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In an attempt to explain the greater morbidity from essential 
hypertension in the black as compared with the white race, 
we evaluated the intrarenal vasculature of 27 patients with 
hypertension (19 white and 8 black). All patients had mild-to-
moderate hypertension (mean arterial pressure, 110 to 125 
mm Hg), normal renal function, and minimal target-organ 
damage. All patients had selective renal angiograms, which 
were evaluated for arterial nephrosclerosis. Additionally, 
renal blood flow was estimated by the clearance of para-
aminohippurate. Patient age, blood pressure, and plasma 
renin activity did not differ between the two races. Black 
hypertensives had significantly (P < 0.01) more severe 
nephrosclerosis than the white patients. Renal blood flow was 
lower (P < 0.05) in black patients (390 ± 35 ml/min m2 

body surface area) than white patients (473 ± 1 9 ml/ 
min m2 body surface area). These findings may help to 
explain racial differences in morbidity and mortality from 
essential hypertension. 

A VARIETY OF MORPHOLOGIC ABNORMALITIES, k n o w n 

collectively as nephrosclerosis, have been reported in the 
kidneys of patients with essential hypertension (1, 2). The 
presence of these lesions, especially in the interlobar and 
arcuate arteries, has been shown in vivo by arteriography 
of the hypertensive kidney (3). Although it is possible 
that in most patients these abnormalities are the conse­
quence of hypertension, the possibility remains that in 
certain patients nephrosclerosis may have a primary role 
in the pathogenesis of the hypertension (4). Epidemiolog­
ic surveys have disclosed that hypertension occurs more 
frequently and is associated with greater morbidity and 
mortality in the black race as compared with the white 
race (5). Recently, we have begun a multifactorial investi­
gation of hypertensive patients designed to define the (pa­
thophysiologic) differences that may explain these find­
ings. As part of these studies a group of black and white 
patients with mild-to-moderate essential hypertension 
have been studied by renal angiography. We have further 
evaluated their kidneys by measuring the clearance of 
para-aminohippurate as an index of total renal blood 
flow. Additionally, we have included measurements of 

plasma renin activity because a previous study has re­
ported an inverse relation between this enzyme and renal 
blood flow (6). 

Methods 

PATIENTS 

Twenty seven men (19 white and 8 black) were referred to 
the Diagnostic and Treatment Unit of the San Diego Veterans 
Administration Hospital for initial evaluation of hypertension. 
All subjects were screened twice before hospitalization and were 
required to have a supine mean arterial pressure (diastolic blood 
pressure plus l/3 pulse pressure) of at least 110 mm Hg but less 
than 125 mm Hg on each measurement. None of the patients 
had previously been evaluated for secondary causes of blood 
pressure elevation, and only two patients had been treated for 
hypertension; in both instances medication was omitted for 3 
weeks prior to enrollment in the study. Subjects gave informed 
written consent, and the Committee on Human Experimenta­
tion of the University of California, San Diego, approved the 
protocol. 

Each subject was admitted to the hospital for 12 days. The 
evaluation consisted of a history and physical examination; 
multiple measurements of blood pressure (see below); routine 
blood chemical studies; blood count; a urinalysis and culture; 
chest roentgenogram; and an electrocardiogram. Optic fundi 
were evaluated for hypertensive changes by the criteria of Keith 
and Wagener (7), and the presence or absence of left ventricular 
hypertrophy was assessed by standard criteria (8). Blood pres­
sure was measured with the arm cuff method each morning of 
the first 3 days of hospitalization. Reported blood pressures 
represent the average of these determinations. All patients 
whose mean arterial pressure was at least 110 mm Hg but less 
than 125 mm Hg were further evaluated with a rapid-sequence 
intravenous urography and measurement of the 24-h urinary 
excretion of 17-hydroxycorticosteroids, metanephrines, cate­
cholamines, and vanillylmandelic acid. In no case was a known 
secondary cause of blood pressure elevation suggested by this 
evaluation. Renal function was normal in every case as judged 
by 24-h creatinine clearance and urinalysis. Urine culture was 
sterile in all cases. 

STUDY DESIGN 

Patients were fed a diet that contained 10 meq/24 h of sodi­
um and approximately 80 meq/24 h of potassium. After at least 
5 days on this diet a 24-h urine collection for creatinine and 
sodium was obtained. Concurrent with the 24-h urine collec­
tion, a blood sample was obtained for measurement of plasma 
renin activity after the patient had ambulated for 4 h. Measure­
ments of plasma renin activity were done with the method of 
Haber and associates (9) by means of the radioimmunoassay of 
angio tensin I generated after incubation at pH 5.5 for 1 h at 
37 °C. Simultaneous blanks were determined at 4 °C. Reagents 
were purchased from New England Nuclear, Boston, Massa­
chusetts. All assays were done in duplicate, and the values 
were required to fall within ± 1 5 % of the mean. Reproducibili-
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Figure lA.Grade O: normal arteriogram, gradual tapering f rom segmental to interlobular arteries, no tortuosity or focal obstructions. 
B.Grade 1 + : minor tortuosity of some (arrows), but not all arcuate arteries, no occlusions, tapering still normal. C.Grade 2 + : tortuosity of 
more than 3 0 % of arcuate arteries, tapering now abnormal with abrupt decrease in caliber at distal arcuate artery level (arrow). D.Grade 
3 + : marked tortuosity of all arcuate arteries with abrupt termination of some branches, opacification of peripheral cortex is uneven 
reflecting focal perfusion deficit. 

ty was established by replicate analyses of single plasma sam­
ples (n = 22) with "high" and "low" plasma renin activity. The 
interassay coefficients of variation (expressed as one standard 
deviation per mean) were 11% and 15% for the "high" and 
"low" samples respectively. All results are expressed as nano­
grams of angiotensin I generated/ml • h. Patients were classi­
fied by the method of Laragh and colleagues (10) into normal, 
low, or high "renin subgroups" by relating their plasma renin 
activity to the normal range of renin for the concurrent 24-h 
sodium excretion. 

On the day after plasma renin activity measurement, renal 

blood flow was estimated by the method of constant infusion of 
para-aminohippurate without urine collection (11). Renal blood 
flow was calculated by the formula: renal blood flow = para-
aminohippurate clearance/1-hematocrit, and is expressed per 
meter-squared of body surface area. 

ANGIOGRAPHY 

On the next day renal angiography was carried out. All pa­
tients initially had renal aortography with 40 ml of sodium-me-
glumine diatrizoate (Renografin® 76%) followed by bilateral 
selective renal arteriography using 6 to 10 ml of the same agent 
injected at 6 to 8 ml/sec to approximate renal blood flow. The 
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Table 1. Subject Characteristics of the Two Racial Groups 

Racial 
Group 

Age Mean Arterial 
Pressure 

Creatinine 
Clearance 

Urinary 
Na+ Excretion 

Plasma Renin 
Activity 

Black 
White 

yrs 

41.7 ± 
41.6 ± 

3.6 
2.3 

mm Hg 

118.3 ± 1.5 
115.7 ± 1.1 

ml min • m1 body surface area 

59.4 ± 1.9 
58.6 ± 1.6 

meq 24 h 

14.2 ± 2.6 
15.0 ± 2.3 

ng Al/ml • h 

9.7 ± 3.0 
11.8 ± 2.8 

catheter was 6.5 Fre Ji polyethylene (Formocath, Becton 
Dickinson, Rutherford, New Jersey) with no side holes. The 
main and segmental renal arteries were free of stenosis in all 
patients. 

Based on a previous angiographic study in which the severity 
of arterial nephrosclerosis was related to aging in nonhyperten-
sive patients (13), we graded the arcuate arteries for signs of 
arterial nephrosclerosis using the following criteria: Grade O 
(normal), arcuate arteries of normal caliber, tapering gradually 
into interlobular arteries with no tortuosity or abrupt termina­
tions (Figure \A); Grade 1 +, tortuosity of some ( < 30%) 
arcuate arteries, but normal tapering of these arteries (Figure 
li?); Grade 2 + , tortuosity of more than 30% of the arcuate 
arteries, with sudden tapering or abrupt termination of some 
(Figure 1C); Grade 3 +, tortuosity of all arcuate arteries with 
focal obstructions, poor tapering, and focal small regions of 
nonperfusion (Figure \D). 

Each patient's selective arteriograms were evaluated indepen­
dently by two observers (LBT and MNC) without knowledge of 
the patient's age, race, or clinical findings. Both kidneys were 
evaluated separately by both observers, and in several instances 
one kidney was believed to have more severe disease than the 
other. In these instances, the angiographers recorded the aver­
age grade of the two kidneys. 

Statistics 
Student's t test was done using standard techniques (12). 

Nonparametric techniques (Wilcoxon rank sum test and rank 
correlation) were used when appropriate. All results are ex­
pressed as the mean ± standard error of the mean (+ SEM), 
unless otherwise stated. 

Results 

Subject characteristics are given in Table 1. Black pa­
tients ranged in age from 28 to 57 years with a mean age 
of 41.7 + 3.6 years, similar to white patients whose mean 
age was 41.6 + 2.3 years (range, 25 to 57 years). Black 
patients had an average mean arterial pressure of 
1 1 8 . 3 + 1 . 5 mm Hg similar (P > 0.10) to the white pa­
tients 115.7 + 1.1 mm Hg. One of eight black patients 
exhibited electrocardiographic evidence of left ventricu­
lar hypertrophy, but none of the white subjects had this 
abnormality. Ocular fundi were believed to manifest 
grade II or less hypertensive disease in all patients. The 
mean score for blacks (1.63) was similar to that of the 
white subjects (1.47). Thus, there were no significant 
(P > 0.10) differences in the incidence or severity of "tar­
get-organ" damage (optic fundi and heart) between the 
two racial groups. Creatinine clearance was greater than 
50 ml/min • m2 body surface area in every patient, and 
urinary sodium excretion was less than 20 meq/24 h in 
each instance. There were no racial differences in the 
mean results of these two determinations (Table 1). Black 
patients had plasma renin activity of 9.7 + 3.0 ng angio­
tensin I /ml • h, not significantly (P > 0.10) different 
from the white hypertensive patients (11.8 + 2.8 ng an­
giotensin I /ml • h). One black patient and one white pa­

tient had "high" plasma renin activity, whereas two 
blacks and three whites had "low" plasma renin activity. 
Thus, the distribution of renin subgroups between the 
races was similar. 

Results of measurements of renal blood flow and an­
giographic evaluations of the renal vasculature are given 
in Table 2. Black patients had a mean renal blood flow of 
390 + 35 ml/min • m2 body surface area, significantly 
(P < 0.05) less than white hypertensive patients whose 
mean renal blood flow was 473 + 19 ml/min • m2 body 
surface area. In 21 of the 27 cases, both observers graded 
the renal angiograms in a similar fashion. In six in­
stances, angiographic evaluations differed between ob­
servers, but in no case did the evaluations differ by more 
than one grade. In these instances, the average of the two 
observers' evaluations were used to permit a racial com­
parison. The mean grade of severity of arcuate artery 
nephrosclerosis was 1.84 + 0.25 in blacks compared with 
0.89 + 0.14 in white patients. By rank-sum analysis, 
whites have significantly (P < 0.01) milder arcuate ar­
tery disease than their black counterparts. 

We further evaluated our results by attempting to cor­
relate (by rank correlation) renal blood flow and angio­
graphic score with each other, with patient age, with 
mean arterial pressure, and with plasma renin activity for 
each of the two racial groups. We did not observe a sig­
nificant correlation coefficient for any of the pairings 
(P > 0.10). 

Discussion 

The finding of important biologic differences between 
the black and white races is not without precedent. A 
well-known example would be the frequency distribution 
of erythrocyte enzyme deficiencies among the different 
races (14). More pertinent to the present study, several 
lines of evidence support the concept that essential hyper­
tension may have different characteristics in the two ra­
cial groups. Variably defined "low renin hypertension" 
occurs more frequently in blacks (15) and accelerated hy­
pertension is found more commonly among the black 
population (16). Our own preliminary findings indicated 
that the black hypertensive patient may have a greater 
plasma volume than his white counterpart (17), and, 
more recently, we have noted deficient activity of the re­
nal kallikrein-kinin system (renal vasodilators) in black 
hypertensive patients studied during dietary sodium re­
striction (18). In the present study, a group of black and 
white patients with mild-to-moderate essential hyperten­
sion (mean arterial pressure between 110 and 125 mm 
Hg) were selected for evaluation. Blacks and whites were 
matched for age and magnitude of hypertension. All pa­
tients exhibited normal renal function, no patient had 
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greater than grade II retinopathy, and only one patient 
had electrocardiographic evidence of left ventricular hy­
pertrophy. Despite these clinical similarities, substantial­
ly more severe disease of the arcuate arteries was ob­
served in the black hypertensive patients. In addition, 
there was a parallel decrease of para-aminohippurate 
clearance as an index of renal blood flow. In contrast to 
the present findings, a previous study (18) has shown that 
renal blood flow is similar between black and white nor-
motensive subjects. 

Previous reports of renal angiographic abnormalities in 
essential hypertension have not included racial analyses. 
Hollenberg and coworkers (3) did renal angiography in 
66 patients with essential hypertension. They found sig­
nificant correlations between interlobar and arcuate ar­
tery abnormalities and the age of the patient and the du­
ration and severity of the hypertension. These findings 
differed from our own, but many of Hollenberg's patients 
had more severe hypertension than those in the present 
study. The relation they described between blood pres-

Table 2. Compa 
Findings in the B 

Subject 

'ison of Renal Blood Flow and Renal 
lack and White Races 

Angiographic Evaluation* 

Angiographic 

Renal Blood 
Flow Number 

Angiographic 

Renal Blood 
Flow 

Observer Observer Average of 
1 2 No. 1 and 

No. 2 

ml/min/m2 

body surface 
area 

Black patients 
1 1 1 1 408 
2 3 3 3 544 
3 2 2 2 400 
4 2 2 2 355 
5 2.5 2.5 2.5 227 
6 2 2 2 484 
7 1 1 1 303 
8 1 1.5 1.25 402 

Mean ± SEM 1.84 ± 0.25 390 ± 35 
White patients 

9 1 1 376 
10 1 1 500 
11 0 0 0 394 
12 1 1 373 
13 1 2 1.5 578 
14 1 2 1.5 389 
15 1 1 560 
16 1 1 469 
17 0 0 0 397 
18 0.5 0.5 0.5 430 
19 1 1.5 1.25 396 
20 0 0 0 399 
21 0.5 0 0.25 624 
22 1 2 1.5 499 
23 2 2 2 532 
24 0.5 0.5 0.5 483 
25 0 0 0 607 
26 0 0 0 477 
27 2 2 2 521 

Mean + SEM 

* See text for d 
t Whites have 1 
% Renal blood fl 

escription of 
ess severe abi 
ow is greater 

evaluation te 
lormalities th 
in whites thj 

0.89 ± 14t 

chnique. 
an blacks, P < 
in in blacks, P < 

473 ± 19J 

3.01. 
: o.o5. 

sure and arcuate artery disease appears to be a weak one 
in patients with "mild" hypertension and is stronger in 
patients with more severe disease. We were unable to 
document duration of hypertension in most of the pa­
tients and thus cannot relate angiographic findings to du­
ration of disease. The relation reported by Hollenberg 
between age and severity of nephrosclerosis appeared to 
reflect to some extent the correlation between age and 
duration of hypertension. A lack of correlation between 
age and duration of mild hypertension in our series 
would provide a possible explanation for our inability to 
relate patient age to severity of nephrosclerosis. 

Our findings of only two patients with "high" renin 
levels and the lack of correlation between plasma renin 
activity and the state of the renal vasculature confirm a 
previous report that renal oligemia of this degree is not 
associated with increased renin secretion (6). In the pres­
ent study, blacks did not have greater plasma renin activ­
ity than whites. Thus, we are unable to explain our re­
sults on the basis of the proposed vasculotoxic effect of 
the renin-angiotensin system (19). 

We did not find statistical correlation of angiographic 
assessment with reduction of renal blood flow by a clear­
ance technique. In a previous study, Hollenberg and co­
workers (3), using a xenon washout method, observed 
normal total renal blood flow in subjects with essential 
hypertension with normal or minimally diseased renal 
vasculature (by angiography). It was only in the patients 
with more extensive vascular changes that impaired renal 
blood flow was found. Reasons for these differences be­
tween the two studies are not established, but our exclu­
sion of patients with more severe hypertension may ex­
plain the lack of correlation between our clearance and 
angiographic results. It is also possible that the difference 
between techniques for measurement of renal blood flow 
may be responsible for some of the discrepancies between 
our results and those of Hollenberg and coworkers. 

The pathophysiologic meaning of the racial differences 
in the renal vasculature has not been established by the 
present study. Many investigators appear to favor the 
concept that renal vascular abnormalities observed by an­
giography or assessed at postmortem examinations occur 
secondarily to elevated blood pressure (20). Thus, black 
patients may have had more severe arterial changes be­
cause their renal vasculature is more sensitive to elevated 
blood pressure. Alternatively, they may have had more 
severe or prolonged hypertension than the white group, 
although our measurements of blood pressure and assess­
ment of other target-organ damage would not support 
this latter proposal. It has been suggested that disease of 
the renal vasculature and elevated renal vascular resist­
ance may initiate certain cases of "essential hyperten­
sion" (4, 21). If this theory is correct, it may be that 
inherent racial differences in renal blood vessels may con­
tribute to the increased frequency and severity of hyper­
tension in the black population. The present study does 
not distinguish between fixed organic lesions and func­
tional lesions (abnormal renal vascular tone) (22). Thus, 
alterations in one or more renal vasoactive substances 
may account for some of our findings (18). 
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Some authors have suggested that milder forms of arte­
rial hypertension warrant more vigorous treatment in the 
black patient (23). The present study affords experimen­
tal support for such an approach. Accelerated ("malig­
nant") hypertension is frequently characterized by a vi­
cious cycle of impaired renal perfusion, leading to activa­
tion (6) of the potentially vasculotoxic renin-angiotensin 
system. Early treatment of hypertension in the black pa­
tient might stabilize the already compromised renal cir­
culation "and prevent a decline in renal perfusion below 
the critical level that induces renin release. 

Thus, potentially important racial differences exist in 
the renal vascular abnormalities observed by angiograph­
ic examination of the patient with essential hypertension, 
and analogous differences in renal blood flow occur be­
tween the black and white hypertensive patient. The 
meaning of these findings is uncertain at present, but it is 
clear that future studies should consider important varia­
tions that may exist between the races (24). A prospective 
analysis of these sorts of factors might elucidate further 
the pathophysiology of essential hypertension. 
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