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STUDY DESIGN: Retrospective study.
OBJECTIVE: To investigate the incidence of and factors associated with hyponatremia among traumatic cervical spinal cord injury
(SCI) patients.
SETTING: Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand.
METHODS: This retrospective study included traumatic cervical SCI patients that were admitted to the Siriraj Spinal Unit during
January 2002 to May 2013. Patient demographic and clinical data were collected.
RESULTS: One hundred and twenty-three patients (98 males, 25 females) were enrolled. The mean age of patients was 47.2 ± 16.9
years (range: 11–84). There were 38 complete and 85 incomplete cord injuries. Seventy-six patients were treated surgically, and all
others received conservative treatment. Hyponatremia developed in 54 patients (43.9%), and 74.1% of all cases of hyponatremia
presented within 9 days after SCI. Hyponatremia occurred on the first day in 10 patients (18.5%), on the fifth day in 6 patients
(11.1%), and on the eighth day in 5 patients (9.26%). Hyponatremia occurred in 6/10 patients (60.0%) with upper cervical spine
injury (C1-2), and in 48/113 patients (42.5%) with lower cervical spine injury (C3-7) (odds ratio [OR]: 2.031, 95% confidence interval
[CI]: 0.543–7.596; p= 0.292). The incidence of hyponatremia was 65.8% in complete SCI patients, and 34.1% in incomplete SCI
patients. Logistic regression analysis revealed complete SCI to be the only factor significantly associated with hyponatremia (OR:
3.714, 95% CI: 1.658–8.317; p < 0.001).
CONCLUSION: Hyponatremia was found to be common in post-traumatic cervical SCI patients. Complete SCI was identified as the
only factor significantly associated with hyponatremia in traumatic cervical SCI patients.
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INTRODUCTION
Hyponatremia, which is defined as an abnormally high water to
sodium ratio in extracellular fluid, is a commonly observed
electrolyte imbalance in hospitalized patients [1, 2]. Mild
hyponatremia (serum sodium <135 mmol per liter) develops in
15–20% of patients admitted to the hospital, and in ~7% of
nonhospitalized patients [3]. Medium-severity hyponatremia
(serum sodium <130mmol/l) emerges in 1–7% of in-hospital
patients [4, 5]. Sympathetic dysfunction-associated hyponatremia
and hypotension are major acute-stage complications that
develop following trauma-related cervical spinal cord injury (SCI)
[6–11]. Heightened activity in renal sympathetic nerves increases
renal tubular water and sodium reabsorption within the nephron,
lowers glomerular filtration and blood flow in the kidney by
contracting the renal blood vessels, and facilitates renin release via
juxtaglomerular granular cells, which results in increased endo-
genous renin–angiotensin–aldosterone activity [7, 12, 13].
Mortality among patients with symptomatic hyponatremia is

much higher than among normonatremic patients [14]. The
causes of hyponatremia vary and requires proper management.
Thailand is middle income country. The traffic problems and
development of industrial works increase significantly the number

of spinal cord injured patients. Siriraj spinal unit was the first spinal
center setting up more than 15 years in Siriraj Hospital, Mahidol
University which is one of the world well known medical school
and university hospital. It is our strategies to develop high
efficiency of early management, reducing mobility and mortality
as well as improving the quality of life in spinal cord injured
patients.
This study aims to encourage the recognition of hyponatremia

condition following acute SCI. The study presents the information
of incidence and influencing factors of hyponatremia (serum
sodium <135 mmol/l) following acute cervical SCI. Awareness and
early effective management will minimize complicated cases with
better outcomes to achieve the goal.

METHODS
All patients with acute cervical SCI who were transported to the spinal unit
of Siriraj Hospital (Bangkok, Thailand) during January 2002 to May 2013
were retrospectively enrolled. Patient demographic and clinical data were
collected from patient medical records and from our center’s patient
information database. We excluded patients with previously diagnosed
chronic hyponatremia, head injury, or systemic or renal disease. We also
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excluded patients that often took medication that can affect electrolyte
level (e.g., carbamazepine, enema, laxative, diuretic, angiotensin-
converting enzyme inhibitors) and none of patients received methylpred-
nisolone at acute phase. This study received institutional review board
approval (COA no. 86/2014 [EC1]).
Data that were collected included age, gender, cause of injury, severity

(complete or incomplete SCI) and level of SCI, serum sodium level,
treatment strategy (conservative treatment or surgery), and day of
presentation of hyponatremia after injury. A serum sodium concentration
<135mmol/L defined hyponatremia in our study, and we categorized
cervical SCI as either high (C1-2) or low (C3-7).

Statistical analysis
All data analyses were performed using SPSS statistical analysis software.
Categorical data are given as number or number and percentage, and
continuous data are described as mean ± standard deviation. Chi-square
test or Fisher’s exact test was used to assess categorical data, and Student’s
t test was used to evaluate continuous data. Logistic regression analysis
was used to identify factors significantly associated with hyponatremia.
Statistical significance was defined as a p value < 0.05.

RESULTS
This study included 123 traumatic cervical SCI patients. There were
98 males and 25 females, with a mean age of 47.2 years (range:
11–84). Motorcycle accident was the leading cause of injury (70/
123, 56.9%), followed by simple fall (25/123, 20.3%), fall from
height (18/123, 14.6%), and gunshot wound (4/123, 3.3%).
Concerning the severity of SCI using the American Spinal Injury
Association (ASIA) [15] Impairment Scale, there were 38 (30.9%)
complete SCI patients, and 85 (69.1%) incomplete SCI patients.
The mean length of hospital stay was 131.4 days (median: 65 days)
(Table 1). The distribution of injury level was C1 in 3 cases (2.4%),
C2 in 7 cases (5.7%), C3 in 25 cases (20.3%), C4 in 25 cases (20.3%),
C5 in 34 cases (27.6%), C6 in 19 cases (15.4%), and C7 in 10 cases
(8.1%) (Table 1). Fifty-four patients (43.9%) had hyponatremia (Na
< 135mmol/L), and 69 (56.1%) had normal serum sodium (Na ≥
135mmol/L) (Table 2). Regarding course of treatment, 76 (61.8%)
patients had surgery, and 47 (38.2%) patients received conserva-
tive management. Among the 54 hyponatremia patients, 40
(74.1%) developed hyponatremia within 9 days after sustaining
their injury. Peak hyponatremia was observed on the first day after
injury in 10/54 (18.5%) patients, on day 5 after injury in 6/54
(11.1%) patients, and on day 8 after injury in 5/54 (11.1%) patients
(Fig. 1). Among the 54 patients who developed hyponatremia, the
distribution of level of SCI was C3 injury in 13/54 (24.1%), C4 in 11/
54 (20.4%), C5 in 10/54 (18.5%), C6 in 10/54 (18.5%), C7 in 4/54
(7.4%), C2 in 4/54 (7.4%), and C1 in 2/54 (3/7%) (Fig. 2).
Hyponatremia occurred 2 times more often in patients with

upper cervical spine injury (C1-2) (6/10, 60%) than in patients with
lower cervical spine injury (C3-7) (48/113, 42.5%), but the
difference between groups did not achieve statistical significance
(odds ratio [OR]: 2.031, 95% confidence interval [CI]: 0.543–7.596;
p= 0.292) (Table 3).
Of the 25 patients with complete SCI, 65.8% developed

hyponatremia, and 29 of 113 (34.1%) incomplete SCI patients
developed hyponatremia. Logistic regression analysis revealed
complete SCI (ASIA Impairment Scale score A) to be the only factor
significantly associated with hyponatremia (OR: 3.714, 95% CI:
1.658–8.317; p < 0.001) (Table 3). No significant association was
found between hyponatremia and age, gender, or level of cervical
SCI.

DISCUSSION
Hyponatremia is common in patients with neurological conditions,
and the prevalence of hyponatremia is known to be much higher
in patients with acute SCI than in general medical or surgical

patients. Hyponatremia is commonly observed after SCI, and the
reported incidence ranged from 29% to 86% [6, 8, 16–18].
In this present study, hyponatremia developed in 54 of 123

(43.9%) SCI during the early period following trauma-related
cervical SCI, and most of those developed hyponatremia within
the first 9 days post-SCI. Hyponatremia developed on the first day
in 18.5% of patients with hyponatremia, on the fifth day in 46.3%,
and on the ninth day in 74.1%. This result is consistent with
another study that found hyponatremia in 86 of 172 (50%)
patients with SCI [19]. Furlan and Fehlings et al. reported
hyponatremia to be significantly more common in SCI than in
controls during the first 2 weeks after hospitalization following
trauma-related spine injury, and hyponatremia persisted for 4 to
6 days (mean: 5.3 days, median: 6 days) after acute traumatic SCI
[8]. Peruzzi et al. reported that hyponatremia developed an
average of 6.4 ± 6.7 days after admission, and it reached its nadir
at a mean 8.7 ± 8.8 days [17]. Of 134 patients with spinal injuries,
25 developed hyponatremia within 2 days of injury at a hospital in
the UK [6]. These results and reported findings indicate that
hyponatremia is highly likely to develop within the first 2 weeks
post-SCI, so patient sodium levels should be carefully monitored

Table 1. Patient’s demographic and clinical characteristics.

Characteristics (N= 123)

Age (years), mean ± SD 47.2 ± 16.9

Gender

Female 25 (20.3%)

Male 98 (79.7%)

Mechanism of injury

Motorcycle accident 70 (56.9%)

Simple fall 25 (20.3%)

Fall from height 18 (14.6%)

Gun shot 4 (3.3%)

Other 6 (4.9%)

Level of spinal cord injury

C1 3 (2.4%)

C2 7 (5.7%)

C3 25 (20.3%)

C4 25 (20.3%)

C5 34 (27.6%)

C6 19 (15.4%)

C7 10 (8.1%)

Severity of spinal cord injury

Complete 38 (30.9%)

Incomplete 85 (69.1%)

Length of hospital stay (days)

Mean ± SD (range,
min, max)

131.42 ± 297.3
(1,2594)

Median 65

SD Standard deviation, C cervical.

Table 2. Number of traumatic cervical spinal cord patients that
developed hyponatremia.

Level of sodium n (%)

Normal sodium (Na ≥ 135mmol/L) 69 (56.1%)

Hyponatremia (Na < 135mmol/L) 54 (43.9%)
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during this period to improve early diagnosis and treatment to
prevent morbidity and mortality.
Hyponatremia frequently occurs in traumatic SCI. Patients with

mild hyponatremia, which is defined as a serum Na concentra-
tion ranging within 130–135 mmol/l, are commonly asympto-
matic during the first days after injury. Although treatment is
generally not required, these patients should be carefully
watched because the administration of intravenous fluid may
be required in some cases. Signs and symptoms that may be
demonstrated in patients with a plasma Na concentration
<130 mmol/l include anorexia, nausea, vomiting, disorientation,
and headache [20]. Substantially increased mortality was also
reported to be associated with plasma Na concentration
<130 mmol/l [4], so careful observation and appropriate treat-
ment are essential. Reported causes of hyponatremia include
morphological alteration in sympathetic ganglion neurons, the
descending vasomotor pathway, and/or the descending renal
sympathetic pathway [21, 22].
Our research group previously reported a mean length of

hospital stay (LOS) of 96.2 days among complete cervical SCI, and
that hyponatremia lengthened the LOS and increases the cost of
care and hospitalization [23]. In the present study, we found a
non-significant trend towards a higher incidence of hyponatremia
among older patients compared to younger patients. However,
multivariate analysis performed in another study revealed
older age to be a risk factor for hyponatremia after SCI [20].
Hyponatremia may be more likely to develop among older SCI
due to physiological changes of aging, such as hormonal changes
and sclerotic change in the vascular system. However, little is
known about the relationship between hyponatremia after SCI
and older age status.

In this study, the incidence of hyponatremia was 60% in the
upper level (C1-2) SCI group compared to 42.5% in the lower level
(C3-7) SCI group, but the difference between groups was not
statistically significant (OR: 2.031, 95% CI: 0.543–7.596; p= 0.292).
Even though no significant association was found, our finding may
heighten physician awareness for a potential higher likelihood of
hyponatremia in upper level injury patients. Peruzzi et al. reported
hyponatremia in 28% of patients with cervical injuries, in 34% with
thoracic injuries, and in 27% with lumbar injuries (p > 0.05) [17].
Therefore, our results and previously reported results suggest that
level of injury does not significantly influence the likelihood of
hyponatremia.
Among the 123 patients included in our study, there were 38

(30.9%) complete SCI patients, and 85 (69.1%) incomplete SCI
patients. Of the 25 patients with complete SCI, 65.8% developed
hyponatremia, and 29 of 113 (34.1%) incomplete SCI patients
developed hyponatremia. Logistic regression analysis revealed
complete SCI to be the only factor significantly associated with
hyponatremia (OR: 3.714, 95% CI: 1.658–8.317; p < 0.001).
Compared to others studies, Nakao et al. reported that during
acute and subacute periods, patients with more severe SCI
according to ASIA impairment scale (AIS) classification had a
higher frequency of hyponatremia [19]. Peruzzi et al. found the
most significant predictor of hyponatremia to be related to
degree of severity classification of SCI, not to the level of injury
[17]. Frisbie reported severity of SCI to be significantly related to
decreased sodium conservation and hyponatremia [7]. The
findings of the present and previous studies suggest strong
association between severity of SCI and more severe
hyponatremia.
Increased incidence of hyponatremia in patients with higher

severity of SCI is multifactorial. First, renal conservation of
sodium may be impaired due to sympathetic denervation of the
kidney or impaired renal blood flow [7]. Second, antidiuretic
hormone is secreted in extremely high concentrations in
response to orthostatic hypotension [24]. Third, failure of the
tetraplegic patient to excrete water load after the suppression of
ADH, which suggests an ADH-independent mechanism of renal
conservation of water [25]. Fourth, increased intake of water as
evidenced by polyuria provides ample substrate for ADH
expression. In summary, hyponatremia in SCI can be related to
the effects of enhanced water conservation, increased fluid
intake, and partially blocked sodium conservation [7].

Limitations
The limitations of this study are hereafter described. The first
limitation includes the collective limitations of retrospective
research compared to prospective research, including missing
and incomplete information. Second, the relatively small size of
our study population may have limited our study’s power to
statistically identify all significant associations and differences.
Third and last, the Siriraj Spinal Unit is a highly specialized care
setting, so our findings may not be fully generalizable to settings
with less sophisticated levels of care. Further multicenter study in
a much larger population of traumatic cervical SCI will help to
elucidate if level of care influences the incidence of hyponatremia
in this patient population.

Conclusion
Hyponatremia was found to be common among post-traumatic
cervical SCI patients. Three-quarters (74.1%) of all hyponatremia
presented within 9 days after SCI, and peak hyponatremia occurred
on day one in 10 patients (18.5%). The vast majority of hyponatremia
(60.0%) occurred in patients with upper cervical spine injury (C1-2).
Logistic regression analysis revealed complete SCI to be the only
factor significantly associated with hyponatremia in our study
population. Prompt diagnosis and treatment of hyponatremia is

Fig. 2 Levels of cervical spinal cord injury that developed hyponatremia.

Fig. 1 The date and number of patients that developed hypona-
tremia after cervical spinal cord injury.
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necessary to prevent morbidity and mortality, so careful monitoring
of sodium level after traumatic cervical SCI is essential.

DATA AVAILABILITY
All data generated or analysed during this study are included in this published article.
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Table 3. Analysis for factors associated with the development of hyponatremia.

Factors Hyponatremia Odds ratio 95% CI p value

Yes No

Age 48.9 ± 17.2 45.8 ± 16.7 1.011 0.990–1.033 0.312

Gender

Male 45 (45.9%) 53 (54.1%) 1.509 0.609–3.743 0.374

Female 9 (36.0%) 16 (64.0%) 1

Level of spinal cord injury

C1-2 6 (60.0%) 4 (40.0%) 2.031 0.543–7.596 0.292

C3-C7 48 (42.5%) 65 (57.5%) 1

Type of spinal cord injury

Complete 25 (65.8%) 13 (34.2%) 3.714 1.658–8.317 0.001

Incomplete 29 (34.1%) 56 (65.9%) 1

CI confidence interval, C cervical.
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