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IMPORTANCE Tuberculous meningitis is associated with high frequency of cerebral salt
wasting. There is a paucity of objective information regarding the best method of treatment
of this condition.

OBJECTIVE To evaluate the efficacy and safety of fludrocortisone in the treatment of cerebral
salt wasting in patients with tuberculous meningitis.

DESIGN, SETTING, AND PARTICIPANTS This is a single-center, open-label, randomized clinical
trial conducted from October 2015 to April 2017 in India. Patients were randomized in a 1:1
ratio to arms receiving saline only or saline plus fludrocortisone, in addition to a standard
treatment of 4 antitubercular drugs, prednisolone, and aspirin. The 2 arms were matched for
demographic, clinical, and magnetic resonance imaging findings. The patients were followed
up for at least 6 months.

INTERVENTIONS Patients were randomized to a 0.9% solution of intravenous saline with
5 to 12 g per day of oral salt supplementation, with or without the addition of 0.1 to 0.4 mg of
fludrocortisone per day.

MAIN OUTCOMES AND MEASURES The primary end point was the time needed to correct
serum sodium levels; secondary end points were in-hospital deaths, disability at 3 months,
disability at 6 months, occurence of stroke, and serious adverse reactions.

RESULTS Ninety-three patients with suspected tuberculous meningitis were recruited; 12 did
not meet the inclusion criteria, including 4 with alternate diagnoses. A total of 37 patients with
cerebral salt wasting were eligible for the study. One refused to participate, and therefore 36
patients were included, with 18 randomized to each group. The median (range) age was 30
(20-46) years, and 19 were male (52.8%). Those receiving fludrocortisone regained normal
serum sodium levels after 4 days, significantly earlier than those receiving saline only (15 days;
P = .004). In an intention-to-treat analysis, hospital mortality, disability at 3 months, and
disability at 6 months did not differ significantly, but fewer infarcts occurred in the deep border
zone in the group receiving fludrocortisone (1 of 18 [6%]) vs those in the control arm (6 of 18
[33%]; P = .04). Fludrocortisone was associated with severe hypokalemia and hypertension in 2
patients each, and pulmonary edema occurred in 1 patient. These adverse reactions
necessitated discontinuation of fludrocortisone in 2 patients.

CONCLUSIONS AND RELEVANCE Fludrocortisone results in earlier normalization of serum
sodium levels, but did not affect outcomes at 6 months. Fludrocortisone had to be withdrawn
in 2 patients because of severe adverse effects. This study provides class II evidence on the
role of fludrocortisone in treatment of hyponatremia associated with cerebral salt wasting in
patients with tuberculous meningitis.
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C erebral salt wasting (CSW) is defined as the renal loss
of sodium because of intracranial diseases leading to hy-
ponatremia, excessive natriuresis, and volume deple-

tion that responds to volume and salt replacement.1 Most pa-
tients with hyponatremia with normal renal function were
initially attributed to the syndrome of inappropriate secre-
tion of antidiuretic hormone (SIADH).2-5 Recently, CSW has
been reported to be more common than SIADH in patients ex-
periencing stroke,6 acute encephalitis syndrome,7 tubercu-
lous meningitis (TBM),8 head injury,9 and aneurysmal sub-
arachnoid hemorrhage (SAH).10 In a study on hyponatremia
in 76 patients with TBM, CSW occurred in 17 patients (22%);
other causes of hyponatremia were SIADH in 3 (4%) and mis-
cellaneous complications in 14 patients (18%), including di-
uretics in 6 patients, vomiting in 4 patients, and poor intake
and endocrine abnormalities in 2 patients each.8 In SAH, de-
layed cerebral ischemia has been attributed to volume con-
traction because of excessive natriuresis.11-19 Stroke in pa-
tients with TBM may be attributed to volume contraction as a
result of CSW, at least in some cases, especially in strokes oc-
curring in the internal border zone.20

In CSW, there is inhibition of renin angiotensin aldoste-
rone system; hence, fludrocortisone has been recommended
for treatment of refractory CSW.21-23 There is limited experi-
ence on the role of fludrocortisone in the treatment of CSW,
which is mainly based on isolated case reports.24-28 The only
randomized clinical trial on the role of fludrocortisone is in the
patients with SAH, which revealed the benefit of fludrocorti-
sone on sodium balance and reduction in delayed stroke.10

There is no randomized clinical trial evaluating the role of
fludrocortisone in patients with CSW associated with TBM. In
the present study, we report the efficacy and safety of fludro-
cortisone in patients with CSW associated with TBM.

Methods
This is an investigator-initiated, open-label, randomized clini-
cal trial conducted during October 2015 to April 2017 at a
tertiary care teaching hospital in Lucknow, Uttar Pradesh, In-
dia. The project was approved by the local ethics committee
at Sanjay Gandhi Postgraduate Institute of Medical Sciences,
Lucknow, India, and the patients or their authorized repre-
sentatives gave written consent. The trial protocol is avail-
able in Supplement 1.

Inclusion Criteria
Diagnosis of Tuberculous Meningitis
The patients with TBM who had CSW according to the
predefined criteria were included. The diagnosis of TBM was
based on clinical, magnetic resonance imaging (MRI), and ce-
rebrospinal fluid (CSF) criteria.29

Essential criteria were features suggestive of meningitis
(1 or more of the following: headache, irritability, vomiting,
fever, weight loss, neck stiffness, convulsions, focal neuro-
logical deficits, or altered consciousness) for more than 5
days. Supportive criteria included (1) 10 to 500 CSF cells per
microliter, with predominant lymphocytes (>50%), 1 g of pro-

tein per liter, and sterile bacterial and fungal culture; (2) a
cranial computed tomographic scan or MRI showing evi-
dence of exudates, infarction, hydrocephalus, or tubercu-
loma, in isolation or in combination; (3) evidence of tubercu-
losis outside the central nervous system (eg, a chest radiograph
suggestive of active tuberculosis or computed tomographic,
MRI, or ultrasonographic evidence of tuberculosis outside
the central nervous system, or acid-fast bacilli identified or
Mycobacterium tuberculosis cultured from another source, such
as sputum, lymph node, gastric washing, or urine), and (4) ex-
clusion of alternative diagnoses.

Findings of essential criteria with 2 supportive criteria were
taken to indicate a highly probable diagnosis of TBM. Pres-
ence of acid-fast bacilli on CSF smear, a positive CSF culture,
or a polymerase chain reaction result positive for M tubercu-
losis was considered consistent with a definite diagnosis of
TBM.29

Diagnosis of Cerebral Salt Wasting
Cerebral salt wasting was considered in the presence of (1) poly-
uria (defined as urine output of more than 3 L per day for at
least 2 consecutive days); (2) hyponatremia (defined as a
serum sodium level less than 135 mEq/L on 2 consecutive
evaluations 24 hours apart); and (3) exclusion of secondary
causes, such as endocrine abnormalities, use of diuretics, re-
nal failure, cardiac failure, or hepatic failure. All 3 criteria were
considered essential to a diagnosis of CSW.

In addition, patients were diagnosed with CSW only if they
had at least 3 of the 5 following signs: (1) clinical findings of
hypovolemia, such as hypotension, dry mucous membranes,
tachycardia, or postural hypotension; (2) persistent negative
fluid balance, as determined by intake output record and/or
weight loss; (3) laboratory evidence of dehydration, such as el-
evated hematocrit, hemoglobin, serum albumin, or blood urea
nitrogen; (4) a central venous pressure level less than 6 cm of
water; and (5) a urinary sodium level greater than 40 mEq/L
or urine osmolality greater than 300 mOsm/L on 2 consecu-
tive occasions 24 hours apart.

Exclusion Criteria
The patients younger than 10 years; pregnant or lactating wom-
en; those with malaria, septic, fungal, or carcinomatous

Key Points
Question Is fludrocortisone better than saline in treating cerebral
salt wasting with tuberculous meningitis?

Findings In this randomized clinical trial, 36 patients with
tuberculous meningitis with cerebral salt wasting were
randomized to receive either an 0.9% solution of intravenous
saline and 5 to 12 grams of oral salt supplementation per day or
saline, oral salt, and 0.1 to 0.4 mg fludrocortisone per day. Patients
treated with fludrocortisone normalized serum sodium levels in 4
days, which was significantly earlier than those receiving saline
only (15 days).

Meaning Fludrocortisone may result in earlier normalization of
serum sodium in patients with cerebral salt wasting as a part of
tuberculous meningitis.
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meningitis; and those with head injury, brain tumor, primary
failure of the renal, hepatic, or cardiac systems, endocrinal dis-
orders, cancer, or any condition limiting the life expectancy
to 1 year or less were excluded. However, patients who devel-
oped hepatic or renal dysfunction during treatment were not
excluded.

Medical Examination
Medical history, including demographic details and informa-
tion on diabetes and immunosuppression by disease or
drugs, was recorded. The duration of illness and presenting
symptoms, as well as presence or absence of seizures, focal
weakness, evidence of tuberculosis outside the central ner-
vous system, and features of raised intracranial pressure
were also noted. Consciousness was assessed using Glasgow
Coma Scale. The severity of TBM was categorized into stage
I (meningitis only), stage II (meningitis with focal neurologi-
cal deficit or Glasgow Coma Scale score of 11 to 14), and
stage III (meningitis with Glasgow Coma Scale score of less
than 11).30

Assessments of each patient included hemoglobin level,
liver function tests, serum creatinine level, fasting and post-
prandial blood glucose levels, HIV serology, radiography of the
chest, and abdominal ultrasonography. Cerebrospinal fluid was
examined for proteins, cells, glucose level, bacteria, fungi,
malignant cells, acid-fast bacilli, and myobacterial culture
(BACTEC; Becton Dickinson).

Serum osmolality, urine osmolality, and urine sodium were
measured. Serum sodium levels were checked on alternate days
until the correction of serum sodium or until the patient was
discharged, whichever came earlier. The lowest serum so-
dium level was used for defining the severity of hyponatre-
mia. Extracellular fluid volume status was assessed on the
basis of tachycardia, dry mucous membrane, edema, tenting
of the skin, and capillary refill time. Central venous pressure
was also measured if indicated. The central venous pressure
of 6 to 10 cm of water was considered normal.

A daily fluid intake and output record was maintained.
Body weight was measured on admission and monitored
daily using a special intensive care bed (Eleganza3XC;
LINET). Cranial computed tomographic scan ( Somatom
Definition AS Plus; Siemens) and/or MRI (HDxt 32-channel,
version 16.0; Signa GE Medical System) were carried out in
all the patients on admission. The occurrence of new acute
stroke and its location on repeated MRI was also noted. The
diagnosis of infarction was based on MRI evidence, which
were defined as hyperintensity on T2–weighted and fluid-
attenuated inversion recovery MRI, with diffusion restric-
tion on diffusion-weighted imaging.

Treatment
The patients received antitubercular treatment with 4 drugs
(acronymized RHZE, for rifampicin [R], isoniazid [H], pyra-
zinamide [Z], and ethambutol [E]) for 6 months, followed by
a regimen of rifampicin and isoniazid for 12 months. Rifam-
picin was prescribed at a dose of 10mg/kg (approximately 450
mg per day), isoniazid at a dose of 5 mg/kg (approximately 300
mg per day), pyrazinamide at a dose of 25 mg/kg (approxi-

mately 1500 mg per day), and ethambutol at a dose of 15 mg/kg
(approximately 800 mg per day). The patients also received
prednisone 0.5 mg/kg (approximately 40 mg per day) and as-
pirin up to 150 mg per day orally, if not contraindicated. The
patients were also treated with ventriculoperitoneal shunts or
external ventricular drainage or mechanical ventilation if
indicated.

Screening, Randomization, and Intervention
All patients with TBM without preexisting comorbidities con-
sistent with exclusion criteria were prescreened for the pres-
ence of hyponatremia. Those with hyponatremia underwent
detailed clinical and laboratory evaluations, including assess-
ments of weight loss, daily total fluid balance, and urine out-
put, along with urinary sodium and osmolality, serum osmo-

Figure 1. Flowchart of the Enrollment and Randomization of Patients
With Tuberculous Meningitis (TBM) and Cerebral Salt Wasting (CSW)

93 Patients with suspected TBM
assessed for eligibility

37 Patients with CSW fulfilled
inclusion criteria

4 Excluded
2 Because of an uncertain

diagnosis
2 Because of neurocysticercosis

11 Excluded because of an alternate
cause of hyponatremia 

1 Excluded because the patient
refused to participate 

1 HIV positive

8 Excluded because of ineligibility
2 Because they were younger

than 10 y
6 Because of preexisting

comorbidities

1 Hepatitis B positive
2 Diabetic nephropathy
2 Liver disease associated with

alcohol and hepatitis C virus

18 Randomized to receive
fludrocortisone with saline and
oral salt supplementation

0 Lost to follow-up at 3 mo 1 Lost to follow-up at 3 mo

18 Included in per-protocol analysis

15 Included in per-protocol analysis

3 Lost to follow-up at 6 mo

18 Randomized to receive saline and
oral salt supplementation only

17 Included in per-protocol analysis

17 Included in per-protocol analysis

1 Lost to follow-up at 6 mo

89 Patients diagnosed with TBM

48 Had hyponatremia

36 Patients with TBM and CSW
underwent randomization
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lality, and endocrine function. These patients were categorized
as having either CSW (based on predefined criteria) or an-
other cause (extra renal loss, SIADH, or an endocrine disor-
der). The patients with CSW were randomized to either the con-
trol arm (and thus treated with intravenous saline, 0.9%, with
oral salt supplementation) or the active arm (and thus given
fludrocortisone) in a 1:1 ratio using a computer-generated ran-
dom number sequence (Figure 1). All patients received intra-
venous saline, 0.9%, with oral salt supplementation at a dose
of 5 to 12 g per day through a nasogastric tube or capsules. The
patients in the fludrocortisone arm received fludrocortisone
tablets at an oral dose of 0.1 to 0.4 mg once daily, which was
started in a dose of 0.1 mg once daily in the morning and was
increased every 3 days (from 0.1 mg on day 1 to 0.2 mg on day
4, 0.3 mg on day 7, and 0.4 mg on day 10) until the primary
end point was achieved or a total dose of 0.4 mg once daily
was reached. Fludrocortisone was discontinued when 2 con-
secutive serum sodium values (on alternate days) were nor-
mal. However, for the primary outcome analysis, the earliest
date of serum sodium correction was considered. Failure of the
serum sodium level to normalize even after the 0.4-mg dose
for 4 days was considered treatment failure; in these cases,
fludrocortisone was withdrawn, but intravenous saline with
oral salt supplementation was continued. Hypertonic saline in a
3% concentration was used if hyponatremia resulted in
seizures or coma.

Outcome
The primary end point was the number of days necessary
for correction of the serum sodium level (≥135 mEq/L). Sec-
ondary end points were the number of patients achieving a
positive fluid balance, new stroke and its location, time to
achieve normal urinary output (<3 L per day), in-hospital
mortality, disability at 3 months, and disability at 6 months.
The disability was assessed using modified Rankin Scale
score and categorized as good (with a score of ≤2 points) or
poor (with a score of >2 points). The adverse events of treat-
ment such as hypertension, hypokalemia, and edema were
noted.

Follow-up
The patients were followed up at 1, 3, and 6 months for clini-
cal status, activities of daily living, and serum chemistry. A 24-
hour urine output was measured once a week, which was also
reviewed on the follow-up visits.

Sample Size Calculation
Because of the paucity of previous studies, the sample size cal-
culation was based on the assumption of an SD of 2.5 days in
the mean days to hyponatremia correction. To detect a differ-
ence of 25% between the study and the control arm, with a
power of 80% at a significance level of 5% using a 2-sided test,
it was calculated that 16 patients in each arm would be needed
for sufficient statistical validity.31 A dropout rate of 10% was
assumed because of the possibility of withdrawal of consent
(which would involve patients seeking other treatment op-
tions). Thus, a final sample size of 18 patients in each arm was
determined.

Statistical Analysis
Continuous and normally distributed variables were repre-
sented as mean (SD), whereas the continuous but skewed

Table 1. Comparison of Baseline Characteristics of Patients
With Tuberculous Meningitis With Cerebral Salt Wasting
in Fludrocortisone and Control Arms

Parameters

No. (%)
Fludrocortisone
(n = 18) Control (n = 18) P Value

Age, median (range), y 27 (20-35) 31 (23-46) .23

Male 10 (56) 9 (50) .74

Duration of illness, median
(range), d

81 (45-165) 60 (24-120) .29

Admission Glasgow Coma scale
score, median (range)

14 (11-15) 12 (9-14) .16

Worst Glasgow Coma scale
score, median (range)

10 (3-12) 9 (7-12) .84

Stage of tuberculous
meningitis

I 3 (17) 2 (11)

.33II 12 (67) 9 (50)

III 3 (17) 7 (39)

Complications

Seizures 7 (39) 8 (44) .74

Extra–central nervous
system tuberculosis

3 (17) 4 (22) >.99

Focal weakness 12 (67) 13 (72) .72

Mechanical ventilation 5 (28) 4 (22) >.99

Ventriculoperitoneal shunt 7 (38.9) 5 (27.8) .48

Magnetic resonance imaging
findings

Tuberculoma 15 (83) 13 (72) .69

Hydrocephalous 16 (89) 11 (61) .12

Exudates 16 (89) 13 (72) .40

Infarcts at admission 2 (15.4) 2 (15.4) >.99

Cerebrospinal fluid, median
(range)

Cell/mm3 100 (68-288) 103 (71-240) .88

Protein, mg/dL 187 (127-300) 227 (147-371) .42

Serum potassium at
randomization, mean (SD),
mEq/L

4.0 (0.9) 4.1 (0.9) .75

Serum sodium at admission,
mean (SD), mEq/L

134.2 (7.7) 134.0 (4.7) .92

Serum sodium at
randomization, mean (SD),
mEq/L

124.5 (6.5) 123.6 (5.3) .66

Diagnosis of tuberculous
meningitis

Definite 10 (56) 10 (56)
>.99

Highly probable 8 (44) 8 (44)

Days to onset of cerebral salt
wasting, median (range)a

10 (3-137) 7 (3-51) .17

Total salt intake, median
(range), g/d

8 (6-10) 9 (6-12) .31

Urine sodium, mean (SD),
mEq/L

109 (57) 140 (80) .19

Urine osmolality, mean (SD),
mEq/L

416 (112) 497 (176) .12

Serum osmolality, mean (SD),
mEq/L

278 (14) 278 (14) .97

Urine output, mean (SD), L/d 5.6 (1.3) 6.1 (1.9) .80

SI conversion factors: to convert mEq/L to mmol/L, multiply by 1.0.
a Time in days since admission.
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variables were represented as median and range. Statistical
significance was defined as 2-tailed P< .05. For normally
distributed continuous variables, we used independent t
tests, and for skewed variables, the Mann Whitney U test
was used. Fisher exact tests or χ2 tests were used to com-
pare categorical variables. Outcomes (including in-hospital
deaths, deaths, and disability at 3 and 6 months) were ana-
lyzed using an intention-to-treat analysis, which included
all 36 patients who consented and were randomly assigned
to either the treatment arm or control arm. A prespecified
per-protocol analysis was also performed; the population
included in the per-protocol analysis was only the patients
in both groups who had complied with the treatment proto-
col without major protocol violations and completed the
6-month follow-up visit. Hierarchical linear regression
analysis was used to derive the best predictors (covariates)
for the time to hyponatremia correction. All variables with
P ≤ .10 for the change in R2 were used as covariates in the
Cox regression model. Time to hyponatremia correction was
modeled using the Cox proportional hazards regression
analysis after adjusting the covariates. Statistical analyses
were performed using SPSS version 20.0 (IBM).

Results

Ninety-three patients with TBM were prescreened, 37 of whom
developed CSW. One patient refused to participate. The re-
sults therefore are based on 36 patients (Figure 1). There were
18 patients each in the fludrocortisone and control arms, and
their demographic characteristics, baseline clinical findings,
and laboratory parameters were similar (Table 1). The
median (range) age of the patients was 30 (20-46) years, and
19 were male (52.8%). The median (range) duration of ill-
ness was 61 (24-165) days. All the patients received RHZE,
aspirin, and prednisolone.

Treatment Outcome
Primary End Point
Patients who received fludrocortisone attained normalized
serum sodium levels significantly earlier than those who re-
ceived only saline (4 vs 15 days, respectively; unadjusted
P = .004; Figure 2). Serum sodium normalized within 14 days
in 15 of the 18 patients (83%) in the fludrocortisone arm, com-
pared with 7 of the 18 patients in the control arm (39%;
P = .006; Table 2; Figure 3). The median duration of fludro-
cortisone treatment was 7 days (range, 4-14 days). One
patient in the control arm received saline at a 3% concentra-
tion for the correction of severe hyponatremia (109 mEq/L)
with convulsions.

A hierarchical linear regression analysis included total oral
salt (grams per day), TBM stage, presence of hydrocephalus,
sex, use of ventriculoperitoneal shunt, duration of illness in
days, use of mechanical ventilation, severity of hyponatre-
mia at the time of randomization, and age to decide the best
predictors for the time to correction of hyponatremia. The stage
of TBM, severity of hyponatremia at randomization, and age
were considered for covariate adjustment (P for change in
R2 = .08 for TBM stage, .10 for severity of hyponatremia, and
.04 for age; eTable 1 in Supplement 2). Time to correction of
hyponatremia was longer in the control arm, with a hazard ra-
tio of 4.18 (95% CI, 1.58-11.11; P = .004) on Cox proportional
hazards regression analysis after adjusting age, stage of TBM,
and severity of hyponatremia (Figure 2).

Secondary End Point
In intention-to-treat analysis, in-hospital mortality and mor-
tality at 3 months were not significantly different between the
2 arms. Disability at 3 months and disability at 6 months was
also similar between the 2 groups (Table 2; eFigures 1, 2, 3, and
4 in Supplement 2). The results of per-protocol analysis were
similar to those of the intention-to-treat analysis (eTable 2 in
Supplement 2). Magnetic resonance imaging was repeated in

Figure 2. Kaplan-Meier Graph of the Time to Serum Sodium Correction in 36 Patients
With Cerebral Salt Wasting
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13 patients because of new focal deficits in 12 patients and wors-
ening in sensorium in 1 patient, after a median of 10 (inter-
quartile range, 8-82) days. Five patients developed stroke af-
ter fludrocortisone administration (28%), an insignificant
increase compared with the control arm (8 patients [44%];
P = .30). The number of infarctions in the internal border zone
were significantly lower in the patients receiving fludrocorti-
sone compared with those in the control arm (1 patient [6%]
vs 6 patients [33%]; P = .04). All the infarcts occurred during
the polyuric phase (Table 2).

Adverse Reactions
The incidence of hypokalemia (< 3.5 mEq/L) was similar in both
arms. However, severe hypokalemia (< 2.5 mEq/L) occurred
in 2 patients in the fludrocortisone arm, requiring dose reduc-
tion in 1 patient and drug withdrawal in the other. Hypokale-
mia occurred on day 4 (2.2 mEq/L) and day 7 (2.4 mEq/L),
which resolved in 8 and 14 days, respectively. Pulmonary
edema occurred in 1 patient on day 7 of fludrocortisone treat-
ment, which responded to an intravenous diuretic. Hyperten-
sion occurred in 2 patients and responded to the withdrawal
of fludrocortisone, and neither patient required antihyperten-
sive drugs (Table 3). The frequency of recurrent hyponatre-
mia after the primary end point was insignificantly lower in
patients receiving fludrocortisone compared with those in the

control arm (4 patients [22%] vs 7 patients [39%]; P = .28).
These patients were treated with saline and oral salt.

Discussion
In the present study, oral fludrocortisone resulted in earlier
normalization of serum sodium compared with saline alone,
but it neither ameliorated polyuria nor affected mortality or
the development of disability. There was no difference in the
frequency of stroke, but there were fewer deep border zone
infarcts in the fludrocortisone arm. These results are in
agreement with a randomized clinical trial in aneurysmal
SAH.10

In TBM, administration of daily doses of 0.2 to 0.6 mg of
fludrocortisone has been attempted in the treatment of CSW
in 6 studies28,32-36 of patients with stage II or III TBM who were
aged 6 months to 70 years. Overall, serum sodium levels im-
proved in 0.5 to 10 days. Urinary output also improved in all
but 1 patient, whose urine output was not reported.

The treatment of CSW has 2 components: volume replace-
ment and the correction of hyponatremia and natriuresis. Gen-
erally a 2% to 3% saline solution is used, which increases se-
rum sodium concentration rapidly at a risk of pulmonary
edema, heart failure, and osmotic demyelination. Moreover,
the benefit of hypertonic saline is transient, and the patho-
logical stimulus producing natriuresis and hypovolemia per-
sists. In the study of Hasan et al,10 both negative sodium
balance and polyuria responded within 2 weeks and were as-
sociated with lower frequency of delayed cerebral ischemia.
In this study, although serum sodium levels normalized within
4 (IQR, 3-11) days, polyuria and negative fluid balance per-
sisted for a much longer period (range, 30-320 days) and was
not significantly reduced by fludrocortisone. Moreover, an in-
significantly smaller number of patients developed recur-
rence of hyponatremia in the fludrocortisone arm than in the
control arm (4 of 18 patients [22%] vs 7 of 18 patients [39%]).
The possible reasons for poor response of polyuria might be
the relatively short-term use of fludrocortisone. Fludrocorti-
sone was stopped when serum sodium levels normalized. Lon-
ger treatment with fludrocortisone could have reduced poly-
uria and restored the negative fluid balance and recurrence of
hyponatremia. In addition, the severe and more protracted
stress in TBM compared with SAH might account for the poor
response in cases of polyuria. The patients in this study had
more severe disease, as evidenced by the presence of tuber-
culoma in 28 patients, hydrocephalus in 27, and infarctions in
17. The stimulus for CSW therefore persisted and could be re-
fractory to treatment. It has been shown that lowering intra-
cranial pressure by CSF drainage or shunt may be an effective
treatment of CSW in addition to fluid and sodium chloride
administration.37

The mechanism of CSW has been attributed to a reduced
sympathetic drive because of intracranial disease that leads to
inhibition of renin angiotensin aldosterone system and fail-
ure of aldosterone to rise. This, along with release of natri-
uretic factors, may result in natriuresis and volume
contraction.38 Brain natriuretic peptide has been regarded as

Table 2. Outcome of Patients With Tuberculous Meningitis
With Cerebral Salt Wasting in Fludrocortisone and Control Arms
(Intention-to-Treat Analysis)

Parameter

No. (%)

P Value
Fludrocortisone
(n = 18)

Control
(n = 18)

Primary end point, median
(IQR)

Days to normalization of
serum sodium

4 (3-11) 15 (6-32) .004

Secondary outcomes

Sodium corrected in <14 d 15 (83) 7 (39) .006

In-hospital deaths 4 (22) 3 (17) >.99

New stroke (infarct) after
randomization

5 (31) 8 (44) .30

Achieved positive fluid
balance

4 (23.5) 4 (23.5) >.99

3-mo follow-up

Death 6 (33) 4 (22) .46

Poor outcomea 13 (72) 10 (56) .30

6-mo follow-up

Poor outcomea 14 (78) 9 (50) .08

Location of new infarct

Basal ganglia 2 (12.5) 6 (35) .22

Corona radiata 1 (6) 6 (35) .04

Recurrence of hyponatremia
after initial correction

No. (%) 4 (22) 7 (39) .28

Time to recurrence,
median (range), d

11 (4-16) 11 (4-30) .78

Abbreviation: IQR, interquartile range.
a A poor outcome was defined as a modified Rankin scale score of 2 or more;

death was included in the poor-outcome group.
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a more likely cause of CSW.39 It has been suggested that the
release of brain natriuretic peptide may be a stress response
to the underlying increased intracranial pressure. A linear re-
lationship between CSF level of this peptide and intracranial
pressure has been reported in patients with SAH.40

In patients with TBM, stroke occurs in 40%. These strokes
can be asymptomatic, and some of them may be in the border
zone area.20 The frequency of clinical stroke was similar in both
arms of this study. Magnetic resonance imaging of these pa-

tients revealed fewer infarcts in the internal border zone among
those in the fludrocortisone arm. Delayed vasospasm and
stroke are well documented in patients with SAH and have been
treated by therapy combining induced hypertension, hyper-
volemia, and hemodilution.

Prolonged use of fludrocortisone may be associated with se-
rious adverse effects. We observed severe hypokalemia in 2
patients, hypertension in 2 patients, and pulmonary edema in
1 patient. We had to withdraw fludrocortisone in 2 patients.

Figure 3. Mean Serum Sodium Levels per Group
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A, Mean serum sodium levels for each
group (fludrocortisone and control)
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Hasan et al10 also observed pulmonary edema necessitating
fludrocortisone withdrawal in 2 patients; however, pulmo-
nary edema also occurred in 2 of their control patients.

Limitations
This is an open-label pilot study based on a small sample. Well-
characterized patients with CSW are difficult to recruit at a
single center. Because of the lack of any previous study, the
standard deviation for sample size calculation was arbitrarily
chosen to be 2.5 days.

In addition, we used normal saline solution with oral salt
supplementation instead of a 3% saline solution, unless there
was a medical emergency. We have not used an identical-
looking placebo for fludrocortisone, but our end points were
sufficiently robust and objective that they are therefore un-
likely to be influenced by insufficient blinding.

In addition, we only completed MRI scanning in patients
with clinically apparent stroke, and not in all the patients at
different points. It is therefore impossible to comment on the
possible benefit of fludrocortisone in preventing infarcts.

The frequency of recurrent hyponatremia was lower in the
fludrocortisone arm compared with the control arm, al-
though this difference did not reach statistical significance.
However, further studies are needed to evaluate the role of
fludrocortisone doses and treatment duration in the manage-
ment of polyuria, its possible effects on stroke, and its role in
reducing the frequency of recurrent hyponatremia after fludro-
cortisone treatment.

Conclusions
Fludrocortisone results in earlier normalization of serum so-
dium levels in patients with TBM who are experiencing CSW.
However, in this study, administration of the drug did not affect
polyuria or the overall outcome of TBM.
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