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Abstract Purpose: Hypernatre-
mia is common in the medical
Intensive Care Unit (ICU) and has
been described as an independent risk
factor for mortality. Hypernatremia
has not yet been studied in a collec-
tion of ICU patients after
cardiothoracic surgery. Therefore, we
wanted to determine the incidence of
hypernatremia in a surgical ICU and
its association with outcomes of crit-
ically ill surgical patients.
Methods: In this retrospective
cohort study performed at a surgical
ICU of a university hospital in
Vienna, patients were admitted to the
ICU after major cardiothoracic sur-
gery between May 1999 and October
2007. Data on serum sodium in the
ICU, ICU mortality, hospital mortal-
ity, and length of ICU stay were
collected prospectively.
Results: 2,699 patients underwent
surgery during the study period, and
2,314 patients were included in the
study. Two hundred twenty-one

(10%) patients acquired hypernatre-
mia during their ICU stay. Median
onset of hypernatremia was on day 4
(2–7). Patients with ICU-acquired
hypernatremia had a higher ICU
mortality (19%) compared to patients
without hypernatremia (8%;
p \ 0.01). Length of ICU stay was
increased in patients with hyperna-
tremia (17 vs. 3 days; p \ 0.01). In a
multivariate Cox regression, ICU-
acquired hypernatremia was an inde-
pendent risk factor for ICU mortality
within 28 days. Conclu-
sions: Hypernatremia is a common
event early in the course of critical
illness after major cardiothoracic
surgery and is independently associ-
ated with ICU mortality within
28 days. Future research should focus
on the impact of hypernatremia on
physiological functions as well as
adequate and safe treatment of the
electrolyte disorder.

Keywords Hypernatremia � Sodium �
Intensive care � Outcome

Introduction

Hypernatremia is a common electrolyte disorder in critically
ill patients and was recently shown to be an independent risk
factor for mortality in the medical Intensive Care Unit (ICU)
[1–3]. However, these studies were largely performed in

medical collections of critically ill patients, and the number
of hypernatremic cases was limited. Only recently has
hypernatremia together with hyponatremia been studied in a
collective of surgical ICU patients [4].

After (and during) major surgery, patients often
receive large volumes of infusions, and their fluid
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management is often controlled by their physician.
Therefore, this special cohort is prone to develop serum
sodium concentration disorders, although the pathophys-
iology of hypernatremia in the surgical ICU patient is
likely to be different from that of the medical ICU cohort.
The incidence and effects of hypernatremia during a stay
in the ICU with most patients admitted after cardiotho-
racic surgery have not yet been studied.

Therefore, we wanted to (1) identify the incidence of
hypernatremia developing during the ICU stay after major
cardiac surgery and (2) determine whether the develop-
ment of hypernatremia during the ICU stay is
independently associated with adverse outcomes.

Materials and methods

Between May 1999 and October 2007, 2,699 patients
underwent open-heart surgery at the Department of Car-
diothoracic Surgery, University Hospital in Vienna,
Austria, as recorded in the prospectively collected database
of the Department of Cardiothoracic and Vascular Anes-
thesia. For this analysis, we included patients who were
scheduled for cardiac surgery with cardiopulmonary
bypass (CPB), coronary artery bypass grafting (CABG)
with or without CBP, thoracic aortic surgery with CPB,
heart or lung transplant surgery, scheduled insertion of a
cardiac assist device, operation on the descending aorta, or
thromboendarterectomy of the pulmonary arteries. Patients
with hypernatremia upon ICU admission (n = 66) and
those with missing sodium values (n = 8) were excluded.
We also excluded patients with a serum sodium level
\130 mmol/l (n = 311) in order to rule out a confounding
effect of hyponatremia, leaving 2,314 patients for analysis.

Surgery with CPB was performed according to insti-
tutional standards: crystalloid priming with 20 g of
mannitol and 1,000,000 IU of aprotinin, membrane oxy-
genator, intermittent ante- and retrograde blood
cardioplegia, and normothermic or hypothermic CPB
depending on indications and surgical preferences. The
endpoints were mortality in the ICU and its relation to
ICU-acquired hypernatremia.

Demographic data and data acquisition of preoperative
risk indicators

Preoperative patient data were collected prospectively at
the time of pre-medication. Specifically, parameters that
represented established risk indicators for mortality after
cardiac and thoracic aortic surgery, according to the
European System for Cardiac Operative Risk Evaluation
(Euroscore) [5], were recorded. Severity of illness was
estimated by the Simplified Acute Physiology Score

(SAPS) II [6]. Additional risk indicators were body mass
index, serum creatinine and preoperative dysnatremia.

The study protocol was approved by institutional
review. Since no additional interventions were performed
and no individual data were analyzed, the need for
informed consent was waived.

Definition of ICU-acquired hypernatremia

Serum sodium routinely measured every morning at 05:00
am was used for the analysis. Hypernatremia was defined
as a serum sodium level exceeding 145 mmol/l [7].
Patients with serum sodium levels exceeding 145 mmol/l
in the first dataset after admission were considered to
have hypernatremia upon admission. Patients were con-
sidered to have ICU-acquired hypernatremia when
initially normal serum sodium rose above 145 mmol/L
during the course of the ICU stay. Serum sodium was
measured by ion-selective electrodes in a Hitachi 747
analyzer (Roche, Basel, Switzerland).

Statistical analysis

The statistical methods are given in the electronic
repository.

Results

A total of 2,314 patients were included in the cohort.
Most patients had undergone coronary and/or valvular
surgery. The median ICU length of stay was 3 (1–10)
days (median and 1st to 3rd quartiles), and overall ICU
mortality was 9%. The standardized observed to expected
mortality ratio based on the EUROSCORE was 1.29
(1.14–1.44; 95% CI). The demographic and surgical
characteristics, stratified by vital status on ICU discharge,
are shown in Table 1.

Incidence of ICU-acquired hypernatremia

During ICU treatment, 221 patients (10%) acquired
hypernatremia. The cumulative incidence of ICU-
acquired hypernatremia is shown in Fig. 1. The onset of
the first ICU-acquired hypernatremic episode was on day
4 (2–7) after ICU admission (median and 1st to 3rd
quartiles) (Fig. 1) and lasted 2 (0–5) days (median and 1st
to 3rd quartiles). The maximum and mean serum sodium
concentrations during this first episode of ICU-acquired
hypernatremia were 150 ± 5 and 148 ± 3 mmol/l,
respectively.
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Relationship between ICU-acquired hypernatremia
and outcome

Patients who died in the ICU had a higher SAPS II score,
higher Euroscore, lower BMI, longer surgery length,
higher preoperative sodium, and higher postoperative
lactate level. Preoperative hypernatremia was also more
common in non-survivors. Non-survivors also differed
with respect to surgery type (Table 1).

Patients with ICU-acquired hypernatremia had a
higher ICU mortality (19%) compared to patients without
ICU-acquired hypernatremia (8%; p \ 0.01). Moreover,

the ICU stay was longer when patients developed
hypernatremia (17 vs. 3 days; p \ 0.01). Compared to
patients without ICU-acquired hypernatremia, patients
with ICU-acquired hypernatremia had an increased pre-
operative risk (as measured by the Euroscore) and an
increased illness severity at ICU admission (as measured
by the SAPS II score) (Table 2). The ICU mortality
within 28 days according to quartiles of maximum serum
sodium in the ICU is shown in Fig. 2.The Kaplan-Meier
survival curve shows that patients with ICU-acquired
hypernatremia had lower hospital survival rates than
patients without ICU-acquired hypernatremia (Fig. 3, log
rank test: p = 0.02).

Univariate Cox regression analysis revealed a
statistically significant association of ICU-acquired
hypernatremia on ICU mortality within 28 days: hazard
ratio = 4.32 (95% confidence interval = 2.98–6.30). In
the multivariable Cox regression model, ICU-acquired
hypernatremia was independently associated with an
increased probability of mortality after adjustment for
the SAPS II score, Euroscore, length of surgery, surgery
type and maximum lactate level within the first 24 h
following surgery (Table 3). No effect was found for
age, sex, preoperative hypernatremia or preoperative
creatinine level with respect to mortality. Quartiles of
maximum serum sodium showed an independent effect
on ICU mortality within 28 days in an unadjusted Cox
regression treating maximum serum sodium as a time-

Table 1 Patient characteristics stratified by ICU mortality

All patients
(n = 2,314)

Discharged alive
from ICU
(n = 2,114)

Died in the ICU
(n = 200)

p Value

Age (years) 62 ± 15 62 ± 14 63 ± 15 0.20
Male sex [n (%)] 1,491 (64%) 1,360 (64%) 131 (66%) 0.90
Body mass index 26.3 ± 4.5 26.4 ± 4.5 25.7 ± 4.8 0.02
Euroscore 6 (4–9) 6 (4–8) 8 (5–10) \0.01
SAPS II score 27 (21–36) 26 (20–33) 44 (33–58) \0.01
Type of surgery [n (%)] \0.01
Valve plus coronary 275 (12%) 240 (11%) 35 (18%) 0.01
Lung transplant 105 (5%) 97 (5%) 8 (4%) 0.70
Heart transplant 150 (6%) 133 (6%) 17 (9%) 0.23
Coronary 684 (30%) 647 (31%) 37 (19%) \0.01
Valve 603 (26%) 563 (27%) 40 (20%) 0.04
Other 323 (14%) 284 (13%) 39 (20%) \0.01
Cardiac assist device 55 (2%) 39 (2%) 16 (8%) \0.01
Aortic aneurysm repair 119 (5%) 111 (5%) 8 (4%) 0.44

Length of surgery (min) 236 (185–302) 234 (183–294) 300 (223–453) \0.01
Preoperative serum creatinine (mg/dl) 1.06 (0.87–1.36) 1.04 (0.86–1.33) 1.34 (1.08–1.81) \0.01
Preoperative serum sodium (mmol/l) 139 ± 3 139 ± 3.1 140 ± 5 \0.01
Preoperative serum sodium [n (%)] \0.01
\135 mmol/l 164 (7%) 145 (7%) 19 (10%) 0.16
135–145 mmol/l 2,106 (91%) 1,940 (92%) 166 (83%) \0.01
[145 mmol/l 44 (2%) 29 (1%) 15 (8%) \0.01
Maximum lactate within first 24

postoperative hours (mmol/l)
3.2 (2.3–4.5) 3.0 (2.3–4.2) 7.4 (4.2–12.9) \0.01

Length of surgery in minutes; creatinine in mg/dl; serum sodium in mmol/l; lactate in mmol/l. Euroscore ranges from 0 to 21 points;
SAPS II score ranges from 0 to 163 points

Fig. 1 Daily incidence and prevalence of ICU-acquired hyperna-
tremia after ICU admission
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fixed risk factor (hazard ratio 2.2, 95% CI 1.9–2.6,
p \ 0.01). However, when adjusted for the time-varying
variable (hypernatremia yes/no) and for the other con-
founders (Table 3), quartiles of maximum serum sodium

no longer showed an association with mortality. Spe-
cifically, we could not demonstrate an increased risk
dependent on the severity of ICU-acquired hypernatre-
mia (data not shown).

The matched case-control study showed an association
of ICU-acquired hypernatremia on hospital mortality
[matched odds ratio 2.55 (1.23–5.67; 95% CI); p \ 0.01],

Table 2 Baseline characteristics and patient outcomes with or without ICU-acquired hypernatremia

Patients with ICU-acquired
hypernatremia (n = 221)

Patients without ICU-acquired
hypernatremia (n = 2,093)

p Value

Age (years) 60 ± 16 63 ± 14 0.21
Male sex [n (%)] 148 (64%) 1,343 (67%) 0.41
Body mass index 25.7 ± 4.4 26.4 ± 4.5 0.02
Euroscore 6 (4–9) 6 (4–8) \0.01
SAPS II score 34 (29–43) 26 (20–34) \0.01
Type of surgery [n (%)] \0.01
Valve plus coronary 23 (10%) 252 (12%) 0.48
Lung transplant 28 (13%) 77 (4%) \0.01
Heart transplant 29 (13%) 121 (6%) \0.01
Coronary 34 (15%) 650 (31%) \0.01
Valve 44 (20%) 559 (27%) 0.03
Other 45 (20%) 278 (13%) \0.01
Cardiac assist device 6 (3%) 49 (2%) 0.73
Aortic aneurysm repair 12 (5%) 107 (5%) 0.84

Length of surgery (min) 300 (220–385) 233 (184 to 290) \0.01
Preoperative serum creatinine (mg/dl) 1.3 (1.0–1.7) 1.0 (0.9–1.3) \0.01
Preoperative serum sodium (mmol/l) 139.5 ± 3.5 138.7 ± 3.0 \0.01
Preoperative serum sodium [n (%)] 0.03
\135 mmol/l 19 (9%) 145 (7%) 0.36
135–145 mmol/l 193 (87%) 1,913 (91%) 0.04
[145 mmol/l 9 (4%) 35 (2%) 0.01
Maximum lactate within first 24 postoperative hours 4.6 (3.3–7.5) 3.1 (2.3–4.3) \0.01
ICU mortality (%) 42 (19%) 158 (8%) \0.01
ICU length of stay (days) 17 (8–29) 3 (1–7) \0.01

Length of surgery in minutes; creatinine in mg/dl; serum sodium in mmol/l; lactate in mmol/l; Euroscore ranges from 0 to 21 points;
SAPS II score ranges from 0 to 163 points

Fig. 2 Unadjusted 28-day ICU mortality and 95% confidence
intervals according to quartiles of maximum serum sodium in the
ICU. Chi-square test for trend: p \ 0.01. Mean and standard
deviation of maximum serum sodium in the 1st, 2nd, 3rd and 4th
quartile is 135 ± 1, 138 ± 1, 140 ± 1 and 146 ± 4 mmol/l,
respectively

Fig. 3 Probability of hospital survival in patients with or without
ICU-acquired hypernatremia. Kaplan-Meier plot modified accord-
ing to Simon and Makuch. Log-rank test: p = 0.02
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but not on ICU mortality [matched odds ratio 2.38
(0.99–6.27; 95% CI); p = 0.05].

Discussion

In this study we show that ICU-acquired hypernatremia is
a common event in ICU patients after cardiothoracic
surgery that occurs early in the course of critical illness
and is associated with increased mortality in these
patients.

Unlike hyponatremia, hypernatremia is consistently
associated with hyperosmolarity [8]. Hypernatremia
thereby results in cellular dehydration leading to distur-
bances of a different origin. The most prominent
consequence of hypernatremia is cerebral shrinkage,
leading to neurological impairment or even vascular
rupture and cerebral hemorrhage [7]. Moreover, weak-
ness, muscle cramping, a decrease in left ventricular
contractility, disturbances in glucose metabolism and
immunologic functions have been described [9–13].

Hypernatremia develops either by free water loss or
a gain or retention of sodium. However, hypernatremia
does not develop in healthy individuals who have a
normal defense mechanism against hyperosmolality—
thirst [14]. In critically ill medical and surgical patients,
impaired thirst sensation is common due to intubation,
sedation and loss of consciousness. Therefore, fluid
management is handled by the physician. However, the
high incidence of hypernatremia in critically ill patients
compared to patients in non-ICU wards reflects either
poor fluid management or the belief that sodium levels
are irrelevant [1, 2, 15]. Thus, hypernatremia in criti-
cally ill patients is regarded as an indicator of quality
of care [2], which more or less considers hypernatremia
to be an iatrogenic problem. This study clearly shows
the independent effect of increased serum sodium levels
on outcomes of surgical ICU patients, suggesting that
rising serum sodium levels must not be neglected.

The incidence of 10% of hypernatremia found in this
study on patients after cardiothoracic surgery is compa-
rable to that found in a previous study of medical ICU
patients [1]. As expected, mortality is lower in this cohort
of surgical patients than in medical ICU patients [1–3].
ICU-acquired hypernatremia was independently associ-
ated with adverse outcomes in this study of surgical ICU
patients, supporting previous results showing that hyper-
natremia has an effect on mortality, independent of the
underlying disease or disease severity [1–3].

Both the Cox regression as well as the log-rank sta-
tistic treat ICU-acquired hypernatremia as a time-varying
risk factor, thus eliminating the immortal-time bias. Since
all types of analysis yield comparable results with regard
to the effect of ICU-acquired hypernatremia on mortality,
the main message of the paper is probably unaffected by
this type of bias.

Moreover, in this study, we were able to exclude
factors that were supposed to be responsible for the excess
mortality of patients with ICU-acquired hypernatremia:
due to the matched case control design, it was possible for
us for the first time to show that even after adjustment for
acute renal failure, the application of furosemide, plasma
lactate levels and base excess that ICU-acquired hyper-
natremia is independently associated with mortality.

Interestingly, the severity of hypernatremia was not
associated with additional mortality risk. This finding
may be explained by the correlation between the time
during which hypernatremia developed and its symptoms;
the rapid development of hypernatremia does not offer
enough time for compensatory mechanisms (e.g., shift of
osmoles).

Our study is limited by the fact that the patients with
hypernatremia were not stratified by the cause of hyper-
natremia for statistical analysis, which may have provided
further insight into whether hypernatremia itself or its
causes are responsible for the markedly increased mor-
tality in these patients. This analysis would require a case-
by-case review of all hypernatremic patients. This type of
analysis is possible given that all necessary data (e.g.,

Table 3 Results of Cox
proportional hazards
regression model to determine
the influence of ICU-acquired
hypernatremia on ICU
mortality

Hazard ratio and 95% CI p Value

ICU-acquired hypernatremia (yes/no) 2.14 (1.45–3.17) \0.01
Natural logarithm of SAPS II score 4.00 (2.64–6.05) \0.01
Euroscore (points) 1.07 (1.03–1.12) \0.01
Length of surgery (min) 1.002 (1.001–1.003) \0.01
Maximum lactate within first postoperative 24 h 5.48 (4.19–7.17) \0.01
Type of surgery
Coronary Reference category
Other 1.18 (0.70–2.01) 0.54
Aortic aneurysm repair 0.40 (0.17–0.91) 0.03
Heart transplant 0.21 (0.11–0.40) \0.01
Valve 0.64 (0.40–1.04) 0.07
Valve plus coronary 0.92 (0.56–1.52) 0.74
Cardiac assist device 0.84 (0.43–1.65) 0.61
Lung transplant 0.32 (0.12–0.84) 0.02

Euroscore ranges from 0 to 21 points; natural logarithm of SAPS II score ranges from 0 to 5.1 units
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urine electrolytes, total daily volume, electrolyte input
and output) are available. However, such analysis is
almost impossible in the case of the given study since the
patient number exceeds the possibility to perform a case-
by-case review. Additionally, we excluded severe hypo-
natremia and hypernatremia at ICU admission from our
study since the data indicate that both entities are asso-
ciated with increased mortality [1, 16]. A potential
influence of recurring hypernatremic episodes on patient
outcomes was not assessed statistically. Moreover, the
excess mortality (SMR 1.29 according to EUROSCORE)
observed in our study group limits the generalizability of
our results.

Emphasis on future research should be on testing
whether aggressive treatment of hypernatremia leads to

better outcome in patients with ICU-acquired hyperna-
tremia as well as in patients with hypernatremia on
admission to the ICU.

In conclusion, hypernatremia is common in patients
after cardiothoracic surgery and is independently associ-
ated with mortality, supporting previously published data
on critically ill patients in a medical ICU. ICU-specific
strategies should be developed to recognise and prevent
hypernatremia or to assess hypernatremic etiologies that
will allow physicians to treat this common electrolyte
disorder effectively.
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