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In a study of a group of hospitalized patients in
whomthere was no reason to suspect a disturbed
acid-base balance, it was found that a few pa-

tients had low blood pH values. The only factor
in common to these patients with the low pH val-
ues was that all had essential hypertension. It
has been demonstrated in human subjects that
experimental hypertension can be produced with
desoxycorticosterone when sodium chloride is ad-
ministered simultaneously (1) ; that there is a

relationship between the ratio of sodium to chlo-
ride in essential hypertension and the severity of
the hypertension (2); and that the restriction of
sodium chloride has a beneficial effect in the treat-
ment of patients with essential hypertension (3).
This evidence of changes in ionic equilibrium of
the blood in patients with essential hypertension
prompted further investigation to determine
whether an increased hydrogen ion concentration
of the arterial blood was common in this disease.

MATERIAL AND METHODS

A group of 49 patients was studied, consisting of 14
normotensive patients, 19 essential hypertensive patients
with normal kidney function and 16 hypertensive patients
with renal functional impairment. In the last group of
patients the renal impairment was due to glomerulo-
nephritis in two cases and secondary to essential hyper-
tension in the remaining ones. In order to be classed
as hypertensive the patients had to have a blood pres-
sure exceeding 150 mm. of Hg systolic and 90 mm. of
Hg diastolic after hospitalization for one week. The
classification of normal kidney function was on a clini-
cal basis. The clinical criteria used were a specific gravity
of 1,020 or better in the morning sample and no evi-
dence of nitrogen retention as revealed by a patient's
blood urea nitrogen below 15 mg. per 100 cc. All of these
patients were routine hospital admissions *ho were ad-
mitted for some condition other than hypertension. Pa-
tients were selected who were free of congestive failure
and any pathological condition which might interfere
with normal pulmonary ventilation. In addition, no pa-

tients were studied who were receiving any drug known

to change the acid-base pattern. All patients were pre-
pared as for measurement of the basal metabolic rate.

Samples of arterial and venous blood were obtained
with a minimum of inconvenience to the patient in order
to prevent emotional excitement and possible hyperventila-
tion. In a few patients it was impossible to obtain both
samples without exciting the patient or for some technical
reasons, and therefore determinations on either arterial
or venous blood are omitted. The arterial blood was
drawn from the brachial artery into an oiled Luer-Lok
syringe containing a small amount of neutral heparin and
sodium fluoride and sealed with a soldered needle hub.
Venous blood was obtained without stasis from a vein of
the same arm. In order to ensure representative sam-
ples, 10 ml. portions of blood were collected in periods of
one to one and one-half minutes.

All determinations of the pH were performed in tripli-
cate at room temperature with a Cambridge pH meter
using a standardized (Taylor) buffer solution with a pH
of 7.38 as a reference solution. The blood samples were
kept on ice until shortly before being used for the pH
determination at which time they were warmed to room
temperature by immersion into a water bath. Oxygen
content, oxygen capacity and carbon dioxide content
were determined on whole blood, in duplicate, by the
method of Van Slyke and Neill (4). Hematocrits were
determined by the conventional Wintrobe method. The
partial pressures of carbon dioxide were calculated from
the experimental data, using the nomograms of Van
Slyke and Sendroy (5).

RESULTS

In Table I are presented the results of examina-
tion of 14 normotensive patients. It will be noted
that in none of these patients is the arterial pH
below 7.38 or does the carbon dioxide tension ex-
ceed 46 mm. of Hg. The mean pH of this group
is 7.41, the mean carbon dioxide tension 39.6 mm.
of Hg. The last patient (S. H.) had acute glo-
merulonephritis without hypertension and ex-
hibited a normal venous blood pH. (The arterial
pH was not determined.) The figures in this
table are not intended to provide conclusive sta-
tistical data of normals but are to serve as controls
and as a check of the validity of the methods and
techniques used.
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TABLE I

Results of studies on normotensive patients

Pattieat I s Age PR PR 002 O~gen capaclity (C) pO
initIais arterial vnou cott o a

blood blood arterial Hetcrit (H) ASi
blood (lulated)

yr. mts units volume vol.e per cent (C a- of Hg
per cent or percet (H)

J.o Xk 64 7.39 57.85 34.0 46
No. 53 7.40 47.90 17.35 C 42
.L . 54 7.44 44.77 18.17 C 35

A. L. 45 7.39 0781.78 C 37
L N1 62 7.0 46.72 22.04 C 40
XN 51 7.39 49.20 21.17 C 43

P. B. 61 7.48 52.64 211.85 C 39
J. Go' 53 7.51 44.99 20.17 C 31
NoB. 59 7.1 7.38 48.46 17.95 C ,40
A. 1. 60 7.38 7.37 49.94 41.0 44
R., . 52 7.40 7.37 42.48 32.0 H 34
1. D. N. 65 7.39 7.37 49.26 43.0 H 42
I' D. 46 7.41 51.05 21.66 C 42
S. N. * 38 7.39 (55.18 46.0 Hf

mm
v IM)

Nban 3vob
Patient with acat glmeralonepritis

TABLE U

Results of studies on patients with essential hypertension without clinical evidence of renal impairment

Patient Age R 002 n oapaoit' (C)PC
atri a vow=oRAt& or artea

blo od blood arteril etorit (Hli

715.'ite uits. voles vol. per cent (C um. of Hg
per cent or per cent (H)

T. K. 50 7.35 18.72 C
A* D. 51 7.31 52.40 15.95 C 50
No 1. 60 7.35 52.64 17.65 C 49
F. 0. 47 7.33 52.36 22.27 C 53
I. R. 59 7.34 7.31 49.40 17.50 0 46
D. L. 60 7.36 5.70 16.50 C 47
R. B. 49 7.26 18.16 C
Jo B 43 7.34. 7.29 51.78 36.5 H 52
A. w. 59 7.38 7.32 50.48 18.15 C 46
L N. 56 7.34 7.27 46.30 31.0 H 43
C. R* 28 7*48 7.47 48.97 22.60 C 35
N. P. 47 7.36 7.33 49.00 27*0 H 43
K, No 58 7.35 55.23 38.5 H 52
C 1. 51 7.36 7.29 49.16 410H0 47
J A, 45 7.34 4870 40.0 H 48
PO B. 62 7.35 7.33 55.87 38.0 H 52
C. B. 56 7.37 7.34 51.85 40.0 H 48
Jo P 59 7.35 7.32 46.55 45.0 H 46
C.!. 61 7.35 7.32 55.30 41.5 H 49

- ^Ift AM A% 187 -1.mea
.*Patient with _wpocted j1ieotaoo
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The results of the studies on patients with es-
sential hypertension and normal kidney function
are presented in Table II. In this group, with
one exception, the arterial pH values range be-
tween 7.33 and 7.38, and the arterial carbon diox-
ide partial pressure varies between 43 and 53 mm.
of Hg with a mean of 47A. The mean pH of this
group is 7.36. This represents a 12 per cent in-
crease in hydrogen ion concentration in the hy-
pertensive group. The differences in pH between
normotensive and hypertensive patients of this
group, although slight, are consistent and exceed
a probability of 0.01. One patient (C. R.) does
not exhibit these changes. This patient was sus-
pected, clinically, of having a pheochromocytoma.
Although the patient died, an autopsy could' not be
performed and the diagnosis was never substanti-
ated; therefore this case has been included with
the group having essential hypertension.

Patients with hypertension and renal impair-
ment, listed in Table III, also have low arterial pH
values ranging from 7.23 to 7.37, but the carbon
dioxide tensions are normal or below normal with
a mean of 39.1 mm. of Hg. The mean arterial pH

of this group is 7.31. The first two patients listed
in the table have hypertension secondary to chronic
glomerulonephritis; three patients (L. B., G. J.,
M. J.) have the malignant form of essential hyper-
tension. The remaining patients have prolonged
hypertension with secondary renal functional im-
pairment of varying degrees, as evidenced by vari-
ations in the ability to concentrate urine and varia-
tions in degree of nitrogen retention.

DISCUSSION

For some time, the range of blood pH from
about 7.30 to 7.50 was accepted as normal (6).
Recent studies (7, 8) indicate a narrower range
of normal values from 7.37 to 7.45. This change
is due to refinements in the technique for measur-
ing hydrogen ion concentration which were not
available to the earlier investigators, and also to
the elucidation of many factors which were sources
of error in collecting and handling of the blood
prior to the determination. Other factors which
helped to account for the previously accepted wide
spread of normal are not within the scope of the
present paper but some of them will be mentioned

TABLE III

Results of studies on patients with hypertension and renal functional impairment

fttjf1is ap Ex by ou t p (rC) 1Pa'aAg.JE vO0tO(E)enoait

yiS n.mits imits vo1ms vol. per cent (C) mo of Hg
per out or per cent (H)

F. M.* 46 7.33 7.32 38.04 U. 00 C 36
WIm.KlOC 50 7.26 7*23 24.20 22.5 H 26
J. G. 47 7.32 49.91 21.23 C 51
C. S. 63 7.33 30.0 H
V. A. 64 7.35 46.65 13.89 C 41
J. D. D. 62 7.35 7.33 50.78 16.20 C 47
S. T. 45 7.34 7.33 46.10 33.41 C 41
R1R. 54 7.29 7.21 31.20 22.30 C 34
S. B. 56 7.36 7.30 4.76 18.05 C 38
S.B . 59 7.33 7.31 4427 35.0 H 42
B. YAK. 53 7.37 7.35 4.50 31.0 X 39
L. B. 36 7.25 7.23 35.43 25.5 1 39

. J.* 34 7.J7 7.22 29.30 29.0 H 30
e. D. 64 732 7.30 4525 31.5 H 4

B. n. 65 7.30 43.61 31.0 1 44
1b J.* 41 7.23 29." 25.0 H 34

YA 524 7*31 7.28 39.93
* Patients withdta secondary to' gis
** Patients with the =InlIgnat for of essental rtensio
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TABLE IV

Statistical significance of differences between groups

Groups1 and 2 Groups 2 and3 Groups Ian 3

t score p t nore p tscore p

.of arterial blood 3.70 >0.X 3.65 > 0.01 6.45 >0.01

piH of venous blood 4.12 >0.1 3.4 >0.0G 402 >0.X

°°2 content of arterial blood 2.04 0.05 4*60 20.X 2.99 >0.C0
P002 of arterial p (Calc.) 4.72 OO>.C 4.23 >0.0G. 0.229 <0.50

Group 1s Normotensive patients.
Group 2: Patients with essential bypertension without clinical evidne of real

i impairment.
Group 3: H~ypertensive patients with renal tEmotional impiret.

in explanation of the procedure used in this study.
Study of the patients under basal conditions

eliminated some of these sources of error since the
diet or degree of activity prior to obtaining the
blood sample may affect the acid-base pattern
slightly (7). Hospitalizing the patients for one
week prior to study definitely established the diag-
nosis of sustained hypertension and allowed them
to become accustomed to the procedure of veni-
puncture. This tended to eliminate any excite-
ment with resulting increase in ventilation which
would have lowered the carbon dioxide tension
and raised the pH of the blood, with a tendency to
obscure the abnormalities found in this study.

The differences in pH and carbon dioxide ten-
sions between the normotensive and the hyperten-
sive group with normal kidney function cannot be
explained by the present study; They are, none-
theless, of definite statistical significance (Table
IV). They cannot be due to differences in age
groups since the average age and age distribution
are nearly identical in all three groups. It has
been shown (9) that the pH of the arterial blood
progressively decreases with age but it is not be-
low 7.38 at the age of 65. The differences may be
due to early changes in renal physiology because
the classification of these patients as having nor-
mal kidney function is based on the clinical evi-
dence of no nitrogen retention and the ability to
concentrate the urine. Goldring and Chasis (10)

have shown that there are changes in renal physi-
ology which precede changes in these two functions
of the kidney.

The patients in the group of essential hyper-
tension with normal kidney function presented an
increased partial pressure of carbon dioxide ac-
companying the increased blood acidity. This is
the pattern of primary respiratory acidosis. The
increased acidity of the arterial blood with a de-
crease in the partial pressure of carbon dioxide in
patients with hypertension and renal impairment
is the typical picture of metabolic acidosis, whereby
fixed acids accumulate in the blood with a conse-
quent lowering of the carbon dioxide tension due
to respiratory compensations. In our patients with
renal impairment secondary to essential hyper-
tension the carbon dioxide tension is not as low as
predicted by the formula of Gray (11). In the
present study the difference in partial pressure of
carbon dioxide in arterial plasma between the nor-
motensive group and the group of hypertensives
with renal impairment is not statistically signifi-
cant (Table IV).

SUMMARY

Evidence is presented that patients with es-
sential hypertension and normal kidney function
have a higher hydrogen ion concentration and a
higher partial pressure of carbon dioxide in the
arterial blood than normotensive individuals. In
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the normotensive group the pH was found to be
7.38 or higher, with a mean of 7.41, while the hy-
pertensive patients have a pH of the arterial blood
of 7.38 or below, with a mean of 7.36. This in-
creased acidity of the blood in patients with hyper-
tension and normal kidney function is accompanied
by an increased carbon dioxide tension which av-
erages 47.4 mm. of Hg, compared to 39.6 mm. in
the normotensive group. When renal impairment
secondary to essential hypertension occurs, the
acid-base pattern approaches that of metabolic
acidosis.
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