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□ CASE REPORT □

Cerebral Salt-wasting Syndrome and Inappropriate
Antidiuretic Hormone Syndrome after

Subarachnoid Hemorrhaging
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Abstract

Hyponatremia is a common finding after subarachnoid hemorrhaging (SAH) and can be caused by either

cerebral salt-wasting syndrome (CSWS) or syndrome of inappropriate antidiuretic hormone (SIADH). Distin-

guishing between these two entities can be difficult because they have similar manifestations, including hy-

ponatremia, serum hypo-osmolality, and high urine osmolality. We herein report the case of a 60-year-old

man who suffered from SAH complicated by hyponatremia. During his initial hospitalization, he was diag-

nosed with CSWS. He was readmitted one week later with hyponatremia and was diagnosed with SIADH.

This is the first report of SAH causing CSWS followed by SIADH. These two different sources of hyponatre-

mia require different treatments.
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Introduction

Hyponatremia after subarachnoid hemorrhaging (SAH) is

a common finding. It has been reported that over 50% of

patients admitted for SAH develop hyponatremia (1-3).

SAH-associated hyponatremia can be caused by excessive

intravenous fluid therapy, diuretic therapy, cerebral salt-

wasting syndrome (CSWS), and syndrome of inappropriate

antidiuretic hormone (SIADH) (4). Both CSWS and SIADH

cause hyponatremia by increasing renal excretion of sodium,

and both are associated with serum hypo-osmolality and

high urine osmolality (5-8). Kao et al. (9) and Hannon et

al. (3) reported that SIADH is more likely to occur than

CSWS (35.4% vs. 22.9%, 71.4% vs. 0%) in this patient

population, yet CSWS has similar mortality rates and dura-

tion of hospital stay to SIADH.

CSWS is characterized by extracellular fluid volume de-

pletion (1, 10). The high urine sodium level observed in pa-

tients with CSWS is secondary to urine sodium wasting

rather than volume expansion (11). Although the precise

mechanism of salt wasting is poorly understood, several

studies have begun to shed light on the pathophysiology of

this disease. First, impaired sympathetic neural input to the

juxtaglomerular apparatus may reduce proximal tubule so-

dium, urate, and water reabsorption and decrease renin and

aldosterone release (12). Second, brain injury might increase

the secretion of human atrial natriuretic peptide (hANP) and

brain natriuretic peptide (BNP), leading to an increase in so-

dium excretion and urine volume (1, 10, 13).

In contrast, hyponatremia secondary to SIADH is a result

of an excess of water rather than a deficiency of sodium.

Excessive secretion of antidiuretic hormone (ADH) is

caused by stimulation of the hypothalamus after trauma or

ischemia. High levels of ADH increase water reabsorption in

the distal convoluted renal tubule, causing fluid retention

and dilutional hyponatremia (14, 15).

Several factors may be useful in differentiating CSWS

from SIADH. First, CSWS is characterized by volume de-

pletion, while SIADH is not (5, 16). However, the evalu-

ation of extracellular fluid volume is notoriously difficult.

Second, changes in uric acid homeostasis may provide clues
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Table　1.　Laboratory Data during the First and Second Hospitalizations.

First
hospitalization

Second
hospitalization

First
hospitalization

Second
hospitalization

Blood analysis 
White blood cell
count

9,200/ 7,200/ Hemoglobin 14.8 g/d 13.6 g/d

Red blood cell
count

3.94×106/ 3.83×106/ Platelet 24.1×104/ 22.8×104/

Chemical analysis
Total protein 8.2 g/d 7.7 g/d Plasma glucose 75 mg/d 110 mg/d
AST 26 IU/ 14 IU/ Cortisol 20.0 g/d
A T 14 IU/ 14 IU/ ACTH 51.7 pg/

DH 208 IU 131 IU freeT4 1.32 ng/d 2.2 ng/d
Urea nitrogen 13.5 mg/d 13.6 mg/d freeT3 2.05 pg/ 3.11 pg/
Creatinine 0.49 mg/d 0.62 mg/d TSH 0.741 mIU/ 1.953 mIU/
Uric acid 3.6 mg/d 2.9 mg/d PRA 0.9 ng/m /h
Sodium 106 mmol/ 118 mmol/ Aldosterone 124 pg/m
Potassium 4.6 mmol/ 4.2 mmol/ ADH 2.2 pg/m 1.7 pg/m
Chloride 73 mmol/ 87 mmol/ hANP 51.7 pg/m 120.7 pg/m
CRP 0.64 mg/d 0.89 mg/d BNP 112.4 pg/m 76.9 pg/m
Urinalysis
Specific gravity 1.015 Urinary-Sodium 115 mmol/ 82 mmol/
Protein (-) Urinary-Potassium 28.3 mmol/
Glucose (-) Urinary-Chloride 101 mg/d
Blood 220 mOsm/ 245 mOsm/ Urinary-Creatinine 106 mg/d 161.4 mg/d
Osmolality 468 mOsm/ 545 mOsm/ FEUA 11.6 % 11.26 %

to the cause of hyponatremia. In SIADH, the correction of

serum sodium levels leads to normalization of uric acid lev-

els. In contrast, in CSWS, hypouricemia and increased renal

uric acid excretion persist after correction of serum sodium.

Furthermore, the fractional excretion of uric acid (FEUA) is

greater than 10% after correction of hyponatremia in CSWS

but is less than 10% after correction of hyponatremia in

SIADH (17).

It is important to distinguish between CSWS and SIADH

in patients with hyponatremia because treatment of these

two syndromes is very different. We herein report a case of

CSWS followed by SIADH after SAH.

Case Report

A 60-year-old man was admitted to our hospital in Febru-

ary 2015. He had been in good health until 4 days prior to

presentation, at which point he fell and developed SAH. He

was initially admitted for 3 days for treatment of traumatic

SAH. Two days following discharge, he developed a head-

ache, nausea, thirst, and impaired consciousness, prompting

readmission.

On admission, his Glasgow Coma Scale was 14 points

(E4V4M6). His height was 160 cm, and body weight 60 kg.

His blood pressure was 127/72 mmHg, pulse rate was 61

beats per minute, and oxygen saturation was 98% while

breathing ambient air. His physical examination findings

were unremarkable. Table 1 shows the results of blood and

urine testing. The laboratory findings included marked hy-

ponatremia (106 mmol/L), plasma hypo-osmolality (220

mOsm/L), urine hyper-osmolality (468 mOsm/L), and ele-

vated urine sodium (115 mmol/L). His serum arginine vaso-

pressin peptide (AVP) level was 2.2 pg/mL, and his serum

creatinine, thyroid hormone, and adrenal cortical hormone

levels were within normal limits. Although his physical ex-

amination findings were normal, he reported increased uri-

nation and excessive thirst. Furthermore, his inferior vena

cava diameter was 8 mm on ultrasound, indicating volume

depletion. He had no response to fluid restriction. Together,

the data suggested a diagnosis of CSWS, and he was treated

with sodium repletion (300 to 600 mEq daily). However, the

serum sodium level did not improve (119 mmol/L), and he

continued to excrete high levels of sodium. Starting on hos-

pital day 10, he was treated with fludrocortisone (0.05 to

0.1 mg daily). Shortly thereafter, the serum sodium level

gradually improved (135 mmol/L), and the urine sodium

level decreased (Figure). The fractional excretion of uric

acid was 11.9% after correction of hyponatremia, which is

consistent with a diagnosis of CSWS. His symptoms im-

proved and he was discharged on hospital day 37.

The patient returned 7 days after discharge with a new

headache. His body weight was 61.5 kg. His blood pressure

was 148/78 mmHg, and his pulse rate was 64 beats per min-

ute. He was again noted to be hyponatremic (118 mmol/L)

and was thus readmitted to our hospital. Similar to his prior

hospitalization, laboratory tests revealed hypo-osmolality

(245 mOsm/L), urine hyper osmolality (545 mOsm/L), and

increased renal excretion of sodium (82 mmol/L). Serum

AVP level was 1.7 pg/mL (Table 1). Serum creatinine and

hormone levels were within normal limits. His physical ex-

amination findings were unremarkable, but unlike at his pre-

vious hospitalization, the diameter of his inferior vena cava

was normal (14 mm) on ultrasound. He was initially treated

with sodium repletion (300 to 400 mEq daily) and fludro-

cortisone (0.1 mg daily) but his serum sodium level did not

improve. Together, these findings suggested a new diagnosis
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Figure.　Clinical course.
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Table　2.　Comparison of Laboratory Data from the First 
and Second Hospitalizations.

Points in common First hospitalization
CSWS

Second hospitalization
SIADH

Blood osmolality 220 mOsm/L (low) 245 mOsm/L (low)
Urine osmolality 468 mOsm/L (high) 545 mOsm/L (high)
ADH 2.2 pg/mL

(above detection 
sensitivity)

1.7 pg/mL
(above detection 
sensitivity)

Urinary sodium 115 mmol/L (high) 82 mmol/L (high)
Uric acid 3.6 mg/dL (low) 2.9 mg/dL (low)
hANP 51.7 pg/mL (high) 120.7 pg/mL (high)
BNP 112.4 pg/mL (high) 76.9 pg/mL (high)
Points of difference
Volume depletion + -
FEUA
(after improvement of 
hyponatremia)

11.9%
(more than 10%)  

4.9%
(less than 10%)

Reaction to fluid 
restriction

-
(Na; 106  108 mmol/L)

+
(Na; 140 mmol/L)

of SIADH. He was subsequently treated with fluid restric-

tion (800 mL/day), and his serum sodium level improved

(140 mmol/L, Figure). The fractional excretion of uric acid

was 4.9% after correction of hyponatremia, which is consis-

tent with a diagnosis of SIADH. His symptoms improved,

and he was discharged 13 days after admission. He contin-

ued to do well over the next four months, requiring no addi-

tional hospitalizations or medications.

Discussion

It has been reported that hyponatremia in patients with

central nervous system (CNS) diseases can be attributed to

excessive fluid therapy, diuretic use, CSWS, or SIADH (8).

Although CSWS and SIADH have similar laboratory find-

ings, including hyponatremia, serum hypo-osmolality, and

increased renal excretion of sodium, the pathophysiology

and treatment of these syndromes are very different. Hy-

ponatremia due to CSWS improves with fluid repletion and

fludrocortisone, while hyponatremia due to SIADH im-

proves with fluid restriction and vasopressin-2 receptor an-

tagonists. Thus, the correct etiology of hyponatremia must

be identified before starting the appropriate therapy.

CSWS is characterized by extracellular volume depletion,

which stimulates ADH release (1, 10). This is accompanied

by increased production of hANP and BNP and impaired re-

lease of renin, despite fluid depletion. SIADH, which is

characterized by excessive extracellular volume, causes simi-

lar changes in renin, hANP and BNP. Hence, changes in

these serum markers cannot be used to differentiate CSWS

from SIADH. Other factors may be more useful in differen-

tiating these two syndromes, including extracellular volume

status, changes in uric acid homeostasis, and response to

fluid restriction. Table 2 shows the laboratory and physical

findings during the patient’s first and second hospitaliza-
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tions, leading to the diagnoses of CSWS and SIADH.

For example, the fractional excretion of uric acid was

greater than 10% after the correction of hyponatremia dur-

ing the first hospitalization, but it was less than 10% during

the second hospitalization (Table 1, 2). Furthermore, the re-

sponse to fluid restriction differed between the first and sec-

ond hospitalizations. The sensitivity and specificity of these

findings for the diagnosis of CSWS and SIADH are un-

known. Therefore, these differences may simply be diagnos-

tic tools, rather than strict definitions of disease. Nonethe-

less, the data suggest that his initial presentation was consis-

tent with CSWS and his second presentation was consistent

with SIADH.

There are no previous reports suggesting that CSWS may

transform into SIADH, and no reports of a temporal associa-

tion between the two syndromes. The mechanisms underly-

ing the two conditions in this case are uncertain. It is possi-

ble that SIADH occurred after CSWS had resolved. SIADH

can occur hours to months after brain injury; our patient

may therefore have suffered from late-onset SIADH, leading

to the observed time difference between CSWS and

SIADH (18). In our case, natriuretic factors such as ANP

and BNP were initially increased by direct damage to the

brain. Natriuretic factors would lead to a diminished activity

of the renin-angiotensine-aldosterone system and increased

natriuresis in the distal renal tubule (19). Treatment for

CSWS may induce excessive secretion of ADH. Inappropri-

ate secretion of ADH increases water reabsorption in the

distal renal tubule, which is consistent with late-onset

SIADH, resulting in increased natriuresis. It is also possible

that the patient developed both syndromes simultaneously

but that the laboratory findings during his first admission

were most consistent with CSWS. After fluid therapy and

fludrocortisone treatment, the CSWS resolved, revealing the

residual SIADH. We might also need to consider how much

the patient drank, particularly after the first hospital dis-

charge, as excessive drinking can result in an excess of

water, which would exacerbate SIADH. However, the patient

did not consume a large amount of water at his home. He

reported that he consumed 1 to 1.5 liters of water per day,

which would not cause an excess of water. Without precise

data on the amount he drank after the first hospital dis-

charge, though, conclusions are difficult to make.

We herein report a rare case of CSWS and SIADH fol-

lowing SAH. Distinguishing between CSWS and SIADH

may help prevent complications resulting from inappropriate

treatment. This is particularly important in patients with hy-

ponatremia and CNS diseases.
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