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Abstract

Objective: We aimed to investigate the association between hyperglycemia on admission and 
short-term functional outcome in patients with primary brainstem hemorrhage.

Methods: We conducted a retrospective analysis of 75 patients diagnosed with acute PBSH from 
January 2018 to December 2020 at our institution. Patients were categorized into two groups based 
on their functional out-comes at discharge: one group experienced poor functional outcome (mRS 
score >2), while the other group had favorable outcome (mRS score ≤2). We employed multiple lo-
gistic regression analysis and constructed Receiver Operating Characteristic (ROC) curves to assess 
the predictive factors.

Results: A total of 48 patients (64%) suffered suboptimal functional outcome. The individuals with 
unfavorable results were found to be younger at the time of admission (P=0.048), demonstrated 
significantly elevated glucose levels at the time of admission (P=0.04), lower Glasgow Coma Scale 
ratings (P<0.001), presented with greater hematoma sizes (P<0.001), and exhibited increased 
white blood cell counts (P=0.009). The multivariate Logistic Regression Analysis highlighted that 
hyperglycemia (OR 1.65, 95% CI 1.07-2.55, P=0.024) and a GCS score below 8 (OR 0.1, 95% CI 
0.01-0.94, P=0.04) served as independent prognostic factors for less than satis-factory functional 
recovery at discharge.

Conclusion: Hyperglycemia and GCS<8 is associated with poor short-term functional outcome 
in PBSH.
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Introduction

Primary brainstem hemorrhage refers to spontaneous brain-
stem hemorrhage that excludes traceable secondary factors such 
as trauma, vascular malformation, and tumor. In the untraceable 
PBSH, most of them are accompanied by hypertensive diseases, 
which are often called hypertensive brainstem hemorrhage, and 
are the most lethal subtypes of hypertensive intracerebral hemor-
rhage. Despite significant advances in the surgical and manage-
ment of PBSH, mortality remains high ranging from 30% to 80% 
according to different studies, even approaching 100% for severe 
PBSH [1,2].

The therapeutic approaches and predictive elements associ-
ated with primary brainstem hemorrhage are distinctly dissimilar 
to those encountered in other categories of primary intracerebral 
hemorrhage, including supratentorial hemorrhage and hemor-
rhages in the cerebellum. Currently, PBSH was managed with con-
servative treatment and neurosurgical interventions continue to 
be controversial because randomized clinical studies have failed 
to demonstrate a clear benefit to surgical management. Previous 
research has indicated that both the size of the hemorrhage and 
the Glasgow Coma Scale score could serve as independent predic-
tors for unfavorable outcomes in patients suffering from PBSH [3]. 
The adverse prognostic effect of hyperglycemia in other subtypes 
of primary intracerebral hemorrhage has been confirmed [4,5], 
but its role in primary brainstem hemorrhage remains to be clari-
fied.

The purpose of this study was to retrospectively review 75 cas-
es of PBSH admitted to our hospital to investigate the risk factors 
of poor prognosis and the association between hyperglycemia 
and short-term functional outcome.

Methods

Study design

Using a retrospective, observational, and single center study 
design, we aimed to explore the prognostic factors in patients 
with PBSH. This study was conducted with the approval of the 
Ethics Committee of The First Hospital of Putian City, Fujian Prov-
ince. Due to the retrospective, observational nature of this study 
and the anonymity of patients, the need for informed consent 
was waived.

Patient selection

We retrospectively reviewed the data of 75 patients with PBSH 
admitted to our institution between January 2018 and December 
2020. The inclusion criterion was a diagnosis of PBSH verified by 
Computer Tomography (CT) and admitted within 24 hours after 
symptoms onset. Patients aged <18 or >80 years, secondary to 
trauma, vascular malformation, and tumor were excluded.

Candidate variables

Medical records were carefully reviewed to obtain the follow-
ing information: age, gender, Glasgow Coma Scale (GCS) score, 
medical history (hypertension, Diabetes Mellitus (DM), Mean 
Arterial Pressure (MAP), admission biochemical blood glucose, 
White blood cell count (WBC), Neutrophil-to-Lymphocyte Ra-
tio (NLR), Platelet count, Biochemical serum calcium levels, and 
hematoma characteristics (size and Intraventricular Hemorrhage 

(IVH). Emergent computed tomography was performed within 
24 hours of onset. The size of hematoma was measured and ex-
pressed as the lesion equivalent diameter a*b*c/2, where a, b, 
and c represent the longest diameter of the hematoma layer with 
the largest area in the axial cuts, the diameter perpendicular to 
the longest diameter mentioned and the thickness of the hema-
toma, respectively.

Outcome evaluation

We defined short-term functional outcome as functional 
outcome at discharging by assessing the Modified Rankin Scale 
(mRS), which modified Rankin Scale score of 0 to 2 regarded as a 
favorable outcome and 3 to 6 as a poor outcome.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 (IBM Insti-
tute, Inc, Chicago, IL). P<0.05 was considered as significant dif-
ferently. Measurement data were checked for a normal distribu-
tion, by the Kolmogorov-Smirnov test. Continuous variables were 
expressed as mean ±SD or median with Interquartile Range (IQR) 
(25th-75th percentile). Categorical variables were presented as 
numbers and percentages. Univariate analyses of related clinical 
variables were conducted using the χ2 test, Fisher exact test, in-
dependent t test, and Mann-Whitney U test where appropriate. 
Multicollinearity was assessed via Variation Inflation Factors (VIF), 
and VIF≥10 was considered significant. A logistic regression model 
was used to determine the effect of variables on outcome. Only 
variables with P<0.05 on univariate analysis were incorporated 
into the multivariate logistic regression model. Receiver Operat-
ing Characteristic (ROC) analysis was undertaken to determine 
the threshold of critical hyperglycemia for short-term functional 
outcome.

Results

Patients

Among the 75 patients, 56(74.7%) were male, and the average 
age was 56.9±11.4 years, ranging from 33 to 85 years. There were 
7 patients (9.3%) with DM. Upon admission, the average blood 
glucose level was 7.9±3.0 mmol/L. IVH and GCS score<8 was pre-
sented in 45(60.0%) and 28(37.3%) of patients, respectively. The 
median size of the hematoma was 2.59 mL, with an Interquartile 
Range (IQR) of 0.84 to 5.25 mL. The incidence of poor functional 
outcome at discharging was 64.0%. The detailed information on 
baseline characteristics and variables is listed in Table 1. No sig-
nificant col-linearity was observed between characteristics and 
variables.

Uni-variate analysis of factors related to outcome

Uni-variate analysis revealed that patients with poor functional 
outcome were younger (P=0.048), had significantly higher admis-
sion blood glucose levels (P=0.04), lower GCS scores (<8 points, 
P<0.001), larger hematoma sizes (P<0.001), and higher white 
blood cell counts (P=0.009). However, MAP, NLR, serum calcium, 
platelet count, and the presence of hypertension, IVH and DM 
were not associated with poor outcome (Table 1).

Multivariate analysis of factors associated with outcome

Multivariate logistic regression analysis of all patients showed 
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that hyperglycemia (OR 1.65, 95% CI 1.07-2.55, P=0.024) and 
GCS<8 (OR 0.1, 95% CI 0.01-0.94, P=0.04) were significant inde-
pendent predictors of poor functional outcome in short-term 
(Table 2). A ROC curve showed that an admission blood glucose 
>7.49mmol/L predicted short-term functional outcome of PBSH 
patients with 68.8% sensitivity, 89.9% specificity, and area under 
the curve 0.80 (Figure 1).

Figure 1: ROC curve of admission blood glucose in predicting 
functional outcome in short-term in patients with PBSH.

Table 1: Baseline characteristics and variables related to short-
term functional outcome in patients with PBSH.

Factors
Total 

(n=75)

Outcome

Favorable 
(n=27)

Poor 
(n=48)

P

Demographic

Age (year) 56.9±11.4 59.5±13.4 55.5 ±10.0 0.048

Male (n, %) 56 (74.7) 20(74.1) 36(75.0) 0.93

Clinical data

Hypertension (n, %) 67(89.3) 25(92.6) 42(87.5) 0.49

Diabetes mellitus (n, %) 7 (9.3) 1(3.7) 6(12.5) 0.21

MAP (mmHg) 129.1±56.9 129.8±23.7 128.7±23.2 0.85

GCS score<8 (n, %) 28(37.3) 1(3.7) 27(56.3) 0

Laboratory Findings

Blood glucose (mmol/L) 7.9±3.0 6.2±1.2 8.9±3.3 0.004

Serum calcium (mmol/L) 2.2±0.1 2.2±0.1 2.1±0.1 0.785

WBC (10^9/L) 10.7(8.7,14.9) 10.1(9.6,11.3) 11.7(9.5,16.9) 0.009

NLR 5.7(3.4,9.7) 5.3(3.0,8.7) 6.0(3.5,11.6) 0.323

Platelet (109/L) 223.9±81.2 213.7±57.2 230±92.1 0.071

Radiological data

Hematoma volume (ml) 2.6(0.84,5.3) 0.9(0.4,1.4) 4.2(2.0,8.2) 0

Presence of IVH (n, %) 45(60.0) 19(25.3) 26(34.7) 0.17

Table 2: Predictors of functional outcome in short-term in patients 
with PBSH in multiple logistic regression.

Factors OR 95% CI P value

Blood glucose 1.65 1.07-2.55 0.024

White blood cell count 1.01 0.86-1.17 0.95

Hematoma volume 1.4 0.95-2.07 0.09

GCS score<8 0.1 0.01-0.94 0.04

Age 1.01 0.95-1.07 0.79

Discussion

Epidemiology

Cerebral hemorrhage can be categorized into two primary 
types based on the location of the bleeding: supratentorial hem-
orrhage and infratentorial hemorrhage. The supratentorial ce-
rebral hemorrhage typically targets the basal ganglia, whereas 
spontaneous infratentorial hemorrhages are largely made up of 
spontaneous cerebellar hemorrhages and PBSH. Previous stud-
ies have indicated that males have a higher proportion in PBSH 
[1,2,6], and this study also reveals a higher composition ratio of 
males, at 74.7%. The reason why the proportion of males is higher 

is not clear, but it is conjectured that this could be associated with 
males possessing more risk elements and catalysts [7]. Nonethe-
less, it is important to note that gender does not serve as a prog-
nostic indicator, one feasible explanation could be that should a 
brainstem hemorrhage arise, due to its high mortality rate, the 
clinical outcomes do not exhibit a marked discrepancy [3].

Compared to primary hemorrhages in the supratentorial region 
and cerebellum, there is an observable trend of PBSH occurring in 
a younger demographic [8]. In this study, patients diagnosed with 
PBSH were generally younger, and those experiencing poor short-
term functional outcome were younger than their counterparts 
with good outcome. We speculate that the underlying causes may 
be associated with factors including the intense competitive pres-
sures of contemporary society, the rapid pace of daily life, and 
prolonged states of suboptimal health, which contribute to the 
exacerbation of illnesses once they occur.

Clinical factors associated with outcome

In untraceable PBSH, hypertension frequently presents as a 
comorbidity. The findings of this study suggest that there is no 
statistically significant disparity in the prevalence of hypertension 
and MAP levels at admission between the two groups with poor 
and favorable short-term functional outcome. Nevertheless, the 
comorbidity rate of hypertension reached a high level of 90% in 
both groups of patients, indicating that hypertension is a critical 
factor in the initiation and worsening of PBSH, hence stringent 
blood pressure management should be prioritized in the thera-
peutic regimen. Research suggests that adopting an aggressive 
approach to blood pressure reduction in the initial phases [9-11], 
namely swiftly and smoothly decreasing blood pressure to under 
140/90 mmHg during the acute phase and sustaining this level for 
a week, can significantly curb the enlargement of hematoma, thus 
enhancing the patient’s prognosis.

Patients diagnosed with PBSH exhibiting a Glasgow Coma Scale 
(GCS) score below 8 are considered to be in a coma state, indi-
cating that the acute increase in intracranial pressure caused by 
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the primary injury (mass effect of hematoma), secondary injury 
(brain edema), or acute hydrocephalus (blood in the ventricles) 
has widely affected the ascending reticular activating system of 
the brainstem. Previous research has indicated that the Glasgow 
Coma Scale (GCS) score serves as an independent predictor of ad-
verse outcomes in patients with PBSH [1,12-15]. Our research fur-
ther reveals that a GCS score below 8 is an independent risk factor 
for poor short-term functional outcome in patients with PBSH.

Laboratory evaluation

Calcium (Ca+) as the most abundant mineral element in the 
human body, plays a crucial role in maintaining the stability of 
the nervous system and the blood-brain barrier. Epidemiological 
studies indicate that individuals with low calcium intake are at a 
greater risk of developing hypertension [16], suggesting that cal-
cium might play a crucial role in the regulation of blood pressure. 
Research conducted on experimental animals suggests that rats 
experiencing inadequate calcium consumption exhibit markedly 
prolonged clotting times [17]. This is because calcium is essen-
tial to the coagulation process, where it facilitates the activation 
of tissue factor and bolsters the adhesion capabilities of platelets 
[18]. Calcium plays a crucial regulatory role in the occurrence and 
development of cerebral hemorrhage [19]. Meta-analysis sug-
gests that hypocalcemia [20], acting as an independent risk fac-
tor for poor outcome in intracerebral hemorrhage, could result in 
hematoma expansion. This, in turn, impacts neurological recov-
ery and quality of life, leading to a more severe outcome. This 
study revealed that patients with poor outcome PBSH exhibited 
lower blood calcium levels compared to those with a more favor-
able outcome, aligning with the results of prior basic and clinical 
research. However, the disparity between the two groups failed 
to attain statistical significance, suggesting that additional large-
scale data studies are required to corroborate these results.

Following a cerebral hemorrhage, the body’s immune system 
is activated, initiating a series of inflammatory responses. From 
a biological viewpoint, a rise in the white blood cell count sug-
gests the triggering of immune system inflammation reflects the 
equilibrium between inflammatory processes and regulatory 
mechanisms, providing a comprehensive indication of the body’s 
immune-inflammatory status. A higher NLR value typically signi-
fies a more severe condition [2].

Hyperglycemia, a prevalent clinical symptom, manifests in a 
range of pathological conditions, including cerebrovascular acci-
dents. It is a modifiable risk factor that can be managed through 
insulin injections or the administration of antidiabetic medica-
tions. Therefore, hyperglycemia has consistently been a focal 
point for researchers. Numerous studies suggest that hypergly-
cemia results in poorer outcomes and elevated mortality rates 
among patients suffering from cerebral hemorrhage [21-24]. 
Nevertheless, these investigations predominantly concentrate on 
supratentorial and cerebellar hemorrhages, with a comparatively 
scant number addressing PBSH. In line with previous studies, our 
research suggests that hyperglycemia upon admission serves as 
an independent predictor of adverse short-term functional out-
come in patients diagnosed with PBSH, with a critical threshold of 
7.49 mmol/L. This indicates that we ought to enhance the surveil-
lance and regulation of blood glucose levels throughout the treat-
ment regimen. While our research suggests no significant correla-

tion between a history of diabetes and the study outcomes, given 
that diabetes could potentially act as a confounding variable, it 
remains imperative to conduct studies with larger sample sizes.

Research indicates that hyperglycemia can induce brain dam-
age via mechanisms that may subsequently result in unfavorable 
clinical outcomes [5,25,26]. Initially, hyperglycemia leads to an 
elevated osmotic pressure, thereby aggravating cerebral edema. 
Secondly, the substantial quantities of amino acids, nitric oxide, 
and nitrites generated during glucose metabolism may lead to 
neuronal swelling and neuronal apoptosis. Finally, hyperglycemia 
also impairs vascular endothelium, disrupting the blood-brain 
barrier and resulting in the enlargement of hematomas. The sig-
nificant impact of hematomas leads to circulatory disturbances 
in brain tissue, resulting in inadequate cerebral perfusion and in-
ducing a state of hypoxia and ischemia within the brain. The ac-
cumulation of metabolic byproducts further exacerbates cerebral 
edema.

Radiological factors related to outcome

In the field of radiology, PBSH predominantly affects the pons 
region. Given that the pons is situated at the brainstem’s core, its 
significant size and abundance of blood vessels render these ves-
sels particularly vulnerable to high blood flow pressures and me-
chanical forces. Consequently, they are more prone to variations 
in blood pressure and injuries to the vascular walls, which can 
result in vessel rupture and hemorrhaging. Additionally, bleeding 
in the medulla often results in severe respiratory and circulatory 
disorders, and patients frequently pass away before reaching the 
hospital, unable to receive medical treatment. Therefore, pontine 
hemorrhage is the most common type of hemorrhage, while the 
incidence of medullary and midbrain hemorrhages is relatively 
low.

The brainstem, which is deeply ensconced within the skull and 
possesses a relatively small volume, typically experiences hemor-
rhage that is significantly less extensive than that of supratento-
rial bleeding. Nonetheless, the damage it inflicts is frequently far 
more catastrophic. Consistent with previous studies [2], our find-
ings reveal that hematoma volume is an independent risk factor 
for poor short-term functional outcome in PBSH. Theoretically, 
the complete evacuation of a hematoma is beneficial in minimiz-
ing its detrimental effects on brain tissue, in alleviating intracra-
nial pressure, and in preserving the unobstructed circulation of 
cerebrospinal fluid. Nonetheless, neurosurgical interventions, in-
cluding craniotomy for hematoma evacuation, remain a subject of 
debate, as clinical randomized studies have not yet unequivocally 
shown significant benefits from surgical intervention. However, 
with the ongoing evolution of neurosurgical micro techniques and 
medical imaging technologies, along with their associated equip-
ment, study have indicated the efficacy of surgical treatment 
[27,28], suggesting that it can lower the mortality rate among 
patients with PBSH. Research has indicated that the hematoma 
threshold for PBSH neurosurgical intervention is between 4 to 5 
ml. Nevertheless, the conventional method of microhematoma 
evacuation through craniotomy may elevate the risk of brain tis-
sue damage [1,29]. Recent study has revealed that robot-assisted 
brainstem hematoma puncture drainage therapy for PBSH facili-
tates neurological recovery and underscores its safety and effi-
cacy [6]. This indicates that minimally invasive and high-precision 
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puncture drainage could be a promising therapeutic approach. 
Nonetheless, multicenter, prospective studies remain necessary 
to further validate.

  Limitations

There are several limitations in the current research. Firstly, 
PBSH accounts for 6%-10% of all instances of ICH [30], a factor 
that dictates the relatively limited sample size of this investigation. 
The research data has been sourced from a single center, rather 
than a multicenter collaboration, which could potentially restrict 
the broad applicability of the study’s findings. However, consid-
ering that this group of cases did not receive surgical interven-
tion, they appear to represent the natural progression of PBSH. 
Furthermore, we observe that the post-discharge outcomes for 
patients with PBSH are typically not directly attributable to brain-
stem hemorrhage itself, but rather to severe complications such 
as infections, including pneumonia and catheter-associated uri-
nary tract infections. The outcomes are subject to a range of con-
founding factors, including airway management, nutritional sup-
port, the standard of care, and rehabilitation treatment, to name 
but a few. Thus, we define the outcome of our study as the mRS 
score at discharge. To evaluate the outcome of PBSH with greater 
objectivity, it is imperative that we undertake extended follow-up 
observations. Secondly, the demographic characteristics, clinical 
data, laboratory test results, and radiological indicators chosen 
for this study were established in accordance with our observa-
tions in clinical practice and insights from previous research litera-
ture. Consequently, certain factors that could influence outcomes 
may not have been identified. To enhance the precision of our 
research, we intend to incorporate a greater number of patient 
samples and additional research variables in forthcoming explo-
rations. Thirdly, the absence of samples from the hypoglycemia 
group complicates our ability to precisely evaluate the impact of 
hypoglycemia on PBSH. Theoretically, one should prevent the on-
set of hypoglycemia; however, under conditions of human stress, 
physiological hypoglycemia is exceedingly rare. We hypothesize 
that during pathological states, hyperglycemia may manifest in 
varying intensities of “high” and “low,” potentially exerting dis-
tinct effects on clinical outcomes. Consequently, there is a need 
for more stratified data to substantiate and verify this supposi-
tion.

Conclusion

In summary, retrospective analysis of single-center PBSH data 
has identified several factors correlated with adverse functional 
outcomes in the short term. These include younger age of pa-
tients, hyperglycemia at admission, a Glasgow Coma Scale (GCS) 
score below 8 upon admission, increased hematoma sizes, and 
elevated white blood cell counts. Notably, both hyperglycemia at 
admission and a GCS score below 8 have been identified as inde-
pendent risk factors for poor short-term functional outcome in 
patients with PBSH.
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