradyarrhythmias 

! 
~ G,"~.I rm10' _____________ 

History Physical Examination Laboratory Studies 

Hypertension 
Diabetes 

Retinopathy 
Cardiomegaly 

Blood hemoglobin, sugar 

Smoking 
Cardiac disease 
Vascular complications 

Evidence of congestive failure 
Aortic aneurysm 

Serum potassium, uric acid, 
cholesterol, triglyceride, thyroxine 
calcium, phosphorus, alkaline 
phosphatase Vascular bruits 

Peripheral pulses 
Neurologic status 

Chest X·ray 
Electrocardiographic tracing 

Figure 1. Evaluation of the elderly patient with systolic hypertension. 

ceeding 160 mm Hg in the presence of a normal di
astolic pressure «90-95 mm Hg). Secondary 
causes which should be ruled out relate primarily to 
those conditions associated with an elevated cardiac 
output. Clinical states with marked bradycardia and 
a high stroke volume (e.g., complete heart block) 
also may have marked systolic hypertension. 

The history or presence of significant vascular dis
ease involving the heart, brain, and peripheral blood 
vessels should be evaluated in detail since the deci
sion to treat, and the type of treatment utilized, may 
depend on this assessment. Some of these patients 
also may have an aortic aneurysm, which may at 
times be life-threatening unless surgically excised; 
therefore, a careful search for such aneurysms by 
physical examination also should be made. 

The laboratory evaluation generally does not need 
to be excessive other than to help eliminate the sec
ondary causes, assess the cardiovascular status, and 
follow those parameters which may be influenced by 
antihypertensive therapy. Hyperlipoproteinemia is 
an important known risk factor for atherosclerotic 
disease and may predispose elderly patients to sys
tolic hypertension. However, its assessment and 
therapy may perhaps not be essential at an ad
vanced age except as required for the detection of 
familial forms of hyperlipoproteinemia. The availa-

ble data would suggest that hyperlipoproteinemia 
probably loses its importance as a cardiovascular 
risk factor in aged subjects. 

Indications and Objectives of Therapy 

Because of the markedly increased incidence of car
diovascular complications and mortality when the 
systolic blood pressure exceeds 180 mm Hg, it would 
appear reasonable to attempt to lower the systolic 
pressure below this level. Indications for treatment 
would appear to be greater in patients who have not 
tolerated the hypertension well and who have evi
dence of end-organ damage related to the blood 
pressure elevation. Included in this category are pa
tients with congestive heart failure or left ventricu
lar enlargement, both of which can be induced or 
aggravated by the elevated systolic blood pressure, 
which is a major determinant of left ventricular af
terload. Similarly, patients with prior cerebrovas
cular accidents are candidates for antihypertensive 
therapy, although particular care must be exercised 
to avoid sudden or marked blood pressure reduc
tions. Patients with angina pectoris also may benefit 
considerably since the blood pressure reduction 



30: Systolic Hypertension in the Elderly: A Therapeutic Problem 441 

Table 1. Relative Indications and Contraindications to 
Antihypertensive Therapy 

Indications 

Systolic blood pressure 
>180 mm Hg 

Hypertensive complications 
Congestive failure 
Cerebral hemorrhage 
Renal failure 

Angina pectoris 
Good response to step 1 and/ 

or step 2 drugs 

Contraindications 

Systolic blood pressure 
:$180 mm Hg 

No end-organ disease 
Transient ischemic 

attacks in brain 
Peripheral vascular 

insufficiency 
Poor response to step 1 

and/or step 2 drugs 
Side effects from mild 

antihypertensives 

could diminish cardiac work and myocardial oxygen 
demands. However, there would appear to be less 
potential benefit and greater risk of antihyperten
sive therapy in those patients with systolic hyper
tension who have certain other complications of ath
erosclerotic disease. For example, in patients with 
cerebrovascular disease exhibiting transient is
chemic attacks, blood pressure lowering may dimin
ish cerebral perfusion below critical levels and 
should generally be avoided unless marked systolic 
hypertension is present. Similarly, in patients with 
peripheral vascular disease, blood pressure reduc
tion may aggravate the problem by diminishing tis
sue perfusion even further. 

The relative indications and contraindications to 
therapy are summarized in Table 1. In general, the 
greater the indications, the more aggressive should 
be the therapy. However, in view of the uncertain 
state of current knowledge concerning the benefit/ 
risk ratio of antihypertensive medications in this 
group, a relatively conservative therapeutic ap
proach appears justified. Only the mild antihyper
tensive agents should be utilized in the vast majority 
of patients, and if ineffective at moderate doses, the 
therapy should be discontinued. It would seem most 
reasonable to reserve potent antihypertensive drugs 
for those individuals with either very severe systolic 
hypertension or with a history of such hypertensive 
complications as congestive heart failure or cerebral 
hemorrhage. 

Antihypertensive Therapy 

Antihypertensive drug therapy is effective in elderly 
patients with isolated systolic hypertension as well 
as in those patients with both systolic and diastolic 
elevations. However, the blood pressure effects tend 
to be less dramatic than those observed in young in-

dividuals. Several experimental studies have sug
gested that vascular responsiveness to vasodilator 
stimuli may be diminished by aging. The responses 
to cyclic AMP and to beta-adrenergic agonists such 
as isoproterenol appear reduced in isolated arteries 
studied in vitro. In addition, the hypertensive effect 
of infusions of sodium nitrate in man has been 
shown to be decreased in elderly patients with sys
tolic hypertension. 

Little information is available concerning the op
timal therapeutic approach, but certain general 
principles should be considered in the selection of 
medications. All the available agents are effective to 
some extent, but none are without hazard. In deal
ing with an elderly population of patients that can 
be expected to have significant atherosclerotic dis
ease, any attempt to lower blood pressure must be 
carried out with caution, and abrupt changes such 
as those associated with orthostatic hypotension 
should be avoided. Fortunately, built-in protective 
mechanisms, such as the autoregulation of blood 
flow to the brain and the improvement in cardiac 
function when the blood pressure and left-ventric
ular afterload are reduced, help counteract the ef
fects induced by severe lowering of blood pressure in 
many individuals. Nevertheless, such compensatory 
adjustments are not always adequate to prevent de
creases in perfusion to critical sites. 

Since the effects of therapy on cardiovascular out
come in this group of patients have not been delin
eated as yet, it would seem desirable to exclude very 
potent antihypertensive drugs or agents with poten
tially serious side effects. The dictum "physician, do 
no harm" is of particular relevance here. With these 
qualifications in mind, a step-care approach, which 
could represent a modification of that currently in 
force for the general hypertensive population, would 
appear appropriate (Fig. 2). 

Diuretic agents may represent the best initial 
therapy in most of the patients. Careful attention 
should be given to the problem of hypokalemia and 
its effects in predisposing to cardiac arrhythmias, 
particularly since these patients often may have 
preexisting heart disease and may be receiving a dig
italis glycoside. In addition, their dietary potassium 
intake may be relatively low. Furthermore, the ad
verse effects of the diuretic on blood sugar should 
also be considered since glucose tolerance decreases 
with age and the incidence of diabetes is high in this 
population. Potassium sparing diuretics (e.g., triam
terene, spironolactone, amiloride) are frequently 
useful in these patients in combination with thia
zides to minimize these problems. 

As an addition to the diuretic regimen, or at times 
as an alternative to it, several agents which influence 
the sympathetic nervous system may be utilized. 



442 A. V. Chobanian 

Systolic BP > 160 < 
180-200 mm Hg 

Observation and 
nonpharmacologic 

approaches 

If history of congestive 
failure, cerebral hemorrhage, 
angina, or renal 
failure, then drug Rx 
may be indicated 

Systol ic BP > 
180-200 mm Hg 

! 
Step 1 Diuretics 

! 
Step 2 Add beta blocker, 

clonidine, methyldopa, 
or reserpine 

If systolic BP > 180 mm Hg 
and history of either 
congestive failure, 
cerebral hemorrhage, or 
renal failure 

Step 3 Add hydralazine or prazosin 

Figure 2. Proposed step-care approach to the treatment 
of systolic hypertension in the elderly. 

These would include beta-adrenergic blockers, 
methyldopa, clonidine, and reserpine. Each of these 
drugs has certain limitations, and the choice of the 
agent should depend on the individual characteris
tics of a given patient. The clinical pharmacology 
and toxicity of these agents have been discussed pre
viously and will not be repeated except for a few spe
cific comments relating to this patient population. 
The beta blockers have the advantage of generally 
being well-tolerated with a low incidence of side ef
fects. However, precipitation of congestive heart 
failure should be of some concern. Fortunately, in 
most individuals, if the beta blocker lowers blood 
pressure, the reduction in left-ventricular afterload 
that occurs is more than offset by its effects on car
diac contractility. Another complication that may 
be significant relates to the peripheral vasculature. 
Because of the peripheral vasoconstriction which 
may be induced by beta blockers, these drugs may 
precipitate or exaggerate the manifestations of pe
ripheral vascular insufficiency, The broncho-con
stricting effects of beta blockers also could create 
problems, particularly since the incidence of chronic 
obstructive pulmonary disease is relatively high in 
this population. 

Methyldopa has been used extensively in this 
group of patients and is often the second step drug 
of choice. It is usually well tolerated, but it can in
duce orthostatic hypotension, particularly if diuretic 
therapy or dietary sodium restriction has been em
ployed concurrently. Reserpine has the advantage 
of a smooth effect, relative absence of orthostatic 

hypotension, a single daily dose, and relatively low 
cost. However, mental depression secondary to its 
use can be an important problem in the elderly pop
ulation and the dose of reserpine should be kept low 
(e.g., 0.1 mg/-day) to minimize this side effect. Clo
nidine also should be considered for these patients. 
It also is relatively well tolerated, but excessive sed
ation and dryness of the mouth may develop and 
limit somewhat its acceptance. The hypertension re
ported following abrupt withdrawal of clonidine 
could be of some concern but fortunately is a very 
uncommon problem, particularly if the dose of the 
drug is kept low. 

Vasodilator drugs on theoretical grounds would 
have much to recommend them since a decrease in 
vascular compliance may be the major problem pre
disposing to the systolic hypertension. However, the 
potential toxicities of the available vasodilators 
serve to limit their use to the third step of therapy. 
Hydralazine is the most potent of the approved va
sodilator compounds, It acts on arteriolar smooth 
muscle, producing a decrease in peripheral vascular 
resistance. A compensatory increase in heart rate 
and cardiac output may result which would serve to 
increase cardiac work and at times could induce or 
exacerbate angina pectoris and myocardial isch
emia. Concurrent use of a beta blocker will generally 
offset much of this adverse response. Sodium reten
tion may result, and diuretics also are usually re
quired. The development of the lupus syndrome 
with hydralazine therapy is uncommon and tends to 
be dose-related. Prazosin blocks the alpha-1 adren
ergic receptor and has the advantage of not causing 
sedation or depression. Its use in these patients is 
limited primarily because of the risk of postural hy
potension, which can develop with prazosin as a re
sult of its effect on blocking alpha-adrenergic activ
ity. 

Guanethidine and similar potent agents which 
can induce marked orthostatic hypotension are con
traindicated in elderly patients with systolic 
hypertension. 

Nonpharmacologic means of lowering blood pres
sure such as restricting dietary sodium intake or 
weight reduction also occasionally have merit. The 
value of such approaches may be particularly great 
in those individuals with only modest elevations in 
systolic blood pressure (less than 180-200 mm Hg) 
in whom we may want to avoid using antihyperten
sive drugs. 

Conclusion 

Systolic hypertension is a relatively common disor
der above age 55. Excessive cardiovascular mortality 
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and morbidity have been demonstrated in this 
group of patients, but the current state of knowledge 
is not sufficient to permit definitive recommenda
tions concerning antihypertensive therapy. Neither 
the value of such treatment nor the optimal thera
peutic programs have been determined as yet. The 
therapeutic dilemma confronting the physician is 
obvious and impossible to resolve completely. How
ever, certain important principles can be considered 
and guidelines formulated which can assist in the 
difficult decision on treatment. It should be remem
bered, however, that the recommendations made in 
this chapter may well need to be revised in the fu
ture as further data become available. 

A critical need exists for controlled clinical trials 
dealing with the effects of antihypertensive therapy 
in this population. One such trial has recently been 
initiated in the United States and another is nearing 
completion in Europe. Until the results of these 
studies become available, each physician will need 
to make his or her own decision regarding therapy. 
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Interactions between Antihypertensive 
Drugs 

The synergism that usually results when two or 
more antihypertensive drugs are administered con
currently has effects in two directions: On the one 
hand, the phenomenon allows different antihyper
tensive drugs to be administered in a lower dose 
than during monotherapy, thereby reducing their 
toxicity. On the other hand, the concurrent admin
istration of several antihypertensive drugs can easily 
lead to an excessive fall of blood pressure. 

Moreover, some drugs exert one or more identical 
adverse side effects, such as sedation, dry mouth, 
and nasal congestion. When such drugs are admin
istered together, their effects may be additive. 

Interactions between Antihypertensive 
Drugs and Drugs for Other Indications 

All medications with a potential or obligatory hy
potensive action may cause an excessive reduction 
of blood pressure if administered concurrently with 
antihypertensive drugs. The drugs associated most 
frequently with clinically significant side effects are 
the vasodilators; quinidine and procainamide (when 
given iv); certain psychotropic drugs such as pheno
thiazine, procarbazine, diazepam, and thioxanthene; 
narcotics; fenfluramine; furazolidone; the "loop di
uretics" (ethacrynic acid, furosemide); and, finally, 
alcoho1.6•9 

On the other hand, drugs with a hypertensive ac
tion such as sympathomimetics or glycyrrhinic acid 

can, on chronic use, antagonize the effect of antihy
pertensive drugs. Moreover, the use of direct-acting 
sympathomimetics in patients taking guanethidine 
or reserpine can cause an increasing sensitization to 
these drugs after 1 or 2 weeks' treatment. This oc
curs because the otherwise strong (re)uptake into 
the storage vesicles of the postganglionic neuron 
which abolishes the drug action is inhibited.6 

Indirect-acting sympathomimetics such as am
phetamine and ephedrine given to patients receiving 
a-methyldopa cause the release of the less potent 
vasopressor a-methylnorepinephrine, instead of 
norepinephrine. Reserpine, like guanethidine, de
pletes norepinephrine from its storage vesicles and 
should therefore prevent the indirect sympathomi
metics from taking effect. However, some clinical re
ports indicate that the pressor effect of amphet
amine can lead to complications in patients taking 
guanethidine, apparently because the marked in
crease in norepinephrine sensitivity allows a re
sponse even to the minute quantities of norepineph
rine released under these circumstances.6 It has also 
been postulated that these phenomena may be the 
result of competition for uptake by the norepineph
rine pump in the neuron3 (see "Guanethidine" in 
chapter 32). Even the sympathomimetics present in 
cold remedies might be sufficient to produce this ef
fectY An increased proneness to cardiac arrhyth
mias is also present. 

The tricyclic antidepressants represent a special 
case. They and certain other drugs competitively in
hibit the norepinephrine pump in the postganglionic 
nerve fiber. Such substances abolish the action of 
guanethidine. Examples are desipramine,tl imipra
mine,7 amitriptyline,t° as well as doxepin in doses 
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greater than 100 mg/day and chlorpromazine when 
used in the normal psychotherapeutic doses.2 Owing 
to the competitive character of the inhibitory mech
anism, it can be overcome by administering higher 
doses of guanethidine. If the psychotropic drugs are 
then withdrawn without reducing the high guaneth
idine dose, a dangerous fall of blood pressure may 
result. 

Clonidine can also be inactivated by tricyclic an
tidepressants. I The mechanism of this is unclear. 

In the case of a-methyldopa, it is reported that its 
acute effect can be prevented by preliminary treat
ment with reserpine or imipramine.s 

Monamine oxidase inhibitors prevent the whole
sale degradation of norepinephrine in the postgan
glionic nerve fiber that ordinarily occurs during re
serpine-induced norepinephrine release. This 
results in a strong vasopressor response when such 
drugs are administered concurrently with reserpine.4 

Isoniazid reportedly strengthens the effect of anti
hypertensive drugs by inhibiting the nonspecific mi
crosomalliver enzymes which destroy the drugs.9 

All drugs which lead to potassium loss intensify 
the potassium deficiency produced by benzothiadi
azines; examples are laxatives and glucocorticoids. 
The toxicity of cardioactive glycosides is increased. 
The action of concurrently administered d-tubocu
rarine and succinylcholine in benzothiadiazine-in
duced potassium deficiency is enhanced. 

Salicylates administered in high doses can accu
mulate and thus lead to intoxication if their excre
tion is prevented by competitive inhibition from 
benzothiadiazines.8 
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Various causes underlie the family of symptoms 
called hypertensive disease. While certain second
ary forms of hypertension are amenable to causal 
therapy, primary or essential hypertension is man
aged exclusively by symptomatic treatment with 
antihypertensive medications, to the extent that 
modifications of living habits (e.g., dietary salt re
striction) cannot adequately lower the blood pres
sure. The hope of treating individual patients with 
specific drugs according to the etiology of the hyper
tension has not yet been realized. 

The treatment of hypertension is geared mainly 
toward lowering the peripheral resistance. This goal 
can be achieved in various ways, most importantly 
by influencing the sodium balance, reducing the 
sympathetic tone, and inducing vasodilation in the 
periphery. 

The drug or drug group of choice is determined 
more by its potential for exerting adverse effects 
than by its locus of action. It depends in large mea
sure on the individual pathologic and morphologic 
status of the patient. This means that the spectrum 
of suitable antihypertensive drugs decreases with in
creasing age and morbidity. Given an adequate tol
erance, the choice and dosage of the antihyperten
sive drug or drugs is determined solely by their 
ability to lower the blood pressure successfully. 

From a clinical pharmacologic standpoint, anti
hypertensive drugs must satisfy a number of 
requirements: 

1. The hypotensive action should be adaptable to 
individual patient needs during oral dosing. 

2. The blood pressure should not fall too abruptly. 
3. The action should be long-lasting and reproduc

ible over a period of years. 

4. The drug(s) should allow counterregulatory 
mechanisms to respond to acute demands. 

5. The drug(s) should not alter the patient's mood. 
6. Adverse effects, particularly serious ones, should 

be excluded.68 

The experience of recent years has shown four 
groups of drugs to be of particular value in the ther
apy of hypertension: 

a. Diuretics 
b. ~-Adrenergic receptor blocking drugs 
c. Vasodilators 
d. Sympathetic inhibiting drugs 

Although it is widely agreed that an optimal anti
hypertensive therapy must be based on drugs of 
these classes, used either singly (i.e., diuretics or ~
adrenergic blocking drugs) or in combination, their 
mechanism of action is by no means clear in all 
cases. 

Nevertheless, a consensus has emerged with re
gard to the use of these drugs and the strategies to 
be employed. The following procedure has proved 
useful in finding the most satisfactory regimen: 

1. Therapy begins with a diuretic or ~-adrenergic 
blocking drug. 

2. If adequate control is not achieved with diuretics 
or ~-adrenergic blocking drugs alone, a combina
tion is given which includes a diuretic. It is desir
able to select a ~-adrenergic blocking drug as the 
second component, owing to its mild effect on pa
tient mood. If its use is contraindicated, however, 
a suitable drug from group (c) or (d) above must 
be prescribed. 
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3. If the combination of a diuretic and ~-blocking 
drug proves to be inadequate, a vasodilator may 
be added. The reflex tachycardia produced by the 
vasodilator will be corrected at least in part by 
the ~-blocking drug. 

4. Should this combination fail to lower the blood 
pressure sufficiently, other drugs from group (c) 
or (d) above must be added. 

The most significant advance in recent years was 
the discovery of the ~-adrenergic blocking drugs, 
which opened the way for the development of vaso
dilators which directly relax the smooth muscles, 
thereby lowering the peripheral resistance without 
influencing the CNS or acting on the ganglia or post
ganglionic sympathetic fibers. Both classes of drug 
have little or no adverse effects on mood, nor do they 
impair the ability to perform mental tasks. As men
tioned, the undesired reflex tachycardia can be con
trolled by the concurrent use of ~-blocking drugs. 

Although an ideal solution has not yet been found, 
the introduction of ~-adrenergic blocking drugs has 
made it possible to achieve an effective reduction of 
blood pressure with few adverse effects in a very 
broad patient group. However, while there are at 
present a number of oral agents which can lower the 
blood pressure at least to some degree in practically 
any hypertensive individual, they do not allow the 
blood pressure to respond optimally to the demands 
of everyday life (e.g., standing or lying, rest or phys
ical exertion, mental stress, pain). This problem re
mains to be solved. 

Diuretics 

Diuretics with various chemical compositions and 
sites of action have proved effective as antihyperten
sive agents. Common to all diuretics is the property 
of increasing the excretion mainly of sodium, chlo
ride, and bicarbonate ions and, secondarily, of 
water. 

Two classes of diuretic are suitable for chronic 
antihypertensive therapy: 

1. Diuretics of the benzothiadiazine type 
2. Potassium-retaining diuretics 

The "loop diuretics," furosemide and ethacrynic 
acid (so-called because of their site of action in 
Henle's loop), are unsuited for chronic antihyper
tensive therapy, because they produce a massive and 
abrupt excretion of electrolytes and water which 
evokes a strong counterregulatory response. More
over, their brief duration of action requires dosing 

three to four times daily to achieve an antihyper
tensive effect comparable to that of the benzo
thiadiazines.5 

Diuretics of the Benzothiadiazine Type 

The basic structure of the benzothiadiazines is the 
benzothiadiazine ring, in which the benzene ring is 
substituted at position 7 with a sulfonamide group 
and at position 6 with a chlorine atom (Fig. 1). 

The pharmacodynamics of the various represen
tatives of this group are so similar that they cannot 
serve as a selection criterion. Apparently these drugs 
inhibit the reabsorption of sodium, chloride, and to 
some extent bicarbonate ions in the distal tubule, 
thereby increasing their excretion in the urine. Po
tassium excretion, which is ordinarily determined 
mainly by secretion in the distal tubule, is increased 
by natriuretic drugs through an exchange of sodium 
for potassium in the distal tubule; the more sodium 
ions in this part of the tubule, the greater the ex
change. Since benzothiadiazine therapy increases 
the quantity of sodium ions in that region, it be
comes clear why a potassium deficit is particularly 
likely to develop in patients who take benzothiadi
azines and do not restrict their salt intake. The anti
hypertensive effect of diuretics alone is slight.14,38 A 
blood pressure reduction of no more than 15 to 20 
mm Hg systolic and 10 to 15 mm Hg diastolic can be 
achieved. The mechanisms of this effect remain ob
scure. According to the findings of some authors, the 
initial decrease in extracellular fluid and plasma vol
ume and the cardiac stroke volume abate after sev
eral days' treatment and are no longer discernible 
after a few weeks. Opinions also vary as to the be
havior of the steady-state tissue concentrations of 
electrolytes (detailed discussion in ref. 36). The pe
ripheral resistance increases somewhat initially but 
is decreased during chronic use. The antihyperten
sive effect of chronic diuretic therapy is attributed 
mainly to this fact. 37,lOO,153 A diminished response to 
vasoconstrictive stimuli from the catecholamines 
also appears to playa role.58,61,108 This may be related 
to a reduced sodium concentration in the arterioles, 
perhaps because the sympathetic system has lost 

Figure 1. Basic structure of the benzothiadiazine deriv
atives. 
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some of its adaptive capacity under these con
ditions.159 

Undesired Effects. The various diuretics are also 
similar in terms of their undesired effects. They are 
remarkably nontoxic in the low doses ordinarily 
used in hypertension therapy. The most serious ad
verse effects are (1) hypokalemia, (2) hyperuricemia, 
and (3) reduced glucose tolerance and hypergly
cemia. The most frequent adverse effect is hypoka
lemia associated with the main action of the drug. 
However, since subdiuretic doses are generally suf
ficient for the treatment of hypertension, the full
blown clinical picture of hypokalemia with neuro
muscular, cardiac, intestinal, and renal symptoms is 
rare. The physician should be alert for signs of mus
cular weakness, particularly in the lower extremi
ties, as well as for increased digitalis sensitivity, ob
stipation or ileus, and impaired renal function. 

Up to 50% of patients treated with benzothiadi
azine diuretics demonstrate an increase in uric acid 
to over 7 mg per 100 ml, probably owing to a com
petitive inhibition of proximal tubular secretion.9•57 

Uricosurics or allopurinol may become necessary. 

The impairment of glucose tolerance during ben
zothiadiazine therapy sometimes necessitates a 
modification of hypoglycemic therapy in diabetics. 
It is questionable whether the reduced glucose tol
erance that develops during the course of benzothia
diazine therapy or the appearance of manifest dia
betes can be attributed to the diuretic therapy.90 
The benzothiadiazine-induced potassium deficit (in
creased glucose release from liver glycogen) and ac
tivation of adenylate cyclase with subsequent gly
cogenolysis by 3,5-cyclic AMP have been suggested 
as mechanisms.72 

Less common events are an increase of serum am
ylase and acute pancreatitis, as well as allergic man
ifestations such as granulocytopenia, thrombocyto
penia, and pancytopenia. Various types of 
exanthema, exfoliative dermatitis, vasculitis, and 
pneumonitis have also been described. 

Criteria for Drug Selection. The major differ
ences among the benzothiadiazines relate to their 
duration of action, which thus forms the criterion 
for selecting the diuretic (Table 1). 

Table 1. Survey of Selected Diuretics Currently Used in Antihypertensive Therapy' 

Generic Name Brand Name Onset of Action (h) Duration of Action (h) Mean Daily Dose (mg) 

Diuretics of the Benzothiadiazine Type and Their Analogs 

Chlorothiazide Diuril 6-12 500 
Clopamide Brinaldix 1-2 12-24 10-20 
Cyciopenthiazide Navidrex 1-2 10-14 0.5 
Hydrochlorothiazide Esidrix 1-2 12-18 25-50 

Di-Clotride 
Indapamide Natrilix 2.5 
Mefruside Baycaron 1-3 18-24 25 
Polythiazide Renese 1-2 18-24 1-2 
Quinethazone Hydromox 2 18-24 50 
Thiabutazide Saltucin 1-2 12-18 5-10 
Trichlomethiazide Metahydrin 1-2 10-14 2-4 
Xipamide Aquaphor 3-4 12-18 20-40 
Chlorthalidone Hygroton 2 24-36 25-50 

Potassium-Retaining Diuretics 

Aldosterone-
independent 
Amiloride HCI Arumil 1-2 12-24 

Colestril 1-2 12-24 
Triamterene Dyrenium 1-2 12-24 Pteridine derivative 

Aldosterone-
dependent 
Spironolactone Aldactone 48-72 96 17 -Spironolactone 

Osyrol steroid 

'Some of these diuretics are not available in the United States. 
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Pharmacokinetics. Intestinal absorption of the 
benzothiadiazine derivatives is generally good (70% 
to 80 % ), though the absorption of chlorothiazide is 
only 30 % to 40 %. The lipid solubility varies from 
drug to drug, and thus also the distribution area, 
which is usually greater than the extracellular space. 
Plasma protein binding is between 40 % and 95 % . 
As a rule, the benzothiadiazines are not metabolized 
but undergo glomerular filtration unchanged and 
are excreted by the kidney in varying degrees by ac
tive secretion in the proximal tubule. 

Potassium-Retaining Diuretics 

The advantage of potassium-retaining diuretics can 
be utilized in antihypertensive therapy by combin
ing them with the benzothiadiazines. This class of 
diuretic (survey in Table 1) acts synergistically to 
the benzothiadiazines in terms of sodium and water 
excretion and antagonistically in terms of potassium 
excretion. 

The potassium-retaining diuretics can be classi
fied into two groups, one of which acts indepen
dently of aldosterone, and the other only in the pres
ence of aldosterone (see Table 1). 

The site of action is the distal tubule. Triamter
ene and amiloride cause only a slight increase in so
dium and chloride ion excretion. Important thera
peutically is the inhibition of potassium secretion by 
triamterene and amiloride, as well as the competi
tive inhibition of the aldosterone receptors that me
diate potassium excretion by spironolactone. Be
cause aldosterone secretion declines with increasing 
salt intake, the effect of spironolactone is weakened 
or abolished by a salt-rich diet. 

Undesired Effects. The greatest danger in the use 
of these diuretics is hyperkalemia. They are con
traindicated, therefore, in patients with impaired 
renal function. The principal undesired effects of 
triamterene and amiloride are associated with gas
trointestinal intolerance. Calf muscle spasms and a 
feeling of weakness are also reported. Transitory vi
sual disturbances have been described with 
amiloride. 

In men, spironolactone can cause gynecomastia, 
loss of libido, and impotence. In women, virilization 
and amenorrhea can occur. The different pattern of 
adverse effects compared to the benzothiadiazines 
allows spironolactone to be used even in severe dia
betes mellitus or in hyperuricemia. 

Pharmacokinetics. The drugs listed in Table 1 
are absorbed from the bowel in varying degrees and 
are excreted at least in part by the kidney after they 
are largely metabolized. 

,a-Adrenergic Receptor Blocking Drugs 

i1-Adrenergic receptor blocking drugs have been in
creasingly used since their introduction into anti
hypertensive therapy by Prichard.128 Since then 
more than 30 different derivatives have become 
known, and others are being developed. So far, all 
the preparations tested clinically have proved to 
exert an antihypertensive action. Since they all 
block the i1-receptors by competition with catechol
amines, this would appear to be responsible for their 
action as antihypertensives. The remaining qualities 
vary somewhat from drug to drug (see below). 

Since i12-receptors mediate a dilatation of the re
sistance vessels and, according to measurements of 
a-receptors, occur only in small numbers in the vas
cular walls, the hypotensive effect of i1-adrenergic 
receptor blocking drugs at first seems paradoxical. 
Indeed, the precise mechanism whereby these drugs 
exert their antihypertensive effect remains unex
plained. Several hypotheses have been advanced, 
but compelling objections can be raised to each: 

1. Lydtin et al. attributed the fall of blood pressure 
to a reduction of the cardiac stroke volume.102 
However, this hypothesis seems incompatible 
with the time discrepancy between the immedi
ate reduction of stroke volume and the somewhat 
later onset of the blood pressure decrease.60,1M 
Also, there is a good correlation between periph
eral resistance and arterial pressure, but not be
tween the latter and stroke volume.121 Further
more, all i1-blocking drugs do not reduce the 
stroke volume.M,120 Practolol has often even in
creased the stroke volume during chronic use.120 

2. It has been postulated that the renal secretion of 
renin, which is at least partly controlled by ad
renergic receptors, is inhibited by i1-blocking 
drugs and that these drugs are most effective, 
therefore, in hypertensive patients who have 
high renin levels prior to treatment.20 However, 
the results of subsequent studies have shown a 
poor correlation between the reduction of ar
terial pressure and the lowering of plasma 
renin,4,15-17,1l4,161 as well as a discrepancy between 
the doses necessary for renin suppression and for 
lowering the blood pressure. 1oo It must be noted, 
however, that neither the study population nor 
test protocol was fully comparable to that of 
Buhler et al.20 Hollifield et al. concluded from the 
results of their own studies that at low doses pro
pranolol affects the blood pressure by renin low
ering, while in high doses propranolol has a renin
independent effect that may relate to its action 
in the CNS.79 

3. Another hypothesis assumes a central locus of ac
tion for the i1-blocking drugs, because the intra-
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ventricular injection of propranolol produces a 
rapid fall of blood pressure in laboratory ani
mals.97 However, this conflicts with the fact that 
some {3-blocking drugs, such as practolol, have 
difficulty traversing the blood-brain barrier, in 
contrast to other more lipophilic derivatives. 

4. A peripheral adrenergic neuron blockade has also 
been suggested, similar to that produced by gu
anethidine.42 However, this effect appears only in 
doses considerably higher than necessary to lower 
the blood pressure. It is also evoked by the ( + )
propranolol isomer, which has no antihyper
tensive effect. Moreover, propranolol does not 
produce the hypotension during standing and 
physical exertion that is characteristic of the neu
ron-blocking agents. 

5. Finally, it has been suggested that the {3-blocking 
drugs act by resetting the baroreceptors via a 
central or peripheral mechanism. This is evi
denced by the fact that the peripheral resistance 
returns to its initial level during continued ther
apy with {3-blocking drugs.129 

Selection of /3-Adrenergic Blocking Drugs 

The intensity of the {3-blockade varies somewhat 
from one derivative to another. But the therapeutic 
range of the known {3-blocking drugs does not vary 
substantially, and so differences in drug potency can 
be compensated for by administering equipotent 
doses. 

The {3-blocking drugs differ not only quantita
tively in their main action but also in their various 
qualities. These are: 

1. The selectivity of their action on {31- and {32-
receptors 

2. Their sympathomimetic "intrinsic activity" 
3. Their membrane-stabilizing effect 

These features are reviewed, and the various drug 
potencies compared, in Table 2. 

A distinction is made between {31- and {32-recep
tors, according to their function. The {3creceptors 
control the force of contraction, stroke rate, and 
conduction velocity in the heart. The {32-receptors 
are located in the smooth muscle of the bronchial 
tract, blood vessels, and uterus; when excited, they 
produce a decrease in tone. The {3-mimetic-induced 
metabolic reactions such as lipolysis, glycogenolysis, 
and gluconeogenesis, as well as insulin and renin se
cretion, have not yet been associated with a specific 
receptor type. Some {3-blocking drugs preferentially 
inhibit the {31-receptors located in the heart and are 
therefore called cardioselective. These drugs are 
preferred in patients with bronchial asthma. How-

ever, the selectivity of the drugs is not absolute but 
is present only if suitable doses are given. The heart 
contains small numbers of {32-receptors in addition 
to the {3creceptors; the reverse is true for the bron
chial muscles.3 The dose-dependence of the selectiv
ity implies that this selectivity is lost at higher doses 
and consequently is of limited therapeutic value. 

On the other hand, there are {3-blocking drugs 
with a demonstrable {3-niimetic residual activity (in
trinsic activity, Table 2). These are the drugs of 
choice when a strong cardiodepressive action and 
bronchoconstriction are to be avoided. Whether 
these pharmacodynamic differences among the {3-
blocking drugs are as significant as claimed remains 
unclear. From the physician's standpoint, however, 
any attempt to utilize possible differences in the in
terest of differential therapy is justified. 

The membrane-stabilizing effect of the {3-blocking 
drugs bears no relation to the {3-receptor inhibiting 
effect and is apparently of no importance in terms 
of antihypertensive therapy. 

Undesired Effects. The use of {3-blocking drugs is 
limited by their bronchoconstrictive and cardiode
pressive action. They decrease the stroke rate of the 
heart, its contractility, its metabolism, and the cor
onary blood flow. As a result, even low doses can pre
cipitate myocardial insufficiency in patients who re
quire a high sympathetic tone to maintain adequate 
cardiac function. 

It is difficult to say whether {3-blocking drugs with 
sympathomimetic residual activity are more effec
tive in arresting or preventing heart failure than {3-
blocking drugs which do not possess this activity. In 
the absence of more objective arguments against 
their use, the improved benefits of these drugs 
should not be withheld from older patients or those 
on the verge of cardiac decompensation. However, it 
must be understood that the protection offered by 
these drugs is only relative, as documented by the 
occurrence of cardiac failure even after such (:3-
blocking drugs were administered. 52 According to 
findings in dogs, the effect on A-V conduction tends 
to be favorable.62 

Similar considerations apply with regard to the 
bronchial constriction mediated by {3-blocking 
drugs: The use of {3-blocking drugs with {3-mimetic 
residual activity or the use of cardioselective deriv
atives reduces the likelihood of precipitating an 
asthmatic attack compared with other {3-blocking 
drugs.ll.33.81.145.147 Again, however, the protection they 
offer is merely relative, not absolute. Reportedly, it 
is possible to treat hypertensive patients with ob
structive airway disease by the concurrent adminis
tration of {3-blocking drugs and {32-receptor agonists 
without losing the antihypertensive effect.53 

Some authors report that "cold extremities" and 
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the rare Raynaud phenomenon are more likely to 
occur with noncardioselective fJ-blocking drugs or 
those which lack sympathetic residual activity. 104,162 

Various metabolic effects have been reported with 
fJ-blocking drugs. The most important in terms of 
antihypertensive therapy are hypoglycemic reac
tions. It is noteworthy that the drugs reduce the 
tachycardia that accompanies induced hypoglyce
mia but have no effect on hypoglycemic 
sweating.99,113 

Effects on renal function depend upon the state of 
the kidneys, the blood pressure, and the type of fJ
blocking drug used. Patients with renal failure must 
be watched closely and the dosage adjusted if need 
be. 

An immunologically based oculomucocutaneous 
syndrome has so far been observed only with prac
tolol; it has been associated with a free aromatic 
amino group of one of its metabolites. Gastrointes
tinal symptoms appear to be uncommon. 

eNS effects are observed with the lipophilic rep
resentatives of the fJ-blocking drugs. Occasionally 
patients report mental depression, blurring of vi
sion, and hallucinations. Vivid dreams and night
mares are also reported, particularly with pindolol 
(result of sympathomimetic residual activity?). 

Pharmacokinetics. fJ-Blocking drugs are ab
sorbed well when given orally. However, their bioa
vailability is sometimes poor owing to a "first-pass 
effect" in the liver, which causes the main portion of 
the drug to reach the systemic circulation in the 
form of inactive metabolite(s) (Table 3). This first
pass effect is a phenomenon in which the drug is ab
sorbed by the intestinal mucosa but then enters the 
liver via the portal vein, where it is more or less in
tensively metabolized in its first pass through the 
liver. The drug effect may be weakened or nullified, 
depending on whether the metabolites are still phar
macologically active. With all fJ-blocking drugs that 
are metabolized to inactive products, the oral doses 
differ considerably from the doses administered iv. 

The derivatives that undergo this first-pass re
moval in the liver show a greater individual varia
tion in their effect than the others, because they are 
subject to both exogenous and genetically deter
mined influences. 

The biological half-life ranges from 2 to 13 h, de
pending on the drug. The drugs metabolized in the 
liver have shorter half-lives than those excreted by 
the kidney. The latter must usually be given in ad
justed doses to patients with renal failure. 

The half-life of the drug does not strictly corre
spond to the appropriate dose interval. Generally, 
the drugs may be given at intervals longer than their 
half-life. 

A clear connection between the plasma levels of 
the fJ-blocking drugs and their antihypertensive ef
fect has been established only for propranolol, pin
dolol, and sotalol. 71,96,115,152 

Vasodilators 

Dihydralazine 

Dihydralazine causes relaxation of the smooth mus
cles of the arterioles/51 especially of the splanchnic 
region and kidneys, and to a lesser extent of the skin 
and skeletal muscles. 56 It may act through an in
crease of cyclic AMP.6 The venous capacitance ves
sels are unaffected.2 In the absence of an excessive 
blood pressure fall, the renal blood flow tends to be 
improved, and so renal function is unimpaired. 
However, all the arterial vasodilators cause sodium 
retention and decreased urine volumes. There is a 
reflex increase in the heart rate and cardiac out
put.136 The antihypertensive effect is not very 
pronounced. 

Undesired Effects. Undesired effects are common 
with dihydralazine and result mainly from its he
modynamic actions. Palpitations, headache, flush
ing, dizziness, and sweating are reported. Angina 
pectoris attacks can be brought on in patients with 
coronary insufficiency. A dose-dependent lupus syn
drome with the presence of nuclear antibodies can 
also occur; it is usually seen only at doses greater 
than 100 mg/day.123 

Pharmacokinetics. Dihydralazine is rapidly and 
almost completely absorbed. However, a first pass 
effect and interindividual differences in the rate of 
metabolic processes (e.g., acetylation and a sug
gested "deep pool") complicate the pharmacokinet
ics of the drug. 

Minoxidil 

Minoxidil is a potent vasodilator from the piperi
dine-pyrimidine series with the same site of action 
as dihydralazine. It may be used when other anti
hypertensives have failed and is effective even in pa
tients with malignant hypertension and renal fail
ure. The (partially) reflex increase in cardiac output 
can reportedly be antagonized with a fJ-blocking 
drug, and the sodium and water retention with a sal
uretic. Minoxidil is reserved for severe hypertension 
that is refractory to other antihypertensive drugs. 
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Undesired Effects. There have been recent re
ports of persistent hypotensive states during the 
course of minoxidil therapy; it is still uncertain how 
this will affect its range of application. 

The increased load on the heart resulting from the 
elevated cardiac output may contraindicate minox
idil in states of cardiac failure, either from the outset 
or during the course of therapy. 

A troublesome side effect in women receiving mi
noxidil is excessive hair growth on the face and 
extremities.28 

Pharmacokinetics. Minoxidil is absorbed rapidly 
and well. Its half-life is 2 to 3 h.65 Its pharmacologic 
effect persists longer than its brief half-life would 
suggest, probably owing to its accumulation in the 
vascular wall.98 The drug is heavily metabolized; 
90 % is excreted in the urine after 48 h. 

Prazosin 

Prazosin has proved to be the most potent of a series 
of antihypertensive aminoquinazoline derivatives.141 
It directly relaxes the arteriolar smooth muscles; 
this action is perhaps mediated by the phosphodi
esterase-inhibiting properties of the drug with a 
consequent rise of the cyclic AMP level in the 
smooth-muscle cell.77 It also displays an a-receptor 
blocking effect which, unlike the classic a-blocking 
drugs, reportedly acts uniquely and selectively on 
the postsynaptic a-receptors.22 

It is assumed that the antihypertensive effect of 
prazosin during chronic use is based primarily on 
vasodilatation. The selective postsynaptic a-recep
tor blockade has been hypothetically associated 
with the finding that prazosin generally does not in
crease the heart rate or affect renin secretion.66.91.137 
Moreover, the cardiac output, renal blood flow, 
and glomerular filtration usually are not de
creased.91,10l,105 

Undesired Effects. One peculiarity is a sharp fall 
of blood pressure, accompanied by collapse, ob
served 30 to 90 min after the initial dose of prazosin 
in about 1 % of all patientsY This is the result of 
overdose and has recently been associated with a re
duced fluid volume due to hyponatremia. ll0,150 These 
problems can be avoided by prescribing a low start
ing dose. 19 Other reported adverse effects include 
dizziness, palpitations, and edema (in 13.7%, 5.3 % , 
and 4.1 % of 934 patients),t25 as well as headache in 
7.8% and nausea in 4.9% of patients.21,51 

Pharmacokinetics. The pharmacokinetics of 
prazosin are only partially known. Reportedly, pra
zosin is well absorbed after oral administration.19,76 
The peak serum level is attained in 2 to 3 h. The 
drug has a reported half-life of 1 to 2 h in man.69 The 
fall of blood pressure does not parallel the serum 
leveP5 A marked accumulation of the drug in the 
vascular walls may account for its persistent effect.77 
Prazosin is strongly metabolized in the liver; only 
two of its metabolites appear to be active antihyper
tensively, according to studies in dogs. It is elimi
nated predominantly in the bile.77,I60 Elevated serum 
levels are reported in patients with renal failure. 19 

Diazoxide and Sodium Nitroprusside 

Diazoxide and sodium nitroprusside are powerful 
vasodilators which are used strictly for the manage
ment of hypertensive emergencies. 

Diazoxide, though a benzothiadiazine derivative, 
exhibits a strong sodium- and water-retaining as 
well as diabetogenic action and is therefore unsuited 
for continued use. Owing to its strong protein-bind
ing tendency, it must be administered iv in a large, 
rapid (15 to 20 s) bolus.142 The blood pressure falls 
within a few minutes and remains lowered for 6 to 
18 h or longer. 

Sodium nitroprusside is the most potent antihy
pertensive drug in therapeutic use but must be ad
ministered by infusion owing to its extremely brief 
duration of action (1 to 2 min). It increases the heart 
rate but, unlike the other vasodilators, does not in
crease the cardiac output, probably because it re
laxes the venous capacitance vessels as well. l55 Like 
nitroglycerin, the drug probably relieves the cardiac 
load by reducing both the preload and afterload. It 
is therefore suitable for use in hypertension, my
ocardial infarction, and left heart failure.27,m 

Undesired effects are often manifestations of the 
blood pressure reduction. The final degradation 
product of sodium nitroprusside, thiocyanate, can 
be detected in the blood if infusion is continued for 
more than 3 days. Its plasma level should not exceed 
12 mg per 100 ml. 

Sympathetic Inhibiting Drugs 

The antihypertensive drugs most widely used before 
the era of the iJ-blocking agents were sympathetic 
inhibiting drugs, including clonidine, which was in
troduced later. The only exception was the vasodi
lator dihydralazine. Guanethidine is the only sym-
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pathetic inhibiting drug which does not have a 
central locus of action. If the use of this drug is lim
ited by orthostatic collapse, the use of drugs which 
act on the CNS, such as rauwolfia alkaloids, a-meth
yldopa, and clonidine, is limited by adverse effects 
relating to central nervous system dysfunction. 

Reserpine 

The principal alkaloid of Rauwolfia serpentina is 
reserpine. It acts sympatholytically by interfering 
with the storage mechanism of norepinephrine (and 
its precursor dopamine) in the postganglionic sym
pathetic nerve fiber. It inhibits the active transport 
of the amine from the cytoplasm into the vesicles.49,88 

The norepinephrine which is unprotected by uptake 
into the storage vesicles is subject to degradation by 
cytoplasmic monamine oxidase. Besides norepi
nephrine' dopamine and serotonin are also depleted 
from their storage sites in the CNS.10,80,126 

The depletion of norepinephrine in the periphery 
leads to a persistent decrease in vascular resistance 
even during long-term therapy.l38 The extent to 
which the antihypertensive effect is mediated by the 
depletion of noradrenergic neurons in the vasomotor 
center is uncertain (cf. ref. 106, for example). Addi
tional effects related to sympathetic inhibition are 
sinus bradycardia and a partially associated de
crease in cardiac output, which contributes to the 
antihypertensive effect.30 The performance of the in
sufficient myocardium is further impaired. A con
nection with the reduced norepinephrine content of 
the heart in man is conceivable.29 

Undesired Effects. The prescribed doses should 
not exceed 0.5 mg/day during chronic therapy in 
order to avoid undesired effects. These effects relate 
to the depletion of adrenergic amines as well as ser
otonin in the CNS and periphery and are manifested 
in a predominance of parasympathetic influence in 
the heart and gastrointestinal tract. Reported ef
fects include moderate to severe sedation, mental 
depression which may provoke suicide, parkinson
ism, bradycardia and conduction disturbances, nasal 
congestion, exacerbation of peptic ulcers, diarrhea 
and, as a further sign of sympatholysis, disturbances 
of sexual function. 

Pharmacokinetics. Reserpine is absorbed from 
the bowel. It is metabolized to inactive products by 
hydrolysis and demethylation. Marked species dif
ferences have been found. 132 

The suspicion expressed by some groups of inves
tigators regarding a connection between reserpine 

use and the development of breast cancer1,73,82 has 
not been confirmed by subsequent analysis.87,95,l03,122 

a-Methyldopa 

For a long time it was thought that the release of a

methylnorepinephrine from the storage granules of 
the postganglionic sympathetic fiber in response to 
sympathetic stimulation1l8 was the main antihyper
tensive mechanism of a-methyldopa, because this 
metabolic product of the drug was a less potent va
sopressor than the physiologic substance norepi
nephrine. It is now believed that a-methyldopa 
stimulates a-adrenergic receptors in the brainstem, 
thus leading to an inhibition of sympathetic out
flow. 74.75 

The antihypertensive effect results from a de
crease in peripheral resistance which occurs even 
during chronic use. Apparently neither the heart 
rate nor cardiac output is significantly altered, al
though published findings are somewhat contradic
tory (see survey in ref. 138). Sympathetic reflexes 
during standing or exertion are largely preserved 
during a-methyldopa therapy. As with the other 
sympathetic inhibitors, there is an increase in 
plasma volume which must be counteracted with a 
saluretic.46 

Undesired Effects. The undesired effects resem
ble those of reserpine and clonidine: sedation, dry 
mouth, nasal congestion, extrapyramidal distur
bances, depression, and impotence. About 20% of 
patients show a positive Coombs' test. A much less 
common effect is hemolytic anemia23 which, like al
lergic phenomena, forces discontinuation of the 
drug. The latter phenomena may consist of drug 
fever or, less frequently, hepatic disease resembling 
hepatitis.48,64 Granulocytopenia and thrombocyto
penia are rare. 

Pharmacokinetics. Absorption shows strong in
dividual variations, ranging from 9 % to 75 % ,93,146 
and 80 % to 90 % of the drug is excreted partially 
unchanged by the kidney within 48 h. l46 Therefore, 
accumulation can occur in patients with renal fail
ure.1l9 Onset of action is 2 to 3 h. The duration of 
action is usually 5 to 10 h, but may persist up to 24 
h. Doses above 2 g exert no additional antihyperten
sive effect. 

Clonidine 

The antihypertensive effect of clonidine is based on 
a stimulation of postsynaptic a-adrenergic re-
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ceptors of the vasomotor center of the medulla ob
longata.13.139 It is thus analogous to the effect of a

methyldopa. This site of action of the imidazoline 
derivative clonidine is related to its derivation from 
the family of sympathomimetics, as which it was 
originally developed.67 

Intravenous administration produces a two-phase 
effect: A short-term blood pressure increase lasting 
several minutes (and occasionally longer), followed 
by a fall of blood pressure lasting about 4 h.M The 
heart rate and cardiac output decrease, especially at 
higher doses, probably owing to a centrally con
trolled dilatation of the venous capacitance vessels 
with a resultant decrease in cardiac afterload.1l6 The 
peripheral resistance is not changed significantly. In 
view of the simultaneous fall of blood pressure and 
decrease in stroke volume, the latter was interpreted 
as a diminished reactivity of the reflex control 
mechanisms. 

Except for the initial blood pressure increase, oral 
administration leads to basically the same changes 
seen after intravenous administration. Schneider 
found a decreased peripheral resistance during 
chronic clonidine therapy.l40 The mechanism of the 
long-term action of the drug is unclear, however, 
Clonidine does not abolish the homeostatic re
sponses, and so the danger of orthostatic collapse or 
collapse induced by physical exertion is relatively 
slight (see refs. 116 and 149, for example). 

It has been suggested that the decreased reactiv
ity of vessels to vasoactive stimuli observed in cats 
after chronic clonidine use94 is one cause of its anti
hypertensive effect and may explain the favorable 
effects of the drug in migraine reported by some au
thors. This hypothesis is not unchallenged, however. 

It has not been determined whether the decreased 
catecholamine levels measured in the blood and 
urine during clonidine therapy, as well as the low
ered plasma renin levels,78 should be attributed ex
clusively to the decrease in sympathetic tone. 

Undesired Effects. The most important are (usu
ally transitory) sedation and dry mouth, which are 
centrally evoked;l30 these are occasionally combined 
with parotid pain, varying degrees of bradycardia, 
and impotence (see survey in ref. 8). The sodium re
tention that usually develops after 2 to 3 weeks par
tially antagonizes the antihypertensive effect of 
clonidine and necessitates concurrent diuretic 
therapy.40 

The marked pallor of many patients treated with 
clonidine is caused by a-adrenergic effects on the cu
taneous vessels. 

The sudden cessation of clonidine therapy is po
tentially hazardous, since it can cause a rebound ef
fect with a rapid rise of blood pressure, agitation, 

nausea, sweating, and sleeplessness.7o The counter
measure is reinstitution of clonidine. 

Pharmacokinetics. In view of the high efficacy of 
clonidine and its consequent very low therapeutic 
doses, only recently has a gas-chromatographic
mass-spectrometric technique been developed for 
assaying the drug in man.45 From 70.6% to 81.5% of 
the drug is absorbed from the gastrointestinal 
tract.41 The serum levels correlate with the phar
macodynamic effects within certain concentration 
ranges. The peak serum level is attained 1 h after 
oral administration; the half-life of the iJ-phase is 
5.2 to 13 h for the same route. Up to about half the 
iv or orally administered dose is excreted unchanged 
by the kidney.44 

Labetalol 

Labetalol is a sympatholytic drug which competi
tively blocks both a- and iJ-adrenergic receptors in 
animals and man. The effect on the iJ-receptors is 
clearly predominant.32.50 According to Boakes et al.,I2 
it is four times more potent than the a-receptor in
hibiting effect. The iJ-receptor blocking effect is 
nonselective and can be demonstrated in both the 
blood vessels and bronchi. 50 The drug possesses no 
intrinsic activity.32.50.133 The combination of a- and iJ
receptor blocking properties leads to a diminished 
reflex response of the blood pressure decrease that 
occurs after iv injection of 1.5 mg/kg or the oral ad
ministration of 200 to 400 mg. The antihypertensive 
effect is immediate, in contrast to the action of clas
sic ,a-blocking drugs.1M The heart rate59.86 and car
diac output86•89 are largely unchanged. 

During chronic labetalol therapy the blood pres
sure is lowered primarily by a decrease in peripheral 
resistance. 

A final assessment of this new type of antihyper
tensive drug is not yet possible. 

Undesired Effects. Orthostatic dizziness may 
occur, especially at high doses and at the start of 
therapy.39.84 Nasal congestion, disturbing dreams, 
ejaculatory disturbances and, at high doses, epigas
tric pain are also described. Transient headache, 
nausea, lethargy, and fatigue have also been 
reported.63 

Pharmacokinetics. From the pharmacodynamic 
effects of labetalol, Richards et al. concluded that it 
is well absorbed from the gastrointestinal tract.133 
Tritium labeling showed peak serum levels 1 to 2 h 
after oral administration in two subjects. The level 
of unchanged drug was low, indicating a marked 
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first-pass effect. Protein binding in human plasma 
is about 50%. The drug has a half-life of about 4 h 
and is excreted mainly by the kidney. About one
fourth of the radioactivity was eliminated in the 
feces within 96 h.63 

Guanethidine 

Guanethidine is one of the strongest antihyperten
sive drugs known. The quality of its action is purely 
symptomatic. 55 It acts at the postganglionic sympa
thetic fiber, where it accumulates in the norepineph
rine storage vesicles. The relatively polar guanethi
dine molecule cannot cross the blood-brain barrier. 
Despite these favorable properties, guanethidine is 
reserved for the treatment of severely hypertensive 
patients who respond poorly to other measures, 
owing to the marked orthostatic hypotension it 
produces. 

The pharmacodynamic actions of guanethidine 
are complex. The following have been dem
onstrated: 

1. Depletion of norepinephrine from its storage 
site24.26 

2. (Partial) replacement of norepinephrine with gu
anethidine, a nonvasoconstrictor,I8.112 which is 
then released instead of norepinephrine during 
sympathetic stimulation143 

3. Inhibition of the reuptake of norepinephrine76 
4. Inhibition of norepinephrine release76,124 
5. Inhibition of neuromuscular transmission (only 

at very high doses43,92 

It is generally thought that guanethidine acts es
sentially by serving as a substrate for the norepi
nephrine pump, thus accumulating in the postgan
glionic adrenergic nerve fiber. 112 However, it is 
possible that the antihypertensive effect of guaneth
idine is based more importantly on the inhibition of 
the transmission of nerve impulses at the neuronal 
membrane.143 Like denervation at the sympathetic 
postganglionic fiber, the administration of guaneth
idine causes strong sensitization to the vasocon
stricting effect of exogenous norepinephrine.l,127 

Taken orally, guanethidine initially reduces the 
cardiac output and usually the heart rate as well.3l,135 
Regarding its effect on peripheral resistance, find
ings vary according to the pathophysiologic status of 
the patient; the peripheral resistance is decreased or 
unchanged.25,31 Pronounced venous pooling of blood 
in the lower extremities decreases the stroke volume 
and thus leads to severe orthostatic hypertension, 
since guanethidine abolishes the reflex increase of 
vascular resistance in the periphery and/or splanch-

nic region. During chronic guanethidine therapy, the 
stroke volume again approaches the initial value, 
with an accompanying decrease in peripheral resis
tance and heart rate.25,156 

Guanethidine causes sodium and water reten
tion/48 which must be countered with diuretics. Oth
erwise, resistance develops to the antihypertensive 
effect of guanethidine. The plasma volume is ex
panded.1l7 Owing to the inhibition of venoconstrict
ing reflexes, the venous capacitance is increased. It 
is postulated that fluid enters the venous system 
from the extracellular space as a result of the re
duced capillary pressure caused by diminished post
capillary resistance. l58 

Undesired Effects. The most troublesome effects 
of guanethidine involve orthostatic complaints, in
cluding collapse. All states that are accompanied by 
water loss or vasodilation, such as physical exertion, 
alcohol consumption, or heat exposure, aggravate 
this tendency, since the reflex increase in peripheral 
resistance is abolished by guanethidine.8 Severe 
diarrhea is not uncommon and cannot be attributed 
to the adrenergic neuron blockade. Disturbances of 
sexual function consist in delayed or retrograde 
ejaculation.55 The (muscular) "weakness" reported 
by some patients may be the result of inhibited neu
romuscular transmission.8 

Pharmacokinetics. About half the drug is ab
sorbed when administered in powder form. 13l How
ever, its bioavailability is reduced by a first-pass ef
fect whose extent is still unknown.107 The slow phase 
of its plasma half-life is about 5 days.144 

The drug is excreted almost exclusively by the 
kidney and about half is excreted unchanged. High 
renal clearance values are indicative of its tubular 
secretion.85,107 

References 

1. Abboud FM, Eckstein JW, Wendling MG (1962) 
Early potentiation of the vasoconstrictor action of 
norepinephrine by guanethidine. Proc Soc Exp BioI 
Med 110:489-492 

2. Ablad B, Johnson G (1963) Comparative effects of 
intra-arterially administered hydralazine and so
dium nitrite on blood flow and volume of forearm. 
Acta Pharmacol Toxicol (Kbh) 20:1-15 

3. Ablad B, Carlsson E, DahlOf C, Ek L (1976) Some 
aspects of the pharmacology of i3-adrenoceptor 
blockers. Drugs (Suppl. 1) 11:100-111 

4. Anavekar SN, Louis WJ, Morgan TP, Doyle AE, 
Johnston CI (1975) The relationship of plasma lev
els of pindolol in the hypertensive patients to effects 



458 E. Weber 

on blood pressure, plasma renin and plasma nora
drenaline levels. Clin Pharmacol Exp Physiol 2:203-
212 

5. Anderson J, Godfrey BE, Hill DM, Munro-Faure 
AD, Sheldon J (1971) A comparison of the effects of 
hydrochlorothiazide and of frusemide in the treat
ment of hypertensive patients. Q J Med NS 10:541-
560 

6. Andersson R (1973) Cyclic AMP as a mediator of the 
relaxing action of papaverine, nitroglycerine, dia
zoxide and hydralazine in intestinal and vascular 
smooth muscle. Acta Pharmacol Toxicol (Kbh) 
32:321-336 

7. Armstrong B, Stevens N, Doll R (1974) Retrospec
tive study of the association between use of rauwol
fia derivatives and breast cancer in English women. 
Lancet II:672-675 

8. Arnold OH (1970) Therapie der arteriellen Hyper
tonie. Springer, Berlin, Heidelberg, New York, pp 
85,87 

9. Ayvazian JH, Ayvazian LF (1961) Study of hyperur
icaemia induced by hydrochlorothiazide and aceto
lamide separately and in combination. J Clin Invest 
40:1961-1966 

10. Bertler A (1961) Effect of reserpine on the storage 
of catecholamines in brain and other tissues. Acta 
Physiol Scand 51:75-83 

11. Beumer HM, Hardonk HJ (1972) Effects of beta-ad
renergic blocking drugs on ventilatory function in 
asthmatics. Eur J Clin Pharmacol 5:77-80 

12. Boakes AJ, Knight EJ, Prichard BNC (1971) Pre
liminary studies of the pharmacological effects 
of 5( 1-hydroxy-2( 1-methyl-3-phenylpropyl)amino
ethyl)salicylamide (AH 5158) in man. Clin Sci 40:18 

13. Bolme P, Fuxe K (1971) Pharmacological studies on 
the hypotensive effects of clonidine. Eur J Pharma
col 13:168-174 

14. Borhani NO (1960) Chlorothiazide and hydrochlo
rothiazide. A comparative study of their hypoten
sive, saluretic and hyperuricemic action. Ann Intern 
Med 53:342-358 

15. Bravo EL, Tarazi RC, Dustan HP (1974) On the 
mechnism of suppressed plasma renin activity dur
ing beta-adrenergic blockade with propranolol. J 
Lab Clin Med 83:119-128 

16. Bravo EL, Tarazi RC, Dustan HP (1975) Beta-ad
renergic blockade in diuretic-treated patients with 
essential hypertension. N Engl J Med 292:66-70 

17. Bravo EL, Tarazi RC, Dustan HP, Lewis JW (1975) 
Dissociation between renin and arterial pressure re
sponses to beta-adrenergic blockade in human es
sential hypertension. Circ Res (Suppl I) 36/37:241-
247 

18. Brodie BB, Chang CC, Costa E (1965) On the mech
anism of action of guanethidine and bretylium. Br 
J Pharmacol25:171-178 

19. Brogden RN, Heel RC, Speight TM, Avery GS 
(1977) Prazosin: A review of its pharmacological 
properties and therapeutic efficacy in hypertension. 
Drugs 14:163-197 

20. BUhler FR, Laragh JH, Baer L, Vaughan E, Brunner 

HR (1972) Propranolol inhibition of renin secretion. 
N Engl J Med 287:1209-1214 

21. Cairns SA, Jordan SC (1976) Prazosin treatment 
complicated by acute febrile polyarthritis. Br Med 
J II:1424-25 

22. Cambridge D, Davey MJ, Massingham R (1977) 
Prazosin a selective antagonist of postsynaptic a-ad
renoceptors. Br J PharmacoI59:514P-515P 

23. Carstairs KD, Breckenridge A, Dollery CT, Wor
lledge SM (1966) Incidence of a positive direct 
Coombs test in patients on a-methyldopa. Lancet 
II:133-135 

24. Cass R, Spriggs TLB (1961) Tissue amine levels and 
sympathetic blockade after guanethidine and bret
ylium. Br J PharmacoI17:442-450 

25. Chamberlain DA, Howard J (1964) Guanethidine 
and methyldopa: A hemodynamic study. Br Heart J 
26:528-536 

26. Chang CC, Costa E, Brodie BB (1965) Interaction of 
guanethidine with adrenergic neurons. J Pharmacol 
Exp Ther 147:303-312 

27. Chaterjee K, Parmley WW, Ganz W, Forrester J, 
Walinsky P, Crexels C, Swan HJC (1973) Hemody
namic and metabolic responses to vasodilator ther
apy in acute myocardial infarction. Circulation 
48:1183-1193 

28. Chidsey CA (1973) Clinical and pharmacokinetic 
studies of minoxidil, a new antihypertensive agent. 
Clin Sci Mol Med (Suppl. I) 45:171-173 

29. Chidsey CA, Braunwald E, Morrow AG, Mason DT 
(1963) Myocardial norepinephrine concentration in 
man. Effects of reserpine and of congestive heart 
failure. N Engl J Med 269:653-658 

30. Cohen SI, Young MW, Lau SH, Haft JI, Damato AN 
(1968) Effects of reserpine therapy on cardiac out
put and atrioventricular conduction during rest and 
controlled heart rates in patients with essential hy
pertension. Circulation 37:738-746 

31. Cohn IN, Liptak TE, Freis ED (1963) Hemody
namic effects of guanethidine in man. Circ Res 
12:298-307 

32. Collier JG, Dawnay NAH, Nachev Ch, Robinson BF 
(1972) Clinical investigation of an antagonist at a

and iJ-adrenoceptors-AH 5158A. Br J Pharmacol 
44:286-293 

33. Connolly CK, Batten JC (1970) Comparison of the 
effect of alprenolol and propranolol on specific air
way conductance in asthmatic subjects. Br Med J 
2:515-516 

34. Conolly ME, Oates JA (1977) IV. Clonidine. In: 
Oates JA, Conolly ME, Prichard BNC, Shand DG, 
Schapel G (eds) The Clinical Pharmacology of Anti
hypertensive Drugs. Springer, Berlin, Heidelberg, 
New York (Handbook of Experimental Pharmacol
ogy, vol XXIX) pp 583-589 

35. Constantine JW, McShane WK, Scriabine A, Hess 
HJ (1973) Analysis of the hypotensive action of pra
zosin. In: Onesti G, Kim KE, Moyer JH (eds) Hy
pertension: Mechanisms and Management. The 
26th Hahnemann Symposium, Grune & Stratton, 
New York, London, pp 429-444 



32: Clinical Pharmacology of Antihypertensive Drug Therapy 459 

36. Conway J (1977) Antihypertensive effect of diuret
ics. In: Gross F (ed) Antihypertensive Agents. Sprin
ger, Berlin, Heidelberg, New York (Handbook of 
Experimental Pharmacology, vol XXXIX) pp 477-
497 

37. Conway J, Lauwers P (1960) Hemodynamic and hy
potensive effects of long-term therapy with chloro
thiazide. Circulation 21:21-27 

38. Cranston WI, Juel-Jensen BE, Semmence AM, 
Jones RPCH, Forbes JA, Mutch LMM (1963) Effect 
of oral diuretics on raised arterial pressure. Lancet 
11:966-970 

39. Dargie HJ, Dollery CT, Daniel J (1976) Labetalol in 
resistant hypertension. Br J Clin Pharmacol (Suppl. 
3) 3:751-755 

40. Davidov M, Kakaviatos N, Finnerty FA Jr (1967) 
The antihypertensive effects of an imidazoline com
pound (Catapres). A preliminary clinical and he
modynamic evaluation in man. Clin Pharmacol 
Ther 8:810-816 

41. Davies DS, Wing LMH, Reid JL, Neill E, Tippett P, 
Dollery CT (1977) Pharmacokinetics and concentra
tion-effect relationships of intravenous and oral 
clonidine. Clin Pharmacol Ther 21:593-601 

42. Day MD, Owen AA, Warren PR (1968) An adrener
gic neuron blocking action of propranolol in isolated 
tissues. J Pharmacol (Lond) 20:1035-1345 

43. Dixit BN, Gulati OD, Gokhale SD (1961) Action of 
bretylium and guanethidine at the neuromuscular 
junction. Br J Pharmacol 17:372 

44. Dollery CT, Davies DS, Draffan GH, Dargie JH, 
Dean CR, Reid JL, Clare RA, Murray S (1975) Clin
ical pharmacology and pharmacokinetics of cloni
dine. Clin Pharmac Ther 19:11-17 

45. Draffan GH, Clare RA, Murray S, Bellward GD, 
Davies DS, Dollery CT (1975) The determination of 
clonidine in human plasma. Proc. of the Third Int. 
Symp. on Mass Spectrometry in Biochemistry and 
Medicine, Sardinia, Italy, June 1975. Cited by: Dav
ies DS, Wing LMH, Reid JL, Neill E, Tippett P, 
Dollery CT (1977) Pharmacokinetics and concentra
tion-effect relationships of intravenous and oral clo
nidine. Clin Pharmacol Ther 21:593-601 

46. Dustan HP, Tarazi RC, Bravo EL (1972) Depen
dence of arterial pressure on intravascular volume in 
treated hypertensive patients. N Engl J Med 
286:861-866 

47. Editorial (1975) Prazosin and sudden collapse. Lan
cet 1:645 

48. Elkington SG, Schreiber WM, Conn HO (1969) He
patic injury caused by L-alpha-methyldopa. Circu
lation 40:589-595 

49. Euler US von, Lishajko F (1963) Effect of reserpine 
on the uptake of catecholamines in isolated nerve 
storage granules. Int J Neuropharmacol 2:127-134 

50. Farmer JB, Kennedy I, Levy GP, Marshall RJ 
(1972) Pharmacology of AH 5158; a drug which 
blocks both (X- and {3-adrenoceptors. Br J Pharmacol 
45:660-675 

51. Fernandes M, Smith IS, Sanford I, Weder A, Kim 
KE, Gould AB, Busby P, Swartz C, Onesti G (1975) 

Prazosin in the treatment of hypertension. Clin Sci 
Mol Med (Suppl. 2) 48:181s-184s 

52. Fitzgerald JD (1970) Perspectives in adrenergic 
beta-receptor blockade. Clin Pharmacol Ther 
10:292-306 

53. Formgren H, Eriksson ME (1975) Effects of prac
tolol in combination with terbutaline in the treat
ment of hypertension and arrhythmias in asthmatic 
patients. Scand J Respir Dis 56:217-222 

54. Franciosa JA, Freis ED (1975) Normal cardiac out
put during beta-blockade with timolol in hyperten
sive patients. Clin Pharmacol Ther 18:158-164 

55. Freis ED (1965) Guanethidine. Prog Cardiovasc Dis 
8:183-193 

56. Freis ED, Rose JC, Higgins TF, Finnerty FA Jr, Kel
ley RT, Partenope EA (1953) The hemodynamic ef
fects of hypotensive drugs in man. IV. 1-hydrazino
phthalazine. Circulation 8:199-204 

57. Freis ED, Sappington RF (1966) Long-term effect of 
probenecid on diuretic-induced hyperuricaemia. 
JAMA 198:127-129 . 

58. Freis ED, Wanko A, Schnaper HW, Frohlich ED 
(1960) Mechanism of the altered blood pressure re
sponsiveness produced by chlorothiazide. J Clin In
vest 39:1277-1281 

59. Frick MH, Porsti P (1976) Combined alpha- and 
beta-adrenoceptor blockade with labetalol in hyper
tension. Br Med J 1:1046-1048 

60. Frohlich ED, Tarazi RC, Dustan HP, Page IH 
(1968) The paradox of beta-adrenergic blockade in 
hypertension. Circulation 37:417-423 

61. Frohlich ED, Thurman AE, Pfeffer MA, Brobmann 
GF, Jacobson ED (1972) Altered vascular re
sponsiveness: Initial hypotensive mechanism of 
thiazide diuretics. Proc Soc Exp BioI Med 140:1190-
1196 

62. Giudicelli JF, Lhoste F, Boissier JR (1975) {3-Adren
ergic blockade and atrio-ventricular conduction im
pairment. Eur J Pharmac 31:216-225 

63. Prichard BNC, Thompson FO, Boakes AJ, Joekes 
AM (1975) Some haemodynamic effects of com
pound AH5158 compared with propranolol, pro
pranolol plus hydralazine, and diazoxide: the use of 
AH5158 in the treatment of hypertension. Clin Sci 
Mol Med 48:97s-100s 

64. Goldstein GB, Lam KC, Mistilis SP (1973) Drug-in
duced active chronic hepatitis. Am J Dig Dis 18:177-
184 

65. Gottlieb TB, Thomas RC, Chidsey CA (1972) Phar
macokinetik studies of minoxidil. Clin Pharmacol 
Ther 13:436-441 

66. Graham RM, Muir MR, Hayes JM (1976) Differing 
effects of the vasodilator drugs, prazosin and diazox
ide on plasma renin activity in the dog. Clin Exp 
Pharmacol and Psysiol 3:1-5 

67. Graubner W, Wolf M (1966) Kritische Betrachtun
gen zum Wirkungsmechanismus des 2 (2,6-dichlo
rophenyl-amino) -2-imidazolin -hydrochlorid. Arz
neim Forsch 16:1055-1058 

68. Gross F (1977) Antihypertensive drugs. In: Gross F 
(ed) Antihypertensive Agents. Springer, Berlin, Hei-



460 E. Weber 

delberg, New York (Handbook of Experimental 
Pharmacology, vol XXXIX) pp 1-11 

69. Gross F (1977) Drugs acting on arteriolar smooth 
muscle (vasodilator drugs). In: Gross F (ed) Anti
hypertensive Agents. Springer, Berlin, Heidelberg, 
New York (Handbook of Experimental Pharmacol
ogy, vol XXXIX) pp 397-476 

70. Hansson L, Hunyor SN, Julius S, Hoobler SW 
(1973) Blood pressure crisis following withdrawal of 
clonidine with special reference to arterial and uri
nary catecholamine levels and suggestions for acute 
management. Am Heart J 85:605-610 

71. Hansson L, Zweifler AJ (1974) The effect of pro
pranolol on plasma renin activity and blood pres
sure in mild essential hypertension. Acta Med Scand 
195:397-401 

72. Heidenreich 0 (1977) Moderne pharmazeutische 
Aspekte der Diuretika Therapie. In: Finger GH (ed) 
25 Jahre Diuretika. Symposion Hamburg 1976. 
Merck, Sharp & Dohme, Mtinchen, pp 21-29 

73. Heinonen OP, Shapiro S, Tuominen L, Turunen MI 
(1974) Reserpine use in relation to breast cancer. 
Lancet 11:675-677 

74. Heise A, Kroneberg G (1972) Alpha-sympathetic re
ceptor stimulation in the brain and hypotensive ac
tivity of alpha-methyldopa. Eur J Pharmacol 
17:315-317 

75. Henning M (1975) Central action of alpha-methyl
dopa. In: Davies J, Reid IA (eds) Central Action of 
Drugs in Blood Pressure Regulation. University 
Park Press, Baltimore, pp 157-165 

76. Hertting G, Axelrod J, Patrick RW (1962) Actions 
of bretylium and guanethidine on the uptake and 
release of ("H)-noradrenaline. Br J Pharmacol 
18:161-166 

77. Hess HJ (1974) Biochemistry and structure-activity 
studies with prazosin. In: Cotton DWK (ed) Pro
ceedings of a Symposium Held at the Centre Inter
professionnel, Geneva, March 8,1974. Elsevier, New 
York, pp 3-15 

78. Hokfelt B, Hedeland H, Dymling JF (1970) Studies 
on catecholamines, renin and aldosterone following 
catapresan (2- (2,6-dichlorophenyl-amine) -2-imida
zoline hydrochloride) in hypertensive patients. Eur 
J Pharmacol 10:389-397 

79. Hollifield JW, Sherman K. Zwagg R van der, Shand 
DG (1976) Proposed mechanisms of propranolol's 
antihypertensive effect in essential hypertension. N 
Engl J Med 295:68-73 

80. Holzbauer M, Vogt M (1956) Depression by reser
pine of the noradrenaline concentration in the hy
pothalamus of the cat. J Neurochem 1:8-11 

81. Hugues FC, Julien D, Munera Y, Marche J (1974) 
Medicaments biita-adr€molytiques et ventilation. I. 
Comparaison des effects biita-bloquants du pro
pranolol et du practoioi. Thiirapie 29:201-210 

82. Jick H, Slone D, Shapiro S, Heinonen OP (1974) 
Reserpine and breast cancer. Lancet 11:669-671 

83. Johnsson G, Svedmyr M, Thirmger G (1975) Effects 
of intravenous propranolol and metoprolol and their 
interaction with isoprenaline on pulmonary func-

tion, heart rate and blood pressure in asthmatics. 
Eur J Clin Pharmacol 8:175-180 

84. Kane J, Gregg I, Richards DA (1976) A double-blind 
trial of labetaloi. Br J Clin Pharmacol (Suppi. 3) 
3:737-741 

85. Kaufmann JF, Feagin OT, Shand DG, McAllister 
RG, Payne NA, Oates JA (to be published) Gu
anethidine and related agents. IV: Kinetic charac
terization of the pool of drug stored in human ad
renergic neuron. Cited by: Oates JA, Conolly ME, 
Prichard BNC, Shand DG, Schapel G (1977) The 
clinical pharmacology of antihypertensive drugs. In: 
Gross F (ed) Antihypertensive Agents. Springer, 
Berlin, Heidelberg, New York (Handbook of Exper
imental Pharmacology, vol XXXIX) pp 571-632 

86. Kennedy I, Levy GP (1975) Combined a- and t/-ad
renoceptor blocking drug AH5158: further studies 
on a-adrenoceptor blockade in anaesthetized ani
mals. Br J Pharmacol 53:585-592 

87. Kewitz H, Jesdinsky JH, Schroter P-M, Lindtner E 
(1977) Reserpine and breast cancer in women in 
Germany, Eur J Clin Pharmacol11:79-83 

88. Kirshner N (1962) Uptake of catecholamines by a 
particulate fraction of the adrenal medulla. J BioI 
Chern 237:2311-2317 

89. Koch G (1976) Haemodynamic effects of combined 
alpha- and t/-adrenoreceptor blockade after intra
venous labetalol in hypertensive patients at rest and 
during exercise. Br J Clin Pharmacol (Suppi. 3) 
3:725-728 

90. Kohner EM, Dollery CT, Lowy C, Schumer B (1971) 
Effect of diuretic therapy on glucose tolerance in hy
pertensive patients. Lancet 1:986-990 

91. Koshy MC, Mickley D, Bourgoignie J, Blaufox MD 
(1977) Physiologic evaluation of a new antihyper
tensive agent. Prazosin HCI. Circulation 55:533-537 

92. Kroneberg G, Stoepel K (1962) trber eine Wirkung 
von Guanethidin auf Skelettmuskulatur und Rtick
enmarkreflexe. Naunyn-Schmiedebergs Arch Phar
macol 243:36 

93. Kwan KC, Foltz EL, Breault GO, Baer JE, Totaro 
JA (1976) Pharmacokinetics of methyldopa in man. 
J Pharmacol Exp Ther 198:264-277 

94. Larbi E, Zaimis E (1970) The effect of the chronic 
administration of clonidine (St 155) on vascular 
smooth muscle. Br J Pharmacol 39:221P 

95. Laska EM, Siegel C, Meisner M, Fischer S, Wander
ling J (1975) Matched-pairs study of reserpine use 
and breast cancer. Lancet 11:296-300 

96. Leonetti G, Mayer G, Morganti A, Ferzoli I, Zan
chetti A, Banchetti G, Salle E di, Morselli PL, Chid
sey CA (1975) Hypotensive and renin-suppressing 
activities of propranolol in hypertensive patients. 
Clin Sci Mol Med 48:491-499 

97. Lewis PJ (1975) Propranolol-an antihypertensive 
drug with a central action. In: Davies J, Reid IA 
(eds) Central Action of Drugs in Blood Pressure 
Regulation. University Park Press, Baltimore, pp 
206-224 

98. Limas CJ, Freis ED (1973) Minoxidil in severe hy
pertension with renal failure. Effect of its addition 



32: Clinical Pharmacology of Antihypertensive Drug Therapy 461 

to conventional antihypertensive drugs. Am J Car
diol 31:355-361 

99. Lloyd-Mostyn RH, Oram S (1975) Modification by 
propranolol of cardiovascular effects of induced hy
poglycaemia. Lancet 11:1213-1217 

100. Lund-Johansen P (1970) Hemodynamic changes in 
long-term diuretic therapy of essential hyperten
sion. Acta Med Scand 187:509-518 

101. Lund-Johansen P (1974) Hemodynamic changes at 
rest and during exercise in long-term prazosin ther
apy of essential hypertension. In: Cotton DWK (ed) 
Prazosin, Evaluation of a New Antihypertensive 
Agent. Excerpta Medica, Amsterdam, pp 43-51 

102. Lydtin H, Kusus T, Daniel W, Schierl W, Ackenheil 
M, Kempter H, Lohmoller G, Miklas M, Walter I 
(1972) Propranolol therapy in essential hyperten
sion. Am Heart J 83:589-595 

103. Mack TM, Henderson BE, Gerkins VR, Arthur M, 
Baptista J, Pike MC (1975) Reserpine and breast 
cancer in a retirement community. N Engl J Med 
292:1366-1370 

104. Marshall A, Roberts CJC, Barritt DW (1976) A 
study of cold extremities in patients taking beta
blocking drugs. Drugs 12:412-441 

105. Masoni A, Tommasi AM, Baggioni F, Bagni B 
(1974) Hemodynamic study in man of medium-term 
treatment with a new amino-quinazoline antihyper
tensive agent. In: Cotton DWK (ed) Prazosin, Eval
uation of a New Antihypertensive Agent. Excerpta 
Medica, Amsterdam, pp 54-63 

106. McLeod VH (1972) The influence of some centrally 
acting drugs on sympathetic nerve activity. Br J 
Pharmaco145:194P-195P 

107. McMartin C, Rondel NB, Vinter J, Allan BR, Hum
berstone NB, Leishman AWD, Sandler G, Thirket
tIe JL (1970) The fate of guanethidine in two hyper
tensive patients. Clin Pharmacol Ther 11:423-431 

108. Mendlowitz M, Naftchi N, Gitlow SE, Weinrer L, 
Wolf RL (1960) The effect of chlorothiazide and its 
congeners on the digital circulation in normotensive 
subjects and in patients with essential hypertension. 
Ann NY Acad Sci 88:964-974 

109. Michelakis AN, McAllister RG (1972) The effect of 
chronic adrenergic receptor blockade on plasma 
renin activity in man. J Clin Endocrinol Metab 
34:386-394 

110. Miller RR, Awan NA, Maxwell KS, Mason DT 
(1977) Sustained reduction of cardiac impedance 
and preload in congestive heart failure with the 
antihypertensive vasodilatator prazosin. N Engl J 
Med 297:303-307 

111. Miller RR, Vismara LA, Zelis R, Amsterdam EA, 
Mason DT (1975) Clinical use of sodium nitroprus
side in chronic ischemic heart disease. Effects on pe
ripheral vascular resistance and venous tone and on 
ventricular volume, pump and mechanical perfor
mance. Circulation 51:328-336 

112. Mitchell JR, Oates JA (1970) Guanethidine and re
lated agents. I. Mechanism of the selective blockade 
of adrenergic neurons and its antagonism by drugs. 
J Pharmacol Exp Ther 172:100-107 

113. Molnar GW, Read RC (1974) Propranolol enhance
ment of hypoglycemic sweating. Clin Pharmacol 
Ther 15:490-496 

114. Mookerjee S, Eich RH, Obeid AI, Smulyan H (1977) 
Hemodynamic and plasma renin effects of propran
olol in essential hypertension. Arch Intern Med 
137:290-295 

115. Morgan TO, Roberts R, Carney SL, Louis W J, Doyle 
AE (1975) ~-Adrenergic receptor blocking drugs, hy
pertension and plasma renin. Br J Clin Pharmacol 
2:159-164 

116. Muir AL, Burton JL, Lawrie DM (1969) Circulatory 
effects at rest and exercise of clonidine, an imida
zoline derivative with hypotensive properties. Lan
cet 11:181-185 

117. Mulheims GH, Brown GO (1962) Effect of guaneth
idine on blood volume in essential hypertension. 
Proc Soc Exp BioI Med 109:613-615 

118. Muscholl E, Maitre I (1964) Release by sympathetic 
stimulation of a-methylnoradrenaline stored in the 
heart after administration of a-methyldopa. Exper
ientia 19:658-659 

119. Myhre E, Brodwall EK, Stenbaek 0, Hansen T 
(1972) Plasma turnover of methyldopa in advanced 
renal failure. Acta Med Scand 191:343-347 

120. Niarchos AP, Tarazi RC (1976) Hemodynamic ef
fects of beta-adrenergic blocking agents in hyper
tension. In: Onesti G, Fernandes M, Kim KE (eds) 
Regulation of Blood Pressure by the Central Ner
vous System. Grune & Stratton, New York, pp 397-
409 

121. Nies AS, Shand DG (1975) Clinical pharmacology of 
propranolol. Circulation 52:6-51 

122. O'Fallon WM, Labarthe DR, Kurland L T (1975) 
Rauwolfia derivatives and breast cancer. Lancet 
11:292-300 

123. Perry HM Jr (1973) Late toxicity to hydralazine re
sembling systemic lupus erythematosus or rheuma
toid arthritis. Am J Med 54:58-72 

124. Philippu A, Schumann HJ (1962) Der Einflu~ von 
Guanethidin und Bretylium auf die Freisetzung 
von Brenzkatechinaminen. Naunyn-Schmiedebergs 
Arch Pharmacol 243:26-35 

125. Pitts NE (1974) The clinical evaluation of prazosin 
hydrochloride, a new antihypertensive agent. In: 
Cotton DWK (ed) Prazosin, Evaluation of a New 
Antihypertensive Agent. Excerpta Medica, Amster
dam, pp 149-163 

126. Pletscher A, Shore PA, Brodie BB (1956) Serotonin 
as a mediator of reserpine action in brain. J Phar
macol Exp Ther 116:84-89 

127. Plummer AJ, Yonkman FF (1960) The influence of 
antihypertensive and hypertensive substances on 
vascular reactivity to catecholamines. Am J Cardiol 
5:640 

128. Prichard BNC (1964) Hypotensive action of prone
thalol. Br Med J 1:1227-1228 

129. Prichard BNC, Gillam PMS (1964) The use of pro
pranolol in the treatment of hypertension. Brit Med 
J 11:725-727 

130. Putzeys MR, Hoobler SW (1972) Comparison of 



462 E. Weber 

clonidine and methyldopa on blood pressure and 
side effects in hypertensive patients. Am Heart J 
83:464-468 

131. Rahn KH, Goldberg L (1969) Comparison of anti
hypertensive efficacy, intestinal absorption and ex
cretion of guanethidine in hypertensive patients. 
Clin Pharmacol Ther 10:858-866 

132. Rand MJ, Jurevics H (1977) The pharmacology of 
rauwolfia alkaloids. In: Gross F (ed) Antihyperten
sive Agents. Springer, Berlin, Heidelberg, New York 
(Handbook of Experimental Pharmacology, vol 
XXXIX) pp 77-159 

133. Richards DA, Woodings EP, Stephens MDB, Ma
conochie JG (1974) The effects of oral AH 5158, a 
combined a- and /i-adrenoceptor antagonist, in 
healthy volunteers. Br J Clin Pharmacol 1:505-510 

134. Richards DA, Maconochie JG, Bland RE, Hopkins 
R, Woodings EP, Martin LE (1977) Relationship be
tween plasma concentrations and pharmacological 
effects of labetalol. Eur J Clin Pharmacol 11:85-90 

135. Richardson DW, Wyso EM, Magee JH, Cavell GC 
(1960) Circulatory effects of guanethidine: Clinical 
renal and cardiac responses to treatment with a 
novel antihypertensive drug. Circulation 22:184-190 

136. Rowe GC, Huston JH, Maxwell GM, Crosley AP, 
Crumpton CW (1955) Hemodynamic effects of 1-hy
drazinophthalazine in patients with arterial hyper
tension. J Clin Invest 34:115-120 

137. Safar ME, Weiss YA, London GL, Milliez PL (1974) 
Short-term hemodynamic studies with prazosin. In: 
Cotton DWK (ed) Prazosin, Evaluation of a New 
Antihypertensive Agent. Excerpta Medica, Amster
dam, pp 64-69 

138. Sannerstedt R, Conway J (1970) Hemodynamic and 
vascular responses to antihypertensive treatment 
with adrenergic blocking agents. A review. Am 
Heart J 79:122-127 

139. Schmitt H, Schmitt H, Fenard S (1971) Evidence for 
an a-sympathomimetic component in the effects of 
catapresan on vasomotor centres: antagonism by pi
peroxan. Eur J PharmacoI14:98-100 

140. Schneider KW (1968) Cardiale Hiimodynamikim aku
ten Versuch, nach chronischer Behandlung und im 
Belastungstest mit St 155. In: Heilmeyer L, Holt
meier H-J, Pfeiffer EF (eds) Hochdrucktherapie: 
Symposion tiber 2-(2,6-dichlorophenylamino)-2-im
idazolinhydrochlorid. Thieme, Stuttgart, pp 78-83 

141. Scriabine A, Constantine JW, Hess HJ, McShane 
WK (1968) Pharmacological studies with some new 
antihypertensive aminoquinazolines. Experientia 
24:1150-1151 

142. Sellers EM, Koch-Weser J (1969) Proteine binding 
and vascular activity of diazoxide. Engl J Med 
281:1141-1144 

143. Shand DG, Morgan DH, Oates JA (1973) The re
lease of guanethidine and bethanidine by splenic 
nerve stimulation: A quantitative evaluation show
ing dissociation from adrenergic blockade. J Phar
macol Exp Ther 184:73-80 

144. Shand DG, Nies AS, McAllister RG, Oates JA 
(1975) A loading maintenance regimen for more 

rapid initiation of the effect of guanethidine. Clin 
Pharmacol Ther 18:139-144 

145. Singh BN, Withlock RML, Combes RH, Williams 
FH, Harris EA (1976) Effects of cardioselective /i
adrenoceptor blockade on specific airways resis
tance in normal subjects and in patients with bron
chial asthma. Clin Pharmacol Ther 19:493-501 

146. Sjoerdsma A, Vendsaly A, Engelman K (1963) Stud
ies on the metabolism and mechanism of action of 
methyldopa. Circulation 28:492-502 

147. Skinner C, Gaddu J, Palmer KNV (1976) Compari
son of effects of metoprolol and propranolol on asth
matic airway obstruction. Br Med J 1:504 

148. Smith AJ (1965) Fluid retention produced by gu
anethidine. Changes in body exchangeable sodium, 
blood volume, creatinine clearance. Circulation 
31:490-496 

149. Stenberg J, Holmberg S, Naets E, Varnauskas E 
(1968) The hemodynamic effects of catapresan: Cen
tral circulation at rest; circulation at rest and during 
exercise. In: Heilmeyer L, Holtmeier HJ, Pfeiffer EF 
(eds) Hochdrucktherapie: Symposion tiber 2-(2,6-
Dichlorophenylamino) -2-imidazolin -hydrochlorid. 
Thieme, Stuttgart, pp 68-75 

150. Stokes GS, Graham RM, Gain JM, Davies PR (1977) 
Influence of dosage and dietary sodium on the first 
dose effect of prazosin. Br Med J 1:1507-1508 

151. Stunkard A, Wertheimer L, Redisch W (1954) Stud
ies on hydralazine; evidence for a peripheral site of 
action. J Clin Invest 33:1047-1053 

152. Sundquist H, Anttila M, Arstila M (1974) Antihy
pertensive effect of practolol and sotalol. Clin Phar
macol Ther 16:465-472 

153. Tarazi RC (1973) Diuretic drugs: Mechanisms of 
antihypertensive action. In: Onesti G, Kim KE, 
Moyer JH (eds) Hypertension: Mechanisms and 
Management. Grune & Stratton, New York, pp 251-
260 

154. Tarazi RC (1973) Long-term hemodynamic effects 
of beta-adrenergie, blockade in hypertension. In: 
Onesti G, Kim KE, Moyer JH (eds) Hypertension: 
Mechanisms and Management. Grune & Stratton, 
New York, pp 343-349 

155. Tarazi RC, Dustan HP, Bravo EI, Niarchos AP 
(1977) Vasodilating drugs: Contrasting haemodyn
amic effects. Clin Sc Mol Med (Suppl. 3) 51:575-578 

156. Villarreal H, Exaire JE, Rubio V, Davila H (1964) 
Effect of guanethidine and bretylium tosylate on 
systemic and renal hemodynamics in essential hy
pertension. Am J CardioI14:633-640 

157. Weidmann P, Fuss 0 (1978) Medikamentose Hyper
toniebehandlung 1977. Empirische und rationale 
Gesichtspunkte. Schweiz Med Wochenschr 108:1-18 

158. Weil JV, Chidsey CA (1968) Plasma volume expan
sion resulting from interference with adrenergic 
function in normal man. Circulation 37:54-61 

159. Wollam GL, Gifford RW Jr, Tarazi RC (1977) Anti
hypertensive drugs: Clinical pharmacology and 
therapeutic use. Drugs 14:420-460 

160. Wood AJ, Phelan EL, Simpson FO (1975) Cardio
vascular effects of prazosin in normotensive and ge-



32: Clinical Pharmacology of Antihypertensive Drug Therapy 463 

netically hypertensive rats. Clin Exp Pharmacol 
PhysioI2:297-304 

161. Woods JW, Pittman AW, Pulliam CC, Werk EE Jr, 
Waider W, Allen CA (1976) Renin profiling in hy
pertension and its use in treatment with propranolol 
and chlorthalidone. N Engl J Med 294:1137-1144 

162. Zacharias F J, Cowen KJ, Prestt J, Vickers J, Wall 
BG (1972) Propranolol in hypertension: A study of 
long term therapy 1964-1970. Am Heart J 83:755-
761 



Therapeutic Aspects of Hypertension 33 
J. Rosenthal 

Results were recently published of the hypertension 
detection and follow-up program in the United 
States based on population studies performed on 
10,000 men and women between 30 and 70 years, 
who were grouped according to whether they re
ceived medication or other forms of treatment. In 
the group with diastolic values between 90 and 104 
mm Hg, mortality after 5 years was 20% lower in 
the drug-treated group. Further analysis showed a 
reduction in mortality of 22% in the group with di
astolic values between 90 and 94 mm Hg, of 23 % for 
those between 95 and 99 mm Hg, and of 14 % for 
those between 100 and 104 mm Hg.l 

Reasons for Treating Hypertension 

Of all the patients who present with hypertension, 
particular efforts should be directed toward lower
ing blood pressure in those patients with a diastolic 
pressure of over 95 mm Hg, in those in whom organ 
involvement is already evident, and in those for 
whom there are additional risk factors. The reasons 
for selecting these particular criteria are the 
following: 

1. Experiments in animals and studies in man have 
demonstrated that the vascular system can be 
protected from the consequences of hypertension 
by lowering the arterial blood pressure. 

2. Morbidity and mortality have been shown to be 
correlated directly with the degree of hyperten
sion and to improve after treatment with anti
hypertensive drugs. 

3. Epidemiologic studies have shown that the arte-

rial blood pressure tends to rise most in those in 
whom it is already slightly elevated. 

Numerous investigations in animals have demon
strated that the vascular system is damaged by ar
terial hypertension of various types. Just as hyper
tension accelerates the course of artherosclerosis in 
man, it has been shown that hypertensive animals 
fed on a high-cholesterol diet have a greater chance 
of developing atherosclerosis than their normoten
sive counterparts fed on the same diet. The vascular 
lesions and the further development of atheroscle
rosis could be reduced by lowering the blood pres
sure with antihypertensive agents. The model of so
called spontaneous hypertension in rats displays a 
greater similarity to essential hypertension in man 
than any other experimental model. High blood 
pressure in these animals can be controlled with 
antihypertensive drugs which can prevent the de
velopment of hypertension and its pathologic con
sequences if given early enough. These results dem
onstrate that even when hypertension is genetically 
predetermined, early treatment with antihyperten
sive agents can hinder the progression of the disease. 

The three clinical conditions under which the ex
tent of vascular damage and the degree of hyperten
sion are particularly well correlated are unilateral 
renovascular hypertension, coarctation of the aorta, 
and pulmonary hypertension. These conditions are 
characterized by varying levels of blood pressure in 
the different vascular beds. In the kidney with nar
rowed arteries blood pressure is lower than normal, 
whereas in the contralateral kidney it is raised. Ath
erosclerosis does not occur in the stenosed kidney 
but develops only in the contralateral kidney, so 
much so that sometimes the contralateral kidney 



has to be removed in addition to correcting the ste
nosis in order to control the hypertension. The ves
sels that are proximal to an aortic stenosis and sub
jected to high pressures become atherosclerotic and 
accumulate mucopolysaccharides, sodium, and 
water, whereas the vessels distal to the coarctation 
do not undergo such changes. In the pulmonary ar
tery, where blood pressure is usually low, there is a 
low incidence of atherosclerosis, but if pressure is 
raised because of a mitral stenosis or other forms of 
congenital heart disease, the arteries and arterioles 
of the pulmonary bed often become arteriosclerotic. 
These examples demonstrate that it is the magni
tude of the blood pressure in the vascular bed, and 
not any other factor, which is responsible for vas
cular damage-tissues with a low pressure are pro
tected, whereas those with a high pressure develop 
pathologic alterations. 

Long-term studies performed over approximately 
two decades have indicated that high blood pressure 
is most probably self-perpetuating and that the 
higher the blood pressure, the more extensive the 
vascular damage. Only a few patients who had been 
successfully treated for hypertension but who dis
continued treatment remained normotensive with
out treatment, and the higher the pretreatment 
blood pressures, the more rapidly the patients be
came hypertensive.2 

Much of the skepticism concerning the necessity 
of controlling high blood pressure with antihyper
tensive drugs can be attributed to a lack of long
term studies and also the absence of controlled 
prospective investigations. The value of antihyper
tensive therapy in malignant hypertension was rel
atively easy to demonstrate because of the short 
duration of the disease and its almost inevitable 
fatal outcome in untreated patients. The evidence 
that treatment of nonmalignant essential hyperten
sion with antihypertensive agents was indeed bene
ficial took longer to establish. 

The decisive Veterans Administration study in 
1963 involved 143 men with diastolic blood pres
sures between 115 and 129 mm Hg. A difference in 
morbidity and mortality between 70 patients receiv
ing placebos and 73 patients treated with diuretics, 
reserpine, and peripheral vasodilators was apparent 
after 18 months. In a subsequent study in 380 men 
with diastolic pressures between 90 and 114 mm Hg, 
a period of up to 5 years was required to show a sta
tistically significant improvement after therapy. A 
total of 19 patients in the placebo group but only 8 
in the treatment group died from high blood pres
sure complications; serious diseases occurred only in 
the placebo group, and complications were apparent 
in 29% of the placebo group, compared to 12% of 
the treated group.3 
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The statistical analyses made by the life insurance 
companies have provided a better assessment of the 
risks of high blood pressure. After considering var
ious factors, such as the criteria for acceptance in 
the study, it was found that the risk of developing 
serious cardiovascular complications during a 5-year 
period dropped after treatment with antihyperten
sive agents from 55 % to 18 %. The benefit of treat
ment became apparent early in the study and in
creased in accordance with how well the 
hypertension was controlled.4 A further analysis 
showed that the reduction in morbidity was highly 
significant for men with a diastolic blood pressure 
between 105 and 114 mm Hg. Unfortunately, this in
vestigation was discontinued as soon as the benefit 
of treatment was established for the whole group, 
and so the possible favorable effects of treatment for 
the lower pressure group were not demonstrated. 
However, it does appear that even a modest reduc
tion in blood pressure can lower mortality. Patients 
in whom the diastolic blood pressure remained over 
90 mm Hg during treatment showed a reduction in 
morbidity to 50 % of that occurring without therapy. 
Furthermore, patients whose diastolic blood pres
sure was lowered to 80 mm Hg or less during treat
ment showed an even more pronounced drop in 
morbidity.5 This study has, however, been subjected 
to criticism because of the high degree of patient 
selection. 

Nevertheless, a subsequent lO-year study in the 
United States has produced similar results.6 A total 
of 389 patients between 21 and 55 years, with a 
mean blood pressure of 148/90 mm Hg and with no 
indication of organ involvement, were included in 
the investigation. Treatment with diuretics and re
serpine was effective against the complications of 
hypertension in over 50 % of the subjects. The pro
tective effect was most evident in the EeG and ra
diographs of the heart and in the alarming increase 
in diastolic blood pressure in 12 % of the untreated 
subjects to values of over 130 mm Hg. 

There is as yet only circumstantial evidence that 
the treatment of mild hypertension is beneficial or 
protects the patient from coronary heart disease. 
Nevertheless, mild hypertension, which is the most 
commonly occurring type of high blood pressure, is 
associated with increased morbidity and mortality. 
An analysis of the Framingham study highlights the 
dangers. 7 In this study 42 % of the premature deaths 
occurred in subjects with a diastolic blood pressure 
between 90 and 100 mm Hg. Data from the life in
surance tables show that a man of 43 years with a 
blood pressure of 145/90 mm Hg has a 65% in
creased risk of mortality. A reduction of blood pres
sure to 135/80 mm Hg lowers this risk to 30 % over 
the next 2 years and to 15 % over the next 5 years. 
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Despite the lack of definitive proof that treatment 
of mild hypertension can reduce the incidence of 
coronary heart disease, the progression of all other 
hypertensive complications was found to be signifi
cantly slowed upon correction of mild hypertension 
in each of the investigations. 

Particularly impressive are the results of studies 
which show that antihypertensive therapy does re
duce the incidence of stroke. No protection could be 
found, however, in patients who had already suf
fered one stroke and who had a mean blood pressure 
of 167/100 mm Hg over a 3-year period despite anti
hypertensive therapy so that blood pressure was not 
lowered to 140/90 mm Hg in more than 40% of the 
patients.5 In another investigation involving hyper
tensive patients, it was shown that the incidence of 
recurrent strokes was reduced only when blood pres
sure was lowered to normal values.9 

The effect of antihypertensive therapy on renal 
function is not very dramatic. Early studies have 
shown that there was a protection of renal function 
during treatment in patients with a diastolic pres
sure above 130 mm Hg but that there was no clear 
improvement in renal function in a small group of 
patients with diastolic pressures under 130 mm 
Hg.10 Similar conclusions were drawn when it was 
found that there was only a modest and insignificant 
improvement in renal function during therapy and 
that, although the incidence of proteinuria was re
duced, there was no improvement in glomerular fil
tration rate or renal plasma flow. 5 

Although the lowering of arterial blood pressure 
leads to a reduction in most of the complications of 
hypertension, it does not lower the incidence of cor
onary heart disease. In various studies it was shown 
that treatment of hypertension offered no protec
tion from myocardial infarction and the number of 
patients who died from coronary heart disease ac
tually increased. to This could be considered to be a 
numerical artifact, resulting from the improved sur
vival rate in diseases more closely related to blood 
pressure, such as stroke, heart failure, and renal fail
ure. However, it has been shown that some patients 
do not acquire coronary heart disease subsequent to 
being treated for hypertension but already have is
chemic heart disease at the beginning of therapy. All 
in all, the mortality from coronary disease has fallen 
over the last decade, but the role that better control 
of blood pressure may play in the reduction of mor
tality is not yet known. However, it does seem that 
patients treated with beta blockers for their hyper
tension do suffer from myocardial infarction less fre
quently and that lowering blood pressure does re
duce the incidence of angina pectoris.ll Newer 
results published recently, though, have demon
strated that treatment with /3-adrenergic blocking 

agents can indeed favorably influence coronary 
heart disease.8,120 

General Directives for Antihypertensive 
Therapy 

There is still insufficient conclusive evidence, in 
spite of recently published results,I that therapy is 
beneficial to the patient whose diastolic blood pres
sure is between 90 and 104 mm Hg, and so treatment 
should be performed according to the discretion of 
the physician even though newer data appear to re
verse this opinion. It still remains to be proven that 
stepped-care treatment is decidedly different from 
randomized treatment.121 The physician may choose 
to treat mild hypertension without the use of medi
cation and may recommend salt restriction, weight 
reduction, and biofeedback training. If there are al
ready signs of organ involvement or if additional 
risk factors are present, such as the patient being 
male, under 45 years, a smoker, having a systolic 
pressure of over 165 mm Hg, and having hyperlip
idemia or diabetes mellitus, the use of medication 
may be indicated. The use of medication will un
doubtedly benefit the patient with a diastolic blood 
pressure of 105 mm Hg and over and should be pre
scribed in all such cases. Those circumstances for 
which therapy is required immediately and those for 
which treatment with medication is a possibility are 
listed in Table 1. 

If it has already been decided to treat the patient, 
some basic principles should be followed to increase 
the effectiveness and reliability of treatment. Ther
apy is life-long and should not be interrupted arbi
trarily in a patient whose blood pressure is well con
trolled. The patient should be informed of the 
importance of continued treatment, despite the ab
sence of symptoms. Written instructions and audio
visual aids, such as those supplied by the American 
Heart Association and by the various pharmaceuti
cal firms, should be used as supportive material in 
patient education. All directions should be given to 
patients in writing, so that they know the name of 
each of the drugs they take. 

The objective of therapy is to maintain blood 
pressure between 100/70 mm Hg and 140/90 mm Hg 
when lying and standing. Higher values are accept
able in patients with cerebrovascular disease, angina 
pectoris, renal insufficiency, or generalized athero
sclerosis. Blood pressure should be measured with 
the patient supine, following 5 min rest, and 2 min 
after reverting to a relaxed, standing position. A fall 
in blood pressure upon rising can occur in non
treated patients and should be taken into consider-
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Table 1. Guidelines for the Treatment of Hypertension 

I. Treatment essential 
a. Hypertensive crisis 
b. Accelerated malignant hypertension 
c. Clear organ involvement 

1. Heart 
a. Cardiac insufficiency 
b. Enlargement of the heart 
c. ECG indications of cardiac overwork 

2. Aortic aneurysm 
3. Cerebrovascular disease 
4. Renal damage 
5. Retinal involvement (Keith-Wagner II or more) 

II. Treatment necessary 
a. Women with blood pressures over 165/100 mm Hg 
b. Men with blood pressures of 140/95 mm Hg and above 
c. Men and women under stress, with cardiovascular disease and blood pressures of 140/95 mm Hg and over 

III. Treatment optional 
a. Men and women with labile blood pressures 
b. Hypertensive patients with other diseases whose prognosis is worse than that of the hypertension 
c. Patients with extensive neurologic damage resulting from terminal arteriovascular disease 

ation when deciding upon the treatment procedure. 
Moderate fluctuations in blood pressure should not 
disturb the physician, as long as they do not exceed 
a diastolic variation of ± 10 mm Hg in the lying po
sition. The physician must be assured of the coop
eration of the patient, so that he or she can prescribe 
as few drugs as possible at the minimal dosage. The 
therapeutic regimen should be as simple as possible, 
and additional drugs should be included only if the 
blood pressure is not well controlled. With few ex
ceptions, it is not generally necessary to use more 
than three types of medication taken as two doses a 
day. 

Patients should be checked at least every 3 
months and should bring all their medications with 
them. In those patients who are to be treated with 
diuretics and salt restriction, which has an associ
ated 10 % to 40 % incidence of hypokalemia, plasma 
potassium should be checked before the start of 
therapy, to exclude the existence of a primary 
aldosteronism. 

Patients should be warned that all therapy which 
successfully lowers blood pressure can produce tem
porary phases of weakness and fatigue, which usu
ally disappear after a few months. The autoregula
tion of cerebral blood flow changes in hypertensive 
patients, so that there is a reduction in perfusion 
when the blood pressure is lowered to values well 
tolerated by normal patients. Blood pressure should 
be lowered slowly and carefully, in 5 to 10-mm Hg 
steps, particularly in patients with cerebrovascular 
disease, who have suffered an ischemic insult, who 

show excessive morbidity, or who are older (see also 
Chap. 30). 

Patients receiving drugs with a ganglion-blocking 
action, prazosin, or angiotensin converting enzyme 
inhibitors together with a diuretic, should be warned 
of dizzy spells upon assuming an upright position. 
They should always arise slowly in the morning and 
may benefit from sleeping with their head raised a 
little. 

Additional Treatment without Medication 

Sudden and drastic alterations in the patient's way 
of life can be stressful in themselves, and so any ad
ditional therapeutic maneuvers should be intro
duced gradually. A restriction in salt intake to 4 to 
6 g/day should be attempted in all patients, but in 
patients with renal insufficiency or congestive heart 
failure a more severe salt restriction may be 
necessary. 

Overweight patients should be put on a low-calo
rie diet, and the consumption of saturated fats and 
cholesterol should be reduced in all hypertensive pa
tients. Nicotine consumption should be limited. 
Tranquilizers and sedatives do not generally reduce 
blood pressure but are useful for combating stress. 
Patients should be encouraged to relax, avoid stress, 
and undertake any form of isotonic exercise. 

The most serious side effect of treatment with di
uretics is an increased potassium loss which may de-
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Table 2. Effects of Hypokalemia 

1. Metabolic alkalosis 

2. Renal damage 
a. Structural 

(1) Vacuolization of tubular epithelium-rare 
(2) Interstitial nephritis-rare 

b. Functional 
(1) Loss of concentration power-rare 
(2) Reduced bicarbonate excretion-rare 
(3) Sodium retention with consequent retention of extracellular fluid volume-not so rare 

3. Cardiac damage 
a. Structural: Myocardial necrosis-rare 
b. Functional 

(1) ECG changes (high-peaked or inverted T waves, prolongation of the PR interval, complete heart block, atrial 
asystole, deterioration of ventricular complexes)-frequent 

(2) Arrhythmias-frequent 
(3) Oversenstivity to digitalis-frequent 

4. Vascular damage 
a. Deficient vasodilation after exercise and exposure to heat-rare 
b. Increase of renin and angiotensin-rare 
c. Decreased renal perfusion and reactivity to angiotensin II-rare 

5. Gastrointestinal manifestations: Reduced motility-not so rare 

6. Metabolic changes 
a. Carbohydrates: Reduced glucose tolerance, reduced secretion of insulin and growth hormone-rare 
b. Proteins: Reduced nitrogen utilization, reduced growth-rare 
c. Fats: Increased serum cholesterol and triglycerides-rare 

7. Neuromuscular changes 
a. Structural: Rhabdomyolysis, myoglobinuria-rare 
b. Functional: Weakness up to paralysis, cramps, pain-rare 

velop into hypokalemia. Approximately 1 % of total 
body potassium is to be found in plasma, the greater 
part is to be found in the cell. Some investigators 
have found a correlation between plasma and intra
cellular potassium concentrations, whereas other in
vestigators have found little correlation. The major
ity of isotopic determinations of total body 
potassium in hypertensive patients taking diuretics 
have failed to show a reduction even though in most 
there was a decrease in plasma potassium. Some of 
the dangers of hypokalemia are listed in Table 2. 

For the typical hypertensive patient with only 
mild hypokalemia, muscle weakness, polyuria, and 
a tendency to cardiac arrhythmia become evident. 
For patients who, in addition to diuretics, also take 
digitalis preparations, there is a potentiation of the 
toxicity of this medication. With more pronounced 
hypokalemia, there can be structural alterations in 
the kidney, in the heart, and in the skeletal muscle. 
During strenuous exercise, the potassium-depleted 
muscles may develop extensive rhabdomyolyses, 
since inadequate vasodilation results in hypoperfu
sion. Animal experiments have shown that in potas-

sium-depleted dogs there is a significant increase in 
body sodium, extracellular volume, renin, and car
diac output, together with a decrease in total pe
ripheral resistance. These changes are accompanied 
by an increase in the urinary output of prostaglan
dins, and could be reversed by administering the 
prostaglandin synthetase inhibitor, indomethacinY 
Diuretic-induced hypokalemia does not generally 
lead to such drastic alterations in body function, but 
the fluid retention and resultant increase in plasma 
angiotensin can offset the blood-pressure-Iowering 
effect of the diuretics, and patients with long-stand
ing hypokalemia are more susceptible to ventricular 
arrhythmia. Of 70 patients who were resuscitated 
following ventricular fibrillation, plasma potassium 
values were 3.2 mmol/liter, a value which is dis
tinctly lower than that found in patients admitted 
for acute cardiac infarction.13 

There are different ways to relieve potassium de
ficiency. Additional potassium can be obtained by 
consuming larger amounts of orange juice, bananas, 
or dried fruit if caloric intake is no problem. Potas
sium supplements should be in the form of chloride, 



since other anions do not correct the alkalosis or the 
intracellular potassium deficiency. Potassium chlo
ride may be given as a substitute for table salt. It 
not only is well tolerated by the patient but also re
duces dietary salt intake. Occasionally it may cause 
intestinal ulceration or even hemorrhage. Should 
the incidence of intestinal complications prevent 
oral potassium substitution, potassium-sparing di
uretics should be given in conjunction with the thia
zides. These include amiloride, triamterene, and the 
aldosterone antagonist, spironolactone. In patients 
who also have a magnesium deficiency, the hypoka
lemia may be refractory during potassium replace
ment. Magnesium deficiency can occur during di
uretic treatment, in particular in patients with 
secondary aldosteronism, in those who are under
nourished, or in those who are alcoholics. 

Since the introduction of diuretics, the reliance on 
a low-salt diet to control blood pressure has become 
increasingly infrequent. A retrospective study of 
5000 physicians has shown that only 6 % of their pa
tients were treated by salt restriction.14 Since little 
attention is now paid to dietary salt consumption, 
which may be as high as 15 to 20 g/day, it is hardly 
surprising that the antihypertensive effect of di
uretic therapy is masked in the face of this massive 
salt intake. Dahp5 has indicated the reasons why so
dium restriction is not employed more often to lower 
blood pressure: most patients have been reared since 
childhood on a relatively salt-rich diet and for them 
salt restriction makes their food tasteless and un
appetizing. Furthermore, most patients are discour
aged by sodium-free diets because the preparation 
of the food is so complicated. Finally, most people 
are unaware that milk, cheese, and most prepared 
foods have a high sodium content. 

A moderate reduction in salt consumption lowers 
blood pressure by lowering plasma volume, thereby 
potentiating the effect of the diuretics. In numerous 
studies it has been shown that a reduction in salt 
intake to 4 to 6 g/day has a definite blood-pressure
lowering effect and does so without discomfort or 
side effects.16- 21 To avoid the difficulties associated 
with preparing special diets, hypertensive patients 
can restrict their salt intake by simply not salting 
their food and by avoiding milk, milk products, and 
all prepared foods, except canned fruit and juices. 
Patients should be made aware that a lot of salt is 
added to convenience foods to enhance the shelf-life 
of the product and make it more appetizing; fresh 
asparagus contains 2 mg of sodium per 100 g but in 
cans it contains 236 mg per 100 g. 

Substitutes for table salt containing almost no so
dium may be used to flavor food, and salt-free ant
acid preparation should be used. However, care 
should be exercised when prescribing preparations 
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in which sodium has been exchanged for potassium 
because of the danger of hyperkalemia, particularly 
in patients with renal insufficiency who are also tak
ing potassium-sparing diuretics. Also, in patients 
with renal disease, in particular in those with anal
gesic nephropathies, there may be excessive salt loss 
from the kidney, and so excessive salt restriction 
may worsen renal function and, by activating renin 
release, aggravate the hypertension. 

Physicians often try to make their patients lose 
weight, but this attempt is seldom successful. Over
weight patients with high blood pressure should be 
persuaded to stick to a sensible diet, but only rarely 
is it possible to lower blood pressure through weight 
reduction. Recently, however, a reduction in blood 
pressure of 20/26 mm Hg has been reported in 81 
overweight patients on a low-calorie diet who lost an 
average of 9.5 kg each over a 2-month period. Al
though this was achieved without additional salt re
striction, it should not be forgotten that a diet low 
in calories is also low in salt, and so the effect of 
weight reduction will be enhanced by the reduced 
salt intake. 22 

Isotonic or dynamic exercises, such as running or 
swimming, raise systolic but not diastolic blood 
pressure and increase stroke volume and heart rate. 
The increase in mean arterial pressure is greater in 
patients with high blood pressure, but after a period 
of adaptation arterial pressure and heart rate in
crease less during exercise. In a relatively small 
group of untrained hypertensive patients, blood 
pressure was found to be reduced after a period of 
training by 14/10 mm Hg on average.23 It has also 
been reported that severe exercise not only influ
ences blood pressure but also reduces the incidence 
of lethal heart attacks.24 

In contrast, with isometric or static exercise, such 
as lifting or pulling, both diastolic and systolic blood 
pressure are raised. In untreated hypertensive pa
tients blood pressure may rise to alarming values 
and cannot easily be influenced by beta blockers. 
Consequently, patients should avoid isometric ex
ercises and be warned against using those pieces of 
equipment on the market which are claimed to im
prove cardiovascular function and which encourage 
isometric exercise. 

Compliance 

Patients with hypertension have a unique problem 
which arises from the characteristics of their dis
ease; most of them are absolutely unaware of the na
ture of their disease, its causes, its possible conse
quences, and the necessity of treating it. Since the 
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disease proceeds without symptoms, there is no im
petus to seek advice or treatment or to continue 
therapy once it has been initiated. Many patients 
discover their hypertension only when they are in 
their late thirties or early forties, at a time when a 
loss of strength and vitality starts to become threat
ening. Diagnosis of high blood pressure often pro
vokes a strong denial reaction. Furthermore, the di
agnosis is socially threatening. It requires a change 
in life-style and may incorporate the fear of a loss of 
employment or a reduction in sexual potency, not to 
mention the difficulties regarding life insurance. Al
though it is possible in theory to find adequate ther
apy for each individual patient, only about one-third 
of the hypertonic patients receive adequate 
treatment. 

The reasons for inadequate treatment of high 
blood pressure are many and involve the patient, the 
physician, and the medication itself. However, with
out the cooperation of the patient it is simply not 
possible to lower blood pressure. Thus, the physi
cian should be aware of the psychological and socio
logical problems which may persuade patients not to 
actively participate in the treatment of their com
plaint. First, patients believe that their disease is of 
little consequence, because they experience no 
symptoms. Second, they are little interested in their 
state of health, forget to take their tablets, do not 
believe they are effective, and cannot be bothered 
with the whole business. Some patients adopt this 
attitude deliberately. Third, they may react to sick
ness aggressively and treat it as an enemy. Finally, 
as a result of poor education they may be unable to 
understand or retain the instructions they are given 
or may simply be forgetful. Whatever the particular 
problem, every effort should be made to motivate 
patients to participate in the treatment of their 
disease. 

Specific Drug Therapy 

The number of substances available for reducing 
blood pressure has increased enormously in the last 
15 years. Not all of these are freely available. Some 
are still undergoing clinical testing and have not yet 
been released for general use. Others, such as prac
tolol and ticrynafen have been withdrawn from the 
market because of serious and irreversible side 
effects. 

The blood pressure response to increasing doses 
of most of the antihypertensive agents is biphasic in 
nature. During the first phase, the therapeutic effect 
of the medication increases as the dose is raised. 
Then a point is reached beyond which an increase in 

dose produces no further effect. This characteristic 
requires careful dose regulation on the part of the 
physician. A particularly steep dose-response curve 
is shown by guanethidine; a moderately steep curve 
is characteristic of clonidine, hydralazine, and pro
pranolol; and a flat curve is typical for thiazide di
uretics and reserpine. 

In addition to the single-substance preparations, 
a number of combination preparations are available 
which usually consist of a diuretic together with a 
vasodilatory substance. A number of investigations 
have shown that the continuance of the blood-pres
sure-lowering action of various types of drugs, in
cluding adrenergic blockers and vasodilators, de
pends upon the maintenance of a reduced vascular 
volume. The practice of combining thiazides with 
other antihypertensive substances helps to keep 
plasma volume contracted in the face of the sodium 
retention that other types of blood-pressure-lower
ing medication invariably produce. Because of the 
change in the characteristics of the pressure-natri
uresis curve in essential hypertension, a reduction in 
blood pressure quickly leads to fluid retention. Also, 
if cardiac function is barely sufficient, the adminis
tration of adrenergic blockers without diuretics, 
which will lead to fluid retention, may result in 
congestive heart failure. 

Diuretics 

At the present time there are three types of diuretic 
agents on the market. Newer diuretics, which are 
still being clinically tested, promise to be at least as 
effective in treating hypertension as the older ones, 
with a much lower degree of side effects. The cur
rently available diuretics can be classified as thia
zides, loop-diuretics, or potassium-sparing diuretics. 
These substances have differing sites of action in the 
nephron and different mechanisms inducing di
uresis and natriuresis. This explains both their dif
fering potencies and the variation in urinary electro
lyte excretion which they produce (Table 3). 

All diuretics reduce plasma volume and thus ac
tivate renin release and cause a mild form of second
ary aldosteronism. The increase in renin and angio
tensin levels induces a mild vasoconstriction, which 
offsets the blood-pressure-lowering effect. Although 
the work of Laragh25 considers the possible vascu
lotoxic effect of increased renin, there is no conclu
sive evidence for this phenomenon at the present 
time, and numerous investigations, which have un
questionably demonstrated the benefit of antihyper
tensive therapy, have been performed on patients 
taking diuretics. 26 

The daily use of diuretics in patients with an un-



33: Therapeutic Aspects of Hypertension 471 

Table 3. Commonly Used Diuretics 

Average Daily Duration of 
Generic Name Product Name Oral Dose (mg) Action (h) 

Thiazides 

Chlorothiazide Diuril 500-1000 6-12 
Hydrochlorothiazide Esidrix 25-200 12-18 
Benzthiazide Aquatag 25-200 12-18 
Hydroflumethiazide Saluron 25-50 18-24 
Bendroflumethiazide Naturetin 5-20 -18 
Methyciothiazide Enduron 2.5-10 -24 
Trichlormethiazide Metahydrin 2-4 -24 
Polythiazide Renese 1-4 24-48 
Cyciothiazide Anhydron 1-2 18-24 

Related Sulfonamides 

Chlorthalidone Hygroton 25-100 24-72 
Quinethazone Hydromox 50-200 18-24 
Metolazone Zaraxolyn 2.5-5 24 

Loop Diuretics 

Furosemide Lasix 40-120 6-8 
Ethacrynic acid Edecrin 50-400 12 
Piretanid (HOE 118)* Arelix 6-18 6 

Potassium-Sparing Diuretics 

Spironolactone Aldactone, Osyrol 25-100 24-96 
Triamterene Dyrenium 100-300 12 
Amiloride Midamor 5-10 12-18 

'This newly developed drug is not commercially available yet. 

restricted salt intake can make the patient the po
tential target for the major side effect of diuretic 
therapy, hypokalemia. Most diuretics restrict salt 
reabsorption proximal to the distal segment, where 
potassium is exchanged for sodium, so that more so
dium and water are delivered to this distal site. The 
increased flow rate in the distal tubule leads to an 
increase in potassium secretion and therefore an in
crease in urinary potassium losses. On a high-salt 
diet even more salt and water are delivered to the 
distal segment and further potassium losses result. 
By reducing sodium intake only modestly to about 
4 to 6 g/day, the increase in distal salt and water de
livery is less severe and the potassium losses are less 
pronounced. 

Thiazides and related substances 
Thiazides work by inhibiting the sodium and chlo
ride reabsorption in the cortical diluting segment of 
the ascending limb of the loop of Henle, but a small 
portion of their action can be attributed to an action 
on the proximal tubule. Plasma and extracellular 
volume are reduced, and cardiac output falls. When 
given chronically, plasma volume often returns to 

normal but total peripheral resistance then falls. 27 

The reduction in peripheral resistance is most prob
ably attributable to a diminished vascular response 
to pressor substances.28 Older studies have suggested 
that the reduced vascular response may be due to a 
reduction in the sodium and water content of the 
vascular wall itself, but other investigators have 
been unable to confirm this after chronic adminis
tration of thiazides.29 

After 3 or 4 weeks of thiazide therapy, blood pres
sure falls between 8/4 and 9/11 mm Hg. In another 
study, 45% of the patients with mild hypertension 
taking thiazides alone experienced a fall in blood 
pressure of at least 20 mm Hg or had a blood pres
sure of 140/90 mm Hg or less. Thiazides can also be 
taken for much longer periods of time. In 80 % of the 
cases with mild hypertension, thiazides alone re
duced blood pressure from an average value of 203/ 
121 to 162/97 mm Hg over a treatment period of 12 
years. Furthermore, a comparison between treat
ment with either thiazides or beta blockers showed 
that, even at modest doses, the diuretics are more 
effective in lowering blood pressure.30 However, thia
zides are generally prescribed in combination with 
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other forms of medication, permitting better control 
of blood pressure and allowing the dosage of thia
zides to be reduced. 

It has proved possible, by modifying the original 
benzothiazide structure, to synthesize longer-acting 
thiazides with improved potency. However, these 
new derivatives are not much help to the patient 
who still has to take 1 to 2 tablets a day, regardless 
of whether they contain 2 mg of trichloromethiazide 
as opposed to 50 mg of hydrochlorothiazide. The 
long-lasting action of chlorthalidone and metola
zone has enabled a reduction in the dose to 1 tablet 
every second day, but most physicians still prescribe 
1 or 2 tablets a day to ensure regular dosage. 

The major side effect of thiazide treatment is hy
pokalemia. The incidence of hypokalemia is variable 
from report to report and ranges between 0 % and 
40%. In one study serum potassium values of under 
3.5 mmol/liter were found in approximately 10% of 
the patients taking thiazides chronically;31 in an
other, 3.5 mmol/liter was the average value found. 
This variability may be attributable to the differing 
consumptions of sodium and potassium, to the vary
ing degrees of secondary aldosteronism resulting 
from the diuretics, to the use of laxatives or other 
medication which induces potassium loss, or to the 
extracellular-intracellular potassium shifts which 
accompany acidosis, none of which were controlled 
in these studies. Patients who consume a lot of so
dium will, in general, lose more potassium than 
those with a modest salt intake; furthermore, pa
tients with a low potassium intake, in particular 
older patients, tend to develop hypokalemia more 
readily. The amount of potassium which is needed 
to compensate for thiazide-induced hypokalemia is 
about 40 to 60 mmol/day, and care should be taken, 
particularly in older patients, that oversubstitution 
and hyperkalemia do not result. It is important for 
the physician to realize that hypokalemia in a hy
pertensive patient need not indicate primary aldo
steronism, particularly if it becomes apparent only 
during or after prolonged treatment with thiazides. 
However, primary aldosteronism must be suspected 
if the hypokalemia cannot be explained by thiazides, 
other diuretics, or other obvious causes. 

High plasma values of uric acid are found in up to 
30% of untreated hypertensive patients, and thia
zide therapy increases this incidence by more than 
a factor of 2. Some patients develop gout. Since thia
zides reduce the excretion of uric acid from the kid
ney by reducing plasma volume and therefore low
ering glomerular filtration rate (GFR) and renal 
blood flow (RBF) and also uric acid secretion into 
the renal tubules, the fear has been voiced that a 
gradually increasing urate deposition in the kidney 
may lead to a further reduction in renal function. 

Despite the continuous use of thiazides over a 15-
year period, there is no evidence that they contrib
ute to renal damage. Furthermore, it has been 
shown in numerous patients with gout, who have 
been observed over extensive periods of time, that 
hyperuricemia is not the only factor which is detri
mental to renal function. Consequently, most inves
tigators have come to the conclusion that a thiazide
induced hyperuricemia need not be treated unless 
the plasma values are so high that the renal excre
tion of uric acid exceeds 700 mg/day. In such pa
tients, urate synthesis can be reduced by allopuri
nol. In thiazide-induced uricemia with lower levels 
of uric acid in the urine-and that is the case for 
most patients-the urinary excretion of uric acid 
can be increased with probenecid. 

A reduction of glucose tolerance and difficulty in 
controlling diabetes have been observed in patients 
taking thiazides. In a prospective study on 137 pa
tients with high blood pressure and a normal glucose 
tolerance, treatment for 1 year with different diuret
ics caused no change in the average levels of blood 
glucose, insulin, or free fatty acids, and only three 
patients developed a manifest diabetes.32 Further 
observations on 51 patients showed a significant 
worsening of glucose tolerance following 6 years of 
treatment with diuretics.33 The mechanism behind 
this thiazide-induced hyperglycemia is unknown, 
but some authors have postulated a correlation to 
hypercalcemia. Nevertheless, despite the reported 
changes in glucose tolerance, hyperglycemia is sel
dom a problem during thiazide treatment. 

Thiazides have many actions on calcium homeo
stasis and they can, occasionally, induce hypercal
cemia in patients who had previously shown normal 
calcium levels.34 Hypercalcemia is more often en
countered in patients with preexisting hyperpara
thyroidism or with vitamin-D-treated hypoparathy
roidism. Thiazides suppress calcium excretion in the 
urine. They also produce an increase in total and 
ionic calcium, apparently by increasing calcium re
lease from the bones, which is greatest in patients 
who already have increased bone resorption, such as 
those suffering from hypoparathyroidism or who are 
receiving vitamin D treatment. The acute hypercal
cemic action of the thiazides is dependent upon the 
presence of circulating parathyroid hormone,35 but 
the blood levels of parathormone are not clearly al
tered, even though a parathormone hyperplasia has 
been demonstrated.36 Thus it appears that the ac
tion of the thiazides on calcium metabolism is to po
tentiate the renal action of parathyroid horomone, 
which leads to a calcium retention and a partial 
suppression of parathormone secretion (see also 
Chap. 12).37 

The recently emphasized increase in serum cho-



lesterol and triglycerides in patients taking diuretics 
may reflect the decrease in insulin secretion which 
occurs during hypokalemia. An increase in serum 
cholesterol to 12 mg per 100 ml- 1 and of triglycer
ides to 36 g per 100 ml- 1 has been found in 32 
patients who were treated for 1 year with chlor
thalidone, even though they had also been given a 
lipid-reducing, low-calorie diet. The long-term 
observations on hundreds of patients undergoing 
diuretic treatment reported in the Framingham 
study failed to show an increase in serum choles
terol, which was reduced to 6 mg per 100 ml-I, and 
no mention was made of the triglyceride levels. 
Since other studies have confirmed that triglyceride 
levels in plasma do increase during diuretic treat
ment, this parameter should be checked at yearly in
tervals during therapy. The additional risk of car
diovascular disease as a result of the raised serum 
lipid concentrations could offset the benefit of the 
reduction in blood pressure.3S•39 

Loop diuretics 
As their name implies, the site of action of the loop 
diuretics is in the loop of Henle. These diuretics are 
potent inhibitors of the solute reabsorption in the 
ascending limb of Henle's loop which leads to the 
dilution of the tubular fluid and the establishment 
of a medullary solute gradient for urinary concen
tration. Of the many variants of loop diuretics, fu
rosemide and ethacrynic acid are the commonest. 

Furosemide is a highly potent diuretic which, 
given intravenously, has proved itself to be excep
tionally useful in the treatment of acute hyperten
sive crises. Oral administration is used only to con
trol volume-dependent hypertension which, in 
general, accompanies renal insufficiency, and to con
trol moderate to severe hypertension. For this pur
pose, a special furosemide preparation is particu
larly suitable which, because of its retarded 
absorption, is much longer-acting. Treatment with 
thiazides is seldom effective in lowering blood pres
sure if glomerular filtration is less than 25 ml/min, 
so for patients with reduced renal function, in whom 
plasma creatinine is 2 mg per 100 ml or more, furo
semide is often used. The increase in urinary output 
was found to be the same in furosemide- or thiazide
treated patients, but the cumulative incidence of hy
pokalemia was only 8% in the furosemide-treated 
group, compared to 62% for the thiazide-treated 
group.40 When furosemide is given in conjunction 
with anticonvulsants, the diuresis is reduced; if 
given with chloral hydrate, unpleasant side effects 
can occur. Ethacrynic acid, although structurally 
quite different from furosemide, shows approxi
mately the same potency. The same side effects 
occur during treatment with ethacrynic acid as 
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occur with furosemide. Although a decrease in hear
ing ability has been reported for both drugs, a per
manent hearing impairment has been reported only 
with ethacrynic acid. 

Potassium-sparing diuretics 
The similarity in structure between spironolactone 
and the mineralocorticoid hormones allows this sub
stance to displace the mineralocorticoid from its in
tracellular receptor site, when applied in relatively 
large concentrations, and so to act as a competitive 
inhibitor.41 This drug is most commonly employed in 
the therapy of essential hypertension in cases of ne
phrosis and cirrhosis (ascites). At a dosage of 50 to 
100 mg/day, as given in the combination prepara
tions with hydrochlorothiazide and furosemide, the 
side effects of feminization in males and amenorrhea 
in women occur less frequently. At a dosage of 100 
mg/day it is more effective than 60 mmol of KCI per 
day as a compensation for thiazide-induced potas
sium losses. Caution is required when some degree 
of renal insufficiency is present, because the reduced 
ability to excrete potassium can lead to hyperkale
mia. There has been a disquieting report of an in
crease in frequency of breast cancer during spiron
olactone therapy. These findings have been 
investigated further and seem' not to apply to the 
commonly employed doses.42 This drug can, inde
pendent of its action as an aldosterone antagonist, 
reduce blood pressure in patients who do not have 
excessive levels of aldosterone. The diuresis can be 
inhibited by aspirin. 

Triamterene has a smaller intrinsic antihyperten
sive action than spironolactone, and its potassium
sparing action is produced by a mechanism which 
does not involve any hormonal side effects. Inas
much as triamterene is given in conjunction with 
thiazides, its action is comparable to that produced 
by spironolactone alone or spironolactone given in 
conjunction with thiazides. Amiloride is a potent po
tassium-sparing diuretic which has an action similar 
to that of triamterene. At a dosage of 5 mg/day its 
action is less effective than 25 mg of spironolactone 
given two times daily. 

Newer diuretics 
There are a variety of newer diuretics which deserve 
mention, such as indapamide, which is structurally 
similar to the thiazides but does not induce potas
sium loss, bumetanide, which is structurally similar 
to furosemide but functions differently, and mefru
side which is a structural mixture between the thia
zides and furosemide and has an action similar to 
that of the thiazides. Two other diuretics, ticrynafen 
and indamon, are derivatives of the acetic acid mol
ecule. Both increase urine output by reducing the 
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tubular reabsorption of urate. Preliminary investi
gations with ticrynafen showed that its diuretic and 
antihypertensive action was comparable to that of 
the thiazides and that it significantly reduced 
plasma uric acid levels. However, ticrynafen had to 
be withdrawn from the market because of side ef
fects. Chemically unrelated to the presently existing 
diuretics is etozolin, which has shown minimal tox
icity in animal experiments. Etozolin has its site of 
action in the ascending limb of the loop of Henle 
and should, therefore, be considered as belonging to 
the group of loop diuretics. 

Also of interest is muzolimine, a pyrazolone deriv
ative, which is still in the development stage. This 
diuretic is a high-ceiling diuretic with a long-lasting 
action, which has been shown to have an antihyper
tensive action in dogs, spontaneously hypertensive 
rats, and rats with renal hypertension.43•44 The major 
advantages of this diuretic compared to others have 
become apparent from clinical observations, in 
which it has been determined that there is no re
bound phenomenon after oral administration and 
that the drug is effective in patients with severe 
renal insufficiency. An intense and long-lasting di
uresis and blood-pressure-reducing action were 
demonstrated, even in patients with severely re
duced renal function and values of glomerular fil
trate as low as 3 ml/min, and the drug was shown to 
be well tolerated. The daily dose appropriate for 
cases of edema of cardiac, renal, or hepatic origin is 
30 mg, whereas the dose indicated for renal insuffi
ciency may reach 240 mg daily. 

Adrenergic Blockers 

It is necessary to briefly describe the major features 
of the adrenergic nervous system in order to under
stand the mode of action of the adrenergic blockers. 
Upon stimulation, the adrenergic nerve releases its 
transmitter substance from the nerve ending which 
diffuses across the synapse and stimulates the post
synaptic alpha or beta receptors of the effector 
organ. For this to occur, norepinephrine, which is 
synthesized from tyrosine and stored in the granules 
of the nerve ending, must be available in the depot 
granules of the nerve ending. Recently, the presence 
of alpha and beta receptors has been demonstrated 
on the nerve cells themselves. Stimulation of these 
presynaptic alpha receptors has been found to sup
press the release of norepinephrine from the nerve 
ending, whereas stimulation of the presynaptic beta 
receptors enhances the release of norepinephrine at 
the synapse. 

Thus, there are three modes of action with which 
adrenergic blocking agents can act upon this system 

to reduce blood pressure. They may act upon the 
neurons to restrict the release of norepinephrine 
from the nerve ending {neuronal blockers}. They 
may act to block the alpha or beta receptors at the 
effector organ {peripheral receptor blockers}. Fi
nally, they may have their site of action on the more 
central presynaptic receptors and, by either stimu
lating these alpha receptors or blocking the beta re
ceptors, inhibit the release of norepinephrine from 
the nerve ending. The action of both the alpha and 
beta blocking substances on blood pressure may re
flect their influence not only on the postsynaptic re
ceptors of vascular and cardiac muscle but also on 
the presynaptic alpha and beta receptors. The cur
rently available substances, their mode, and site of 
action are listed in Table 4. 

Adrenergic blockers are very potent forms of med
ication with which to combat hypertension but can 
produce unpleasant and occasionally serious side ef
fects. Used at the correct dosage, they are both ef
fective and safe. A number of authors suggest that 
adrenergic blockers should be used first in treating 
hypertension. This does not seem to be appropriate, 
however, since approximately 50% of all hyperten
sive patients show a definite reduction in blood pres
sure after treatment with diuretics and a modest re
duction in salt intake. 

It is only if therapy with diuretics does not lower 
blood pressure to acceptable levels that additional 
therapy with adrenergic blockers should be em
ployed. This combination therapy, which produces 
few side effects, even with overdosage, is a safe, sim
ple, and inexpensive form of treatment which has 

Table 4. Adrenergic Blockers Used in the Treatment of 
Hypertension 

I. Peripheral-acting 
A. Neuronal blockers 

1. Reserpine 
2. Guanethidine 

B. Receptor blockers 
1. Alpha blockers 

a. Postsynaptic blockers with presynaptic 
action 
(1) Phenoxybenzamine (Dibenzyline) 
(2) Phentolamine (Regitin) 

b. Postsynaptic blockers: Prazosin (Minipress) 
2. Combined alpha and beta blockers: Labetolol 
3. Beta blockers:* Propranolol and others 

II. Central-acting 
A. Alpha-receptor stimulators 

1. Methyldopa 
2. Clonidine 

B. Beta-receptor blockers:* Propranolol and others 

'Beta blockers probably have at least dual mechanisms of action 



been recommended by various authors.45 Beta block
ers, the most favored alternative to diuretics, suc
ceed in lowering blood pressure only in approxi
mately half the patients with hypertension and have 
the extra disadvantage of their not inconsiderable 
side effects. These drugs work best in conjunction 
with diuretics. When given without diuretics, the 
beta blocker propranolol caused a paradoxical in
crease in blood pressure in 11 % of hypertensive pa
tients, of whom most of those with essential hyper
tension displayed low renin levels.46 

Peripheral-acting adrenergic blockers 

Neuronal Blockers 

Reserpine. Reserpine is one of the many alkaloids 
which originate from the roots of Rauwolfia serpen
tina. It possesses many of the desirable pharmaco
logic properties of the various members of the group 
and can be considered as the prototype of the family 
of alkaloids found in this Indian plant. Reserpine 
prevents the transport of norepinephrine into the 
depot granules, so that less of the neurotransmitter 
is available for release, once the nerve has been stim
ulated. The consequence is a reduction in sympa
thetic tone and a lowering of total peripheral resis
tance. The release of catecholamines from the brain 
is also decreased. This could explain the action of 
this drug as a sedative and as a depressant and also 
its action on the heart to reduce cardiac output. Al
though this latter influence on heart muscle could be 
problematic in the treatment of patients with heart 
failure, difficulties seldom occur, but an occasional 
incidence of bradycardia may result. 

Reserpine is reabsorbed without difficulty from 
the gastrointestinal tract and is rapidly deposited in 
fat-containing tissues. Its pharmacologic action de
velops slowly and continues for a long time, even 
after it has been excreted, so that a single daily dose 
is sufficient to produce the desired effect. 

When given alone at a dosage of 0.5 mg/day, re
serpine has only a modest antihypertensive action, 
and blood pressure is reduced only by 3/5 mm Hg. 
In combination with a thiazide the decrease in blood 
pressure is more pronounced and reaches 14/11 mm 
Hg. The effectiveness of reserpine in treating mild 
to moderate hypertension is attested to in its world
wide use for this purpose. A single daily dose of 0.25 
to 0.50 mg produces the antihypertensive effectY 

The possibility of treating mild hypertension with 
a single daily dose of reserpine and a long-acting di
uretic offers a great advantage. In a double-blind 
study it was shown that in patients receiving a single 
daily dose of reserpine of 0.25 mg, together with a 
thiazide derivative, blood pressure was better con-
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trolled and there were fewer side effects than in pa
tients receiving a-methyldopa or bethanidine, a 
sympathetic blocker similar to guanethidine. 

Mild side effects are rhinitis and an increase in 
the secretion of gastric juice, which is of importance 
only if treatment for ulcers is being undertaken at 
the same time. The major side effect of importance 
is a depression of the central nervous system. This 
can be mild but in some instances may be so severe 
that the patients become suicidal. These problems 
arise rarely at a daily dose of 0.25 mg but more fre
quently at a dosage of 0.5 mg/day. In patients with 
a history of endogenous depression this form of 
medication should be avoided. All patients should 
be warned to discontinue treatment if they start to 
feel depressed or if they awake in the early morning 
and are unable to fall asleep again. 

Guanethidine. Guanethidine and its derivatives are 
taken up by an active transport mechanism into the 
adrenergic nervous system. This is the same system 
which transports extracellular norepinephrine 
across the nerve membrane and back into the cell. 
This pumping mechanism can be inhibited with 
ephedrine, amphetamine, and tricyclic antidepres
sives (e.g., imipramine, amitriptyline), a fact which 
explains the poor action of guanethidine in patients 
taking these forms of medication. Once guanethi
dine has entered the adrenergic nervous system, it 
blocks the release of norepinephrine. Its mode of ac
tion is to induce the release of norepinephrine from 
the depot granules, thus reducing the intracellular 
reserves of the neurotransmitter and the amount 
that can be released upon stimulation of the nerve. 
Guanethidine also causes the myocardial catechol
amine stores to be depleted. However, it cannot 
cross the blood-brain barrier, and so the catechol
amines in the central nervous system are released 
from the depot granules only to a minor extent. 

Many physicians prescribe guanethidine for pa
tients with only moderate hypertension, since it al
ways lowers blood pressure, need be taken only once 
daily, and the relationship between the fall in blood 
pressure and the dosage is very favorable. Other 
physicians prefer to use it only for cases of severe 
hypertension, since its pharmacologic action can be 
accompanied by severe orthostatic problems. Gu
anethidine induces a reduction in vascular tone and 
a modest lowering of total peripheral resistance. The 
decrease in the myocardial catecholamine reserves 
is probably the reason for the reduction in heart 
rate, in stroke volume, and in cardiac output, which 
is primarily responsible for the hypotensive action. 
The reduction in blood pressure is much more 
prominent in the standing than in the lying position, 
since the normal vasoconstrictive response to stand-
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ing is suppressed by the drug so that the physician 
should be prepared for an orthostatic response. 

Guanethidine is a dangerous drug, because the 
therapeutic dosage is often exceeded and the pa
tients then suffer from an acute hypotensive crisis. 
Its combination with other antihypertensive drugs 
and other types of medication should be undertaken 
with great caution, because patients are often al
ready taking antidepressant drugs. However, since 
guanethidine also induces fluid retention, it should 
always be given in conjunction with a diuretic. 

Absorption from the gastrointestinal tract is poor 
and varies between only 3 % and 27 %. Oral doses of 
guanethidine are accumulated slowly and are active 
for many days. This is the reason that the full anti
hypertensive action develops only after a few days 
and the drug need be administered only once daily. 

The dose of guanethidine which is required to re
duce blood pressure during standing to acceptable 
levels varies between 25 and 75 mg/day. The initial 
dose should never exceed 25 mg and supplements of 
10 to 12.5 mg every 3 to 5 days are sufficient. Higher 
doses are not to be recommended at the beginning 
of treatment. Some patients fail to react even to 
larger doses of guanethidine, presumably because 
the low amounts of remaining norepinephrine avail
able in the nerve endings are sufficient to maintain 
blood pressure at high values. The administration of 
additional phenoxybenzamine can be beneficial in 
these cases and can lead to the desired lowering of 
blood pressure. 

The side effects of guanethidine are a direct con
sequence of the pharmacologic action of the drug. 
There is a tendency to orthostatic hypotension, 
which must be avoided at all costs in patients with 
cerebral vascular disease. Physical work may also re
sult in hypotension and lead to symptoms of re
duced cerebral or myocardial blood flow. There is 
some degree of fluid retention, which can be pre
vented by simultaneous administration of diuretics 
but which must be circumvented in patients with 
cardiac insufficiency. Some patients develop 
diarrhea. 

Men may experience impotence and difficulty 
with ejaculation. The occurrence of psychiatric dis
turbances is also a possibility as a result of reduced 
cerebral blood flow, following a too precipitate fall 
in systemic blood pressure. However, guanethidine 
has no sedative or depressant action on the brain, 
for it is unable to cross the blood-brain barrier. 

Receptor blockers 

Alpha Blockers. Alpha blockers are substances 
that are capable of blocking the alpha postsynaptic 
receptors at the effector organ. Although alpha 

blockers are useful in the therapy of pheochromo
cytoma, they have proved to be of little value for the 
treatment of essential hypertension. However, when 
prescribed together with other substances or when 
given as combination preparations with beta block
ers, the alpha blockers do seem to be effective in the 
treatment of hypertension. Up until the introduc
tion of prazosin there was no alpha blocker available 
that was suitable for the treatment of essential hy
pertension. Alpha blockers such as phenoxybenza
mine or phentolamine not only block the postsyn
aptic receptors at the effector organ but also have 
some action on the central, presynaptic alpha recep
tors. Prazosin, however, seems to block only post
synaptically, thus leaving the central alpha recep
tors free to suppress the release of norepinephrine. 

Prazosin. Prazosin is a quinazolin derivative that is 
chemically quite different from the other hyperten
sive agents. Prazosin, although originally introduced 
as a vasodilator, is an alpha-receptor blocker48 which 
acts specifically on the postsynaptic receptors. This 
specificity for the peripheral receptors may explain 
why this drug does not produce tachycardia. Its he
modynamic action in man leads to a fall in total pe
ripheral resistance and no increase in cardiac out
put, renal blood flow, or glomerular filtration rate, 
and only under particular circumstances122 does it 
result in a decrease in plasma renin activity during 
an increase in plasma volume. After longer periods 
of administration, plasma renin levels fall. Prazosin 
seems also to have an influence on the visceral vas
culature, and an increase in visceral blood flow may 
account for the tendency to hypotension often en
countered in the initial phase of therapy with this 
drug. 

Prazosin has shown itself to be a fairly potent 
antihypertensive agent in patients with raised blood 
pressure. In various investigations this drug has 
been shown to be equivalent"in its action to that of 
methyldopa, not only in its antihypertensive action 
but also with regard to its side effects. A dose of 1 
mg of prazosin appears to be equally as potent as 25 
mg of dihydralazine, and many investigators show a 
preference for prazosin for this reason. 

Prazosin can be effectively combined with beta 
blockers to lower blood pressure, which then results 
from a dual action in lowering peripheral resistance 
and decreasing cardiac output. Prazosin is also use
ful for treating moderate hypertension and for pa
tients with chronic renal failure. It is rapidly ab
sorbed, reaches peak concentrations in blood after 
only 2 h, and has a plasma half-life of 2 to 3 h. The 
drug is strongly bound to plasma proteins, under
goes metabolism in the body, and is excreted pre
dominantly in the bile and feces. In order to avoid 



severe hypotension and possible collapse, the first 
dose should definitely not exceed 1 mg and prefer
ably should be confined to 0.25 to 0.5 mg taken at 
bedtime. At an initial dose of 2 mg, 16% of 74 pa
tients examined showed a definite hypotensive re
action; with 0.5 mg only 5 % of patients developed 
mild symptoms of dizziness. For maintenance, not 
more than 12 mg/day taken in three doses should be 
given. 

In addition to an initial hypotension during which 
patients have a tendency to collapse within the first 
30 to 90 min, there may be a persisting hypotension 
with accompanying dizzy spells, faintness, and loss 
of consciousness. However, even excessive dosage 
cannot result in any further complications as long as 
the patient is in a reclining position. Other side ef
fects, in 934 patients who were observed for an av
erage period of 4.7 months, were edema in 5 %, an
ticholinergic effects in 16 %, lethargy in 14 %, and 
symptoms originating from the central nervous sys
tem (headache, tiredness, nervousness, dizziness) in 
26%. 

Combined Alpha and Beta Blockers. Some au
thors have recommended a combination therapy, 
with alpha and beta blockers given together. In the 
initial experiments, in which phenoxybenzamine 
was given in conjunction· with propranolol, there 
were a massive orthostatic reaction, fluid retention, 
and severe depression. Other authors reported that 
this combination of drugs was both safe and effec
tive in combating hypertension. The combination of 
phentolamine with oxyprenolol has led to better 
control of blood pressure and has reduced the inci
dence of side effects to insignificance. 

Labetolol. Labetolol is a particularly effective com
bination preparation of alpha and beta blockers 
which works when given orally and when given in
travenously to lower blood pressure during a cate
cholamine-induced hypertensive crisis. The hemo
dynamic alterations it produces are almost ideal; it 
induces a fall in blood pressure primarily through a 
reduction in total peripheral resistance, and also a 
modest decrease in cardiac output. 

Beta Blockers. Beta blockers are very effective in 
the treatment of hypertension, and, once certain 
high-risk patients have been excluded from therapy, 
they are generally free from disturbing side effects. 
At the present time this category of drugs, except 
for the diuretics, is the most frequently used for 
treating hypertension. A great advantage of using 
beta blockers lies in the slow onset of their hypoten
sive action. In contrast to the adrenergic neuronal 
blockers, such as guanethidine, propranolol reduces 
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the blood pressure in the lying position and, there
fore, does not lead to orthostatic reactions upon 
standing up or performing exercise. This type of 
medication is particularly useful in patients who, as 
a result of their occupation, their age, or the pres
ence of an ischemic vascular disease, are particularly 
prone to orthostatic hypotensive crises. Of all the 
antihypertensive agents available, the beta blockers 
show the least tendency to induce fluid retention 
and resultant loss of hypertensive activity, probably 
because they lower plasma renin levels. Conse
quently, for those patients in whom treatment with 
diuretics is contraindicated such as those with gout, 
diabetes mellitus, or hypersensitivity, treatment 
with beta-blocking substances is probably the safest 
therapy. However, there are isolated reports regard
ing fluid retention after beta blockers,49 a dangerous 
state for the patient which offsets the antihyperten
sive action. 

There are a great number of beta blockers avail
able. This category of substances can be divided into 
those of the first generation and those of the second 
generation. First-generation beta blockers act upon 
the beta-l receptors in the myocardium and upon 
the beta-2 receptors in the smooth muscle of the 
bronchioles and peripheral vasculature, whereas 
those of the second generation block mainly the 
beta-l receptors and are therefore referred to as car
dioselective. The second-generation beta blockers 
show a 50 times greater affinity for the myocardial 
beta-l receptors than for the beta-2 receptors, and 
so these substances have an antihypertensive action 
without inducing bronchospasm or peripheral vaso
constriction. Although the cardioselective beta 
blockers are becoming increasingly popular, their 
antihypertensive potency is almost identical with 
the equivalent doses of first-generation beta block
ers. In addition to their differing selectivity, the 
first- and second-generation beta blockers have dif
ferent degrees of intrinsic sympathomimetic action. 
From the practical point of view, these differences 
do not seem to be of any importance with regard to 
controlling blood pressure. However, this is not true 
of acebutolol, which possesses both cardioselective 
and sympathomimetic actions that may be of im
portance in differential therapeutic considerations 
(oral and parenteral administration).50 

The intrinsic sympathomimetic action of most of 
the other beta blockers is weak in comparison to 
their antagonistic action, but those drugs with a con
siderable agonistic action, such as pindolol, defi
nitely do induce a less pronounced fall in heart rate 
and cardiac output than the others. The difference 
in membrane-stabilizing function of the various 
beta blockers is without clinical relevance, since 
about lOOO-fold higher doses are required to pro-
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Table 5. Pharmacologic Properties of Some Beta Blockers·* 

Daily Dose Potency Cardio-
Generic Name Product Name (mg) (propranolol = 1)* selectivityt ISAt MSA§ 

Metoprolol Lopressor 50-200 1 + 0 0 
Nadolol Corgard 80-320 1 0 0 0 
Pindolol Visken 10-30 6-8 0 +++ + 
Propranolol Inderal 80-320 1 0 0 ++ 
Penbutolol Betapressin 40-80 4 0 + 0 

"Potency: Propranolol as reference substance is given the value 1. 
tCardioselectivity means preference to i31-receptors. 
lISA = intrinsic sympathicomimetic activity. 
§MSA = membrane-stabilizing activity. 
""For a more complete list of internationally available beta blockers see also Chaps. 29 and 32. 

duce this effect than are generally used in the treat
ment of hypertension. A list of the different beta 
blockers and their major features is given in Table 
5. 

Most beta blockers are closely related structurally 
to the beta agonist, isoproterenol, and competitively 
block the peripheral beta receptors of the heart or 
smooth muscle. The mode of action of beta blockers 
in lowering blood pressure is attributable to several 
different actions. There may be a blockade of my
ocardial beta receptors, which, by reducing heart 
rate and contractility, decreases cardiac output by 
about 18 %. This effect upon the heart is probably 
the most important for the antihypertensive action 
of beta blockers, but a reduction in cardiac output 
will occur even if blood pressure is not reduced. If 
the vascular beta receptors are blocked, the vasodi
latory component, which is normally caused by cir
culating epinephrine, is removed so that there is an 
increase in vascular tone, owing to the unopposed 
action of the alpha receptors. This initial increase in 
vessel resistance slowly reverts, and total peripheral 
resistance returns to values which are normal or 
slightly below. This effect is possibly crucial for the 
success of chronic therapy with beta blockers. 51 

There may be a blockage of central beta receptors, 
most probably in the floor of the fourth ventricle, 
which leads to bradycardia and vasodepression. Fi
nally, there is a blockage of the renal beta receptors 
which inhibits the release of renin in response to 
various stimuli. 52 The renin-suppressing ability of 
the various beta blockers is quite variable, and the 
role of renin suppression in lowering blood pressure 
is disputed. It is the experience of most investigators 
that the antihypertensive action of the various beta 
blockers does not correlate with the degree of renin 
suppression they induce. The clearest correlation 
between the antihypertensive and renin-suppressing 
action of beta blockers was obtained by BOhler.53 
Only patients with normal and increased levels of 
plasma renin initially showed a decrease in arterial 

blood pressure, and the degree to which the blood 
pressure fell was closely correlated to the extent to 
which renin release was suppressed. These findings 
were confirmed for propranolol, acebutolol, atenolol, 
oxyprenolol, and alprenolol by the same authors. 
However, similar results were not obtained by a va
riety of other investigators who were searching for 
the same phenomena. In addition, there are several 
experimental findings which are not consistent with 
the role of renin suppression in lowering blood pres
sure. First, renin release is suppressed almost in
stantly after the administration of many beta block
ers, before the antihypertensive action becomes 
apparent. Second, some beta blockers, such as pin
dolol, do not suppress renin release at all, and the 
dose of propranolol needed to maximally suppress 
renin release is much lower than that required to 
lower blood pressure. Third, the hemodynamic con
sequences of suppressed renin secretion should be a 
decrease in peripheral resistance, whereas beta 
blockers cause an initial increase in peripheral resis
tance. Although the experimental results seem to in
dicate that renin suppression is not necessary for 
beta blockers to lower blood pressure, one argument 
still remains: that patients with higher renin values 
need only small doses of propranolol (160 mg/day) 
to decrease blood pressure, whereas patients with 
lower renin values need much higher doses to 
achieve the same effect (320 mg/day).123 

In addition to these mechanisms of action, there 
may be other means by which beta blockers lower 
blood pressure. Lewis considers the major action of 
these drugs to be the suppression of efferent im
pulses to the central nervous system originating in 
the heart, which leads to a decrease in the sympa
thetic activity of the heart. 54 Amer proposes that the 
differing actions of beta blockers are due to a loss of 
receptor sensitivity after exposure to large quan
tities of catecholamines.55 This would also reduce 
the reactivity of other vasodilators, such as the pros
taglandins and histamines; the vasoconstrictive 



component would then predominate and blood pres
sure rise. The beta blockers are then postulated to 
protect the vascular beta receptors from the cate
cholamine-induced loss of sensitivity, so that sensi
tivity is slowly regained, the vasodilatory influence 
on the vasculature is increased, and blood pressure 
falls. This theory is attractive conceptually, but the 
desensitization of the beta receptors by the cate
cholamines does not take into account the influence 
of the prostaglandins, and so the major argument is 
not supported by any experimental evidence. 56 

Finally, beta blockers also interact with central 
nervous receptors via serotonin, one of the most im
portant central nervous transmitter substances. A 
long-term therapy with different beta blockers 
slowly induces a decrease in the activity of the en
zymes tyrosine hydroxylase and dopamine beta-hy
droxylase, in particular in sympathetic ganglia.57 To 
what extent this is clinically relevant cannot be de
termined at the present time. Following a 3-month 
period of therapy with the cardioselective beta 
blocker metoprolol, the basal and stimulated cate
cholamine values were found to be norma1.58•59 

Nevertheless, a reduction in the activity of the sym
pathetic and central nervous system could play a 
critical role in the mechanism of action of the beta 
blockers. 

The majority of the side effects associated with 
beta blockers are attributable to the mode of action 
of the drugs. These are listed in Table 6 and include 
bradycardia and cardiac insufficiency, broncho
spasm, poor peripheral circulation, and distur
bances of the central nervous system. The cardiose
lective beta blockers, such as acebutolol, atenolol, 
and metoprolol, have fewer pulmonary side effects 
than the beta blockers of the first generation. The 
poor circulation in the periphery is probably the re
sult of alpha-adrenergic vasoconstriction and arises 
with all beta blockers, both cardioselective and non
cardioselective. Patients with cardiac, pulmonary, 
metabolic, or other diseases which entail the partic-

Table 6. Side Effects of Beta Blockers 

Cardiac insufficiency 
Bradycardia and hypotension 
Circulatory disturbances (coldness of the extremities, 

intermittent claudication, Raynaud's syndrome) 
Bronchospasm 
Gastrointestinal disorders (diarrhea) 
Hypoglycemia 
Skin irritation 
Central nervous system disturbances (drams, 

hallucinations, disturbed sleep) 
Purpura (thrombocytopenic and nonthrombocytopenic) 
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ipation of an adrenergic nervous component in the 
maintenance of normal homeostasis are particularly 
susceptible to serious side effects with beta blockers. 

One of the most important side effects that be
come apparent with beta blockers was completely 
unexpected, that of the progressive oculomucocuta
neous syndrome which developed after administra
tion of practolol. This syndrome is characterized by 
a skin rash, lesions in the eye, sclerotic peritonitis, 
and pericarditis. This serious side effect was first 
noted after the cumulative experience obtained 
after treatment over a period of 1 million patient
years. At that time practolol was the most com
monly prescribed beta blocker in England.59 This 
potentially life-threatening side effect is a specific 
feature of practolol and not of all beta blockers, 
since this substance is different from all the others 
in that it contains an acetonilide group, to which 
some patients develop an immunologic reaction. 
This syndrome has not been observed with propran
olol, after 15 years of use, or with any other beta 
blocker. 

Propranolol. Propranolol is still by far the best-in
vestigated beta blocker. Its antihypertensive action 
was described first by Prichard and Gillam.60 Of the 
many investigations which followed, those of Za
charias et a1.69 are worthy of mention, because the 
findings are representative and the study was con
ducted on 480 patients observed over a period of 10 
years. The average blood pressure values in a group 
of 221 patients taking an average daily dose of 510 
mg of propranolol fell from 192/113 to 143/88 mm 
Hg after a mean treatment period of 62 months 
(these high doses are no longer considered neces
sary). Of these 221 patients who were taking pro
pranolol in combination with diuretics, in 86 % the 
diastolic blood pressure fell to under 100 mm Hg. A 
further 103 patients required additional medication, 
and in 79 % of them blood pressure was adequately 
controlled. Working on the premise that this type of 
medication is not given to patients with obstructive 
lung disease or cardiac insufficiency and that treat
ment is started by giving small doses, propranolol is 
generally a safe drug, which is well tolerated over a 
long period of time and which does not lose its ef
fectiveness after long-term administration. 

However, there have been such serious side effects 
that treatment had to be discontinued in 10% of pa
tients and a reduction in dosage had to be under
taken in 14.4 % of patients. The most important side 
effects were tiredness, bronchial spasm, coldness of 
the extremities, digestive disorders, and sleepless
ness. Only 3 of 390 patients reported a decrease in 
libido. Despite the decrease in cardiac output, 
congestive heart failure occurs only seldom, since 
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left ventricular work is reduced by a simultaneous 
fall in systemic arterial pressure. 

Some authors recommend giving beta blockers 
alone, in order to simplify the treatment procedure 
and to avoid the side effects which diuretics can pro
duce. However, only about one-half of the patients 
with high blood pressure, who were receiving up to 
480 mg of propranolol per day, showed an adequate 
blood pressure response, and only rarely did pa
tients taking lower doses have diastolic blood pres
sure values of under 95 mm Hg. The poor response 
of the older hypertensive patients to beta blockers 
has been suggested to reflect the low levels of renin 
commonly found in this group. It is also possible 
that in older patients the number of beta receptors 
decreases.62 

The drug is useful for the treatment of angina 
pectoris and may provide some protection from this 
disease and from recurrent cardiac infarction. Such 
a protective action has also been claimed for other 
beta blockers.63.54 Propranolol can, in patients who 
have just experienced a myocardial infarction, also 
reduce the symptoms of ischemic injury to the myo
cardium.65 However, patients who are receiving con
tinuous treatment with propranolol and who have 
survived one heart attack are more liable to develop 
heart failure,66 and the sudden discontinuance of 
propranolol treatment in patients with coronary dis
ease can help trigger a heart attack.67 

Propranolol is, in all probability, completely reab
sorbed from the gastrointestinal tract and reaches a 
peak concentration in plasma after approximately 
90 min. However, about 50% to 70% of the dose is 
extracted and metabolized in its first passage 
through the liver (first-pass effect), and so the 
plasma concentrations which result from multiple 
oral doses may differ extensively.58 Propranolol and 
its metabolites are able to inhibit the action of beta 
agonists for a period of over 24 h, but their excretion 
proceeds for a longer period of time. The extension 
of the duration of action which occurs during 
chronic administration is explainable by a satura
tion of the hepatic binding site and of the systemic 
clearance.69 For mild and moderate hypertension the 
initial dose should consist of 10 to 40 mg two or 
three times daily and should be gradually increased 
over a period of 2 to 3 weeks. For severe hyperten
sion the dosage can be raised more rapidly. The 
maximal daily dose should not exceed 360 mg, but 
most patients respond well to doses between 160 and 
240 mg. Less frequent doses may also be adequate, 
since it has been shown that two doses a day are just 
as effective as four a day, and even that one dose a 
day is just as effective as two. The metabolism of 
this form of medication is little affected by renal in-

sufficiency, and, consequently, it can be used freely 
in patients with renal damage. Its action in preg
nancy has been investigated little, but isolated cases 
of deformity have been described.70 The drug is se
creted in the milk, and so nursing mothers should 
not take propranolol. 

Most of the complications associated with pro
pranolol are shared by all the beta blockers, such as 
reduction of cardiac output, bradycardia, and bron
chospasm. This drug should therefore be prescribed 
with caution for patients with congestive heart fail
ure, atrioventricular conduction block, or bronchial 
asthma. Hypoglycemia can lead to dangerous reac
tions in patients with diabetes mellitus being 
treated with insulin, possibly as a result of interfer
ence with the normal mechanisms that serve to com
pensate for a rapid fall in blood sugar. Poor periph
eral circulation is the most common symptom, 
whose incidence has been given as 10 %. 

Unspecific and rarely occurring side effects in
clude disturbances of the central nervous system 
and the gastrointestinal tract and purpura. Skin 
rashes have also been described on occasion and, 
even more rarely, eye complaints.71 

In some patients treated with propranolol there is 
a paradoxical increase in blood pressure, which is 
most probably explained by fluid retention. In 188 
patients treated by Drayer et al.,46 11 % developed 
an increase in blood pressure of more than 7 %. In 
contrast to the patients who experienced a fall in 
blood pressure, these patients showed a significant 
gain in weight, on average by 2.7 kg. Their tendency 
to gain weight and the resultant increase in blood 
pressure was associated with an initially low plasma 
renin, which was not suppressed further during 
treatment. Patients with normal renin levels who re
ceive propranolol compensate this tendency to fluid 
retention by a decrease in renin and, therefore, also 
aldosterone levels, but patients with low initial renin 
values no longer have this possibility to restrict their 
fluid retention. If propranolol is to be given alone, 
one should recall that approximately 30% of hyper
tensive patients have low renin values. It is therefore 
advisable to give diuretics initially. In patients 
treated in this way, fluid retention is much less of a 
problem, the development of paradoxical hyperten
sion occurs only seldom, and the antihypertensive 
action of the beta blockers is enhanced. Since a sud
den interruption in treatment with propranolol may 
promote heart attacks, possibly by an increase in the 
number of beta receptors73 and an overly strong re
action to endogenous catecholamine release, when 
this drug is to be discontinued, doses should be 
tailed off over a period of several days. During emer
gencies, in particular during surgical intervention, 



propranolol should be continued and the anesthetist 
should be informed that the patient is taking this 
drug. 

Pindolol. Pindolol is a beta blocker with an intrin
sic sympathomimetic action, which is capable of 
lowering blood pressure in a large number of cases. 
A single daily dose of 15 mg was able to reduce blood 
pressure in 64 % of treated patients to within a nor
mal range. The success rate can be raised to 94 % in 
a comparable group of patients if the beta blocker is 
combined with a diuretic.74,75 

Bupranolol. Bupranolol was synthesized in 1962 
and belongs to the group of beta blockers which acts 
both in the beta-1 and beta-2 receptors, has no sym
pathomimetic action of its own, and has an addi
tional membrane-stabilizing action. Of all the beta 
blockers currently available for use, bupranolol 
shows the highest degree of receptor affinity. To
gether with some other beta-receptor blockers, such 
as propranolol, alprenolol, metroprolol, and sotalol, 
bupranolol is subjected to the first-pass effect in the 
liver. The metabolites which result, hydroxybupran-
0101 and carboxybupranolol, have been shown to be 
pharmacologically active. Bupranolol strongly su
presses lipolytic activity, inhibits thrombocyte ag
gregation, and stimulates deaggregation in vitro. 

The use of bupranolol is indicated for patients 
with coronary heart disease, psychosomatic circula
tory disturbances, and tachycardial arrhythmia. 
Ever since Prichard and Gillam demonstrated the 
blood-pressure-lowering effect of beta-receptor 
blockers,so bupranolol has been used in high doses 
(over 400 mg/day) to treat hypertension. In numer
ous studies performed on hypertensive patients who 
were hospitalized or treated on an outpatient basis, 
it was shown that the blood-pressure-lowering ac
tion develops slowly over a period of 4 to 6 weeks, 
and so difficulties in adapting to the reduced blood 
pressure level do not arise. The decrease in blood 
pressure is equally low when standing or lying. Con
sequently, orthostatic disturbances do not arise, and 
existing orthostatic problems may often be 
improved.76,77 

Other Beta Blockers. A large number of beta 
blockers have not yet been discussed; their actions 
and dosages vary, but they differ little in their effec
tiveness in reducing blood pressure. Propranolol is 
most certainly a valued and well-tested substance, 
but the newer cardioselective beta blockers and the 
combination of alpha and beta blockers offer more 
promise for the future. 78 Furthermore, more recent 
reports have come to the conclusion that a differ-
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ential therapy with beta blockers has moved into the 
realm of possibilitY,79 particularly with regard to pa
tients with bronchial spasm, who fare better on pin
dolol than on practolol. The reason for this seems to 
lie in the diverging behavior of the plasma catechol
amines caused by these beta blockers.80,81 The indi
vidual biochemical and hemodynamic characteris
tics of both beta blockers82•83 may be linked with the 
differing alpha-adrenergic reflex activity. Another 
distinction betweeen noncardioselective and cardi
oselective beta blockers is related to their different 
metabolic effects which apparently influence my
ocardial oxygen consumption thus rendering the for
mer more favorable l24 

Central adrenergic blocking substances 

Methyldopa. Alpha-methyldopa, a close relative 
of its natural precursor, norepinephrine-dopa, inter
feres with the biosynthetic pathway in the nerve 
endings. The alpha-methylnorepinephrine pro
duced there displaces norepinephrine from its stores 
in both the adrenergic nerve endings and the central 
nervous system. When this drug was introduced, its 
site of action was believed to be at the peripheral 
endings of the adrenergic nerves, where it occupied 
the receptor site, without inducing arteriolar con
striction. More recent investigations, however, in
creasingly support the assumption that its site of 
action is more centrally situated.54 

The enzyme, dopa decarboxylase, is responsible 
for the transformation of methyldopa to methyldo
pamine. If the activity of this enzyme is suppressed, 
the formation of the false transmitter, alpha-meth
ylnorepinephrine,is blocked. If the enzymatic trans
formation is blocked in the entire organism, there is 
no reduction in blood flow after methyldopa, but, if 
the conversion is blocked only outside the brain, 
there is a reduction in blood pressure. The addition 
of methyldopa to the cerebrospinal fluid leads to a 
fall in blood pressure, which can be reversed by the 
addition to the cerebrospinal fluid of the alpha-re
ceptor blocker, phentolamine. The presence of in
tact, central adrenergic nerves in the lower brain
stem is necessary to induce a hypotensive action 
with alpha-methyldopa. Methyldopa also possesses 
a series of characteristics similar to those of 
clonidine. 

The hypotensive action of alpha-methyldopa re
sults from a decrease in total peripheral resistance 
with a variable but usually insignificant action on 
stroke volume and heart rate. However, in patients 
with congestive heart failure who are to a certain ex
tent dependent upon adrenergic stimulation of the 
heart, methyldopa may further reduce the cardiac 
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index and stroke volume. Resistance in the renal 
vasculature is more strongly reduced than in the 
other vascular beds, and so glomerular filtration rate 
and renal blood flow are generally increased, or at 
least maintained, despite the reduction in blood 
pressure. Blood pressure is lowered to a greater ex
tent in the lying than in the standing position. As a 
result of the sympathetic nervous blockage by meth
yldopa, which is considerably less than that of, for 
instance, guanethidine, orthostatic hypotensive re
actions are generally rare. Methyldopa very often in
duces fluid retention so that its antihypertensive ac
tion is diminished.85 When a diuretic is administered 
simultaneously, plasma volume may remain slightly 
elevated, but the decrease in blood pressure is then 
greater, probably as a result of a further reduction 
in adrenergic nervous activity leading to a reduction 
in venous tone, an increase in venous capacity, and 
a reduction in the venous return to the heart.86 

For most patients, treatment should be com
menced with 250 mg once or twice daily before rais
ing the dose to a maximum of 1 to 2 g (in rare cases 
to 3 g) daily, given in two or three doses. However, 
it has been shown that a single dose taken at night 
is just as effective as the same amount spread over 
three doses daily. For patients with renal failure the 
dose should be reduced by one-half and care should 
be taken to ensure that blood pressure does not drop 
excessively. This drug can be combined with beta 
blockers with no problems, thus producing an even 
stronger antihypertensive action. Blood pressure is 
generally maximally reduced 4 h after oral admin
istration of alpha-methyldopa, and this blood-pres
sure-lowering effect can persist for up to 24 h. The 
effectiveness of alpha-methyldopa in lowering blood 
pressure has been assessed differently by different 
investigators. Some authors consider it to be less ef
fective than, for instance, reserpine; others consider 
it to be just as effective as guanethidine, but statis
tics from the World Health Organization indicate 
that it is prescribed more frequently than other 
drugs for hypertension. 

Hypertensive patients with renal insufficiency are 
particularly responsive to alpha-methyldopa, which 
is the reason this drug is especially recommended 
for these patients.87 Because this substance is ex
creted in the urine, it was supposed that the reason 
for its greater effectiveness in patients with renal 
failure was attributable to a retention of the drug in 
the systemic circulation because of reduced excre
tion. However, measurements of the plasma concen
trations of unconjugated alpha-methyldopa in nor
mal patients and those with renal insufficiency 
failed to show any difference between the two, so 
that the reason for the increased responsiveness 
during impaired renal function is not yet clear.88 

Alpha-methyldopa can reduce the secretion of renin 
from the kidney, which explains its particularly fa
vorable action in patients with a high level of plasma 
renin. However, if renin release is held constant by 
experimental means, blood pressure still falls, so 
that a reduction in plasma renin activity may not be 
decisive in the blood pressure lowering action of 
methyldopa. Since alpha-methyldopa seldom in
duces orthostatic reactions and also does not lead to 
an increase in cardiac output, this drug is particu
larly recommended for patients with various coro
nary, cerebral, or vascular complications.89 

During the first weeks of treatment with alpha
methyldopa there may be some sleepiness, particu
larly if the daily dose exceeds 500 mg. In addition to 
the expected orthostosis and fluid retention, there 
are two other important side effects of alpha-meth
yldopa. First, there may be an increase in body tem
perature, accompanied by a disturbance in liver 
function. The disturbed liver function usually dis
appears when the drug is discontinued, but there are 
at least 83 reported cases of serious hepatotoxicity.90 
This medication is therefore probably not suitable 
for patients who have an existing liver disease. Sec
ond, blood shows a positive reaction to the direct 
Coombs' test in about 20% of the patients, but hem
olytic anemia was found only in less than 1 % of the 
patients.91 Even though some investigators are of the 
opinion that all patients receiving this treatment 
should be checked for this complication following at 
least 6 months of therapy, other authors do not sup
port this view. 

Additional side effects are dryness of the mouth, 
impotence or impaired erection, a diminution of 
mental alertness, and even dementia during concur
rent administration of haloperidol. There may be 
galactorrhea with an accompanying increase in pro
lactin release, myocarditis and, on rare occasions, 
even hypertension as a result of an interaction with 
phenothiazide or sympathomimetic amines, or as a 
rebound phenomenon, when the drug is suddenly 
discontinued. Less frequently, skin allergy reactions 
may develop. Some additional biochemical parame
ters may be altered by treatment with methyldopa, 
such as the red color in the aqueous and butanol 
phase of the modified Watson-Schwarz test for the 
determination of porphyrobilinogen.92 This param
eter is used to check the amount of the drug that the 
patient is receiving. An increase in plasma creati
nine and a decrease in vanillic mandelic acid present 
in urine have also been reported on rare occasions. 
With regard to alpha-methyldopa and parkinson
ism, it should be mentioned that the drug can in
duce symptoms similar to parkinsonism, possibly 
through an inhibition of the enzyme decarboxylase, 
which is necessary for the conversion of dopa to do-



pamine. But patients who are also receiving levo
dopa treatment may show a better control of blood 
pressure and an improvement in their parkinsonism. 

Clonidine. In many respects clonidine is similar to 
alpha-methyldopa, but it also shows a number of 
important distinctions. Although this drug is pre
scribed frequently, its various side effects probably 
explain why it is not used even more often. Cloni
dine is an imidazol derivative. Since it is not a me
tabolite of any naturally occurring substance, it is 
easier to follow in the central nervous system and its 
action is almost certainly confined exclusively to the 
central nervous system.93 Clonidine is easily ab
sorbed, the absorption after oral administration 
varying between 26 % and 74%, thus explaining the 
wide range of the recommended doses, and maximal 
values are reached in plasma after 1 h. The plasma 
half-life lies between 6 and 13. Less than 10% of the 
total dose is incorporated as a false transmitter, the 
remaining 90% being excreted in the urine as un
identified metabolites. 

Clonidine works by stimulating the central alpha
adrenergic alpha-l and alpha-2 receptors, which re
duce the rate in the sympathetic nervous system and 
thereby lower sympathetic tone. Its action is pre
vented when the central adrenergic neurons in the 
brain are destroyed or when alpha-receptor block
ers, such as phentolamine, are injected centrally.94.95 
In patients with a severed spinal cord, blood pres
sure does not fall after administration of clonidine, 
which demonstrates the dependence of its antihy
pertensive action upon the intactness of descending, 
bulbospinal neurons.96 

The hemodynamic actions of clonidine include a 
decrease in basal heart rate and cardiac output, with 
an almost normal response upon increased demand. 
There is a decrease in peripheral resistance, renal 
blood flow is maintained, and renin secretion is sup
pressed. t25 Renin suppression is not essential to the 
action of clonidine but can be useful for inducing an 
immediate drop in blood pressure in patients with 
high renin levels.97 Since the reduction in sympa
thetic activity results from a central action of the 
drug and does not involve any neurotransmission, 
beta blockade, or direct arteriolar vasodilation, 
there is almost no incidence of orthostatic reactions. 
Clonidine itself leads, as do almost all antihyperten
sive adrenergic blockers, to fluid retention, and so 
the administration of a diuretic is recommended.98 
When diuretics are given simultaneously, 80% of 
patients experience a significant hypotensive re
sponse, which can be maintained almost indefi
nitely. Even severe forms of hypertension can be 
kept under control with this drug.99 

When clonidine is given orally, blood pressure 
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starts to fall within 30 min and the full effect is ap
parent after 2 to 4 h. The duration of action lies be
tween 12 and 24 h. The initial dose should be about 
0.1 mg twice daily and the maximal dose lies at 2.4 
mg/day. The major part or even all of this dose can 
be taken at night before going to bed, in order to 
make use of the sedating effect. The antihyperten
sive action of 0.15 mg of clonidine is comparable to 
that of 250 mg of alpha-methyldopa. When cloni
dine is given intramuscularly, its action starts within 
5 min, reaches a maximum after 75 min, and contin
ues for approximately 5 h. When given intrave
nously, there is an almost immediate fall in blood 
pressure, which may persist for up to 24 h. If in
jected too quickly, there may be a short-lived hy
pertensive reaction, caused by an initial peripheral 
stimulation of the alpha receptors. This can be pre
vented by giving phentolamine beforehand. 

The most important and commonest side effects 
of clonidine are tiredness and dryness of the mouth 
due to a reduction in saliva production. These also 
result from a central action. The dryness of the 
mouth can be improved by giving 2 drops of pilocar
pine (1 g per 100 ml) in water three times daily. 
These symptoms generally start to disappear after 
a few months, and most patients are not bothered 
by these side effects 6 months after beginning the 
therapy. Clonidine does not induce the same hepatic 
and hematologic alterations as often accompany 
treatment with alpha-methyldopa. Impotence is a 
less frequent problem. 

If the drug is suddenly discontinued, blood pres
sure can rise to its initial value within 24 h, possibly 
because of the short half-life of this substance in 
plasma. Only seldom is there a rebound or with
drawal syndrome, which is accompanied by head
aches, tremor, overexcitability, and restlessness. 
Even rarer is the occurrence of blood pressure values 
in excess of those measured before the onset of ther
apy. Occasionally, 48 to 60 h after discontinuation of 
clonidine, a rebound phenomenon may be observed. 
This phenomenon can be unpleasant for patients 
who forget to take their tablets and dangerous for 
patients who are about to be subjected to anesthesia 
or surgery. The intravenous or intramuscular ad
ministration of clonidine is indicated in these cases. 

The rebound phenomenon, although more fre
quent after clonidine, seems to occur also with all 
other antihypertensive, adrenergic blockers and 
possibly reflects a rapid return of the catecholamine 
secretion, which was suppressed during therapy. 
This syndrome can be treated by renewed adminis
tration of clonidine or by giving a combination of 
alpha and beta blockers. The combination prepara
tion, labetolol, is particularly useful for this pur
pose. tOO A newly developed substance in this group, 
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guanfacine, may prove to have fewer side effects. lOl 
Of the many clonidine derivatives, tiamenidin (Hoe 
440) deserves mention, for it is claimed to have 
much less sedative action. A further development in 
clonidine derivatives for the treatment of hyperten
sion is the substance B-HT 933, which has been pro
duced from the antitussive compound.lo2 

In some patients a fall in blood pressure does not 
occur with clonidine. This is possibly due to a stim
ulation of the peripheral alpha-adrenergic receptors, 
which leads to a vasoconstriction. In a similar man
ner, a hefty overdose of clonidine also leads to an 
increase in blood pressure. Possibly the antagonism 
between clonidine and the beta blocker sotalol re
sults from a similar phenomenon. loa The antihyper
tensive effect of clonidine may also be absent during 
concomitant administration of tricyclic antidepres
sives and tranquilizers. In contrast to alpha-meth
yldopa and reserpine, clonidine does not lead to an 
increase in serum prolactin levels. 

Vasodilators 

When the action of a diuretic and a peripheral or 
central adrenergic blocker is not sufficient to lower 
blood pressure, the third stage in therapy is the use 
of a vasodilator. 

The vasodilators presently available and those 
still being clinically tested are quite variable in their 
strength, duration of action, and degree of influence 
on the arteries, veins, and heart.104 The mode of ac
tion of all these substances rests upon their interfer
ence with the movement of calcium into the smooth
muscle cells, which is responsible for the initiation 
and maintenance of smooth-muscle contraction. 
The action potential in the muscle membrane initi
ates the release of calcium from the intracellular 
vesicles into the sarcoplasm, where it activates the 
actinomyosin ATPase and induces muscle contrac
tion. When less calcium is released into the sarco
plasm, the strength of contraction is diminished.105 

Peripheral vasodilation is a highly appropriate 
way to treat hypertension, since the primary defect 
is usually an increase in peripheral vascular tone. lOG 
Until recently the application of vasodilators was 
limited by the simultaneous activation of compen
satory, cardiostimulating, sympathetic reflexes 
which resulted. In addition, there was an increase in 
renin release, which promoted fluid retention. By 
giving adrenergic blockers and diuretics at the same 
time, vasodilators could be given in higher doses 
with fewer side effects and greater potency. At pres
ent, the combination of a vasodilator with an adren
ergic blocker and a diuretic is the most favored 
treatment for a moderate or severe hypertension. 

Hydralazine / dihydralazine 
Of the various phthalazine derivatives with a hypo
tensive action, dihydralazine* is the most often 
used. This drug acts predominantly by relaxing the 
smooth-muscle cells in the walls of the peripheral 
arterioles, therefore mainly the resistance and not 
the capacitance vessels. This induces a reduction in 
peripheral resistance and a lowering of blood pres
sure.107 The action of this drug is not the same in all 
vascular beds; blood flow is increased in the splanch
nic, coronary, cerebral, and renal vessels, whereas it 
remains unaltered in skeletal muscle and skin ves
sels.5l Concurrent with the dilatation of the periph
eral vessels, there is an increase in heart rate, stroke 
volume, cardiac output, and myocardial oxygen con
sumption. Most of these reactions reflect a receptor
induced reflex increase in sympathetic activity, al
though a direct action of the central nervous system 
may also be involved. lOS Despite the fact that a cer
tain tolerance of these symptoms develops over a 
period of time, they can restrict the use of dihydral
azine alone and even in combination with diuretics. 

Dihydralazine is absorbed well from the gastroin
testinal tract and reaches maximal concentration in 
plasma after about 1 h. The half-life in plasma is 
about 2 to 3 h, but its action may persist for 24 h, 
and it may, possibly, remain in the walls of the 
smooth-muscle cells for even 10nger.l09 A portion of 
the dosage is acetylated before excretion. It has been 
shown that in patients who develop a lupus-type 
toxicity to the drug, the rate of acetylation is lower, 
and so they are exposed to the drug longer. llo In pa
tients with a reduction in renal function, the plasma 
half-life is most often prolonged, probably as a re
sult of a reduced renal clearance and a decrease in 
metabolic turnover. The metabolites themselves are 
probably responsible for the prolonged hypotensive 
action. 

Irrespective of whether given alone or in combi
nation with other medication, 25 mg of dihydrala
zine should be given twice daily, although some au
thors recommend giving three or four doses a day; 
the difference in antihypertensive effect is small. 
The maximal dose should not exceed 75 mg/day, for 
at higher doses a lupus-type syndrome of a hyper
tensive sort or of an induced or activated systemic 
lupus erythematosus can develop in up to 10% of 
patients.109 Even though this complaint is reversible 
upon withdrawal of medication, it is to be recom
mended that patients with a slow rate of acetylation 
be given doses of only 25 or even 12.5 mg/day. The 
mean reduction in blood pressure achieved by 25 mg 
of dihydralazine a day given together with a thiazide 
diuretic is very modest. If, however,0.25 mg of re-

*In the United States only hydralazine is available. 



serpine is given twice daily in addition, the hypoten
sive effect of the three substances is enhanced. Fur
thermore, the unpleasant cardiac side effects of 
dihydralazine can be neutralized by the adrenergic 
blocking action of reserpine. 

Recently, the beta-adrenergic blocker propranolol 
has been combined with dihydralazine for the treat
ment of moderately severe hypertension. The re
sults have shown that patients whose blood pressure 
could not be well controlled with diuretics, with 
methyldopa, or with guanethidine showed a greater 
decrease in blood pressure on an average dose of 160 
mg of propranolol and 25 mg of dihydralazine than 
with any of the other substances. The mean fall in 
blood pressure was 44/31 mm Hg, whereby the dia
stolic pressure fell to less than 90 mm Hg in 17 of 
the 23 patients. 111 Another reason for combining ad
renergic blockers with peripheral vasodilators is 
that dihydralazine produces an increase in plasma 
renin levels, possibly through a reflex stimulation of 
the sympathetic nervous system, which could offset 
its blood-pressure-lowering action, while the adren
ergic blockers suppress renin secretion. A further 
reason to prescribe vasodilators in conjunction with 
propanolol is that, when vasodilators are given 
alone, reflex tachycardia with increased myocardial 
activity may often result. The concurrent adminis
tration of a beta blocker prevents this undesirable 
side effect of increasing cardiac output, which not 
only is unpleasant for the patient but also reduces 
the antihypertensive action of the vasodilator. 

In most of the patients receiving dihydralazine 
alone, there is a temporary period of headaches and 
sweating spells, resulting from a reflex stimulation 
of the heart. More serious, however, are the already
mentioned toxic reactions. Studies, extending over 
a 20-year period, have shown that 12% to 15% of 
the patients developed signs of toxic reactions 
(serum sickness). Since these symptoms invariably 
disappeared after the treatment was stopped, the 
very rarely occurring late toxicity is found only in 
patients who inactivate the drug slowly. The remis
sion of these symptoms occurs more frequently in 
severe hypertensives, and survival in patients who 
develop toxicity to the drug may be increased.112 

Other side effects include anorexia, queasiness, 
vomiting, diarrhea and, rarely, paresthesia, tremor, 
and muscular cramps. The medication should be 
given with caution to patients with coronary heart 
disease and should be avoided in patients with a dis
sected aortic aneurysm or a recent cerebral hemor
rhage, since it produces an increase in cardiac out
put and cerebral blood flow. Great care should be 
exercised when prescribing dihydralazine together 
with parenteral diazoxide since this combination of 
drugs can lead to a considerable hypotension. 
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Minoxidil 
Extensive experience with this drug has shown that 
it is a very potent and long-acting vasodilator. When 
given alone, this substance induces considerable side 
effects (sodium retention with weight gain, tachy
cardia, hirsutism), and so the combination with a 
diuretic and a beta blocker is always indicated. Mi
noxidil has not yet been released for general use.1I3 

Nitroprusside and diazoxide 
These drugs are used during hypertensive crises as 
a means of lowering blood pressure actuely. 

Converting Enzyme Inhibitors 

A more recent approach to the treatment of hyper
tension has resulted from the possibility of influenc
ing the concentration of circulating and possibly tis
sue-bound angiotensin II, one of the most important 
vasoconstrictoryagents. With the aid of orally ad
ministered converting enzyme inhibitors, which 
block the conversion of angiotensin I to angiotensin 
II, it has been possible in many cases of severe hy
pertension (both renin-dependent and renin-inde
pendent forms) to lower blood pressure consider
ably. The well-known converting enzyme inhibitor 
captopril (Capoten®) has a strong antihypertensive 
action which is largely attributable to a decrease in 
peripheral resistance. Captopril is given in doses of 
25 to 450 mg/day alone or, if it fails to produce the 
desired effect, in conjunction with a diuretic. Ortho
static side effects may result. Further side effects are 
mostly reversible and include skin rashes, loss of 
taste, proteinuria (possibly with nephritis-like 
symptoms), and bone marrow depression. Other 
converting enzyme inhibitors (i.e., MK 421), still in 
the developmental stage, are expected to produce 
fewer side effects.u"us 

Calcium Antagonists 

A promising development is the increasing avail
ability of calcium antagonists (verapamil, nifedi
pine, diltiazem) which can be employed for treat
ment of mild to moderate hypertension and also in 
hypertensive emergencies.126 

Selection of Antihypertensive Medication 
and Initiation of Treatment 

With the drugs currently available it is possible to 
control blood pressure adequately in almost every 
patient, provided they are used correctly and the 
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Table 7. Commonly Used Antihypertensive Agents For Long-Term Oral Therapy 

Important Clinical and 
No. of Doses Biochemical Parameters 

Generic Name Product Name* Daily Dose (mg) per Day Which Must Be Checked 

Hydrochlorothiazide Esidrix 50-100 1-2 Potassium, calcium, urea, 
glucose 

Chlorthalidone Hygroton 25-100 1 Potassium, calcium, urea, 
glucose 

Furosemide Lasix 40-200 1 Potassium, calcium, urea, 
glucose 

Etozolint Elkapin 200-400 1-2 Potassium, calcium, urea, 
glucose 

Spironolacotone Aldactone, 25-400 2-3 Hyperkalemia, gynecomastia 
Osyrol 

Triamterene Dyrenium 100-200 1-2 Hyperkalemia 
Amiloridet Arumil 5-10 1-2 Hyperkalemia 
Reserpine Serpasil 0.10-0.25 1 Depression, rhinitis sicca 
Guanethidine Ismelin 10-20 1 Orthostasis, impotence, 

diarrhea 
Alpha-methyldopa Aldomet 500-3000 1-3 Sedation, liver and blood 

disturbances 
Clonidine Catapres 0.1-0.3 1-2 Dryness of the mouth, 

sedation, rebound 
phenomenon 

Prazosin Minipress 1-20 2-3 Syncope, headache, sedation, 
dizziness 

Propranolol Inderal 40-640 2-3 Myocardial depression, 
bradycardia, bronchial 
asthma, peripheral 
vasospasm 

Hydralazine Apresoline 75-200 2-3 Tachycardia, headache, lupus 
erythematosus 

'The product name given here is only one of a number of possible choices. 
tCurrently not available in the United States. 
tpropranolollisted as prototype of the available beta blockers. (See also Table 5.) 

patient is cooperative. A list of the more commonly 
employed antihypertensive agents, their commercial 
names, and dosages is given in Table 7. It is obvi
ously very difficult to give a simple method for treat
ing all hypertensive patients. Treatment should be 
selected according to the severity of the hyperten
sion, the patient's age, race, psychological state, and 
willingness to take medication. By considering the 
pharmacologic characteristics of the various types of 
medication, it is possible both to control the hyper
tension and to take into account the needs and 
wishes of the patient. General guidelines for the 
choice of medication for the different categories of 
patients with essential hypertension are given in 
Table 8. 

There are numerous preparations combining two 
or more types of medication. Although many physi
cians have hesitated to prescribe such combination 
preparations because the content of the individual 
components is fixed, experience with these prepa
rations has justified their use. Despite the existence 

of some combination preparations which are not 
useful, most are tailored to the needs of the patient 

larly true for the combination of diuretics with beta
receptor blockers.75 Furthermore, the availability of 
such fixed pharmaceutical preparations has been 
the subject of a series of conferences116 with the sole 
objective of increasing patient cooperation by sim
plifying the treatment procedures. ll7 The criteria 
which must be fulfilled by the combination prep a
and can be used without misgiving. This is particu
most important requirement is the confirmation 
that the individual components are active pharma
cologically, as has been shown for the two-prepara
tion combinations (e.g., Nortensin) and for the 
three-preparation combinations (e.g., Briserin119). 

Some patients have accompanying symptoms or 
diseases which influence the choice of medication. A 
list of complaints which commonly accompany the 
hypertensive disease and for which some types of 
medication are contraindicated is given in Table 9. 



Table 8. Choice of Antihypertensive Medication 

1. Standard therapy for most patients with diastolic blood 
pressure under 120 mm Hg and no organ involvement 
a. Diuretic therapy: Thiazide or similar diuretics for 

1-4 weeks; for hypokalemia use potassium-sparing 
diuretic or potassium substitution; with diabetes 
mellitus which threatens to get out of control, 
discontinue diuretic therapy 

b. Diuretic and beta blocker 
c. Diuretic and prazosin 
d. Diuretic and alpha-methyldopa 
e. Diuretic and clonidine 
f. Diuretic and reserpine (0.25 mg once daily) 
g. Diuretic with reserpine and dihydralazine (25-75 

mg daily, given as 1-3 doses) 
h. Diuretic and angiotensin converting enzyme 

inhibitor 
i. Diuretic and calcium antagonist 

2. Therapy for diastolic blood pressure over 120 mm Hg 
without organ involvement 
a. Diuretic and beta blocker 
b. Diuretic with beta blocker and dihydralazine or 

prazosin 
c. Diuretic with beta blocker and clonidine or 

guanfacine 
d. Diuretic and guanethidine 
e. Diuretic and converting enzyme inhibitor 

(irrespective of systolic or diastolic blood pressure) 

3. Therapy for organ involvement 
a. Cerebrovascular involvement 

(1) Diuretic and reserpine 
(2) Diuretic and alpha-methyldopa 
(3) Diuretic and beta blocker 

b. Coronary heart disease 
(1) Diuretic with cardioselective beta blocker/ 

calcium antagonist* 
(2) Diuretic with alpha-methyldopa and clonidine 

c. Renal insufficiency 
(1) Diuretic 
(2) Diuretic with dihydralazine and beta blocker 
(3) Diuretic and alpha-methyldopa 

4. Therapy for geriatric systolic hypertension 
a. Diuretic 
b. Diuretic and prazosin 
c. Diuretic and reserpine 
d. Diuretic and alpha-methyldopa or clonidine 
e. Diuretic and beta blocker 

*Beware of combining beta blockers with the calcium antagonist 
verapamil. 

Once it has been decided which form of therapy 
is to be used and treatment is to be started, the fol
lowing factors should be taken into account: 

1. Patients should be informed that the treatment 
may induce specific and general side effects, par
ticularly during the first month of significant 
blood pressure reduction. 
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Table 9. Accompanying Diseases Which Influence the 
Choice of Antihypertensive Therapy 

Accompanying Disease or 
Symptom 

Asthma 

Tendency to orthostatic 
reaction 

Cerebrovascular disease 

Collagen disease 
Cardiac insufficiency 
Coronary heart disease 

Diabetes mellitus 
Gout 
Hyperkalemia 

Hypokalemia 
Liver disease 
Psychological depression 

Migraine 
Gastric and duodenal 

ulcers 
Renal insufficiency 

Antihypertensive Drugs 
Which Are Contraindicated 

Beta blockers of the first 
generation 

Guanethidine, prazosin, 
converting enzyme 
inhibitor 

Guanethidine, 
dihydralazine 

Dihydralazine* 
Beta blockers 
Guanethidine, 

dihydralazine 
Diuretics, beta blockers 
Diuretics 
Spironolactone, 

triamterene, almiloride 
Thiazides, furosemide 
Alpha-methyldopa 
Reserpine, guanethidine, 

alpha -methyldopa 
Dihydralazine* 
Reserpine 

Spironolactone 

*In the U.S. only Hydralazine is available. 

2. Unpleasant side effects should, as far as possible, 
lead to a change of medication. It is well known 
that even under the most favorable circum
stances patients tend to discontinue taking their 
medication. Therefore, it is unrealistic to suppose 
that they will continue treatment when side ef
fects arise and they do not feel well. 

3. Different types of medication should be intro
duced in succession, in order to be able to assess 
the effectiveness of the drugs and pinpoint these 
responsible for side effects. 

Table 10. Predisposing Factors and Dangers of a 
Hypertensive Emergency 

Predisposing factors 
1. Malignant hypertension 
2. Encephalopathy 
3. Acute or chronic glomerulonephritis 
4. Pheochromocytoma 
5. Discontinuing clonidine therapy 

Dangers of a hypertensive crisis 
1. Central nervous system complications (cerebral 

hemorrhage) 
2. Acute left heart failure with pulmonary edema 
3. Acute dissected aortic aneurysm 
4. Postoperative bleeding following cardiac vascular 

surgery. 
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Table 11. Therapy in Hypertensive Emergencies 

Dose 

Product 
Generic Name Name iv (mg) im (mg) 

1. Clonidine Catapresan 0.15-0.30 0.15-0.30 
(injected 
slowly or 
infused) 

2. Hydralazinet Apresoline 12.5-25 10-15 

3. Diazoxidet Hyperstat 100-600 
(5 mg/kg; bolus) 

4. Phentolamine Regitine 5-10 10-20 

5. Nitroprusside! Nipride 0.03-0.05 mg/min 

6. Hemodialysis 

Time Course of Action 

Interval Onset Peak Duration 
(h) (min) (min) (min) 

3-4 10-20 120-180 60-240 

1-2 10-30 20-40 180-480 

4-5 3-5 120-180 5-10 

1-3 3-5 2-4 

0.5-1.0 1-2 

Site of 
Action 

Central 

Direct 
arteriolar 
dilation 

Direct 
arteriolar 
dilation 

Arteriolar 
dilation 
through 
alpha-
receptor 
blockage, 
direct action 

Direct 
dilation 
of arterioles 
and veins 

* Abbreviations and symbols: HR = heart rate; CO = cardiac output; TPR = total peripheral vascular resistance; Contr = contractility; 
I, decreased; t. increased; -, unchanged. 
t Advisable to add furosemide. 
lOnly by iv drip and only for hospitalized patients. 
Note: Calcium antagonists (Le., nifedipine, diltiazem) are reportedly extremely effective in treating hypertensive emergencies. Further 
data to confirm these early observations are necessary. 



Hemodynamic Profile* 

HR CO TPR Contr Relevant Side Effects 

OJ Sedation, short-term 
rise in blood 
pressure, rebound 
phenomenon on 
discontinuance 

Tachycardia, 
aggravation of 
angina pectoris, 
headache, erythema, 
queasiness, fluid 
retention 

Hyperglycemia, 
queasiness, 
vomiting, 
tachycardia, chest 
pains, fluid 
retention, 
extrapyramidal 
symptoms, 
orthostasis 

Tachycardia, sickness, 
severe hypotension 

Thiocyanate 
intoxication, 
muscular pains, 
vomiting, 
excitability 
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Antidote 

Tolazoline 
(Priscoline) 

Norepinephrine, 
angiotensin 

Beta blockers 

Sodium 
thiosulfate 

Indications 

Every hypertensive 
crisis 

Malignant 
hypertension, acute 
hypertensive 
encephalopathy, 
postoperatively, 
acute left heart 
failure 

Malignant 
hypertension, acute 
hypertensive 
encephalopathy, 
postoperatively, 
acute left heart 
failure 

Hypertensive crisis of 
pheochromocytoma, 
MAO inhibition, 
clonidine withdrawal 

Acute hypertensive 
encephalopathy, 
hypertensive crisis 
with MAO 
inhibition, acute 
left heart failure, 
cerebral 
hemorrhage, 
postoperatively 

Care Required or 
Contraindications 

Congestive heart 
failure (because 
of initial rise in 
blood pressure) 

Acute left heart 
failure, aortic 
dissection, 
diabetes mellitus, 
postoperative 
bleeding 

Cerebral 
hemorrhage, 
coronary 
insufficiency, 
aortic dissection, 
diabetes mellitus, 
postoperative 
bleeding 

Severe 
hypertension 
with volume 
deficiency 

Rare hypotensive 
reactions may 
occur 
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4. With a mild or moderate hypertension, treatment 
should be started by giving a diuretic first, before 
progressing to other medication. 

5. With severe hypertension, treatment should be 
initiated by prescribing a diuretic plus a second 
form of medication. 

6. When an adequate fall in blood pressure is ob
tained, an attempt should be made to maintain 
the patient on the lowest possible dose and to 
slowly reduce the amount of medication taken. 

7. Some of the reasons for' poor control of blood 
pressure are the interference of other types of 
medication (e.g., oral contraceptives), an unfa
vorable or incorrect sequence of taking the dif
ferent drugs, or fluid retention as a result of in
adequate treatment with diuretics or excessive 
salt consumption. 

8. In some patients blood pressure is lower at home 
than in the physician's office. This can result 
from the anxiety associated with the examination 
(anticipation hypertension). If, on the basis of 
these falsely high values, the dose of antihyper
tensive drug is increased too drastically, ortho
static reactions may result. Blood pressure 
should, therefore, be measured as frequently as 
possible, preferably by a nurse at home, by the 
patient himself or by a member of the family. 

Hypertensive Emergency and Its 
Treatment 

Malignant hypertension and hypertensive CrISIS 

with encephalopathy are two distinct pathophysio
logic entities. Malignant hypertension is character
ized by a continually raised blood pressure with di
astolic values between 120 and 130 mm Hg, 
characteristic retinal changes (fundus hypertonicus 
III-IV), indications of a rapidly progressing reduc
tion in renal function, and a decline in the general 
state of health, if effective therapy is not given in 
time. There is always an increase in the activity of 
the renin-angiotensin-aldosterone system, there is 
hypokalemia, and often hyponatremia, possibly as a 
result of the decrease in cardiac output. 

A hypertensive crisis, however, is characterized by 
a suddenly occurring steep rise in both diastolic and 
systolic blood pressure and symptoms originating 
from the central nervous system in the form of a 
high-pressure encephalopathy, resulting from cere
bral edema. There is a consistent occurrence of 
tachycardia, sweating, headache, dizziness, ringing 
of the ears, aphasia, disturbed vision, confusion, pa
resis, partial loss of consciousness, cramps, angina 

pectoris, and breathlessness. This emergency situa
tion with an acute rise in blood pressure may result 
from an essential, mostly malignant hypertension, 
or from any of the forms of secondary hypertension, 
such as pheochromocytoma, toxemia of pregnancy, 
acute renal infection, and acute renal failure. More 
rarely, the blood pressure crisis may develop from 
intoxication with thallium, lead, carbon monoxide, 
or nicotine or after severe psychological stress. 
These hypertensive crises can occur under a variety 
of different clinical circumstances. They rarely de
velop in patients whose blood pressure has been nor
malized and who have acute glomerulonephritis, 
eclampsia, collagenous disease, or concussion. More 
frequently they develop as a complication of the ac
celerated or untreated phase of badly controlled 
chronic hypertension of differing etiologies. The 
major characteristics are a necrotic arteriolitis, ar
teriolar spasm and organ damage, such as heart fail
ure, renal failure, encephalopathy, or neuroretinitis. 
An abrupt increase in blood pressure may also result 
from pheochromocytoma or the release of catechol
amines from the tissues by drugs or various foods in 
patients treated with monamine oxidase inhibitors. 

A number of other situations can also be counted 
as hypertensive crises, not as much according to the 
extent to which blood pressure is raised but rather 
according to the complications which may arise as a 
result of even a moderate increase in blood pressure. 
These include dissected aortic aneurysm, cerebral 
bleeding, and acute cardiac failure. A summary of 
the situations under which a hypertensive emer
gency situation may arise and the dangers associ
ated with it is given in Table 10. 

Although it is possible, in theory, to bring most 
cases of hypertensive crisis under control by oral ad
ministration of medication, it may take weeks or 
even months to obtain the right dose and combina
tion of antihypertensive agents which lower blood 
pressure adequately. Sudden and dramatic increases 
in blood pressure require an immediate lowering in 
order to avoid serious and possibly lethal conse
quences. Two concepts form the basis of controlling 
a hypertensive crisis. 

First, the immediate and intensive therapy of the 
crisis has absolute priority over time-consuming di
agnostic procedures. Because of the rapid rate of 
progression of vascular disease, the reversibility of 
vascular damage depends entirely upon the speed 
with which an effective therapy is achieved. 

Second, those antihypertensive agents should be 
used whose blood-pressure-Iowering, hemodynamic, 
and metabolic effects are immediately apparent, in 
order to overcome the crisis situation quickly, and 
differential therapeutic considerations should be 



utilized to decide which drugs are most useful in 
each individual situation. The pharmacologic and 
therapeutic properties of the presently available 
drugs and the indications and contraindications for 
their use and their hemodynamic actions are listed 
in Table 11. 
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Resistant Hypertension 

R. C. Tarazi 

Definition 

The problem of resistant hypertension is peculiar in 
that its magnitude depends in great part on its def
inition. If the term is taken to mean severe hyper
tension resistant to modern antihypertensive ther
apy, the problem is restricted to relatively small 
numbers of patients. However, if the term refers to 
patients whose blood pressure is not normalized by 
treatment, then resistant hypertension is a common 
and probably growing problem. The paradox of a 
seeming increase in resistant hypertension despite 
the greater number of effective drugs can be ex
plained by many factors, including the increase in 
the total number of patients undergoing treatment 
and the greater sensitivity to the need for optimal 
blood pressure control. Given the importance of hy
pertension as a risk factor for heart failure, myocar
dial infarction, and strokes, the broader definition of 
"resistance to treatment" seems the more appropri
ate. 

Clinical experience has demonstrated that in the 
vast majority of cases so-called resistance to anti
hypertensive drug therapy is more apparent than 
real. Truly resistant hypertension is defined as 
blood pressure that cannot be adequately controlled 
with a suitable triple-therapy regimen (Table 1), 
provided that the medications are taken as pre
scribed. This refractory condition is less common 
than is poor blood pressure control due to poor com
pliance or to inadequately planned antihypertensive 
therapy. Resistance to treatment can, therefore, be 
classified as either "true" when blood pressure re
mains high despite adequate treatment or "false" 
when poor control is due to misjudgments or mis
understandings from patient or physician. Given the 
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wide range of pressor influences that may affect a 
patient's response to medication, differentiating 
true from false resistance could be difficult, but in 
most cases the distinction can be made without re
course to elaborate diagnostic procedures, by 
screening out the major causes of pseudoresistant 
hypertension (Table 2). The more common (and 
commonly overlooked) of these are noncompliance 
and excess salt intake on the part of the patient and 
inadequate dosage or choice of medication or com
bination on the part of the physician. 

Many of the diagnostic and therapeutic problems 
of so-called "resistant hypertension" are similar to 
those encountered in the first approach to and fol
low-up of patients with the more usual forms of hy
pertension. The same care and general principles 
apply in measuring blood pressure, in assessing the 
meaning of an elevated reading, and in deciding the 
need for special investigations as well as in discuss
ing long-term therapy with anxious or un convinced 
patients. The main differences stem from the em
phasis on some factors, possibly from the greater 
yield from investigations, and from the particular 
problems in approaching a patient who has heard 
similar arguments before. In contrast with the basic 
approach to patients with newly discovered hyper
tension and stepped-care therapy for them, the ap
proach to patients with "resistant hypertension" has 
not yet been charted in detail. This is possibly be
cause it is a "second generation" problem in hyper
tension-if detection, follow-up, and proof of effi
cacy of treatment are considered "first generation" 
questions. Although some general principles have 
been developed, much still needs to be elucidated in 
order to deal with the scientific, human, and prac
tical problems of resistant hypertension. 
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Table 1. Minimal Regimens' that Should Be Tried 
Before Labeling a Patient's Hypertension Resistant 

Regimen 1 
1. Oral diuretic (equivalent to 1.0 g of chlorothiazide, 100 

mg of hydrochlorothiazide, 10 mg of 
bendroflumethiazide or metolazone, or 100 mg of 
chlorthalidone )t 

2. Sympathetic depressant (propranolol, 320 mg, or 
methyldopa, 2.0 g) 

3. Vasodilator (hydralazine, 300 mg) 

Regimen 2 
1. Oral diuretic as above 
2. Sympathetic depressant as above 
3. Guanethidine, 100 mg 

'Values refer to daily doses. 
tFurosemide in doses of at least 160 mg daily must be used when 
renal failure is present (creatinine clearance < 25 ml/min). 
From Gifford and Tarazi, ref. 4. 

Resistance in hypertension could be classified as 
primary or secondary. "Primary resistance" is ap
plied to those conditions in which hypertension was 
never well controlled from the time it was diag
nosed. Cases in which, after an initial good response, 
blood pressure rose again despite continuation of 
therapy fall under "secondary resistance". This sub
division might help orient the diagnostic approach, 
but many of the same factors could lead to either 
primary or secondary resistance. 

Table 2. Resistant Hypertension 

1. Lack of compliance with therapy 

2. Drug effectiveness reduced by 
a. Doses too small 
b. Infrequent administration 
c. Interfering factor 

(1) Excess salt 
(2) Drug Interaction 

3. Office hypertension 

4. Specific pressor mechanism interfering with 
"standard" treatment 
a. Related to primary disease, for example, 

pheochromocytoma, volume-dependent 
hypertension 

b. Compensatory reaction to antihypertensive agent 
(1) Secondary aldosteronism of diuretics 
(2) Fluid retention of sympathetic inhibitors 
(3) Hyperkinetic circulation, high PRA, and fluid 

retention of vasodilators 
c. Complication of long-standing hypertension 

(1) Atherosclerotic renal arterial disease 
(2) Adrenal hyperplasia 
(3) Advancing nephrosclerosis 

From Tarazi, ref 9. 

Causes of Poor Blood Pressure Control 

Problems in Blood Pressure Determinations 

I. H. Page has repeatedly emphasized the many er
rors that can be made during the simple clinical ma
neuver of recording a blood pressure7-the fact that 
it is a simple, frequently repeated, seemingly easy 
procedure does not reduce but may indeed enhance 
the chances of error. Brilliant pharmacology or as
tute psychology can do little if the basic determi
nation for diagnosis is erroneous. Normotensive sub
jects can be wrongly labeled hypertensive, and 
hypertensive patients called resistant to treatment, 
on the basis of poor blood pressure records. Using a 
wrong-sized cuff for an obese person may produce 
falsely elevated readings. The same result has been 
observed in arteriosclerotic patients whose arteries 
are so heavily calcified that they resist compression 
by the cuff. 

More frequent and difficult to deal with is the 
problem of "office hypertension." This problem of 
patients who show abnormal pressor responses to 
office examinations is more widespread and more 
complicated than is generally supposed. The diag
nosis in patients already labeled resistant to treat
ment is often missed, sometimes by experienced in
ternists, because it may present no obvious alerting 
signs and because of the difficulty in challenging an 
established diagnosis of hypertension. Studies at the 
Cleveland Clinic showed that the office blood pres
sure readings of some patients were consistently 
higher-sometimes by as much as 30 or 40 mm 
Hg-than home readings. Although office hyperten
sion has been generally associated with anxiety, 
physical evidence of emotional stress may not be ap
parent. A rapid pulse rate is not always present, and 
the patient may exhibit none of the stereotypic signs 
of anxiety. It could also be that marked increases of 
blood pressure in adolescents during a test were not 
necessarily associated with a high cardiac output. In 
our experience, beta-adrenergic blockade had no sig
nificant effect on office hypertension, although it ef
fectively prevents stress-related tachycardia. 

Final diagnosis will depend on the demonstration 
of significant, reproducible differences in blood 
pressure levels between reliable home and office 
readings. Occasionally, continuous intra-arterial re
cordings for 12 to 24 h might be needed. However, 
the more important clinical step is to consider this 
possibility in patients "not responding to treat
ment." A marked disparity between arterial blood 
pressure and target-organ effects may provide a 
good clue. If a patient who is seen month after 
month, year after year, persists in having very high 
pressure levels but normal heart, eye grounds, and 



renal function, then a diagnosis of office hyperten
sion should be strongly suspected. The simplest ap
proach, then, would be to have the patient or a rel
ative measure the blood pressure regularly at home. 

Compliance with Therapy 

The problem of noncompliance, though widely dis
cussed in the literature on hypertension, is often 
minimized under the pressures of daily practice. Su
perficial questioning or routine admonitions are not 
adequate to evaluate it, and noncompliance no 
doubt accounts for many instances of "false resis
tance." Failure to obey a prescribed regimen may be 
due to many factors, not all of which are necessarily 
attributable to mistakes, carelessness, or psycholog
ical problems of the patient. These certainly occur, 
and some subjects have a natural aversion to pill 
taking. However, the fault in many cases lies in a 
needlessly complex schedule of treatment, in impre
cise or hurried instructions, or in lack of information 
and sympathetic discussions about the nature of hy
pertension and the constraints of its treatment. 

Frequent changes in medication are rarely com
patible with maintained optimal blood pressure con
trol. Symptoms can develop from any pill-even 
placebos. l It is tempting to ascribe any discomfort or 
sexual failing to drugs, and to switch, discontinue, or 
reduce doses to ineffective levels. On the other hand, 
noncompliance is not solved by stern or threatening 
lectures. Success in dealing with this problem de
pends largely on the physician's ability to develop a 
warm, supportive relationship-one in which the 
patient feels comfortable enough to ask questions 
and express anxieties. The first and all-important 
step in building such a relationship is to allow ade
quate time for full discussion of the patient's con
cerns. This relationship is more important, in my 
opinion, in assessing and securing compliance than 
pill counting or biochemical tests, useful as the lat
ter are in investigational studies. Determination of 
blood levels or of urinary excretion rates is now pos
sible for many drugs; this may help in problem cases 
to differentiate poor absorption or abnormally rapid 
elimination from noncompliance. 

Although not usually included under this heading, 
regulation of salt intake is best considered here be
cause it is involved in many of the problems of com
pliance with therapeutic regimens. Curtailment of 
dietary salt, once a cornerstone of antihypertensive 
therapy, has been decreasingly stressed by most 
physicians because of the effectiveness of diuretics 
in maintaining a negative salt and water balance. In 
the process, however, an important aspect was over
looked, namely, that large amounts of ingested salt 
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(above 15g/day) can override the antihypertensive 
effectiveness of diuretics and interfere with the hy
potensive effects of most other agents. Taking a di
etary history could be very helpful but may still be 
inconclusive because many patients are unaware of 
the magnitude of their sodium intake since a good 
part of it is not tasted as salt but comes from pre
served food or commercially prepared drinks. The 
most accurate diagnostic index is a determination of 
the 24-h urinary sodium excretion; if greater than 
150 mEq, it suggests excess salt intake. For effective 
dietary control, general rules and ordinary advice 
may not be sufficient; consultation with a dietitian 
and practical guidelines may make all the difference 
in good blood pressure control. 

Pathophysiologic Mechanisms 

Resistance to treatment can arise from many patho
physiologic mechanisms that interfere with effec
tiveness of antihypertensive drugs or alter the 
course of the disease. These can be conveniently 
subdivided under three headings: 

1. Specific pressor mechanisms as a cause of resis
tance to treatment 

2. Reaction to the use of antihypertensive measures 
3. New factors developing during the evolution of 

hypertension 

Secondary hypertension was widely held at one 
time to be resistant to medical therapy. It has be
come clear, however, that this is not always true; re
novascular hypertension can be controlled by anti
hypertensive therapy, and primary aldosteronism 
will respond to adequate diuretic therapy if hypo
kalemia can be prevented. However, poor blood 
pressure response to conventional therapy, while not 
diagnostic of a secondary cause, might increase the 
possibility of finding one. 

Specific Pressor Mechanisms 

Even within the heterogeneous group of essential 
hypertension, an unrecognized specific mechanism 
might interfere with blood pressure response to 
therapy. Thus, investigations from various centers 
have outlined a subset of essential hypertension 
characterized by expanded blood and extracellular 
fluid volume associated with low plasma renin activ
ity. Experience at the Cleveland Clinic has shown 
that adequate volume depletion must be achieved 
for optimal blood pressure control in those patients 
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with hypervolemic essential hypertension. The mere 
intake of a diuretic does not necessarily mean that 
enough salt and water depletion has been achieved; 
superimposition of second- and third-line drugs on 
an inadequate diuretic regimen will not control 
blood pressure in such patients. The identification 
of volume-dependent types of hypertension will lead 
to correct therapy; the latter consists of diuretics in 
adequate doses and combinations, and in monitor
ing or quantifying their effects on blood or extracel
lular fluid (ECF) volume. 

The concept of identifying the dominant pressor 
mechanism in order to direct a rational choice of 
therapy may not prove practical in newly discovered 
hypertensions. Stepped-care therapy has proved 
very useful in this first approach; the situation 
might be different in patients whose blood pressure 
proves to be resistant to standard measures. The 
number of patients involved is smaller and their 
problems probably more severe. Moreover, there is 
also the need to establish whether the drugs used 
were achieving their purpose. By the time a truly re
sistant hypertension is being evaluated, the regimen 
should already contain drugs intended to combat 
most of the known hypertensive mechanisms [he
modynamic, volume, humoral (renin-angiotensin), 
and neurologic] plus some direct vasodilators. In
vestigations should aim at revealing which drug or 
drugs are failing to do what they are expected to do. 
In this context, it is important to differentiate 
whether a hypertension persisted because a drug 
failed to reduce renin activity, volume expansion, or 
a high peripheral resistance or despite effective con
trol of these mechanisms. 

Counteracting Mechanisms Evoked by 
Antihypertensive Therapy 

Of the many concepts that evolved from the exten
sive work in hypertension, few have proved as du
rable or productive as the mosaic theory of Page.s 

Hypertension is multifactorial not only in its devel
opment but also in its response to therapy. Each 
antihypertensive measure sparks a series of counter
actions that modify or thwart its effectiveness. In 
fact, use of three agents in combination-a diuretic, 
a sympathetic blocker, and a vasodilator in severe 
hypertension-is based on the observation that the 
hypotensive effect of any drug or group of drugs can
not be maintained unless one also controls the com
pensatory responses that they trigger. Virtually all 
antihypertensive agents induce these compensatory 
mechanisms which tend to restore arterial pressure 
to its high pretreatment levels. Diuretics given to re
duce extracellular fluid volume also stimulate the 

renin-angiotensin system, resulting in secondary al
dosteronism which tends to expand fluid volume by 
increasing the reabsorption of salt and water in the 
proximal tubules. All sympathetic inhibitors reduce 
vasoconstriction, but (with the exception of beta -ad
renergic blockers) they also promote sodium and 
water retention, which may reduce or nullify their 
hypotensive effect. Unless complemented by di
uretic therapy, the initial hypotensive response to 
neural blockade will be superseded by a gradual rise 
in blood pressure. Vasodilators lower blood pressure 
by reducing total peripheral resistance, but they also 
produce compensatory increases in cardiac output, 
heart rate, and blood volume that again tend to el
evate blood pressure. This complex intertwining of 
actions and counteractions is the basis of many cases 
of "false secondary resistance" to antihypertensive 
drugs-"false" in· opposition to a true developed 
drug resistance which apparently does not occur. 

Although the mechanisms of these responses to 
antihypertensive agents seem clear, the reasons why 
they should occur are not at all clear. First, they do 
not develop to the same extent in all patients; sec
ond and more importantly, the consequences of ar
terial pressure reduction by medication stand in 
sharp contrast with those produced by cure of a sec
ondary hypertension. Dustan et al. pointed out that 
when blood pressure and peripheral resistance fall 
following relief of renal arterial stenosis, no compen
sation apparently occurs to block the decrease of ar
terial pressure.2 Antihypertensive drugs evidently 
do not abolish the basic mechanism of a hyper
tension-and compensatory reactions develop to 
their hypotensive effect. It is very important to de
fine the mechanisms of these reactions because of 
their practical implications. On the basis of the drug 
used, one can expect, guard against, or purposefully 
correct unwanted responses. 

New Factors Developing during the Evolution of 
Hypertension 

Hypertension is not a static disease, nor is its ther
apy a short-term course of treatment. During its 
long evolution, secondary alterations can develop 
which may accentuate the rise in pressure or alter 
its responsiveness to therapy. Atherosclerotic nar
rowing of a renal artery, with resultant renovascular 
hypertension, can induce malignant transformation 
of a long-standing essential hypertension. Prolonged 
renin stimulation can promote adrenal hyperplasia 
with marked secondary aldosteronism that might 
conceivably become autonomous. Progressive loss of 
renal function and reduction of the glomerular fil
tration rate in patients with chronic hypertension 



may reduce the efficacy of thiazides and necessitate 
the use of loop diuretics to control pressure. 

It is important in such cases to recognize that, al
though the patient is still the same, hypertension is 
no longer the disease that was treated years ago-it 
has developed new mechanisms that sustain the el
evated arterial pressure and increase its resistance 
to therapy. Secondary hypertension of this type (Le., 
secondary to the complications of chronic hyperten
sion) should be strongly suspected in a patient who, 
after years of medication, suddenly becomes resis
tant to therapy. 

Drug Interactions 

Interactions of drugs are sometimes responsible for 
resistance to antihypertensive drug therapy. Since 
many hypertensive patients are also receiving med
ications for other systemic disorders, the risk of an
tagonistic drug interactions must always be consid
ered (Table 3). This applies particularly to patients 
under treatment for such common and often con
current diseases as arthritis, depression, obesity, 
emphysema, and thrombophlebitis. The effective
ness of furosemide, for example, can be reduced by 
indomethacin and by anticoagulants. It has also 
been recently noted that indomethacin may atten
uate the hypotensive effect of thiazides; more stud-
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ies are needed to determine whether inhibition of 
prostaglandin synthesis may interfere with the anti
hypertensive effects of all diuretics. The antihyper
tensive action of guanethidine, bethanidine, and 
probably methyldopa can be reversed by tricyclic 
antidepressants, amphetamines, methylphenidate, 
ephedrine, and the monamine oxidase inhibitors. 
The tricyclic antidepressants may also reduce the 
hypotensive effects of clonidine,ll and several re
ports have suggested that these psychotropic agents 
may be antagonists th' the potassium-sparing di
uretic, spironolactone. Isolated studies have also 
suggested that the addition of propranolol to meth
yldopa may sometimes produce a paradoxical hy
pertensive reaction. Such episodes, though not im
possible, have been rare in my experience, and many 
physicians have used this pharmacologic combina
tion successfully. There is, however, another poten
tial danger in a combination of propranolol with a 
centrally acting antihypertensive such as clonidine; 
persistent beta blockade in such cases may exagger
ate the rebound hypertension sometimes associated 
with the abrupt termination of clonidine therapy. 

More important, possibly because less suspect or 
easier to overlook, are antagonisms involving fre
quently used drugs. Thus ordinary doses of aspirin 
can block the diuretic effects of spironolactone. Oral 
contraceptives and estrogenic substances can pro
duce hypertension de novo or exacerbate preexisting 
hypertension and sometimes make it resistant to 

Table 3. Interactions that Can Blunt or Abolish the Effectiveness of Antihypertensive Drugs 

Antihypertensive Drug 

1. Diuretics 
a. As a class 
b. Specific drugs 

(1) Thiazides 
(2) Furosemide 

(3) Spironolactone 
2. Neural blockers 

a. Guanethidine 

b. Methyldopa and clonidine 

3. Converting enzyme inhibitor 
a. Captopril 

'Based mainly on animal studies. 

Effectiveness Blunted By 

Excessive salt intake 

Indomethacin 
Indomethacin 
Oral anticoagulants 
Salicylates 

Tricyclic antidepressants 
Amphetamines, methylphenidate, and ephedrine 
MAO inhibitors 
Chlorpromazine 
Tricyclic antidepressants' 
Propranololt 

Indomethacin 
(?) Aspirin 

tThe action of propranolol is different in this context for methyldopa and clonidine. As regards the latter, it is not 
a direct antagonism but rather an exaggeration of the rebound hypertension that can follow sudden withdrawal of 
clonidine. As regards methyldopa, a paroxysmal rise of blood pressure was reported following intravenous propran
olol in patients taking methyldopa. 
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therapy. To rule out potential interactions, a com
plete inventory of all drugs taken by the patient
including nonprescription items-is essential. At
tention to so-called minor or household medications 
is especially important because some of them can 
significantly alter the effectiveness of antihyperten
sive agents. Orally administered nasal deconges
tants contain indirect sympathomimetic amines 
(ephedrine, pseudoephedrine, phenylpropanolam
ine) that can increase arterial pressure in patients 
taking guanethidine, reserpine, or methyldopa. Al
though this interference is usually mild, the effect of 
their interaction with a sympathetic blocker may be 
sufficiently marked to confuse the course of 
treatment. 

Management 

Adequate management begins by a thorough clinical 
review of the patient's history and clinical status. 
Diagnosis in resistant hypertension cannot be a snap 
judgment; to establish one apparent cause of resis
tance to therapy does not rule out the possible par
ticipation of other less evident factors. Treatment 
begins by establishing clear, sympathetic, and de
pendable lines of communication with the patient. 
A careful review of the clinical history, dietary hab
its, and all pills or medications taken by the patient 

Table 4. Clinical and Laboratory Clues to Medication 
Adherence 

Clinical clues suggesting nonadherence 
Repeated missed appointments 
Poor recall of medications and dosage schedule 
Forgetting to bring medication bottles to the office 
Neglecting to refill prescriptions regularly 
Inadequate pill counts 

Laboratory clues suggesting adherence 
Diuretics (thiazide and loop agents) 

Fall in baseline serum potassium concentration 
Rise in baseline serum uric acid concentration 

Sympathetic inhibitors 
Reduction in resting heart rate (75 bpm) 
Blunting of normal increase in heart rate with 

upright posture and exercise 
Guanethidine: Orthostatic fall in blood pressure 
Methyldopa: False elevations of urinary 

catecholamines when measured by the fluorescent 
technique * 

*Normal concentrations suggest that methyldopa has not been 
taken for the previous 48-72 h. 
From Wollam GL, and Hall WD (1980) Resistant hypertension. In: 
Ferandes M (ed) Evolving Concepts in Hypertension, Biomedical 
Information, New York, pp 32-44. 

is essential, as is an assessment of the patient's un
derstanding of the disease and of the goals of 
therapy. 

Once the physician has established that the regi
men is adequate (Table 1)4 and the patient is com
pliant (Table 4) and not consuming huge quantities 
of salt, that a curable cause has not been overlooked 
and drug interactions are not a factor (Table 3), and 
that the high readings are not just an office phenom
enon' then a diagnosis of truly resistant hyperten
sion is tenable (Table 2).9 

The first steps in management usually consist of 
(1) adjusting diuretic therapy and (2) reexamining 
the drug schedule used. For the first, attention to 
dietary sodium may be as important as altering di
uretic therapy; accurate estimates of sodium intake 
can be derived from 24-h urinary sodium excretion. 
If consistently high, dietary sodium chloride should 
be reduced to 2 g daily. 

There is little additional benefit from increasing 
the dose of thiazide or related diuretics above the 
levels given in Table 1. If serum creatinine is ele
vated, furosemide should be substituted for the 
thiazide-type diuretic, and large doses may be re
quired (up to 1 g daily). If serum creatinine is nor
mal, the addition of spironolactone to the "thiazide" 
could be considered, but this step alone is unlikely 
to make resistant hypertension responsive. More po
tent in our experience is the addition of furosemide 
(80 to 120 mg/day) to the thiazide diuretic; this com
bination can lead to marked natriuresis and restore 
pressure control; because of its potency it should be 
used cautiously, i.e., only under adequate supervi
sion and usually for not more than a few days at a 
time. 

Basis for Readjustment of Therapy 

Faced with a patient with none of the causes of 
pseudoresistance and following adjustment of gross 
errors in salt intake or diuretic therapy, readjust
ment of therapy should be undertaken, if necessary, 
on a rational basis. This includes both personal ex
perience and objective evaluation of the pharmaco
logic and pathophysiologic features of each case. 
This need for a wisely balanced combination of art 
and science is the basis for any good practice of med
icine. Thus, reexamination of the drug regimen 
should include an evaluation of the dosage pre
scribed, since patients labeled as resistant to a par
ticular drug are not infrequently found to have been 
given only small doses of the drug. 

A decision to increase a dose is usually based on 
personal experience; it is particularly indicated if 
one suspects problems with gastrointestinal absorp-



tion or rapid drug metabolism or wishes to use fully 
the dose-response characteristics of a drug. With 
some drugs, like propranolol, increasing dosage may 
recruit other mechanisms of action; Zacharias and 
associates have used doses of propranolol of as much 
as 1 g or more daily with surprisingly few additional 
side effects.12 Methyldopa can be increased to 3 g 
daily, but beyond this there is little or no further ef
fect on blood pressure, and side effects are usually 
prohibitive. 

Increasing the dose of hydralazine above 300 mg 
daily may enhance blood pressure control but at the 
risk of the lupus erythematosus syndrome. Never
theless, this could be an acceptable risk if a severe 
hypertension is thereby controlled; doses of hydral
azine up to 1 g daily were not unusual in the past. 
Guanethidine has almost an infinite dose-response 
curve so that there is no theoretical upper limit to 
its dose, although side effects usually preclude doses 
of more than 150 mg daily. However, in some pa
tients with severe or resistant hypertension, doses as 
high as 400 mg daily have been used. 

This personal approach to dosage adjustments 
should be balanced by some investigations to deter
mine objectively the pathophysiologic characteris
tics of that particular hypertension and the degree 
to which they were influenced by the current ther
apy. This again raises the question of the practical 
value of laboratory investigations in hypertension; 
I believe they are very important in guiding therapy 
of resistant hypertension. Their cost and inconve
nience are outweighed by the benefits of a rational 
choice and of a well-planned follow-up adjusted to 
the needs of a complex situation. Since this indica
tion concerns a relatively small population, the over
all costs and logistics of the problem are of a much 
smaller and more manageable magnitude than in 
the case of all newly discovered hypertensives. 

The tests are planned to evaluate the four main 
pressor mechanisms that could be responsible alone 
or in combination for persistent hypertension. Al
though it is often assumed that these specialized 
tests require hospitalization, it is possible, with 
proper organization, to have them performed during 
a single visit to an outpatient department. Thus, the 
patient is asked to bring in the morning a 24-h urine 
collection; this is used to determine the daily excre
tion rate of sodium, potassium, creatinine, and me
tanephrines as well as of aldosterone. Meanwhile, 
the patient, who came fasting, is asked to lie down 
quietly; after a half-hour rest, blood samples are ob
tained through an intravenous needle which had 
been inserted much earlier, for determinations of 
plasma renin and catecholamines as well as aldoste
rone if needed. Blood volume is then measured, and 
cardiac output and ejection fraction can be deter-
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mined by one of the minimally invasive techniques 
which are now available. Following this, the patient 
undergoes a head-up tilt or is asked to move about 
to determine the effects of posture or exercise on 
blood pressure, heart rate, and plasma renin and 
catecholamines. The whole study can be completed 
around noon. 

This approach allows an overall simultaneous as
sessment of the cardiac, renal, and humoral status 
of the patient as well as some index of the patient's 
neurogenic response to stress. Some investigators 
prefer to evaluate the role of different mechanisms 
functionally rather than biochemically by determin
ing the effect of specific pharmacologic blockade 
rather than blood levels of neurohumoral factors. 
Thus, they would rely on the blood pressure re
sponse to some specific angiotensin antagonist like 
saralasin in place of measuring plasma renin activ
ity; similarly, the blood pressure response to a gan
glion blocker or to alpha-adrenergic and beta-adren
ergic blockers (singly or in combination) may give an 
index of neurogenic participation in maintenance of 
arterial pressure. As expected, a significant correla
tion has been found between the level of circulating 
catecholamines and blood pressure response to 
neural blockers, as well as between plasma renin ac
tivity (PRA) and response to angiotensin antago
nists. An important caveat in this context is the fact 
that acute responses to drugs may not always pre
dict their long-term~effects. 

From the results of different tests, a pathophys
iologic profile is established; the mechanisms appar
ently responsible for maintaining an elevated pres
sure despite treatment are identified, allowing a 
rational adjustment of therapy. Interpretations of 
hemodynamic or of renin estimates, however, rarely 
allow an "either-or" conclusion, because hyperten
sion is a multifactorial process both in its develop
ment or maintenance and in its response to therapy. 
Thus in some cases of high-renin essential hyperten
sion, the elevated renin activity can be the result of 
increased sympathetic nervous activity rather than 
the primary cause for the high blood pressure. Thus, 
the final decision is based both on the data gathered 
and on the physician's personal experience, and is 
rechecked at intervals depending on the patient's 
response. The number of variables involved pre
cludes any dogmatic algorithm or "cookbook" for
mula; treatment of a resistant hypertension should 
nowadays not be based on "trial and error" of any 
available drug. Rather it consists of a wise adapta
tion of pharmacologic measures to pathophysiologic 
findings. In that therapeutic plan, a particularly im
portant feature is patience. Frequent changes in 
medications (except for emergencies) are often 
counterproductive; any change must be carried out 
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in a deliberate manner-changing one therapeutic 
element at a time and allowing time for the new ele
ment to take effect. If two or three drugs are 
changed simultaneously, side effects are likely to de
velop; the physician becomes overly involved in the 
complaints of the patient; and before long the track 
is much too confused to follow. 

In some instances, cases are encountered that defy 
most available drugs. For those particular situa
tions, one can turn to newer drugs, to intensive par
enteral therapy or, in near desperation, to surgical 
measures. 

Recently developed drugs 
Of new developments, two are, in our opinion, par
ticularly effective-a direct vasodilator, minoxidil, 
and oral converting enzyme inhibitors. Monoxidil is 
one of the most potent agents for resistant hyper
tension; most investigators have found it effective 
after all other agents have failed.s It must be given 
in association with a beta blocker or neural depres
sant to avoid tachycardia and with a diuretic to pre
vent fluid retention. This combination could go a 
long way toward eliminating resistant hypertension 
were it not for some occasional unacceptable side ef
fects. Beta blockade is usually successful in blocking 
reflex tachycardia, but the potent fluid-retaining 
properties of minoxidil are barely controlled by di
uretics in high doses. It also causes rather marked 
hirsutism, which is highly objectionable to many 
women and children (see Chaps. 32 and 33). The use 
of minoxidil in resistant hypertension is one of the 
best illustrations of the need to evaluate objectively 
the balance of action in the combination of drugs 
used. Ineffective or insufficient beta blockade will 
result in increased cardiac output with suboptimal 
blood pressure control and even hyperkinetic pul
monary hypertension. On the other hand, excessive 
fluid accumulation, possibly with the added effect of 
marked adrenergic suppression, may result in a con
gested circulation and even cardiac decompensation. 

Inhibitors of dipeptidase-the enzyme that con
verts angiotensin I to angiotensin II-have been re
cently introduced. The first, captopril, has been 
used for over 3 years with remarkable effectiveness. 
The second, MK-421, is just being tried; it lacks the 
undesirable sulfhydril radical of captopril, but its 
effectiveness and side effects have not yet been as 
thoroughly tested. 

Converting enzyme inhibitors have been effective 
in controlling most forms of clinical and experimen
tal hypertension with the exception of primary al
dosteronism and other mineralocorticoid types. The 
exact mechanism(s) by which hypertension is re
duced are still unclear; Laragh has made a strong 
case for its dependency on interference with the 

Table 5. Long-Term Captopril Therapy in 
Hypertension 

Hypertension 

Type-N Total 

RAD-13 EH-31 44 

Results n % n % n % 

Good BP response: 
1. Drug alone 2 15 6 19 8 15 
2. With diuretics 10 77 19 61 29 66 
3. Totals 12 92 25 81 35 80 
Maintained on R. * 9 69 20 65 29 66 

'Treatment stopped because of side effects in six and non-drug
related causes in two. 

renin-angiotensin system.5 Indeed, the early re
sponse to captopril was clearly shown to depend on 
pretreatment levels of plasma renin activity; how
ever, its long-term therapeutic effects did not dem
onstrate that relation. Captopril was found in many 
centers to be effective in both low- and high-renin 
types of hypertension. Its effectiveness is markedly 
enhanced by concomitant diuretic therapy; in our 
experience about 50% of patients will need com
bined therapy for optimal blood pressure control. 
Table 5 summarizes our findings over more than 3 
years of studies. 

Captopril appears to be effective in both essential 
and renovascular hypertension. It lowers blood pres
sure by reducing total peripheral resistance without 
significant changes in cardiac output, heart rate, or 
plasma volume. This is an unusual pattern that has 
not yet been fully explained; the lack of volume ex
pansion might be related to control of secondary al
dosteronism. Experience at the Cleveland Clinic 
showed that the initial reduction of high plasma al
dosterone levels by captopril was maintained during 
long-term treatment; indeed, asymptomatic hypoal
dosteronism was found in 8 of 31 patients. Hyper
kalemia was not encountered, possibly because no 
potassium supplements or potassium-sparing di
uretics were usually given with captopril. The ab
sence of tachycardia suggested a possible interfer
ence with baroceptor mechanisms; this has yet to be 
clearly demonstrated. Whether used alone or with 
sodium deprivation or diuretics, captopril did not 
lead to significant orthostatic hypotension lO• 

Still not fully clarified are the clinical dose re
sponse characteristics of captopril or its relationship 
to alterations of plasma converting enzyme levels. 
The doses used presently (25-100 mg t. i. d. to q. i. 
d.) are much lower than initial recommendations 
(up to 1.0 g/day). Also not fully explained is the 



mechanism of reduced responsiveness in some cases 
to long-term captopril treatment, a late resistance 
that is not associated with volume expansion yet 
often responsive to added diuretics. Side effects re
ported to date include fever, rash, loss of taste and, 
more ominously, agranulocytosis and proteinuria. 
The latter has been related to a membranous glo
merulonephritis which might or might not be re
versible. The relation of those side effects to the 
chemical structure and SH group of captopril (re
markably similar to penicillamine) are under in
tense study. 

Finnerty and co-workers have shown that resis
tant hypertension can be made responsive to oral 
regimens if arterial pressure is kept at nearly normal 
levels for 7 to 10 days by parenteral therapy with 
agents such as diazoxide.3 They recommended re
peating doses of diazoxide whenever the blood pres
sure rises above 170/110 mm Hg and postulated that 
this brings a "resetting of the barostats." Whatever 
the exact mechanism, it is worth a trial when every
thing else has failed. Sodium nitroprusside would 
probably be just as effective, but its prolonged ad
ministration is more cumbersome. 

Surgical treatment 
One last resort for management of resistant hyper
tension is bilateral lumbodorsal sympathectomy, 
which is not a very satisfactory solution.. The exten
sive bilateral lumbodorsal sympathectomy of 
Smithwick is a two-stage procedure accompanied by 
much morbidity. Unfortunately it is not often help
ful for the patient who has truly drug-resistant hy
pertension. It is more frequently beneficial when 
failure to control hypertension is due to poor com
pliance or side effects from drugs and not due to 
drug resistance. However, the side effects of the op
eration are usually worse and more permanent than 
the side effects of drugs. 

The one-stage subdiaphragmatic splanchnicec
tomy of Adson is a less formidable procedure with 
little morbidity. It is sometimes helpful in making 
hypertension easier to control with less medication; 
but this partial success is unlikely if the blood pres
sure has been totally resistant to large doses of ap
propriate drugs. The technical problems and mor
bidity associated with the carotid sinus nerve 
stimulator have markedly dampened the original 
enthusiasm for this form of treatment. Most pa
tients in our experience have not obtained long-term 
relief from this modality. 
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Patients with end-stage renal failure sometimes 
present a high-renin, severe hypertension that can
not be controlled (or is made worse) by dialysis. Bi
lateral nephrectomy has been advised for this type 
of resistant hypertension, but the advent of minox
idil, and possibly of captopril, has replaced this rad
ical approach (see Chap. 35). 
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Introduction 

Dialysis is a well accepted mode of therapy for end
stage renal disease. Years of experience and research 
have been rewarded with the development of var
ious artificial kidneys and extracorporeal tech
niques. At one time a therapy rendered to a select 
few, dialysis is now offered to a large population of 
patients. This growth reflects not only an ameliora
tion in techniques but also a rather impressive im
provement in the I-year survival statistics. In 1964, 
the I-year survival rate was 50 %; in 1979, despite a 
current higher mean age and the presence of sys
temic disease in 10% of the dialysis population, the 
I-year survival rose to 86 %. With improved survival 
and a growing population of patients came some 
new problems. The leading cause of death among 
dialysis patients now is cardiovascular in origin, 
with cerebrovascular accidents and myocardial in
farction being the most frequent. 

Several factors are known to contribute to this 
condition. There is ample evidence of rapidly ad·· 
vancing atherosclerosis in the dialytic population. In 
the nonuremic population such risk factors as ciga
rette smoking, lipid abnormalities, and hyperten
sion were shown to be major factors in cardiovascu
lar catastrophes. It would seem reasonable that 
these same risk factors would apply to the dialysis 
population. Some correlation between the underly
ing renal disease that brought the patient to end
stage and subsequent cardiovascular disease has 
been shown. Likewise, among the risk factors for the 
hemodialysis population hypertension has been 
found to playa major role. 

Pathophysiology 

Classically, one may divide hypertensive patients 
with end-stage renal disease into those with sodium
volume-dependent hypertension and those with 
renin-dependent hypertension. As in many classifi
cations, this is perhaps an over-simplification. There 
are patients with a hypertension that is both vol
ume- and renin-dependent; further, the sympathetic 
nervous system has also been shown to playa central 
role, as we will see later. Moreover, the anephric 
population may differ substantially in the charac
teristics of its hypertension from patients with kid
neys. Unresponsive to certain therapeutic attempts 
at blood pressure control prior to nephrectomy, the 
same patient may become highly responsive after 
nephrectomy. In order to render appropriate ther
apy, one must first understand the underlying 
pathophysiology that plays a role in the hyperten
sion of dialysis. 

Sodium-Volume-Dependent Hypertension 

Of the total dialysis population, 80% will be hyper
tensive when starting dialysis. This is defined by a 
diastolic blood pressure greater than 90 mm Hg or 
a systolic blood pressure greater than 160 mm Hg. 
Of this population, some 70% will be easily con
trolled by sodium restriction, and volume control 
and sodium removal during dialysis. This group is 
generally known as the sodium-volume-dependent 
hypertensive. 

Vertes et at' showed a good correlation between 



approach to dry weight and blood pressure control. 
Dry weight is defined as that weight below which a 
normal albuminemic patient on dialysis will become 
hypotensive with fluid removal and above which this 
same patient will either be hypertensive or show 
subtle signs of fluid expansion. As weight is reduced 
by fluid removal, blood pressure drops gradually, fi
nally approaching normal some 6 to 8 weeks after 
start of dialytic therapy. Exchangeable sodium has 
also been shown to playa significant role in control 
of this form of hypertension. Thus, the central role 
of dialysis therapy and sodium restriction in blood 
pressure control has repeatedly been demonstrated. 
Wilkinson et aI., however, found no significant cor
relation between exchangeable sodium and diastolic 
blood pressure in 45 unselected dialysis patients.2 

His study reviewed 14 patients who, despite low ex
changeable sodium level, were still maintaining di
astolic pressures above 100 mm Hg. 

Severa studies have attempted to explain the he
modynamic basis for this blood pressure response to 
volume expansion in chronic uremia. One theory, 
that of autoregulation, is perhaps the most quoted. 
Coleman and Guyton found in three anephric pa
tients that increases in sodium and water led first to 
increased cardiac output resulting in higher blood 
pressure.s With time, however, total peripheral re
sistance rose as the cardiac output returned toward 
normal, while arterial pressure remained elevated. 
With return to normal hydration, the total periph
eral resistance fell, preceded by a drop in cardiac 
output to below control values. They postulated tis
sue autoregulation as the underlying physiologic 
event and increases in cardiac output as the prime 
mover in the establishment of blood pressure ele
vations. Their conclusions were challenged by 
Onesti and co-workers who found no evidence for 
"autoregulation" in some anephric patients.1 

The pattern of response to volume expansion can, 
however, be significantly modified by the presence 
or absence of the kidneys. Patients who are not re
sponsive to volume depletion before nephrectomy 
often become volume-dependent hypertensives 
after the kidneys are removed. Moreover, Onesti re
ported that the blood pressure response to volume 
depletion following nephrectomy depended on the 
patient's previous history.1 Studying a much larger 
group of patients, Kim et al. compared 75 uremics 
(52 hypertensive and 23 normotensive) with 45 nor
mal controls.13 The hypertensive uremics had· a 
higher cardiac index than normal controls but did 
not differ significantly from them in level of total pe
ripheral resistance. However, when hypertensive 
uremics were compared to uremic normotensives, 
total peripheral resistance was significantly higher 
in the hypertensives without a significant difference 
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in heart rate, stroke index, or cardiac index. This, 
therefore, implied a primary role for peripheral re
sistance in uremic hypertension. 

Total peripheral resistance was also implicated in 
a study by Neff and associates.14 They first studied 
the hemodynamic state of 40 stable uremics; they 
confirmed the presence of a high cardiac output 
among uremics but also found a significantly higher 
total peripheral resistance in hypertensive uremics 
(compared to normotensive uremics). To investigate 
the role of the elevated cardiac output, six hyperten
sive patients were transfused to a hematocrit of 40% 
over a 6- to 12-week period. Despite normalization 
of their cardiac output, the patients' blood pressures 
increased. Cardiac output, therefore, played only a 
minor role in maintaining hypertension in these 
uremic patients. In these studies, however, no clear
cut distinction was reported in the volume status of 
the patients studied. Both types of hypertension, 
volume- and renin-dependent, were evaluated, thus 
leaving unclear the role of volume changes alone. 

Nowhere are volume changes more constantly or 
rapidly accompanied by blood pressure changes 
than in the anephric population. Although increased 
sympathetic activity, as assessed by plasma cate
cholamine levels, norepinephrine concentration, and 
dopamine beta-hydroxylase activity, has been re
ported to play some role in renoprival hypertension, 
alterations in blood and extracellular fluid volume 
seem to be the major factor. Those who were hyper
tensive prior to nephrectomy also became hyperten
sive when volume expanded after nephrectomy, 
whereas those who were normotensive before sur
gery failed to elevate their blood pressure with so
dium and volume loading after nephrectomy. Our 
own studies, however, have identified a small group 
of anephric patients who, although hypertensive 
prior to nephrectomy, failed to develop hyperten
sion postoperatively despite levels of volume and so
dium overexpansion that led to edema and even 
congestive heart failure. The explanation of that 
phenomenon is not yet clear; however, prior struc
tural changes cannot be the entire explanation of 
Onesti's results. 

In general, the uremic who approaches dialysis 
has an expanded extracellular fluid; in most pa
tients, this will be translated into increased arterial 
pressure. Once dialytic therapy is begun, an attempt 
should be made to bring the patient down to his or 
her dry weight. This transition from volume expan
sion to dry weight may take several months and 
should not be attacked overzealously. Rapid re
moval of fluid may end by depleting intravascular 
volume faster than it can be refilled from the extra
vascular compartments. This will result in hypoten
sive episodes during dialysis, leading to an erro-
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neously high estimate of dry weight. Once 
normovolemia is obtained, if the patient is volume
dependent, the blood pressure should be well con
trolled. With normal dietary salt and fluid intake 
during the interdialytic period, the patient's blood 
pressure will gradually rise to high levels predialysis. 
With adequate fluid removal and sodium balance 
during dialysis, these elevated blood pressures will 
be returned to normal. 

Renin-Dependent Hypertension6.9 

Some 15 % to 20 % of the hypertensive dialytic pop
ulation will need drug therapy along with sodium 
and volume control for normalization of blood pres
sure. This population generally has a higher periph
eral renin activity than does the volume-dependent 
hypertensive. Despite vigorous sodium and volume 
removal, blood pressure may actually be increased 
along with plasma renin and angiotensin II levels 
during dialysis. 

The exact relationship between renin and blood 
pressure is a controversial topic even today. Wilk
inson et al., in a very precise and well-designed 
study, found a close correlation of plasma renin ac
tivity with diastolic and systolic blood pressures, as 
well as a significant difference in plasma sodium lev
els between hypertensive and nonhypertensive pa
tients on dialysis.2 It is generally agreed that the 
higher plasma renin levels are indeed associated 
with higher blood pressures, but the argument is 
still unresolved as regards patients with normal or 
slightly elevated renin levels. It is argued that renin 
is inappropriately high for the state of sodium bal
ance or hydration. Weidman et al. found the same 
expected inverse relationship between renin and so
dium state in hemodialysis patients as among nor
mal subjects, but renin was consistently higher rel
ative to the state of hydration in the hypertensive 
than in normotensive patients.3 This was inter
preted to mean that the higher blood pressures were 
in part related to an imbalance of the renin-vol
ume relation. 

Adding to the difficulty in interpretation of re
sults is the question of changes in pressure mecha
nisms during dialysis. It is theorized that, as the pa
tient loses intravascular volume, he or she shifts 
from a volume- to a renin-dependent state for blood 
pressure maintenance. Renin production seems to 
be higher in the volume-contracted patient on dial
ysis and lower in the patient with less weight reduc
tion though there are studies, too, that found no re
lationship of blood pressure and body weight 
changes to alterations in peripheral plasma renin ac
tivity. 

Weidman et al. reported that peripheral plasma 
renin activity could help select those dialysis pa
tients who would best respond to nephrectomy.3 
Three groups of patients were described: those who 
were normotensive, those who were hypertensive 
but controlled by volume and sodium balance, and 
those who were uncontrolled by these techniques. 
The peripheral renin activity was significantly lower 
in the volume-responsive or nonhypertensive group 
than in the uncontrolled group. These latter pa
tients were found to have a higher diastolic blood 
pressure as compared to volume-responsive hyper
tensives; their total peripheral resistance was also 
higher and their stroke index lower. The conclusion, 
therefore, was that in these patients the renin-an
giotensin system was a primary cause of significant 
vasoconstriction. 

If the renin-angiotensin system does in fact play 
a role in a proportion of dialysis hypertension, then 
those patients showing renin dependency would also 
show a hypotensive response to angiotensin II an
tagonism. Lifschidtz et al. found, indeed, the re
sponse of 15 hemodialysis patients to saralasin in
fusion could be subdivided into two groups;I5 one 
had a marked drop of systolic (greater than 20 mm 
Hg) and diastolic pressure (greater than 10 mm Hg) 
characterized by a higher peripheral plasma renin 
activity (PRA) with a further significant increase 
after saralasin infusion, and a second had no appre
ciable change in blood pressure during saralasin in
fusion and a lower PRA which did not respond to 
the antagonist. Again, however, patient volume sta
tus was not described. Earlier studies could not 
relate blood pressures to blood volume or plasma 
angiotensin II concentrations. Saralasin res
ponsiveness was just as dependent on sulfate space 
as on the preinfusion renin activity or angiotensin II 
concentration. 

Mimran et al. demonstrated an active role of an
giotensin II in hemodialysis hypertension and found 
a correlation not only with plasma renin and plasma 
aldosterone activity but also with the response to 
saralasin infusion. I6 They concluded that saralasin 
nonresponders should be subjected to vigorous ul
trafiltration for blood pressure control while those 
that did respond showed the central role of the 
renin -angiotensin system in their hypertension. 

Hypertension with Other Etiologies 

The role of secondary hypertension should not be 
overlooked in the dialysis population. Such disease 
states as hyperthyroidism, pheochromocytoma, and 
coarctation of the aorta can coexist with renal dis
ease. An increasing amount of evidence showing an 



active role of the sympathetic nervous sytem and 
hypertensive disease has been reported. 

Baroreceptor activity abnormalities have been 
noted in the uremic population, believed to be sec
ondary to autonomic nervous system dysfunction.4 

There is evidence implicating a "reset" baroreceptor 
activity in the hypertensive patient which reverts to 
normal following nephrectomy. Plasma catechol
amine activity, serum norepinephrine, and dopa
mine beta-hydroxylase activity have been used to 
assess sympathetic nervous system function, and 
conflicting results have been obtained. The role of 
the autonomic nervous system, therefore, in the hy
pertensive dialysis patient is still uncertain. 

Prostaglandins have also been investigated as a 
possible factor in hypertension either through a di
rect effect on vessel contractility or via their ability 
to stimulate renin and thus angiotensin production. 
Finally, atherosclerosis per se and its consequent 
systolic hypertension can also be seen and is proba
bly more frequent at any age group when comparing 
dialysis patients to non uremic patients. The higher 
frequency of advanced atherosclerosis makes this 
later etiology a real factor in an already compro
mised patient population. 

One can, therefore, conclude that hypertension in 
the dialytic population, although classically divided 
into renin-dependent and volume-dependent states, 
may in fact have a multifactorial basis. It is the phy
sician's role to attempt to arrive at a logical basis for 
blood pressure elevation in any specific patient and 
then to treat the patient accordingly. 

Treatment 

Sodium and Volume Restriction 

Virtually all patients approaching end-stage renal 
disease will be in need of some sort of dietary re
strictions. Perhaps the most frequent is the sodium 
and volume restriction placed on these patients. As
sessing the true need for these restrictions requires 
that patients be studied under two circumstances; 
first, after a high sodium intake for 24 to 48 h to de
termine the maximum sodium and volume excreted 
by the kidneys; then following a 48-h sodium-defi
cient diet when a 24-h urine collection will give the 
obligatory renal sodium and volume loss. 

These determinations will allow accurate estimate 
of their dietary sodium and fluid allowance which 
should be set within this range. In general, however, 
barring the obligatory sodium waster, end-stage 
renal disease patients on dialysis need to be re
stricted to a 2-g sodium diet and an 800- to 1200-ml 
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daily fluid intake. This will allow for a 0.5- to l.O-kg/ 
day weight gain during the interdialytic period and 
lead to stable dialysis runs. 

This strict dietary regimen is unfortunately not 
followed by a significant portion of any dialytic pop
ulation. Excessive thirst from secondary disease 
states such as hyperparathyroidism or underlying 
pathologic conditions such as the hyperglycemia of 
diabetes make fluid control difficult. Psychological 
denial of their renal disease and consequent dietary 
indiscretion play a role in noncompliance. One, 
therefore, loses the therapeutic benefit of dietary re
strictions for blood pressure control. 

Extracorporeal Techniques 

If dietary compliance is a problem, one must adjust 
the dialytic procedure to accomplish fluid and so
dium removal. This will maintain the patient at his 
or her dry weight and thus control the volume-de
pendent hypertension. Generally accomplished by 
ultrafiltration techniques, these measures may take 
several forms, as noted below. 

Ultrafiltration/ dialysis 
The most frequent method, ultrafiltration during 
dialysis, is accomplished by either osmotic gradients 
as in peritoneal dialysis or hydrostatic pressure dif
ference as in hemodialysis. With these gradients 
being applied to whatever membrane (peritoneal or 
artificial) being used, one can accomplish fluid re
moval along with diffusion dialysis treatment. Once 
dry weight is established, these techniques can then 
be altered so as to remove only the amount gained 
by the patient during the preceding interdialytic pe
riod. This will be effective in the vast majority of 
patients on dialysis for control of fluid and conse
quent volume-dependent hypertension. 

Isolated ultrafiltration and sequential dialysis 
There is a population of hemodialysis patients who, 
despite expanded volume and increased sodium, will 
still become hypotensive during attempts at fluid re
moval by dialysis. The volume-dependent hyperten
sive who resists standard ultrafiltration techniques 
will need to be subjected to isolated ultrafiltration 
for fluid removal followed by diffusion dialysis with 
no ultrafiltration. This technique leads to a remark
able hemodynamic stability which is generally as
cribed to lack of important osmolar changes during 
dialysis. In our experience the hemodynamic effects 
of this procedure are characterized by venoconstric
tion in response to fluid loss instead of the venodi
lation often associated with regular hemodialysis. 
The result is a stable cardiopulmonary volume and 
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hence a constant cardiac output which avoids the 
hypotension of dialysis and allows effective volume 
removal.5 

Hemofiltration and other methods 
Some patients have been resistant to the above tech
niques but have been responsive to a new technique 
of dialytic therapy known as hemofiltration. In ef
fect a total body water exchange, this carries ultra
filtration to its limit by removal of large amounts of 
body fluid and replacement of it by a smaller 
amount of fluid either in a pre- or postdilutional 
mode. Thus, blood pressure has been controlled in 
several patients who were previously thought to be 
dialysis-resistant hypertensive. Whether these pa
tients were in fact volume-expanded and had their 
blood pressure controlled by this technique of fluid 
removal or whether this technique altered hormonal 
responses to some extent is not known. 

A newer technique that we are currently studying 
is that of slow, continuous ultrafiltration/hemofil
tration with removal of large volumes of fluid in a 
continuous manner and replacement both parenter
ally and orally. One avoids the need for volume re
striction and effects a more stable physiologic 
method of fluid removal. Once this technique can be 
applied to the ambulatory population, the volume
expanded state and subsequent volume-dependent 
hypertension will become a rare occurrence. 

Medications 

As in the therapy of most hypertensive diseases, the 
first step to pressure reduction is always fluid and 
salt control. The dialysis population is no exception 
to this rule. If these measures are not effective, the 
next step is the addition of drug therapy. Identifi
cation of the dominant pressure mechanism may 
help in the choice of treatment. If renin dependency 
plays a major role, then drugs aimed at reduction of 
renin release or at interference with the production 
or action of angiotensin II should be used. These in
clude propranolol, converting enzyme inhibitors 
(CEI) and, to some extent, methyldopa. If, however, 
there is evidence of sympathetic overactivity, then 
methyldopa or clonidine or both may prove more 
advantageous. If a reduction in vascular tone is the 
major aim, then directly vasoactive medications 
such as hydralazine, prazosin, or minoxidil would be 
the drugs of choice. It is usually necessary, however, 
to combine these medications to obtain blood pres
sure control with smaller doses which reduce the 
side effects of each agent used alone. 

Drugs interfering with renin-angiotensin system 
Propranolol is a beta-adrenergic blocking agent with 
multiple effects on the cardiovascular system, on 
renin release, and on central autonomic activity. 
Blood pressure control with this drug is probably 
multifactorial and not dependent on renin suppres
sion alone. In our opinion, blood pressure reduction 
can be achieved by propranolol alone in a majority 
of dialysis patients. It was not found to reduce reti
culocyte index, hematocrit, and red blood cell mass 
in uremic patients, despite experimental evidence 
that it might have an adverse effect on erythropoi
esis in rabbits. However, it was particularly effective 
in a moderate dosage range (240 mg/day) for control 
of blood pressure in renin-dependent hypertensive 
patients. 

Because propranolol metabolism is almost en
tirely via the liver and its excretion via the bile, no 
dosage adjustment need be made for patients on di
alysis. Limiting factors for its use are no different in 
this population than in the non uremic hypertensive. 
Bronchospasm in the patient with obstructive lung 
disease; precipitation of congestive heart failure sec
ondary to negative inotropic and chronotropic ef
fects; worsening of hyperglycemia or, on the con
trary, a masking of hypoglycemic symptoms in the 
diabetic population; and worsening of peripheral ar
terial insufficiency and precipitation of nightmares 
are the major clinically important side effects of this 
drug. Dosage should be given on a twice per day reg
imen, usually from 40 to 320 mg daily. The use of 
megadoses (1-2 g/day) has been reported in the Eu
ropean literature but probably is not necessary. If 
dosage exceeds 600 mg/day, one should consider 
supplemental therapy with other drugs. 

Two other areas of attack might be logically con
sidered in renin-dependent hypertensives: blockade 
of angiotensin II by specific antagonists or inhibi
tion of its production. lO The first approach is used 
presently more as a diagnostic and prognostic test 
than as actual therapy. Saralasin (1-sar-8-ala-angio
tensin II) is a competitive antagonist of angiotensin 
II; its hypotensive effect may be used as an index of 
the role of angiotensin in any particular hyperten
sive state. The recommendation has been made, 
therefore, to select those patients who would benefit 
from nephrectomy and/or therapy with CEI. How
ever, recent studies have shown that hypertensive 
patients whose blood pressure was not lowered by 
angiotensin antagonists could still respond to CEl.ll 
Hence a trial of captopril or other converting en
zyme inhibitors should not be denied on the basis of 
a negative saralasin response. 

Converting enzyme inhibitors are presently under 
clinical trials in several hypertensive conditions. 



These are supposed to reduce circulating angioten
sin II by inhibiting the enzyme necessary for con
version of angiotensin I to angiotensin II; the two 
available drugs are effective when given orally and 
thus would seem particularly suited for renin-de
pendent hypertension in patients on dialysis. 
Whether captopril acts only by reducing circulating 
angiotensin II is actively debated; conflicting reports 
have appeared regarding its effect in anephric pa
tients or animals. Whatever the ultimate mechanism 
of its antihypertensive effect, this is markedly po
tentiated by fluid removal during dialysis, which 
may necessitate fluid replacement to control hypo
tension. Captopril and other converting enzyme in
hibitors, although still investigational, have great 
promise as an alternative to multi drug regimens or 
to bilateral nephrectomy in the resistant-hyperten
sive dialysis patient. Daily dosage of captopril 
should not exceed 35 mg. 

Sympathetic inhibitors 
Once used as the first agent when drug therapy was 
reached, methyldopa still enjoys a central role in the 
management of dialysis hypertension. Its major ac
tion depends on central alpha-receptor stimulation 
leading to reduction in sympathetic activity; the lat
ter leads, among other effects, to some reduction in 
plasma renin activity. 

It is this effect that allows it to be active in the 
systolic hypertension of atherosclerotic heart dis
ease of both uremic and nonuremic patients. Ad
verse effects include impotency, lethargy, and drow
siness, and although the latter effects are generally 
more pronounced in early treatment periods, it still 
may cause confusion in clinical evaluation of the 
uremic state. Clonidine can be used for the same 
purpose as methyldopa. The hypotensive effects of 
both will be markedly potentiated by fluid with
drawal. There are reports of severe interdialytic hy
potensive episodes in patients taking either of these 
drugs; it is therefore recommended that the dose 
prior to dialysis be omitted in an effort to avoid this 
effect. Contrariwise, there have been some reports of 
episodes of hypertension during dialysis secondary 
to removal of the drug; this latter condition is very 
rare in our experience. 

The dosage regimen for methyldopa is usually 500 
to 2000 mg divided over the day; we have found it as 
effective in a b.i.d. as in a q.i.d. regimen, perhaps 
because of increased patient compliance. The dose 
for clonidine is 0.1 to 0.2 mg on a b.i.d. regimen. 
Either drug has been effective in our experience in 
controlling predominantly systolic hypertension 
secondary to atherosclerosis in dialyzed patients. 

Two major concerns with clonidine have made it 
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less popular with our group; one is the rebound hy
pertensive phenomenon on abrupt withdrawal of the 
medication, and the other is the seemingly higher 
incidence of fatigue and mental depression among 
the uremic population. We have not encountered 
the paradoxical hypertension reported to occur in 
the methyldopa-propranolol combination. 

Other drugs with a principally depressive action 
on the sympathetic nervous system are less fre
quently used; in fact, because of severe orthostatic 
hypotension, such classes of drugs as rauwolfia or 
guanethidine should probably be avoided. Phentol
amine should be reserved for use only for very spe
cific indications. 

Vasodilator drugs 
One of the most frequently used hypertensive med
ications in the uremic population is hydralazine. 
This drug has a direct vasodilatory effect on the pe
ripheral vasculature and thus reduces peripheral re
sistance. Reflex tachycardia may pose a problem for 
patients with coronary artery disease; this effect can 
generally be abolished or mitigated by the concom
itant administration of propranolol or methyldopa. 
Again, this drug is metabolized principally by ace
tylation in the liver and, therefore, dosage adjust
ment for renal failure is not necessary. There is no 
increase in lupus-like reaction among the uremic 
population as compared to nonuremics at similar 
dosage schedules. Hydralazine has the advantage of 
being active after oral, im, and iv administration; it 
has been used in parenteral form for the treatment 
of hypertensive emergencies and occasionally for the 
rapid lowering of blood pressure during dialysis. 

Two other parenterally administered drugs have 
shown clinical prominence over the past several 
years. Diazoxide, a potent direct vasodilator, has 
been used in clinical situations where there is a need 
for rapid reduction of the blood pressure. Although 
it is generally recommended to be given as a 300-mg 
bolus, we have preferred giving it in 100-mg dosage. 
The lower dose avoids the severe hypotensive effect 
that may occur especially while on dialysis and of
fers the advantage of being able to "titrate" down 
the blood pressure to some predetermined range. 
Once acceptable blood pressure has been obtained, 
this can be maintained by periodic redosage. 

Sodium nitroprusside is a most effective and pow
erful hypotensive agent which should be used only 
in an intensive care nursing area where close patient 
observation is possible. Because it is converted in 
vivo to thiocyanate, toxicity is sizable with contin
ued administration, especially in uremic patients; 
for this reason, they should not in general be treated 
for longer than 48 h with nitroprusside. Further fre-
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quent thiocyanate plasma levels should be deter
mined to avoid levels above 10 ml per 100 mI. 
have found this potential danger rare if the drl 
used with the proper setting and dosages. 

A newer, potent, orally active vasodilator, minox
idil, has been recently released for use in the United 
States. It has proved to be 'quite effective in the 
treatment of dialysis patients with drug-resistant 
hypertension. Pettinger and MitchelP2 studied 11 
patients with accelerated hypertension refractory to 
conventional therapy; 7 had advanced renal disease. 
Minoxidil reduced blood pressure in all. Other in
vestigators have confirmed the remarkable potency 
of this vasodilator for resistant hypertension; how
ever, its side effects are not negligible. They include 
tachycardia and fluid volume retention requiring 
beta blockade and potent diuretic therapy, respec
tively. Among the dialytic population, the applica
tion of minoxidil therapy may avoid the need for bi
lateral nephrectomy for severe hypertension. 
Perhaps the major drawback of this therapy is hir
sutism; this is not confined to any specific area of 
the body and may prove to be quite extensive and 
particularly objectionable in women and children. 
Dosage regimens are usually started at a 2.5-mg 
b.i.d. schedule and raised every 2 to 3 days until 
blood pressure control is effective or a tot'al daily 
dosage of 40 mg is reached. In our experience 90% 
of previously resistant hypertensive patients will re
spond to this drug combined with adequate fluid re
moval during dialysis. 

Finally, classified here as a vasoactive medication, 
prazosin is an alpha blocker which lowers arterial 
resistance and increases venous capacity. This, 
therefore, has the theoretical advantage of reducing 
both cardiac preload and afterload. Its dosage is not 
altered by renal failure, but its main disadvantage is 
orthostatic hypotension, especially following dialy
sis therapy. Syncopal episodes associated with 
tachycardia have often been noted with the first 
dose of this medication; the patients should there
fore be asked to stay recumbent for a few hours after 
this first dose. The dosage is usually 0.5 to 1 mg 
b.i.d. This dosage may be increased by 0.5 mg/week 
to a maximum of 8 to 10 mg/day; dosage adjustment 
is dictated by pressure control and orthostatic 
hypotension. 

Nephrectomy 

Despite the advent of potent drugs and advance
ments in dialytic technique, there still remains a 
minority of dialysis patients whose hypertension 
proves resistant to all therapeutic attempts. This 

small percentage of patients (5 %) will respond only 
to bilateral nephrectomy. Comparisons of survival 
rates of nephrectomized vs. nonnephrectomized hy
pertensive dialysis patients revealed that control of 
blood pressure via bilateral nephrectomy was bene
ficial to long-term survival. Weidman and Wilkinson 
found a close correlation between response to ne
phrectomy and prospective peripheral plasma renin 
activity. In patients with low or normal renin, ne
phrectomy was not beneficial, whereas sustained im
provement following surgery was obtained in pa
tients who exhibited high renin activity. 

Unfortunately, this therapy is not without its 
problems. With the loss of renal tissue, there is a loss 
of renal endocrine functions. Thus, the hematocrit 
can drop substantially, probably secondary to a lack 
of erythropoietin production; this increases the re
quirement for blood transfusions and consequently 
increases the risk of hepatitis. Evidence that cal
cium absorption is decreased in the anephric state 
raises the question of loss of 1-25 vitamin D conver
sion by the kidneys. Anephric patients are exqui
sitely sensitive to volume changes, which makes 
hemodialysis-associated hypotension a significant 
clinical problem. In addition, strict fluid restrictions 
are needed in patients whose kidneys previously 
might have been helping eliminate some fluid, which 
allowed an easier regimen of fluid intake. 

Finally morbidity and mortality of the surgery is 
a consideration. The use of the posterior rather than 
the anterior approach has greatly reduced perisurg
ical morbidity. Some serious thought should also be 
given to the nonsurgical ablation of kidneys, via bi
lateral transarterial renal infarction. This latter 
technique may prove less invasive than surgery and 
equally effective. 

Conclusion 

Hypertension in the dialytic population requires the 
same aggressive therapeutic management as it does 
in the non uremic hypertensive. This may best be ac
complished by recognizing the multitude of factors 
which can playa role in the hypertensive diseases of 
the dialysis population in general, and identifying 
which factor or combination of factors is dominant 
in the individual patient. Once this is determined, 
appropriate dialytic and drug management can be 
offered. Despite aggressive therapy, there will still 
remain a small but definite population who will re
quire bilateral nephrectomy for blood pressure con
trol. With further advancements in dialysis tech
niques and drug discovery and manipulation, it is 



hoped that less surgical intervention will be needed 
and greater preservation of renal tissue may be 
possible. 
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Arterial capacitance, defined, 439 
Arterial hypertension, see also Hypertension 

causes of, in childhood, 309 
central mechanisms in, 104-106 
fundus diagnosis in, see Fundus diagnosis in 

arterial hypertension 
hematologic aspects of, 149-152 
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Arterial hypertension (cant.) 
in humans, 106 
radiologic studies in, see Radiologic studies in 

arterial hypertension 
radionuclide methods in diagnosis of, 412-425 

Arterial hypertensive disease, see Arterial 
hypertension 

Arterial pressure, see Arterial blood pressure 
Arterial wall with hypertension, 9-10 
Arterio-arteriolosclerosis, 96, 400 
Arteriography, 402-403 

transverse indirect, 205 
Arteriosclerosis, 96, 400 

complications of, 86 
diabetes mellitus and, 96 
hypertension and, 78-90 
pathogenesis, 78-81 
risk factors, 432 

Arteriovenous fistulas, 229, 394, 395 
Arteritides, 395 
Arteritis, postoperative mesenteric, 319 
Ask-Upmark kidney, 394 
Ask-Upmark segmental hypoplasia, 322 
Atherosclerosis, 438 
Atherothrombotic brain infarction, risk of, 5 
ATPase activity, 10 
Atrioventricular (A-V) block, hypertension in, 387 
Auscultation of Korotkoff sounds, 333 
Auscultatory gap, 335 
Autogenic training methods, 58 
Autoregulation theory, 505 

B-HT 933,484 
Baroreceptors, 100 

function, 11 
mechanism, 201 
sensitivity, 16 
theory, 111 

Baroreflex, medullary, 100-101 
Bartter's syndrome, 179 
Basal blood pressure, 335, 338-339 
Bayliss effect, 182, 287 
Behavioral methods of treatment of essential 

hypertension, 55-58 
Behavioral patterns, hypertension and, 51-58 
Benign, term, 282 
Benign phase of essential hypertension, 3 
Benzothiadiazines, 447 
Beta-adrenergic blockade with propranolol, 16 
Beta-adrenergic hyperresponsiveness, 15 
Beta-adrenergic receptor blocking drugs, 449-452; 

see also Adrenergic blockers; Beta blockers; 
Receptor blockers 

data on pharmacodynamics of, 451 
data on pharmacokinetics of, 452, 453 

differential therapy with, 435 
and diuretics for treatment of mild hypertension, 

436 
selection of, 450 
side effects, 450, 452 

Beta-adrenergic syndrome, "hyperkinetic," 15-16 
Beta-adrenergic system, hyperfunction of, 286 
Beta blockers (~-blocking drugs), 434-435, 477-481 

and alpha blockers combined, 477 
in elderly, 442 
pharmacologic properties of, 478 
side effects, 435, 479 

Beta-lipoproteins (LDL), 78, 80 
Bethanidine, 475 
Biochemical tests for pheochromocytoma, 139-140 
Biofeedback, 56-57 
Blacks, hypertension in, 4-7, 11, 308 
Blockers, adrenergic, see Adrenergic blockers 
~-Blocking drugs, see Beta blockers 
Blood chemistry, cerebral activity and, 102 
Blood flow scintigraphy of kidneys, 417-418 
Blood platelets, prostaglandins and, 181 
Blood pressure, 244-245 

age and, 5, 73, 342 
anxiety and, 303 
basal, 335, 338-339 
biofeedback, 56 
cadmium and, 165-166 
casual, 335, 338-339 
classification of, 432 
with coarctation of aorta, 316, 317 
control, poor, causes of, 496-497 
correlations between body weight and 

in adults, 64, 69-70 
in children and adolescents, 64-65 

cuff, 63, 64 
with children, 303-304 

diastolic, see Diastolic blood pressure 
elevation in essential hypertension, 28 
environmental factors on, 6 
familial aggregation of, 307 
in infants, 306 
influence of age, sex, and race on, 4-7 
ischemic heart disease and, 83-84 
kinins and, 182-183 
level of, 343, 432 
lithium therapy and, 164-165 
long-term and telemetric, 336 
lowest, 339 
measurement, 333-336, 357-358 

development of, 334 
direct versus indirect, 336 
in infants and children, 303-304 
methods, 334-335 
problems, 496-497 
technique, 333-334 



measurement errors in, 335-336 
in children, 304 
in obesity, 63, 64 

normal, in children, 304-305 
normalization, weight reduction and, 94 
parathyroid hormone and, 163-164 
percentiles during growth, 47 
phosphorus and, 164 
prostaglandins and, 182-183 
regulation, reflex arcs in, 100-102 
renin and, 506 
response, "hyper-reactor," 10 
salt intake and, 7-8 
sex and, 342 
stroke and, 82-83 
systolic, see Systolic blood pressure 
variability 

arterial, see Arterial blood pressure, variability 
ill 

term, 340 
water hardness and, 166 
weight reduction and, 70-71 

Blood tests, 358-359, 362-363 
Blood vessel wall, increased turgidity of, 287 
Blood vessels 

prostaglandins and, 179-181 
retinal, 285-286 

Blood volume, 246-247 
reduced,13 

Body weight, see Weight, body 
Borderline hypertension, 14,87,289-290,344; see 

also Labile hypertension 
procedure in, 358 
salt and, 9 

Bradykinin, 19, 25 
Brain damage in hypertension, 285-286 
Breath-holding test, 54 
Broca scale, 62n 
Bulbospinal fibers, 101 
Bumetanide, 473 
Bupranolol, 481 
"Burr cells," 150 

Cadmium, 12 
blood pressure and, 165-166 
content, 45-46 

Calcium 
anaylsis for, 362 
antagonists, 485 
catecholamines and, 162 
ions in vascular smooth muscle, 161-162 
in primary hyperparathyroidism, 160-164 
renin and, 162-163 
thiazides and, 472 

Calculi, urinary, 323 
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Caloric intake, 62 
cAMP, see Cyclic AMP 
Capacitance, arterial, defined, 439 
Capacitance system, venous, 246 
Captopril (Capoten), 18-19, 485, 502 

therapy, long-term, 502-503 
Carbenoxolone, 124 
Carcinoma 

adrenal, 407 
adrenocortical, see Cushing's syndrome 
aldosterone-producing, 118 
hypernephroid renal, 234 

Cardiac, see also Heart entries 
Cardiac catheterization, 384, 389 
Cardiac complications of essential hypertension, 

252 
Cardiac enlargement, essential hypertension with, 

271-272 
Cardiac function in hypertension, 251-273 
Cardiac output, 182-183, 245-246 

increased, 12 
"Cardiac output" hypertension, 71 
Cardiac performance, increased, 15-16 
Cardiac reflexes, 102 
Cardiomegaly, 271-272; see also Ventricular 

hypertrophy 
Cardioselective drugs, 450 
Cardiovascular causes, hypertension due to, 383- 389 
Cardiovascular disease, hypertensive, 281 
Cardiovascular morbidity, 7 
Cardiovascular mortality, 6, 7 
Cardiovascular parameters, biofeedback control of, 

56 
Cardiovascular regulation, conditioned, 104 
Cardiovascular system, hypertension caused by, in 

childhood, 310-321 
Casual blood pressure, 335, 338-339 
Catecholamines 

biochemistry and physiology of, 133-134 
calcium and, 162 
excretion, 359 
metabolism, 364-365 
pharmacologic effects of, 134-135 
plasma, 13-14 

assay of, 28 
in plasma analyses, 366-367 
synthesis, 12 
turnover, 13 
in urinalyses, 365-366 

Central adrenergic blocking substances, 481-484 
Central nervous system 

arterial blood pressure and, 100-107 
physiologic role of, 102-104 

Cerebral activity, blood chemistry and, 102 
Cerebral hemorrhage, 285 
Cerebrospinal fluid (CSF) norepinephrine, 17 
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Cerebrovascular accident, risk of, 5, 70 
Chemoreflex, 101-102 
Chest teleroentgenogram, 383, 384, 387-388 

oblique, 384 
Chest X-ray examination, 359 
Childhood, hypertension in, 303-325 
Chlorthalidone, 472 
Cholesterol, determination of, 363 
Chylomicrons, 80 
Cigarette smoking, 12 
Circulation 

of hyperthyroidism, 155-156 
radionuclide methods in, 423-425 

Circulatory state, "hyperkinetic," 12 
Classical conditioning findings, 55 
Clearance determination from fall of plasma 

activity, 416-417 
Clinical pharmacology of antihypertensive drug 

therapy, 446-457 
Clonidine, 455-456,483-484 

in dialytic population, 509 
in elderly, 442 
in hypertensive emergencies, 488-489 
interactions with, 445 
side effects, 483 

Coarctation 
of abdominal aorta, 320-321 

diagnosis, 321 
etiology, 320 
pathophysiology, 320-321 
therapy and prognosis, 321 
types, 320 

of aorta, 250, 310-320 
blood pressure with, 316, 317 
clinical features of, 315-317 
course and prognosis following surgical 

correction, 318-320 
diagnosis of, 315-317 
etiology of, 312 
hemodynamics in, 313-315 
hypertension in, 387-389 
malformations associated with, 311 
natural history of, 317 
pathogenesis of hypertension of, 314-315 
pathological anatomy of, 311-312 
pathophysiologyof,312-314 
treatment of, 317-318 

Coarctectomy, 318 
Cold pressor stimulus, 54 
Cold pressor test, 14 
Collateral supply of kidney, 396, 400 
Cologne Study, 46 
Community disruption, 51 
Compliance, 469-470 

with therapy, 497 
ventricular, 258-259 

Computed tomography, adrenal, 405 
Congestive heart failure, 284-285 
Conn's syndrome, 118 

adenoma, 406-407 
diabetes mellitus in, 96 

Contraceptives, oral, see Oral contraceptives 
Contractility, defined, 183 
Contractility reserve, 261-262 
Converting enzyme inhibitors, 485 
Coronary blood flow, 269 
Coronary factor, 251, 257 
Coronary function, variables of, 269 
Coronary hemodynamics, 266-272 
Coronary reserve 

defined,268 
ventricular, 269-271 

Coronary resistance, 269 
Corticosteroid medication, hypertension and, 236 
Corticosterone, 376 

secretion rates, 421 
structure, 376 

Cortisol, 375 
plasma, assay, 375 
secretion rates, 421 
structurej 375 
urinalysis for, 375 

"Cotton-wool" exudates, 358 
51Cr-EDTAj 413 
Creatinine, serum, 358 

analysis for, 362 
CSF norepinephrine, 17 
Cuff, blood pressure, 63, 64 

with children, 303-304 
Culture, 53-54 
Cushingoid aspect, 115 
Cushing's syndrome (adrenocortical carcinoma), 

113-118,373 
clinical and laboratory data in, 114 
diabetes mellitus in, 96 
diagnosis, 114-116 
forms of, 113 
hypercortisolism in, 375 
iatrogenic, 124 
metastases of, 422 
treatment, 116-118 

Cutaneous receptors, 102 
Cyclic AMP 

concentrations, 15 
increases of, 157 

Cyclooxygenase, 177 
Cystic renal disease, 194 

Dahl rats, 8-9 
DBH (dopamine-{3-hydroxylase), 15, 106,368 
o,p'-DDD, 117, 118 



Depressive states, prolonged, 54 
Depressor range, 341 
11-Desoxycorticosterone, 376 

structure, 376 
Desoxycorticosterone acetate (DOCA), 105 
Desoxycortisol, 376 

structure, 376 
Dexamethasone suppression test, 116 
5,6-DHT (5,6-dihydroxytryptamine), 104,105 
Diabetes mellitus 

arteriosclerosis and, 96 
diabetic nephropathy and, 96-97 
hypertension and, 93-97 
kidneys in, 95 
prevalence, 93 
renin activity in, 95 

Diabetic nephropathy, 96-97 
Dialysis, 504 

sequential, and isolated ultrafiltration, 507-
508 

ultrafiltration during, 507 
Dialytic population, hypertension in, 504-511 

pathophysiology, 504-507 
treatment, 507-510 

Diastolic blood pressure, 245, 344; see also Blood 
pressure 

age and, 5, 6, 73 
body weight and, 72 
in children, 306 
diurnal variability of, 340-341 
excess mortality and, 83 
myocardial infarction and, 84 
ratio of actual to expected mortality for, 4 
survival rates and, 82 . 
variability in, 1 

Diastolic hypertension, causes of, 2 
Diazoxide, 454 

in dialytic population, 509 
in hypertensive emergencies, 488-489 
repeating doses of, 503 

Dibenzyline, see Phenoxybenzamine 
"Diet heart hypothesis," 32 
Digitalis glycosides, 257 
Dihydralazine, 209, 452, 484-485 
5,6-Dihydroxytryptamine (5,6-DHT), 104, 

105 
Dipeptidase, inhibitors of, 502 
Dipsogenesis, 17 
Disasters, natural, 53 
Diuretics, 8, 447-449, 470-474 

of benzothiadiazine type, 447-449 
and beta-receptor blocking drugs for treatment 

of mild hypertension, 436 
commonly used, 471 
in elderly, 441 
loop, see Loop diuretics 

Subject Index 517 

for mild hypertension, 436 
potassium-sparing, see Potassium-sparing 

diuretics 
side effects, 448, 449 
survey of selected, 448 

Diurnal variability of blood pressure, 339-341 
DOCA (desoxycorticosterone acetate), 105 
Dopamine, 26, 367-368 
Dopamine-/3-hydroxylase (DBH), 15, 106, 368 
Doppler ultrasonic method, 304 
Drinking water, mineral content of, 45 
Drug interactions 

in antihypertensive drug therapy, 444-445 
with renin, 370-372 
with renin-angiotensin system, 508-509 
in resistant hypertension, 499-500 

Drug therapy 
antihypertensive, see Antihypertensive drug 

therapy 
cardioselective, 450 
diuretic, see Diuretics 
for mild hypertension, 435 
sympathetic inhibiting, 454-457, 509 

Early hypertension, 289 
ECG, see Electrocardiography 
"Ecological niche," concept of, 54 
Ego strength, low, 53 
Ejection fraction, ventricular, 255, 256, 258 
Ejection rate, mean, 255 
Elasticity coefficient, volume, of large vessels, 287-

288 
Elasticity hypertension, 386 
Elderly, see Aging 
Electrocardiography (ECG), 274-277, 359 

in coarctation of aorta, 316, 317 
in pheochromocytoma, 138-139 

Electrolyte content, total, determination of, 419-
420 

Embolisms 
of renal arteries, 324 
thromboses versus, 394, 395 

End-diastolic pressure, 254 
End-diastolic volume, 254, 256, 258 
Endocarditis, 386 
Endocrine aspects of hypertension, 110-124 
Endocrine causes, hypertension due to, 400-

408 
Endocrine studies, 364-379 
Endothelial cells, 78-79 
Environmental factors on blood pressure, 6 
EPH-toxemia, 299 

effects of, on child, 300 
Epicardial receptors, 102 
Epidemiology, 43 
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Epinephrine, 365-367; see also Catecholamines 
increased, 16-17 
physiological effects of, 135 
structure, 364 

Epithelioid cells, granular, 218-219 
Erythrocyte casts, 364 
Erythrocyte sedimentation rate (ESR), 363 
"Essential," term, 1 
Essential hypertension, 249, 281-293 

in adolescence and childhood, 47 
adrenergic system in, 13-17 
antihypertensive system in, 22-27 
behavioral methods of treatment of, 55-58 
in benign phase, 3 
blood pressure elevation in, 28 
cardiac complications of, 252 
with cardiac enlargement, 271-272 
compensated, 252 
course of 

factors altering, 283-284 
untreated, 282-283 

defective norepinephrine uptake mechanism in, 
14-15 

definition of, problems of, 281-282 
factors in onset of, 44-48 
"fundamental renal abnormality" in, 293 
genetic factors in, 6, 44 
historical background, 281 
hyporeninemic, 95 
in malignant phase, 3 
natural history, 282 
nonenvironmental genesis theories regarding, 

12-13 
possible pathogenesis of, 26 
presumed variants of, 286-289 
renin-angiotensin-aldosterone system in, 17-22 
renovascular hypertension versus, 204 
systolic hypertension and, 289 

Estradiol, 378 
structure, 378 

Estrogens, hypertension during postmenopausal 
use of, 190 

Ethacrynic acid, 447, 473 
Ethanol,12 
Etozolin, 474 
Evans County Study, 45, 70 
Exchangeable sodium, 419-420, 505 
Expected mortality, 4 
Extracellular fluid volume, 45 

Familial aggregation 
of blood pressure, 307 
of hypertension, 44 

Family history, 355, 433 

Fat mass, systolic blood pressure and, 69 
Fat percentage, 65 
Fatty streaks, 79 
Fiber shortening, mean velocity of (VCF), 255 
Fibrin release, 79 
Fibromuscular disease, 393-394 
Fibromuscular dysplasia, 201, 324 
Fibromuscular hyperplasia, 203, 394 
Fibrous plaque, 79 
Fitness, physical, 13 
Fluorescein angiography, 347 
Framingham studies, 5 
Fulminating hypertension, 104 
Fundus, optic, in hypertension toxemia, 300 
Fundus diagnosis in arterial hypertension, 347-352 

classification of, 351 
prognostic considerations, 351-352 

Funduscopic examination, 360 
Furosemide, 209,447,473 
Furosemide-induced renin release, 178 

Gaisbock syndrome, 151-152 
Ganglioneuroblastoma, 140 
Genetic factors in essential hypertension, 6, 44 
German League against High Blood Pressure, 

recommendations of, 356 
Gestosis, 299 
Glomerular hypoplasia, segmental, 232 
Glomerulonephritis, 192-194 

acute, 322 
chronic, 322 
hypertension in, 192 
radiologic studies in, 400 

Glomerulosclerosis, 96-97 
Glucagon test, 139 
Glucose 

blood,363 
urinary, 363 

Glucose tolerance, 94-95 
Goldblatt hypertension, 202-203 
Goodpasture's syndrome, 196 
Goormaghtigh cells, 219 
Gout, 196 
Granular casts, 364 
Granular juxtraglomerular cells, 219 
Growth hormone, importance of, 95-96 
Growth hormone inhibiting factor, see 

Somatostatin 
Guanethidine, 457, 475-476 

in elderly, 442 
interactions with, 444 

Guanfacine, 484 
Gunn's crossing sign, 348 
Guyton concept, 247 



H-toxemia, 299 
HDFP (Hypertension Detection and Follow-Up 

Program), 87-90 
HDL (high-density lipoproteins), 78, 80, 81 
Health problem of hypertension, 1-5 
Heart, see also Cardiac entries 

in hyperthyroidism, 156-157 
radionuclide methods in, 423-425 
standard projections of, 385 

Heart catheterization, 317 
Heart damage in hypertension, 284-285 
Heart failure, congestive, 284-285 
Hematocrit, high, hypertension and, 151-152 
Hematologic aspects of arterial hypertension, 149-

152 
Hematomas, perirenal, 233 
Hemodialysis with chronic renal disease, 151 
Hemodynamic changes during hypertension, 250 
Hemodynamics 

central, in hypertension, 244-251 
in coarctation of aorta, 313-315 
coronary, 266-272 

Hemofiltration, 508 
Hemolytic anemia of malignant hypertension, 149-

151 
Hemolytic-uremic syndrome, 323-324 
Hemorrhage, cerebral, 285 
Hemorrhagic stroke, 285 
Heredity of hypertensive dysfunctions, 44 
High-density lipoproteins (HDL), 78, 80, 81 
Homovanillic acid (HV A), 367-368 
Hyaline casts, 364 
Hydralazine, 484-485 

in elderly, 442 
in hypertensive emergencies, 488-489 
increasing dose of, 501 

Hydrochlorothiazide, 290, 472 
18-Hydroxy-II-desoxycorticosterone (18-0H

DOC), 22, 291 
structure, 376 

6-Hydroxydopamine (6-0HDA), 104, 105 
11-Hydroxylase deficiency, 123 
17 -Hydroxylase deficiency, 123 
17 -(X-Hydroxyprogesterone, 377 

structure, 377 
17 -Hydroxysteroids, 377 
Hyperaldosteronism, primary, 250-251 
Hypercalcemia, 362 
Hypercapnia, 102 
Hypercholesterolemia, 80 

heterozygous, 80-81 
Hypercortisolism in Cushing's syndrome, 375 
Hyperfunction of beta-adrenergic system, 286 
Hyperglycemia, 96, 102 

thiazide-induced,472 
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Hyperinsulinemia, 71 
"Hyperkinetic" beta-adrenergic syndrome, 15-16 
"Hyperkinetic" circulatory state, 12 
Hyperkinetic syndrome, hypertension in, 387 
Hyperlipoproteinemia, 80 
Hypermineralocorticoid forms of hypertension, 373 
Hypernatremia, 362 
Hypernephroid renal carcinoma, 234 
Hyperparathyroidism, primary, hypertension in, 

160-164 
"Hyper-reactor" blood pressure response, 10 
Hyperreninemia, segmental, 232 
Hyperresponsiveness, beta-adrenergic, 15 
Hypertension, see also Arterial hypertension 

ACTH-induced steroid, 19 
additional treatment without medication, 467 -

469 
with aneurysms, 395 
in aortic insufficiency, 386 
in aortic-pulmonary window, 386-387 
arterial, see Arterial hypertension 
arterial wall with, 9-10 
arteriosclerosis and, 78-90 
behavioral patterns and, 51-58 
from bilateral renal artery constriction, 203 
biochemical markers, 284 
in blacks, 4-7, 11, 308 
borderline, see Borderline hypertension 
cardiac function in, 251-273 
"cardiac output," 71 
with cardiovascular causes, 383-389 

in childhood, 310-321 
central hemodynamics in, 244-251 
in childhood, 303-325 
in chronic renal failure, 235-236 
clinical forms of, 248-251 
in coarctation of aorta, 387-389 
in complete A-V block, 387 
complications of, 86 
corticosteroid medication and, 236 
criteria for, 4 
current concepts regarding, 1-29 
definition of, in children, 305-307 
Detection and Follow-Up Program (HDFP), 87-

90 
development of, 251 
diabetes mellitus and, 93-97 
diagnosis of, 331-427 
in dialytic population, see Dialytic population, 

hypertension in 
diastolic, causes of, 2 
early, 289 
early diagnosis of, 48 
elasticity, 386 
endocrine aspects of, 110-124 
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Hypertension (cont.) 
with endocrine causes, 400-408 
epidemiology, 63 

in children, 307-309 
essential, see Essential hypertension 
with exogenous steroid hormones, 124 
experimental, 248 
familial aggregation of, 44 
forms of, 248 

possibly curable by surgery, 360 
fulminating, 104 
genesis, in youth, 46 
genetic, in rat, 105-106 
in glomerulonephritis, 192 
Goldblatt, 202-203 
hemodynamic changes during, 250 
high hematocrit and, 151-152 
in hyperkinetic syndrome, 387 
hypermineralocorticoid forms of, 373 
hyperthyroidism and, 155-158 
incidence, 63 

in children, 307-309 
individual characteristics, 284 
juvenile, 47 
kallikrein excretion in, 173-176 
kallikrein-kinin and prostaglandin systems in, 

170-183 
labile, see Labile hypertension 
laboratory diagnosis in, see Laboratory diagnosis 

in hypertension 
low-renin, see Low-renin hypertension 
malignant, see Malignant hypertension 
mechanisms of, 247-248 
mild, see Mild hypertension 
mineralocorticoid, 105 
moderate, therapy for, 85-86 
necessary, 387 
nephrogenic, 389-400 
neurogenic,51-52,104-105 
new factors developing during evolution of, 498-

499 
obesity and, 62-74; see also Obesity 
"office," 496 
with oral contraceptives, see Oral contraceptives, 

hypertehsion with 
organ damage in, 284-286 
Page's mosaic theory of, 27 
paradoxical, 319 
in patent ductus arteriosus, 386-387 
pathogenesis of, 113 
in perforated sinus of Valsalva aneurysm, 387, 

388 
during postmenopausal use of estrogens, 190 
in pregnancy, see Pregnancy, hypertension in 
prevalence of, 1, 4 

primary, 47 
in primary renal disease, 192-194 
problem and its magnitude, 1-5 
prognostic aspects of, for arteriosclerosis, 81-82 
"pure systolic," 84 
reasons for treating, 464-466 
recognition of, 48 
renal, see Renal hypertension 
after renal parenchyma surgery, 231 
renal-parenchymal causes of, 321-324 
after renal transplantation, 236-237, 395 
renin-dependent,235,506 
renoparenchymal,231-234 
renoprival, 22 
renovascular, see Renovascular hypertension 
"resistance," 71 
resistant, see Resistant hypertension 
risk,43-48 
risk factors, 432 
salt and, 6-10 
salt/water-dependent, 235 
secondary, see Secondary hypertension 
"senile," 386 
severe, therapy in, 84-85 
sodium-volume-dependent, 504-506 
with steroids, 112-124 
symptoms, 357 
systolic, see Systolic hypertension 
therapeutic aspects of, 464-491 
therapy for, 429-511 
treatment of, guidelines for, 467 
with tumors, 323 
with unilateral renal artery constriction 

and contralateral nephrectomy, 202 
and intact contralateral kidney, 203 

in urinary stasis, 234-235 
"windkessel" forms of, 386 

Hypertensive cardiovascular disease, 281 
Hypertensive crisis/emergency 

in pheochromocytoma, 136-137 
therapy in, 488-489 
treatment, 487, 490-491 

Hypertensive patient, basic investigation of, see 
Investigation, basic, of hypertensive 
patient 

"Hypertensive personality," 52 
Hypertensive personality profile, 46 
Hyperthyroidism, 155-158 

typical complex of findings in, 423 
Hypervolemia, 13 

hyperglycemic, 96 
Hypnosis, 58 
Hypoaldosteronism, hyporeninemic, 95 
Hypogenetic nephritis, 232 
Hypoglycemia, 16-17 



Hypokalemia, 18, 119, 358-359, 362, 448 
effects of, 468 

Hypomagnesemia, 12 
Hyponatremia, 362 
Hypoplasia of kidney, 232 
Hyporeninemic essential hypertension, 95 
Hyporeninemic hypoaldosteronism, 95 
Hypovolemia, 13 
Hypoxia, 102 

"Idiopathic," term, 1 
Illness, prolonged, 54 
Imaging kidneys, 418-419 
"Incidental screening" approach, 48 
Indamon, 473 
Indapamide, 473 
Indomethacin, 24-25 

administration, kidneys and, 177-179 
treatment, 173-174 

Infrasonic vibrations, 333 
Insulin, 79 
Interview techniques, 55 
Intimal fibroplasia, 201 
Intrarenal prostaglandins, deficiency of, 24-25 
Investigation, basic, of hypertensive patient, 354-

360 
aims of, 354-355 
cost-effectiveness considerations, 354 
history, 355-357 
physical examination, 357-358 
recommendations for, 356 

Iodide clearance, thyroid, 423 
Iodine isotopes in thyroid gland localization 

studies, 422 
19-Iodocholesterol,421-422 
131I-Iodocholesterol scintiscan, 116, 117 
131I-Iodohippurate,412 

clearance, 413-415 
6-i1-Iodomethyl,421 
Ischemic heart disease, blood pressure and, 83-84 
Isoniazid, 445 
Isotension regions, 261-263 
Isotope clearance studies of kidneys, 312-317 
Isotope nephrography, 359 

Job stresses, 54 
Jogging, 13 
Joint National Committee on Detection, 

Evaluation, and Treatment of High Blood 
Pressure, recommendations of, 355 

Juvenile hypertension, 47 
Juxtaglomerular apparatus, 219 
Juxtaglomerular cell tumor, 400 

Kallidin, 25 
Kallikrein, 25 

assay, 378 
excretion, 379 

in hypertension, 173-176 
urinary, 284 
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Kallikrein-kinin system, 25-27 
prostaglandin system and, 222 
and prostaglandin system in hypertension, 170-

183 
renin-angiotensin system interaction with, 172-

173 
Kempner diet, 8 
17 -Ketosteroids, 377 
Kidneys, see also Renal entries 

blood flow scintigraphy, 417-418 
collateral supply of, 396, 400 
damage in hypertension, 285 
in diabetics, 95 
hypermobile, 231 
in hypertensive toxemia, 300 
imaging, 418-419 
indomethacin administration and, 177-179 
isotope clearance studies, 412-417 
polycystic, 322 
prostaglandins and, 176-179 
segmental hypoplasia of, 232-233, 394 
transplantation of, in children, 324 

Kinin-prostaglandin interactions, 171 
in nephron, 176 

Kininase II, 175, 373 
Kinins,25 

blood pressure control and, 182-183 
Kymogram, 384, 388 

Labetalol/labetolol, 456-457, 477 
Labile hypertension, 14; see also Borderline 

hypertension 
in adolescence, 84 

Laboratory diagnosis in hypertension, 361-379 
endocrine studies, 364-379 
standard laboratory tests, 361-364 

Laboratory tests, standard, 361-364 
LDL (low-density lipoprotein), 78, 80 
Lead, elevated concentrations of, 12 
Left-to-right shunt, 313-314 
Left ventricle, see Ventricular entries 
Leukocyte casts, 364 
Levogram, 384-385 
Licorice abuse, 124 
Liddle's syndrome, 124 
Lipoprotein A (LP-A), 80 
Lipoprotein B (LP-B), 80 
Lipoprotein C (LP-C), 80 



522 Subject Index 

Lipoproteins 
high-density (HDL), 78, 80, 81 
low-density (LDL), 78, 80 
very-low density (VLDL), 80 

Lithium therapy, blood pressure and, 164-165 
Loop diuretics, 447, 473 

commonly used, 471 
Low-density lipoprotein (LDL), 78, 80 
Low-renin hypertension, 19-22, 290-292 

mineralocorticoid excess and, 291-292 
possible mechanisms for, 21 

LP-A (lipoprotein A), 80 
LP-B (lipoprotein B), 80 
LP-e (lipoprotein e), 80 
Lumbodorsal sympathectomy, bilateral, 503 
Lupus erythematosus, 323 

systematic, 197 

"Machlar star" figure, 348 
Macroangiopathy, 96 
Macula densa, 201, 219 

mechanism, 219-220 
theory, 111 

Malignant hypertension, 490 
hemolytic anemia of, 149-151 
survival rates of, 85 

Malignant phase of essential hypertension, 3 
Manometer, random-zero, 334 
Manometric pressure, 333 
Mass-volume relation, ventricular, 260-261 
MeR (metabolic clearance rate), 421 
Medial dysplasia, 201 
Meditation for hypertension, 57-58 
Medullary baroreflex, 100-101 
Medullary pressor area, 101 
Mercury tubes, 335 
Metabolic clearance rate (MeR), 421 
Metals in hypertension, 12 
Metanephrine, 139, 367 

excretion, 359 
structure, 364 

a-Methyldopa, see Alpha-methyldopa 
Metolazone, 472 
Metoprolol, 479 
Metyrapone test, 116 
Microangiopathic hemolytic anemia (MHA), 149 
Microangiopathy,96 
Microphones for blood pressure, 333 
Mild hypertension, 465-466 

beta-receptor blocking drugs for treatment of, 436 
differential therapy with beta-receptor blocking 

drugs for, 435 
diuretic therapy for, 436 
drug therapy for, 435 
early treatment of, 431-436 

general therapeutics for, 433 
indications for therapy in, 434 
minimum diagnostic program for, 432 
phamacologic treatment of, 434 
race and, 433 
term, 431 
therapy for, 85-86 

Mineral content of drinking water, 45 
Mineralocorticoid activity, 20, 21 
Mineralocorticoid excess, low-renin hypertension 

and,291-292 
Mineralocorticoid hypertension, 105 
Mineralocorticoid therapy, 113 
Minnesota Multiphasic Personality Inventory, 53 
Minoxidil, 452, 454, 485 

in dialytic population, 510 
for resistant hypertension, 502 

MK-421, 485, 504 
Moderate hypertension, therapy for, 85-86 
Monoamine oxidase inhibitors, 445 
Monosymptomatic toxemia, 299 
Morbidity, cardiovascular, 7 
Morbidity ratio, 5 
Mortality 

actual,4 
cardiovascular, 6, 7 
excess, blood pressure and, 83 
expected,4 

Mosaic theory, Page's, of hypertension, 27 
Muirhead's antihypertensive lipid, 23 
Muscular receptors, 102 
Muzolimine, 474 
Myocardial factor, 251 
Myocardial growth, 252 
Myocardial infarction, risk factors for, 81 
Myocardial oxygen consumption, 265, 267, 269, 

271-272 
Myocardial receptors, 102 

N ael, see Salt entries 
Necessary hypertension, 387 
Nephrectomy, 22, 211, 225, 227 

bilateral, in chronic renal failure, 235-236 
contralateral, 202-203 
in dialytic population, 510 

Nephritis 
chronic interstitial, 397 
hypogenetic, 232 
radiation, 196 
SchOnlein-Henoch,323 

Nephrogenic hypertension, 389-400 
Nephrography, isotope, 359 
Nephron 

intrarenal mechanism in, 111 
prostaglandin-kinin interaction in, 176 



Nephropathy 
analgesic, 194-195 
diabetic, 96-97 

Nephroptosis, 390 
Nephrosclerosis, malignant, 195-196 
Nephrotomography, 390 
Nervous system, central, see Central nervous 

system 
Neurofibromatosis, 394 
Neurogenic hypertension, 51-52, 104-105 
Neuronal blockers, 475-476 
Neurosis, experimental, 55 
Nicotine abuse, 45 
p-Nitranilide, 379 
Nitroprusside, see Sodium nitroprusside 
Noises, loud, 55 
Norepinephrine, 365-367, 474; see also 

Catecholamines 
clearance, 16 
CSF,17 
physiological effects of, 135 
plasma, 13-14 
structure, 364 
uptake mechanism, defective, 14-15 

Normetanephrine, 367 
structure, 364 

Normotension, criteria for, 4 
proposed,5 

Obesity (overweight), 10,45,62-74 
blood pressure errors in, 63, 64 
in children, 308 
epidemiology and incidence of, 62-63 

Occupational stress, 54 
"Office hypertension," 496 
18-0R-DOC, see 18-Rydroxy-ll-

desoxycorticosterone 
6-0HDA (6-hydroxydopamine), 104, 105 
Operant conditioning findings, 55 
Optic fundus, see Fundus entries 
Oral contraceptives, hypertension with, 187-

190 
causes, 188 
incidence, 187 
risk factors, 188-189 
symptoms, 187 
treatment, 189-190 

Organ damage, 359-360 
in hypertension, 284-286 

Orthostatism, 103 
Oscillometer, 334 
Overproportionate hypertrophy, 260,265,266 
Overweight, see Obesity 
Oxygen consumption, 71 

myocardial, 265, 267, 269, 271-272 
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P-wave changes in left ventricular hypertrophy, 
275 

Page's mosaic theory of hypertension, 27 
PAR (para-aminohippuric acid), 412 
Palpation, arterial pulse, 333 
Palpation-auscultation technique, 334 
Para-aminohippuric acid (PAR), 412 
Paradoxical hypertension, 319 
Paragangliomas, 131 
Parathyroid hormone/parathormone (PTR), 

379 
blood pressure and, 163-164 

Patent ductus arteriosus, 386-387 
Periarterial fibroplasia, 201 
Periarteritis nodosa, 197, 394, 395 
Peripheral-acting adrenergic blockers, 475-476 
Perirenal hematomas, 233 
Personality, "hypertensive," 52 
Personality profile, hypertensive, 46 
Personality variables, 52-53 
PG, see Prostaglandins 
PG 12, see Prostacyclin 
Phase-shift technique, 334 
Phenacetin, 194-195 
Phenoxybenzamine (Dibenzyline), in 

pheochromocytoma, 142-143 
Phentolamine 

alpha-adrenergic blockade with, 16 
in hypertensive emergencies, 488-489 

Phenylethanolamine N-methyltransferase 
(PNMT),105 

Phenylmethylsulfonyl fluoride (PMSF), 369 
Pheochromocytoma, 131-144, 250 

clinical picture, 357 
clinical symptoms, 135-137 
complications, 137-138 
definition, 131 
diagnosis, 138 
differential diagnosis, 140 
electrocardiographic abnormalities, 138-139 
history, 131-132 
hypertensive crises in, 136-137 
incidence, 132 
laboratory tests, 138-140 
localization procedures, 140-142 
location, 132-133 
malignant, 407 
medical treatment, 143 
occurrence, 132 
postoperative follow-up, 144 
prognosis, 143-144 
signs, 136 
suggestive signs, 137 
symptoms, 357 
therapy, 142-143 
vascular picture, 407 
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Phosphorus, blood pressure and, 164 
Physical activity, 103 
Physical examination, 357-358 
Physical fitness, 13 
Pindolol, 452, 477, 481 
Pituitary hormones, 378 
Plaque, fibrous, 79 
Plasma activity, fall of, clearance determination 

from, 416-417 
Plasma analyses, 366-367 
Plasma catecholamines, see Catecholamines, 

plasma 
Plasma renin, see Renin, plasma 
Plasma volume, 13 
PMSF (phenylmethylsulfonyl fluoride), 369 
Pneumography, retroperitoneal, 402 
PNMT (phenylethanolamine N-

methyltransferase), 105 
Polkissen, 219 
Polycystic kidneys, 322 
Polycystic renal disease, 194 
Polycythemia, 151-152 
Ponderal index, 69n 
Potassium 

aldosterone and, 112 
analysis for, 362 
content, total, 419-420 
deficiency, 468-469 
intake, 9 

excessive, 21 
plasma, 18 
serum, 358-359 
urinary, 363 

Potassium-sparing diuretics, 441, 448, 449, 473 
commonly used, 471 

PRA (plasma renin activity), 106, 226, 368-370 
Practolol, 470, 479 
Prazosin, 454, 476-477 

in dialytic population, 510 
in elderly, 442 

PRC (plasma renin concentration), 368-369 
Preeclampsia, 299 
Pregnancy, hypertension in, 298-301 

causes of, 298 
defined,298 
early diagnosis of, 300 
incidence of, 299 
renin-angiotensin system in, 298-299 
renin in, 299 
risk factors, 299 
treatment, 300-301 

Pregnanediol, 377 
structure, 377 

Pregnanetriol, 377 
structure, 377 

Preload, defined, 183 

Pressor mechanisms, specific, in resistant 
hypertension, 497-498 

Pressor range, 341 
Prevalence of hypertension, 1,4 
Primary hypertension, 47 
Progesterone, 189, 377 

structure, 377 
"Progressive relaxation," 57 
Prolactin, 378 
Proliferation-stimulating substance, 79 
Propranolol, 475, 477, 479-481 

beta-adrenergic blockade with, 16 
metabolism, 508 
side effects, 479-480 

Prostacyclin (PGI2), 24, 180 
angiotensin II and, 24 

Prostaglandin-kinin interactions, 171 
in nephron, 176 

Prostaglandin system 
kallikrein-kinin system and, 222 
and kallikrein-kinin system in hypertension, 

170-183 
Prostaglandins (PG), 177 

blood platelets and, 181 
blood pressure control and, 182-183 
blood vessels and, 179-181 
intrarenal, deficiency of, 24-25 
and kidney, 176-179 
renal,379 
in renovascular hypertension, 202 

Proteins, demonstration of, in urine, 363 
Pseudoaldosteronism, 124 
Psychological test inventories, 53 
Psychosocial adaptation, 11 
Psychosocial factors, 46 
Psychotherapeutic approaches, 58 
PTA (percutaneous transluminal angioplasty), 

210-211 
PTH, see Parathyroid hormone 
Pulmonary receptors, 102 
"Pure systolic hypertension," 84 
Pyelogram, intravenous, 359 
Pyelonephritis, 96, 194, 250 

chronic, 322, 397 
right-sided secondary, 419 

QRS changes in left ventricular hypertrophy, 274-
275 

Race 
influence of, on blood pressure, 4-7,11,308 
mild hypertension and, 433 

Radiation nephritis, 196 
Radioenzymatic (RE) technique, 365 



Radiologic studies in arterial hypertension, 383-
408 

complications of, 405-406 
invasive, 384-385 

possible complications of, 385-386 
noninvasive, 383-384 
results and diagnostic value of, 387-389 
results and value of, 406-408" 

Radionuclide studies in renovascular hypertension, 
205-206 

Random-zero manometer, 334 
RC ("referred care") group, 88-90 
RE (radioenzymatic) technique, 365 
Rebound phenomenon, 483 
Receptor blockers, 476-481 

adrenergic, see Adrenergic blockers 
beta, see Beta blockers 
beta-adrenergic, see Beta-adrenergic entries 

"Referred care" (RC) group, 88-90 
Reflex arcs in blood pressure regulation, 100-102 
Relaxation for hypertension, 57 

"progressive," 57 
Renal, see also Kidneys 
Renal abnormality, "fundamental," in essential 

hypertension, 293 
Renal-adrenal hormonal system, 18 
Renal angiography, 206-208, 391 
Renal anomalies, 231 
Renal arteries 

aneurysms of, 227, 229, 324 
clamping of, 220-222 
compression of, 227 
constriction of, 396, 398 

bilateral, 203 
unilateral, 202-203 

embolisms of, 324 
multiple, 229-230 
occlusion of, 230-231 
stenosis of, 225, 227 

morphologic classification of, 201 
tension on, 396 
thromboses of, 324 

Renal blood flow scintigraphy, sequential, 205 
Renal carcinoma, hypernephroid, 234 
Renal clearance, isotope, 205-206 
Renal cysts, solitary, 233 

large, 322 
Renal disease 

chronic, hemodialysis with, 151 
facultative unilateral, 225-235 
polycystic, 194 
primary, hypertension in, 192-194 

Renal failure 
acute, 195 
chronic, 235-236 
terminal, 195 
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Renal function scintigraphy, 205 
Renal function studies, split, 206 
Renal hypertension, 192-198, 249-250; see also 

Renovascular hypertension 
in childhood, 321-324 
clinical forms of, 222, 223 
diagnosis, 223-225 
experimentally induced 

angiotensin in, 202-203 
renin-angiotensin system and, 220-222 

research, history of, 217-218 
special forms of, 194-196 
in systemic diseases, 196-197 
therapy, 197-198 
urologic aspects of, 217-237 

Renal medulla, antihypertensive factors in, 12 
Renal nerves, 202 
Renal parenchyma surgery, 231 
Renal-parenchymal causes of hypertension, 321-

324 
Renal perfusion pressure, elevated, 19 
Renal phase scintigram, 416 
Renal prostaglandins, 379 
Renal scintigraphy, 359 

static, 418-419 
Renal transformation time, 293 
Renal transplantation, 225 

hypertension after, 236-237, 395 
Renal trauma, 233 
Renal tuberculosis, 231 
Renal tumors, malignant, 233-234 
Renal vasodepressor system, 22 
Renal vein thrombosis, 231, 324 
Renin, 17, 110,217,218,368,369 

activity in diabetic patients, 95 
angiotensin and, 291; see also Renin-angiotensin 

entries 
blood pressure and, 506 
calcium and, 162-163 
drug effects on, 370-372 
formation, 218-219 
formation and release, regulation of, 219-220 
inhibitors, 26 
levels, clinical conditions affecting, 20 
low, hypertension, see Low-renin hypertension 
plasma, 16-17 

activity (PRA), 106, 226, 368-370 
angiotensin II and, 19 
assays, 368 
concentration (PRC), 368-369 
elevated levels of, 52 

in pregnancy, 299 
release, furosemide-induced, 178 
secretion 

feedback mechanism of, 111 
regulation of, 110-111 
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Renal transplantation (cant.) 
storage of, 218-219 
subgroups, characteristics of, 19 
suppressed, 20 

Renin-angiotensin-aldosterone system, 12, 110-112; 
see also Renin-angiotensin system 

drugs interfering with, 371 
in essential hypertension, 17-22 
in renal artery stenosis, 206, 209 
in renovascular hypertension, 201-202 

Renin-angiotensin factor, 18 
Renin-angiotensin system, 218-222, 368-378; see 

also Renin-angiotensin-aldosterone system 
in Cushing's syndrome, 113-114 
drugs in, 209-210 
drugs interfering with, 508-509 
experimental renal hypertension and, 220-222 
in hypertension in pregnancy, 298-299 
importance of, 94-95 
inhibition of, 112 
kallikrein-kinin system interaction with, 172-173 
physiological functions of, 220 
reaction scheme of, 218 

Renin-dependent hypertension, 235, 506 
Renin-secreting tumor, 400 
Renogram, isotope, 205 
Renogram curve, 413-415 
Renomedullary antihypertensive factor, 23 
Renomedullary interstitial cell, 23-24 
Renoparenchymal hypertension, 231-234 
Renoprival hypertension, 22 
Renovascular hypertension, 200-212; see also 

Renal hypertension 
causes, 200-201 
in childhood, 324 
clinical aspects, 203 
defined,200 
diagnostic measures, 204-210 
essential hypertension versus, 204 
experimental, 105 
incidence, 200 
operative procedures, 211-212 
pathophysiology, 201-202 
possible causes, 393 
treatment, 210-212 

Repolarization changes in left ventricular 
hypertrophy, 275 

Reserpine, 435, 455, 475 
in elderly, 442 
interactions with, 444 

"Resistance" hypertension, 71 
Resistant hypertension, 495-503 

basis for readjustment of therapy, 500-502 
defined,495-496 
drug interactions in, 499-500 

management, 500-503 
pathophysiologic mechanisms, 497-499 
surgical treatment, 503 

Retinal blood vessels, 285-286 
Retinal circulation time, 352 
Retinopathy, angiospastic, 348 
Retroperitoneal pneumography, 402 
Risk of hypertension, 43-48 
Roentgenography in coarctation of aorta, 316 
Rotter's Internal-External Scale, 53 

Salicylates, 445 
Salt 

hypertension and 6-10 
hypertension based on desoxycorticosterone 

acetate and, 105 
intake, 44-45 

blood pressure and 7-8 
in children, 308-309 
in mild hypertension, 433 
regulation of, 497 

requirement, daily, 7 
restriction, 469 

degree of, 8 
Salt-sensitive (S) and salt-resistant (R) strains of 

rats, 8-9 
Salt/water-dependent hypertension, 235 
Saralasin, 218, 508 
Saralasin infusion, 114 

in renovascular hypertension, 209-210 
Saralasin infusion test, 223-224 
SC ("stepped care") group, 88-90 
SchOnlein-Henoch nephritis, 323 
Scintigraphic imaging of adrenal glands, 421-422 
Scleroderma, 197 
Secondary hypertension, 43-44 

causes of 
in childhood, 309-310 
in various age groups, 311 

in dialysis population, 506-507 
incidence of, 309 

Security, sudden loss of, 52 
Segmental artery stenosis, 230 
Segmental glomerular .hypoplasia, 232 
Segmental hyperreninemia, 232 
Segmental hypoplasia Ask-Upmark, 322 
Segmental hypoplasia of kidney, 232-233, 394 
"Senile hypertension," 386 
Sex, influence of, on blood pressure, 5, 342 
SHR (spontaneously hypertensive rat), 9, 248 
"Silver wire" arteries, 348 
Sinus of Valsalva aneurysm, perforated, 387, 

388 
Skin-fold thickness, 64 



Sleep, 103 
Smoking, cigarette, 12 
Smooth muscle, vascular, calcium ions in, 161-

162 
Smooth-muscle cells, 79 
Smooth-muscle hypersensitivity, 11 
Sociocultural variables, 53-54 
Sodium 

analysis for, 362 
exchangeable, 419-420, 505 
restriction in dialytic population, 507 
urinary, 363 

Sodium-calcium exchange, 10 
Sodium chloride, see Salt entries 
Sodium nitroprusside, 454 

in dialytic population, 509-510 
in hypertensive emergencies, 488-489 

Sodium-potassium pump, 10 
Sodium-volume-dependent hypertension, 504-

506 
Somatostatin (growth hormone inhibiting factor), 

22, 210 
in diabetics, 95 

Somatotropic hormone (STH), 378 
Sonography, 405 
Sphygmomanometer, 334 
Spironolactone, 449, 473 
Splanchnicectomy, one-stage subdiaphragmatic, 

503 
Spontaneously hypertensive rat (SHR), 9, 248 
Static renal scintigram, 418-419 
"Stepped care" (SC) group, 88-90 
Steroid hormones 

exogenous, hypertension due to, 124 
hypertension due to, 112-124 
metabolism of, studies of, 420-421 
metabolites of, 373-378 

STH (somatotropic hormone), 378 
Storage xanthomatosis, 78 
Stress, 10-12,53-54, 103-104 

experimentally induced, 54-55 
occupational, 54 
research, 46 

Stroke 
antihypertensive therapy and, 466 
blood pressure and, 82-83 
hemorrhagic, 285 
index, 256-257 
risk factors for, 81 

Substance S, 376 
structure, 376 

Sucrose, consumption of, 10 
Sulfonamides, commonly used, 471 
Supplemental pressure, 339 
Suppressed aggression, 46 
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Survival rates 
diastolic blood pressure and, 82 
of malignant hypertension, 85 

Sympathectomy, bilaterallumbodorsal, 503 
Sympathetic inhibiting drugs, 454-457, 509 
Sympathetic nerve tonicity, 17 
Sympathoadrenal system in hyperthyroidism, 157-

158 
Symptoms, hypertension, 357 
Systemic lupus erythematosus, 197 
Systolic blood pressure, 245, 334; see also Blood 

pressure 
age and, 5, 6, 73 
body weight and, 72 
in children, 306 
diurnal variability of, 340-341 
excess mortality and, 83 
fat mass and, 69 
ischemic heart disease and, 84 
ratio of actual to expected mortality for, 4 
variability in, 1 
weight changes and, 74 

Systolic hypertension, 286 
approach to management of, 288-289 
associated diseases, 439 
clinical evaluation, 439-440 
dominant or disproportionate, 287 
in elderly, 438-443 
essential hypertension and, 289 
fixed dominant, 287 
indications and objectives of therapy, 440-442 
labile dominant, 287 
pathophysiology, 439 
prevalence, 438 
risks from, 439 
selective or isolated, 286-287 
step-care approach to treatment of, 442 

Systolic wall tension, 261-264 

T -wave inversion in fundus changes, 351 
Tachycardia, 103, 433 
TEA (thromboendarterectomy), 211 
Teleroentgenogram, chest, see Chest 

teleroentgenogram 
Testosterone, 378 

structure, 378 
Tetrahydrobiopterine (TH), 133 
Thiamine, thiazides and, 96 
Thiazide-induced hyperglycemia, 472 
Thiazide, 471-473 

calcium and, 472 
commonly used, 471 
thiamine and, 96 

Thrombocytes, 79 
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Thromboembolism, 386 
Thromboendarterectomy (TEA), 211 
Thrombosis 

embolism versus, 394, 395 
of renal arteries, 324 
of renal veins, 231, 324 

Thromboxane A2, 24, 179, 181 
Thromboxane B2, 180 
Thyroid gland 

function studies, 423 
iodide clearance, 423 
localization studies, 422-423 

Thyroxine, 156-157 
Tiamenidin, 484 
Ticrynafen, 470, 473-474 
Tomography, computer, adrenal, 405 
Tonin-angiotensin II system, 22 
Tonometry, 334, 336 
Toxemia of pregnancy, 299 
Tracking phenomenon, 307 
Transcendental meditation, 57 
Traumatic events, 53 
Triamterene, 124, 449, 473 
Trichloromethiazide, 472 
Tricyclic antidepressants, 444-445 
Triglycerides, determination of, 363 
Tuberculosis, renal, 231 
Tumors, hypertension due to, 323 
Twins, identical, hypertension in, 6 

Ultrafiltration 
during dialysis, 507 
isolated, and sequential dialysis, 507-508 

Ultrafiltration/hemofiltration, slow continuous, 
508 

Ultrasonic transmitters, 333 
Ultrasonography examination, 359 
Underproportionate hypertrophy, 260, 265, 266 
Urban living, 53 
Urea, plasma, 362 
Ureteral stenosis, 204 
Uric acid levels, 363 
Urinalysis, 358 

catecholamines in, 365-366 
Urinary calculi, 323 
Urinary screening test, 365n 
Urinary stasis, hypertension due to, 234-235 
Urine concentration, 363 
Urine tests, 363-364 
Urography 

excretory,223,228,232,235,359,390-392 
vasodilated, 391 

intravenous, 204 
rapid-sequence, 391 

Urologic aspects of renal hypertension, 217-237 
Uropathy, obstructive, 322-323 

Vagal inhibition, decreased, 13 
Vanillylmandelic acid (VMA), 367 

structure, 364 
Vascular changes with aging, 438-439 
Vascular endothelial cells, 78 
Vascular reactivity, increased, 14-15 
Vascular reconstruction, 211 
Vascular resistance, total peripheral, 246 
Vascular responsiveness, 11 
Vascular smooth muscle, see Smooth-muscle 

entries 
Vasodilators, 452, 454, 484-485 

in dialytic population, 509-510 
in elderly, 442 

VCF (mean velocity of fiber shortening), 255 
Vectorcardiography (VCG), 274-277 
Venography, adrenal, 121, 122,403,405 
Venous capacitance system, 246 
Ventricular compliance, 258-259 
Ventricular coronary reserve, 269-271 
Ventricular dimensions, 252-253 
Ventricular ejection fraction, 255, 256, 258 
Ventricular function, 252-259 
Ventricular hypertrophy, 259-261 

combined indices for, 276 
recognition of, 273-277 

Ventricular mass, 252-253 
prediction of, 277 

Ventricular mass-volume relation, 260-261 
Ventricular muscle mass (LVMM), 254 
Ventricular receptors, 102 
Ventricular septal defect, 313-314 
Ventricular size, 252 
Ventricular wall hypertrophy, regional, 263-265 
Venticulography, 384-385 
Very-low density lipoproteins (VLDL), 80 
Vessels, blood, see Blood vessels 
Veterans Administration study, 465 
VLDL (Very-low density lipoproteins), 80 
VMA, see Vanillylmandelic acid 
Volume compliance, 258 
Volume elasticity coefficiency of large vessels, 287-

288 
Volume restriction in dialytic population, 507 

Washout time, 391 
Water, drinking, mineral content of, 45 
Water hardness, blood pressure and, 166 
Water-salt balance, 45 
Wegener's granulomatosis, 196 



Weight, body 
blood pressure and, 72 
correlations between blood pressure and, see 

Blood pressure, correlations between body 
weight and 

excess, see Obesity 
reduction of, 10 

blood pressure and, 70-71 
blood pressure normalization and, 94 

Whole-body counter, measurements with, 413 
Wilms' tumor, 234, 323 
"Windkessel" forms of hypertension, 386 
Work, nervous stress and, 54 
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Work factors, 46 
Work pressure, increased, 51 

Xanthoma cells, 79 

Yoga, 58 
Youth, genesis of hypertension in, 46 

Zen meditation practice, 58 
Zinc, low blood levels of, 12 
Zonography, 390 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions false
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




