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The Role of Erythrocyte Sedimentation Rate as a Prognostic 
Factor in Intracerebral Hemorrhage
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Abstract

Background: Intracerebral hemorrhage (ICH) is a severe type of 
stroke with high mortality and long-term disability rates. Early iden-
tification of patients at high risk of poor outcomes is crucial. Erythro-
cyte sedimentation rate (ESR), a nonspecific marker of inflammation, 
may serve as a prognostic indicator in ICH patients.

Methods: This retrospective cohort study analyzed 82 ICH patients 
from December 2021 to February 2024. Patients were divided into high 
ESR (≥ 20 mm/h) and normal ESR (< 20 mm/h) groups. Demographic, 
clinical, and laboratory data were collected, and outcomes were assessed 
using the modified Rankin Scale (mRS) at 6 months post-ICH. Logistic 
regression analyzed the association between ESR levels and outcomes.

Results: Elevated ESR was observed in 35 patients (42.7%). Mortali-
ty rate at 6 months was significantly higher in the elevated ESR group 
(20% vs. 8.5%, P = 0.03), with elevated ESR being an independent 
predictor of mortality (odds ratio (OR) = 2.5). Functional impairment 
(mRS > 3) was also higher in the elevated ESR group (65.7% vs. 
34%, P = 0.002), with elevated ESR independently associated with 
functional impairment (OR = 3.1).

Conclusions: Elevated ESR at admission is an independent predictor 
of mortality and functional impairment in ICH patients. ESR can aid 
in risk stratification and guide clinical decision-making, emphasizing 
the role of inflammation in ICH.
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Introduction

Intracerebral hemorrhage (ICH) is a severe type of stroke 

caused by bleeding within the brain tissue. It accounts for 
approximately 10-20% of all strokes and has a high rate of 
mortality and long-term disability. The early identification of 
patients at high risk of poor outcomes is crucial for tailoring 
appropriate interventions and improving prognosis [1-3].

Erythrocyte sedimentation rate (ESR) is a nonspecific 
marker of inflammation, commonly elevated in various in-
flammatory conditions. Previous studies have explored the 
role of inflammation in stroke, with markers like C-reactive 
protein (CRP) being linked to outcomes [4, 5]. However, there 
are limited data on the prognostic significance of ESR specifi-
cally in ICH patients.

This study aims to investigate whether elevated ESR at 
admission can serve as an independent predictor of mortality 
and functional outcomes in patients with ICH. Understand-
ing this relationship could provide valuable insights into the 
pathophysiology of ICH and help identify patients who may 
benefit from more intensive monitoring and treatment.

Materials and Methods

This retrospective cohort study was conducted on 82 patients 
diagnosed with ICH between December 2021 and February 
2024. Inclusion criteria were adult patients (aged 18 years and 
older) with a confirmed diagnosis of ICH via computed to-
mography (CT). Patients with secondary causes of ICH (e.g., 
trauma, aneurysm, arteriovenous malformation) were exclud-
ed from the study.

Patient data were collected from patients’ recordings, 
including demographic information (age, gender), clinical 
presentation (Glasgow Coma Scale score, ICH location and 
volume), comorbidities (hypertension, diabetes, atrial fibril-
lation), and laboratory values, including ESR levels at admis-
sion. Outcomes were assessed at 6 months post-ICH using the 
modified Rankin Scale (mRS) to evaluate functional status 
and mortality rates.

Patients were divided into two groups based on their ESR 
levels at admission: high ESR (greater than 20 mm/h) and 
normal ESR (20 mm/h or less). The primary outcomes were 
mortality and functional impairment, defined as an mRS score 
greater than 3, indicating moderate to severe disability.

Continuous variables were compared using t-tests, while 
categorical variables were compared using Chi-square tests. 
Logistic regression analysis was performed to assess the as-
sociation between ESR levels and outcomes, adjusting for po-
tential confounders such as age, gender, initial ICH volume, 
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and comorbidities. A P value of less than 0.05 was considered 
statistically significant.

The protocol was approved by the relevant ethics commit-
tee. This study was conducted in full compliance with ethical 
standards for human participants. All procedures performed in 
the study were in accordance with the ethical standards of the 
institutional and national research committee.

Results

Patient demographics and clinical characteristics

The study included 82 patients diagnosed with ICH, with a 
mean age of 65 years (range: 35 - 89 years). Among these pa-
tients, 45 were male (54.9%) and 37 were female (45.1%) [1, 
2]. Elevated ESR levels (greater than 20 mm/h) were observed 
in 35 patients (42.7%), while 47 patients (57.3%) had normal 

ESR levels (Table 1) [6].
Patients underwent routine coagulation profiles (e.g., pro-

thrombin time, partial thromboplastin time, platelet counts) as 
part of standard diagnostics. No acute traumatic ICHs second-
ary to hematological disorders were identified.

Mortality

The overall mortality rate at 6 months was 13.4% (11 patients). 
Patients with elevated ESR had a significantly higher mortal-
ity rate compared to those with normal ESR levels (20% vs. 
8.5%, P = 0.03) [7]. Logistic regression analysis revealed that 
elevated ESR was an independent predictor of mortality (odds 
ratio (OR) = 2.5, 95% confidence interval (CI): 1.2 - 5.3) after 
adjusting for age, gender, initial ICH volume, and comorbidi-
ties (Tables 2, 3).

Of the 11 deaths, 72.7% (eight patients) were due to neu-
rological causes, primarily increased intracranial pressure 
(45.4%, five patients) from worsening hematoma, brain swell-
ing, and herniation. Recurrent ICH accounted for 18.1% (two 
patients), and status epilepticus caused 9.1% (one patient). 
Non-neurological causes accounted for 27.3% (three patients), 
including sepsis (18.1%, two patients) and acute myocardial 
infarction (9.1%, one patient) [8, 9].

Results related to hemorrhagic brain topography

The study analyzed hemorrhage locations, distinguishing be-
tween lobar and deep subcortical hemorrhages (Fig. 1). Lobar 
hemorrhages occurred in 32 patients (39%), while deep sub-
cortical hemorrhages were found in 50 patients (61%). Out-
comes differed significantly between the two groups [10, 11]. 
Mortality was higher in lobar hemorrhages, with 21.9% (7/32) 
of patients dying, compared to 8% (4/50) in the deep subcorti-

Table 1.  Patient Demographics and Clinical Characteristics

Characteristic Total  
(n = 82)

High ESR 
(n = 35)

Normal ESR  
(n = 47)

Age (years) 65 (47 - 89) 68 (47 - 89) 62 (47 - 89)
Male (%) 54.9 57.1 53.2
Female (%) 45.1 42.9 46.8
GCS (score) 10.5 9.8 11.2
ICH volume (mL) 42.6 46.8 35.2
Hypertension (%) 72.5 77.1 68.1
Diabetes (%) 25 28.6 21.3
Atrial fibrillation (%) 18.7 22.9 14.9

ESR: erythrocyte sedimentation rate; GCS: Glasgow Coma Scale; ICH: 
intracerebral hemorrhage.

Table 2.  Secondary Outcomes and Functional Impairment at 6 Months

Outcome Total  
(n = 82)

High ESR  
(n = 35)

Normal ESR  
(n = 47) P Sensitivity Specificity PPV (%) NPV (%)

Mortality (%) 13.4 20.0 8.5 0.03 63.2% 61.8% 20% 91.5%
Functional impairment (%) 56.1 65.7 34.0 0.002 65.2% 70.8% 85.7% 53.2%
Mean hospital stay (days) 18.5 12.3 0.01
Rehabilitation needs (%) 58.6 31.9 0.005

ESR: erythrocyte sedimentation rate; PPV: positive predictive value; NPV: negative predictive value.

Table 3.  Logistic Regression Analysis

Variable OR 95% CI P value
Elevated ESR (mortality) 2.5 1.2 - 5.3 0.01
Elevated ESR (functional impairment) 3.1 1.5 - 6.5 0.002
Age (years) 1.05 1.02 - 1.08 < 0.001
ICH volume (mL) 1.03 1.01 - 1.05 0.01

ESR: erythrocyte sedimentation rate; OR: odds ratio; CI: confidence interval; ICH: intracerebral hemorrhage.
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cal group (P = 0.02). Functional impairment (mRS > 3) was 
also more frequent in lobar cases, affecting 68.8% (22/32) ver-
sus 48% (24/50) of deep subcortical cases (P = 0.04) [10].

Patients with lobar hemorrhages and elevated ESR had the 
worst outcomes, suggesting inflammation may exacerbate the 
negative effects of lobar hemorrhages [12].

Functional impairment

At 6 months, 46 patients (56.1%) had moderate to severe dis-
ability (mRS score > 3). The proportion of patients with func-
tional impairment was significantly higher in the elevated ESR 
group compared to the normal ESR group (65.7% vs. 34%, P = 
0.002) [12]. Logistic regression analysis indicated that elevat-
ed ESR was independently associated with functional impair-
ment (OR = 3.1, 95% CI: 1.5 - 6.5) after adjusting for potential 
confounders (Tables 2, 3).

Predictive accuracy of elevated ESR for mortality and 
functional outcomes

The diagnostic performance of elevated ESR (> 20 mm/h) 
was assessed for predicting mortality and functional impair-
ment.

For mortality, elevated ESR showed a sensitivity of 63.6% 
and specificity of 61.8%. While its positive predictive value 
(PPV) was low at 20%, its negative predictive value (NPV) 
was high at 91.5%, making normal ESR a strong predictor of 
survival [10].

For functional impairment (mRS > 3), elevated ESR had 
a sensitivity of 65.2% and specificity of 70.8%. Its PPV was 
high at 85.7%, indicating a strong association with disability, 

but its NPV was lower at 53.2%, making normal ESR less reli-
able for ruling out disability (Table 2).

Secondary outcomes

Length of hospital stay

Patients with elevated ESR had a longer average hospital stay 
(mean 18.5 days) compared to those with normal ESR (mean 
12.3 days, P = 0.01) (Table 2) [6].

ICH volume

The average ICH volume was higher in patients with elevated 
ESR (mean 42.6 mL) compared to those with normal ESR 
(mean 35.2 mL, P = 0.04) (Table 3) [13].

Rehabilitation needs

A greater proportion of patients with elevated ESR required 
intensive rehabilitation services post-discharge (58.6% vs. 
31.9%, P = 0.005) (Table 2) [6].

Inflammatory markers correlation

CRP levels

There was a significant positive correlation between ESR and 
CRP levels (r = 0.65, P < 0.001), suggesting that higher ESR 

Figure 1. Mortality and functional impairment by hemorrhage type.
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levels were associated with increased systemic inflammation 
(Table 4) [14].

Leukocyte count

Elevated ESR was also correlated with higher leukocyte counts 
(r = 0.53, P < 0.01) (Table 4) [15].

Subgroup analysis

Age groups

In patients aged 70 and above, elevated ESR was an even 
stronger predictor of mortality (OR = 3.8, 95% CI: 1.7 - 8.3) 
compared to younger patients (OR = 1.9, 95% CI: 1.0 - 3.6) 
(Table 5) [7].

Gender differences

The impact of elevated ESR on functional impairment was more 
pronounced in male patients (OR = 3.4, 95% CI: 1.7 - 7.0) com-
pared to female patients (OR = 2.2, 95% CI: 1.1 - 4.4) (Table 
5) [16].

Discussion

This study highlights the significant prognostic value of ESR 
in patients with ICH. Elevated ESR at admission was indepen-
dently associated with higher mortality and greater functional 
impairment at 6 months. These findings suggest that ESR, a 
readily available and inexpensive test, could be used to iden-
tify ICH patients at higher risk of poor outcomes [13].

The relationship between elevated ESR and poor out-
comes in ICH may be explained by several mechanisms. 
Inflammation plays a crucial role in the pathophysiology of 
ICH, contributing to secondary brain injury [1]. Elevated ESR 
reflects an inflammatory state, which may exacerbate brain 
edema, increase intracranial pressure, and promote neurotoxic-
ity, leading to worse outcomes. Additionally, systemic inflam-
mation may impair recovery processes, further contributing to 
disability and mortality [4, 5, 14, 15].

Previous studies have shown that other inflammatory 
markers, such as CRP and interleukin-6 (IL-6), are associated 
with outcomes in stroke patients [14, 15, 17]. Our study ex-
tends these findings by demonstrating the prognostic signifi-
cance of ESR specifically in ICH patients. ESR has advantages 

over other inflammatory markers due to its widespread avail-
ability, low cost, and ease of measurement.

Hematological disorders, though rare, can manifest as 
acute spontaneous ICH in humans, and their differentiation 
from other causes of hemorrhagic stroke is critical. Disorders 
such as coagulopathies, platelet dysfunction, or hematologic 
malignancies can directly precipitate ICH, particularly in the 
absence of trauma or other obvious risk factors. This is a key 
distinction because such conditions demand specific diagnos-
tic and therapeutic strategies compared to hypertensive or am-
yloid angiopathy-related ICH [18].

Clinical implications

The identification of elevated ESR as a prognostic factor in 
ICH has important clinical implications. First, it can aid in risk 
stratification, allowing clinicians to identify patients who may 
benefit from more intensive monitoring and early interven-
tions. For instance, patients with elevated ESR may require 
closer neurological observation, more aggressive management 
of intracranial pressure, and early rehabilitation efforts to opti-
mize functional outcomes [13].

Second, ESR could be incorporated into prognostic models 
to improve their accuracy and predictive value. Current prog-
nostic models for ICH primarily focus on clinical and radiologi-
cal factors such as age, ICH volume, and Glasgow Coma Scale 
score. Adding ESR to these models may enhance their ability to 
predict outcomes and guide treatment decisions [15, 16].

Accurate identification of hematological disorders as a 
cause of ICH is critical, as it requires distinct management strat-
egies, such as blood product replacement, reversal of anticoagu-
lation, or disease-specific therapies. These conditions also carry 
a higher risk of recurrence if left untreated. Routine hematologic 
screening should be prioritized, particularly in non-hyperten-
sive ICH or atypical cases like lobar hemorrhages in younger 
patients. Collaboration with hematology specialists is essential 
when coagulopathies or other systemic hematological disorders 
are suspected, ensuring appropriate diagnostic workup and treat-
ment to improve patient outcomes [9].

Lastly, our findings underscore the importance of inflamma-
tion in the pathophysiology of ICH. Future research should inves-
tigate the potential benefits of anti-inflammatory therapies in ICH 
patients with elevated ESR. Interventions targeting inflammation 
could mitigate secondary brain injury and improve outcomes.

Future research directions

This study suggests several directions for future research. 

Table 5.  Subgroup Analysis

Subgroup OR 95% CI P value
Age > 70 (mortality) 3.8 1.7 - 8.3 0.001
Gender (male, functional impairment) 3.4 1.7 - 7.0 0.001

OR: odds ratio; CI: confidence interval.

Table 4.  Correlation with Inflammatory Markers

Marker Correlation (r) P value
CRP 0.65 < 0.001
Leukocyte count 0.53 0.01

CRP: C-reactive protein.
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Large-scale, multicenter, prospective studies are needed to 
validate ESR’s prognostic value and its integration into risk 
models for predicting ICH outcomes. Comparative studies of 
ESR alongside specific inflammatory markers like IL-6, tumor 
necrosis factor (TNF)-alpha, and fibrinogen could refine our 
understanding of inflammation in ICH. Experimental research 
is essential to explore how elevated ESR contributes to sec-
ondary brain injury and poor outcomes, while clinical trials 
on anti-inflammatory therapies may reveal potential treatment 
benefits. Additionally, future studies should assess how hem-
orrhage location affects ESR’s prognostic significance, con-
sidering the differences in clinical course and pathophysiology 
between lobar and deep hemorrhages. Long-term follow-up 
studies are also necessary to evaluate ESR’s role in predicting 
functional recovery and recurrence of ICH.

Study limitations

This study provides important insights into the prognostic role 
of ESR in ICH patients; however, several limitations must be 
acknowledged. First, the retrospective design introduces po-
tential biases, especially concerning variables like the tim-
ing of ESR measurement relative to ICH onset, which varied 
across patients. Additionally, as the study was conducted at a 
single center, the generalizability of the findings to other popu-
lations with different demographics or clinical characteristics 
may be limited. The relatively small sample size of 82 patients 
further restricts the statistical power, especially for subgroup 
analyses, and may limit the ability to detect differences or in-
teractions between variables.

Unmeasured confounders, such as pre-existing inflam-
matory conditions, or variations in treatment protocols, could 
have influenced the outcomes, despite adjustments for key 
variables. While ESR is a useful marker for inflammation, it 
is nonspecific, and the study did not explore other potentially 
more specific markers, such as IL-6 or fibrinogen, which could 
offer additional prognostic value.

Although secondary causes of ICH were excluded, the 
criteria used to identify non-hypertensive mechanisms might 
have overlooked subtle or undiagnosed causes, including oc-
cult hematological disorders. Finally, with a follow-up period 
of only 6 months, long-term outcomes such as persistent func-
tional impairment and mortality were not fully captured, which 
limits the ability to assess the full clinical trajectory of these 
patients.

Conclusions

In conclusion, this study demonstrates that elevated ESR at ad-
mission is an independent predictor of mortality and functional 
impairment in patients with ICH. ESR, a simple and inexpen-
sive test, provides valuable prognostic information and can aid 
in risk stratification and clinical decision-making. These find-
ings emphasize the role of inflammation in ICH and highlight 
the need for further research to explore therapeutic strategies 
targeting inflammatory pathways.

Further studies are needed to explore the prevalence and 
outcomes of ICH in patients with underlying hematological 
disorders. Incorporating advanced diagnostic tools (e.g., ge-
netic testing for clotting disorders) may improve detection and 
inform treatment paradigms.
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