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Introduction: In the setting of cerebral injury, cerebral salt wasting (CSW) is a potential

cause of hyponatremia, which contributes to adverse effects and mortality.

Objective: The primary objective of this study was to evaluate the clinical outcomes of

severe traumatic brain injury (TBI) patients complicated by CSW.

Methods: A retrospective data analysis was performed on data collected from patients with

TBI with an abbreviated injury scale (AIS) greater than 3. Data was divided into 2 groups of

patients with CSW and those without. The primary endpoint was incidence of adverse effects

of CSW in regard to injury severity score (ISS), hospital length of stay (HLOS), ventilator

days, ICU length of stay (ICU LOS) and survival to discharge. Data was analyzed using

a one-way analysis of variance (ANOVA).

Results: A total of 310 consecutive patients with severe head injury (anatomic injury score 3

or greater) were evaluated over a 3-year period. A total of 125 of the 310 patients (40%)

were diagnosed with cerebral salt wasting as defined by hyponatremia with appropriate

urinary output and salt replacement. Patients with CSW had poorer outcomes in regard to

ISS (21.8 vs 14.2, p<0.0001), HLOS (14.1 vs 3.5, p<0.0001), ventilator days (5.0 vs 0.45,

p<0.0001), ICU LOS (8.5 vs 1.6, p<0.0001), and survival to discharge (88% vs 99%,

p<0.0001).

Discussion: Common adverse effects of CSW were noted in this study. Patients with TBI have

a predilection towards development of CSW and consequently have poorer outcomes including

increased morbidity and mortality. Data is sparse on the duration of CSW and degree of

hyponatremia over time. Larger, comparative studies need to be performed to investigate the

hyponatremic patient population and the clinical outcomes of those who present with CSW.
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Introduction
Traumatic brain injury (TBI) is the most common cause of death in trauma.1 It is seen

frequently in the setting of mechanisms of falls and motor vehicle accidents (MVAs). It

was responsible for 2.8 million annual emergency department visits in the US in 2013.1

Detailed outcome data regarding complicating sequelae, which can cause secondary

brain injury is sparse. Hyponatremia is associated with worse outcomes in patients with

TBI,2,3 however, data on the causes of acute hyponatremia is sparse. Two major

differential diagnoses are commonly seen in TBI as causes of acute hyponatremia.

They are syndrome of inappropriate antidiuretic hormone production (SIADH, hyper-

volemic/euvolemic hyponatremia) and cerebral salt wasting (CSW, hypovolemic

hyponatremia).4 Both are equally well treated by using hypertonic saline as

a resuscitative fluid.5 However, the use of hypertonic saline has its own detrimental
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issues.5 The use of normal saline is more common but is only

effective for the treatment of CSW not for SIADH. In

patients with SIADH, a bolus of normal saline will fail to

correct the hyponatremia and may worsen the hyponatremia

due to Natriuresis continuing while diuresis is inhibited.6 Our

ICU team had a protocol to manage all TBI patients compli-

cated by hyponatremia with a one-liter bolus of normal saline

as a diagnostic test. If the patient was diagnosed with CSW

then we proceeded to treat the patients with salt supplemen-

tation (hypertonic saline/normal saline or salt tablets depend-

ing on clinical presentation). If SIADH was diagnosed, we

proceeded to treat the patients with hypertonic saline.

Materials and Methods
We retrospectively performed a data analysis on severe TBI

patients (abbreviated injury score to the head of 3 or greater)

seen at our urban ACS verified Level 1 Trauma Center using

our trauma registry and detailed review of electronic medical

records. We studied the specific population of TBI patients

complicated by acute hyponatremia (serum sodium less than

135 meq/l) that had appropriate urine output and showed

improved sodium levels when receiving a one-liter bolus of

normal saline (TBI with hyponatremia presumed CSW). In

our review, we excluded patients with chronic hyponatremia

(previous admissions where serum sodium was low or his-

tory of severe congestive heart failure or severe liver cirrho-

sis or chronic renal failure). We also excluded severe TBI

patients who died with 48 hrs of arrival in our ER as non-

survivable. Once we identified the patients with TBI

complicated by CSW, we compared this group to TBI

patients without complicating CSW. Data obtained included

age, injury severity score (ISS), abbreviated injury score for

the head region (AIS-H), hospital length of stay (HLOS),

ICU length of stay (ICU LOS), ventilator days and survival

to hospital discharge. Data was analyzed using a one-way

analysis of variance (ANOVA) using a commercially avail-

able statistical analysis software package (JMP). As this was

a retrospective data analysis using de-identified data, we

sought and obtained exemption from our institutional review

board (SUNY Downstate Medical Center) for the study of

human subjects. Therefore, no patient consent was required

regarding patient confidentiality data. This is in compliance

with the declaration of Helsinki.

Results
We identified 310 consecutive patients with severe TBI

(AIS-H of 3 or greater) who were treated at our center

between January 2016 and December 2018 (3-year period).

One hundred and twenty-five of the 310 patients (40%) had

their hospital course complicated by CSW (Figure 1).

Thirty-two patients of the 310 patients with severe TBI

were diagnosed with SIADH (10%). The average age of

the group of TBI patients complicated by CSW (61.5

years) was significantly higher than TBI patients not com-

plicated by CSW (53.6 years, p=0.0028) (Figure 2).

The degree of overall injury as documented by ISS was

significantly greater in patients complicated by CSW (21.8

Figure 1 Number of Severe TBI Patients with and without CSW.
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vs 14.2, p< 0.0001). The AIS for the head region was not

statistically different for the 2 groups (Figure 3).

Average Hospital length of stay (HLOS) was signifi-

cantly longer in the CSW group as compared to patients

without CSW (14.1 days vs 3.5 days, p<0.0001, Figure 4).

The ventilator days were also longer for the patients

complicated by CSW (5.0 days vs 0.5 days, p<0.0001).

The ICU length of stay was also longer in the CSW com-

plicated group (8.5 days vs 1.6 days, p<0.0001, Figure 5).

Survival to discharge was also lower in the CSW group

(88% vs 99%, p < 0.0001, Figure 6).

The patients who were complicated by SIADH had out-

come data that was statistically no different than the TBI

population without hyponatremia. The aforementioned data

combined the SIADH complicated patients with the TBI

patientswithout any hyponatremia as neither group hadCSW.

Discussion
Severe TBI is a complex disease process with extensive

variability depending on the location of the injury in the

brain.7 Primary brain injury is avoided only through pre-

vention methods such as wearing protective headgear as in

Figure 2 Age of Patients with Severe TBI with and without CSW.

Figure 3 ISS for Severe TBI Patients with and without CSW.
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the case of motorcycle helmets.8 Secondary brain injury is

seen as a result of complicating issues such as hypotension,

hypoxemia.9 The degree of brain injury becomes substan-

tially greater and tracking and correcting the etiologies

becomes much more important in the reduction or avoid-

ance of secondary brain injury.9 Hyponatremia in severe

traumatic head injury patients especially with traumatic

subarachnoid hemorrhage is associated with increased

brain swelling (secondary brain injury).5 We have pre-

viously published data on how hyponatremia (sodium

level less than 135 meq/l) is associated with increased

mortality and morbidity.2 In that study, we did not break-

down the etiology of the hyponatremia. Hyponatremia how-

ever is a seemingly correctable cause of secondary injury.

The rate of correction and degree of hyponatremia are also

major issues. The correction can be as problematic as the

hyponatremia (eg, central pontine myelinolysis) if it is done

too rapidly.5 Most of our patients (113 out of 125) had

hyponatremia in the range between 128 meq/l and

134 meq/l (90.4%). Cerebral salt wasting has been

described in the past as an unclear entity.6 But our data

would suggest that given the current management

Figure 4 Hospital Length of Stay for Severe TBI Patients with and without CSW.

Figure 5 ICU Length of Stay for Severe TBI Patients with and without CSW.
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approaches to patients with severe TBI that CSW is much

more common and associated with increased morbidity and

mortality. The increased degree of injury associated with

our CSW patients would suggest a possible reason why this

group had a higher mortality, but of note, the AIS for the

head region was not different which suggests that the degree

of head injury was the same in the 2 groups. Increased age

in this group could also contribute to diminished reserve

resulting in increased complication rate which has been

shown to correlate with increased length of stay.10 The

correction of the hyponatremia due to CSW in our institu-

tion is dependent on patient symptoms. If the patient is

asymptomatic the usual correction is to supplement the

patient with PO salt tablets and track the correction. If the

patient is symptomatic, then in conjunction with our neuro-

surgical colleagues, a decision is made whether we use

normal saline solution or hypertonic saline (3%) solution.

Weaknesses in our study are retrospective nature of the data

analysis and limitations of the type of head-injured patients

seen at our trauma center. While AIS and ISS are important

measures for degree of injury, they lack specificity of injury

to be able to perform detailed comparisons.11 For example,

severe injury to the cerebellar area has different conse-

quences and outcomes than frontal injuries and AIS will

not necessarily distinguish these differences.

CSW is clearly an important clinical entity that

needs to be addressed and tracked by physicians caring

for patients with severe TBI. Data is sparse on the

duration of CSW and degree of hyponatremia over

time and these are areas need to be addressed in the

future research.

Clinical Implications
Older patients with TBI have a predilection towards develop-

ment of CSWand consequently have poorer outcomes includ-

ing greater HLOS, ICU LOS, ventilator days, and mortality.
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