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ABSTRACT

Background: Hyponairemia is considered as a common elecirolyte imbalance in hospitalized patients.
Cerebral salt wasting syndrome (CSWS) is an abnormality in the renal sodium fransport in patients with
infracranial disease, in the face of preserved thyroid and adrenal function. However, treatment of CSW and
syndrome of inappropriate antidiuretic hormone (SIADH) varies, making an accurate diagnosis significant. In
order to differentfiate CSWS from syndrome of inappropriate antidiuretic hormone (SIADH), this study aimed
to detect CSWS related hyponatremia (benign and reversible condition) in its early stages.

Methods: This retrospective cross-sectfional study was conducted at the Department of Neurosurgery,
Ziauddin Medical University Hospital, Karachi, Pakistan from August 2016 to August 2019. All patients who had
a cerebral lesion along with hyponafremia and natriuresis were included. Patients with SIADH, though
considered in the differential diagnosis, were not included in the study. Data was analyzed by using SPSS
(Statistical Package for the Social Sciences) and p<0.05 was considered statistically significant.

Results: A tofal of 39 patients in a period of three years were found with CSWS-related hyponairemia,
predominantly males 28(71.8%). who were operated for cranial tumors 15(38.46%). All 32(100%) had an
increased uric acid level. After freatment 31(79.5%) developed post-florinef hypokalemia, while, potassium
remained unaffected in 8(20.5%). Hypokalemia was noted in majority of the patients 31(79.5%) treated with
fludrocortisones.

Conclusion: Cerebral salt wasting syndrome was found high among males with cranial tumors.
Hyponatremia in CSWS patients was found challenging if unfreated might lead to mortality. However,
freatment with infravenous normal saline and fludrocortisone was successful in this course.
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INTRODUCTION

The first description of cerebral salt wasting
syndrome (CSWS) was brought fo light in 1950 when
it was described by Peter'. just seven years later in
1957 Schwariz et al. reported the syndrome of inap-
propriate antidiuretic hormone (SIADH) 2. CSWS is
associated with a decreased ECF volume and
serum sodium levels, increased urinary sodium level
and urine outputl, increased atrial natriuretic
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peplide (ANP) level and increased brain natriuretic
peplide (BNP) levels. Some kind of disturbance in
the sodium (Na*) and water balance can be
expected in neurosurgical patients following a
cerebral insult. This disturbance could potentially
lead fo hyponatremia, natrivresis and volume
depletion leading fo what is known as cerebral salt
wasting syndrome (CSWS) .

Hyponatremia in the setting of cerebral insult should
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not be taken plainly as hyponatremia itself and that
always CSWS and SIADH should be included in the
differentfial diagnosis. It becomes vital for us
clinicians to differentiate CSWS from the syndrome
of inappropriate secretion of antidiuretic hormone
(SIADH), a condition in which there is hyponatremia,
natrivresis and concentrated urine and was
described by Schwartz et al.in 1957 2. The freatment
strategies for these two conditions differ markedly,
in CSWS patients are freated with fluids and sodium
supplements whereas in SIADH fluids are restricted?.

The consequences of undiagnosed or untreated
hyponairemia could be serious resulting in head-
ache, altered consciousness that results in a fall in
the Glasgow coma score (GCS), worsening brain
edema, and increased severity of hyponafremia,
seizures and sometimes death*. The fact is well
known that Na* (Sodium) is the most abundant
cation of the human exiracellular fluid (ECF) and
the amount of Na® in the body is the most important
determinant of the ECF volumes.

Multiple regulatory mechanisms have evolved fo
conirol the excretion of this ion and through the
operation of these mechanisms, the amount of Na*
excreted is adjusted fo equal the amount ingested
and a person stays in Na* balance?. In a neurosurgi-
cal sefting of patients with cerebral lesions, we
noticed that a fall in the GCS was usually atfributed
fo a cerebral cause where suspicion of an increase
in the size of a hematoma, increased brain edema
etc. in patients. For such conditions, there must be a
repeat CT brain, which showed no new significant
changes compared to the last CT scan.

Hyponatremia, in its capacity, is an electrolyte disor-
der that is commonly seen in clinical practice
associated with the central nervous system (CNS)
disease and delay in diagnosis could at times be
potentially fatal’. In the light of this threat, the
purpose of our study was to highlight the impor-
fance of CSWS, ifs early diagnosis, differentiation
from SIADH and delve info its early management.

METHODS

The study was conducted at the Department of
Neurosurgery, Ziauddin Medical University Hospital,
(North Campus), Karachi-Pakistan. This was a refro-
spective cross-sectional study and was conducted
from 25 August 2016 to 24 August 2019. Diagnosing
cerebral salt wasting syndrome (CSWS) accurately
is of considerable importance as any misdiagnosis
could lead to negative clinical consequences’.

Our purpose was to determine the incidence and
frequency of CSWS in patients with cerebral lesions

in the light of potentially fatal hyponatremia and to
determine the freatment outcome of such patients,
while simultaneously emphasizing the vital impor-
tance of differentiation between CSWS and
syndrome of inappropriate secretion of antidiuretic
hormone (SIADH). Hence, all those patients were
included in the study who was 18 years and above,
that had a cerebral lesion along with hyponatremia
and hypovolemia with a large natriuresis.

QOur patients with a cerebral lesion who were diag-
nosed to have CSWS were ones having head
frauma, brain hemorrhage, those who underwent
craniofomy for conditions other than brain tumors
(like extradural hematoma etc.), patients who oper-
ated for brain tumors and those with bacterial men-
ingitis. The patients with CSWS had a urine output of
more than three liters over 24 hours (polyuria), serum
sodium of less than 130mEg/L, high urine specific
gravity (21020) and a urinary sodium level =
40mEqg/L. Patients below the age of 18 years were
excluded; patients with SIADH, polydipsia, renal
disease, use of diuretics, heart failure, hypothyroid-
ism, hormone deficiency and pseudohyponatremia
were also excluded from the study.

We calculated the serum osmolality in patients by
using the simple formula of 2 x Na* (Sodium), other-
wise, the actual formula: 2 x Na* + glucose/18 +
BUN/2.8 (blood urea nitrogen) & We analyzed the
data by using SPSS (Statfistical Package for the
Social Sciences) and p<0.05 was taken fo be statisti-
cdlly significant. Once a diagnosis of CSWS was
made, our freatment sirategies were targeted
towards handling the primary brain lesion and CSWS
simultaneously. Volume repletion was started imme-
diately by giving the patient isotonic saline as it
helped to provide fluid for the hypovolemic patients
and restored the body's sodium levels. In moderate
fo severe cases 3%, hypertonic saline was used fo
replenish the volume and sodium levels®.

The levels of serum sodium were being monitored to
avoid its overcorrection as this could have led to
lethargy. muscle twitching and at times seizures and
death’®. We were aware of cenfral pontine myelin-
olysis (CPM) had sodium been corrected too fast,
hence swift correction of Na*was as a rule avoid-
ed''. Patients having hyponatremia for at least 2
days, or in those patients where the duration was
not known, the rate of rising in the serum sodium
concenfration was kept at or below 10 mmol/L
during any 24 hours, if possible''2. Additionally,
fludrocortisone (florinef) was administered making
sure the dose did not exceed 1mg/d. Forinef helps
to reabsorb sodium and water from the distal renal
tubules™.
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RESULTS

This study was conducted at Ziauddin hospital

(North campus) in the three-year study period. We
had around 39 patients of which 15(38.46%)
patients were noted to have CSWS with cranial

trauma, 10(25.64%) of them after craniofomy other
than brain tumors, 4(10.25%) with operated brain
tumors, 3(7.69%) with bacterial meningitis and
7(18.0%) of them with infracranial hemorrhage
(Table 1).

Table 1: The incidence of various categories of brain lesions in patients with significant hyponatremia.

Number of patients . . -
5 3 = Diabetes Hypertension Levels of nifrogen
Vanablas AL hyg&g;:l emio n(%) n(%) breakdown and K+ p-Value
U/acid 5
aci
MaIES 28(72%) 8(28.6%) 10(35.7%) 1 (THQSI“] <0.05
08

Females 11(28%) 5(45.4%) 6(54.54%) T (in all) <0.05
Cranial fumors 15 (38.46%) 1{6.7%) 2(13.3%) T 12 <0.05
Craniotomy, other
than brain fumors 10 (25.64%) 3(30%) 3(30%) T 08 <0.05
Brain hemorrhage 7({18.0%) 6(85.71%) 7(100%) T 06 <0.05
Operated brain
T 4(10.25%) 3(75%) 4(100%) T 03 <0.05
Bacterial Meningitis 3(7.69%) nil nil T 02 <0.05

The gender distribution was such that 28(72%) were
males and 11(28%) were females (Table 1). The age
distribution showed that there was almost a general
decade wise increasing frend. The highest numbers
of patients 15(38.46%) were seen in the 7™ decade
and above. Since, 4(10.25%) patients each were
seen in the 39 and 4™ decade, 7(18.0%) patients

were in the S"decade and 9(23.07%) patients were
in the 6" decade (Figure 1). Although our study
involved patients of 18 years and above, we sfill did
not see any patients between 18-20 years. The
youngest patient in our study noted to have CSWS
was 21 years old. The mean age at the fime of
admission was 53+0.32.

Mean age of patients
16
14 15
12
S 10
§ 8 9
g
L 6 7
4
5 4 4
0 T T T ]
21-30 31-40 41-50 51-60 60+
Age

Figure 1: Mean age of the patients in the research study.
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A strange correlafion was noted between CSWS
and raised uric acid levels. All 39 patients had a
raised uric acid level (Table 2). This could be
conirary to hypouricemia seen in other studies of
CSWS™, while 31(79.5%) of them had a fall in the
potassium levels (post florinef) (Table 2). Fall in the

Glasgow coma score (GCS) with confusion being
prominent, polyuria (defined as over three liters of
urine output over 24 hours in an adult) with an
obvious negative water balance and a low blood
pressure was seen in all patients's,

Table 2: Comparison of age with other co-morbidities para to Nitrogen and K* breakdown Levels.

https://doi.org/10.36283/PJMD10-3/010

Number of Levels of Levels
Age patients with Diabetes Hypertension Other co- nifrogen of
Groups hyponairemia n(%) n(%) morbidities breakdown K+
n(%) (uric acid) | (hypokalemia)
21-30 4(10.25%) None None None 1 02
31-40 4(10.25%) None 1(25%) None T 03
41-50 7(18.0%) 2(28.6%) 1(14.3%) None T 05
Asthma (2)

51-60 2(23%) 4(44.4%) 5(55.5%) R/arthritis (1) T 08
60+ 15(38.46%) 7(46.7%) ?(60%) CITTE\(?] {}] ) T 13

*CABG= Coronary artery bypass graff; **IIA=Transient ischemic atfack, less than 0.05 is significant

The urinary sodium was >40 mEg/L, which again
implied a negative nifrogen balance. Other signs of
hypovolemia other than hypotension included a
lack of skin furgor and an elevated hematocrit. The
serum osmolality was low and the urine osmolality
was high. Of the 39 patients 13(33.3%) were diabet-
ic and 16(41%) were hypertensive (Table 2). Interest-
ing fo note was the fact that our patients devel-
oped CSWS between 4-9 days affer the ictus. The
highest number of patients 28(71.8%) was seen
between the sixth to the eighth day.

DISCUSSION

In this study, we found cerebral salt wasting
syndrome (CSWS) and hyponatremia in majority
males 28(71.8%) and significantly noted in patients
operated for cranial fumors 15(38.46%). As we were
fully aware of this threat and its potentially threaten-
ing consequences, early diagnosis and aggressive
management was the key behind early successes
achieved. Cerebral salt wasting syndrome has
always been thought of as an under-diagnosed
cause of hyponairemia occurring in the setting of
infracraniallesions'.

Many studies have described various aspects of
CSWS, but the actual pathogenesis of renal salt
wasting resulfing from a cerebral cause remains to
be fully understood'®, a strong postulate however
contends that an impaired sympathetic neural
input could be the reason behind reduced reab-
sorpfion of sodium and urate from the proximal

tubules'. However, syndrome of inappropriate
antidiuretic hormone (SIADH) may be a more
common cause of hyponairemia when compared
to CSWSY. Urine sodium typically exceeds 40 mEq/L.
It may not be easy at all fimes fo pin down the exact
incidence and prevalence of CSWSV.

The depressed levels of serum uric acid levels in
SIADH are reflective of an increased extracellular
fluid (ECF) volume'. By contrast, however a drop in
the level of the ECF volume may show a rise in the
uric acid levels as was seen in our study. General
clinical findings that support a diagnosis of CSWS
include dry mucous membranes, orthostatic
changes in blood pressure and pulse and flat neck
veins'”. A review of the patient's hospital flow sheet
would easily indicate a negative fluid balance and
this could provide strong evidence fo support a fall
in the ECF volume?.

While correcting the hyponatremia, constant moni-
toring of the serum sodium levels becomes impera-
five as overcorrection may lead to hypernatremia,
which can cause muscle twitching, lethargy, seizure
and at times death?®. Additionally, hyponatremia
should not be corrected too quickly. There is always
a risk of developing a condition called cenfral
pontine myelinolysis if the hyponatremia is correct-
ed too quickly?'.

Fludrocortisone (florinef) can be used in doses of 0.1
to Img/day to freat the CSWS. It acts by stimulating
reabsorption of sodium and water in the distal
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fubule, which leads to expansion of the infravascu-
lar volume®. Florinef acetate is an exiract of the
natural form of glucocorticoid, which works fo main-
tain the salt and water balance while at the same
fime keeping the blood pressure in a balanced
state. The main pharmacologic target of this drug
remains adrenocortical insufficiency®. The drug is
available in tablet form for oral use and can be
crushed and administered via a nasogastric fube in
unconscious patients. The drug is contraindicated if
the subject is hypertensive, has an established
allergy to the drug, is diagnosed to have high albu-
min levels in the blood or suffers from any known
systemic fungal infection. The patient would require
close monitoring with special reference fo acute
skin eruptions (rash), breathing difficulty, hyperten-
sion and facial swelling?*.

It may not always be easy to put an exact period as
to when fludrocortisone should be commenced?®. It
has been suggested that this could be considered
when the diagnosis has been established and man-
agement by replenishing salt and fluids is not readily
achieved or is causing practical difficulties?.
Common adverse effects associated with fludro-
cortisone include hypokalemia and hypertension®.

Brain natriuretic peptide (BNP) in humans is found in
the brain and the ventricles of the heart. The two
postulates of an increased release of BNP from the
heart and brain that come from a stress response to
an underlying illness and raised infracranial pressure
respectively?. Some authors may surmise that the
renal salt wasting and the resultant volume deple-
fion in the face of intfracranial disease is a protective
measure that puts restraints on exireme rises in the
infracranial pressure?. Replacement of urine salf
and replenishing water losses with 0.9% or 3%
sodium chloride is the cornerstone of CSWS man-
agement?,

CONCLUSION

Hyponafremia is a diagnostic challenge for a
neurosurgeon in the setting of an acute cerebral
lesion, which was seen most commonly among
males. CSWS is definitely not a rare condition and it
is important to establish an early diagnosis for a
better outcome based on the biochemical and
clinical profile. Its difference from SIADH is vital as
the two conditions are freated differently.
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