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This report is concerned with certain types of
chronic salt depletion differing from those seen in
Addison's disease and in nephritis. By salt deple-

1 Read before the twenty-ninth meeting of the Ameri-
can Society for Clinical Investigation, May 3, 1937.

2This investigation was aided by a grant from the
Fluid Research Fund of Yale University, School of Med-
icine.

tion is meant the presence in the blood serum of
abnormally low concentrations of chloride, of so-
dium or of both ions.

METHODSAND MATERIALS

The subjects were patients on the hospital
wards. Chemical methods employed were those
in customary use in this laboratory (1, 2). Chlo-

FIG. 1. PULMONARYTUBERCULOSIS
Persistent excretion of chloride in the urine associated with deficit of chloride and of sodium in the serumn

NAs N

.E%/Lj|~~~~~~~~~~~~~~~~~~~r.Ql.

9Z-

ERJX1E
° l

CL~~~~~~~~~~~~~~~~~~~~M

EXCRETIO|1tATE
40~~~[

2,4.00 I-dLAlAnJJ1
4 14RS..

APRIL /0 /4 /g 22 26 3O116 go

r



P.,.,
NACL 1 o

104MS. ."I

ALEXANDERW. WINKLER AND ORRIN F. CRANKSHAW

URINE
CL

EXCRETION
RATE
M. EC. ./
HOUR

20

/6/+o .

/14

g.

4 .
I M.9

APRILO. //A.M. IP?. 9 M. sAPRIL / bA-K
FIG. 2. SUBJECT OF FIGURE 1

The immediate effect of the oral administration of 10 grams of NaCI.

FIG. 3. PULMONARYTUBERCULOSIS
Persistent chloride excretion in the urine associated with deficit of chloride in the serum.
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CHLORIDE DEPLETION IN VARIOUS DISEASES

ride of the serum was always directly determined,
and in many instances the sodium was likewise
directly determined. In certain of the studies the
sum of the chloride and of the bicarbonate was

used as a measure of the sodium concentration.
Chloride alone was determined in urine.

RESULTS

The significant data of the first case are pre-

sented in Figure 1. This patient suffered from
acute pulmonary tuberculosis which led to his
death within a few weeks. At autopsy, the adre-
nal glands and the kidneys were entirely normal.

Throughout his course the concentrations of chlo-
ride and sodium in the serum remained at defi-
nitely subnormal levels in spite of the daily admin-
istration of large amounts of salt, and in spite of
the absence of vomiting, diarrhea, or excessive

sweating. A study of the urinary excretion of
Cl reveals the fact that very large amounts of salt
were excreted in the urine while the concentra-
tions of both sodium and chloride in his se-

rum remained far below normal levels. In Fig-
ure 2 the immediate effects of a single dose of
10 grams of salt are analyzed. The concentration
of chloride in the serum rose only to 96 m.eq. per

liter and then fell rapidly back to its previous
level, while at the same time the chloride was be-
ing excreted at a high rate in the urine. Paren-
thetically, the intravenous administration of corti-
cal extract had no effect on the salt excretion in
this case.

In Table I and in Figure 3 are shown the re-

sults of studies of the sera of a group of 13 other
patients with pulmonary tuberculosis. In the ma-

jority of the cases the serum Cl was at or below

TABLE I

Serum studies in thirteen additional subjects with pulmonary tuberculosis

Case Date HCOs CI- Na+ Remarks

m. eq. per m. eq. per m. eq. per
liter lie lier

1* April 22, 1936 27.1 88.6 Salt added.
Advanced tuberculosis.

2t Feb. 18, 1935 25.0 94.5 125.2 Low salt diet between studies.
Feb. 20, 1935 29.1 89.5 126.1

3t April 4, 1936 22.8 87.2 119.6 Salt ad lib.

4 July 11, 1935 27.9 97.3 Afebrile; undernourished.
5 March 30, 1936 23.9 94.5 Febrile; severe tuberculosis

May 6, 1936 24.0 95.1 Low salt 24 hours before second study.
6 April 28, 1936 30.1 96.7 Afebrile. Salt ad lib.
7 Nov. 18, 1936 92.2

Nov. 20, 1936 99.1 Second study just after receiving 15 grams NaCI
orally.

Nov. 21,1936 99.1
Nov. 24, 1936 92.9 During Nov. and Dec. 1936 received daily 10 grams or

more of NaCl orally.
Jan. 5, 1937 28.7 96.6

8 Nov. 12, 1936 99.3 Salt ad lib.
9 Nov. 19, 1936 98.7 Salt ad lib.

10 Feb. 2, 1937 98.1 Salt ad lib.
11 Jan. 27, 1937 102.3 Receiving 10 grams NaCl daily in the interval.

Feb. 2, 1937 25.7 97.7
12 April 7, 1937 27.4 102.7 Salt ad lib.
13 May 16, 1937 25.6 97.0 Salt ad lib.

* Normal adrenals at autopsy.
t One caseous tubercle in one adrenal at autopsy. Otherwise adrenals normal.
t Both adrenals showed caseation involving two-thirds of their substance.
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the lower limit of normal. Of the three autopsied
cases only one showed significant adrenal disease,
and in this one the destruction of the adrenals was

not extreme. Of those not autopsied none had
clinical evidence of Addison's disease or nephritis.
Another case with persistent hypochloremia pre-

sented in Figure 3 was selected for a study of the
relationship of this Cl deficit to urinary Cl excre-

tion. A type of behavior similar to that of the
first case is manifest, but to a less marked degree.
The administration of a single large dose of salt
did raise the serum Cl level to normal for a few
hours. The increase was, however, not main-
tained, the serum concentration rapidly falling to
subnormal levels with continuing urinary excre-

tion of salt. Followed over a period of three

months the Cl level remained persistently low in
spite of the daily intake and urinary output of ten
or more grams of salt.

In Figure 4 are presented the -data from a case

of chloride depletion in a subject with primary
carcinoma of the lung and secondary mycotic in-
fection. There was no evidence of tuberculosis.
Here both Cl and the Na of the serum were lower
than normal, but the Cl was diminished more than
the Na. This was reflected in a persistent slight
increase in the serum bicarbonate. In this case

the depletion was also occasioned by the persist-
ence of urinary chloride excretion at abnormally
low serum concentrations. While the patient was

on a salt-poor diet, intravenous infusions of 15
grams of NaCl were given on two occasions.

FIG. 4. CARCINOMAOF THE LUNG
Persistent chloride excretion in the urine associated with deficit of chloride in the serum.
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CHLORIDE DEPLETION IN VARIOUS DISEASES
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FIG. 5. ARTERIOSCLEROTIC HEART DISEASE WITH CONGESTIVE FAILURE
Excretion of chloride in the urine associated with chloride deficit in the serum.

These resulted in transitory increases of the se-

rum chloride which were not maintained, large
amounts being rapidly excreted in the urine until
the serum concentration had lapsed to its old level.

In Figure 5, certain very similar data from a

case of arteriosclerotic heart disease with emphy-
sema and some congestive failure are presented.
Autopsy at a later date revealed no serious renal
damage and no suprarenal disease. The serum

sodium concentration was normal and the serum

chloride concentration low throughout most of the
course of this patient. The serum bicarbonate
was correspondingly high. The peculiar electro-
lyte pattern was interpreted as a result of so-called
" primary " CO2 excess in which the pathological
condition of the lungs hinders the free escape of

CO2 from the blood (3). This is in a sense com-

pensated by a depression of the serum Cl without
concomitant depression of base. This depression
of serum Cl must, however, be mediated through
the kidneys. In this subject, Cl was excreted in
considerable quantities in the urine while the se-

rum Cl level remained persistently depressed, thus
providing a mechanism by which such a Cl deficit
could be produced and maintained.

DISCUSSION

All the cases in the somewhat heterogeneous
group which we have presented have in common

the ability to excrete considerable amounts of Cl
in the urine at times when the serum Cl concentra-
tion is at a level at which Cl excretion normally
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virtually ceases. All showed some degree of salt
deficit, which was brought about through the op-
eration of this peculiar alteration in renal status.

The fact that they all had pulmonary lesions
may well have been fortuitous. Serum Cl deficit
in pulmonary tuberculosis has been reported be-
fore (4), and apparently is correlated neither with
the severity of the disease nor the extent of the
lesion. It is interesting, however, to note the sim-
ilarity in chloride behavior of the other cases to
the cardiac case with primary CO2 excess, in
which we have some reason to believe that the
renal alteration is a direct and compensatory re-
action to the pulmonary disease.

These cases have something in commonwith the
type of acute chloride depletion seen in lobar
pneumonia, in which as Sunderman (5) and
Wilder and Drake (6) have shown there may at
times be some tendency towards a urinary wastage
of salt at low levels of serum base and Cl. Char-
acteristically, however, in the hypochloremia of
pneumonia there is almost complete retention of
administered salt with very little urinary excretion
even after large doses-behavior exactly opposed
to that seen in the group of cases here described.

The intimate mechanism whereby the normal
renal threshold for chloride excretion is depressed
is not known. For the present, we can simply
recognize the existence of types of chronic salt
depletion which are mediated through such a
mechanism. They do not fall into any.of the com-
monly recognized groups in which depression of
the renal threshold for salt may occur, such as
nephritis or Addison's disease. The practical
value of such recognition may be great in the dif-
ferential diagnosis of the latter condition, since
evidently the occurrence of a low serum Cl or Na
after salt withdrawal by no means signifies Addi-

son's disease. This is especially important since
it is precisely in the tuberculosis group of patients
that Addison's disease is likely to be suspected.
Finally, the suggestion that there is a possible
physiological mechanism linking lung and kidney
in relation to salt merits further exploration.

SUMMARYANDCONCLUSIONS

1. A state of chronic depletion of the serum
chloride is described in certain cases of pulmonary
tuberculosis, carcinoma of the lung, and cardiac
disease.

2. This chloride depletion results from the abil-
ity of these subjects to excrete chloride readily in
the urine at levels of serum chloride at which uri-
nary excretion of the ion normally virtually
ceases.

3. This behavior in these subjects is not asso-
ciated with recognizable anatomical disease of the
suprarenal glands or kidneys.
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