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Objective : Hypernatremia is a common complication encountered during the treatment of neurocritically ill patients. However,
it is unclear whether clinical outcomes correlate with the severity of hypernatremia in such patients. Therefore, we investigated the
impact of hypernatremia on mortality of these patients, depending on the degree of hypernatremia.

Methods : Among neurosurgical patients admitted to the intensive care unit (ICU) in a tertiary hospital from January 2013 to
December 2019, patients who were hospitalized in the ICU for more than 5 days and whose serum sodium levels were obtained
during ICU admission were included. Hypernatremia was defined as the highest serum sodium level exceeding 150 mEq/L observed.
We classified the patients into four subgroups according to the severity of hypernatremia and performed propensity score matching
analysis.

Results : Among 1146 patients, 353 patients (30.8%) showed hypernatremia. Based on propensity score matching, 290 pairs were
included in the analysis. The hypernatremia group had higher rates of in-hospital mortality and 28-day mortality in both overall and
matched population (both p<0.001 and p=0.001, respectively). In multivariable analysis of propensity score-matched population,
moderate and severe hypernatremia were significantly associated with in-hospital mortality (adjusted odds ratio [OR], 4.58; 95%
confidence interval [Cl], 2.15-9.75 and adjusted OR, 6.93; 95% Cl, 3.46-13.90, respectively) and 28-day mortality (adjusted OR, 3.57;
95% Cl, 1.54-7.98 and adjusted OR, 10.60; 95% Cl, 5.10-21.90, respectively) compared with the absence of hypernatremia. However,
clinical outcomes, including in-hospital mortality and 28-day mortality, were not significantly different between the group without
hypernatremia and the group with mild hypernatremia (p=0.720 and p=0.690, respectively). The mortality rates of patients with
moderate and severe hypernatremia were significantly higher in both overall and matched population. Interestingly, the mild
hypernatremia group of matched population showed the best survival rate.

Conclusion : Moderate and severe hypernatremia were associated with poor clinical outcomes in neurocritically ill patients.
However, the prognosis of patients with mild hypernatremia was similar with that of patients without hypernatremia. Therefore,
mild hypernatremia may be allowed during treatment of intracranial hypertension using hyperosmolar therapy.
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INTRODUCTION

Hypernatremia is routinely detected in intensive care units
(ICUs)"*"""™*¥ and more frequently in the neurosurgical ICU
than in the general ICU". Hypernatremia may be associated
with various complications in critically ill patients'™""'""***”
Therefore, ICU-acquired hypernatremia is associated with
poor clinical outcomes in critically ill patients'"****”.

Hypernatremia is caused by increased sodium intake, loss
of free water, or both"”. Under normal conditions, thirst is the
primary defense mechanism against the development of hy-
pernatremia”’. However, this mechanism is disrupted in criti-
cally ill patients because their consciousness is generally dis-
turbed by sedation or delirium'"”. Moreover, neurocritically
ill patients are more likely to develop hypernatremia than pa-
tients in general ICUs for several reasons, including impaired
thirst mechanisms, altered mentality, and hormonal abnor-
malities resulting from brain injury’"”. In addition, hyperna-
tremia may be induced by treating elevated intracranial pres-
sure (ICP) with hyperosmolar therapies, such as mannitol and
hypertonic saline, and control of ICP may be correlated with
serum sodium concentration'"'"**. However, it is unclear
whether hypernatremia in patients with intracranial hyper-
tension should be corrected even by reducing or discontinuing
hyperosmolar agents.

A limited number of studies reported that clinical outcomes
correlated with the severity of hypernatremia in neurocritical-

ly ill patients™. It is unknown whether hypernatremia itself is

associated with poor prognosis, or is a symptom associated
with neurocritical illness. Therefore, the objective of this study
was to investigate the impact of hypernatremia on mortality
of neurocritically ill patients, depending on the degree of hy-
pernatremia. In addition, we evaluated whether hypernatre-
mia per se was associated with poor prognosis when severity
and factors other than hypernatremia were controlled by pro-

pensity score matching.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Samsung Medical Center (approved number : SMC 2020-
09-082). The requirement for informed consent was waived by
the Institutional Review Board due to the study’s retrospective

nature.

Study population and design

This is a retrospective, single-center, observational study.
Patients admitted to the neurosurgical ICU in a tertiary, refer-
ral hospital (Samsung Medical Center, Seoul, Korea) from
January 2013 to December 2019 were eligible. We included pa-
tients 1) who were hospitalized in the ICU for more than 5
days or died within 5 days after [CU admission and 2) whose
serum sodium concentrations were obtained during the ICU
admission. We excluded patients 1) with hypernatremia (se-

rum sodium >150 mEq/L) on ICU admission, 2) with insuffi-

Patients admitted to the neurosurgical ICU
January 2013 to December 2019 Sl
(n=12743) Transferred to general wards within 5 days (n=11390)
Hypernatremia on ICU admission (n=93)
> | Insufficient laboratory data (n=52)
v Unknown prognoses (n=42)
Study population Admitted to departments other than neurosurgery (n=20)

(n=1146)

\/

.

'

Serum Na <150
(n=793)

Serum Na >150
(n=353)

v

v

Propensity score-matching
(n=290)

Propensity score-matching
(n=290)

Fig. 1. Study flow chart. ICU : intensive care unit, Na : sodium level.
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cient medical records, 3) those who were admitted to depart-
ments other than neurosurgery, and 4) those who were
transferred to other hospitals and with unknown prognoses
(Fig. 1).

Definitions and outcomes

In this study, baseline characteristics of comorbidities, ICU
management, and laboratory data were collected retrospec-
tively using Clinical Data Warehouse. Our center constructed
the “Clinical Data Warehouse Darwin-C” designed for inves-
tigators to search and retrieve de-identified medical records
from the electronic archives. It contains data pertaining to
more than 4 million patients. The clinical and laboratory data
were extracted from the Clinical Data Warehouse Darwin-C
after finalizing the patient list in this study. The levels of se-
rum sodium were measured at least once every morning in all
patients. Additional laboratory tests were performed if pa-
tients underwent hyperosmolar therapy or when attending
physicians or neurosurgeons needed additional tests through-
out the day. Hypernatremia was defined as the highest serum
sodium level exceeding 150 mEq/L during ICU stay”®. We
also classified the patients to determine the association be-
tween clinical outcomes and severity of hypernatremia. Pa-
tients were divided into four subgroups : no hypernatremia
(150 mEq/L), mild hypernatremia (151-155 mEq/L), moder-
ate hypernatremia (156—160 mEq/L), and severe hypernatre-
mia (>160 mEq/L)*". Acute Physiology and Chronic Health
Evaluation (APACHE) II score was calculated with worst val-
ues recorded during the initial 24 hours in the ICU admis-
sion”'”. If the patient was intubated, the verbal score of
Glasgow coma scale (GCS) was estimated using the eye and
motor scores as reported previously”. The primary endpoint
was in-hospital mortality and the secondary outcome was 28-

day mortality.

Statistical analyses

All data are presented as meanststandard deviations for
continuous variables and frequencies and proportions for cat-
egorical variables. Data were compared using Student’s t-test
for continuous variables and the chi-square test or Fisher’s ex-
act test for categorical variables.

Propensity score matching was used to control the selection
bias and the confounding detected in this observational study.

Each patient with hypernatremia was matched to one of the

Hypernatremia in Neurosurgical Patients | Lee YI, et al.

control patients with the nearest neighbor matching within
calipers determined by the propensity score. A caliper width
of 0.2 of the standard deviation of the logit of the propensity
score was used for the matching”. To determine the effective-
ness of propensity score matching in controlling the differ-
ences between patients with and without hypernatremia, the
standardized mean differences (SMDs) were calculated for
each variable before and after matching. SMDs less than 10%
were considered successful propensity scores matching and
balancing the groups.

To conduct doubly robust estimation to improve causal in-
ference, we combined the propensity score matching and re-
gression methods. The propensity score-matched population
was subjected to multiple logistic regression analysis with
stepwise variable selection. The variables included in the pro-
pensity score estimation and the other multivariable analyses
were age, sex, comorbidities, cause of ICU admission, utiliza-
tion of organ support modalities, including mechanical venti-
lators, continuous renal replacement therapy and vasopres-
sors, invasive [CP monitoring devices, hyperosmolar therapy,
GCS, and APACHE II score on ICU admission. The cumula-
tive incidences of mortality were calculated by Kaplan-Meier
estimates and compared using a log-rank test. All tests were
two-sided and p-values less than 0.05 were considered statisti-
cally significant. Statistical analyses were performed with R
Statistical Software (version 4.0.2; R Foundation for Statistical

Computing, Vienna, Austria).

RESULTS

Baseline characteristics

A total of 12743 patients were admitted to the neurosurgical
ICU during the study period and 1146 patients were included
in the analysis. In the study population, 353 patients (30.8%)
had hypernatremia (Fig. 1). Mean age of all patients was 50.0%
22.9 years. The study included 597 male patients (52.1%). Ma-
lignancy (56.4%) and hypertension (34.1%) were the most
common comorbidities. Brain tumors (39.1%) and intracere-
bral hemorrhage (18.2%) were the most common reasons for
ICU admission. Age and APACHE II score on ICU admission
were higher in patients with hypernatremia compared with
those without hypernatremia (both p<0.001). However, ma-

lignancy was more common in the group with hypernatremia
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than in the group without (p<0.001). Vasopressors and me-
chanical ventilators were more commonly used in patients
with hypernatremia compared with those without hyperna-
tremia (both p<0.001). Although the frequency of mannitol
use was similar between the two groups (p=0.293), glycerin
was more frequently used in the hypernatremia group
(p<0.001). The mean value of maximum serum sodium level
was higher in the hypernatremia group than in the group
without hypernatremia (160.2£8.6 vs. 141.9£5.8 mEq/L,
p<0.001). The mean value of minimum serum sodium level
was also higher in the hypernatremia group than in the non-
hypernatremia group (144.3%12.9 vs. 135.1+5.8 mEq/L,
p<0.001). Compared with neurocritically ill patients without
hypernatremia, those with hypernatremia had increased
blood urea nitrogen, glucose, and osmolality, and decreased
glomerular filtration rate (Table 1). However, there were no
significant differences in the length of stay in the ICU and
hospital between the two groups (p=0.970 and p=0.232, re-
spectively). After propensity score matching, 290 pairs of data

were generated by 1 : 1 individual matching without replace-

ment. No significant imbalance was found in the baseline

characteristics between the matched data pairs (Table 1).

Clinical outcomes

In the overall study population, the rates of in-hospital mor-
tality and 28-day mortality were higher in the hypernatremia
group compared with the non-hypernatremia group (45.6% vs.
15.5% and 43.6% vs. 13.5%, both p<0.001) (Table 1). Clinical
outcomes in the propensity score-matched population were
similar with those of the entire population. In the propensity
score-matched population, the rates of in-hospital mortality
and 28-day mortality were also higher in the hypernatremia
group compared with the non-hypernatremia group (40.3% vs.
26.9% and 37.9% vs. 24.8%, both p=0.001) (Table 1).

In multivariable analysis of propensity score-matched pop-
ulation, the clinical outcomes, including in-hospital mortality
and 28-day mortality, were not significantly different between
non-hypernatremia and mild hypernatremia groups (p=0.720
and p=0.690, respectively) (Table 2). However, moderate and

severe hypernatremia were significantly associated with in-

Table 2. Multivariable analysis of clinical outcomes according to the severity of hypernatremia between propensity score matched population

Adjusted odds ratio* (95% Cl) p-value
In-hospital mortality
Hypernatremia
No hypernatremia 1 Reference
Mild hypernatremia 0.88 (0.43-1.80) 0.720
Moderate hypernatremia 4.58 (215-9.75) <0.001
Severe hypernatremia 6.93 (3.46-13.90) <0.001
Use of vasopressors 3.07 (1.68-5.61) <0.001
Continuous renal replacement therapy 549 (1.80-16.70) 0.003
Glasgow coma scale on admission 0.63 (0.59-0.68) <0.001
28-day mortality
Hypernatremia
No hypernatremia 1 Reference
Mild hypernatremia 0.86 (0.39-1.86) 0.690
Moderate hypernatremia 51 (1.54-7.98) 0.003
Severe hypernatremia 10.60 (5.10-21 90) <0.001
Use of vasopressors 276 (147-5.16 0.002
Invasive ICP monitoring 0.46 (0.26-0.83) 0.010
Glasgow coma scale on admission 0.64 (0.59-0.69) <0.001

*Adjusted for age, sex, comorbidities, cause of intensive care unit admission, utilization of organ support modalities, use of invasive ICP monitoring
device, hyperosmolar therapy, and Acute Physiology and Chronic Health Evaluation Il score. Cl : confidence interval, ICP : intracranial pressure
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Fig. 2. Kaplan-Meier survival analyses of propensity score-mached population (p<0.001).

hospital mortality (adjusted odds ratio [OR], 4.58; 95% confi-
dence interval [CI], 2.15-9.75 and adjusted OR, 6.93; 95% ClI,
3.46-13.90, respectively) and 28-day mortality (adjusted OR,
3.51;95% CI, 1.54-7.98 and adjusted OR, 10.60; 95% CI, 5.10—
21.90, respectively) compared with the absence of hypernatre-
mia (Table 2). Finally, multivariable logistic regression analysis
revealed that moderate and severe hypernatremia, use of vaso-
pressors (adjusted OR, 3.07; 95% CI, 1.68—5.61), continuous
renal replacement therapy (adjusted OR, 5.49; 95% CI, 1.80—
16.70), and GCS on ICU admission (adjusted OR, 0.63; 95%
CI, 0.59—0.68) were associated with in-hospital mortality (Ta-
ble 2).

In survival analysis, the mortality rates of patients with
moderate and severe hypernatremia were significantly higher
compared with those with mild hypernatremia and without
hypernatremia in the overall population and propensity score-
matched population (Fig. 2). Especially, the mild hypernatre-
mia group of matched population showed the best survival
rate in the Kaplan-Meier curve. However, the mortality rate of
patients with mild hypernatremia was not significantly lower
compared with those without hypernatremia (16.1% vs.
27.6%, log-rank test, p=0.163).

DISCUSSION

In this study, we investigated the severity and impact of hy-
pernatremia on mortality of neurocritically ill patients, de-
pending on the degree of hypernatremia. Major findings of
this study were as follows. First, poor clinical outcomes were
more common in patients with hypernatremia compared with
those without hypernatremia in overall and propensity score-
matched population. Second, patients with mild hypernatre-
mia in the matched population showed the best survival rate.
Finally, multivariable analysis revealed that moderate and se-
vere hypernatremia, use of vasopressors and GCS on ICU ad-
mission were significantly associated with in-hospital mortal-
ity and 28-day mortality in neurocritically ill patients.
Specifically, mild hypernatremia was not associated with poor
clinical outcomes in this study.

In neurocritically ill patients, hyperosmolar therapy, includ-
ing mannitol, glycerin or hypertonic saline, are frequently
used to control intracranial hypertension'**”. Hypernatremia
may occur due to the use of these agents'™'"****¥_ Mild hyper-
natremia is the goal of serum sodium when hypertonic saline
is used to lower ICP continuously™”. Neurocritically ill pa-
tients are frequently subjected to hyperosmolar therapy. Hy-
perosmolar therapy and associated acute kidney injury can

aggravate hypernatremia™***. In addition, hypothalamic dys-

J Korean Neurosurg Soc 66 (1) : 95-104 101
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function due to brain injury can contribute to hypernatre-
mia*"*”. Therefore, hypernatremia occurs easily in patients
with severe neurological disease compared with those mani-
festing benign disease. Eventually, it is not easy to determine
whether hypernatremia itself is associated with a poor prog-
nosis, or patients with hypernatremia show poor prognosis
because of their neurocritical illness. Therefore, a propensity
score matching method was used to adjust for this confounder
in this study. In brief, moderate and severe hypernatremia
were significantly associated with poor clinical outcomes in
neurocritically ill patients.

The prevalence of ICU-acquired hypernatremia was about

10,19,23 .
. Hypernatremia and

5.7% to 50.7% in previous studies
its associated hyperosmolar conditions lead to metabolic de-
rangement and organ dysfunction, including abnormal he-
patic gluconeogenesis, decreased lactate clearance, increased
insulin resistance of peripheral tissues, cardiac dysfunction,
muscle cramps and rhabdomyolysis''”"”. Therefore, hyperna-
tremia itself may be associated with multiple complications,
prolonged ICU stay, or even death*"®'******”) In addition, hy-
pernatremia leads to increased cellular dehydration and de-
creased cerebral edema, which are often the therapeutic goals
in neurocritical care. However, these homeostatic changes can
injure myelin and even cause neuronal death. Thus, hyperna-
tremia leads to additional secondary brain injury**®. Eventu-
ally, hypernatremia is also associated with poor clinical prog-
nosis in neurocritically ill patients™'*'"'****",

In our previous study, hyperosmolality may be associated
with acute kidney injury and poor clinical outcomes in neuro-
critically ill patients”. The renal toxicity may be aggravated by
dehydration or preexisting renal impairment” and extreme
hyperosmolality may cause acute kidney injury'”. Serum os-
molality is decided by serum sodium, blood urea nitrogen and
glucose and these three are related to osmotic pressure. In-
creased serum osmolality as result of increased serum levels of
sodium, blood urea nitrogen and glucose may be associated
with poor clinical outcomes in neurocritically ill patients.
Therefore, it is necessary to monitor electrolytes, blood urea
nitrogen, creatine, serum osmolality, and osmolar gap while
using hyperosmolar agents, including mannitol, to prevent
acute kidney injury and other side effects of hyperosmolar
therapy”.

In this study, neurocritically ill patients with mild hyperna-

tremia did not manifest worse outcomes compared to those

102 https://doi.org/10.3340/jkns.2022.0161

without hypernatremia. However, patients with moderate or
severe hypernatremia had worse prognosis than those without
hypernatremia. In neurocritically ill patients with mild hyper-
natremia, favorable clinical outcomes may be associated with
the ICP-lowering effect induced by mild hypernatremia with
fewer complications than those detected during moderate and
severe hypernatremia. Therefore, hyperosmolar agents may
not be reduced or discontinued to maintain normal level of
serum sodium in case of mild hypernatremia during treat-
ment of patients with intracranial hypertension.

This study has several limitations. First, this was a retro-
spective review of medical records and the data extracted
from Clinical Data Warehouse. The nonrandomized nature of
registry data may have resulted in selection bias. Laboratory
studies, including serum sodium levels, were not protocol-
based. Second, hypernatremia was easily induced with hyper-
tonic saline. Although, a small number of patients used hy-
pertonic saline in this study, they could not be identified from
Clinical Data Warehouse due to technical challenges. Third,
the distribution of neurosurgical diseases differed from that
of the general neurosurgical ICU, and the proportion of pa-
tients with brain tumors was particularly high. Although this
study still provides valuable insight, prospective large-scale
studies are needed to confirm the safety and effectiveness of
mild hypernatremia in neurocritically ill patients to arrive at

evidence-based conclusions.

CONCLUSION

In this study, moderate and severe hypernatremia were as-
sociated with poor clinical outcomes in neurocritically ill pa-
tients. However, prognosis of the patients with mild hyperna-
tremia was similar with those without hypernatremia.
Therefore, mild hypernatremia may be allowed during the ac-
tive management of intracranial hypertension using hyperos-
molar therapy. Further, it may not be necessary to reduce or
discontinue hyperosmolar agents to control mild hypernatre-

mia.
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