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Diminished concentrations of chloride and so-
dium in plasma are frequently found in patients
with acute bacterial infections (1). This type of
deviation from the normal electrolyte pattern is
also encountered in an occasional patient with pul-
monary tuberculosis and has received special at-
tention because of the problem of differential diag-
nosis of Addison's disease (2-5). By the use of
methods of assessment of adrenocortical function
which do not depend upon determinations of serum
electrolytes it has been shown that hypochloremia
and hyponatremia may be present in patients with
tuberculosis without evidences of adrenal insuffi-
ciency (5).

Reductions of the serum chloride and sodium
values are consistently found in children with tu-
berculous meningitis. In the past this observation
has not received much attention because of the
progressive and uniformly fatal course of this dis-
ease, and the abnormalities of electrolyte concen-
tration were usually attributed to lack of salt in-
take plus losses in vomitus. During the past five
years the prognosis and course of tuberculous
meningitis have been changed as the result of strep-
tomycin therapy, and it has been possible to study
the electrolyte equilibrium of patients whose in-
take of food and water is adequate, and to observe
changes during periods of remission and relapse.

The present study consists of serial determina-
tions of plasma and red blood cell electrolytes in
16 children with tuberculous meningitis treated
with streptomycin. In addition, analyses were
made of samples of skeletal muscle obtained by
biopsy in four patients at times when the concen-
trations of serum sodium and chloride were re-
duced. Samples of skeletal muscle were also ob-
tained postmortem from patients who died of tuber-
culous meningitis. As controls, specimens of mus-

1 Read by title before the American Society for Clinical
Investigation, May, 1951.

cle were taken at operation from children without
known infection, and obtained postmortem from
children who died of a variety of diseases but with-
out evidence of tuberculosis.

METHODS

Venous blood was drawn in syringes, moistened with a
film of heparin solution, from patients in the postab-
sorptive state. A portion of the blood was immediately
transferred to a centrifuge tube under a layer of mineral
oil and the plasma separated by centrifugalization. The
remainder was used for analysis of whole blood. Ali-
quots of plasma and whole blood were taken for water,
chloride, sodium, and potassium determinations. Water
was determined by drying a weighed aliquot of measured
volume to constant weight in an oven at 1050 C.; chlo-
ride by the method of Van Slyke and Sendroy (6). For
determinations of sodium and potassium, aliquots of whole
blood and plasma were measured into platinum dishes to
which were added 3 drops of conc. HCOand then ashed
at 4500 C. in a muffle furnace. The ash was dissolved in
a measured volume of distilled water, the insoluble resi-
due was separated by centrifugalization, and the sodium
and potassium content was determined by the use of a flame
photometer (Perkin-Elmer, model 18). The blood cell
volume was measured by centrifugalization in a Win-
trobe tube for 30 minutes at 2,500 r.p.m. The concentra-
tion of solutes in red blood cells was calculated by the
usual formula:

B - P(1 - V)

where C represents concentration in the red cell, B, con-
centration in whole blood, P, concentration in plasma and
V, volume of cells in whole blood.

The specimens of skeletal muscle were dissected free of
visible fat and connective tissue, then weighed and dried
to constant weight in an oven at 1050 C. The dried ma-
terial was powdered and aliquots were taken for measure-
ments of chloride, sodium, potassium, and nitrogen. Ni-
trogen was determined by a micro-Kjeldahl method;
chloride, sodium, and potassium by methods similar to
those used for plasma and whole blood. In a small group
of patients, total body water was estimated by the anti-
pyrine method (7), plasma volume by the Evans Blue
technique (8), and the SCN space also determined (9).
Simultaneous clearances of endogenous creatinine (10),
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TABLE I

Serum electrolytes of children showing marked reduction of
concentrations of sodium and chloride during course

of tuberculous meningitis

Serum

Patient Na Cl CO |K Caj P UreaN Protein
(gm./

(mEq./likr) (mg./100 cc.) 100 cc.)

P. C. 122 84.8 22.6 4.9 8.8 3.6 11.6 6.8
N. P. 119 81.6 24.3 9.1 4.2 15.6 7.3
V. B. 124 88.8 24.0 4.0 - - 14.2
E. J. 124 89.6 22.4 5.3 - - 17.1

sodium, chloride, and potassium were also measured in
two patients.

RESULTS

Representative data on children with tuberculous
meningitis are shown in Table I. These are the
results of determinations made several days after
admission to the hospital at a time when the pa-

tients were receiving either a liquid diet, or solu-
tions of sodium chloride parenterally. The pa-

tients at this stage showed no clinical evidence of
dehydration although they were febrile and acutely
sick. The analyses reveal a reduction of plasma
sodium and chloride with relatively normal values
for plasma bicarbonate, potassium, urea nitrogen,
and total protein. The serum calcium is in the low
normal range and the serum phosphorus is reduced
below the normal values for children.

The results of determinations of Evans Blue
space, SCNspace, and antipyrine space as indices
of plasma volume, "extracellular fluid" volume,
and total body water, respectively, which were

made in several patients with low concentrations
of serum sodium, show no evidence of reduction

TABLE II

Comparison of average values for serum electrolytes of patients
with tuberculous meningitis during stages of clinical

activity and remission

Serum

Group Na C1 COg j K

(mEq./liter)

Tbc. meningitis active 127 92 21.6 4.6
(15)*

Tbc. meningitis remis- 138 103 22.1 4.2
sion (8)

Controls (8) 140 105 - 4.4

* Number of patients in group in parentheses.

of these compartments of body water. The Evans
Blue space ranged from 4.3 to 6.8%o of the body
weight, the SCNspace from 26%o to 35%o of body
weight, and the values for antipyrine space in two
children were 77%o and 78%o of the body weight.
The volume of distribution of SCNcannot be used
as a measure of actual extracellular fluid volume,
but the high values obtained suggest that extra-
cellular fluid volume in these patients is not re-

duced despite reduction of the concentration of
extracellular sodium. The estimated values for
total body water are also high, which may be due
in part to the low body fat of these chronically
ill children.

In Table II are given the average values for
serum sodium, chloride, potassium, and bicarbonate
of a group of patients with tuberculous meningitis
during the clinically active stage in comparison
with the findings in children during a period of
clinical remission. The return of serum sodium
and chloride to normal values during remission
without change in serum potassium or bicarbonate

TABLE III

Clearances of endogenous creatinine, sodium, chloride, and potassium in children with tuberculous meningitis

Serum Clearances

Urine
Patient Period output Na Cl J K Creat. Na Cl K

(mEq./llkr) (cc./min./1.73 sq.m.)

E. J. 1 1.9 126 88.8 3.0 123 0.42 0.69 21.8
2 7.9 130 0.51 0.87 26.4

V. B. 1 2.8 120 76.8 3.4 133 1.85 4.10 51.3
2 2.4 155 1.76 3.67 46.0
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is evident. In addition, clearances of endogenous
creatinine, sodium, chloride, and potassium were
determined in two patients with tuberculous menin-
gitis, at times when the concentration of serum so-
dium was low. The studies were made in the fast-
ing state and the urine output was increased by
oral administration of water. These data are sum-
marized in Table III. The glomerular filtration
rates, as measured by the endogenous creatinine
clearance, are normal despite the marked reduc-
tion of serum sodium. The average percentage
of filtered sodium reabsorbed was calculated to be
99.6%o and 98.7%o for E. J. and V. B., respectively.
Although these values for tubular reabsorption of
sodium suggest fairly complete reabsorption of

red cell water as determined in groups of healthy
adults, control children, children with clinically
active tuberculous meningitis, and children follow-
ing a clinical remission from tuberculous menin-
gitis. The control children ranged from four
months to 16 years of age and were either con-
valescent from an illness or well children seen in
the out patient department. The values for red
cell potassium in these children agree with those
reported in normal adults by Hald when these data
are recalculated in terms of cell water (13). The
concentrations of sodium in the red cells are quite
variable and the average is lower than that found
in adults (13). For this reason we made similar
determinations in a group of healthy adults, and as

TABLE IV

Average concentrations of sodium and potassium in the water of plasma and of red blood cells of patients with
tuberculous meningitis as compared with controls

Plasma water Red cell water

Group No. Na | K Na+K Na K Na + K (Na + K)0
I ____________________________ ~(Na + K)p

(mEq./liter) (mEq./liter)

Adult controls 8 152.6 5.0 157.9 20.7a3.3* 14449.1 166.1 1.054.064
p <.Olt

Children controls 17 150.5 4.9 155.5 8.7 7.0 144.2-4:15.5 155.2 1.00-.084
p <.o1 p <.o1

Tuberculous meningitis 16 138.5 4.8 143.3 47.045.2 144.7 a 15.4 191.9 1.33 .16
active

Tuberculous meningitis 5 149.4 4.5 153.9 4.7 144.0 148.7 0.97
remission

* Mean :1 standard deviation.
t Statistical significance of difference between two means calculated by Fisher's method for small samples using table

of T (12). Values of p of less than .05 are considered significant.

this ion, it must be remembered that the normal
human subject depleted of sodium shows almost
complete tubular reabsorption of sodium with re-
duction of urinary sodium excretion to values less
than those found in these patients. When the low
concentrations of serum sodium of these patients
are taken into consideration, the data are in ac-
cord with the studies of Rapoport, West, and Brod-
sky (11) who found excessive urinary losses of
sodium in three children with tuberculous menin-
gitis, and with the conclusions of Sims, Welt, Or-
loff, and Needham (5) that renal wastage of so-
dium and chloride may occur in pulmonary tuber-
culosis without evidences of adrenal insufficiency.

In Table IV are presented the concentrations
of sodium and potassium in plasma water and in

shown in Table IV, the average concentration of
red cell sodium in this group is higher than in the
control children and of the same order of magni-
tude as in Hald's series (13). Overman, Ettel-
dorf, Bass, and Horn (14) determined the sodium
of packed red blood cell suspensions of infants
and children from birth to two years of age and
found the values to be the same or even slightly
higher than those in adults studied by the same
method. The method used by this group includes
the sodium of an irreducible minimum of plasma
incorporated in the red cell suspension. No ex-
planation is apparent for the lower concentration
of red cell sodium in children than in adults in our
series. Since the patients with tuberculous menin-
gitis fall into the same age group as the control
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TABLE V

Concentrations of sodium and potassium in plasma and red cell water of children
with non-tuberculous infections of central nervous system

Plasma water Red cell water

Patient Diagnosis Na | K Na+ K Na K Na+K (Na + K)e

___________________________ ~~(Na +K)p

(mEq.fite) (mEq./lier)

J. G. Bulbar poliomyelitis 148 4.7 152.7 3.0 127 130 0.85
A. C. Bulbar poliomyelitis 146 4.5 150.5 6.3 151 157 1.04
C. F. Meningococcus menin- 128 4.4 132.4 0 125 125 0.94

gitis

children and the determinations in the patients
were made concurrently with the controls, the data
in patients with tuberculous meningitis are com-

pared with the values in the control children.
In the children with active tuberculous menin-

gitis there is the expected reduction in the con-

centration of sodium in plasma water but in the red
cell water there is an increase in the concentration
of sodium without any change in the concentration
of red cell potassium. The sum of the concentra-
tion of the univalent cations in red cell water is
therefore higher than the normal value. The ra-

tio of the sum of the concentrations of sodium and
potassium in cell water to that in plasma water is
given in the last column. This ratio which is close
to unity in the controls is increased to an average

value of 1.33. in the patients with tuberculous
meningitis. During clinical remissions the plasma
sodium rises to the normal value and the red cell
sodium decreases so that the ratio of the concen-

tration of univalent cations in cell water to that in
plasma water is again in the normal range. The
return of serum and red cell electrolytes to normal
values during clinical remission does not neces-

sarily indicate cure. Of the five patients studied
during remission, two relapsed and the electrolyte
changes characteristic of active tuberculous menin-
gitis were again found.

Determinations of plasma and red cell sodium
and potassium were also made in two children
with bulbar poliomyelitis and one child with menin-
gococcus meningitis, to see whether changes similar
to those found in tuberculous meningitis might not
occur in acute infections of the central nervous

system due to other etiological agents. These
data are shown in Table V. It is apparent that
no increase in red cell sodium or total univalent ca-

tion is found in these patients. The findings in the
child with meningococcus meningitis are of es-

pecial interest because the concentrations of sodium
and of chloride in plasma are low, but the red blood
cell sodium is not increased as in the patients with
tuberculous meningitis.

Table VI summarizes the data obtained as the
result of analysis of biopsy samples of skeletal mus-

cle from patients with active tuberculous menin-
gitis and from control children without known
infection. All of the analyses are expressed in

TABLE VI

Electrolyte content of skeletal muscle obtained at biopsy from patients with tuberculous meningitis and from controls
All data expressed in terms of dried weight of muscle

Cl Na K N |HgO
Group No. of pts. Na/Cl K/N

(mEq./100 gm.) (gm./100 gm.)

Tuberculous men- 4 14.8 27.1 21.7 11.9 305 1.84 1.81
ingitis (23.2-30.6)* (18.2-24.3) (1.78-1.90) (1.68-2.04)

Controls 6 13.8 18.6 34.1 11.9 349 1.37 2.89
(10.0-20.4) (31.6-40.0) (1.29-1.43) (2.72-3.17)

* Range of values in parentheses.
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TABLE VII

Electrolyte content of skeletal muscle obtained postmortem from children with
tuberculous meningitis, and from children who died of other causes

All data expressed in terms of dried muscle

Cl Na K N | H2O
Group No. of pts. Na/CI K/N

(mEq./100 gm.) (gm.f100 gm.)

Controls (non- 5 11.8 15.3 37.0 13.9 365 1.28 2.71
edematous)

Controls (edematous) 3 16.5 21.9 41.4 14.7 506 1.37 2.81
All controls 8 1.3040.18 2.75=0.18

p <.01 p <.l1
Tuberculous menin- 7 15.5 32.8 24.9 13.6 331 2.184d0.42 1.83 4-0.21

gitis

terms of dried muscle and no correction is made
for fat content. In the children with tuberculous
meningitis, the muscle sodium is higher and the
muscle potassium considerably lower than in the
controls. An elevated, muscle sodium can be due
to edema of muscle with an increased extracellular
phase or to accumulation of sodium in the muscle
fiber. The ratio of sodium to chloride can be used
as a method of differentiating between these two
causes of rise of muscle sodium. The increased
ratio of sodium to chloride found in the muscle
of patients with tuberculous meningitis indicates
accumulation of sodium in the intracellular phase
of the muscle. The ratio of potassium to muscle
nitrogen can. likewise be considered an index of
change of concentration of cell potassium with re-
spect to cell protein. The reduction of the ratio
of potassium to nitrogen in the muscle of patients
with tuberculous meningitis, shown in Table VI,
thus indicates depletion of cell potassium. These
muscle samples were obtained from patients at
times when the concentrations of sodium in the
serum were low, and those of potassium were in
the normal range.

Additional studies of muscle were made on
specimens obtained postmortem from patients who
died of tuberculous meningitis and compared with
analyses of muscle obtained from patients who died
of other chronic diseases (Table VII). The pos-
sibility of postmortem change and the variable
amounts of edema in some of these specimens
made these analyses less satisfactory than those of
the biopsy samples. However, the sodium to
chloride and the potassium to nitrogen ratios of
muscle obtained from children who died of a wide
variety of diseases other than tuberculous menin-

gitis are in the same range as the values obtained
in biopsy specimens of the control group. Sev-
eral of the control postmortem specimens were
obtained from children who were severely cachec-
tic as the result of central nervous system injury.
The muscle analyses, however, show no abnor-
malities in contrast to the findings in the muscle
of children who died of tuberculous meningitis.
In the latter patients there is found the increase
in the ratio of sodium to chloride and the decrease
in the proportion of potassium to nitrogen which
were obtained on analyses of skeletal muscle at
biopsy in children with tuberculous meningitis.

DISCUSSION

The studies reported here reveal a characteristic
pattern of disturbance of electrolyte equilibrium in
patients with tuberculous meningitis. In extracel-
lular fluid there is a reduction of the concentrations
of sodium and chloride without consistent change
in the concentration of potassium; in red blood cell
water there is an increased concentration of so-
dium and no change in potassium so that the con-
centration of total univalent cations is increased;
in muscle water there is an increase of sodium
with a concomitant decrease of potassium. The
average value for serum bicarbonate in these pa-
tients is slightly lower than the value of 24 mEq./
liter obtained in normal children. Plasma pH
measurements were not made and it is not possible
to say whether this represents a mild metabolic
acidosis or a respiratory alkalosis. The changes
in extracellular electrolyte are similar to those
seen at times in patients with pulmonary tuber-
culosis, usually those with advanced disease and
marked temperature fluctuations (3, 4). No stud-
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ies of intracellular electrolyte in pulmonary tuber-
culosis have been reported, but we have studied the
red cell electrolytes in two patients with pul-
monary tuberculosis without meningitis. In both
of these patients there was found a reduction of
serum sodium and an increase of red cell sodium
with an elevation of total univalent cation in red.
cell water. To this extent the electrolyte disturb-
ances observed in tuberculous meningitis and in
pulmonary tuberculosis are similar although seen
more consistently in the former group. Some-
what similar changes have been reported in other
diseases. Overman found an increase of sodium
in the red cells of monkeys ( 15) and of chicks ( 16)
with experimental malaria, and suggestive but less
definite changes in patients with induced malaria
(17). Eliel, Pearson, and Rawson included a few
analyses of red blood cell electrolytes in a study of
electrolyte disturbances in the postoperative state
(18). They found that patients subjected to ex-
tensive operative procedures showed a reduction of
serum potassium and of chloride with normal serum
sodium and an elevated serum bicarbonate. In the
red blood cell there was evidence in a few cases of
increased concentration of sodium which was as-
sociated with a possible decrease of potassium.

Loss of potassium from muscle cells with in-
crease in muscle sodium can be produced experi-
mentally in animals by a diet deficient in potassium
(19) and may occur in disease states in which de-
pletion of body potassium results from low in-
take of potassium, excessive loss of potassium from
the body, or both (20-22). Potassium deficit may
be produced by excessive adrenal function as in
Cushing's disease (23), or by administration of
steroids which increase the urinary excretion of
potassium (19). In these states the serum po-
tassium is reduced if no complicating state of de-
hydration is superimposed. Darrow and co-work-
ers (19, 24) have shown that a metabolic alkalosis
due to chloride deficit results in a loss of muscle
potassium and an increase in muscle sodium, and,
conversely, that experimentally produced defi-
ciency of cellular potassium is associated with a
decrease in serum chloride and a rise of serum bi-
carbonate with a resulting metabolic alkalosis.
Hypochloremia and elevated serum bicarbonate
are seen in patients with potassium deficiency par-
ticularly under conditions of ample or excessive
sodium intake, and administration of potassium to

such subjects is followed by a return of the serum
electrolytes to normal. In our patients with tu-
berculous meningitis the concentration of serum
bicarbonate was not increased and that of serum
potassium was usually normal although low values
were occasionally found. Following the adminis-
tration of large amounts of sodium chloride to these
children, a rise of the serum sodium and chloride
values and, in some instances, an increased volume
of extracellular fluid with visible edema did re-
sult, but the picture of hypochloremic alkalosis did
not occur. Rapoport, West, and Brodsky (11)
found that the values for serum bicarbonate and
pH were high in two of three children with tuber-
culous meningitis. Their patients were in a termi-
nal state and were receiving all fluids parenterally
and did manifest the pattern of metabolic alkalosis
with potassium deficit. The administration to sev-
eral of our patients of potassium chloride in daily
dosage of 3 mEq./kg. in addition to dietary intake
of potassium did not result in any consistent resto-
ration of the normal electrolyte pattern of either
red blood cells or serum. This failure of potassium
administration to correct the electrolyte pattern
speaks against the possibility that these disturb-
ances of the ionic equilibrium of extracellular and
intracellular fluids are simply the result of loss of
cell potassium which might result from increased
adrenal cortical function in response to infection
or other stimulus.

Peters and associates (25) have reported strik-
ing reduction of serum sodium and chloride in sev-
eral patients with encephalitis and other lesions of
the central nervous system. Studies of urinary
excretion indicated that the depletion of extracellu-
lar electrolyte was due to loss of these ions in the
urine. They suggested that injury to a nervous
system center influencing water and electrolyte re-
absorption by the renal tubule might explain the
findings of reduced concentrations of serum sodium
in this group of patients. The similarity between
the findings in these patients and those in the
children with tuberculous meningitis is suggestive,
although Peters and co-workers pointed out that
their patients showed some evidence of the char-
acteristic physiological disturbances associated
with reduction of extracellular sodium.

Interpretation of the changes in the concentra-
tions of intracellular electrolytes found in the pa-
tients with tuberculous meningitis is hampered by

305



HAROLDE. HARRISON, LAURENCEFINBERG, AND EVELYN FLEISHMAN

the incomplete knowledge of the mechanisms con-
trolling-ionic equilibrium between cells and extra-
cellular fluid in the normal state. In recent years
Conway (26), Ussing (27), and Sheppard (28)
among others have reviewed the evidence con-
cerning the physiological processes involved in the
maintenance of potassium gradients between cells
and surrounding media. Conway has supported
the hypothesis that the cell membrane is permeable
to the hydrated potassium ion but not to the larger
hydrated sodium ion. The concentration gradient
of potassium can then be explained in terms of a
double Donnan equilibrium resulting from the
presence of non-penetrating anions within the cell
and a non-penetrating cation outside the cell. On
this basis little energy expenditure is required to
maintain a concentration gradient between cell and
surrounding medium.

On the other hand the evidence summarized by
Ussing (27) indicates that sodium and potassium
can both diffuse through the cell membrane. This
has led to the hypothesis that exclusion of sodium
from cells normally is due to an active secretary
process which extrudes sodium from the cell at a
rate which balances the inward diffusion of so-
dium. The end result is similar to that which
would obtain if the cell surface were impermeable
to sodium and permeable to potassium, but the
extrusion of sodium from the cell against a con-
centration gradient requires the expenditure of
energy.

The studies of human red cells under in vitro
conditions which have been reviewed by Sheppard
(28) have revealed reversible increase of cell so-
dium and decrease of cell potassium depending
upon the environmental conditions. The results
of such experiments are compatible with the pos-
tulation that inhibition of cellular metabolic proc-
esses, necessary for active removal of sodium from
the cell, results in accumulation of sodium with
loss of potassium, and that restoration of cell
metabolism permits removal of the accumulated
sodium from the cell with uptake of potassium.

In the skeletal muscle of the patients with active
tuberculous meningitis increase of sodium is as-
sociated with, loss of potassium. In the red blood
cells accumulation of sodium is found without loss
of cell potassium, so that the total concentration
of univalent cations in cell water is increased al-

though the concentration of cations in plasma is
decreased. Since osmotic equilibrium between red
cells and plasma is assumed to be present it is nec-
essary to presuppose either a compensating re-
duction of osmolar concentration of other solutes
in the red cell, or else that a fraction of the cell
cation is unionized and osmotically inactive. Re-
duction of the osmolar concentration of anions
could occur if an increased proportion of the cell
base was neutralized by polyvalent anions of high
molecular weight with a decrease in the concentra-
tion of univalent anions. The chief univalent an-
ions of the red blood cell are bicarbonate and chlo-
ride. Cell bicarbonate was not measured, but de-
terminations of cell chloride showed that the av-
erage concentration of this ion was essentially the
same in the high sodium as in the low sodium red
cells, approximately 75 mEq./liter of red cell wa-
ter. It is unlikely then that increased cation con-
centration can be offset by reduction of the osmolar
concentration of anions. Little is known of the
existence of unionized complexes of alkali metals
in biological systems. Steinbach (29) has con-
cluded that frog muscle homogenates bind a small
fraction of sodium in an undissociated form, but
there is no direct evidence for the existence of
unionized complexes of sodium or potassium in the
red cell.

The reduction of the concentration of extracel-
lular sodium and the consequent reduction of the
osmotic pressure of the extracellular fluid may be
an adaptation to reduction of osmotic pressure
within the cell due to changes in the state of intra-
cellular electrolyte in tissue cells as well as in the
red blood cell. Primary changes in cell osmolarity
as the basis for changes in concentrations of elec-
trolytes in extracellular fluids have been suggested
by Welt, Orloff, Kydd, and Ottman (30), and
Sims, Welt, Orloff, and Needham (5). It is con-
ceivable that in the renal tubule cells a disturbance
of sodium equilibrium analogous to that found in
muscle and red blood cell may be associated with
diminished tubular reabsorption of sodium and
of chloride. The possibility that tuberculous in-
fection and other disease processes may cause in-
hibition of cellular processes necessary for main-
tenance of electrolyte equilibrium between cells and
extracellular fluid, and thus produce the changes
in concentrations of extracellular and intracellular
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electrolytes described above is of course speculative.
Increased knowledge of the mechanisms of ionic
equilibrium between cells and extracellular fluid
in the normal state will help in the interpretation
of the findings in disease states.

Despite the abnormal concentrations of both in-
tracellular and extracellular electrolytes in the
body fluids of patients with tuberculous meningitis,
efforts at correction of these disturbances have not
been rewarded by any apparent therapeutic effect.
As pointed out above, despite the reduction of
extracellular sodium there is no evidence of re-
duction of extracellular fluid volume. The meas-
urements of SCN space cannot be regarded as a
true index of extracellular fluid volume and the
high values for total body water (antipyrine space)
do not preclude shifts of water from the extracel-
lular to the intracellular compartments. However,
the normal values for plasma volume, as indicated
by Evans Blue space, and glomerular filtration rate,
as measured by creatinine clearance, in the few
patients studied speaks against any considerable
reduction of extracellular fluid volume. The ab-
sence of the usual clinical evidences of dehydration
is in accord with these laboratory findings. When
large amounts of sodium chloride were added to the
ordinary intake of these children, increased con-
centrations of sodium and of chloride resulted with
development of edema but without evidence of
symptomatic improvement. During the active
phase of the disease, the symptoms due to the tu-
berculous meningitis are usually so marked that it
is not possible to say whether there are any clini-
cal manifestations associated with the depletion of
intracellular potassium. No significant effects
were noted in three patients to whomextra potas-
sium chloride was given in a dosage of 3 mEq./
kg./day.

SUMMARY

Determinations of the concentrations of electro-
lytes in the plasma, red blood cells and skeletal
muscle of children with tuberculous meningitis have
revealed abnormalities of the electrolyte pattern of
both extracellular and intracellular fluids. Dur-
ing the stage of active infection the following
changes are found:

In the plasma the concentrations of sodium and
chloride are reduced without any consistent change

in the concentration of potassium. These losses of
extracellular electrolytes are not accompanied by
any evidences of reduction of extracellular fluid
volume.

In red blood cells the concentration of sodium is
increased and that of potassium unchanged. The
concentration of total univalent cation in red cell
water, and the ratio of the sum of the concentra-
tions of sodium and potassium in red cell water to
that in plasma water are therefore increased.

In skeletal muscle the sodium content is raised
and the potassium content reduced. The increase
of the ratio of sodium to chloride in muscle sug-
gests accumulation of sodium in the muscle fiber
while the reduction of the ratio of potassium to ni-
trogen indicates depletion of cell potassium.

During the stage of clinical remission the con-
centrations of sodium and of chloride in plasma,
and of sodium in red blood cells return to the nor-
mal range.

In severe tuberculous infections there is a dis-
turbance of the mechanisms governing ionic equi-
librium between cells and extracellular fluid. Re-
nal loss of, sodium and of chloride with consequent
reduction of the concentrations of these ions in ex-
tracellular fluid may be one aspect of this more
general abnormality.
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