
Prognostic Value of Early Hyperglycemia in Neurocritically 
Ill Patients 
Junghoon Han1, Yun Im Lee2, Jeong-Am Ryu1,2 

1Department of Neurosurgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea 
2Department of Critical Care Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea 

Objective 
To evaluate the relationship of early hyperglycemia and neurological prognosis in neurocritically 
ill patients. 

Methods 
This was a retrospective study of adult patients admitted to the neurosurgical intensive care unit 
(ICU) from January 2010 to July 2019. Primary outcome was neurological status at 6-month fol-
low-up assessed with the Glasgow Outcome Scale (GOS, 1 to 5). 

Results 
A total of 202 patients were analyzed in this study. Of them, 70 (34.7%) patients had early hyper-
glycemia (≥200 mg/dL within 48 hours after ICU admission). Brain tumor (39.6%) and sub-
arachnoid hemorrhage (17.8%) were the most common reasons for ICU admission. Nine-
ty-three (46.0%) patients had favorable neurological outcomes (GOS of 4 or 5). Poor neurologi-
cal outcome was more common in the early hyperglycemia group than in the non-hypoglycemia 
group (71.4% vs. 44.7%, p<0.001). In addition, 90-day mortality rate was significantly higher for 
patients with early hyperglycemia than that for patients without hyperglycemia (17.1% vs. 8.3%, 
p=0.011). Multivariable logistic regression analysis revealed that age (adjusted odd ratio [OR]: 
1.04, 95% confidence interval (CI): 1.020–1.066), Acute Physiology and Chronic Health Evalu-
ation II score on ICU admission (adjusted OR: 1.06, 95% CI: 1.003–1.113), and early hypergly-
cemia (adjusted OR: 2.32, 95% CI: 1.188–4.528) were significantly associated with poor neuro-
logical outcomes in neurocritically ill patients (Hosmer-Lemeshow Chi-squared = 5.43, df=8, 
p=0.711). 

Conclusions 
In this study, early hyperglycemia could be a significant predictor for neurological outcome in 
neurocritically ill patients. 
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INTRODUCTION 

Hyperglycemia is common in critically ill patients. It could be 
associated with poor prognosis of these patients2,7). Similarly, hy-
perglycemia is frequently accompanied in neurocritically ill pa-
tients6,7). Hyperglycemia is a significantly prognostic marker of 
poor neurological outcome of patients with ischemic stroke or in-
tracerebral hemorrhage1,5,13,16). However, there are limited reports 
of neurological prognosis according to hyperglycemia in neurocri-
tially ill patients12,17). 

Acute stress-related hyperglycemia can be develop in patients 
with stroke or myocardial infarction1,11,15). Hyperglycemia may be 
caused by a complex interplay between counteracting regulatory 
hormones such as cortisol, glucagon, growth hormone, and cyto-
kines in these patients17). Especially, early hyperglycemia is associ-
ated with mortality in patients with ST-segment elevation myo-
cardial infarction only without diabetes mellitus (DM)17). Howev-
er, it is unclear whether early hyperglycemia is closely linked to 
prognosis in patients in neurocritically ill patients only without 
DM6). 

Glycerin and corticosteroid are commonly used in neurocriti-
cally ill patients with severe brain edema12). These medications 
can raise serum glucose levels. However, the relationship between 
neurological prognosis and medication-related hyperglycemia has 
not been reported yet. Therefore, the purpose of this study was to 
investigate the relationship of early hyperglycemia and neurologi-
cal prognosis in neurocritically ill patients. Whether their progno-
sis was related to hyperglycemia itself or whether it depended on 
causes of hyperglycemia such as comorbidities, stress, and drugs 
was also investigated. 

METHODS 

Study population and design 
This was a retrospective, single-center, observational study of 

adult patients admitted to the neurosurgical intensive care unit 
(ICU) at Samsung Medical Center from January 2010 to July 
2019. This study was approved by the Institutional Review Board 
of Samsung Medical Center (approval number: SMC 2020-02-
113). The requirement for informed consent was waived due to 
its retrospective nature. We included adult patients admitted to 
the neurosurgical ICU during the study period. Of those who 
were hospitalized in the neurosurgical ICU for more than 7 days, 
we excluded patients under age 18, those who did not have brain 
injury or spinal injury, those who did not have serum glucose lev-
els within 48 hours after the neurosurgical ICU admission, and 
those who had insufficient medical records. Additionally, patients 

were excluded if they were admitted to departments other than 
neurosurgery. 

Definitions and outcomes 
We retrospectively reviewed all neurocritcally ill patients who 

were hospitalized in the neurosurgical ICU for more than 7 days. 
Serum glucose levels were measured after the neurosurgical ICU 
admission. Baseline glucose levels was defined as peak level within 
48 hours. Minimum glucose level was determined as minimal lev-
el within 48 hours. Fluctuation of glucose level was expressed as 
the difference between baseline glucose level and minimal glucose 
level. Subjects were classified into three groups based on their 
baseline glucose levels (96–150 mg/dL, 151–199 mg/dL and ≥  
200 mg/dL). Early hyperglycemia was defined as ≥ 200 mg/dL 
of baseline glucose level. The primary endpoint was poor neuro-
logical outcome at six months after the admission. This neurolog-
ical status was accessed with the Glasgow Outcome Scale (GOS, 
1 to 5)14). In this study, GOSs of 4 and 5 were classified as good 
neurological outcomes whereas GOSs of 1, 2, and 3 were consid-
ered as poor neurological outcomes. Medical records of patients 
were thoroughly reviewed. Two independent intensivists (YIL 
and JAR) measured patients’ GOSs. If the GOS did not match 
between these two intensivists, an agreement was reached 
through their discussion. 

Statistical analyses 
Our center has constructed the “Clinical Data Warehouse Dar-

win-C” designed for investigators to search and retrieve de-identi-
fied medical records from the electronic archive system. After fi-
nalizing the patient list for this study, clinical data and laboratory 
data were extracted from the Clinical Data Warehouse Darwin-C. 
All data are presented as means ± standard deviations (SD) for 
continuous variables and numbers (percentages) for categorical 
variables. Data were compared using one-way analysis of variance 
with Tukey’s honestly significant difference post-hoc test for con-
tinuous variables and Chi-square test or Fisher’s exact test for cat-
egorical variables. Variables with P-values of less than 0.05 in uni-
variate analyses and clinically relevant variables were subjected to 
a stepwise multiple logistic regression model to obtain statistically 
meaningful predictor variables. These clinically relevant variables 
were age, gender, DM, hypertension, early hyperglycemia, Acute 
Physiology and Chronic Health Evaluation (APACHE) II score 
on ICU admission, and the use of mannitol, glycerin or dexa-
methasone. Adequacy of the prediction model was also deter-
mined using the Hosmer-Lemeshow test. The Kaplan-Meier 
method was used to generate survival curves, which were com-
pared using log-rank test. All tests were two-sided and P-values of 
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less than 0.05 were considered statistically significant. Data were 
analyzed using IBM SPSS statistics version 20 (IBM, Armonk, 
NY, USA). 

RESULTS 

Baseline characteristics 
A total of 202 patients were analyzed in this study. Among these 

patients, 70 patients (34.7%) had early hyperglycemia. Mean age 
of all patients was 57.7 ± 16.0 years. There were 97 (48.0%) male 
patients. Malignancy (56.4%) and hypertension (45.5%) were the 
most common comorbidities. Brain tumor (39.6%) and subarach-
noid hemorrhage (17.8%) were the most common reasons for 
ICU admission. There was no significant difference in gender, co-
morbidities, reason for admission, use of mannitol, or Glasgow 
Coma Scale among the three groups except for age, DM, use of 
glycerin and dexamethasone, and APACHE II score on ICU ad-

mission among baseline characteristics (Table 1). 

Clinical outcomes 
Among 202 neurocritically ill patients, 180 (89.1%) patients 

survived until discharge from the hospital and 172 (85.1%) pa-
tients survived until 6 months. Of these 172 survivors, 93 (46.0%) 
patients had favorable neurological outcomes (GOS of 4 or 5). 
The entire distribution of GOS is shown in Fig. 1. Poor neurologi-
cal outcome was more common in the early hyperglycemia group 
than that in the non-hypoglycemia group (71.4% vs. 44.7%, p <  
0.001). In addition, in-hospital mortality was higher in the early 
hyperglycemia group than that in the non-hypoglycemia group 
(18.6% vs. 6.8%, p = 0.011). However, in patients with early hyper-
glycemia, poor neurological outcome was not significantly differ-
ent according to the presence of DM (31.4% vs. 40.0%, p = 0.649). 
In addition, in patients with early hyperglycemia, in-hospital mor-
tality was not significantly different according to the presence of 

Table 1. Baseline characteristics

Variables
Baseline glucose level (mg/dL)

96-150 (n = 61) 151-199 (n = 71) ≥ 200 (n = 70) p-value
Age (yr) — mean ± SD 51.0 ± 18.0 59.1 ± 14.7* 62.0 ± 13.5* <0.001
Gender, male — no. of patients (%) 27 (44.3) 38 (53.5) 32 (45.7) 0.508
Comorbidities — no. of patients (%)
 Malignancy 32 (52.5) 38 (53.5) 44 (62.9) 0.404
 Hypertension 24 (39.3) 33 (46.5) 35 (50.0) 0.465
 Diabetes mellitus 3 (4.9) 8 (11.3) 32 (45.7) 0.001
 Current smoker 10 (16.4) 11 (15.5) 10 (14.3) 0.945
 Ischemic heart disease 2 (3.3) 5 (7.0) 7 (10.0) 0.322
 Chronic kidney disease 1 (1.6) 7 (9.9) 5 (7.1) 0.130
Cause of ICU admission — no. of patients (%) 0.091
 Brain tumor 24 (39.3) 27 (38.0) 29 (41.4)
 Subarachnoid hemorrhage 11 (18.0) 16 (22.5) 9 (12.9)
 Intracranial hemorrhage 10 (16.4) 15 (21.1) 7 (10.0)
 Traumatic brain injury 4 (6.6) 7 (9.9) 15 (21.4)
 Cerebral infarction 1 (1.6) 2 (2.8) 3 (4.3)
 Central nerve system infection 2 (3.3) 0 (0) 3 (4.3)
 Other 9 (14.8) 4 (5.6) 4 (5.7)
Use of drugs — no. of patients (%)
 Mannitol 49 (80.3) 63 (88.7) 51 (72.9) 0.058
 Glycerin 14 (23.0) 24 (33.8) 31 (44.3) 0.037
 Dexamethasone 8 (13.1) 28 (39.4) 24 (34.3) 0.003
 Glycerin and dexamethasone 2 (3.3) 9 (12.7) 13 (18.6) 0.025
GCS on ICU admission — mean ± SD 7.7 ± 4.6 7.7 ± 4.2 6.6 ± 4.1 0.136
APACHE II score on ICU admission — mean ± SD 19.6 ± 6.9* 19.4 ± 6.2* 22.3 ± 6.0 0.015

Data are expressed as mean±standard deviation (SD) or frequencies (%). Statistical significances of continuous variables among groups were tested with one-
way analysis of variance. The same letters indicate non-significant differences between groups base on the Tukey’s honestly significant difference post-hoc test.
APACHE: Acute Physiology and Chronic Health Evaluation; GCS: Glasgow Coma Scale; ICU: intensive care unit.
*The same letters indicate non-significant differences between groups base on the Tukey’s honestly significant difference post-hoc test.
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DM (4.3% vs. 14.3%, p = 0.069, Table 2). 
Minimum glucose level was higher in patients with poor neuro-

logical outcome than those with good neurological outcome 
(154.7 ± 46.0 mg/dL vs. 139.5 ± 30.6 mg/dL, p = 0.006). Fluctua-
tion of glucose level did not show significant difference between 
patients with poor neurological outcome and those with good 
neurological outcome (56.1 ± 70.8 mg/dL vs. 39.8 ± 46.3 mg/dL, 
p = 0.052). 

Multivariable logistic regression analysis revealed that age (ad-
justed odd ratio [OR]: 1.04, 95% confidence interval (CI): 

1.020–1.066), APACHE II score on ICU admission (adjusted 
OR: 1.06, 95% CI: 1.003–1.113), and early hyperglycemia (ad-
justed OR: 2.32, 95% CI: 1.188–4.528) were significantly associ-
ated with poor neurological outcomes in neurocritically ill pa-
tients (Hosmer-Lemeshow Chi-squared = 5.43, df= 8, p = 0.711, 
Table 3). In addition, the 90-day mortality rate was significantly 
lower in patients without early hyperglycemia compared to those 
with early hyperglycemia (8.3% vs 17.1%, log-rank test, p = 0.011, 
Fig. 2). 

DISCUSSION 

In this study, we investigated the relationship of early hypergly-
cemia and neurological prognosis in neurocritically ill patients. 
This study had the following major findings. First, poor neurolog-
ical outcome was more common in the early hyperglycemia group 
than that in the non-hypoglycemia group. In-hospital mortality 

Fig. 1. Entire distribution of Glasgow Outcome Scale (GOS) after 6 
months according to diabetes mellitus (DM).

Table 2. Clinical outcomes

Variables
Baseline glucose level (mg/dL)

96-150 (n=61) 151-199 (n=71) ≥ 200 (n=70) p-value
Poor neurological outcome — no. of patients (%) 25 (41.0) 34 (47.9) 50 (71.4) 0.001
 DM patients 1 (1.6) 6 (8.5) 22 (31.4)
 Non-DM patients 24 (39.3) 28 (39.4) 28 (40.0)
ICU mortality — no. of patients (%) 1 (1.6) 6 (8.5) 9 (12.9) 0.059
 DM patients 0 (0) 0 (0) 2 (2.9)
 Non-DM patients 1 (1.6) 6 (8.5) 7 (10.0)
Hospital mortality — no. of patients (%) 2 (3.3) 7 (9.9) 13 (18.6) 0.019
 DM patients 0 (0) 0 (0) 3 (4.3)
 Non-DM patients 2 (3.3) 7 (9.9) 10 (14.3)
Length of stay in ICU (days) — mean ± SD 14.0 ± 16.2 10.5 ± 6.3 14.8 ± 11.3 0.068
Length of stay in hospital (days) — mean ± SD 48.6 ± 33.9 58.6 ± 138.7 66.1 ± 86.9 0.597

DM: diabetes mellitus; ICU: intensive care unit; SD: standard deviation.

Table 3. Multivariable logistic regression for the relationship of 
clinically relevant variables associated with poor neurological outcome

Variables B Adjusted OR (95% CI) p-value
Age 0.042 1.04 (1.020–1.066) <0.001
APACHE II score on ICU 

admission
0.055 1.06 (1.003–1.113) 0.037

Hyperglycemia 0.841 2.32 (1.188–4.528) 0.014

Variables with p-values under 0.05 in univariate analyses and clinically 
relevant variables were subjected to a stepwise multiple logistic regression 
model to obtain statistically meaningful predictor variables. They were age, 
gender, diabetes mellitus, hypertension, hyperglycemia, Acute Physiology 
and Chronic Health Evaluation (APACHE) II score on intensive care unit 
(ICU) admission, and the use of mannitol, glycerin or dexamethasone.
CI: confidence interval; OR: odd ratio.
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sis of critically ill patients. A few studies have shown that the rela-
tionship between hyperglycemia and poor prognosis is unclear in 
DM patients17). Although stress-related hyperglycemia could be 
important to predict the prognosis of critically ill patients, it might 
be confused with DM-related hyperglycemia. In this study, regard-
less of DM or use of drugs, early hyperglycemia itself was associat-
ed with poor neurological outcome in neurocritically ill patients. 
This relationship might be due to a neurotoxic effect of hypergly-
cemia itself in patients with brain injuries. 

In this study, early hyperglycemia occurred more frequently in 
patients who used glycerine or dexamethasone than in those who 
did not. Corticosteroid and multiple osmotic agents might be used 
in patients with severe brain damages. Therefore, hyperglycemia 
might arise from these medications in more sick patients. However, 
in multivariable variable analysis, the use of glycerine or dexameth-
asone was not associated with poor neurological outcomes. Neu-
rological prognosis was more associated with early hyperglycemia 
itself compared to the use of glycerine or dexamethasone in this 
study. Therefore, it is necessary to consider drug-related hypergly-
cemia when treating neurocritically ill patients. 

In this study, early hyperglycemia associated with poor neuro-
logical outcome in neurocritically ill patients. Especially, early hy-
perglycemia itself could elevate risk of poor neurological outcome 
in these patients. Therefore, aggressively hyperglycemic control 
could be important to protect their brain from hyperglycemia in-
ducing brain damage in patients with early hyperglycemia. In addi-
tion, management of these patients needs to be aware of drugs that 
are at risk for inducing hyperglycemia, such as glycerin and dexa-
methasone. 

This study has several limitations. First, it was a retrospective re-
view of medical records. Second, administration of corticosteroid 
or multiple osmotic agents was determined by a neurointensivist 
or a neurosurgeon. It was not protocol-based. Therefore, the 
non-randomized nature of registry data might have resulted in se-
lection bias. Third, in a few patients, causes of hyperglycemia were 
difficult to distinguish between hyperglycemia caused by stress or 
DM if DM was not diagnosed on admission. Finally, our study had 
limited statistical power due to its small sample size. Although this 
study provides valuable insight, prospective large-scale studies are 
needed to evaluate the relationship of early hyperglycemia and 
neurological prognosis in neurocritically ill patients to obtain evi-
dence-based conclusions. 

CONCLUSION 

In this study, poor neurological outcome in neurocritcally ill pa-
tients was associated with early hyperglycemia. In addition, DM, 

was also higher in the early hyperglycemia group than that in the 
non-hypoglycemia group. Second, in patients with early hypergly-
cemia, clinical prognoses were similar between DM group and 
non-DM group. Third, multivariable logistic regression analysis 
revealed that age, APACHE II score on ICU admission, and early 
hyperglycemia were significantly associated with poor neurologi-
cal outcomes in neurocritically ill patients. Fourth, early hypergly-
cemia itself could be a significant predictor for poor neurological 
outcome in neurocritically ill patients regardless of comorbidities 
or drugs. 

Hyperglycemia is associated with poor prognosis in various ICU 
patients2,3,8,10). Hyperglycemia is a predictor associated with poor 
neurological prognosis in patients with neurological diseases such 
as ischemic stroke, intracerebral hemorrhage, and aneurysmal sub-
arachnoid hemorrhage5,9,13,16). Indeed, hyperglycemia itself could 
be harmful to the brain7). Complex factors such as free radical for-
mation and oxidative injury, activation of N-methyl-D-aspartate 
receptors, raised intracellular calcium, triggering of inflammatory 
and apoptotic pathways, and alterations in lactate metabolism are 
associated with primary toxic-ischemic injury and secondary1,4,7). 
In addition, ischemic penumbra could be injured due to direct 
neurotoxic effect arising from hyperglycemia1). 

In critically ill patients, hyperglycemia could be caused by vari-
ous factors2,7). Especially, stress-related hyperglycemia mainly re-
sults from the release of stress hormones caused by acute illness6). 
In addition, stress-related hyperglycemia might be associated with 
the extent and severity of ischemic damage in patients with stroke 
or ST-segment elevation myocardial infarction1,17). Therefore, 
stress-related hyperglycemia might be associated with the progno-

Fig. 2. Kaplan-Meier 90-day survival analysis comparing early 
hyperglycemia and nonhyperglycemia groups of neurocritically ill 
patients. Red solid line, non-hyperglycemia; blue dotted line, early 
hyperglycemia. p=0.011, based on log-rank tests.
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the use of corticosteroid, or the use of multiple osmotic agents was 
not associated with neurological prognosis. Therefore, early hyper-
glycemia itself could be a significant predictor associated with neu-
rological outcome in neurocritically ill patients. 
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