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INTRODUCTION

The combination of alkalosis and renal insuffi-
ciency has been reported repeatedly (1-15). The
causes of the failure of kidney function, and the
nature of the renal lesion have not been defined
clearly. The evidence suggests that normal kid-
neys may suffer considerable functional impair-
ment as a result of alkalosis, and subsequently
undergo complete restitution. To the authors'
knowledge normal renal function has never been
demonstrated in any patient prior to the observa-
tion of persistently reduced kidney function after
alkalosis. This report describes renal function
measurements in five patients who had alkalosis
resulting primarily from loss of gastric contents
and varying degrees of renal impairment. The
data indicate in each instance that there was a
partially to completely reversible type of renal
failure with certain common characteristics. As
with other reports, in no instance where renal
function has not returned to normal can it posi-
tively be stated that the kidneys were normal prior
to the time of first observation when renal failure
was already present.

METHODS AND MATERIAL

Five patients were studied during the acute phases of
alkalosis and at varying intervals thereafter. Chemical
methods employed in analysis of the blood and urine,
exclusive of those employed in estimating the renal func-
tion, are described in another report (16). Clearance of
inulin, mannitol and para-aminohippuric acid, and maxi-
mal tubular excretory capacity of para-aminohippuric acid
were determined essentially according to Goldring and
Chasis (17). Urine was collected with indwelling cath-
eters, and the bladder was rinsed with isotonic saline or

1 Part of this work was done under contract with the
Army Medical Research and Development Board, and
during the tenure of a Life Insurance Medical Research
Fellowship.
2Life Insurance Medical Research Fellow.
8 Senior Fellow, National Institutes of Health.

distilled water and evacuated with air after each period.
Glomerular filtration rate was measured with mannitol in
Cases 1 and 4, and with inulin in the remaining cases.4
Urea clearance was estimated manometrically (18), and
phenolsulfonplhthalein excretion by standard fractional
collections ( 19).

RESULTS

The essential features are summarized in Table
I. All five patients were males between the ages
of 39 and 58. All had proven duodenal ulcers with
pyloric obstruction. They were followed for pe-
riods of six to 17 months following the period of
alkalosis and renal failure. In none was there
any history of previous renal disease, and in only
one was hypertension observed. All had suffered
prolonged periods of vomiting, varying from weeks
to months, prior to initial observations; this was
associated in four with excessive intake of ab-
sorbable alkali. The biochemical changes char-
acteristic of alkalosis were present initially in four
of the five. It may be inferred that they were also
present in the fifth (Case 4), since the first carbon
dioxide content of the serum was measured two
days after intensive administration of parenteral
saline. The biochemical abnormalities and their
relationship to the disturbed renal function are
discussed at greater length in another report (16).
All patients were relieved of the pyloric obstruc-
tion, four of them by operative intervention, and
blood chemistry values returned to normal.

Serial measurements of glomerular filtration
rate, effective renal plasma flow, and maximal
tubular excretory capacity made in one patient
from the time of the initial alkalosis and extend-
ing over a period of 17 months are shown in
Figure 1. It is clear that all three functional meas-
urements were about equally reduced. Although

4We are indebted to Dr. W. P. Boger of Sharp and
Dohme, inc., for generous supplies of mannitol and sodium
para-aminohippurate.
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FIG. 1. SERIAL RENAL CLEARANCE MEASUREMENTS IN A PATIENT WITH
SEVERE ALKALOSIS (CASE 1)

renal function progressively improved it never re-
turned to normal; indeed, the last measurements
showed evidence of progressive impairment of
tubular function, as suggested by the high filtra-
tion fraction and lower maximal tubular excretory
capacity. In Case 2, in which clearance studies
were made three days after the most severe alkalo-
sis, there was a similar general reduction in all
measurements. Three weeks later the renal func-
tion remained greatly impaired. At this time the
alkalosis had been relieved, but azotemia was still
present. Six months later, although function was
improved and blood chemistry determinations
were normal, filtration rate, effective plasma flow,
and maximal tubular excretory capacity were only
40 to 50 per cent of normal. Although these clear-
ances were not done early in Cases 3 and 4, the
azotemia, diminished urea clearance, and phenol-
sulfonphthalein excretions present during the acute
episode established the existence of renal failure.
Clearance measurements 15 and 16 months later,
respectively, were similar in that in each, glomeru-
lar filtration rates and effective plasma flow were
both low, while maximal tubular excretory ca-

pacities were normal. Only the maximal tubular
excretory capacity was low in Case 5 two weeks
after relief of mild alkalosis and renal insuffi-
ciency. All clearances were essentially normal
four months later, except for a slight drop in
inulin clearance compared with the initial ob-
servation.

Examination of filtration fractions, GF/Tm
and CPAH/Tm ratios reveals no constant pattern
either between serial measurements in individual
patients or between the various patients. In spite
of the absence of a characteristic functional defect,
it is probably significant that in none of the five
patients have all clearance measurements returned
unequivocally to normal.

DISCUSSION

Evaluation of the relationship between alkalo-
sis and renal impairment requires consideration
of a lumber of factors. First, the initiating cause
or causes of the acid-base abnormality is impor-
tant, for alkalosis may result from either exces-
sive intake of cations (especially sodium), from
loss of anions in excess of cations, or from a com-
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bination of both factors. Second, the degree and
reversibility of the renal insufficiency, if it does
occur, should be determined. Third, the 'status
of renal function prior to the alkalotic episode or
episodes ideally should be known.
Whether excessive administration of alkali to

individuals with normal renal function who have
not been vomiting can permanently or even tem-
porarily damage the kidneys is controversial (1-
15). Many of the reports in the literature fail to
state definitely whether the alkalosis and renal
insufficiency were unassociated with vomiting or
gastric aspirations. In Kirsner and Palmer's
series where they clearly made this differentiation,
excessive alkali in the absence of chloride loss
through vomiting or aspiration of gastric contents
did occasionally cause a fall in previously normal
urea clearances if alkalosis occurred; but these
returned to normal after the alkalosis was re-
lieved (13). Acute alkalosis resulting from ad-
ministration of large quantities of alkali caused
temporary and inconstant changes in renal func-
tion in subjects with previously normal function
(20). One patient showed a decrease in mannitol
clearance from 130 to 84 after 10 days of intensive
sodium bicarbonate administration, but no change
in the effective plasma flow (21). In a recent
series of six patients there was suggestive, but not
positive, evidence that chronic renal failure may
have resulted from prolonged excessive intake of
alkali and milk (22). That kidneys already im-
paired either by chronic or acute renal insufficiency
may have poor tolerance to alkali seems fairly well
established (23-25).
As usually seen clinically, this syndrome oc-

curs where there has been vomiting, although there
may be an accompanying ingestion of alkali (1-
15). Hence, there is depletion not only of chlo-
ride but also of water, sodium and potassium (16,
26). All of the patients here reported fell into
this category. It is the authors' opinion that the
profound changes which occur in water and elec-
trolyte metabolism might partially explain the
initial severely diminished renal function which
was observed, and that this functional impairment
is not unlike that occurring in lower nephron
nephrosis (27-28). Changes in the inulin clear-
ance similar to those reported here have been
noted previously by McCance (10). But these
patients differed from those with lower nephron

nephrosis in that recovery was slower and less
complete.
The essential features of the syndrome are that

severe depression of renal function usually, if not
invariably, occurs during alkalotic episodes re-
gardless of whether previous renal insufficiency
existed. Further, this depression of function is
partially reversible, although it may require many
months for improvement to take place. Whether
the failure of patients in this series completely to
re-establish normal renal function after more than
a year was due to the alkalotic episode per se
or simply reflected an insult to pre-existent renal
disease cannot be stated positively. In none of
them was there any known history of previous
renal disease, although one was known to have
had hypertension for five years.

SUMMARY AND CONCLUSIONS

1. Five male patients with pyloric obstruction
and excessive vomiting due to duodenal ulcer
were studied. Four of these gave a history of
previous excessive ingestion of absorbable alkali.

2. In three patients severe alkalosis and in one
patient mild alkalosis were demonstrated. An
elevated carbon dioxide content of the serum was
not actually demonstrated in one patient, but from
the history it may be logically inferred' that al-
kalosis had been present shortly before observa-
tion.

3. Four patients had severe renal failure during
the acute alkalotic episodes. One patient had mild
renal failure accompanying mild alkalosis.

4. Renal clearance measurements demonstrated:
(a) marked reduction in glomerular filtration rate,
effective plasma flow, and maximal tubular ex-
cretory capacity during the acute episodes; (b)
marked but gradual improvement in function fol-
lowing the acute episodes; (c) failure of all pa-
tients'followed for six to 17 months completely
to regain normal renal function; (d) absence of
any definite functional pattern in this type of renal
insufficiency.

5. The suggestion is made that the acute renal
insufficiency occurring during alkalosis resembles
in some respects lower nephron nephrosis.
Whether permanent renal damage can result from
this insult administered to previously normal kid-
neys is not evident from our data.
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