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Abstract:
Background: Blood-brain barrier disruption is cited in the literature on severe Traumatic Brain Injury (TBI),
manifesting as dysnatremia in some cases. The effect of the dysnatremia and clinical outcomes of TBI is not
well studied. The present study aimed to evaluate the relationship between dysnatremia at admission time
and outcome in patients with severe TBI.
Methods: This was a retrospective study conducted on all adult patients admitted with severe TBI
(Glasgow Coma Scale [GCS] <=8) in Peymanieh hospital of Jahrom city, south of Iran in 2017-2020. In-
hospital mortality was the primary outcome; Vegetative state, severe disability, moderate disability, and
good recovery were secondary evaluated outcomes. Demographic variables, vital signs, and trauma
mechanisms were also recorded. Univariate analyses for factors associated with mortality were performed.
Result: A total number of 99 patients fulfilled the criteria for inclusion. Ten patients (10.10%) experienced
dysnatremia. There was a significant relationship between dysnatremia and the outcome of treatment (X2
(8) =40.81, P =0.001) based on the cross-tabulation. There were significantly higher odds of death in
patients with dysnatremia, compared to participants with normal sodium levels (OR=43.5, CI95%: 6.69 to
282.59). Getting a good recovery of disease had 0.101 (CI95%: 0.023 to 0.43) times lower odds in
dysnatremic participants compared to participants with normal sodium levels. Other outcomes were not
statistically different among study groups (P>0.05).
Conclusion: Dysnatremia in the first 24 hours after traumatic brain injury could worsen the outcome.
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Increasingly studies have shown that Traumatic =~ serum sodium (1). The severity of the head injury is a

Brain Injury (TBI) can lead to electrolyte imbalance.  risk factor for the development of electrolyte

Of all serum electrolytes, the most common  disturbance in TBI patients. Dysnatremia as hyper or

electrolyte subject to imbalance in TBI patients is  hyponatremia affects outcomes in TBI patients.
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Hypernatremia has been shown to increase mortality
in critically ill patients, independent of comorbidities
(1,2). The patients with hyponatremia resulted in a
bad clinical outcome and a long stay in the hospital.
They also have deterioration in clinical condition
(3,4).

Patients with TBI have hyper and hyponatremia
due to management during the hospital course.
Induced hypernatremia is used to reduce acute
elevations in ICP after TBI frequently (5,6). The
previous study found that for the management of
TBI, a number of therapeutic interventions can result
in hyponatremia (7,8) disruption of the blood-brain
barrier due to Traumatic Brain Injury (TBI) or a
myriad of iatrogenic causes can lead to electrolyte
imbalance. Although many studies have endorsed
the effects of dysnatremia on the outcome of severe
TBI patients, there is no study to differentiate the
effect of iatrogenic and brain itself dysnatremia. The
present study aimed to evaluate the relationship
between dysnatremia at admission time and outcome

in patients with severe TBI.
Methods

This retrospective study included all adult
patients (age >=18 years) admitted with severe TBI
(defined as a Glasgow Coma Scale [GCS] <=8)
between May 2018 and April 2020.

The study setting was a university-affiliated
teaching hospital (Peymanieh hospital) with an

annual census of about 2000 patients.

TBI included two types isolated TBI and multiple
trauma TBI. Isolated TBI included only traumatic
brain injury. Multiple injuries included fractures at
other sites or mild abdominal injury, pleural effusion,
and lung contusion. Inclusion criteria were isolated
severe TBI(GCS<=8), who did not have any of these
exclusion criteria (i) admitted to hospital less than 24
h; (ii) renal insufficiency history (iii) use of diuretics,
corticosteroids (iv) diabetes mellitus, pituitary tumor;

craniopharyngioma(v) hemodynamic unstable(vi)
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lost to follow-up (vii). The participants were recruited
from the electronic hospital information system by
reviewing the admission records of patients. The
following data were then collected for each patient
from hospital records: demographic and injury data
including age, sex, time from injury to arrival to the
trauma center, mechanism of injury; clinical variables
including GCS, heart

temperature, O2 saturation, and respiratory rate at

blood pressure, rate,
admission, Laboratory data including serum glucose,
hemoglobin, leukocyte and platelet counts, renal
function, and serum sodium and potassium. As per
hospital protocol obtained for each patient on arrival

time when the intravenous line was inserted (1).

Hyponatremia was defined as serum sodium
equal to or less than 130mEq/Hyponatremia was
classified into 3 degrees of severity: mild
hyponatremia(125mmol/L -130 mmol/L);moderate
hyponatremia(120mmol/L-125mmol/L);severe
hyponatremia(115mmol/L-120mmol/L);very
hyponatremia(less than 115mmol/L).(9)

sodium of 131 to 145mEq/dL was classified as the

severe

serum

normal range and serum sodium of 146mEq/L or
greater as hypernatremia (6). Hypernatremia was
classified into 3 degrees of severity: mild
hypernatremia (150 mmol/L Na < 155 mmol/L),
Na < 160

mmol/L) and severe hypernatremia (Na 160 mmol/L)

moderate hypernatremia (155 mmol/L

(5). Two outcomes have been measured for all
included patients; mortality as a primary outcome,
and vegetative state, severe disability, moderate
disability, and good recovery as a secondary

outcome.

Univariate analyses for factors associated with
mortality were performed using the chi-square test
for categorical variables, and Fisher’s exact test for
categorical variables was performed to compare the
demographic data, hospital characteristics, and
comorbidities in patients with and without
hypernatremia and hyponatremia. (1,2) Statistical
software (SPSS version 20.0) was used for statistical

analysis. Crude Odds ratios (OR) were calculated
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based on the fisher exact test and expressed by OR

and 95% confidence intervals.
Results

In the period June 2017 to September 2018, we
enrolled 100 patients with STBI, One person was
excluded from the study because of incomplete
records. 99 patients fulfilled the criteria that were
selected. The included patients were divided into 2
groups according to their serum sodium levels; one
group with normal sodium level and another group
with

dysnatremia (hypernatremia or

hyponatremia).89 patients had normal serum sodium
(Na 135-145 mmol/L), 10patients had
dysnatremia. Baseline demographic and injury data
for the study set are shown in Table 1. Clinical data of
patients including blood pressure, heart rate,
respiratory rate per minute, body temperature,
oxygen saturation was recorded. These results are
shown in Table 2. No significant difference in clinical
observed

data  was among  the  two

groups. Paraclinical data including potassium,
glucose, calcium, Pco2, creatinine and the bun level

was recorded. These results are shown in Table 1.

Table 1. Baseline demographic and trauma mechanism and paraclinical disturbance

Normal )
sodium value Dysnatremia P

n/mean %/SD n/mean %/SD
Sex male 68  68.69 7 7.07 0.654

female 21 2121 3 303

Motor accident 42 42.42 3 3.03

Car Accident 26  26.26 5 5.05

Trauma Pedestrian 1 1.01 1 1.01
mechanism Falling down more than 3 5 1 101 0.199

m 5.05

Falling down 7 7.07 0 0

Isolated head trauma 8 8.08 0 0
Systolic blood pressure, mmHg 118.11  20.75 128 253 0.2701
Diastolic blood pressure, mmHg 74.87 10.75 811 1531  0.142
GCS, score 12.26 3.85 8 4.37 0.004
Heart rate at admission, bpm 89 14.55 999 1959 0.094
The respiratory rate at admission, bpm 17.74 2.63 20.33 436  0.072
Temperature, centigrade 37.13 0.33 37.23 017  0.343
02 saturation at admission, % 95.67 4.7 94.78 2.11 0.026
Raised BUN 4  4.04 1 10.1 0.4161
Raised Creatinine 3 3.03 1 10.1  0.348
Disrupted K levels 0 0 0 0 1
Disrupted Calcium 0 0 0 0 1
Raised Blood Sugar levels 3 3.03 0 0 0.793
Decreased Blood Sugar levels 1 1.01 0 0 0.983

Normal 90 90.91 8  8.08
Paco2 Increasing 0 0 2 2.02  0.009

Decreasing 0 0 0 0
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Table 2. Dysnatremia and outcome

Normal .

. Dysnatremia
sodium Crude OR 95% CI, lower to upper P
n % n %

Good recovery 72 7272 3 3.03 0.1012 0.023 to 0.43 0.0020
Mode‘ra}te 12 13.3 1 1.01 1.4 0.162 to 12.08 0.308
disability

Severe disability 3 3.03 0 0 0.849 0.041 to 17.61 0.916
Vegetative state 1 1.01 1 1.01 0.1023 0.005 to 1.77 0.1176
Dead 2 2.02 5 5.05 43.5 6.69 to 282.59 0.0001

Finally, to determine the association of TBI
patient serum sodium variables on mortality Chi-
square test was used. The overall results showed that
there is a significant relationship between serum
sodium values and the outcome of treatment (X2 (8)
= 40.81, P = 0.001). There were significantly higher
odds of death in patients with dysnatremia,
compared to participants with normal sodium levels
(OR=43.5, CI95%: 6.69 to 282.59). Getting a good
recovery of disease had 0.101 (CI95%: 0.023 to 0.43)
times lower odds in dysnatremic participants
compared to participants with normal sodium levels.
Other outcomes were not statistically different

among study groups (P>0.05).

In our study dysnatremia was noted in 10 % of
patients, with the majority of the patients exhibiting
mild and moderate dysnatremia. However, in other
studies, the incidence of dysnatremia is different and
the rate of hypernatremia and hyponatremia is much
more than in our study. In the study of Vedantam et
al, hypernatremia was detected in 36.9% of patients.
This study has the highest prevalence. (1) Also, the
study of N.Moro et al hyponatremia had an incidence
of about 33.0%. (7) This difference may be due to

management during admission.

This incidence in Li et al article was 28%(6). In
another study, Maria Tudor et al, the incidence of
hyponatremia with TBI was 20 %. ( 8) In all of these
studies, hypernatremia and hyponatremia have been
calculated during admission time and are the
important reason for the difference between the

incidence of dysnatremia in The present study that
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A number of 74 patients had a complete recovery
that is one of them, serum sodium was high in the
category of moderate hypernatremia, and the chi-
square post hoc test showed a significant relationship
(P=0.001).

Discussion

To our knowledge, it is the first that has been
aimed at investigating the incidence of dysnatremia
on admission time in patients with severe TBI. The
study shows that, in the immediate post-TBI period,
during the 0- 3 hours after TBI, dysnatremia is
associated with an increased risk of death and
disability.

evaluated the relationship between dysnatremia only
at admission time and outcome after severe TBI. In
the present study, we found a significant relationship
between good recovery and normal sodium value.
We had 75 patients with good outcomes only 4% of
them had dysnatremia at admission time. The study
by Li et al. had shown from 163 patients with good
recovery only 9.2% of patients had hypernatremia.

The relationship between dysnatremia and
disability has been documented in this study. In the
moderate disability group, 10.0% of the patients had
dysnatremia. it was as same as the vegetative state
group and there were any patients in the group with
mild disabilities with dysnatremia. according to the
study of M.Li et al,7.7% of the patients with moderate
disability and 54.2% with a severe disability had

dysnatremia as hypernatremia. In this study also 58.4
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% of patients with a persistent vegetative state had

hypernatremia.
Limitations:

Our study had several limitations one limitation
of this study was we did not perform a regression
analysis to evaluate the role of different levels of
sodium value in predicting outcomes. The study was

conducted at a single center.
Conclusion

Dysnatremia in the first 24 hours after traumatic

brain injury could worsen the outcome.
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