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INTRODUCTION

In the Goulstonian lecture of 1936 McCance (1)
first clearly defined the physiological and chemical
changes induced by the depletion of salt in normal
man. He confirmed Gamble’s (2) postulate of
the jealously guarded constancy of the concentra-
tion of total base in the serum. This was largely
effected by the elaboration of a urine virtually free
of salt soon after the institution of salt deprivation.
More recently Platt (3) noted that the concen-
tration of total base may fall very slightly in a
normal person just before maximal tubular reab-
sorption of salt occurs. This renal defense is
lacking in Addison’s disease and in those cases
of kidney disease in which salt continues to be ex-
creted in the urine at a time when the concentra-
tion of sodium in the serum has fallen below
normal.

Subsequent to McCance’s classical description,
Winkler and Crankshaw (4) described a new syn-
drome characterized by renal salt-wasting and
subnormal concentrations of sodium in the serum
in patients with pulmonary disease. Of the three
cases documented, two had far-advanced pul-
monary tuberculosis and one had carcinoma of the
lung. Besides excreting salt under conditions
which would normally be associated with maximal
reabsorption of sodium, these patients rapidly
eliminated intravenously administered salt and
were unable to maintain the concentration of so-
dium in the serum at a normal level. Adrenal
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cortical extract was without influence on the per-
sistent wastage of salt in one patient.

Thorn, Howard and Dayman (5) analyzed a

large number of cases with pulmonary tubercu-
losis and found none with a subnormal concentra-
tion of sodium in the serum. However, two of
his patients did continue to excrete sodium after
three days on an intake low in salt. They did not
confirm Winkler’s findings and attributed the low
concentration of chloride in the serum in many
of his patients to retention of bicarbonate.
' Westover, Stiven, and Garry (6) observed low
concentrations of sodium in the serum of 55 of 114
patients with tuberculosis. In a small number in
whom balances were calculated there was evidence
suggestive of wastage of salt. More recently
Kolmer and his associates (7) analyzed the chem-
ical data of a group of tuberculous subjects statis-
tically. The concentration of total base was some-
what lower than normal. It is of interest that this
depression was better correlated with magnitude
of daily temperature variations than with the
severity of the disease as estimated by X-ray
examinations.

Since none of these studies clearly defined the
chemical anatomy or elucidated the mechanism of
the syndrome of pulmonary salt-wasting, this
study was undertaken. It was hoped that by in-
vestigating the role of the kidneys, the adrenal
cortices, as well as the status of the cellular struc-
tures of the body, an explanation for the chronic
depression of the effective osmotic pressure of
the extracellular water might be found. Also
of importance to this study was the development
of a means of differentiating this condition from
Addison’s disease since both are encountered in
patients with tuberculosis.

EXPERIMENTAL MATERIAL AND PROCEDURE

Ten male patients with advanced tuberculous disease
and hyponatremia were studied. Four of the ten were
Negroes. One of the patients had miliary tuberculosis

1545



E. A. H. SIMS, LOUIS G. WELT, JACK ORLOFF, AND JAMES W. NEEDHAM

1546

*Apn3s jo pourad Suunp ursjoad ping jeuids

-01q2130 paseamoul APy3ng  -pud e “dsas ‘Y, ‘wdwi ¢°( pue %[ pue Apnis 310jaq SYIM Xis %, "wBwr 47 UIqNII[Iq WNIS pue % FH UONUIAI uReymsWOoLy |

‘uolssiwIpe 0} Jouid SYIUOW JAY [13un Yiteay poo3 pey ewoydw4| jo uonerpess SUIMOO] "UOIIJ9sAI dAlaU dtudayd yim Hg I Areuownd Joj gg-Tg6T Pareai], §
*3]qeJewal JoU ISIMIAYI0 Ing

Jrews ses Adeyiniid oy, "s3m3 UMQY YHM [[NIAWOLS PaISIILIs 2I9M JJY]  °SILIONIE [RUII 531E] JO S1S0JIJOS ) eIAPOW puk aoeLNs panid Ajpuy pey sAsupry §
) *1[NISWO]3 [BUOISEIOO JO SI50aqY 33a]duiod 10

Jensdeoad sem a19y], uonBwenbsap pue s[s019u UoREISUIBIP pamoys Laupry Jo sanqny painjoauod [ewrrxoxd jo sdnoiny -Apmis 1y Yiuow 3uo pai( b

*SHUN ¢—Qf UInsul Jen3a1 pue spun I~(7 winsut aujweiold s Apmis jo pourad Supnp pafjorIuCd-fom A[S1ISPOW BLINSOIAD) ,

‘pioe ofjdorjesourue-eled = Qyd SISO[ndIqn] = D[

uonounj I2A1 pasreduy
sneydacoapA B 'sni8utuawt snomdsaqny
jeusaur pajd: 06/SET *S1s0[NoIaqN) AJeijij
-shs jo 395U0 391 Je uAw 0} ‘uosnge feansfd 3397 | c0LE6H
sipuow @%Mm odong | — 11 | ¢9 9% [9SF{09°T| 6T | ST | 0SS |0S/06 | 6% | 8F D4l Ateuowind Jeunumipy | X
s9se)se)aW Ju ;
-SIP OU ‘SISOI9[OS uonelpe.L . 0./011 SISEISEIOW [BIIAID))
-oLId}Ie ‘s[euaipe T uphu 011 0} ‘IiIsuoy 3391 jo rwouDIT) | G610
Jewou :Asdoany -odong | ¥1 | ¢ | €6 'y joee|8re| 81 | 2 | 08°T |0S/08 | 9% | LS | 'DEL Aveuounnd padueape-seq | X]
Svd 0£/001 uonuajaz uRfejNswoq 1y3yg
‘upAw o} ‘wstjoyodfe pliw jo AI0ISIH | 809620
pazijiqess L|jented -oydang | ¢z 1 | 89 C6°C 1607 SRT| €T T1 | 08'¢ |0S/08 | ¥S | €% |04l Em:oE_smhwwﬂ_aM—__uMMmm IIIA
‘ewoydwA| onsejqoydmA|
Jeauo3rsadoryal oy uon eIpeLI
09/011 Z¥61 °SIILIAIUQ snojnoIIqn],
upiw 0) §-sn18uie snomasaqn] 00SVY
pazijiqess AjjenJeq -oydang | g7 < £¢ 144 S'S |zrv|ooz| €€ | ¥1 | 00 {0S/08 | S¥ | S¥ | ‘DL Aveuownd paoueape-yey | [JA
31 __«Mﬂww” ou%ﬁ k 8168V
(rensed) Asdoyny jsapeg| — | 9 €€ | 8 | 0T'¢ |SL/001| ¥S | 6% | DAL Asevowind paoueApe-sed (A
JewIoN mwuﬂﬂwm” ow%ﬁ . 1LIE1D
491j€ uoos paiq 1Py | 6 9 9 ¥C 1T | o¥'c |08/011| S¥ | 8% | D€L £L1euowynd pasueape-ieg A
'uLIo M_M Mﬂﬁw H612D
: ..3.«2« Exwm Pl s vo.m L 9 06 o¢ | 01 | 00°€ |0L/00T 09 | D91 Areuownd padueApe-1eg Al
0L/011 S|SOJIISOLIA)IE PIZIjLIdUSL)
s[euaipe 03 'syt8ukle] snonosaqny, 'sis | 8Z£61D
Jewsou }:4sdojny isaxped | LT I ¥e [¥T°€(6TT| 1€ | 8 08'¢ Om“oh 0¥ | €9 | -o[ndI3qM3-031[Is pAVUBAPE-IB] 111
11
s[euaspe omzo eruownaud snonoraqny, | $£7669
[euniou j:4sdoyny ILIpsg | yI | LT | 89 s§ 1€ | 91 | 0T'S |0L/S6 | LY | 0S | Dd] Arevounnd paoueape-leq | ||
08/0Z1 SISOJ[OSOLIa)IR PIAZI[RIUI)
_ , uAw 01 + (‘814 ©) smyjow SRR | 6SLETD
paziiqess 4jenaeq -oidang [ 1 | 01 | 46T ¥S [ervivee| st | ST | OL'% |0L/06 | ¥% | L¥ | 'DEL Arevow|nd poueape-1eq | |
‘w3 |symow | KLop say zus |7/ bgu| %Y % 9% %, ‘une 3y |wd| sk
44 %031249%2 ‘wid | ‘w3 | ‘wdwm | wd | ‘mo4ad ‘wu
‘wdu % suossu
S0} [splotals wnye
880[ i . uin | ww
dn-mofjog JuduIjear] a%%u_wﬁ .nw.%“u wwﬂu dsd nﬂw«ﬂ_ -qopo | -nqry | NdN qQ3H | D9y dd | |e8y seouderq R(qQng
! uof
P |-eng uoRRIIXY wnisg

D12 41DUOGKY 21pou0IG LSy Y suaod wr sTuzpuyf 1ppu])
I a1avl



ASYMPTOMATIC HYPONATREMIA IN PULMONARY TUBERCULOSIS

with pulmonary infiltration limited to one lobe. One
Negro male with tuberculosis of the adrenals and Ad-
dison’s disease was also investigated during a crisis.
Normal concentrations of sodium in the serum were
found in 14 other patients with moderate or advanced tu-
berculosis, in three with advanced bronchiectasis, and in
five with various conditions associated with malnutri-
tion. In addition, the hospital records of a large number
of patients with abnormally low concentrations of so-
dium in the serum and continued excretion of sodium
were searched for instances in which the hyponatremia
was not definitely secondary to kidney disease, adrenal
insufficiency, or over-hydration during therapy. Three
such -instances were found, but there was not sufficient
evidence to include them definitely in the present group.
The course, follow up, and subsidiary diagnoses of the
ten tuberculous patients are indicated in Table I. Some
or all of the following investigative procedures were car-
ried out on each patient depending upon the clinical
condition and severity of the illness.

Subjects studied over an extended period were pro-
vided with a basic diet adequate in calories and protein,
but containing not over 0.5 gm. of sodium chloride per
day. This was supplemented in some. instances by milk
and cream containing 0.3 gm. of salt. To this, weighed
quantities of table salt were added daily. Consecutive
24-hour collections of urine were made during the entire
period of study and were analyzed for chloride and so-
dium. Five of the patients were treated with 1-2 gm.
of streptomycin and one with 10 gm. of para-aminosalicylic
acid per day as well, but no essential change in their
regime was made during the period of investigation.

Renal clearances of endogenous creatinine were meas-
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ured in seven patients. These patients were not cathe-
terized, but a moderate diuresis was induced to minimize
the error from residual urine. In one patient the clear-
ances of mannitol and of urea were determined.

In five patients acute balances of sodium and of
chloride were measured on one or more occasions over
periods of 24 hours at the beginning of which an in-
fusion containing 15 gm. of sodium chloride as a 3% solu-
tion was given. Additional salt was given by vein or
per os in all but one patient.

Five or 20 mgm. of desoxycorticosterone acetate in
0il 5 were administered to four patients in one or two
intramuscular doses daily. Ten cc. of aqueous adrenal
cortical extract (Wilson) or 1 cc. of Lipo-adrenal ex-
tract (Upjohn) were given in intramuscular doses at in-
tervals of 12 hours.

Both procedures of the “water test” for adrenal insuffi-
ciency were carried out as described by Robinson, Power,
and Kepler (8). The decrease in circulating eosinophiles
following the infusion of 1.5 mgm. of epinephrine in nor-
mal saline given over a period of one hour was studied
in three patients according to the technique of Recant,
Forsham, and Thorn (9). In the remaining patients
0.3 mgm. of epinephrine was given subcutaneously as
described by Thorn and his colleagues (10). Total
eosinophile counts were made four hours after the epi-
nephrine was given, and in the majority of patients at two
hours as well. Urine for determination of 17-ketosteroids
was preserved with 1 cc. of concentrated hydrochloric
acid per liter and refrigerated until analyzed.

5 Kindly furnished by Dr. Kenneth Thompson of Or-
ganon, Inc., Orange, N. J.

TABLE II
Effect of variations in the intake of sodium chloride; analyses of serum and urine

Free intake of sodium chloride M:;iiri?x‘:nmcmgg{;ed Minimum intake of sodium chloride
Subject Serum Urinary excretion . "
- lotake | Total | 08! | Aversge | Totat | Final | Flal
Na | a | Hco Sodium Chloride sodium sodium | excretion
mEq./L | mEq./L | mEq./L | mEq./L | mEq./day| mEq./L | mEq./day| mEq./day} days | mEq./L | mEq./day| days mEgq./L | mEq./day
1 126 | 88.8 | 26.4 40 64 220 12 134.0 8 7 128.0 8
11 127 | 909 | 25.8 85 72 130 110 85 2 134.0 43 3 125.0 | 29
I11 124 | 80.8 | 32.6*| 44 67 108 166 260t 6 132.0
1V 131 | 87.5 | 283 92 93
\' 128 | 93.4 | 25.0 35 114 97 3 134.0
VI | 122 | 95.0 | 26 20 43 23 51 13 1 118.0 | 12
) 2 112.0 49
VII 123 90.0 | 25.8% 103 170 268 11 135.0 13 3 132.0 11
6 126.0 5
VIII | 128 | 95.2 —§ 15 51 14 47 185 8 135.0 13 4 126.0 | 27
IX 127 89.2 18.0 345 198 230 5 124.0 8 3 119.0 6.7
X 129 | 92.8 33 88 44 117 97 13 133.0

* One day previously

t Desoxycorticosterone acetate in oil 5 mgm. per day given over this period

1 Two days previously
% 24.8 on admission seven days previously
As chloride
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TABLE Il
Alterations associated with administration of large amounts of NaCl
Sodi Sodi Concentrations of Na in extracellular water a A
Subject odium odlum wt. Plasma .

ke reram Initial Final Anticipated* volume *

mEgq. % mEq./L mEg./L mEq./L Kgm. % mEgq.
1-A 427 93 133 134 145 1.5 18 - 87
I-B 427 20 137 137 139 -04 1 - 42
11 256 61 128 . 136 133 — 7 — 92
Vi 856 98.5 114 135 137 —_ 35 —-132
VII 427 58 129 137 136 0.2 8 - 22
X 324 41 131 136 134 —-0.3 — —~ 45
EVt 739 95.3 129 136 147 — 27 +104

* Estimated from positive balance of Na and assuming no change in total body water.

1 Patient with adrenal cortical insufficiency in crisis.

The urinary excretion of sodium and chloride as in-
fluenced by the gradual reduction of dietary salt was
measured.

METHODS

Serum protein fractions were determined by the Milne
modification of the technique of Majoor (11), urea by
the gasometric method of Van Slyke using urease or hy-

pobromite (12), and mannitol by Elkinton’s modification

of the Smith, Finkelstein, and Smith procedure (13).
Creatinine was determined by the method of Peters (14).
Readings were made exactly 20 minutes after the ad-
dition of alkaline picrate, since filtrates from serum
darken progressively on standing. 17-Ketosteroids in
urine were estimated colorimetrically either by the method
of Cahen and Salter (15) or of Holtorff and Koch (16).
Eosinophiles were stained by the technique of Randolph
(17), using phloxine B in a 1:1 aqueous dilution of
propylene glycol. The average of from two to four
counts in a Levy chamber 0.2 mm. in depth was taken.
Other methods used in this laboratory have been re-

TABLE IV

Effect of variations of the concentration of sodium in the
serum on renal clearances in palients with
asymptomatic hyponatremia

Renal clearance*
Subject Wt. ssoedr:::x!:x
mgig?:e“ Mannitol Urea
Kgm. mEq./L ce./min.
I 44 134 111, 108
126 101, 102
133 69, 66
127 82,76
v 43 131 61
VI 54 112 73
VII 45 135 67, 69
126 64, 69
VIII 54 134 62, 62
128 73,75
X 49 125 80, 73

* Calculations for consecutive clearance periods are given.

ported in previous publications (18). The methods for
calculating changes in plasma volume from changes in
relative red cell volume and hemoglobin and for changes
in the distribution of water and electrolytes have been
described elsewhere (19, 20).

RESULTS

The analytical and derived data are presented
in Tables I-VI and Figures 1-4.

I. General Clinical Observations

All the members of this group of patients in
whom hyponatremia was found were chronically
ill and malnourished, and four (II, III, VI, and
VII) were acutely ill when first studied. Seven
of the patients died within one to five months fol-
lowing admission, and the remaining three have a
poor prognosis for ultimate recovery. The essen-
tial clinical data on these patients are summarized

TABLE V

Robinson-Power-Kepler water tesls in three patients
with asymplomatic kyponatremia

Procedure I Procedure I1
Urine volume
Subject Date s%dril:::t wpn
Night |Maximum | valee
(period iod
9brs) | Prhry
mEq./L cc. cc.
I 11- 848 | 126.0 400 240 40
11-27-48 | 127.0 650 205 30
12- 748 | 129.7 330 195 39
VIl 3-1749 | 135.0 920 355 10*
X 8-30-49 | 130.0 615 265 » 43

* The intake of sodium chloride was 15.8 gm. for seven
days prior to the test.
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TABLE VI

The effect of adminisiration of epinephrine on circulating
eossnophiles in six patients with asymp-
tomatic hyponatremia
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shown in Figures 1 and 2. The reduced red
blood cell counts and hemoglobin concentrations
in the majority of the patients, together with the
low concentrations of serum albumin, are con-
sistent with the degree of malnutrition found. On
the other hand, many other patients not reported
in detail in the present study did not have hypona-
tremia, but had an apparently comparable degree
of chronic illness and malnutrition. All the pa-
tients had some degree of hypotension which was
at times marked. No correlation could be found,
however, between the degree of hyponatremia and
the level of the blood pressure. This is illustrated
in the graph of the findings in two patients (Fig-
ures 1 and 2). Two patients (VII and VIII)
had increased pigmentation over pressure points,
and one (IIT) had slate-gray pigmentation of buc-
cal membranes. The concentration of non-protein

Circulating eosinophiles
Subject Epg:::é) - % fall
admin, Initial
count
2 hrs. 4 hrs
mgm. per cu. mm, % %
I (11-18) 1.5 300 56 38
(124) 1.5 300 31 33
111 <3
VII 1.5 116 70 54
VIII 0.3 131 57
IX 0.3 920 53
X (827 0.3 280 2
(10-29) 0.3 153 70 20
in Table I. The findings over the entire period
of study in two patients typical of the group are
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nitrogen in the blood was normal in all patients and
in none was there gross evidence of renal or
cardiovascular disease, with the exception of one
(I), who had calcification of the abdominal aorta
by X-ray, and another who gave a history of hy-
pertension of unknown degree nine years previ-
ously. Only one patient (III) was observed to
have significant carbon dioxide retention, in spite
of the severity of the pulmonary involvement in
the majority of the other patients. Concentrations
of potassium in the serum were within normal
limits. When these patients were eating the ward
diet with a free intake of salt, which was usually
the case when they were first studied, they contin-
ued to excrete from 40 to 90 mEq. of sodium per
day in spite of the fact that the concentrations of
sodium in the serum ranged from 122 to 131
mEq./L (Table II).

In two patients the tendency toward hypona-
tremia was found to be reversible. It is shown in
Figure 2 that when this patient (VII) was again
given a diet low in sodium 75 days after the first

ORLOFF, AND JAMES W. NEEDHAM

period of deprivation, he maintained his concen-
tration of sodium in the serum between 138 and
136 mEq./L. During the interval his weight had
increased 2 Kgm. on a regime of bed rest and
streptomycin, his sputum production had de-
creased by a third, and his daily temperature rises
had decreased from an average of 102 to 100 de-
grees F. However, the X-ray of his chest was
unchanged. Nine months after his first period of
deprivation of salt, a second patient (I) was placed
on a diet for seven days which was as low in so-
dium as could be arranged at the sanitorium to
which he had been sent. Over this period his con-
centration of sodium in the serum remained con-
stant at 133 to 134 mEq./L. During this interval
a pneumoperitoneum had been induced and he had
gained considerable weight.

11. The effects of variation in salt intake

Five patients (I, III, VII, VIII, and IX) were
given a moderate or high intake of salt for a pe-
riod of five to 12 days. In one who suffered from
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advanced tuberculosis and carcinoma of the phar-
ynx treated with irradiation, daily infusions con-
taining 13.5 gm. of sodium chloride over a five-
day period failed to raise the concentration of so-
dium in the serum above 125 mEq./L. There
was no evidence of congestive failure and no
peripheral edema in this case. Three of the pa-
tients given more than 185 mM. of salt per day
had final concentrations of sodium in the serum in
the low normal range, 132-135 mEq./L. In two
other patients (II and X) final concentrations of
sodium in the serum of 133-135 mEq./L were
observed following a somewhat lower intake of
salt.

The sodium in the diet of five patients (I, VI,
V11, VIII, and IX) was reduced to 8-13 mEq./
day for two days or more. Since the quantity of
salt added to the basic diet had been variously re-
stricted during the preceding periods, this did not

constitute an abrupt deprivation of salt. In all
but one instance the renal excretion of sodium was
reduced to 8 mEq./day or less, and in all instances
the concentration of sodium in the serum fell be-
fore the minimal urinary excretion of this ion was
reached. This is illustrated in Figure 1, days 2-8
and Figure 2, days 4042. A fifth subject (II)
who was acutely ill with tuberculous pneumonia
had an excretion of 29 mEq./day of sodium and a
concentration in the serum of 125 mEq./L when
the intake of salt was reduced to 43 mEq./day.
However, during these studies of deprivation the
excretion of sodium, while often sharply reduced,
did not reach the extremely low values usually as-
sociated with hyponatremia due to depletion of
salt in other conditions. It was striking to observe
throughout the studies that these patients were free
of symptoms attributable to depletion of salt and
sometimes had an indifference to their dietary salt
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when the concentrations of sodium in the serum
were at levels generally associated with collapse in
other situations involving depletion of salt. Only
one patient (X) exhibited craving for salt when
on a sodium restricted regime. Muscle cramps
were not seen.

One patient (VI) demonstrated that this group
is not immune to the effects of true depletion of
salt. This patient was acutely ill, febrile, and
sweating considerably. It was later learned that
he had rejected a considerable portion of the 85
mEq. of sodium that were added to his diet for a
three-day period. He excreted only 12 mEq. of
sodium the first day that his intake of this ion
was reduced to 13 mEq. During the following day

* a bout of mild diarrhea added to the loss of sodium

in sweat and sputum, and the concentration of

sodium in his serum fell from 118 to 112 mEq./L.
At this point he developed diaphoresis, acute anx-
iety, and borderline vascular collapse, all of which
were rapidly improved by an infusion of hyper-
tonic saline. It is notable that these signs and
symptoms developed when the concentration of
sodium in the serum was only 6 mEq. below that
at which the renal excretion of sodium had been
sharply reduced. In contrast to the crisis in Ad-
dison’s disease, the non-protein nitrogen concen-
tration of the blood did not rise above 33 mgm. %,
nor the potassium above 5.1 mEq./L. There
was no elevation of temperature. _
When there were alterations in the quantity of
salt ingested as described above, there were varia-
tions in the concentrations of sodium in the se-
rum of 2. to 12. mEq./L. An additional patient
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(X) whose intake of salt was not pushed to a
high level had a variation of only 3.5 mEq./L in
his concentration of sodium in the serum. The
minimum concentrations of sodium in Table II
occurred before or approximately at the time when
the excretion of sodium had first reached a low
level, so they reflect a loss of sodium via the urine.

Infusions of 256 mM. of sodium chloride as a
3% solution were administered to five patients.
In addition, all but one received additional salt
in the course of a 24-hour period either as normal
saline intravenously or as table salt by mouth
(Table III). For comparison, data are also pre-
sented from a patient with Addison’s disease
(EV) in crisis during the first 18 hours of therapy.
All the patients except VI and EV had free access
to water during the balance period. When the ini-
tial concentration of sodium was low, from 41%
to 98.5% of the administered salt was retained
(although in this calculation no correction was
made for the variable loss of sodium in sweat).
There were no significant shifts of sodium between
the intracellular and extracellular compartments.

It is assumed that where an antecedent deple-
tion of both water and sodium exist, water will be
retained following the administration of salt and
will be manifest by increases in body weight and
plasma volume. In addition, the observed con-
centration of sodium in the extracellular water at
the end of the balance period should be less than
the concentration of sodium as estimated from
the positive balance of this ion with the assump-
tion that there had been no increase in total body
water. This “anticipated” concentration of so-
dium in the extracellular water is presented in
Table III.

The insignificant changes in weight and in the
per cent increase in plasma volume and the good
agreement between the observed and anticipated
concentrations of sodium in the extracellular fluid
suggest that in patients I-B, II, VII, and X the
volume of water was not previously contracted.
In contrast, in patients I-A and VI, who had
suffered antecedent extrarenal losses of salt and
water, there were retentions of salt and increases
in plasma volume similar to those of the patient
(EV) with Addison’s disease. Moreover, there
was considerable disagreement between the ob-
served and anticipated concentrations of sodium in
the extracellular water in patients I-A and EV.
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The agreement of this function in patient VI may
be explained in part by a marked diaphoresis that
occurred early in the balance period. \

Endogenous creatinine clearances ranged from
61 to 80 cc./min. (Table IV). Figures for the
heights of these patients are not available, but in
view of their low weights, averaging 49 Kgm., it
is probable that corrected clearances would fall
within the low normal range. In two of the pa-
tients (VII and VIII) creatinine clearances were
measured when the concentration of sodium in
the serum had been forced to a maximum by a
high intake of salt and again when the subject
had been deprived of salt. Under these varying
conditions the creatinine clearance either did not
change (VII) (Figure 2, days 13 and 43) or was
actually higher in the hyponatremic state (VIII).
In an additional patient (I) mannitol clearances
were similarly measured both when the concen-
tration of sodium in the serum was low and when
it was normal. These did not differ significantly.
Urea clearances were somewhat higher at the
lower concentration of sodium in the serum in
this same patient.

II1. The response to adrenal steroids

In two patients (I and VII) 20 mgm. of
desoxycorticosterone acetate (DOCA) in oil ad-
ministered for four days produced a sharp re-
duction in sodium excretion, followed by an in-
creased excretion on discontinuing the injections
(Figure 3). In patient I a gain in weight of 2.6
Kgm. and the development of pitting edema of the
extremities was noted during the period when
DOCA was administered, while patient VII
gained 2.1 Kgm. over the same period. Although
an exact balance cannot be computed from the
data available, both patients appeared to retain
more water than could be accounted for on the
basis of the quantity of sodium retained. Five
mgm. of DOCA per day produced a similar but
less marked reduction in the excretion of sodium
in patients I, VII, and X which was also followed
by a secondary increase in excretion above the
basal level after cessation of the injections. The
effect of injections at 12-hour intervals of 10 cc.
of adrenal cortical extract (Wilson) or of an
equivalent amount of lipo-adrenal extract (Up-
john) was studied in four patients. The results
are shown in Figure 4. There was clearly no effect
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when lipo-adrenal extract was given to patient I or
when aqueous extract was given to patient VIII. A
reduction in the excretion of sodium occurred dur-
ing a portion of the period in which aqueous ex-
tract was administered to patient VII on two oc-
casions. However, the reduction preceded the
injection on the first occasion and was not sus-
tained during the entire period of administration
on either occasion. In the case of patient X the
excretion of sodium varied spontaneously during
a number of weeks both before and after adrenal
extract was given and reached a low value one
and three days prior to the injections. There was
no secondary increase in the excretion of sodium
above the basal level on discontinuing the injec-
tions in any of the patients.

IV. Estimate of adrenal cortical function

At one time or another during their course in
the hospital a diagnosis of adrenal insufficiency
was seriously entertained in four of the patients
(1, III, VII, and X) on the basis of clinical or
laboratory findings. It was of interest, therefore,
to study their response to the current tests of
adrenocortical function. The response to depriva-
tion of salt has been described above.

In three of the patients (I, VII, and X) the
Robinson-Power-Kepler water test was done.
The results are given in Table V. Procedure I of
the test was invariably positive in that the normal
diuretic response to ingested water was not ob-
tained. In only one patient (VII) was Procedure
II positive, with an “A” value of 10. This test,
however, was done when the patient had taken
15.5 gm. of salt in his diet the preceding day,
which is in excess of the “usual diet without salt”
specified by the authors of the test. In one pa-
tient (I) the “A” value was not significantly
changed when the test was repeated after he had
been given 23 gm. of sodium chloride two days
prior to the test.

The eosinopenic effect of epinephrine was stud-
ied in six patients, In all of these a decrease in
circulating eosinophiles of 50% or greater was
found on at least one test. The depression of
eosinophiles was, however, apparently not as sus-
stained as in normal subjects given these quanti-
ties of epinephrine, for when counts were made at
two hours as well as at four hours, in four out
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of five instances the two-hour count was lower.
Thus, patient X had no eosinopenic response at
four hours in the initial test; a second test demon-
strated a 70% fall in eosinophiles at two hours.
The initial eosinophile count in one acutely ill
patient (III) was less than 3 per cu.mm., so that
epinephrine was not given,

The excretion of 17-ketosteroids per 24 hours
was low, 3.3 mgm,, in one patient (VII) on a day
shortly after his admission with fever and ad-
vanced tuberculosis. Five other patients had low-
normal or normal values, the actual excretion ap-
pearing to be correlated with the state of nutri-
tion of the patient.

A five-hour intravenous glucose tolerance test
was normal in three patients tested (VII, VIII,
and X).

Six patients came to autopsy (II, III, IV, V,
IX, and partial in VI) and all were found to have
normal adrenals. Two patients (II and III) had
renal lesions as described in Table II.

DISCUSSION

The ability to excrete an almost sodium-free
urine, to retain a large amount of intravenously
administered sodium without benefit of exogenous
salt-retaining hormone, to respond with an eosino-
penia to epinephrine, and the absence of gross or
histologic evidence of adrenal cortical disease at
post-mortem all militate against adrenal cortical
hypofunction as the primary defect responsible
for this clinical picture, although this cannot be
completely excluded. Nor does this syndrome
appear to be a primary abnormality of the kidneys.
Examination of the urine in these patients usually
revealed no abnormalities, and there were no
evidences of renal insufficiency. The renal tu-
bular cells responded by increasing the reabsorp-
tion of sodium when DOCA was administered in
doses of 20 and 5 mgm. per day.

This abnormality seems not to be a specific
derivative of tuberculosis since it has been re-
ported in one case of non-tuberculous pulmonary
disease (4). Moreover, although the observations
are not completely convincing at this time, there
are suggestions that it may be found among pa-
tients with non-pulmonary disease. The common
denominator may not be an organ specific dis-
order, but a secondary effect in some instances
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of severe disease associated with debility and
malnutrition. There are reports in the literature
that lend some support to such a suggestion.
Sunderman and Rose (21) studied a patient with
an inadequate dietary intake who had a subnormal
concentration of total base in the serum. Gollan
(22) reported that the average concentration of
sodium in the sera of marasmic Italian children
was lower than normal. This must be interpreted
with some caution, as these infants had a history
of diarrheal disease.

The fact that this syndrome has none of the
symptoms of true sodium depletion is most im-
portant. In the development of the usual types
of salt depletion there is a negative water balance
with a consequent contraction of the volume of
body water as well as a reduction in its tonicity.
It is probable that the contraction of the plasma
volume which shares in the decrease of the extra-
cellular water and the dilution of the cellular con-
tents as a result of the hypotonicity of the extra-
cellular water both contribute to the physiologic
abnormalities noted in salt depletion. These ab-
normalities are characterized by a persistent hypo-
tension, asthenia, disordered renal hemodynamics
(as manifested by a depressed rate of glomerular
filtration and urea clearance) and by nitrogen re-
tention ; and, finally, peripheral vascular collapse.
The data from the present investigations do not
suggest such a state. Although endogenous cre-
atinine clearances may have been somewhat re-
duced, they were no lower when the concentra-
tion of the sodium in the serum was depressed.
There was no nitrogen retention, and peripheral
vascular collapse developed only when there had
been extrarenal loss of salt and water leading to
the development of true salt depletion. These pa-
tients do not appear to be suffering from a con-
traction of the volume of the extracellular fluid
and plasma.

A hypothesis is offered to explain the mecha-
nism of this syndrome which is admittedly specu-
lative and unproven. It is that the primary de-
fect in this abnormality is a chronic reduction of
cellular osmolarity. The overall effects of this al-
teration would be an abnormal excretion of sodium
in an effort to reduce the tonicity of the extracel-
lular fluids in conformity with the primarily re-
duced tonicity of the intracellular fluids, but with
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the maintenance of normal volumes of body wa-
ter. Although there is as yet no primary and in-
dependent evidence that such a state of chronically
altered cellular osmolarity does occur, acute al-
terations in cellular osmolarity have been observed.
This phenomenon has been suggested by several
groups to explain certain results in their investiga-
tions (23-27).
The sequence of events that might follow such
a primary decrease in cellular tonicity is as fol-
lows: the first event is a movement of water from
the cells to the extracellular space in the interests
of osmotic uniformity. At this point all the body
fluids are relatively hypertonic and the intracellular
volume is contracted. The hypertonicity and cel-
lular dehydration provoke thirst and stimulate an
increased secretion of the posterior pituitary anti-
diuretic hormone. More water is ingested and
there is an increase in the reabsorption of water
in the distal renal tubule. This tends to expand
the body fluids, but reduces the tonicity of these
fluids toward the “new” normal level. The cellu-
lar dehydration, the hypertonicity of the body
fluids and the expanded extracellular volume
may all be stimuli for the decreased reabsorption
of sodium in the renal tubules, thus increasing
the excretion of this ion. As sodium is excreted,
water follows until the “new” level of tonicity and
original volumes of the body fluids are achieved.
This mechanism provides for the maintenance
of the volume of extracellular fluid and plasma,
and, hence, avoids the undesirable effects of the
usual type of salt depletion. With this mecha-
nism in mind, it is clear why the calculation of the
anticipated rise in concentration of sodium in the
extracellular water agrees so closely with the ob-
served when there is a net positive balance of
sodium and the calctilation is made with the prem-
ise that there is no change in total body water.
Although this hypothesis seems plausible and
1s not at variance with the observed data, it is
admittedly unproven and awaits a critical test.
The differentiation of this syndrome from Ad-
dison’s disease is an important clinical problem.
The two procedures that seem to offer the most
help in this regard are the demonstration of an
eosinopenia following administration of epineph-
rine and the excretion of an almost sodium-iree
urine on a regime of minimal salt intake. The



1556 E.

latter procedure is hazardous, but the risk can be
minimized by careful and frequent clinical and
chemical observations.

SUMMARY AND CONCLUSIONS

Ten patients with hyponatremia and pulmonary
tuberculosis were studied. Nine had far-advanced
pulmonary tuberculosis and one miliary tubercu-
losis with minimal pulmonary involvement. No
frank evidence of renal or adrenal insufficiency
was found. All showed advanced malnutrition,
hypotension, and hypoalbuminemia. Abnormal
retention of carbon dioxide was found in only
one patient. When given free access to salt, they
were found to excrete 40-90 mEq. of sodium per
day in spite of concentrations in the serum rang-
ing from 122 to 131 mEq./L. Five patients ex-
creted as little as 5-29 mEq. of sodium per day
when the dietary salt was severely restricted. The
excretion of sodium, however, did not reach the
low values usually associated with hyponatremia
due to depletion of salt in other conditions. These
patients did not present the clinical signs or
symptoms or other evidence of sodium depletion.
There was no evident dehydration, peripheral cir-
culatory failure, or hyperkalemia. Renal clear-
ances of creatinine, mannitol, or urea were essen-
tially normal and were not lower when measured
in the hyponatremic as opposed to the normal
state. Five patients retained 41% to 98% of a
large amount of salt given in a 24-hour period.
Calculations from data obtained during acute bal-
ance periods following these infusions supported
the hypothesis that these patients did not have a
contracted body water. The concentration of so-
dium in the serum remained in the subnormal or
low normal range despite high daily intakes of
salt. This syndrome was reversed in two patients
associated with clinical improvement. There was
more lability in the concentration of sodium in
the serum with varying intakes of salt than is usu-
ally observed in normal subjects. The concentra-
tions varied during relatively short periods over
a range of 2 to 12 mEq./L.

In three patients procedure I of the Robinson-
Kepler-Power water test was positive. In only
one was the second part also positive. Six patients
had an essentially normal eosinopenic response to
epinephrine.
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Four patients retained increased quantities of
sodium when given desoxycorticosterone. There
was no definite response to small doses of adrenal
cortical extract. The adrenal glands were normal
in the six patients who came to autopsy.

It is suggested that a primary reduction in cel-
lular osmolarity may be the initiating factor in the
development of this syndrome. The increased ex-
cretion of sodium at subnormal concentrations of
this ion in the serum might represent an attempt
to reduce extracellular tonicity to conform with
a reduced cellular osmolarity.

An eosinopenic response to epinephrine and the
ability to reduce the excretion of sodium on a
regime free of salt aids in differentiating this
syndrome from Addison’s disease.
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