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The relation of renin-angiotensin status to general hemodynamics and 
to neurogenic vascular resistance was studied in patients with border- 
line hypertension. Plasma renin activity durlng standing was referred to 

a standard renin-urinary sodium nomogram derived from 18 normal 
stbjects. Among 22 patients with borderline hypertension the renin 
level was high In 8, low in 4 and within normal limits In the remaining 
10. In patients with borderline hypertension and high or normal levels 
of plasma renin activity, the blood pressure elevation was due to in- 
creased total peripheral vascular resistance. In contrast, in patients 
with low renin borderline hypertension, total peripheral resistance was 
not significantly elevated; the blood pressure elevation reflected a car- 
diac Index 12 percent higher than that in normal subjects. 

The neurogenic contribution to total peripheral vascular resistance 
was assessed by studying the effects of alpha adrenergic blockade 
with phentolamlne, after prior autonomic blockade of the heart with at- 
ropine (0.04 mg/kg body weight) and propranolol (0.2 mg/kg). Phen- 
tolamine (15 mg) produced an immediate reduction in total peripheral 
resistance of 12.0 f 8.7 percent in patients with hlgh renin borderline 
hypertension (P <O.Ol) but no change in normal subjects or those with 
borderline hypertension and normal or low renin levels. Normalization 
of the blood pressure followed “total” autonomic blockade with atro- 
pine, propranolol or phentolamine only in patients with high renin bor- 
derline hypertension. 

It is concluded from these preliminary data that in high renin border- 
line hypertension the blood pressure elevation is sustained by neuro- 
genie mechanisms. The elevated renin level in these patients is proba- 
bly an expression of increased sympathetic nervous activity. Although 
the elevated plasma renin level may possibly be contributing to the 
generation of higher sympathetic tone, our data do not support a direct 
role of circulating angiotensin in the maintenance of the elevated vas- 
cular resistance. 

Much att.ention has been focused on the possible role of the renin- 
angiotensin system in the development of human hypertension. In es- 
sential hypertension this research appears to be giving new insights 
into pathogenesis. One finding of interest is the presence of elevated 
plasma renin levels in a proportion of patients with essential hyper- 
tension.‘.” The underlying mechanism is unclear, but because of the 
known role of the sympathetic nervous system in stimulating renin 
release,:{ it has been suggested that in essential hypertension with ele- 
vated renin levels sympathetic nervous system activity may be in- 
creased.4 
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The renin-angiotension system has been less studied in borderline 
hypertension, but the presence of high plasma renin activity in a pro- 
portion of patients with borderline hypertension has also been de- 
scribed.4m” Since subjects with borderline blood pressure elevation 
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appear to be predisposed to the development of es- 
tablished essential hypertension in later life,7 it 
seems appropriate to study such patients in an effort 
to determine possible initiating factors in the patho- 
genesis of essential hypertension. This point would 
appear to apply particularly to any possible interac- 
tion between the sympathetic nervous system and 
the renin-angiotensin system, since the function of 
both systems seems to be influenced by the duration 
and severity of the hypertension.4v8-11 Changes might 
be expected to develop with evolution of the hyper- 
tensive disease, perhaps obscuring functionally sig- 
nificant interrelations present earlier in the course of 
development of the hypertension. The relation of 
renin status in borderline hypertension to some phar- 
macologic indexes of sympathetic nervous system ac- 
tivity is therefore the subject of this report. 

Methods 

Subjects 

Eighteen paid volunteers who had three consecutive nor- 
motensive blood pressure readings were compared with 22 
patients with borderline hypertension. All subjects were 
men aged 18 to 35 years. The patients met our definition of 
borderline hypertension in having, in a minimum of three 
pressure measurements in the last year, at least one casual 
diastolic blood pressure reading in excess of 90 mm Hg, and 
at least one reading below 9O.7 Every patient underwent a 
thorough clinical examination, and none had evidence of 
secondary hypertension. The examination placed special 
emphasis on a search for renal disease, pheochromocytoma, 
hyperthyroidism or a history of renal trauma. During the 
physical examination, care was taken to exclude dimin- 
ished or delayed femoral pulses, abdominal bruits, goiter or 
exophthalmos. All patients had a normal funduscopic ex- 
amination. Chemical analysis and microscopic study of the 
urine and serum creatinine and potassium concentrations 
were normal in all patients. An informed consent form, in 
which the details of the procedure were outlined, was 
signed by all subjects. Safety aspects of the procedure were 
reviewed and approved by this institution’s Committee for 
Use of Human Subjects for Experimental Purposes. 

Experimental Procedure 

Stage 1: The study was performed in two stages. In all 
subjects, a 24 hour sample of urine was collected on an in- 
patient basis in a metabolic ward for determination of 24 
hour urinary sodium excretion. Subjects adhered to their 
usual diet during this collection period. Urinary sodium 
concentration was determined by flame photometry. Blood 
was drawn after l-hour of standing for estimation of plasma 
renin activity. Venepuncture was performed at approxi- 
mately the same time of day in each subject (8 to 9 AM), 
and the blood was collected into a chilled tube packed in 
ice, with ethylenediaminetetraacetic acid (EDTA) as anti- 
coagulant, centrifuged within 1 hour, and the plasma sepa- 
rated, frozen and stored at -20’ C before estimation of 
plasma renin activity. Plasma renin activity was deter- 
mined by radioimmunoassay of angiotensin I according to 
the method of Haber et al.‘* 

Stage 2: Immediately after the renin collection the 22 
patients with borderline hypertension and 14 subjects with 
normal blood pressure were entered into the second phase 
of the investigation, in which general hemodynamic mea- 

surements were made at rest and after autonomic blockade. 
The measurement of hemodynamic variables was by 

methods previously described.l” Cardiac output was mea- 
sured by the dye-dilution technique (using indocyanine 
green dye), blood pressure measured intraarterially and 
heart rate determined from simultaneous electrocardio- 
graphic tracings. Arteiial blood was withdrawn from the 
brachial artery. A Swan-Ganz flow-directed catheter14 was 
introduced percutaneously into an antecubital vein and ad- 
vanced, with concurrent monitoring of venous pressure and 
the electrocardiogram, into the right atrium for delivery of 
dye for the determination of cardiac output. For monitor- 
ing of pressures, the arterial and right atria1 catheters were 
connected through Statham P23 DB strain gauges to a 
Hewlett-Packard 4578A polygraph. Cardiac output curves 
were inscribed with a Gilford densitometer. Plasma volume 
was measured by Evans blue dye. Optical density in sam- 
ples taken 10, 15 and 20 minutes after the injection of dye 
was extrapolated to zero time. 

Autonomic blockade: Resting measurements were 
made in all subjects 10 minutes after the catheters were 
placed. Then intravenous injections of atropine sulfate 
(0.04 mg/kg body weight) and propranolol (0.2 mg/kg) were 
given in sequence, each agent being administered over 5 
minutes. Hemodynamic measurements were repeated 7 
minutes after the administration of each compound. This 
regimen effectively blocks physiologic autonomic nervous 
influence on the heart. l5 Finally the alpha adrenergic 
blocking drug phentolamine, in a total dose of 15 mg, was 
injected intravenously over 10 minutes, and hemodynamic 
measurements were repeated 2 minutes later. 

To test for the completeness of alpha adrenergic block- 
ade produced by phentolamine, two techniques were used. 
In one, the pressor response to the rapid intravenous injec- 
tion of norepinephrine was compared before and after the 
administration of phentolamine. Sufficient norepinephrine 
(2 or 3 wg) was administered to produce an increase in 
mean blood pressure of 20 to 30 mm Hg in each subject be- 
fore administration of phentolamine, and this dose was re- 
peated after administration of phentolamine. In the sec- 
ond, the phase IV diastolic blood pressure overshoot with 
the Valsalva maneuverI (pressure maintained at 30 mm 
Hg for 15 seconds) was compared before and after adminis- 
tration of phentolamine. In both instances any neurogenic 
cardiac contribution to the observed response was excluded 
by the prior administration of blocking doses of atropine 
and propranolol, so that the modification of both types of 
response by phentolamine gave an indication of the degree 
of alpha adrenergic blockade. 

Results 

Hemodynamics: The general characteristics of the 
subjects are shown in Table I. The two groups were 
well matched for age, but the patients with border- 
line hypertension had a significantly higher ponderal 
index (weight/height2) (Table I). Mean cardiac index 
and heart rate were similar in patients with border- 
line hypertension and subjects with normal blood 
pressure. This finding is at a variance with reports 
from this laboratory and elsewhere7,17 of elevation of 
the cardiac output in borderline hypertension. Since 
the cardiac output has previously been found to be 
elevated in only approximately 30 percent of patients 
with borderline hypertension,7 ours may be a random 
finding related to sample size. The higher blood pres- 
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TABLE I 

General Characteristics and Hemodynamics at Rest in Normal Subjects and Patients with Borderline Hypertension (mean + 1 standard deviation) 

Normal 
subjects 

Borderline 
hypertension 

Age (vrl 

23.7 i 5.0 

26.1 I 4.9 

Average 
Casual BP7 

114171 

150/89 * 

PI Mean DBP 

2.18 + 0.19 77 + 6 

2.57 + 0.32” 94 * 8* 

Hemodynamics at Rest 

Cl HR 

2.85 f 0.31 61 +9 

2.67 i 0.38 62 i 9 

TPR I 

27.5 + 3.6 

36.1 + 6.6” 

l Significance of difference between the two groups P < 0.01 (Student’s t test). 
BP = blood pressure (mm Hg); Cl = cardiac index (liters/min per m’); DBP = diastolic blood pressure + l/3 pulse pressure; HR = heart rate 

(beats/min); PI = ponderal index (weight/height’, g/cm’); TPRI = total peripheral resistance index (mm Hglliter per min per m’l. 

sure in the group of hypertensive patients in this 
study was, overall, a result of a higher total peripher- 
al vascular resistance (Table I). 

Plasma renin activity: The renin status of the pa- 
tients with borderline hypertension is shown in Fig- 
ure 1. Plasma renin activity was low in 4, normal in 
10 and elevated in 8 of the 22 patients. The mean 
value was 3.05 f 2.35 ng/ml per hour (mean f stan- 
dard deviation) compared with 2.31 f 0.89 ng/ml per 
hour in subjects with normal blood pressure (differ- 
ence not significant). Mean 24 hour urinary sodium 
excretion was similar in hypertensive and normal 
subjects (195 f 73 mEq and 186 f 72 mEq, respec- 
tively). 

6. 

L 

f 

p 5.1 

0 100 200 300 400 

“R,NARl SODIUM EXCRETION per 24 hours 

FIGURE 1. Relation of plasma renin activity to urinary sodium excre- 
tion in patients with borderline hypertension (triangles) and subjects 
with normal blood pressure (circles). Data from all normal subjects 
lie within the area bounded by the freely drawn curved lines. 

710 October 31, 1975 The American Journal of CARDIOLOGY 

Correlation of hemodynamics and plasma 
renin status: Among the patients with borderline 
hypertension, the hemodynamic findings at rest bore 
a relation to renin status. Mean cardiac index was 
normal in those with high renin borderline hyperten- 
sion and reduced in patients with normal renin levels: 
In both groups the higher blood pressure was due to 
an elevated total peripheral vascular resistance 
(Table II). In contrast, calculated peripheral resis- 
tance was not significantly elevated in those with low 
renin borderline hypertension. The number of 
subjects in this group was small (four only) so the re- 
sults must be considered preliminary. In patients 
with low renin borderline hypertension the elevated 
blood pressure was maintained by (1) a modestly ele- 
vated cardiac index (12 percent higher than in nor- 
mal subjects: 3.19 f 0.23 liters/min per m2 compared 
with 2.85 f 0.31 liters/min per m2; 0.05 < P < O.l), 
and (2) a peripheral resistance that had not de- 
creased to accommodate the increased cardiac out- 
put’s (Table II). The higher cardiac index reflected 
solely an elevated stroke volume, the heart rate being 
similar to that in normal subjects and in the other 
renin subgroups with borderline hypertension (Table 
II). The increased stroke volume in the group with 
low renin borderline hypertension was not a conse- 
quence of volume loading of the left ventricle from 
expansion of plasma volume; plasma volume and 
total blood volume were similar in normal subjects 
and patients with borderline hypertension and sup- 
pressed plasma renin activity (Table II). Plasma vol- 
ume was reduced in the hypertensive patients with 
elevated renin levels. A reduction in plasma volume 
in patients with borderline hypertension, uncategor- 
ized in relation to renin status, has previously been 
reported.‘” 

Hemodynamic responses to autonomic block- 
ade: After administration of atropine plus propranol- 
01, mean blood pressure increased significantly in pa- 
tients with borderline hypertension and in normal 
subjects (Fig. 2). The increase in blood pressure re- 
sulted from an elevation of the cardiac index after 
cardiac autonomic blockade (0.84 f 0.46 liter/min 
per m2 in normal subjects and 0.26 f 0.12 liter/min 
per m2 in patients with borderline hypertension). 
The larger increase in cardiac output in normal 
subjects is in agreement with an earlier report from 
this laboratory of diminished autonomic restraint of 
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TABLE II 

Hemodynamic and Volume Correlates of Renin Status (means + 1 standard deviation) 

Mean BP Cl TPRI HR SVI PV BV 

Normal 77 + 6.4 2.85 f 0.31 27.5 f 3.6 61 *9 47.1 + 5.3 1601 ? 240 2740 + 325 
subjects 

Borderline 
hypertension 

High renin 93.8 + 5.5+ 2.63 * 0.26 35.9 r 4.1+ 64 + 7 41.3 c 5.8” 1375 + 146* 2482 i 210* 
Normal renin 95.2 r 10.9+ 2.49 * 0.32” 38.9 * 7.5+ 62 + 11 41.4 f 8.9” 1461 ?I 138 2699 * 136 
Low renin 93.5 * 5.8+ 3.19 f 0.23 29.3 * 3.1 58 f 6 55.5 ? 3.3” 1589 A 58 2701 f 153 

Significance of differences between the values for each renin subgroup and the normal subjects P <0.05(‘) or P < 0.01 (+I by Student’s t test. 
BP = blood pressure (mm Hgj; BV = blood volume (cc/m*); Cl = cardiac index (liters/min per m*); HR = heart rate (beatslmin); PV = plasma 

volume (cc/m*); SVI = stroke volrlme index (cc/m’); TPRI = total peripheral resistance index (mm Hg/liter/per min per m*). 

cardiac output in borderline hypertension.20 Among 
the patients with borderline hypertension, the rise in 
blood pressure after administration of atropine and 
propranolol was most pronounced in those with nor- 
mal renin levels (10.4 f 6.1 mm Hg, P <O.Ol), some- 
what less in those with low renin levels (5.5 f 3.2 mm 
Hg, P <0.05), and absent in those with high renin 
levels. Total peripheral vascular resistance decreased 
after atropine plus propranolol in normal subjects 
(from 27.5 f 3.5 mm Hg/liters per min per m2 to 23.7 

FIGURE 2. General hemodynamics at rest, after atro- 
pine plus propranolol, and after “total” autonomic 
blockade in patients with borderline hypertension (trl- 
angles) and normal subjects (circles). Mean values f 
1 standard deviation are shown. The significance lev- 
els of the changes from resting values with atropine 
plus propranolol (“cardiac autonomic blockade”) and 
the subsequent changes with phentolamine are indi- 
cated for both groups of subjects (’ probability <0.05, 
l * probability <O.Ol; paired ttest). 

f 3.0 mm Hg/liters per min per m2, P <O.Ol, paired t 
test), but was unchanged in those with borderline hy- 
pertension. 

After the addition of phentolamine, to produce 
“total autonomic blockade,” there was a similar and 
significant reduction in mean blood pressure in both 
groups (11.8 f 7.7 mm Hg in patients with borderline 
hypertension and 10.7 f 7.0 mm Hg in subjects with 
normal blood pressure, P <O.Ol.). The basis of the re- 
duction in blood pressure after administration of 

0 Norm01 BP 

I 
REST 

I I 

AlROPtNL ATROPINL 
+ + 

PROPRANOLOL PROPKANOLOL 
+ 

PHENTOLAMINE 

J 
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CHANGE IN TOTAL PERIPHERAL RESISTANCE WITH PHENTOLAMINE 

Normal BP 

120 

110 

100 ____* . .._. 

90 

80 
Pre- 4 
Phentolamim Phentolomine 

Normal Renin Borderline Hypertension 

120 I 

Hi& Renin Borderline Hlpertendon 

I I 
120 

110 

100 ----0 ________ _.___... 

90 F xx 
0 

60 

Re- 
Phentdamine 

Low Renln Borderline Hypertension 

100 ____.<-._.__ 

FIGURE 3. The effect of phentolamine on total periph- 
era1 resistance in borderline hypertension expressed in 
relation to renin status. Total peripheral resistance be- 

90 
fore administration of phentolamine (after cardiac au- 
tonomic blockade with atropine plus propranolol) is re- 

80 
corded as 100 percent. Individual responses to alpha 
adrenergic blockade with phentolamine are shown, 

PVC!- 
Phentolamine Phanroklmine 

and mean responses are indicated by the heavy line 
and symbol. There was a significant reduction in pe- 

xx P(O.01 

phentolamine was a reduction in cardiac index in 
both groups, particularly in the normal subjects (0.47 
f 0.24 liter/min per m2 compared with 0.18 f 0.26 
liter/min per m2) and a decrease in total peripheral 
resistance only in the patients with borderline hyper- 
tension. Although the latter group did not uniformly 
have a reduction in peripheral resistance with phen- 
tolamine, the mean overall response of -6.3 f 12.6 
percent was significant at the 5 percent level. 

Renin status and responses to phentolamine: 
The responses to phentolamine of blood pressure and 
peripheral resistance appeared to be related to renin 
status among the patients with borderline hyperten- 
sion. Phentolamine produced a reduction of 14 f .5 
mm Hg in mean blood pressure in the group with 
high renin borderline hypertension (P <O.Ol, paired t 
test) and a reduction in peripheral vascular resis- 
tance of 12 f 7 percent (P <O.Ol). In the group with 

TABLE III 

ripheral resistance in the patients with high renin bor- 
derline hypertension only (xx probability <O.Ol, paired 
t test). 

low renin borderline hypertension, the reduction in 
mean blood pressure with phentolamine was 6 f 4 
mm Hg (not statistically significant), whereas periph- 
eral resistance was unchanged (Fig. 3). In patients 
with borderline hypertension with a normal renin 
level, in whom there had been a significant increase 
in cardiac output and blood pressure after cardiac 
autonomic blockade, phentolamine reduced blood 
pressure by 13 f 10 mm Hg (P <O.Ol), largely be- 
cause of a reduction in cardiac output since peripher- 
al resistance did not change significantly (Fig. 3). 
After total autonomic blockade, the blood pressure 
was normalized in patients with high renin borderline 
hypertension, but it, remained elevated in those with 
low and normal renin borderline hypertension (Fig. 4). 

Phentolamine and alpha adrenergic vascular 
responses: As an index of the completeness of alpha 
adrenergic blockade, pressor responses to injected 

Completeness of Alpha Adrenergic Blockade with Phentolamine (mean + 1 standard deviation)* 
_. 

Patients with Borderline Hypertension 

Increase in mean BP 
with norepinephrine (mm Hg) 

Before phentolamine 
After phentolamine 

Blockade of pressor 
response (%) 

Normal 
Subjects 

28 f 9 
9’8 

68i 18 

Combined 

25 9 
9$5 

64 + 17 

High Normal 
Renin Renin 

26i 12 24 + 6 
9i5 9*4 

65 t 10 631 12 

Low 
Renin 

27 i 6 
IOr 5 
63 i 22 

The blood pressure response to 2 or 3 @g norepinephrine was measured before and after administration of norepinephrine, and the percent 
blockade of the response calculated. 
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norepinephrine before and after the administration 
of phentolamine were compared. A comparable de- 
gree of alpha adrenergic blockade by phentolamine 
was demonstrated in patients with borderline hyper- 
tension and normal subjects, and among the three 
renin subgroups of patients with borderline hyper- 
tension (Table III). The effect of phentolamine on 
the post-straining phase of diastolic blood pressure 
overshoot with the Valsalva maneuver was studied in 
eight subjects with borderline hypertension. This 
study was performed to enable a qualitative judg- 
ment as to whether phentolamine interfered with 
alpha adrenergic vascular responses mediated by the 
sympathetic nervous system. The effect of phen- 
tolamine on the response was studied after cardiac 
autonomic blockade with atropine and propranolol. 
Both the diastolic overshoot (23 f 5 mm Hg before 
administration of phentolamine compared with 9 f 
11 mm Hg after administration) and the Valsalva 
index* l6 (0.65 f 0.10 and 0.34 f 0.25, respectively, 
before and after administration of phentolamine) 
were significantly reduced by the drug (P CO.05, 
paired t test). 

Discussion 
Plasma renin subgroups in borderline hyper- 

tension: The distribution of patients in the different 
renin subcategories in our study was somewhat simi- 
lar to that reported in essential hypertension, but 
high renin values were more common (found in ap- 
proximately 35 percent of our subjects with border- 
line hypertension) than previously described in es- 
tablished essential hypertensi0n.l There have been 
several earlier reports of high plasma renin activity in 
a proportion of patients with borderline hyperten- 
sion.5,6 Although suppressed renin levels have pre- 
viously been noted in some patients with borderline 
hypertension,4 low renin borderline hypertension has 
not been the subject of systematic study. 

Among the patients with borderline hypertension, 
the different renin subgroups exhibited certain he- 
modynamic dissimilarities. In those with high or nor- 
mal renin levels, the blood pressure elevation was due 
solely to elevated peripheral vascular resistance. In 
contrast, in patients with low plasma renin activity, 
total peripheral vascular resistance was not in- 
creased. The higher blood pressure was sustained by 
an above normal cardiac output and peripheral vas- 
cular resistance which, although within normal lim- 
its, was elevated for the level of cardiac output.18 

Peripheral vascular resistance in borderline 
hypertension: When the neurogenic contribution to 
total peripheral vascular resistance and to blood 
pressure was studied, differences between the normal 
subjects and the patients with borderline hyperten- 
sion emerged. Alpha adrenergic blockade with phen- 
tolamine, after cardiac autonomic blockade with at- 
ropine plus propranolol, produced no change in total 
peripheral vascular resistance in normal subjects. In 
contrast, there was a significant reduction in resis- 

(‘) Valsalva index = diastolic overshoot percent/pulse pressure 
reduction with straining percent. I6 

r 

AT REST 

6orderline Hy~ertendon : 

"TOTAL" 
AUT6NOMK 
BLOCKADE 

High Renln 0 
Normal Renin A 

Normal BP 9 

LowRenin . xx P(O.01 
FIGURE 4. The effect of “total” autonomic blockade on mean blood 
pressure (diastolic blood pressure -I- ys pulse pressure) in normal 
subjects and renin subgroups of patients with borderline hyperten- 
sion. Means f 1 standard deviation are shown. The significance level 
refers to the difference in mean blood pressure between the normal 
subjects and each group with borderline hypertension (Student’s t 
test). After total autonomic blockade mean blood pressure in normal 
subjects and patients with high renin borderline hypertension was 
not significantly different (82.0 f 6.6 mm Hg compared with 75.7 f 
9.2 mm Hg). 

tance in the group with borderline hypertension al- 
though the response was not uniform. In hyperten- 
sive patients with normal or low renin levels, total pe- 
ripheral vascular resistance was not significantly re- 
duced with phentolamine; a significant drop in resis- 
tance was noted only in the high renin group. This 
finding suggests that there is a greater neurogenic 
contribution to the maintenance of vascular resis- 
tance in the group with high renin borderline hyper- 
tension than in the other groups studied. 

Vascular responsiveness in borderline hyper- 
tension: It might be asked whether there is increased 
sympathetic stimulation of arterioles in high renin 
borderline hypertension, or rather increased respon- 
siveness of the resistance vessels to a normal level of 
stimulation, perhaps on the basis of secondary mor- 
phologic changes in the arteriolar wa11.21 The latter 
interpretation is unlikely, although not excluded. If a 
secondary increase in vascular responsiveness were 
the basis for increased neurogenic maintenance of 
vascular resistance, the patients in the borderline hy- 
pertensive group with the highest levels of blood 
pressure and total peripheral vascular resistance 
should have been most responsive to phentolamine. 
This was not the case. Overall among patients with 
borderline hypertension there was no correlation be- 
tween total peripheral vascular resistance and the re- 
sponse to phentolamine; in fact, patients with high 
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renin borderline hypertension had marginally lower 
mean peripheral vascular resistance than those with 
normal renin levels. 

Mechanism of reduction of blood pressure with 
phentolamine: It was a puzzling finding in this study 
that with phentolamine, cardiac output was reduced 
more in normal subjects and in patients with normal 
renin borderline hypertension than in those with 
high renin borderline hypertension. The basis of the 
decrease in cardiac output was a reduction in stroke 
volume, so the response presumably resulted from 
venodilatation secondary to alpha adrenergic block- 
ade. Thus, with phentolamine, the mechanism of the 
reduction in blood pressure appeared to be venodila- 
tation in normal subjects and the group with normal 
renin borderline hypertension, in contrast to arterio- 
lar dilatation in the group with high renin borderline 
hypertension. This finding appears to imply a differ-- 
ent distribution of sympathetic nervous system tone 
in the different groups, more to arterioles in patients 
with high renin borderline hypertension and more to 
veins in those with borderline hypertension and nor- 
mal renin levels. However, this may not be the case. 
Since plasma volume at, rest was diminished only in 
the group with high renin borderline hypertension, 
any excessive reduction in cardiac output with phen- 
tolamine would have been expected to occur in this 
group, in which, in view of the smaller plasma vo- 
ume, increased adrenergic stimulation of veins and 
postcapillary venules might be anticipated.” 

An explanation for these apparently anomalous 
findings may perhaps be found in the stimulus-re- 
sponse characteristics of capacitance vessels, as de- 
scribed by Mellander. 2Cj At usual rates of sympathetic, 
nerve discharge (1 to 2/sec24) the stimulus-response 
curve for veins is much steeper than that of arteri- 
oles. But maximal venoconstriction occurs at a firing 
rate of only 3 to 4lsec. 23 With a competitive antago- 
nist such as phentolamine, the rate of sympathetic 
nerve firing would be critical in determining the mag- 
nitude of the response. A stimulated vein, situated on 
the plateau of the stimulus-response curve, would re- 
spond to, say, 50 percent blockade with little change 
in caliber, whereas a vein subjected to a lower rate of 
sympathetic stimulation, and situated on the steep 
portion of the curve, would exhibit a greater increase 
in diameter with blockade. In view of these complex- 
ities, the possibility that increased adrenergic venous 
tone accompanies increased arteriolar tone in high 
renin borderline hypertension must remain an open 
question. 

Phentolamine and alpha adrenergic blockade: 
Some comment must be made on the pharmacologic 
properties of phentolamine, and to what extent the 
change in peripheral vascular resistance produced by 
this drug reflects the effect of alpha adrenergic block- 
ade. The reduction in vascular resistance produced 
by the intravenous administration of phentolamine 
in man is very rapid. This led Taylor et a1.25 to con- 
clude that the predominant mechanism was a direct 
vasodilatation. That phentolamine acts as a direct 
vasodilator has never been demonstrated, and studies 

on reserpinized dogs suggest an absence of such an 
action 26 Recently, Zahir and Gould27 demonstrated a 
beta ahrenergic component in the vasodilatation and 
decrease in blood pressure with phentolamine. This 
component is abolished by propranolol27 and was 
eliminated by the design of our study, in which phen- 
tolamine was given after prior administration of pro- 
pranolol. Phentolamine produced a diminution in the 
diastolic blood pressure overshoot with the Valsalva 
maneuver, which suggests that phentolamine blocks 
alpha adrenergic vasomotor effects mediated by sym- 
pathetic nerves.i6 The finding is in conflict with the 
concept that phentolamine blocks circulating cate- 
cholamines only, with little or no inhibition of nor- 
epinephrine released from sympathetic nerves. It 
seems reasonable to conclude that the resistance re- 
sponse observed in this study with phentolamine was 
a consequence of alpha adrenergic blockade. 

Sympathetic nervous system activity in bor- 
derline hypertension: Normalization of the blood 
pressure was produced by “total” autonomic block- 
ade in the patients with high renin borderline hyper- 
tension. This finding suggests a dominant role for 
neurogenic factors in the maintenance of the elevated 
blood pressure in these patients. In contrast, in the 
group with borderline hypertension and normal renin 
levels, the blood pressure remained elevated after au- 
tonomic blockade. Whether such a lack of response 
indicates that patients with normal renin borderline 
hypertension have morphologic arteriolar changes 
causing increased resistance to flow2i requires fur- 
ther investigation. In established essential hyperten- 
sion, a significant nonneurogenic component has 
been implicated in the pathogenesis of the existing 
elevated total peripheral vascular resistance.28 

The blood pressure elevation in the group with low 
renin borderline hypertension also proved resistant 
to autonomic blockade. There is some evidence of 
suppressed sympathetic nervous system function in 
low renin essential hypertension,4 in which the blood 
pressure elevation is widely regarded as volume-de- 
pendent. ‘L9 LJnresponsiveness, in a therapeutic set- 
ting, of low renin essential hypertension to adrenergic 
blocking drugs has also been noted.sO,s’ However, 
blood or plasma volume was not elevated in our small 
group of patients with low renin levels although their 
cardiac output and stroke volume tended to be high. 
Thus in these patients the determinants of the en- 
hanced cardiac performance deserve further investi- 
gation. 

In this study, the patients with borderline hyper- 
tension and elevated plasma renin activity showed a 
significant decrease in peripheral vascular resistance 
and normalization of the blood pressure after alpha 
adrenergic blockade. Thus greater blood pressure was 
sustained by a neurogenic, not an angiotensin-depen- 
dent, peripheral vasoconstriction. Since the sympa- 
thetic nervous system, by way of the renal sympa- 
thetic nerves, plays a key role in the control of renin 
release,” the finding of increased sympathetic arterio- 
lar tone in patients with borderline hypertension 
with elevated plasma renin activity suggests that in- 
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creased sympathetic nervous system activity may de- 
termine the renin status in this group. However, the 
origin of the increased sympathetic activity in these 
patients with high renin borderline hypertension is 
not clear. Further, the question of the primacy of in- 
creased sympathetic activity over the plasma renin 
elevation is not entirely settled. Central and periph- 
eral enhancement of sympathetic nervous system 

function by angiotensin has been described,32 so a 
possible role of the renin-angiotensin system in the 
generation of the sympathetic overactivity must still 
be entertained. 
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