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Abstract
Study design: Retrospective single-institution observational study.
Objective: Spinal cord injury (SCI) is associated with a high prevalence of hyponatremia, which can cause various clinical
symptoms and increase mortality. We aimed to analyze the risk factors for hyponatremia in patients with acute SCI.
Setting: Trauma Center, Tohoku University Hospital, Japan
Methods: We reviewed the medical records of patients with SCI admitted between January 2008 and November 2016. Least
angle regression analyses was performed to assess the association between hyponatremia and other parameters.
Results: Of the 213 enrolled patients, 85 (40%) had hyponatremia (serum Na < 135 mmol/L) whilst 19 (9%) had severe
hyponatremia (serum Na < 130 mmol/L). Least angle regression analyses revealed that hyponatremia was significantly
associated with higher American Spinal Injury Association impairment scale, nosocomial pneumonia, deep vein thrombosis,
bradycardia, and surgery for SCI before developing hyponatremia. Severe hyponatremia was significantly associated with
traumatic brain injury with an abbreviated injury scale score ≥3, higher American Spinal Injury Association impairment
scale, bradycardia, vasopressors, and nosocomial pneumonia.
Conclusion: Various factors including traumatic brain injury with an abbreviated injury scale score ≥3 and higher American
Spinal Injury Association impairment scale may be associated with hyponatremia in patients with acute SCI. These factors
can help clinicians identify and monitor SCI patients with a higher hyponatremia risk, and potentially help patients to avoid
severe complications.

Introduction

Hyponatremia, defined as a serum sodium concentration
of <135 mmol/L, is frequently encountered in clinical
practice, occurring in 15–20% of patients following
emergency admission and in up to 20% of critically
ill patients [1, 2]. Spinal cord injury (SCI) is associated
with a higher prevalence of hyponatremia (25–80%)
within the first 2 weeks following trauma [3–6].

Hyponatremia leads to various clinical symptoms that
range from subtle to severe or life-threatening, and also
leads to secondary SCI that is associated with increased
mortality [1–3, 7, 8]. Therefore, early detection and
management of hyponatremia is crucial for improving
patient outcomes.

However, very few studies have focused on the risk
factors for hyponatremia in SCI patients. Previous studies
revealed potential causes of hyponatremia to be age, having
a severe American Spinal Injury Association (ASIA)
impairment scale grade, low blood pressure, the level of
injury, and fluid overload [3–5, 9]. However, these studies
were conducted in SCI centers and excluded patients with
traumatic brain injury. The incidence rates of concomitant
brain and spinal cord injuries have been reported to range
from 25 to 60% [10, 11]. Therefore, these results cannot be
generalized to patients in trauma centers, where patients
with acute SCI are generally treated in most countries. In
trauma centers, patients with acute SCI can have other
potential causes of hyponatremia such as traumatic brain
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injury, having surgery for other traumas, excessive fluid
intake, and nosocomial infections [10, 11].

In this study, we aimed to analyze the risk factors for
hyponatremia in patients with acute SCI at a single tertiary
emergency and critical care center in Japan.

Methods

Patients

In this retrospective observational study, we reviewed the
charts of patients with acute SCI who were admitted to the
Department of Emergency and Critical Care Medicine in
Tohoku University Hospital between January 2008 and
November 2016. Tohoku University Hospital is a 1225-bed
Japanese, academic, tertiary care hospital. The emergency
department accommodates approximately 3000 ambulance
visits per year. Tertiary-level hospitals, which are author-
ized by the Japanese Ministry of Health, Labor and Welfare,
are equivalent in terms of functionality to level 1 trauma
centers in Europe and the United States. They are capable of
providing 24-h specialty care in areas such as general sur-
gery, cardiovascular surgery, orthopedic surgery, neuro-
surgery, anesthesiology, emergency medicine, radiology,
internal medicine, and critical care [12]. Patients considered
for this study were those admitted within 24 h after their
initial trauma.

We included all patients with SCI or vertebral fracture
during the study period. We excluded patients: (i) who were
transferred to our hospital ≥2 days after experiencing
trauma; (ii) who were discharged or died within 3 days after
experiencing trauma, (iii) who did not undergo more than
two blood tests, including serum sodium concentration,
during hospitalization; (iv) who were diagnosed as having
simple transverse and spinous fracture with an ASIA
impairment scale grade of E; [9] (v) who had a history of
end-stage renal disease at admission; and (v) for whom
information on outcome, abbreviated injury scale (AIS)
score, or ASIA impairment scale grade was unavailable [9].

We defined “hyponatremia” as a serum sodium con-
centration <135 mmol/L and “severe hyponatremia” as a
serum sodium concentration <130 mmol/L [1]. Patients
undergoing hyponatremia treatment, i.e. receiving sodium
supplementation, were considered to be patients with
“severe hyponatremia” because treatment is not applicable
when hyponatremia is mild, according to the clinical prac-
tice guidelines [1].

Variables

Patient charts were reviewed, focusing on age, sex and vital
signs over the 24-h period following admission to the

emergency department. Variables included Charlson
comorbidity index (CCI); level of injury site; ASIA
impairment scale grade at admission;[9] injury severity
score (ISS); traumatic brain injury with an AIS score ≥3;
[13] the physiological findings within 24 h after trauma; any
laboratory data during hospitalization and within 28 days
after admission; diagnosis; surgery for SCI before devel-
oping hyponatremia; and interventional procedures during
hospitalization (transfusion, respirator, vasopressors, ster-
oids, and fluid infusion).

The decision regarding which clinical variables,
including serum sodium concentration, would be tested
was at the discretion of each clinician. If serum sodium
concentration <135 mmol/L was detected in patients
within 28 days after admission, we classified them as
having hyponatremia.

The CCI was calculated using the recorded diagnoses for
each patient. Patients were categorized into four groups
according to their CCI: CCI= 0, CCI= 1, CCI= 2, and
CCI ≥ 3 [14]. Patients were categorized into two groups
according to their injury site: (i) cervical and (ii) thoracic
and lumbar. The ASIA impairment scale is based on
international standards for neurological classification of SCI
[9]. To provide objective measurement, two skilled ortho-
pedic surgeons judged the ASIA impairment scale grade at
admission. Patients were categorized into three groups
according to their ASIA impairment scale grade: A, B–D
and E. The ISS is used to evaluate the severity of anatomic
injuries. The injury diagnosis is recorded according to the
AIS by using the AIS 90 Update 98 [13]. We defined
multiple injury as having two or more body regions with
AIS score ≥ 3 [13]. We defined hypotension as systolic
blood pressure < 90 mmHg within 24 h after trauma and
bradycardia as heart rate < 50 bpm within 24 h after trauma.
Cumulative fluid balance on day 1–2 was calculated as the
cumulative fluid infusion on day 1–2 minus cumulative
urine output on day 1–2.

Statistical analysis

Continuous variables are presented as median with inter-
quartile range. Categorical variables are presented as the
number of patients (percentage of the total). Number of
days from injury to development of hyponatremia are pre-
sented as histogram of patients with hyponatremia. We
performed univariate analysis to compare the characteristics
between patients with severe hyponatremia (Na < 130 mEq/
L) and those without hyponatremia, as well as between
patients with hyponatremia (Na < 135 mEq/L) and those
without hyponatremia, using chi-squared tests and Wil-
coxon rank-sum tests as appropriate.

Least angle regression was performed to assess the
association between potential predictors and the presence
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of severe hyponatremia as the primary analysis, and
hyponatremia as the secondary analysis [15, 16]. Least
angle regression is a method of model-building that
shrinks the coefficients by making the sum of the squared
coefficients less than a constant. This results in less bias
in the estimated coefficients, and any bias present is
toward zero rather than away from zero [15, 16]. To
perform least angle regression, we used “LARS: STATA

module to perform least angle regression” which was
provided by Adrian [17]. The variables presented in
Table 1 and Table 3 were used in the least angle regres-
sion model. A threshold for significance was P < 0.05. All
statistical analyses were conducted using IBM SPSS
version 25.0 (IBM Corporation, Armonk, NY, USA)
and STATA/MP 14.2 (StataCorp, College Station,
TX, USA).

Table 1 Characteristics of
patients with non-hyponatremia
and severe hyponatremia

Variables Total Non-hyponatremia Severe hyponatremia P-value

n= 147 n= 128 n= 19

Age, year 58 (37, 72) 58 (35, 72) 63 (60, 77) 0.034

Male 115 (78%) 98 (77%) 17 (89%) 0.25

CCI original

0 105 (71%) 92 (72%) 13 (68%) 0.49

1 25 (17%) 22 (17%) 3 (16%)

2 11 (8%) 8 (6%) 3 (16%)

3- 6 (4%) 6 (5%) 0 (0%)

Injured site

Cervical 86 (59%) 72 (56%) 14 (74%) 0.21

Thoracic-lumbar 61 (41%) 56 (44%) 5 (26%)

ASIA impairment scale

A 22 (15%) 15 (12%) 7 (37%) 0.011

B–D 51 (35%) 44 (34%) 7 (37%)

E 74 (50%) 69 (54%) 5 (26%)

Injury severity score 17 (13, 25) 17 (13, 25) 25 (16, 25) 0.12

TBI with an AIS score ≥3 58 (40%) 47 (37%) 11 (58%) 0.085

Multiple trauma 82 (56%) 74 (58%) 8 (42%) 0.22

Hypotension 37 (25%) 30 (23%) 7 (37%) 0.26

Bradycardia 6 (4%) 3 (2%) 3 (16%) 0.029

Treatment

Surgery for SCI before
developing hyponatremia

85 (58%) 69 (54%) 16 (84%) 0.013

Transfusion 33 (22%) 27 (21%) 6 (32%) 0.38

Mechanical ventilation 42 (29%) 33 (26%) 9 (47%) 0.061

Vasopressors 29 (20%) 21 (16%) 8 (42%) 0.014

Steroids 28 (19%) 24 (19%) 4 (21%) 0.76

Cumulative fluid infusion on day
1–2, mL

4920 (3628,
7521)

4800 (3293, 7334) 6386 (4446, 8496) 0.060

Cumulative fluid balance on days
1–2, mL

1042 (−61,
3594)

930 (−172, 3668) 1551 (306, 3520) 0.28

Outcome

Nosocomial pneumonia 29 (20%) 20 (16%) 9 (11%) 0.003

Deep vein thrombosis 5 (3%) 4 (3%) 1 (1%) 0.50

Binary variables are presented as number of patients (percentage of the total), and continuous variables are
presented as median (25th, 75th percentile)

Binary variables are compared using chi-square tests and continuous variables are compared using Wilcoxon
rank-sum tests

CCI Charlson Comorbidity Index, ASIA American Spinal Injury Association, TBI traumatic brain injury, AIS
abbreviated injury scale, SCI spinal cord injury
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Results

The records yielded 507 patients with acute SCI or vertebral
fracture. Two hundred thirteen patients were included in the
study after application of the inclusion and exclusion cri-
teria (Fig. 1). Of the 213 enrolled patients, 19 (9%) had
severe hyponatremia (serum Na < 130 mmol/L) and 85
(40%) had hyponatremia (serum Na < 135 mmol/L). Med-
ian (interquartile range) frequency of the serum sodium tests
during first 7 days and 14 days were 5 tests (4–6) and 8 tests
(6–11), respectively.

Figure 2 shows the number of days from injury to the
development of hyponatremia in patients with hypona-
tremia. Median (interquartile) of number of days from
injury to developing hyponatremia were 7 (4–11).

Characteristics of patients with or without severe hypo-
natremia are shown in Table 1. Table 2 shows the asso-
ciation between severe hyponatremia and other variables
according to least angle regression analyses. Nosocomial
pneumonia, higher ASIA impairment scale, bradycardia,
vasopressors TBI with an AIS score ≥3, and age were found
to be important covariates associating with severe
hyponatremia.

Patient characteristics in patients with or without hypo-
natremia are shown in Table 3. Table 4 shows the asso-
ciation between hyponatremia and other variables according
to the least angle regression analyses. Nosocomial pneu-
monia, deep vein thrombosis, bradycardia, surgery for SCI
before developing hyponatremia, and higher ASIA impair-
ment scale were found to be important covariates associat-
ing with hyponatremia.

Discussion

We assessed risk factors for hyponatremia in trauma
patients with acute SCI at a single tertiary emergency and
critical care center in Japan. In patients with acute SCI, we
found associations between severe hyponatremia and var-
ious risk factors including ASIA impairment scale and TBI
with an AIS score ≥3.

The prevalence rate of hyponatremia (serum Na < 135
mmol/L) following SCI is reported to be high at ~25–80%
[3–6], but patients with hyponatremia are usually asymp-
tomatic and do not require treatment [1, 2]. In contrast,
patients with severe hyponatremia (serum Na < 130 mmol/
L) usually display various signs and symptoms, and are
associated with a substantially higher mortality rate
[2, 18, 19]. The prevalence rate of severe hyponatremia
(serum Na < 130 mmol/L) in our cohort (9%) was higher

Table 2 Results from least angle regression analyses of the association
between potential predictors and the presence of severe hyponatremia

Step Cp R2 Action Odds ratio in final
model

1 18.24 0.00 Intercept

2 18.35 0.01 +nosocomial pneumonia 1.11

3 17.27 0.03 +higher ASIA impairment
scale

1.06

4 9.90 0.09 +bradycardia 1.18

5 11.58 0.09 +TBI with an AIS score ≥3 1.05

6 8.98 0.12 +vasopressors 1.03

7 6.63 0.15 +age 1.00

Cp= Estimate of prediction error (minimum printed in bold)

ASIA American Spinal Injury Association, TBI traumatic brain injury,
AIS abbreviated injury scale

91 patients died in the emergency department
19 patients died in the hospital within 3 days
42 patients were transferred within 3 days after injury
15 patients were discharged within 3 days after injury
37 had only vertebral fracture without spinal cord injury
8 patients were transferred 2 days after injury
2 patients were on hemodialysis
2 patients did not undergo blood examination during in-hospital stay

507 patients with spinal cord injury or vertebral fracture were identified

216 were excluded

213 eligible patients were included in the final analysis

85 patients with hyponatremia 
(Na < 135 mmol/L)

19 patients with severe  
hyponatremia (Na < 130 mmol/L)

128 patients without hyponatremia

78 patients for whom information on outcome, AIS score, or ASIA 
impairment scale grade was unavailable

Fig. 1 Flow diagram of patient selection AIS abbreviated injury scale,
ASIA American Spinal Injury Association

Fig. 2 Number of days from injury to the development of hypona-
tremia presented as a histogram of patients with hyponatremia
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than that in patients admitted to the intensive care unit in a
previous study (3.9%) [2].

Hyponatremia was significantly associated with a higher
ASIA impairment grade. This finding is consistent with that
of previous studies [5]. The pathophysiological mechanism
of hyponatremia in patients with SCI remains unclear. One
previous postmortem study indicated that hyponatremia in
patients with SCI was associated with disrupted integrity of
descending renal sympathetic circuits that mediate the

renin–angiotensin response to neural injury [20]. The pri-
mary physiological mechanism of hyponatremia might be
explained by the syndrome of the inappropriate antidiuresis
(SIADH) model or the renal sodium loss model (renal salt
wasting) [6, 21]; however, we were unable to identify the
physiological mechanism as we did not investigate changes
in urinary electrolytes or hormones.

To our knowledge, our study is the first to show that
severe traumatic brain injury is related to severe

Table 3 Characteristics of
patients with non-hyponatremia
and hyponatremia

Variables Total Non-hyponatremia Hyponatremia P-value

n= 213 n= 128 n= 85

Age, year 58 (36, 72) 58 (35, 72) 60 (37, 73) 0.29

Male 167 (78%) 98 (77%) 69 (81%) 0.5

CCI original

0 149 (70%) 92 (72%) 57 (67%) 0.34

1 41 (19%) 22 (17%) 19 (22%)

2 16 (8%) 8 (6%) 8 (9%)

3- 7 (3%) 6 (5%) 1 (1%)

Injured site

Cervical 122 (57%) 72 (56%) 50 (59%) 0.78

Thoracic-lumbar 91 (43%) 56 (44%) 35 (41%)

ASIA impairment scale

A 34 (16%) 15 (12%) 19 (22%) 0.11

B–D 72 (34%) 44 (34%) 28 (33%)

E 107 (50%) 69 (54%) 38 (45%)

Injury Severity Score 20 (13, 29) 17 (13, 25) 22 (16, 29) 0.02

TBI with an AIS score ≥3 83 (39%) 47 (37%) 36 (42%) 0.47

Multiple trauma 125 (59%) 74 (58%) 51 (60%) 0.78

Hypotension 54 (25%) 30 (23%) 24 (28%) 0.52

Bradycardia 10 (5%) 3 (2%) 6 (7%) 0.093

Treatment

Surgery for SCI before developing
hyponatremia

105 (49%) 69 (54%) 36 (42%) 0.12

Transfusion 51 (24%) 27 (21%) 24 (28%) 0.25

Mechanical ventilation 63 (30%) 33 (26%) 30 (35%) 0.17

Vasopressors 43 (20%) 21 (16%) 22 (26%) 0.12

Steroids 40 (19%) 24 (19%) 16 (19%) 1

Cumulative fluid infusion on day
1–2, mL

5401 (3834,
7808)

4800 (3293, 7334) 6421 (4630, 8270) 0.057

Cumulative fluid balance on days
1–2, mL

1541 (88,
3816)

930 (−172, 3668) 2335 (621, 4407) 0.018

Outcome

Nosocomial pneumonia 51 (24%) 20 (16%) 31 (36%) <0.001

Deep vein thrombosis 13 (6%) 4 (3%) 9 (11%) 0.038

Binary variables are presented as number of patients (percentage of the total), and continuous variables are
presented as median (25th, 75th percentile)

Binary variables are compared using chi-square tests and continuous variables are compared using Wilcoxon
rank-sum tests

CCI Charlson Comorbidity Index, ASIA American Spinal Injury Association, TBI traumatic brain injury, AIS
abbreviated injury scale, SCI spinal cord injury
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hyponatremia in acute SCI patients. Traumatic brain
injury are well known causes of hyponatremia [21–23].
Our study also suggested that combination of severe
traumatic brain injury and acute SCI might cause severe
hyponatremia.

Our study has some limitations. First, we did not mea-
sure the doses used for therapeutic sodium supplementation.
Second, our exclusion criteria, which included lack of
information on outcome, AIS score, or ASIA impairment
scale grade, may result in selection bias. Third, we did not
measure urine electrolyte and hormone levels in these
patients because our primary goal was to assess risk factors
rather than the pathophysiology of hyponatremia in patients
with acute SCI. Therefore, we cannot speculate regarding
the mechanism underlying the development of hypona-
tremia after SCI. Further studies are needed to elucidate this
mechanism. Fourth, we did not assess pseudo-hypona-
tremia, medication-induced hyponatremia and dilutional
hyponatremia, because most of the patients who developed
hyponatremia did not measure specific factors relating to
hyponatremia such as serum blood sugar, serum triglycer-
ides, serum osmotic pressure, urine osmotic pressure, and
urine electrolytes in our retrospective database. Fifth,
because of the small sample size in this study, volumes of
fluid infusions may not have shown a significant relation-
ship with hyponatremia.

In conclusion, our study suggests that various factors
including ASIA impairment scale and TBI with an AIS
score ≥3 may be associated with severe hyponatremia in
patients with acute SCI. Clinicians should closely monitor
the sodium levels of acute SCI patients with these risk
factors and implement intensive sodium supplementation

when appropriate to help patients avoid severe
complications.
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