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Abstract

Background: Traumatic brain injury (TBI) is a major cause of death and disability globally, and serum sodium disorders are the
most common and probably the most poorly understood electrolyte disorders in neurological diseases.

Objectives: The aim of this study was to evaluate the serum sodium level and its disorders including hyponatremia and hyper-
natremia in patients with TBI and evaluate the sodium levels at the time of admission, the first week, and the second week after
admission.

Methods: This observational prospective descriptive-analytic study included patients with TBI admitted to the intensive care unit
(ICU) of Saint Al-Zahra hospital, Isfahan, Iran during 2015 - 2016. Patients’ demographic factors, hemodynamic and paraclinical data
were documented in the information forms and imported to and analyzed using SPSS v.22. All of the statistical tests were conducted
atan error level of 5%.

Results: Demographic indices were not significantly different in the first and second weeks of the study between patients who died
and the recovered or survived individuals. It was found that the mean of serum sodium was 146.26 mEq/L in patients who died and
142.66 in alive patients (P < 0.001) in the first week and 147.8 in the patients who died and 144.03 in alive patients (P < 0.001) in the
second week.

Conclusions: The mortality prevalence of patients with TBI admitted to the ICU who have dysnatremia is high and can increase the

risk of mortality remarkably. The mortality risk of hypernatremia is significantly higher than that of hyponatremia.
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1. Background

Traumatic brain injury or TBI is a major cause of death
and disability globally. Sodium disturbances are common
in patients with brain injury because of the major role
that the central nervous system plays in the regulation of
sodium and water homeostasis. In addition, treatment
of the injured brain can itself disturb the regulation of
sodium. In addition, serum sodium disorders are the most
common and probably the most poorly understood elec-
trolyte disorders in neurological diseases (1-3). Although
TBI has been recognized as an untreatable term and pre-
dicts the mortality, the progress in trauma care systems,
including pre-hospital care and intensive care, improves
the survival of traumatic patients (4). Patients with se-
vere cerebral trauma have a high risk of developing dysna-
tremia over the course of admission to the intensive care
unit (ICU), which is due to predisposing conditions such

as sensory disturbances, changes in thirst, central diabetes
insipidus alongside polyuria, and increased imperceptible
water loss (5). In addition, these patients often receive
mannitol and hypertonic saline solution for the purpose
of reducing cerebral edema and controlling intracranial
pressure (6). The occurrence of brain death is accompa-
nied by the occurrence of subsequent events in the body.
Hemodynamic and electrolytic disorders of hemostasis, as
well as various hormonal disturbances, may occur in these
patients (7). Therefore, the awareness of these disorders in
order to prevent and resolve them with the aim of the pa-
tient’s survival is of special importance. Considering that
disorders of hemodynamic, coagulation, electrolyte (espe-
cially Na disturbances), blood sugar, and hormonal sys-
tems can cause a large percentage of patients with brain
death, it is necessary to identify these disorders to prevent
and treat them (8).
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Serum sodium concentration in humans is typically
between 135 and 145 mEq/L. Hyponatremia with a sodium
concentration of less than 135 mEq/L means an increase
in the ratio of total water to sodium and is seen in vari-
ous medical conditions such as congestive heart failure,
liver disease, and syndrome of inappropriate antidiuretic
hormone secretion. Hyponatremia is the most common
electrolyte disorder in hospitalized patients, and in some
cases, up to 30% of patients are involved. The risk of death
during the hospitalization period is increased by 50% in
patients with hyponatremia compared to patients with
normal serum levels (5, 6). On the other hand, sodium
increase can also be due to dehydration, congestive heart
failure, Cushing’s disease, liver failure, high sodium diet,
osmotic diuresis (secondary to hyperglycemia), azotemia,
medications (such as contrast agents, mannitol, etc.), or
central diabetes insipidus (DI) or nephrogenic DI (2). As a
water balance disorder, Hypernatremia is seen in 6 - 9% of
very ill patients and is associated with increased mortality
risk (6).

Sodium disorder occurs by the onset of brain death in
many patients. Brain death is one of the most important
complications coming after TBI, which is associated with
many changes in hemodynamics, homeostasis, and other
disorders, and recognition of these disorders is impor-
tant in identifying the brain death patients who are organ
donor candidates. Therefore, the identification of mark-
ers that could predict the occurrence of brain death in pa-
tientsin order to carry out therapeutic procedures and pre-
vent the destruction of organs that can be donated seems
indispensable. However, not many studies have been still
conducted regarding this issue. This is while evaluating
dysnatremia in patients with TBI and its relation to the oc-
currence of mortality is necessary.

2. Objectives

Therefore, the aim of this study was to evaluate dysna-
tremia and its relation to the occurrence of mortality in pa-
tients with TBL.

3. Methods

This is an observational prospective descriptive-
analytic study. All patients with moderate to severe TBI
admitted to the ICU of Saint Al-Zahra hospital, Isfahan,
Iran during 2015 - 2016 took part in this study. The sample
size was calculated using the same formula for sample size
estimation used in studies of prevalence and considering
the confidence interval of 95%; hypernatremia prevalence

in TBI patients due to the lack of a similar study was con-
sidered 0.5 and acceptable error rate of 0.1 was used. Thus,
the sample size was estimated to be 95, and in order to
achieve more reliability, 100 patients were studied.

The inclusion criteria consisted of patients with TBI ad-
mitted to the ICU of Saint Al-Zahra hospital. The informed
consent of the patient’s companions for participating in
the study was acquired. Exclusion criteria consisted of pa-
tients with underlying renal diseases, patients admitted to
the emergency unit for more than 48 hours, and patients
companions not willing to participate in the study. In ad-
dition, patients that presented other potential causes of
sodium disorders and systemic trauma (especially abdom-
inal and orthopedic trauma because of that these lesions
often involve blood loss and need resuscitation with saline
solution) were excluded from the study. The hypertonic
saline solution was not used in our cases. They did not re-
ceive diuretics and were free from renal or other endocrine
diseases; in addition, patients with mild (Glasgow Coma
Scale or GCS > 13) TBI were not considered in the study.

100 patients (Figure 1) who met the inclusion criteria
were selected by the order of their entry into the ICU. Ac-
cording to the treatment protocol, blood parameters in-
cluding daily sodium (sodium disorders were considered
asdisorders presenting serum sodium < 135 mEq/Lor> 145
mEq/L), potassium, calcium, magnesium, and phosphate,
as well as coagulation factors including PT, PTT, and INR
twice a week, daily blood acidity and the level of conscious-
ness of patients with Glasgow score and Apache II scor-
ing at the time of admission were measured according to
the relevant protocol and documented in the information
form. The mean level of these markers was measured at
the end of the first and second weeks, and all patients were
followed up as long as they were hospitalized in the ICU.
The outcome for each patient, whether death or recovery,
was determined and recorded in the patient’s profile. The
other characteristics of the patients analyzed were as fol-
lows: mean arterial blood pressure, mechanical ventila-
tion time, and hospitalization period.

3.1. Statistical Analysis

Patient information including demographic factors
and paraclinical findings was recorded in a checklist made
by the study conductor and entered into SPSS v.22 software.
Statistical analyses were conducted using descriptive and
analytical statistics. In the descriptive section, the mean
and standard deviation of paraclinical findings were pre-
sented as the main variables in different groups (dead and
recovered) and all demographic and clinical characteris-
tics of patients were reported based on descriptive crite-
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Figure 1. Study flowchart

ria. In the analytical section, based on the establishment
of statistical presumptions, proportional parametric and
nonparametric tests were used. Chi-square test was used
to analyze the qualitative findings while to compare quan-
titative data, independent T-test and Mann-Whitney were
used. To compare the changes in data in the first and sec-
ond weeks, we used paired samples T-test. All of the tests
were conducted at an error level of 5%.

4. Results

Of the 100 patients enrolled in this study, 52 (52%) were
male and 48 (48%) were female. The mean age of the sub-
jects was 69.1 £ 10.64 years (38 - 80 years). Out of 100 pa-
tients, 23 (23%) died within two weeks. Our results showed
that demographic indices such as age (P = 0.321) and sex
(P =0.985), electrolytes (calcium, potassium, phosphorus,
and magnesium) (P> 0.05), hemodynamic changes (mean
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blood pressure and heart rate) (P> 0.05), coagulation dis-
orders (PT, PTT, and INR) (P> 0.05), mechanical ventilation
time (P> 0.05), and hospitalization period (P> 0.05) were
not significantly different in the first and second weeks of
the study between patients who died and the recovered
or survived individuals (Tables 1 and 2). However, it was
found that the mean of sodium level was 146.26 mEq/L in
patients who died and 142.66 in alive patients (P < 0.001)
in the first week and 147.8 in the patients who died and
144.03 in alive patients (P < 0.001) in the second week (Ta-
ble 2). According to paired-samples T-test, the changes
of sodium, potassium, mean arterial pressure, heart rate,
GCS, calcium, phosphorous, magnesium, PT, PTT, and INR
in the second week were significantly different from the pa-
rameter changes in the first week (P < 0.05).

It was also demonstrated that 19 patients (19%) in the
first week and 15 patients (15%) in the second week were
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Table 1. Demographic and Clinical Data from Both Groups?®

Variable Survived Group (n=77) Dead Group (n=23) P-Value
Age(y) 68.51 £ 11.02 71.04 + 9.21 0.321°
Mean arterial pressure (mmHg)

First week 72.8 £7.36 74.78 & 6.27 0.246°

Second week 75.27+7.26 74.93 £ 5.07 0.863"
Heat rate (bpm)

First week 92.85 + 4.67 9417+ 4.4 0.233"

Second week 93.9 +4.26 95.6 +3.43 0.152°
GCS

First week 6.96 £ 118 7.3+ 0.96 0.533¢

Second week 6.85 1 1.17 6.6 118 0.442°
Mechanical ventilation time (d) 15.09 £ 2.16 15214+ 2.5 0.813°
Hospitalization period (d) 18 £1.08 17.6 £134 0.464"

Abbreviation: GCS, Glasgow coma scale.
? Values are expressed as mean = SD.

® Independent T-test.

€ Mann Whitney test.

diagnosed with hypernatremia, and 17 (17%) in the first
week and seven patients (7%) in the second week had hy-
ponatremia. Our study results showed that out of 23 peo-
ple who died, eight (34.78%) died in the first week and 15
(65.21%) died in the second week. Of the 23 patients who
died, 14 (60.86%) had hypernatremia, 5 (21.7%) had hypona-
tremia, and four (17.39%) had no electrolytic disorders (P
= 0.037). It was also determined that out of 19 patients
with hypernatremia in the first week, 6 (31.57%) died, and
eight (53.33%) out of 15 patients who had hypernatremia
in the second week died. It was also found that of 17 pa-
tients who had hyponatremia in the first week, 3 (17.64%)
died and two (28.57%) out of seven patients who had hy-
ponatremia in the second week died. In other words, in the
first week, from eight cases who died, four patients (50%)
had hypernatremia, two patients (25%) had hyponatremia,
and two patients (25%) were without electrolyte disorders
(P = 0.04). However, in the second week, of 15 deaths, 10
patients (66.66%) had hypernatremia, three patients (20%)
had hyponatremia, and two patients (13.33%) were without
electrolyte impairment (P = 0.029).

5. Discussion

The results of our study demonstrated that both hyper-
natremia and hyponatremia significantly increased mor-
tality in TBI patients admitted to the ICU, but the total num-
ber of patients died from hypernatremia was significantly
higher than that of hyponatremia. Despite the care that

is being taken at special centers, electrolyte and acid-base
disorders are usual. Generally, the cause of these disor-
ders is the anaerobic metabolism caused by tissue hypo-
perfusion, and usually, the cause of this hypo-perfusion
is a process called “autonomic storm”, the activation of
the autonomic system; On the other hand, changes that
occur in the brain can lead to disorders such as diabetes
insipidus, which ultimately leads to high urinary volume
and reduced intravascular volume (9).

In a study conducted by Amini et al. (10), it was demon-
strated that out of 150 TBI patients, 34 individuals suffered
from sodium deficiency. Hypernatremia was seen in 22 pa-
tients (19 males and 3 females) with mortality of 81.8% (18
individuals). There was a significant difference in the mor-
tality due to hypernatremia (P < 0.001). In patients with
hyponatremia, nine patients (all male) developed the syn-
drome of inappropriate antidiuretic hormone secretion,
and three patients developed cerebral salt wasting. Three
patients died. In this study, a significant relationship was
seen between mortality and hypernatremia. The results
of the study are in line with our findings. In a study by
Waikar et al. (11), the investigators reported that even mild
hyponatremia was independently associated with a higher
risk of mortality in hospital and after a long period after
discharge.

Another study by Mokhtari et al. (12), revealed that
mortality rates were significantly higher in patients with
hyponatremia (34% vs. 16%) and hypernatremia (55% vs.
18%) than in other patients. The mortality rate was signifi-
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Table 2. The Paraclinical Data of Patients in Both Groups®

Variable Survived Group Dead Group P-Value”
Sodium (meq/L)

First week 142.66 £ 2.4 146.26 = 5.24 < 0.001

Second week 144.03 235 147.8 4 < 0.001
Potassium (meq/L)

First week 3.414 0.22 342104 0.926

Second week 3.46 + 0.24 334402 0.064
Calcium (mg/dl)

First week 8.68 £ 0.28 8.74 & 0.21 0397

Second week 851+ 03 84103 0.236
Phosphorus (mg/dl)

First week 2.61£ 016 2.64 £ 012 0.341

Second week 2.55 & 014 2.62+0.14 0.122
Magnesium (mg/dl)

First week 1.89 4 0.25 192 4 0.23 0.702

Second week 179 £ 0.21 1.87 + 0.22 0.22
PT (Second)

First week 13.43 £1.72 13.36 £1.02 0.871

Second week 13.72 221 13.56 +1.24 0.785
PIT (Second)

First week 22.53 £1.89 22.17 + 038 0371

Second week 22.85 %+ 2.05 23.06 + 2.12 0.72
INR

First week 142+ 0.43 1414 0.29 0.962

Second week 155 + 0.52 1.53 4 0.37 0.904

2 Values are expressed as mean = SD.
® Mann Whitney Test.

cantly higher in the hypernatremia group than in the hy-
ponatremia group. At the end of the study, it was con-
cluded that sodium disorders are common in ICU patients.
These disorders are associated with increased mortality
and are more common at elder ages; moreover, mortality
rates are higher in hypernatremia. The results of this study
are similar to those of our study.

Studies have shown that hypernatremia is associated
with higher mortality and morbidity in general and sur-
gical ICUs (13, 14). Hypernatremia is associated with an in-
creased risk of mortality between 40% and 60% (13), which
is approximately close to the mortality rate in the present
study. Aiyagari et al. (15), showed that although mortal-
ity rate in patients admitted to the neurosurgery ICU in-
creased with hypernatremia (30.1% vs. 10.2%), only severe
hypernatremia independently increased mortality in the
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neurosurgery ICU patients. One study has shown that the
mortality rate in patients with hypernatremia is 39% at the
time of admission and 43% during hospitalization, which
is significantly higher than in patients without hyperna-
tremia (24% and 13%). Other studies have also asserted the
role of hypernatremia as an independent predictor of mor-
tality. Lindner et al. (16) showed that hypernatremia is an
independent risk factor for prediction of mortality in the
general ICU (odds ratio 2/1).

On the other hand, acute hyponatremia can lead to
death if brain edema is not treated promptly. Conversely,
if chronic hyponatremia is rapidly corrected, osmotic de-
myelination occurs, which is potentially fatal. Typically, hy-
ponatremia is a predictor of mortality in patients with ad-
vanced heart failure and liver cirrhosis. In these circum-
stances, it is generally assumed that hyponatremia is an
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indicator of the severity of the underlying disease rather
than being directly involved in mortality. Considering the
same subject, recent reports have mentioned the associa-
tion between hyponatremia and mortality in patients with
pulmonary embolism, pulmonary hypertension, pneumo-
nia, and myocardial infarction. Recent data show that
chronic mild hyponatremia is associated with mortality in
the general population (17).

5.1. Conclusion

According to the results of this study, the prevalence
of mortality is high in ICU patients who have sodium dis-
orders. In case of improper treatment, these disorders
might increase mortality remarkably. Mortality of hy-
pernatremia is significantly higher than that of hypona-
tremia. Therefore, physicians need to consider carefully
the risk factors, patients at risk, symptoms, prevention
strategies, and treatment of these two disorders, especially
hypernatremia. The limitation of this study was the small
sample size and the fact that we followed patients with
TBI for only two weeks; however, the findings seem par-
ticularly robust in spite of these limitations. In addition,
we suggest altering the study design and further investi-
gation.
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