Open Access

Research

Takahiro Imaizumi,1 Masahiro Nakatochi,2 Yoshiro Fujita,3 Rie Nomura,4
Kenshi Watanabe,4 Michitaka Maekawa,4 Taishi Yamakawa,4 Takayuki Katsuno,1
Shoichi Maruyama1

To cite: Imaizumi T,
Nakatochi M, Fujita Y, et al.
The association between
intensive care unit-acquired
hypernatraemia and mortality
in critically ill patients with
cerebrovascular diseases:
a single-centre cohort
study in Japan. BMJ Open
2017;7:e016248. doi:10.1136/
bmjopen-2017-016248
►► Prepublication history and
additional material for this paper
are available online. To view
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2017-016248).

Received 2 February 2017
Revised 13 June 2017
Accepted 21 June 2017

1

Department of Nephrology,
Nagoya University Graduate
School of Medicine, Nagoya,
Aichi, Japan
2
Statistical Analysis Section,
Center for Advanced Medicine
and Clinical Research, Nagoya
University Hospital, Nagoya,
Aichi, Japan
3
Department of Nephrology and
Rheumatology, Chubu Rosai
Hospital, Nagoya, Aichi, Japan
4
Department of Nephrology,
Toyohashi Municipal Hospital,
Toyohashi, Aichi, Japan
Correspondence to
Dr Shoichi Maruyama;
marus@med.nagoya-u.a c.jp

ABSTRACT
Objectives Hypernatraemia is one of the major electrolyte
disorders associated with mortality among critically
ill patients in intensive care units (ICUs). It is unclear
whether this applies to patients with cerebrovascular
diseases in whom high sodium concentrations may be
allowed in order to prevent cerebral oedema. This study
aimed to examine the association between ICU-acquired
hypernatraemia and the prognosis of patients with
cerebrovascular diseases.
Design A retrospective cohort study.
Setting The incidence of ICU-acquired hypernatraemia
was assessed retrospectively in a single tertiary care
facility in Japan.
Participants Adult patients (≥18 years old) whose length
of stay in ICU was >2 days and those whose serum
sodium concentrations were 130–149 mEq/L on admission
to ICU were included.
Outcome measures 28-day in-hospital mortality risk was
assessed by Cox regression analysis. Hypernatraemia was
defined as serum sodium concentration ≥150 mEq/L. Using
multivariate analysis, we examined whether ICU-acquired
hypernatraemia and the main symptom present at ICU
admission were associated with time to death among
ICU patients. We also evaluated how the maximum and
minimum sodium concentrations during ICU stay were
associated with mortality, using restricted cubic splines.
Results Of 1756 patients, 121 developed ICU-acquired
hypernatraemia. Multivariate Cox proportional hazard
analysis revealed an association between ICU-acquired
hypernatraemia and 28-day mortality (adjusted HR, 3.07
(95% CI 2.12 to 4.44)). The interaction between ICUacquired hypernatraemia and cerebrovascular disease
was significantly associated with 28-day mortality (HR,
3.03 (95% CI 1.29 to 7.15)). The restricted cubic splines
analysis of maximum serum sodium concentration in ICU
patients determined a threshold maximum of 147 mEq/L.
There was no significant association between minimum
sodium concentration and mortality.
Conclusions ICU-acquired hypernatraemia was
associated with an increased mortality rate among
critically ill patients with cerebrovascular diseases;

Strengths and limitations of this study
►► We determined that intensive care unit (ICU)-

acquired hypernatraemia is associated with mortality
interactively with other symptoms in critically ill
patients, especially in those with cerebrovascular
diseases.
►► We determined the optimal serum sodium
concentration range for ICU-admitted patients
with cerebrovascular diseases by investigating the
association between mortality and the maximum
and minimum serum sodium concentration during
the ICU stay.
►► The data collected for the study were specific to the
time when the patients were admitted to ICU; hence,
we were not able to determine whether patients
developed hypernatraemia after being discharged
from ICU.

the threshold maximum serum sodium concentration
associated with mortality was 147 mEq/L.

Introduction
Hypernatraemia is a common electrolyte disturbance occurring in patients who
admitted to medical, surgical and neurological intensive care units (ICUs). Previous
studies showed that ICU-acquired hypernatraemia (IAH) is an independent predictor
of increased mortality.1–5 Hypernatraemia has
been shown to be a risk factor for mortality
in patients admitted to ICU for sepsis6 and
in patients admitted to neurological ICU.7–10
On the other hand, hypernatraemia on
admission was not associated with mortality
among patients with respiratory failure.11
Thus, whether the effect of hypernatraemia
on mortality is augmented by the coexisting
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Subjects and methods
Study design and setting
This was a retrospective cohort study conducted among
patients admitted to ICU in Toyohashi Municipal Hospital
from 1 January 2013 to 31 December 2015. Toyohashi
Municipal Hospital is a tertiary referral hospital. The ICU
manages both medical and surgical patients and is staffed
by non-intensivists. The timing of and interval between
laboratory examinations are determined by each doctor.
Blood samples of planned laboratory examination are
drawn between 05:00 and 06:00 under starved conditions.
Some ICU beds are also used as recovery beds for patients
admitted from emergency department; such patients are
usually discharged from ICU within 2 days.
Using the data from these patients, we first examined whether IAH was associated with mortality using
survival analysis. Second, we added a subgroup analysis
of the main symptom on admission. Third, we examined
2

the association between mortality and the maximum
and minimum sodium concentrations during ICU stay
to find the optimal cut-off value among patients with
CVD. The outcome of interest was 28-day in-hospital
mortality.
Study population and definitions
Adult patients (≥18 years old) whose length of stay in ICU
was >2 days and those whose serum sodium concentrations were 130–149 mEq/L on admission to ICU were
included. We excluded patients whose initial serum
sodium concentration results were missing and braindead patients admitted to the ICU for planned organ
donation.
If a patient was admitted to the ICU more than once
during one hospital admission, data were obtained from
the first ICU admission that was longer than 2 days in
duration or from the admission during which the patient
developed IAH. Patients who developed hypernatraemia
outside of the ICU were not classified as cases of IAH.
The study protocol was approved by the Ethics
Committee of Toyohashi Municipal Hospital (No. 248),
and the study was conducted in accordance with the
guidelines of the Declaration of Helsinki.
Hypernatraemia was defined as a serum sodium concentration ≥150 mEq/L. IAH was defined as hypernatraemia
occurring ≥12 hours after ICU admission in patients with
a normal serum sodium concentration at ICU admission.
Patients who developed hypernatraemia within the first
12 hours of ICU admission were excluded.
Data collection
The following data were recorded: age, sex, vital signs,
Glasgow Coma Scale (GCS) score and Acute Physiology
And Chronic Health Evaluation II (APACHE-II) score14
on admission to ICU; main symptoms at ICU admission; biochemical variables; and ICU exposures, such as
mechanical ventilation or renal replacement therapy.
The main symptom at ICU admission was classified into
the following categories: sepsis, respiratory failure, neurological symptom, acute kidney injury (AKI) and other
medical conditions. Sepsis was defined as life-threatening
organ dysfunction caused by a dysregulated host response
to infection, as represented by an increase in the Sepsis-related Organ Failure Assessment score (≥2 points).15
Respiratory failure was defined as P/F ratio <200 or
the need for mechanical ventilation due to respiratory
insufficiency. The neurological category included CVD,
traumatic head injury, refractory status epilepticus,
encephalopathy and meningoencephalitis without sepsis.
It was divided into two groups: CVD (including ischaemic
cerebral infarction and spontaneous cerebral haemorrhage) and other neurological diseases. AKI was defined
in accordance with the Kidney Disease: Improving Global
Outcome guidelines,16 as follows:
1. an increase in serum creatinine level of ≥0.3 mg/dL
(≥26.5 mmol/L) within 48 hours or
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clinical condition at the time of ICU admission remains
unclear.
Hypernatraemia is common among the patients
with neurological symptoms; it is also a risk factor for
mortality. Critically ill patients with neurological diseases
are susceptible to developing hypernatraemia for a variety
of reasons, including an impaired thirst mechanisms and
physical disability hindering voluntary drinking. Insensible loss of water may increase in patients with fever
due to infectious or non-infectious causes. Moreover,
hypernatraemia may be induced by the therapeutic use
of osmotic diuretics or hypertonic saline to lower intracranial pressure (ICP)12; a study showed that a reduction
in ICP was correlated with a rise in the serum sodium
concentration.13 Thus, in patients with cerebrovascular
disease (CVD), the ideal serum sodium concentration is
difficult to determine. Hypernatraemia may be beneficial
in controlling ICP, but it may be associated with increased
morbidity and mortality among critically ill patients,
including those with neurological conditions.
Few studies have targeted patients with cerebral infarction or spontaneous cerebral haemorrhage, and most of
the prior studies were conducted among patients who
admitted to neurological ICU.8–10 Prior studies concluded
that the peak serum sodium concentration was a strong
predictor for mortality. However, the cut-off point varied
between studies, and these studies included patients with
cerebral infarction and spontaneous cerebral haemorrhage and those with traumatic brain injury and other
neurological diseases.
The objective of this study was to investigate whether
IAH was associated with mortality interactively with other
symptoms, especially CVDs. We also investigated the
optimal serum sodium concentration range for patients
admitted to ICU. The findings of this study may have
implications for the choice of therapeutic and maintenance fluids administered to critically ill patients with
neurological conditions.

Open Access

Among patients with CVD, we also reviewed the modified Rankin Scale score on admission and the type of
CVD (ischaemic cerebral infarction, spontaneous cerebral haemorrhage and subarachnoid haemorrhage). The
modified Rankin Scale is a validated measurement of the
overall handicap scale for patients who have suffered a
stroke.17 18 The scale was assessed by trained neurologists
on admission. A score of ≤3 indicates favourable neurological function.19
Statistical analysis
Clinical characteristics were compared between IAH and
non-IAH patients using the Mann-Whitney U test for
continuous variables and χ2 test for categorical variables.
Continuous variables are expressed as the median (IQR)
and categorical variables are expressed as number and
proportion, as appropriate. Cumulative probabilities of
mortality were calculated using the Kaplan-Meier method.
To identify predictors of 28-day in-hospital mortality,
the log-rank test and univariate and multivariate Cox
proportional hazards models were employed. Survival
time was calculated as the time from ICU admission to
death (either in ICU or in hospital). Data for patients

Figure 1

with a hospital stay longer than 28 days were censored at
28 days. IAH was included in the regression model as a
time-dependent prognostic factor.
The multivariate analysis was adjusted for age, sex,
APACHE-II score, AKI, sepsis, emergency surgery prior to
the ICU admission, mechanical ventilation and initiation
of renal replacement therapy. The proportional hazards
assumption for covariates was tested using scaled Schoenfeld residuals.
We also performed a subgroup analysis of the main
symptoms on ICU admission, as defined above. A multivariate Cox regression analysis was performed to examine
whether IAH, the symptoms and the interaction between
IAH and symptoms were associated with mortality among
ICU patients, adjusted for age, sex, APACHE-II score, use
of mechanical ventilation and initiation of renal replacement therapy. When we considered the interaction, we
centred each variables by subtracting the mean value
from each variables to reduce the multicollinearity, and
we calculated the interaction terms.
To assess the association between the maximum and
minimum sodium concentrations and mortality, we
performed a multivariate binary logistic regression
analysis and restricted cubic splines (RCSs).20 The multivariate logistic regression analysis was adjusted for age,
sex, APACHE-II score, GCS, length of ICU stay, types of
CVD and favourable neurological condition (defined as

Flow chart of patients admitted during the study period. ICU, intensive care unit.
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2. an increase in serum creatinine level to ≥1.5 times
above its baseline value, known or presumed to have
occurred within the preceding 7 days or
3. a urine volume <0.5 mL/kg/hour for 6 hours.

Open Access

Category

Variables

IAH cases (n=121)

Non-IAH cases (n=1635)

Characteristics

Age (years)
Male

71 (61–78)
85 (70.3)

69 (58–79)
1016 (62.1)

0.38
0.075

APACHE-II score

19 (13–24)

12 (8–18)

<0.001*

Sepsis

45 (37.2)

343 (21.0)

<0.001*

Respiratory failure

46 (38.0)

415 (25.4)

0.002*

Neurological

45 (37.2)

501 (30.6)

0.13

 CVD

33 (27.3)

313 (19.1)

0.030*

 Non-CVD

12 (9.9)

188 (11.5)

0.60

Acute kidney injury

45 (37.2)

358 (21.9)

<0.001*

7 (5.8)

307 (18.8)

<0.001*

Main symptom at
ICU admission

Other medical conditions
Interventions

Surgery prior to ICU admission
 Elective surgery

Outcomes

p Value

0.23
4 (3.3)

102 (6.2)

 Emergency surgery

26 (21.5)

278 (17.0)

Renal replacement therapy

11 (9.1)

128 (7.8)

0.62

Mechanical ventilation

86 (71.1)

606 (37.1)

<0.001*

9 (5,15)

4 (3,6)

<0.001*

56 (46.3)
42 (35.0)

193 (11.9)
145 (8.9)

<0.001*
<0.001*

Length of ICU admission (days)
All-cause hospital mortality
All-cause 28-day mortality

Continuous data are presented as the median (IQR). Categorical data are presented as n (%).
*p<0.05.
APACHE, Acute Physiology And Chronic Health Evaluation; CVD, cerebrovascular disease; IAH, ICU-acquired hypernatraemia; ICU, intensive
care unit.

modified Rankin Scale score ≤3) on ICU admission. In
the RCS, the non-linear association between predictor
and outcome was expressed as a spline curve combined
cubic polynomials and linear terms. In this study, we set
three knots to analyse the associations between predictor
and outcome, placed on the 10 th, 50 th and 90 th percentile of the predictor value range.
Statistical significance was set at p<0.05. All statistical
analyses were conducted using Stata statistical software,
V.14.1 (STATA; http://www.stata.com).
Results
Study participants
During the study period, 7205 patients were admitted
to the ICU. The following exclusions were made: 5233
patients were discharged from the ICU within 2 days of
admission, 122 patients had a serum sodium concentration outside the normal range on ICU admission, 88
patients had missing data, 5 patients developed hypernatraemia before ICU admission and 1 patient was a
deceased organ transplant donor. The final cohort
comprised 1756 patients who were normonatraemic on
admission to the ICU. Figure 1 shows the selection of the
study participants and IAH cases. There were 121 cases
of IAH, with a median serum sodium concentration of
152 mEq/L (IQR: 150–153 mEq/L). The median serum
sodium concentration of those who did not develop IAH
4

was 142 mEq/L (IQR: 138–144 mEq/L). The median
duration of IAH was 4 (3–8) days in total and 3 (2–8) days
for patients with CVD.
Table 1 compares the baseline demographic data,
medical exposures in ICU and outcomes between patients
who developed hypernatraemia and those who did not.
The incidence of IAH was 6.9% (121 ⁄1756). In terms of
main symptom category, 11.6% (45/388) of patients with
sepsis, 10.0% (46/461) of patients with respiratory failure,
9.5% (33/346) of patients with CVD and 11.2% (45/403)
of patients with AKI developed IAH. Among IAH cases,
sepsis and neurological diseases were common reasons
for ICU admission. A significantly higher proportion of
patients with IAH required mechanical ventilation. ICU
and in-hospital mortality were higher and the length of
ICU stay was longer among IAH cases.
Outcomes of patients with IAH
The cumulative probabilities of mortality using the
Kaplan-Meier method are shown in online supplementary file 1. Patients with IAH had a poorer prognosis. A
univariate and multivariate Cox proportional hazard analysis revealed that IAH was associated with 28-day mortality
(adjusted HR, 3.23 (95% CI 2.22 to 4.71)).
Interaction between IAH and clinical symptoms
We examined the association between 28-day mortality and
the interaction between IAH and the clinical symptoms, as
Imaizumi T, et al. BMJ Open 2017;7:e016248. doi:10.1136/bmjopen-2017-016248
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Symptom

Variable

HR†

95% CI

p Value

Sepsis

IAH
Sepsis

3.64
1.30

2.50 to 5.29
0.94 to 1.81

<0.001*
0.112

Interaction

0.52

0.25 to 1.07

0.076

Neurological IAH

CVD

Respiratory

AKI

3.27

2.25 to 4.76

<0.001*

Neurological 0.99

0.67 to 1.46

0.95

Interaction

1.09 to 4.90

0.029*

2.31

IAH

3.30

2.26 to 4.82

<0.001*

CVD

0.78

0.47 to 1.30

0.34

Interaction

3.03

1.29 to 7.15

0.011*

IAH

3.69

2.49 to 5.47

<0.001*

Respiratory
failure

1.38

0.96 to 1.98

0.079

Interaction

0.73

0.37 to 1.48

0.39

IAH

3.64

2.51 to 5.30

<0.001*

AKI
Interaction

1.01
0.56

0.71 to 1.42
0.27 to 1.17

0.97
0.12

*p<0.05.
†Adjusted for age, gender, APACHE-II score, renal replacement
therapy and mechanical ventilation.
AKI, acute kidney injury; CVD, cerebrovascular disease; IAH,
intensive care unit-acquired hypernatraemia.

shown in table 2. IAH was associated with 28-day mortality
in all categories. There was significant association among
patients with neurological symptoms, particularly patients
with CVD. Among patients with neurological symptoms,
the adjusted HRs of IAH, symptom and the interaction
term were 2.52 (1.59–3.97), 0.94 (0.62–1.42) and 2.31

(1.09–4.90), respectively. In patients with CVD, the adjusted
HRs of IAH, symptom and the interaction terms were 2.64
(1.72–4.04), 0.72 (0.42–1.25) and 3.03 (1.29–7.15), respectively. Figure 2 shows the association between mortality and
the interaction between IAH and CVD.
Maximum and minimum serum sodium concentrations and
mortality
The clinical characteristics of patients with CVD are
shown in table 3. In this study, 93 patients had a subarachnoid haemorrhage, 159 had a cerebral haemorrhage
and 94 had suffered an ischaemic stroke. Among those
with CVD, 33 patients had IAH. Patients with IAH had
significantly lower GCS scores and significantly higher
APACHE-II and modified Rankin Scale scores than
patients without IAH. Moreover, a significantly higher
proportion of patients with IAH required mechanical
ventilation. The incidence of AKI was not significantly
higher in patients with IAH. Twenty-eight patients among
those with CVD died within 28 days. ICU and in-hospital
mortality rates were higher and the length of ICU stay
was longer among patients with IAH.
The RCS analysis showed a U-shaped association
between mortality and the maximum sodium concentration (figure 3A). The curve’s nadir was between 141
and 146 mEq/L. On the other hand, the minimum
sodium concentration was not significantly associated
with mortality, although the RCS also demonstrated a
U-shaped association (figure 3B).

Discussion
In this study on hypernatraemia in critically ill patients,
we made two important clinical observations. First,

Figure 2 Kaplan-Meier survival curves of the interaction between intensive care unit-acquired hypernatraemia and
cerebrovascular diseases. CVD, cerebrovascular disease; IAH, intensive care unit-acquired hypernatraemia.
Imaizumi T, et al. BMJ Open 2017;7:e016248. doi:10.1136/bmjopen-2017-016248

5

BMJ Open: first published as 10.1136/bmjopen-2017-016248 on 18 August 2017. Downloaded from http://bmjopen.bmj.com/ on May 22, 2022 by guest. Protected by copyright.

Table 2 Multivariate analysis of the interaction between
IAH and clinical symptoms

Open Access

Variables
Age (years)
Male

All
67 (58–78)
192 (55.5)

IAH (n=33)
65 (55–73)
21 (63.64)

Non-IAH (n=313)
67 (58–78)
171 (54.63)

Type of CVD
 Subarachnoid haemorrhage
 Cerebral haemorrhage
 Ischaemic stroke

p Value
0.33
0.322
0.49

93 (26.9)

11 (33.33)

82 (26.2)

159 (46.0)

12 (36.36)

147 (46.96)

94 (27.2)

10 (30.3)

84 (26.84)

Physical examination
 Body mass index (kg/m2)

21.5 (18.8–24.4)

23.7 (21.1–26)

21.3 (18.8–24.3)

0.15

 Systolic blood pressure (mm Hg)

168 (146–195)

159 (135–212)

169 (147–193)

0.93

 Pulse rate (per minute)

81 (71.5–96)

96 (81–109)

80 (71–93)

<0.001

 Body temperature (°C)

36.6 (36.2–37)

36.7 (36.2–37)

36.6 (36.2–37)

0.82

 GCS score on admission

13 (10–15)

6 (4–13)

14 (11–15)

<0.001

APACHE-II score on admission

11 (8–16)

18 (12–22)

10 (7–15)

<0.001

Modified Rankin Scale score on
admission

4 (3–5)

5 (4–5)

4 (3–5)

<0.001

Favourable neurological condition*

176 (50.9)

4 (12.1)

172 (55.0)

<0.001

Laboratory data on admission
 Na

142 (140–143)

142 (141–144)

142 (140–143)

0.37

 K

3.8 (3.5–4.2)

3.7 (3.3–4.1)

3.8 (3.6–4.2)

0.11

 FBS

140.5 (117–178)

152 (124–190)

138 (116–176)

0.077

 BUN

15 (12–19)

15 (12–20)

15 (12–19)

0.71
0.23

 Cr

0.74 (0.6–0.91)

0.75 (0.66–0.94)

0.74 (0.6–0.9)

Maximum sodium in ICU (mEq/L)

143 (141–145)

154 (151–156)

143 (141–145)

<0.001

Minimum sodium in ICU (mEq/L)

141 (139–142)

141 (139–144)

141 (139–142)

0.29

AKI on admission

25 (7.2)

5 (15.2)

20 (6.4)

Surgery prior to ICU admission
 Elective surgery
 Emergency surgery
Renal replacement therapy
Mechanical ventilation

0.064
0.047

4 (1.2)
104 (30.1)
3 (0.9)

16 (48.5)
0 (0)

88 (28.1)
3 (1.0)

0.57

72 (23.0)

<0.001

4 (3–6)

8 (5–13)

4 (3–5)

<0.001

Modified Rankin Scale at discharge

3 (2–4)

5 (4–6)

3 (2–4)

<0.001

15 (4.8)
15 (4.8)

<0.001
<0.001

29 (8.4)
28 (8.1)

27 (81.8)

4 (1.3)

Length of ICU admissions (days)
All-cause hospital mortality
All-cause 28-day mortality

99 (28.6)

0 (0)

14 (42.4)
13 (39.4)

Continuous data are median (IQR). Categorical data are n (%).
*A score of ≤3 indicates favourable neurological function.
AKI, acute kidney injury; APACHE, Acute Physiology And Chronic Health Evaluation; CVD, cerebrovascular disease; GCS, Glasgow Coma
Scale; ICU, intensive care unit.

IAH was associated with high mortality among critically ill patients, especially those with CVD. Second,
using RCS analysis, a dose–response association
between serum sodium concentration and mortality
risk was observed, and the optimal serum sodium
target concentration for patients with CVD was determined to be ≤146 mEq/L.
A prior study showed that a serum sodium concentration >160 mEq/L was an independent risk factor
6

for mortality for patients in the neurological ICU.10
Another study showed that a serum sodium concentration >147.55 mEq/L was the optimal cut-off among
patients in the neurological ICU.8 In the present study,
we showed that 146 mEq/L was the upper limit of serum
sodium concentration among critically ill patients with
CVD admitted to ICU. To our knowledge, this is the first
report to show a threshold serum sodium concentration
in patients with CVD admitted to ICU.
Imaizumi T, et al. BMJ Open 2017;7:e016248. doi:10.1136/bmjopen-2017-016248
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Table 3 Clinical characteristics of patients with CVD (n=346)
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Hypernatraemia occurs when the total amount of
body sodium increases and/or total body water is lost.21
The latter factor can be caused by loss of electrolyte-free
water induced by administration of osmotic diuretics and
urea-induced osmotic diuresis.22 Patients in ICU are often
ventilated, sedated and immobilised because of their
medical condition and treatment; hence, water intake
tends to be limited. There are several specific reasons
for the development of hypernatraemia among patients
with CVD. First, in most neurological ICUs, hypernatraemia is intentionally induced in such patients to treat
brain oedema or to reduce elevated ICP.23 Evidence on
Imaizumi T, et al. BMJ Open 2017;7:e016248. doi:10.1136/bmjopen-2017-016248
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Figure 3 Association between maximum and minimum
sodium concentration and mortality (adjusted OR and
95% CIs) by restricted cubic spline model (three knots) in
patients with cerebrovascular diseases. The dashed lines
represent the 95% CIs for the spline model. (A) Maximum
sodium concentration and 28-day mortality. (Reference: 144
mEq/L) The curve’s nadir was between 141 and 146 mEq/L.
(B) Minimum sodium concentration and 28-day mortality.
(Reference: 141 mEq/L) The spline curve was not significantly
associated with mortality. ICU, intensive care unit.

the benefits of actively raising the serum sodium concentration and the active use of osmotic diuretics is lacking,
especially for patients with CVD. Patients with lower GCS
scores or those with clinical evidence of trans-tentorial
herniation might be considered for ICP monitoring and
treatment according to the guidelines for the management of spontaneous intracranial haemorrhage.24
Methods of treating elevated ICP are generally borrowed
from traumatic brain injury guidelines as well. Osmotic
diuretics or hypertonic saline may be used to treat acute
elevations of ICP; hypertonic saline may be the more
effective agent. However, this recommendation is effective only if ICP is monitored. Despite this, intravenous
administration of hypertonic glycerol is commonly used
in the treatment of acute stroke in Japan, often without
concomitant ICP measurement.25 Actually, an osmotic
diuretic (glycerol) was administered to all the patients
with CVD in our cohort. According to a previous report,
hypernatraemia is more likely to develop in patients
who undergo osmotic diuresis.10 Second, hypothalamic
or pituitary gland dysfunction is a common secondary
cause for sodium or water imbalance, such as central
diabetes insipidus. Hypernatraemia might reflect severity
in patients with such conditions. In our cohort, it was not
possible to identify from the retrospective chart review
the aetiology of hypernatraemia in most cases of IAH,
but some might have been iatrogenic. Initial treatment
of hypernatraemia is often inadequate, and sometimes
treatment is delayed.21 Thus, prevention, early detection
and early treatment of IAH may be an indicator of clinical quality of care. Our findings will encourage clinicians
who regularly see patients with CVD to monitor serum
sodium concentrations more closely.
Hypernatraemia was shown to be associated with
increased mortality among the patients with CVD.
Hypernatraemia is associated with various neuromuscular manifestations, such as muscle weakness,26 that can
prolong the length of ICU stay and duration of mechanical ventilation.9 These factors, in turn, can lead to
infection and other complications.
In this study, we could not identify the lower limit
of sodium concentration, but we showed that the
lower threshold of maximum serum sodium concentration was 141 mEq/L. Hence, a serum sodium
concentration <141 mEq/L may be associated with
mortality in patients with CVD possibly because lower
serum sodium concentration might cause brain oedema.
Thus, we assume that the serum sodium concentration
should be controlled at a relatively higher level.
There were several limitations to this study. First, due
to the retrospective nature, the timing of and interval
between examining blood samples were not decided a
priori; thus, we might have missed some cases of IAH or
those with lower concentrations of sodium. Second, it is
possible that we underestimated the number of patients
with IAH both because we excluded patients who were
admitted to ICU for <2 days and because, once patients
were discharged from ICU, we were not able to determine
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whether they developed hypernatraemia. Third, a singlecentre study may be biased by local practice patterns,
such as the use of osmotic diuretics or measurement of
ICP. Fourth, since ICP measurement was not routinely
performed, this study was unable to focus on patients with
cerebral oedema. Nevertheless, osmotic diuretics such as
glycerol are frequently administered in routine clinical
practice in Japan. This might have contributed to hypernatraemia in some patients, leading a poor prognosis.
In the present study, we clearly demonstrated that
hypernatraemia is a significant risk factor for mortality
in critically ill patients, especially those with CVD. We
also demonstrated that the serum sodium concentration
cut-off point for increased mortality risk among patients
with CVD was 147 mEq/L. These findings will be helpful
for clinicians who manage critically ill patients with CVD.
However, multicentre, prospective studies should be
conducted to assess the usefulness of this threshold in
practice.

