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ABSTRACT
Background Although sodium disturbances are
common in hospitalised patients, no study has
specifically investigated the epidemiology of
hyponatraemia in patients with crush syndrome.
Objectives To describe the incidence of hyponatraemia
and assess its effect on outcome in patients with crush
syndrome during the Wenchuan earthquake.
Methods A retrospective study was conducted in 17
reference hospitals during the Wenchuan earthquake. We
excluded patients younger than 15 years and those with
missing sodium values within 3 days after being rescued
from the ruins.
Results Hyponatraemia (serum sodium concentration
<135 mmol/l) was seen in 91/180 (50.6%) patients on
admission. Compared with patients with normonatraemia,
those with hyponatraemia were younger, had more
severe traumatic injury and renal failure, underwent more
fasciotomies, received more blood transfusion and renal
replacement therapy. In the multivariable-adjusted model,
the number of extremity injuries (OR=1.59, 95% CI 1.08
to 2.33) and serum creatinine (OR=1.30, 95% CI 1.07 to
1.59) were independently associated with the occurrence
of hyponatraemia. Covariate adjusted multiple logistic
regression analysis showed an independent mortality risk
rising with hyponatraemia (OR=5.74, 95% CI 1.18 to
28.00).
Conclusions Hyponatraemia was common in the
patients with crush syndrome during the Wenchuan
earthquake and associated with poor prognosis. Water,
commercial drinks and hypotonic intravenous fluids
should be supplied carefully to patients with crush
syndrome.

INTRODUCTION
Hyponatraemia is the most common electrolyte
disorder in adult patients admitted to the intensive
care unit (ICU). The prevalence of hyponatraemia
on ICU admission is between 13.7% and 17.7%.1 2

The risk of death during hospitalisation is
increased in patients admitted to hospital with
hyponatraemia compared with normonatraemia.3

Hyponatraemia present on admission to the ICU
is an independent risk factor for poor prognosis.1

Earthquake disasters result in a vast number of
instant deaths owing to injuries to vital organs,
and are also associated with a cluster of heavily
wounded people, in whom crush injuries and pro-
longed compression of limbs are commonly found.
Crush syndrome is the systemic manifestation of
muscle cell damage resulting from crushing and

affects many organs, resulting in hypovolaemic
shock, acute kidney injury (AKI), arrhythmias,
acute respiratory distress syndrome, sepsis and
electrolyte disturbances.4 Crush injury-related
electrolyte abnormalities that occur as a result of
the release of cellular components include
hyperkalaemia, hyperphosphataemia, high anion-
gap metabolic acidosis and hypermagnesaemia.5

Hyponatraemia is seldom reported in patients
with crush syndrome in hospital as it is one of the
most common electrolyte disorders found.
On 12 May 2008, western Sichuan in China was

devastated by a deadly earthquake measuring 8.0
on the Richter scale, which was named the
Wenchuan earthquake. The earthquake caused
69 227 deaths, 17 923 people were lost and 96 544
wounded. The disaster also resulted in hundreds of
patients with crush syndrome.6 The primary aim
of this study is to describe the incidence of hypo-
natraemia and assess its effect on outcome in
patients with crush syndrome. The study protocol
was approved by the ethic committee of the
Chinese PLA General Hospital.

MATERIALS AND METHODS
Data collection
The Wenchuan earthquake-related AKI study
group designed a questionnaire in accordance with
the recommendations of the International Society
of Nephrology’s Renal Disaster Relief Task Force.
The questionnaire was sent to 17 hospitals, in
which the casualties were accepted and dialysis
was available. Among a total of 286 feedback ques-
tionnaires, 242 from 10 centres met the criteria of
crush syndrome. Double registrations were found
in 14 patients. To avoid repetition, duplicate
records were combined as one.6

Definitions
Crush syndrome was defined as crush injury with
one of the following characteristics: urine output
<400 ml/day, blood urea nitrogen >14.3 mmol/l,
serum creatinine >176.8 μmmol/l, serum uric acid
>475.8 μmmol/l, serum potassium >6 mmol/l,
phosphorus >2.6 mmol/l or calcium <2 mmol/l.7

The initial serum sodium concentration in this
analysis was adjusted according to the concomi-
tantly measured serum glucose level. If the glucose
level was >5.55 mmol/l, the serum sodium level
was adjusted upward by 2 mmol/l for each
5.55 mmol/l increment in serum glucose.8 Normal
serum sodium was defined as 135–145 mmol/l.
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Hyponatraemia was defined as a serum sodium concentration
<135 mmol/l. Hypernatraemia was defined as a serum sodium
concentration >145 mmol/l.

Based on the diagnoses in the hospitals, injury severity was
measured by the Injury Severity Score (ISS).9 10

Statistical analysis
Descriptive statistics of all numerical variables, including
means, SD, together with the proportions of all categorical
variables were calculated. Measurement data between the
groups were compared by Student t test or Mann–Whitney
test according to whether or not they conformed to normal dis-
tribution. Differences between group proportions were exam-
ined with a χ2 test. Multivariate logistic regression analysis was
performed to assess the possible predictors of hyponatraemia
and mortality. Data were analysed by standard statistical soft-
ware (SPSS V.13.0, Chicago, Illinois, USA).

RESULTS
A total of 228 patients with crush syndrome were admitted to
10 reference hospitals after the earthquake. Seventeen paediat-
ric patients were excluded and 31 patients were not analysed
owing to the absence of serum sodium values within 3 days
after being rescued from the ruins. One hundred and eighty
patients were included in this analysis. Of these 180 patients,
11 (6.1%) were hypernatraemic and 91 (50.6%) were hypona-
traemic. After excluding the patients with hypernatraemia, the
final analytical dataset comprised 169 patients with normona-
traemia or hyponatraemia.

The characteristics of the study population at admission are
summarised in table 1. The hyponatraemic patients were sig-
nificantly younger than those with normonatraemia. The dis-
tribution of gender was similar in both groups. No significant
differences were found in body temperature, heart rate, blood
pressure and time spent under the ruins between the two
groups, but a significantly lower urine output in the first 24 h
was recorded in the hyponatraemic group.

For the laboratory data at admission, there were no signifi-
cant differences in haemoglobin, white blood cell (WBC)
count, platelet and serum albumin between the hyponatraemic

and normonatraemic patients. Compared with normonatraemic
patients, serum creatinine, blood urea nitrogen, potassium,
phosphorus, uric acid and creatinine kinase were significantly
higher, while serum calcium was significantly lower in hypona-
traemic patients (table 1).

There were no significant differences in ISS, the incidence
of chest and abdominal trauma between the two groups.
Traumatic brain injury was seen in six patients in the hypona-
traemic group, while none was found in the normonatraemic
group (table 2). The incidence of medical complications, includ-
ing traumatic shock, wound infection, sepsis, pneumonia,
respiratory failure, acute respiratory distress syndrome and dis-
seminated intravascular coagulation, did not differ significantly
between the two groups. The hyponatraemic patients had a
greater number of multiple extremity injuries and underwent
more fasciotomies than the normonatraemic patients (table 2).
The number of multiple extremity injuries showed positive cor-
relations with serum creatinine (r=0.218, p=0.005) and potas-
sium (r=0.362, p<0.001), while negative correlations were
noted with urine output (r=−0.175, p=0.034), serum albumin
(r=−0.243, p=0.003) and calcium (r=−0.187, p=0.031).

The quantity of fluids administered within the first 24 h of
their hospitalisation was defined in 89 patients and the mean
total volume was 3229±2328 ml (range 300–10 360 ml). Only
17/169 patients (10.1%) received fluid infusion >6000 ml/24 h.
There was no significant difference in the volume of fluids
administered between the hyponatraemic and normonatraemic
patients. The hyponatraemic group received more blood transfu-
sions, while no significant difference was found in plasma trans-
fusions between the two groups. Renal replacement therapy
was performed more often in patients with hyponatraemia than
in those with normal serum sodium level (table 3).

Multivariate logistic regression analysis adjusted by age includ-
ing the variables of number of extremity injuries, serum creatinine,
potassium, phosphorus and calcium indicated that number of
extremity injuries (OR=1.59, 95% CI 1.08 to 2.33) and serum cre-
atinine (OR=1.30, 95% CI 1.07 to 1.59) were independently asso-
ciated with the occurrence of hyponatraemia.

Overall, 14 (15.4%) hyponatraemic patients died, while 4
(5.1%) deaths were noted in the normonatraemic patients

Table 1 Characteristics of patients with and without hyponatraemia

Characteristics Normal sodium Patients (n) Hyponatraemia Patients (n) p Value

Age (years) 47.2±21.7 78 33.5±19.1 91 <0.001
Male (%) 37 (47.4) 78 53 (58.2) 91 0.160
Time under the ruins (h) 30.2±28.9 62 27.5±25.1 83 0.834
Urinary volume (ml/24 h) 889.7±738.1 69 619.6±704.3 78 0.004
ISS 11.2±7.0 78 12.7±10.2 91 0.381
Systolic blood pressure (mm Hg) 119.8±32.9 78 115.6±30.2 89 0.797
Diastolic blood pressure (mm Hg) 71.8±18.8 78 71.0±19.3 89 0.986
Haemoglobin (g/l) 105.2±35.4 76 109.3±38.7 87 0.520
WBC count (109/l) 13.0±6.6 77 13.8±6.3 87 0.155
Platelets (109/l) 114.4±65.0 77 124.1±62.0 87 0.328
Serum albumin (g/l) 27.7±8.3 70 26.3±6.4 78 0.641
Serum creatinine (mg/dl) 2.8±1.8 78 4.3±2.5 91 <0.001
Blood urea nitrogen (mg/dl) 49.6±25.2 78 68.6±31.6 91 <0.001
Serum potassium (mmol/l) 4.8±1.3 78 5.7±1.3 91 <0.001
Serum phosphorus (mmol/l) 1.6±0.8 67 2.2±0.8 74 <0.001
Serum calcium (mmol/l) 2.1±0.2 71 2.0±0.3 81 0.002
Serum uric acid (μmmol/l) 480.9±222.8 73 556.6±237.2 85 0.040
Creatinine kinase (U/l) 20395.6±50660.4 34 81083.3±229550.7 42 0.006

ISS, Injury Severity Score; WBC, white blood cell.
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(p=0.040). Compared with patients with a normal serum
sodium level, the occurrence of hyponatraemia was independ-
ently associated with a higher risk of in-hospital mortality
(OR=3.36, 95% CI 1.06 to 10.69). The adjusted risk of mortal-
ity was also more prominent in patients with hyponatraemia
(OR=5.74, 95% CI 1.18 to 28.00).

DISCUSSION
In this study we describe for the first time the prevalence of
hyponatraemia in patients with crush syndrome after an earth-
quake. It demonstrates that hyponatraemia is common in
patients with crush syndrome, and associated with poor
prognosis.

Although many reports have examined the prevalence,
causes and outcomes of hyponatraemia, few have focused on
hyponatraemia associated with crush syndrome. Oda et al
retrospectively analysed eight patients with crush syndrome
who were treated in the ICU of a university hospital. Reduced
serum sodium concentrations, ranging from 119 to 133 mmol/l,
were present in six patients.11 Dönmez et al reported on 20
paediatric patients with crush syndrome, with serum sodium
levels of 135.4 and 133 mmol/l in children with one extremity
and multiple extremity injuries, respectively, meaning that
nearly half of the patients developed hyponatraemia.12 Adams
et al recently conducted a prospective, observational study
showing that AKI was present in 32% of patients with hypo-
natraemia.13 However, these three studies all included small
numbers of patients. In our study, hyponatraemia was detected
in 50.6% of 180 adult patients with crush syndrome on admis-
sion, which is higher than that in unselected patients. In a
prospective cohort study of 98411 adults, hyponatraemia was
seen in 14.5% of patients on initial measurement.3 Another
retrospective study including 151486 adults in 77 ICUs showed
that the frequency of hyponatraemia in critically ill patients
was 17.7%.1

Although the causes of hyponatraemia are varied, from a
pathophysiological point of view, hypotonic hyponatraemia
is the most common type, which is commonly caused by
non-osmotic release of vasopressin.14 This is especially true
among patients with crush syndrome. After being crushed
and trapped by debris during the earthquake, the victims had
severe pain and extreme fear, which stimulated the release of
vasopressin. Prolonged compression caused muscle ischaemia,
and reperfusion contributed additionally to the injury. The
sarcolemma loses its functional integrity, creating intracellu-
lar oedema and third-space loss, resulting in intravascular
volume depletion,15 which promotes homoeostatic activation
of the renin–angiotensin system, vasopressin and the sympa-
thetic nervous system.16 Westermann et al found that vaso-
pressin was significantly increased in patients with multiple
trauma.17 In our series, the patients with hyponatraemia had
more severe traumatic injury, and hyponatraemia is independ-
ently associated with the number of crushed extremities,
which reflected more third-space loss and the severity of the
hypovolaemic condition. The decrease of urine output in the
first 24 h also reflected the impaired ability of the kidney to
excrete water, at least partly owing to increased vasopressin.

Although time spent under the ruins did not differ
between the two groups, we could not exclude the possibil-
ity that after being rescued after prolonged periods in the
rubble, the victims tended to drink large amounts of water
to relieve thirst due to dehydration. It is possible for muscle
compartments of a 75 kg adult to lose up to 12 litres of fluid
in the first 48 h.18 Therefore, vigorous fluid replacement is
imperative to prevent hypovolaemia and acute renal failure.19

Unfortunately, during a large-scale disaster, provision of fluids
is more difficult to implement. Although for some victims of
the Wenchuan earthquake fluid administration started before
extrication from beneath the rubble, the fluid resuscitation
was not as vigorous as recommended.4 19 Only 10.1% of
patients with AKI received fluid infusion of >6000 ml within
the first 24 h of their hospitalisation The reasons for this
include a shortage of medical supplies and lack of experience
in dealing with crush-related AKI.

The same patterns were also reported in the Kobe earth-
quake20 and the Marmara earthquake.21 In the Kobe earth-
quake, most of the victims with crush syndrome received only
2000–3000 ml/day of infused fluids during the initial 3 days,
and the mean volume of administered fluids was 5109 ml/day
in the Marmara earthquake. In this setting, the victims might
drink more water or commercial drinks. However, even the
commercial sports drinks are hypotonic, with a sodium concen-
tration of only about 18 mmol/l.22 23 As a result, victims are
prone to develop hyponatraemia owing to a relative excess of
hypotonic fluid in conjunction with an underlying condition
that impairs the kidney’s ability to excrete water.

Although a number of reviews have mentioned renal failure
as an important contributor to impaired renal water excretion,
few cohorts with AKI and hyponatraemia have been reported.
Adams et al recently conducted a prospective, observational
study showing that 32% of the patients with hyponatraemia
had AKI, most of which were prerenal AKI.13 A characteristic
feature of crush syndrome-related AKI is the presence of a low
fractional excretion of sodium (<1%), reflecting the primacy of
preglomerular vasoconstriction and tubular occlusion rather
than tubular necrosis.16 24 Adams et al suggested that AKI and
hyponatraemia should be regarded as two different manifesta-
tions of one underlying cause.13 In our study, although we
could not determine whether the patients at hospital admission

Table 2 Incidence of traumatic events in patients with and without
hyponatraemia

Traumatic events
Normonatraemia
(N=78)

Hyponatraemia
(N=91) p Value

Number of crushed
extremities

1.3±0.9 2.1±1.4 <0.001

Fracture (n, %) 43 (55.1) 37 (40.7) 0.092
Traumatic shock (n, %) 10 (12.8) 6 (6.6) 0.168
Thoracic trauma (n, %) 16 (20.5) 23 (25.3) 0.464
Abdominal trauma (n, %) 11 (14.1) 9 (9.9) 0.398
Cerebral trauma (n, %) 0 6 (6.6) 0.031

Table 3 Therapeutic interventions in patients with and without
hyponatraemia

Therapeutic
interventions

Normonatraemia
(N=78)

Hyponatraemia
(N=91) p Value

Fasciotomies (n, %) 21 (26.9) 41 (45.1) 0.015
Amputations (n, %) 28 (35.9) 34 (37.4) 0.844
Fluid transfusion during
1st 24 h (ml)

3424.5±2532.3 3054.9±2136.6 0.408

Blood transfusion (U) 7.5±19.6 14.2±29.6 0.037
Plasma transfusion (ml) 1807.3±4815.8 3000.0±6376.3 0.140
Dialysis (n, %) 31 (44.1) 65 (75.3) <0.001
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presented with prerenal failure, we found that the serum
creatinine level was another predictor of hyponatraemia.

Hyponatraemia has been shown to be a powerful risk factor
for both morbidity and mortality. Hyponatraemia present on
admission to the ICU is an independent risk factor for poor
prognosis.1 Recently, a large single-centre study showed that
both community and hospital-acquired hyponatraemia were
associated with increased mortality even when hyponatraemia
was mild.3 It remains unclear whether the relationship
between hyponatraemia and adverse outcomes is causative or
only associative. Chawla et al reported that the nature of under-
lying illness rather than the severity of hyponatraemia best
explained mortality associated with hyponatraemia.25 In our
study, patients with hyponatraemia had more severe traumatic
injury and renal failure, underwent more fasciotomies, received
more blood transfusion and renal replacement therapy.
Although it is hard to reach a definite conclusion that a direct
relationship exists between hyponatraemia and mortality, the
OR was still highly significant after adjustment for comorbid-
ity, emphasising the association between hyponatraemia and a
poor clinical outcome.

The potential morbidity and mortality from hyponatraemia
provide the rationale for trying to maintain normonatraemia in
all patients.25 To prevent renal failure4 19 and hyponatraemia in
patients with crush syndrome, early, aggressive volume reple-
tion before evacuating the patients is crucial. Adams et al
reported that isotonic fluid replacement could correct hypona-
traemia without overcorrection and led to a good outcome.13

Because patients with crush syndrome have a greater tendency
to develop hyponatraemia, these data emphasise that isotonic
saline is the preferred repletion fluid. Water, commercial drinks
and hypotonic intravenous fluids should be given cautiously to
patients with crush injury.

This study has several limitations. First, our data included a
number of missing values owing to the chaotic disaster condi-
tions. This study did not obtain data on prehospital oral or
intravenous fluids, which might be an important reason for the
development of hyponatraemia in patients with crush syn-
drome during the earthquake. Lack of information about urine
osmolality and sodium excretion rate made it difficult to assess
the fluid balance and its cause. However, owing to delay in
extricating people from the ruins and the long distance of
transportation as well as the severe rhabdomyolysis, most
patients in this study had already developed acute renal failure
on admission, and thus assessment of the above values might
not be as important as in the general population.

CONCLUSIONS
Hyponatraemia was common in the patients with crush syn-
drome during the Wenchuan earthquake and associated with
poor prognosis. Water, commercial drinks and hypotonic intra-
venous fluids should be supplied carefully to patients with
crush syndrome.
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