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a mortality rate of 4.3%. On Cox proportional hazard regres-
sion age, %TBSA, ISS, and AKIN stage were found to be sig-
nificant predictors of mortality. Hypernatremia (HR 2.00, 
95% CI 1.212–3.31; p = 0.0066), but not hyponatremia (HR 
1.72, 95% CI 0.89–3.34; p = 0.1068) was associated with mor-
tality.  Conclusions:  In the burn population, hypernatremia, 
but not hyponatremia, is an independent predictor of mor-
tality. 

 Introduction 

 Both hypernatremia  [1–4]  and hyponatremia  [1, 4, 5]  
have been examined in the hospital setting and have been 
found to be significantly associated with mortality. Hy-
ponatremia has been observed in 14.5–37.9% of patients 
upon hospital admission  [1, 5–7] , while rates for hospital-
acquired hyponatremia range from 11 to 38.2%  [4, 5, 8] . 
Mortality rates vary significantly based on the popula-
tion studied, and in several studies hyponatremia has 
been associated with an increased risk of death  [1, 4, 5, 7, 
8] . The incidence of hypernatremia has been reported to 
be 2–9% upon hospital admission  [1, 2] . After admission 
to an intensive care unit (ICU), patients developed hyper-
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 Abstract 

  Background/Aims:  Dysnatremias have been evaluated in 
many populations and have been found to be significantly 
associated with mortality. However, this relationship has not 
been well described in the burn population.  Methods:  Ad-
missions to the burn center at our institution from January 
2003 to December 2008 were examined. Independent vari-
ables included gender, age, percentage total body surface 
area burned (%TBSA), percentage of third-degree burn, in-
halation injury, injury severity score (ISS), Acute Kidney Injury 
Network (AKIN) stage, hypernatremia, and hyponatremia. 
They were examined via Cox proportional hazard regression 
models against death. Moderate to severe hypo- and hyper-
natremia were defined as serum sodium  ! 130 and  1 150 
mmol/l, respectively.  Results:  In 1,969 subjects with a mean 
age of 36.3  8  16.4 years, a median %TBSA of 9 (interquartile 
range 4–20) and a median ISS of 5 (interquartile range 1–16) 
hypernatremia occurred in 9.9% (n = 194), while hyponatre-
mia occurred in 6.8% (n = 134) with mortality rates of 33.5 
and 13.8%, respectively. Patients without a dysnatremia had 
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natremia at rates of 7–26%  [3, 8] . In these cohorts, hyper-
natremia was significantly associated with mortality  [1–
3, 8] .

  In the burn population, hypernatremia has not been 
well studied. In the small studies done to date, the inci-
dence of hypernatremia is seemingly higher than other 
populations at 34–37.5% and has been associated with 
mortality  [9, 10] . Hyperosmolarity is associated with pe-
ripheral insulin resistance  [11]  and decreased myocardial 
contractility  [12]  which could thus result in poor out-
comes.

  To our knowledge, the incidence of hyponatremia and 
its possible association with mortality has not been eval-
uated in the setting of burn injuries. We sought to evalu-
ate the incidence and mortality risk associated with so-
dium disorders in patients with burn injuries admitted to 
our institution.

  Methods 

 After approval from the institutional review board, we retro-
spectively reviewed all admissions to our burn center from Janu-
ary 2003 to November 2008. Patients were included for analysis if 
they were aged  1 18 years, were admitted for  1 24 h and had a se-
rum sodium level obtained in their hospital course. Patients were 
excluded from analysis if they had end-stage renal disease prior 
to admission, or did not have burn or inhalation injury.

  Data were obtained by review of the electronic medical record 
and by search of a prospectively collected trauma registry. Age, 
sex, percentage of total body surface area burned (%TBSA), per-
centage of full-thickness burn (%FT), injury severity score (ISS), 
days on mechanical ventilation, days in the ICU, days in the hos-
pital, presence of inhalation injury, electrical burn, renal replace-
ment therapy (RRT), and mortality were recorded from these 
sources. The ISS is a validated method for describing patients with 
multiple traumatic injuries  [13] . Acute kidney injury (AKI) was 
diagnosed by the AKI network (AKIN) criteria  [14] . Since we did 
not have access to a known baseline creatinine, the lowest creati-
nine obtained in the first 7 days of hospitalization was used as a 
surrogate. If a patient had only one creatinine measured in the 
first 7 days or if the creatinine increased over the first 7 days, a 
baseline creatinine was estimated by solving the Modification of 
Diet in Renal Disease (MDRD) study equation assuming an esti-
mated glomerular filtration rate of 75 ml/min/1.73 m 2 . For ex-
ample, if a patient was admitted with a serum creatinine level of 
2 mg/dl and it progressively increased to 4 mg/dl over the course 
of 7 days, the MDRD equation was used to determine a baseline 
instead of using the lowest value in the first 7 days (which for this 
case would be 2 mg/dl). Our study was limited to moderate to se-
vere hypo- and hypernatremia, which were defined as  ! 130 and 
 1 150 mmol/l, respectively.

  Statistical analysis was performed using SAS version 9.2 (Cary, 
N.C., USA). Categorical variables from each group were com-
pared via  �  2  analysis, whereas continuous variables were com-
pared via a Student t test as appropriate.

  A multiple logistic regression analysis was performed to ana-
lyze the relationship between independent variables of age, gen-
der, %TBSA, %FT, inhalation injury, ISS, electrical burn, and AKI 
against the dependent variables of hypo- and hypernatremia. Fac-
tors that were deemed insignificant (p  1  0.1) were removed from 
the model via backwards elimination. Survival times and the first 
day of dysnatremia within 60 days were used in a Cox propor-
tional hazard regression model along with age, ISS, %TBSA, and 
AKIN stage (as a continuous variable). Survival time was defined 
as the time between admission to the burn unit and death. All 
patients who left the ICU alive within 60 days were considered to 
have survived beyond 60 days. Patients who remained in the ICU 
for longer than 60 days were censored at day 60. Hyper- and hy-
ponatremia were evaluated in the models as time-dependent 
prognostic variables such that patients were reclassified into the 
hyper- or hyponatremic group on the day the dysnatremia was 
first acquired, then remained in that group whether or not the 
dysnatremia resolved or multiple dysnatremic episodes occurred.

  Results 

 Our initial search was for patients who were  1 18 years 
of age, admitted for  1 24 h and had serum creatinine mea-
sured at some point in their hospitalization. This yielded 
1,973 patients, of whom 4 did not have serum sodium 
checked. This resulted in 1,969 patients for analysis. 
Characteristics of the patient cohort are described in  ta-
ble 1 . Males comprised 86% of the cohort, and the average 
age ( 8 SD) was 36  8  16 years. Median (with interquartile 
(IQR) ranges) for %TBSA, %FT, and ISS were 9 (4–20), 0 

Table 1. C haracteristics of the patient cohort

Variable Patients
(n = 1,969)

Mean age 8 SD, years 36816 
Male, n (%) 1,701 (86)
Median %TBSA (IQR) 9 (4–20)
Median %FT TBSA (IQR) 0 (0–5)
Median ISS (IQR) 5 (1–16)
Inhalation injury, n (%) 250 (13)
Electrical burn, n (%) 103 (5)
Acute kidney injury, n (%)

AKIN-1 435 (22.1)
AKIN-2 73 (3.7)
AKIN-3 146 (7.4)

Hypernatremia, n (%) 194 (9.9)
Hyponatremia, n (%) 134 (6.8)
Median first day of hyponatremia (IQR) 6.5 (2–21)
Median duration of hyponatremia (IQR), days 2 (1–3)
Median day of hypernatremia (IQR) 7.5 (5–12)
Median duration of hypernatremia (IQR), days 4 (2–9)
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(0–5), and 5 (1–16), respectively. Inhalation injury was di-
agnosed in 13% and electrical burn was noted in 5% of 
patients. The incidence of hyponatremia was 6.8% (n = 
134) and for hypernatremia it was 9.9% (n = 194). The 
mean nadir sodium for patients with hyponatremia was 
128  8  2 mmol/l, whereas the mean peak sodium for pa-
tients with hypernatremia was 155  8  4 mmol/l. The me-
dian first day of hyper- and hyponatremia was 7.5 (5–12) 
and 6.5 (2–21), respectively. The median duration of hy-
pernatremia was 4 days (2–9) and 2 days (1–3) for hypo-
natremia. The rates of AKI in this cohort has been previ-
ously described  [15] . Of the 194 patients with hypernatre-
mia, only 6 had concurrent head trauma for which an 
elevated sodium level was recommended by neurosur-
gery.

  When stratified by the presence of hyper- and hypo-
natremia, differences between the groups were observed 
( table 2 ). Patients with a peak sodium  1 150 were more 
acutely ill as evidenced by significantly higher burn sizes, 
higher ISS, more inhalation injury, and more AKI. Pa-
tients with hypernatremia also had significantly more 
days on mechanical ventilation, days in the ICU, and days 
in the hospital. Similar differences were noted in patients 
with a nadir sodium  ! 130. On multivariate analysis, the 
subsequent development of hypernatremia was signifi-
cantly associated with ISS (odds ratio (OR) 1.04, 95% con-
fidence interval (CI) 1.02–1.06; p = 0.0004), days spent on 
mechanical ventilation (OR 1.06, 95% CI 1.05–1.08; p  !  

0.0001), %TBSA (OR 1.02, 95% CI 1.01–1.03; p = 0.0034), 
AKIN-1 (OR 6.88, 95% CI 3.41–13.86; p  !  0.0001), AKIN-
2 (OR 9.04, 95% CI 3.67–22.15; p  !  0.0001), and AKIN-3 
(OR 15.29, 95% CI 6.86–34.07; p  !  0.0001). Hyponatremia 
was associated with inhalation injury (OR 0.45, 95% CI 
0.27–0.75; p = 0.0025), %TBSA (OR 1.02, 95% CI 1.01–
1.03; p  !  0.0001), AKIN-1 (OR 5.42, 95% CI 3.33–8.83;
p  !  0.0001), AKIN-2 (OR 6.23, 95% CI 2.90–13.40; p  !  
0.0001), and AKIN-3 (OR 6.54, 95% CI 3.38–12.65; p  !  
0.0001).

Table 2. C haracteristics of patient cohort stratified by nadir and peak sodium levels

Variable Peak sodium Nadir sodium

≤150 >150 p value ≥130 <130 p value

Mean age 8 SD, years 36816 37817 0.78 36816 36818 0.93
Male, % 86.1 89.2 0.24 86.3 88.4 0.48
Median %TBSA (IQR) 8 (4–16) 45 (30–58) <0.0001 8 (4–18) 26 (17–44) <0.0001
Median %FT (IQR) 0 (0–2) 28 (9–48) <0.0001 0 (0–3) 14 (3–31) <0.0001
Median ISS (IQR) 4 (1–9) 25 (25–34) <0.0001 4 (1–12) 20 (9–27) <0.0001
Inhalation injury, % 9.2 44.3 <0.0001 12.2 18.8 0.0239
Electrical burn, % 7.7 4.4 0.1095 7.1 8.3 0.6650
AKI, % <0.0001 <0.0001

AKIN-1 20.5 36.1 20.4 43.5
AKIN-2 2.8 10.8 3.2 8.7
AKIN-3 3.4 47.4 6.5 23.2

Median ventilator days (IQR) 0 (0–1) 16 (5–39) <0.0001 0 (0–2) 3 (0–10) 0.0003
Median ICU days (IQR) 0 (0–3) 35 (15–65) <0.0001 0 (0–4) 11 (3–32) <0.0001
Median hospital days (IQR) 6 (2–15) 63 (34–100) <0.0001 7 (3–17) 42 (18–72) <0.0001
RRT, % 1.4 28.9 <0.0001 3.4 13.0 <0.0001
Mortality, % 4.5 33.5 <0.0001 6.9 13.8 0.0027

Table 3. C ox proportional hazard regression model with hypona-
tremia for mortality

Variable HR (95% CI) for
hospital mortality

p value

Age 1.07 (1.05–1.08) <0.0001
%TBSA 1.04 (1.03–1.06) <0.0001
ISS 1.03 (1.02–1.05) 0.0001
AKIN stage 1.56 (1.29–1.88) <0.0001
Hyponatremia 1.72 (0.89–3.34) 0.1068

H Rs for age, TBSA and ISS reflect per year increase in age, per 
1% increase in TBSA and per 1 point increase in ISS, respectively. 
HR for AKIN denotes per increase in AKIN stage (e.g. AKIN-0 to 
AKIN-1, AKIN-1 to AKIN-2).
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  The Cox proportional hazard regression models are 
presented in  tables 3  and  4 . The factors found to be asso-
ciated with mortality in the model for hyponatremia were 
ISS (hazard ratio (HR) 1.03, 95% CI 1.02–1.05; p = 0.0001), 
age (HR 1.07, 95% CI 1.05–1.08; p  !  0.0001), %TBSA (HR 
1.04, 95% CI 1.03–1.06; p  !  0.0001), and AKIN stage (HR 
1.56, 95% CI 1.29–1.88; p  !  0.0001). The development of 
hyponatremia was not significant (HR 1.72, 95% CI 0.89–
3.34; p = 0.1068). ISS, age and %TBSA were also signifi-
cant in the model for hypernatremia. However, in this 
model the development of hypernatremia was signifi-
cantly associated with mortality (HR 2.00, 95% CI 1.21–
3.31; p = 0.0066).

  We found that on univariate analysis, mortality was 
higher in both the hypernatremia (33.5%) and hyponatre-
mia (13.8%) groups compared to patients without a dys-
natremia (4.3%). However, in the Cox regression analysis, 
only hypernatremia was associated with mortality. To in-
vestigate why hyponatremia was no longer significant, we 
examined other variables in the Cox regression analysis 
that could account for this and found that AKI uniquely 
emphasized this effect. When we removed AKI from the 
analysis, we found that hyponatremia became significant 
for mortality (HR 1.95, 95% CI 1.004–3.77; p = 0.0485).

  Discussion 

 We found that hyper- and hyponatremia were present 
in 9.9 and 6.8%, respectively, of patients admitted to our 
burn unit. While mortality was significantly higher for 
both disorders on univariate analysis, only hypernatre-
mia was significant after adjustment. Our study is the 
largest to date in the burn population. To our knowledge, 

this is the first time, in any population, that the effect of 
the dysnatremias on mortality has been examined in a 
multivariate model with the AKIN criteria. In order to 
eliminate the risk of immortal time bias, we used a Cox 
proportional hazards model which treats ICU-acquired 
dysnatremias as time-dependent prognostic factors.

  Our study is the first to systematically examine the 
prevalence of hyponatremia in a population of burned pa-
tients. The prevalence of 6.8% found in the present study 
is congruent with prior estimates, using a definition of 
 ! 130 mmol/l, of 3.9–14.5% in other patient populations  [1, 
7, 16, 17] . In contradistinction to prior work however, we 
did not find a significant association of hyponatremia 
with mortality after adjustment. Our method has distinct 
differences from prior studies. Since regulation of water 
balance by the kidneys is related to renal function, adjust-
ment for AKI, which is well known to be associated with 
mortality, particularly in the burn population  [18] , is im-
perative. A strength of the present analysis is that we used 
the AKIN criteria  [14]  for this purpose. Other work has 
used different methods to account for renal dysfunction. 
One study that found an association of hyponatremia 
with mortality in hospitalized patients with cancer used 
the mean serum creatinine  [16] . Another study of hospi-
talized patients that found an association of hyponatre-
mia with both in-hospital death and death after discharge 
used ICD-9 codes to adjust for kidney disease  [17] . Other 
work that has demonstrated an association of hyponatre-
mia with mortality has accounted for AKI indirectly with 
the Simplified Acute Physiology Score II  [1]  (in a popula-
tion of ICU patients with hyponatremia on admission), or 
the Acute Physiology and Chronic Health Evaluation II 
score  [4, 8, 19]  (in populations following cardiac surgery, 
general medical patients and ICU patients). Another study 
of patients with community- and hospital-acquired hypo-
natremia used the Deyo-Charlson Comorbidity Index 
and also stratified patients on the basis of chronic kidney 
disease  [5] . Our results demonstrate the importance of ad-
justing for AKI because when we removed it from the 
model, hyponatremia became significant for mortality. 
This raises the possibility that had prior work accounted 
for AKI, they might not have seen a correlation between 
hyponatremia and mortality. To our knowledge, this mul-
tivariate analysis is the first to use the well-validated 
AKIN criteria in this setting.

  It has been suggested that the association of hypona-
tremia with mortality is not causal  [6] . Chawla et al.  [6]  
found that while moderate hyponatremia was associated 
with mortality, severe hyponatremia (serum sodium 
 ! 110 mmol/l) was not. The majority of patients with a 

Table 4. C ox proportional hazard regression model with hyper-
natremia for mortality

Variable HR (95% CI) for
hospital mortality

p value

Age 1.07 (1.06–1.08) <0.0001
%TBSA 1.04 (1.03–1.06) <0.0001
ISS 1.03 (1.02–1.05) 0.0002
AKIN stage 1.48 (1.23–1.80) <0.0001
Hypernatremia 2.00 (1.21–3.31) 0.0066

H Rs for age, TBSA and ISS reflect per year increase in age, per 
1% increase in TBSA and per 1 point increase in ISS, respectively. 
HR for AKIN denotes per increase in AKIN stage (e.g. AKIN-0 to 
AKIN-1, AKIN-1 to AKIN-2).
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nadir sodium of  ! 110 mmol/l were admitted for hypona-
tremia and were not severely ill. When the causes of death 
were examined, all patients who died had severe progres-
sive underlying illness. After chart review, these authors 
could plausibly associate only 3 deaths to hyponatremia. 
Taken together, they concluded that hyponatremia is 
more likely to be a marker of illness rather than having a 
casual effect on mortality. Our findings, in a homoge-
neous population of burn patients with a rigorous multi-
variate model, serve to confirm these results.

  We found that 9.9% of admissions were associated with 
hypernatremia, an incidence similar to prior estimates of 
1.3–9% in other populations using a similar definition of 
hypernatremia  [1–3, 20–23] . The wide range in these esti-
mates is a reflection of the different populations studied. 
Increased insensible losses resulting from burn injury are 
recognized to cause hypernatremia, and there are several 
small studies specific to this population. In a study by 
Ebrahim et al.  [9]  of 105 patients with burn injury and sep-
ticemia, 34% were found to have hypernatremia (defined 
as serum sodium  1 150 mmol/l). Congruent with our find-
ings on univariate analysis, patients with hypernatremia 
had larger %TBSA and more inhalation injury. However, 
they also demonstrated that patients with hypernatremia 
were older and more likely to be female, associations which 
we did not demonstrate. Another study of 40 patients with 
%TBSA  1 10% found that the incidence of hypernatremia 
(defined by serum sodium  6 146 mmol/l) was 37.5%  [10] . 
Limiting our study to patients with  1 10% TBSA (n = 893) 
and changing the definition of hypernatremia to  6 146 
mmol/l, we found a similar incidence (35.4%). The Ebra-
him study was not sufficiently powered to assess variables 
associated with hypernatremia, but they did note a higher 
creatinine (89 vs. 72  � mol/l) in the hypernatremic group. 
The mortality rate was noted to be 20% in the hyperna-
tremic group compared with 0% in the eunatremic group 
(p = 0.046). Using a sodium cutoff of  6 146 mmol/l and 
limiting our analysis to  1 10% TBSA, we found mortality 
rates of 30.7 and 6.4% in the hyper- and eunatremic groups, 
respectively. While prior work in the burn population has 
suffered from low numbers of patients examined, our 
work is the first to show a correlation of hypernatremia 
with mortality after adjustment.

  Similar to prior work, we found that, after adjustment, 
hypernatremia was significantly associated with mortal-
ity. Our study serves to confirm these findings and plac-
es them, for the first time, in a multivariate model with 
the well-validated AKIN criteria. Other multivariate 
analyses demonstrating an association of hypernatremia 
with mortality have used different methods for correct-

ing for renal function. One study examined the Simpli-
fied Acute Physiology Score II and the Logistic Organ 
Dysfunction score at admission  [21] . While this study ac-
counted for chronic kidney disease at admission, the only 
variable that included AKI during the hospital course was 
the need for RRT. Other studies have examined renal dys-
function indirectly and at a single point in time using the 
Simplified Acute Physiology Score II  [1, 2, 24] , the Acute 
Physiology and Chronic Health Evaluation II score  [3, 4, 
8, 19] , or the EUROSCORE  [24] . One study examined re-
nal dysfunction defined by creatinine  6 100  � mol/l for 
females or  6 125  � mol/l for males  [25] , whereas another 
study examined chronic kidney disease, RRT, and a cre-
atinine  6 200  � mol/l  [3] . We are unaware of any studies 
using the AKIN criteria in a model with hypernatremia 
for the outcome of mortality.

  Our study has a variety of limitations. First, it is a ret-
rospective analysis and as such is subject to the limita-
tions inherent in that form of study. The classification of 
AKIN stage was limited by our lack of a known baseline 
serum creatinine and data on urine output. We also did 
not correct for glucose, which can affect sodium levels. 
However, the practice in our institution is to maintain the 
glucose between 100 and 150 mg/dl, which would mini-
mize this effect. It is also important to note that the re-
sults in burn patients may not be generalizable to other 
populations. Furthermore, a portion of our cohort (35%) 
were casualties from the wars in Iraq and Afghanistan. 
These were predominantly males (97%) and had different 
patterns of injury than that seen in civilian centers.

  In conclusion, we found that hypernatremia, but not 
hyponatremia, was correlated with mortality in a popula-
tion of burn patients after adjustment. As we found that 
AKIN stage was significantly associated with the devel-
opment of both dysnatremias and mortality, adjustment 
for AKI should be included in future analyses.
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