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Abstract N\
Many studies have indicated that hypernatremia is associated with increased mortality. In this study, we aimed to explore the |
relationship between intensive care unit (ICU)-acquired hypernatremia and the prognosis of critically neurological patients.

Based on serum sodium level in the ICU, 450 patients were divided into 3 groups: 222 had normal serum sodium, 142 had mild
hypernatremia, and 86 had severe hypernatremia. Kaplan—-Meier and multivariable binary logistic regression analyses were
performed to evaluate the prognostic value of hypernatremia in critically neurological patients. Receiver operating characteristic
(ROC) curve was constructed for serum sodium levels to determine their roles in predicting ICU mortality.

Hypernatremia was significantly related with age, Glasgow Coma Scale (GCS) score, serum sodium, APACHE Il score, and serum
creatinine. Moreover, the different treatment outcome including mechanical ventilation, the days of stayed in ICU, and Glasgow
Outcome Scale score had correlation with serum sodium levels. Old ages, GCS score, therapeutic intervention scoring system (TISS)
score, APACHE Il score, serum sodium peak, and so on were all associated with the mortality. In addition, hypernatremia was an
independent prognostic factor for critically neurological patients by logistic regression analysis (odds ratio=1.192, 95% confidence
interval=1.135-1.252, P=0.000). Moreover, we got the sensitivity of 79.4% and specificity of 74.5% in the ROC analysis between
peak serum sodium and the mortality. The area under the ROC curve was 0.844, and the optimal cutoff value was 147.55.

Our results showed that ICU-acquired hypernatremia may be a potential prognosis marker for critically neurological patients.

Abbreviations: AUC = area under the curve, GCS = Glasgow Coma Scale, GOS = Glasgow Outcome Scale, ICU = intensive care

unit, NICU = neurologic ICU, TBI = traumatic brain injury.
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1. Introduction

Hypernatremia is an electrolyte imbalance condition at various
stages in the occurrence and development of many diseases, and
usually it can be diagnosed as hypernatremia when the serum
sodium concentration is more than 145 mmol/L."! Hyper-
natremia is also the ubiquitous severe electrolyte imbalance in the
intensive care unit (ICU). Studies showed that about 2% to 9%
patients in ICU have hypernatremia.®! In addition, hyper-
natremia is more frequently found in the neurosurgical ICU than
in the general ICU."! The incidence and mortality of hyper-
natremia are both high in severe traumatic brain injury (TBI).
Also in the patients with cerebral hemorrhage and cerebral
infarction, the incidence of hypernatremia is 6% and 3%,
respectively.!’! In general cases, according to the occurred time,
hypernatremia can be divided into hypernatremia present at
admission to the ICU and hospital-acquired hypernatremia.
Polderman et al'® found that hospital-acquired hypernatremia
patients had a higher mortality rates than those with hyper-
natremia present at admission to the ICU (32% and 20.3%,
respectively).

Many studies found that levels of serum sodium and speed of
serum sodium elevated directly determined the severity of
hypernatremia patients and their prognosis. Once the hyper-
natremia has not been timely controlled, it may cause cognitive
impairment and epilepsy, even lead to death. At the early stage of
hypernatremia, there are no obvious clinical symptoms, and
clinicians are not easy to find only by clinical manifestation.
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Hypernatremia acquired in the ICU has been regarded as an
indicator of the quality of ICU care, because its origin is often
iatrogenic.!®! It was reported that hypernatremia acquired in the
ICU was an independent risk factor for mortality in critically ill
patients.”*8! So early detection and timely treatment of hyper-
natremia are related to the prognosis of critically ill patients, and
the prevention of hypernatremia also becomes the focus of
scholars at home and abroad.

In our study, we aimed to determine the incidence and clinical
feature of critically neurological patients who were with ICU-
acquired hypernatremia, discuss the influencing factors of ICU-
acquired hypernatremia, and analysis the effect of ICU-acquired
hypernatremia to the prognosis of critically neurological
patients.

2. Materials and methods

2.1. Subjects

From January 1, 2011 to December 31, 2013, a total of 2426
critically neurological patients were retrospected from the ICU 1
area and 2 area of Guangdong General Hospital. Our study was
approved by the Ethics Committee of Guangdong General
Hospital, Guangdong Academe of Medical Sciences and obtained
the exemption informed consent. At last, 450 patients conformed
to the standards were enrolled in this study.

In this study, the inclusion criteria were as follows: more than
18 years old; admitted to neurologic ICU (NICU) for severe
nervous diseases, and stay of more than 24 h; and normal serum
sodium levels when admission in the NICU. And the exclusion
criteria were as follows: renal insufficiency; patients with
pituitary adenoma or craniopharyngioma; severe infection,
major organ injuries, hemodynamic unstable, and hypovolumic
shock; frequent diarrhea; hyponatremia after in NICU; and
incomplete information.

2.2. Measurements

The following basic information of patients was recorded,
including age, gender, history of hypertension, time and place of
NICU admission, diagnosis, vital signs as well as laboratory data,
including Glasgow Coma Scale (GCS) score, APACHE II score,
and therapeutic intervention scoring system (TISS) score.
Moreover, therapy-related information including intake and
output record, drugs, surgery, mechanical ventilation, nutritional
support, and so on were also collected. In ICU, the laboratory
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data, such as electrolytes, renal function, blood glucose, and
serum sodium, were recorded clearly. About the prognosis data,
length of ICU and hospital stay, cost, length of mechanical
ventilation, Glasgow Outcome Scale (GOS) score of leave ICU
and hospital, and mortality during ICU and hospital were all
recorded for this study.

2.3. Statistical analysis

All statistical analyses were performed using the software of SPSS
19.0 and GraphPad Prism 5. The data are summarized and
presented as means +standard deviation. T test was used for the
comparison between the measurement data. The counting data
were detected by Chi-squared test. Kaplan-Meier curve was
performed to assess the survival of critically neurological patients
with varies degree of hypernatremia when died. Multivariable
binary logistic regression analysis was used to determine the
influence of hypernatremia on mortality. To determine the serum
sodium-level distinguished nonsurviving from surviving patients,
receiver operating characteristic (ROC) curves were constructed
for serum sodium levels on admission and at peak in NICU.
And in our study all P values <0.05 were considered statistically
significant, and every experiment was repeated at least 3 times.

3. Results

3.1. Baseline characteristics

There are a total of 450 critically neurological patients enrolled in
the study finally. In the 450 patients, 222 were had no high
sodium symptoms, 228 patients were hypernatremia acquired in
the NICU. And the 450 patients were divided into 3 groups
according to their serum sodium levels while in the NICU: 222
had normal serum sodium (135 mmol/L < Na < 145 mmol/L),
142 had mild hypernatremia (145 mmol/L < Na < 155 mmol/L),
86 had severe hypernatremia (Na > 155 mmol/L). The patients
with hypernatremia acquired in the NICU were 50.66% in the
patients on the 1st day with normal serum sodium. Among the
patients with hypernatremia acquired in the NICU, the shortest
time for the patients with hypernatremia was the 1st day after
entered the NICU, the longest was the 15th day after entered the
ICU. And high blood sodium symptoms ranged 1 to 41 days.
According to the statistics, there were 82 died, the mortality was
18.2% in the total 450 patients, and 35.96 % in the patients with
hypernatremia acquired in the NICU. The baseline information
was listed in Table 1. And hypernatremia was significantly related

Summary of patient characteristics.

Serum sodium level

135 < Na < 145, mmol/L (n=222) 145 <Na < 155, mmol/L (n=142) Na>155, mmol/L (n=286) P

Age (mean) 49.06+16.21 55.88+15.23 59.64+15.19 0.000
Female 94 56 42 0.596
Types of patients

Trauma 20 15 2 0.077

Surgery 179 102 69

Internal medicine 23 25 15
GCS score 12.50+3.55 8.32+4.47 6.56+3.96 0.000
Serum sodium, mmol/L 139.36+2.70 140.56+2.95 140.52 +4.03 0.000
Serum potassium, mmol/L 3.69+0.46 3.71+0.53 472+10.93 0.210
Serum creatinine (median), mmol/L 75.13+33.68 83.26+36.93 93.52 +48.81 0.001
APACHE I score 11.33+5.73 17.03+8.95 20.07+9.99 0.000

GCS = Glasgow Coma Scale.
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Treatments outcome of patients.

Serum sodium level

135 <Na <145, 145 <Na < 155, Na >155,
mmol/L (n=222) mmol/L (n=142) mmol/L (n=86) P
Duration of mechanical ventilation (median), d 0.08 1.42 4.04 0.000
Length of stayed in ICU (median), d 2.83 6.79 7.34 0.000
GOS score 0.000
Leave ICU (median) 3 2 1
Leave hospital (median) 4 3 1
Mortality in ICU, % 0.4 10.14 54.95 0.000
Cost, yuan (median) 52,506.65 91,463.74 105,906.37 0.000

GOS =Glasgow Outcome Scale, ICU=intensive care unit.

with age, GCS score, serum sodium, APACHE II score, and
serum creatinine (all P <0.05).

3.2. Treatments outcome

The treatment outcome was listed in Table 2. The results showed
that the time for the mechanical ventilation and the days of stayed
in ICU were both higher in the severe hypernatremia group (4.04
and 7.34 days, respectively) than other 2 groups (0.08 and 2.83,
and 1.42 and 6.79, respectively). The GOS score at leaving ICU
and hospital were lowest in the severe hypernatremia group (1
and 1, respectively) among the 3 groups. In addition, the
mortality was highest in the severe hypernatremia group
(54.95% in ICU), and the mortality rate in mild hypernatremia
group was the second (10.14% in ICU). As a result, patients with
severe hypernatremia levels cost more money.

3.3. Associations of baseline characteristics, treatments
with ICU mortality

A total of 82 patients died. The comparisons between survivors
and nonsurvivors were listed in Table 3. Old ages, GCS sore, TISS
score, APACHE 1I score, and serum sodium peak were all
associated with the mortality. In the table, we could see that GCS
score was significantly lower in dead patients than that in survival
patients (P=0.000). TISS score and APACHE II score were both
higher in dead patients than that in survival patients (both P=
0.000). Moreover, serum sodium peak was obviously higher in
dead patients than that in survival patients (P=0.000).

3.4. The analysis of risk factors for critically neurological
patients

The multivariable binary logistic regression analyses were
performed to analyze the risk factors of the mortality. The
results were shown in Table 4. From the results, we could see that
GCS score (odds ratio [OR]=0.864, 95% confidence interval
[C[1=0.761-0.981, P=0.024) and serum sodium peak (OR=
1.192, 95% CI=1.135-1.252, P=0.000) were independent
factors in the mortality analysis. And higher serum sodium peak
might increase the risk of mortality. Fig. 1 shows that patients
with hypernatremia had worse overall survival rates than those
with no hypernatremia (log-rank test, P < 0.05). It indicated that
hypernatremia could be a predictor for the prognosis of critically
neurological patients. The ROC curve (Fig. 2) between peak
serum sodium and the mortality showed that the area under the
curve was 0.844 with the sensitivity and specificity of 79.4% and
74.5%, respectively, and the cutoff value for the peak serum
sodium was 147.55 mmol/L.

4. Discussion

When serum sodium level >145mmol/L, it could be considered
as hypernatremia.l”’ And in the clinical research, hypernatremia
is usually >150 mmol/L.[-''3! But in our study, patients were
diagnosed as hypernatremia with serum sodium level >145
mmol/L. Hypernatremia could be only developed when an
increase in total body sodium or a loss of water, or both
appeared.'® Moreover, osmotic diuresis because of glucose and

Comparison of survival and death patients.

Survival (n=368) Death (n=82) P

Age 52.03+15.84 58.93+17.09 0.000
Gender

Male 213 45 0.711

Female 155 37
Heart rate 83.05+18.33 95.04+29.47 0.000
GCS score 10.94+4.33 6.10+3.89 0.000
TISS score 23.43+3.81 26.54+5.19 0.000
APACHE I 13.03+6.82 (n=91) 22.64+12.05 (n=11) 0.000
Serum sodium, mmol/L 139.86+3.18 140.43 +2.91 0.135
Serum potassium, mmol/L 3.95+5.44 3.67+0.61 0.672
Serum creatinine, mmol/L 79.01+37.98 91.60+41.36 0.008
Blood glucose, mmol/L 7.87+2.77 10.50+3.87 0.000
Serum sodium peak, mmol/L 145.61+7.75 160.83+12.04 0.000
/\Nap 5.93+7.90 20.40+11.90 0.000

GCS=Glasgow Coma Scale, TISS =therapeutic intervention scoring system.
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Analysis of the factors influencing the mortality.

OR 95% Cl P
Midline shift 1.859 0.783-4.413 0.160
Heart rate 1.009 0.990-1.028 0.356
Surgery 0.629 0.346-1.143 0.128
GCS score 0.864 0.761-0.981 0.024
TISS score 0.976 0.884-1.077 0.624
Serum inorganic phosphorus 0.573 0171-1.917 0.366
Blood glucose 0.805 0.675-0.961 0.017
Serum sodium peak 1192 1.135-1.252 0.000

084

Cl=confidence interval, GCS = Glasgow Coma Scale, OR = odds ratio, TISS =therapeutic intervention
scoring system.

urea can be a central causative mechanism for the development of
hypernatremia among critically ill patients.'*"! Critically ill
patients are often intubated, sedated, and unconscious, and their
“water intake” is mainly managed by the physician, the above
treatment may make them prone to the development of
hypernatremia.''®'”! Thus, we studied the relationship between
ICU-acquired hypernatremia and the prognosis of critically
neurological patients.

Hypernatremia has multiple adverse effects which may be
associated with increased mortality in ICU patients."®! For
example, hypernatremia can exacerbate peripheral insulin
resistance,!'”! and hypernatremia is also correlated with various
neuromuscular manifestations, such as muscle weakness and
cramps.*°! Neurologic impairment may be the most severe result
of hypernatremia and may prolong the need for mechanical
ventilation.!”! Moreover, too rapid correction of chronic hyper-
natremia can cause cerebral edema.”! In the study of Li et al,!*!
167 patients who developed a serum sodium level >160 mmol/L,
had severe hypernatremia, and the mortality rate for the
hypernatremia group was 86.8%, thus severe hypernatremia is
an independent risk factor for patients with TBI. And Kolmodin
et al’®?! found that hypernatremia in patients with TBI may be
associated with increased mortality. Zhang et al'**! found that
NICU-acquired hypernatremia was an independent risk factor
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Figure 1. Survival curve of the patients based on the data whether had
hypernatremia.
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Figure 2. Receiver operating characteristic curve based on the correlation
between peak serum sodium and the mortality of patients.

for mortality in neurologic critically ill patients. The study of
Waite et al®*! revealed that hypernatremia was independently
associated with a 40% increase in risk of hospital mortality and a
28% increase in ICU LOS. What’s more, Darmon et al*®! also
found that dysnatremia including mild changes in serum sodium
concentration was an independent risk factor for hospital
mortality. Our results were consistent with the previous studies.

In our study, hypernatremia was significantly related with age,
GCS score, serum sodium, APACHE II score, and serum
creatinine. And we also analyzed the relationship between
ICU-acquired hypernatremia and treatment outcome. The results
showed that patients with higher serum sodium level had longer
mechanical ventilation time and longer length stay in ICU.
Moreover, compared to patients without hypernatremia, patients
with ICU-acquired hypernatremia had lower GOS score and
increased ICU mortality. The results of Kaplan—-Meier survival
analysis showed that patients with hypernatremia had poor
survival rate than those without hypernatremia. Besides old ages,
GCS score, TISS score, APACHE II score, and serum sodium
peak were all related with the mortality. Moreover, we also
studied the prognosis value of hypernatremia in critically
neurological patients. Cox regression analysis further demon-
strated that the ICU-acquired hypernatremia was an independent
prognostic factor for the poor survival of critically neurological
patients. What’s more, the results of ROC curve analysis
confirmed the above findings that hypernatremia could predict
survival risk of critically neurological patients.

However, there are still some limitations in our study. First, our
study was a retrospective study based on the data of 1 research
center. Second, our criteria could not account fully for the high
incidence of hypernatremia in NICU. Finally, our patients may at
a different disease state although they appeared to have a sort of
dysnatremia.

In conclusion, hypernatremia is common in critically neuro-
logical patients. And we found that ICU-acquired hypernatremia
is significantly associated with mortality and could be considered
as an independent prognosis factor for the patients. Therefore,
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further correlations and ICU-specific treatment should be studied to
prevent hypernatremia and increase overall survival in the future.
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