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Abstract
Background: Spontaneous intracerebral haemorrhage (SICH) has emerged as one of 

the most devastating forms of stroke in recent decades. This disease is noted to carry a 30-day 
mortality rate of approximately 45%. An increasing number of studies have implicated a complex 
immune-mediated and inflammation-mediated cascade of responses in the pathophysiology 
of SICH and the resultant neurologic outcome. Several clinical studies have demonstrated an 
association between inflammatory markers and outcome in patients with SICH. However, the 
exact relationship between serum biomarkers and functional outcomes amongst survivors has not 
been clearly elucidated. This study aimed to evaluate the changes in peripheral leukocyte count 
(WBC count) and C-reactive protein (CRP) levels in patients with SICH and to correlate these 
findings with survival and functional outcome.  

Methodology: A prospective, descriptive and correlational study was conducted at 
Sarawak General Hospital (SGH) over the span of two years (April 2013–April 2015). Patients 
aged between 30 years and 75 years with supratentorial intracerebral bleed secondary to 
uncontrolled hypertension were recruited in this study. Data pertaining to the demography, 
clinical and radiological parameters, peripheral WBC count and CRP levels were obtained. 
Mortality and functional outcomes were determined at 6 months post ictus. Patients were 
recruited following the fulfilment of exclusion and inclusion criteria, and all obtained data were 
analysed with the Statistical Package for Social Sciences (SPSS) for Windows version 21.0.  

Results: A total of 60 patients with a mean age of 56 years were recruited in this study. 
We found that approximately 16 patients were less than or equal to 50 years old (26.7%) and that 
44 patients belonged to the older age group of above 50 years (73.3%). The Glasgow Coma Scale 
(GCS) score on admission ranged from 9 to 14/15 with a median value of 11/15. The mean clot 
volume was 20.1 cm3. The GCS score on admission and clot volume were significantly associated 
with the Glasgow Outcome Scale (GOS) at 6 months and overall survival (P < 0.05). The elevated 
WBC count and CRP level on admission and at 72 hours post admission were significantly 
associated with GOS at 6 months and overall survival (P < 0.05). Thus, the GCS score, clot volume, 
WBC count and CRP levels on admission and at 72 hours post admission can be used to predict 
functional outcome at 6 months and overall survival in patients with SICH.

Conclusion: We could conclude via this study that for patients with SICH, the main 
determinants or predictors of functional outcome at 6 months and overall survival were noted to 
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be the GCS score on admission, clot size, WBC count and CRP levels on admission and at 72 hours 
post admission.  

Keywords: intracerebral haemorrhage, white blood cell, leukocyte, C-reactive protein, outcome

the natural history of the disease. In the past, 
very few clinical studies have demonstrated an 
association between the inflammatory markers 
and outcomes of SICH in terms of mortality (13, 
14). Another inflammatory biomarker that has 
sparked recent interest in the research of neuro-
inflammation related to SICH is C-reactive 
protein (CRP). These studies have discovered 
that elevated levels of CRP, an acute-phase 
reactant induced by IL-6, is directly associated 
with 30-day mortality in SICH patients (13, 14).

Several prospective studies in ischemic 
stroke patients have reported that increased 
levels of acute inflammatory markers, such as 
CRP (13-15) and white blood cell (WBC) count 
(18), were associated with an increased risk 
of death or disability (16). However, to our 
knowledge, very few studies have evaluated the 
functional or long-term outcomes in SICH in 
relation to WBC and CRP levels.  

Materials and Methods 

This study aimed to evaluate the changes 
in peripheral WBC count and CRP levels on 
admission and at 72 hours post admission in 
patients presented with SICH and to correlate 
these findings with their survival and functional 
outcome at 6 months. 

Sample Selection

This was a prospective, descriptive and 
correlational study conducted at Sarawak 
General Hospital (SGH) over two years (from 
April 2013 till April 2015). This study was 
approved by the Malaysian Medical Research 
and Ethics Committee (MREC) [NMRR ID: 14-
1711-21272 (IIR)]. The sample size for this study 
was calculated based on the Dupont & Plummer 
Power Sample Software version 3.0. The 
calculated sample size was 60 (n). The calculated 
sample size was 60 (n). We recruited patients 
aged between 30 and 75 years old presented 
with supratentorial spontaneous intracerebral 
haemorrhage (SICH) secondary to uncontrolled 
hypertension, with a Glasgow Coma Scale (GCS) 
score on admission between 9 and 14/15 and 
intracerebral clot size of 10 cm3–30 cm3. Patients 

Introduction

Spontaneous intracerebral haemorrhage 
(SICH) has emerged as one of the most 
devastating subtypes of stroke. The available 
contemporary evidence collected from various 
preclinical studies indicates that SICH–
induced inflammation represents a key 
factor leading to secondary brain damage (1). 
Epidemiologically, SICH is a leading cause of 
morbidity and mortality worldwide (2, 3). It 
has been proven to pose worse outcomes than 
ischemic stroke and has a 30-day mortality of 
40%–50% (4, 5). Despite increased knowledge 
of the pathophysiology and advances in the acute 
treatment of stroke, the outcomes remain poor 
(6). 

Primary SICH accounts for 78% to 88% 
of cases and originates from the spontaneous 
rupture of small arteries or arterioles 
damaged by two major causes: hypertensive 
arteriolosclerosis and amyloid angiopathy (6, 7).  
Early studies have identified hypertension as the 
most significant modifiable risk factor, occurring 
in 50%–70% of patients (1). The commonest 
location of SICH are ganglionic (putamen, 
caudate nucleus and thalamus), followed by 
lobar, cerebellar and pontine or brainstem. 
The mainstay treatment in SICH is merely 
supportive, the anticipated long-term clinical 
outcome is generally poor, and the potential 
extensive burden for primary caretakers is 
ubiquitous.

There has been more than compelling 
evidence in recent times to suggest that robust 
inflammatory mechanisms are triggered in 
SICH-induced brain injury (1, 8). Loftspring 
et al. (9) found that in animal models, a robust 
inflammatory response is activated by the entry 
of blood into the brain parenchyma with a 
consequent infiltration of peripheral leukocyte 
or white blood cells (WBC), the activation of 
microglia and the release of cytokines. These 
findings were further reciprocated in another 
study (10). Autopsies conducted in both animals 
(11) and in human subjects (12) with SICH found 
leukocytic infiltration usually occurs within the 
first three days of insult, and further cascadial 
inflammatory changes in the penumbra of the 
haemorrhage following SICH come into play in 
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management. Laboratory personnel were blinded 
to clinical information, and quality control of 
assay was maintained. 

During the study period, 72 patients with 
clinical and radiological evidence attributable to 
SICH were identified. After screening, a total of 
60 patients were included in the present study; 
the remaining 12 patients (16.6%) were excluded 
because they did not meet the inclusion criteria. 
They received all the necessary supportive 
treatment measures, which included close GCS 
score monitoring, treatment of hypertension 
with either oral or intravenous anti-hypertensive 
medications, initiation of early feeding, and 
chest and limb physiotherapies. A second set of 
WBC counts and CRP levels were measured at 72 
hours post admission. Patients who encountered 
clinical deterioration necessitating an emergent 
surgical procedure were excluded from the study, 
and the appropriate treatment was delivered to 
them without any delay. Likewise, patients who 
developed any signs of infections after hospital 
admission, such as aspiration pneumonia, 
hospital-acquired pneumonia, urinary tract 
infections, hepatitis or thrombophlebitis, 
were also excluded from the study. Patients 
who recovered and were clinically stable were 
discharged, once all the necessary treatment was 
completed. The Glasgow Outcome Scores (GOS) 
upon discharge and at 6 months following ictus 
were recorded. 

Statistical analysis 

The clinical data was analysed with the 
Statistical Package for Social Sciences (SPSS) for 
Windows version 21.0. The obtained variables 
were expressed as mean, minimum, maximum, 
median and standard deviation (X ± SD). An 
analysis of their interquartile range was also 
carried out. The correlations of the investigated 
parameters were analysed with the independent 
t-test, chi-square test, and log rank test (Mantel-
Cox test). Correlations between inflammatory 
marker values and other prognostic factors were 
also calculated. After examining the distribution, 
inflammatory marker values were categorised 
by quartiles for further analyses, and P-values of  
< 0.05 were considered statistically significant.

Results 

Out of the 60 patients recruited, 36 were 
males (60%) and 24 were females (40%). The 
mean age was 56.4 years with the range from 
32 to 72 years (SD 10.7). The patients were 

with GCS scores of less than 9 on admission, 
recurrent SICH or non-hypertensive SICH 
were excluded from this study. Other exclusion 
criteria were patients with infratentorial bleed, 
intraventricular bleed, brainstem or thalamic 
bleed, pregnancy, incomplete study duration 
(minimum 6 months), culture positive infection 
on admission, or underlying comorbidity 
(e.g., renal disease, hepatic disease, cancer or 
chronic systemic autoimmune diseases, such 
as rheumatoid arthritis or systemic lupus 
erythematosus). Patients who were treated 
surgically or had undergone recent surgery or 
had major trauma (< 4 weeks prior to SICH), 
patients with a recent ischemic heart disease 
event, such as myocardial infarction, and 
patients with acute or chronic infections (< 4 
weeks prior to SICH) were also excluded from 
this study.  

Methodology

We prospectively recruited all patients who 
fulfilled the inclusion and exclusion criteria, 
admitted to SGH from April 2013 till April 2015 
with a diagnosis of SICH within 24 hours after 
onset of the stroke. The case subject of SICH 
was defined as the abrupt onset of spontaneous 
intracerebral bleeding, which was confirmed by 
cranial CT scan. Consent was obtained through 
their family members or legal representatives. 
These patients underwent full neurological 
examination; blood tests, which included full 
blood count (FBC); CRP; renal and liver function 
tests; coagulation profile; ECG; and chest X-ray. 
Demographic data, admission GCS scores 
and haematoma volumes on cranial CTs were 
documented. The calculation of the haematoma 
size and volume was based on the Kothari’s 
method using the A × B × C/2 formula (17). Blood 
was collected in ethylenediaminetetraacetic acid 
(EDTA) containing a tube and plain tube for 
the assessment of WBC count and CRP level, 
respectively. The WBC count was determined 
with an automated haematology analyser 
(SYSMEX Haemato-analyser), whereas the CRP 
was determined via a qualitative method using 
a latex agglutination technique AVITEX-CRP 
kit (OMEGA Diagnostics). AVITEX-CRP has a 
detection limit of 5 mg/L of CRP in the patient’s 
serum, and positive results were obtained at 
a CRP serum concentration above 5 mg/L. 
After baseline WBC counts and CRP levels on 
admission were obtained, the patients were 
subsequently admitted to the ward for further 
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divided into two main groups: 50 years old 
and below; and above 50 years old. There were 
16 patients (26.7%) aged 50 years and below, 
and 44 patients (73.3%) aged 50 years and 
above. Age and gender were not significantly 
associated with the patients’ survival or 6-month 
functional outcome (P > 0.05). Patients recruited 
under this study were noted to have various 
compounding co-morbidities. A total of 57 of 
them (95%) had underlying hypertension, and 
the remaining 3 patients (5%) had not been 
previously diagnosed to have hypertension. 
Eighteen patients (30%) had underlying diabetes 
mellitus, and 20 patients (33.3%) were active 
smokers, whereas 23 patients (38.3%) had a 
history of hypercholesterolemia. Out of the 60 
patients, 35 (58.3%) were on anti-platelets and 
5 patients (8.3%) had underlying ischemic heart 
disease. None of these patients experienced any 
acute cardiovascular-related events that required 
admission to hospital in the previous 6 months. 
The systolic blood pressure (SBP) on admission 
ranged between 145 and 260 mmHg, with a 
mean SBP of 196.5 ± 26.8 mmHg. Diastolic 
blood pressure (DBP), however, ranged between 
79 and 140 mmHg, with a mean DBP of 110.9 ± 
15.1. The mean arterial pressure (MAP) ranged 
from 107 to 175 with a mean MAP of 139.5 (SD ± 
17.3) 

The mean GCS score was 11/15 with the 
range of 9 to 14. The median GCS score was 11 
with an Interquartile Range of 10 to 12 (SD ± 
1.6). Majority of patients presented with GCS 
score of 9 to 11 with a total of 13 patients (21.7%) 
in each GCS score group of 9, 10 and 11. There 
were only 5 patients (8.3%) in the group with 
GCS score of 14. By using independent t-tests, 
the GCS score was noted to be significantly 
associated with 6-month functional outcome 
based on the GOS and overall mortality. CT 
images of the brain revealed that out of the 
60 recruited patients, the majority presented 
with bleed over the right supratentorial region 
(32 patients), making up about 53.3% of the 
total number of patients. The remaining 28 
(46.7%) had SICH over the left supratentorial 
region. About 54 patients (90%) presented 
with bleed in the ganglionic region (caudate 
nucleus, putamen and globus pallidus), and the 
remaining 6 patients (10%) presented with bleed 
in the cortical lobar region. The volume of the 
clot or intracerebral bleed (ICB) ranged from a 
minimum volume of 10.0 cm3 to a maximum of 
30.0 cm3, with a mean clot size of 20.1 cm3 (SD ± 
6.9). The interquartile range (IQR) was found to 
be between 14.5 and 26.6 cm3. 

When the patients were analysed according 
to functional outcome based on GOS at 6 
months, the size of clot was noted to be one of 
the dictating factors. Patients were divided into 
2 groups, one with a poor GOS score of 2 to 3 
and another group with a good GOS score of 4 
to 5. A total of 20 patients (33.3%) belonged to 
the better GOS group, and 27 (45%) of patients 
belonged to the poor GOS group. Thirteen 
patients (21.7%) succumbed to the disease. When 
tested with independent t-tests, morbidity and 
overall mortality or survival was found to be 
significantly associated with the volume of clot at 
presentation (P < 0.05) (Table 1).

As illustrated in Table 1, the volume of 
clot and GCS score on admission were found 
to significantly contribute to the 6-month 
functional outcome based on GOS when 
examined with an independent t-test (P < 0.05). 
An elevated WBC count on admission and at 72 
hours also predicted a worse outcome or a poor 
GOS at 6 months (P < 0.05) when tested with an 
independent t-test. Likewise, an elevated CRP 
level (> 5 mg/L) on admission and at 72 hours 
following admission was also related to poorer 
functional outcome at 6 months. Patients with 
elevations of both WBC counts and CRP levels 
on admission and at 72 hours post admission 
tended to have worse GOS in 6 months (GOS 
2 to 3). The WBC count was also found to be 
strongly correlated with haematoma volume at 
admission. Patients with a larger clot size tend to 
have a more profoundly elevated WBC count on 
admission and at 72 hours post admission. 

The volume of clot, GCS score on admission, 
and WBC count on admission and at 72 hours 
were also found to predict 6-month mortality. 
The elevated WBC counts increased the mortality 
rate among these patients (P < 0.05) when 
measured with independent t-tests. However, no 
correlation was found between an elevated CRP 
level (> 5 mg/L) on admission and at 72 hours 
following admission and mortality at 6 months 
(P > 0.05). As shown in Table 1, the mortality of 
patients with SICH was significantly associated 
with the volume of clot, GCS score on admission 
and WBC count on admission as well as at 72 
hours following admission. 

The baseline WBC count on admission 
ranged from 4.7 to 34.8 × 103/L. The mean 
WBC count was 16.1 × 103/L, and the median 
was 15.3 × 103/L (SD ± 8.0). The interquartile 
25th and 75th percentiles were 9.4 and 20.2 × 
103/L, respectively. The WBC count at 72 hours 
post admission ranged from 5.8 to 28.0 × 103/L. 
The mean WBC count was 15.063 × 103/L, and 
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the median was 13.8 × 103/L (SD ± 6.0). The 
interquartile range was between 10.6 and 19.4 × 
103/L. The WBC count was further divided into 
4 quartiles (Q1, Q2, Q3 and Q4) to facilitate the 
feasibility of drawing any conclusions (Table 2). 

This study also found that a large number 
of patients had elevated CRP level (> 5 mg/L) 
on admission and at 72 hours post admission. 
A total of 48 patients (80%) presented with 
elevated CRP levels on admission, and 40 of 
them (66.7%) showed continued elevated CRP 
levels at 72 hours post admission. The drop in 
the number at 72 hours post admission was due 
to the death of 8 patients before the CRP level 
assessment at 72 hours following admission 
(Table 3).

It was observed that patients within the 
3rd and 4th WBC count quartiles on admission 
tended to have worse GOS at 6 months, as 
depicted in Table 4. Patients within the lower 
1st and 2nd WBC count quartiles on admission 
tended to have a better functional outcome at 6 
months (P < 0.05). A good functional outcome in 
this context refers to patients with GOS 4 and 5. 

Out of the 47 surviving patients (excluding 
the 13 patients who succumbed to the disease 
eventually), 27 patients (57.4%) exhibited poor 
functional outcome (GOS 2–3), and 20 patients 
(42.6%) showed good functional outcome (GOS 
4–5)(Table 5). Figure 1 shows that 6-month 
functionality was good for patients within the 
1st and 2nd quartiles of the WBC count. Patients 
with the higher WBC counts within the 3rd 
and 4th quartiles showed poor functionality 
at 6 months. When the findings above were 
analysed with a Mantel-Cox test of equality of 
survival (degree of freedom, df = 3), there was 
a significant difference in the functionality rate 
at 6 months between the different quartiles 
of the WBC count on admission (P-value < 
0.05)(Figure 2). Therefore, the WBC count on 
admission was significantly associated with 
functionality at 6 months. 

Table 6–Table 8 showed that when the 
WBC count and CRP levels were evaluated 
and divided specifically into quartiles, the 
temporal relationship of the elevated WBC count 
and CRP to the general 6-month outcome in 
patients could be determined. In general, a low 
WBC count and CRP level on admission were 
significantly associated with good functional 
outcome (GOS 4 and 5), and an elevated WBC 
count and CRP level were associated with poor 
functional outcome (GOS 2 and 3) (P-value < 
0.05).

The relationship of elevated WBC count 
at 72 hours post admission to poor 6-month 
functionality was also examined. (Table 9-Table 
11) The data revealed that poorer functional 
outcomes were observed in patients within the 
group with elevated WBC counts (in the 3rd and 
4th quartiles). An analysis of the data also found 
a significant difference in 6-month functionality 
or GOS among the different quartiles of the WBC 
count at 72 hours (P-value < 0.05). The Mantel-
Cox test of equality of survival distributions 
for the different quartiles of WBC and CRP at 
72 hours post admission revealed a significant 
P-value of < 0.05 (chi-square 24.398 with a 
degree of freedom of 5). Therefore, it could be 
concluded that there is a significant difference in 
the functionality rate among different quartiles 
of the WBC count and CRP at 72 hours (P-value 
< 0.05). As demonstrated in Table 12 and 13, 
high WBC counts and CRP levels on admission 
are significantly related to increased mortality 
(P-value < 0.05). 

Discussion 

Neuro-inflammatory mechanisms 
and cascades are exceedingly recognised 
as substantially important players in the 
pathophysiology of secondary brain damage 
after SICH. The role of inflammation in 
the pathophysiology of SICH could not be 
emphasised enough (31). SICH is considered 
one of the critical forms of aseptic inflammation 
mounted as a response to damage incurred 
by intracerebral haemorrhage. More and 
more studies have provided tangible evidence 
that leukocytes play a substantial role in the 
propagation of disease and the consequent 
deterioration of patients with SICH. Patients 
presented with higher WBC counts were found 
to have larger intracerebral clots. Studies have 
also proved that elevated WBC counts predict 
early neurologic deterioration, worse outcome 
and mortality after SICH (4, 17). It can be 
postulated that if a marked leukocytic response 
is seen in a patient with acute SICH, one would 
expect that the mechanism that is at work would 
more likely reflect a systemic stress-induced 
response rather than a local inflammatory 
response in the brain. However, such a robust 
and more systemic stress-induced mechanism 
of leukocytosis remains hypothetical. In the 
acute phase of stroke, inflammation contributes 
to brain damage triggered by ischemia (7, 8). 
The inflammatory cascade is triggered by an 
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increasing concentration of local cytokines, 
adhesion molecules, acute phase proteins, 
macrophages and leukocytes, and the strength 
of this response is noted to be directly related to 
early and late clinical outcomes (5).

The role of CRP in the acute phase response 
to stroke has also been extensively investigated 
(7, 8). A marked elevation in CRP levels has been 
routinely found after an episode of ischemic or 
haemorrhagic stroke and is associated with a 
worsened outcome and the increased in risk of 
developing other cerebrovascular issues, such 
as further ischemic stroke, and cardiovascular 
events, such as myocardial infarction, in stroke 
patients (9). 

The present study corroborates the various 
findings and postulated theories found in 
previous studies, as mentioned earlier. Often 
following SICH, an inflammatory response 
is mounted at the site of an intracerebral 
haematoma in human subjects (21). Evidence 
that is more than compelling suggests that the 
inflammatory response may directly contribute 
to SICH-related injury (31). Neurologic 
deterioration in ICH is most likely to occur 
within the first 48 hours after onset (17). 
WBCs can promote inflammatory tissue injury 
indirectly by stimulating macrophages to release 
pro-inflammatory mediators and via the effects 
of oxygen-free radicals and complement system 
activation (15). The data collected in this study 
illustrate that patients with higher WBC counts 
had greater haematoma volume at admission. 
Hence, it can be put forth that WBC count 
may play a role as a potential biomarker of a 
heightened inflammatory response and may 
be a direct contributor to haematoma growth 
and brain injury sustained due to SICH. This 
haematoma growth may be attributed to early 
neurologic deterioration in patients. A previous 
study by Liera et al. (17) showed that higher WBC 
counts were associated with early neurologic 
deterioration, but were not independently 
associated with functional outcomes as 
measured by the Modified Rankin Scale at 
30 days. Studies have also demonstrated that 
although a higher WBC count was observed with 
increased mortality in SICH patients, this did not 
increase the risk of death independently of other 
indicators of SICH severity (17). In the present 
study, we observed convincing relationships 
among baseline inflammatory markers (WBC 
count and CRP level) and mortality. These 
observations are in line with previous studies 
conducted involving WBC count (11, 17) and 

also with studies of other inflammatory markers  
(6, 7). 

The degree of WBC elevation also 
reflects the severity of SICH. This theory was 
supported by our data, in which we were able 
to demonstrate correlations between elevated 
WBC count and both haematoma volume at 
admission and SICH severity. Therefore, it 
could be postulated that elevated WBC count on 
admission and at 72 hours following admission 
greatly dictate and determine the overall 
6-month functionality as assessed by GOS scores 
and is also related to 6-month survival. We 
proved that WBC could serve as an important 
early biomarker in assessing SICH severity 
and outcome. WBC count is an important and 
inexpensive tool available in all hospitals locally 
and is universally assayed in all patients with 
SICH. The value for the lowest quartile of WBC 
count in our study was 10.6 × 103 /L, which 
is also close to the upper limit of normal for 
many laboratories. Studies involving vascular-
specific anti-inflammatory and antileukocyte 
therapies are seeking to develop an alternative 
or adjunctive therapeutic approach to SICH 
(31); an elevated WBC count may help identify 
patients who would benefit the most from these 
interventions.

To our knowledge, this is the first study 
conducted locally that evaluates the direct 
relationship between both CRP and WBC counts 
and 6-month functionality and mortality in 
SICH patients. WBC count and CRP level at 
admission and at 72 hours following admission 
clearly demonstrated a strong association (P < 
0.05) with 6-month functionality. This is in line 
with previously made observations (33). The 
relationship between the acute phase-reactant 
CRP inflammatory marker status and WBC count 
on admission also has a direct causal effect on 
6-month mortality or death. The patients in 
our study presenting with elevated WBC count 
with a positive CRP value succumbed to the 
disease before 6 months. It is conceivable that 
an increased CRP concentration after SICH 
onset is due to inflammation related to the 
pathophysiology of intracerebral haematoma 
growth and might reflect the extent of the 
haematoma volume and not to a pre-existent 
subclinical inflammatory status. Experimental 
data has demonstrated that the acute phase 
response to intracerebral haematoma occurs 
later when compared to ischemic stroke (22). 
Gong et al. (12) noted that interleukin-6 (IL-6), 
a pro-inflammatory cytokine that regulates the 
level of CRP (20), was observed in the blood, 
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Table 1. Baseline characteristics and potential baseline factors associated with 6-month functional 
outcome and mortality

Characteristics
Total 

Cohort
(n = 60)

Better 
(GOS 4-5)
(n = 20)

Worse 
(GOS 2-3)

(n = 27)
P-value Alive

(n = 47)
Death

(n = 13) P-value

Age, years (SD) 56.35 
(10.66)

54.5 
(10.21)

57.41 
(9.33) 0.316 56.17 

(9.71) 57.00 (14.02) 0.844

Gender, male n (%) 36 (60% 15 (75%) 12 (44.4%) 0.072 27 (57.4%) 9 (69.2%) 0.654

Clot, cm3 (SD) 20.11 
(6.78)

13.63 
(3.19)

22.03 
(6.03) 0.000* 18.46 

(6.51) 26.01 (3.78) *0.000

GCS, median (IQR) 11 (10-12) 13 (12-
13.75)

10.00  
(10-11) 0.000* 11 (10-13) 9 (9-9.5) *0.000

WBC on admission, 
x 103 median (IQR)

15.3  
(9.45-
20.18)

9.55 
(5.93-
12.3)

17.6  
(11.3-23.7) 0.000* 12.5 (8.4-

18.4)
23.9 (16.6-
29.5) *0.000

WBC at 72 hours, x 
103 median (IQR)

13.8  
(10.6-
19.4)
n = 51

10.25 (7.5-
13.7)

17.8  
(13-22.4) 0.000*

13.8 (9.9-
18.6)
n = 47

19.15 (17.4-
20.08)
n = 4

*0.002

CRP- positive on 
admission,
> 5 mg/L, n (%)

48 (80%) 8 (40%) 27 (100%) 0.000* 35 (74.5%) 13 (100%) 0.100

CRP-positive at 72 
hours,
> 5 mg/L, n (%)

40 
(76.9%)
n = 52

8 (40%) 27 (100%) 0.000* 35 (74.5%)
n = 47

5 (100%)
n = 5 0.465

Table 2. Quartile values for WBC count on admission and at 72 hours of admission

Q1 Q2 Q3 Q4

WBC count (X103) on admission 9.450 15.300 20.175 34.8

WBC count (X103) at 72 hours of admission 10.600 13.800 19.400 28.00

66.7 69.2
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 Figure 1. Six-month functionality according to WBC count quartiles on admission (n = 47)
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Figure 2. Six-month functionality according to WBC count quartiles with CRP on admission (n = 47)

Table 3. Patients with elevated CRP levels on admission and at 72 hours of admission 

CRP > 5 mg/L on Admission Frequency Percentage (%)

Positive 48 80.0

Negative 12 20.0

Total 60 100.0

CRP > 5 mg/L at 72 hours of 
admission Frequency Percentage (%)

Positive 40 66.7

Negative 12 20.0

Total 52 86.7

Missing
(patient died before 72 hours) 8 13.3

Total 60 100.0

Table 4. Functionality (%) of patients at 6 months based on the quartiles of WBC 

WBC Quartiles on Admission Total (N) N of Functionality Functionality (%)

1 15 10 66.67

2 13 9 69.23

3 11 1 9.09

4 8 0 0.00

P-value 0.000
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Table 5. Relationship between GOS and WBC quartiles on admission 

WBC Quartiles (on admission)
Total

1 2 3 4

GOS

Worse
(GOS 2-3)

No. of patients 5 4 10 8 27

% within WBC quartiles 
on admission 33.3 30.8 90.9 100.0 57.4

Better
(GOS 4-5)

No. of patients 10 9 1 0 20

% within WBC
quartiles on admission 66.7 69.2 9.1 0 42.6

Total
% within WBC 
quartiles on 
admission

No. of patients 15 13 11 8 47

100 100 100 100 100

Table 6. GOS versus WBC quartiles with CRP reactivity 

Quartiles

TotalLow WBC/
CRP-

Low WBC/
CRP+

High 
WBC/
CRP+

High 
WBC/
CRP-

GOS

Worse
(GOS 2-3)

No. of patients 0 7 20 0 27

% within quartiles 0 87.5 74.1 0 57.4

Better
(GOS 4-5)

No. of patients 10 1 7 2 20

% within quartiles 100.0 12.5 25.9 100.0 42.6

Total
% within quartiles

No. of patients 10 8 27 2 47

100 100 100 100 100

Table 7. GOS according to quartiles of WBC and CRP

WBC and CRP
TotalQ1/

CRP-
Q1/

CRP+
Q2/

CRP-
Q2/

CRP+
Q3/

CRP+
Q4/

CRP+

GOS

Worse
(GOS 2-3)

No. of 
patients 0 5 0 4 10 8 27

% within 
WBC 
and CRP 
quartiles

0 83.3 0 40.0 90.9 100.0 57.4

Better
(GOS 4-5)

No. of 
patients 9 1 3 6 1 0 20

% within 
WBC 
and CRP 
quartiles

100 16 100 60 9.1 0 42.6

Total
% within WBC and 
CRP quartiles

No. of 
patients 9 6 3 10 11 8 47

100 100 100 100 100 100 100
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Table 8. Functionality based on WBC quartiles and CRP 

WBC Quartiles/CRP Total (N) N of Functionality Functionality (%)

Q1/CRP- 9 9 100.00

Q1/CRP+ 6 1 16.67

Q2/CRP- 3 3 100.00

Q2/CRP+ 10 6 60.00

Q3/CRP+ 11 1 9.09

Q4/CRP+ 8 0 0.00

P-value 0.000

Table 9. Relationship of GOS with different WBC quartiles at 72 hours of admission 

WBC Quartiles at 72 hours of Admission
Total

1 2 3 4

GOS
Worse
(GOS 2-3)

No. of 
patients 3 7 7 10 27

 
% within WBC 
quartiles at  
72 hours

21.4 58.3 63.6 100 57.4

 
Better
(GOS 4-5)

No. of 
patients 11 5 4 0 20

 
% within WBC 
quartiles at  
72 hours

78.6 41.7 36.4 0 42.6

Total
% within WBC 
quartiles at 72h

No. of 
patients 14 12 11 10 47

100 100 100 100 100

Table 10. Functionality based on WBC quartiles at 72 hours of admission 

WBC Quartiles at 72 hours of 
Admission Total (N) N of Functionality Functionality (%)

1 14 11 78.6

2 12 5 41.7

3 11 4 36.4

4 10 0 0.0

P-value 0.002

Table 11. Relationship between WBC quartiles and CRP at 72 hours of admission 
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WBC and CRP Quartiles at 72 hours Total (N) N of Functionality Functionality (%)

Q1/CRP- 10 10 100

Q1/CRP+ 4 1 25

Q2/CRP- 2 2 100

Q2/CRP+ 10 3 30

Q3/CRP+ 11 4 36.4

Q4/CRP+ 10 0 0

P-value 0.000

Table 12. Relationship of WBC quartiles on admission to mortality rate 

WBC Quartiles on Admission Total (N) N of Death Mortality Rate (%)

1 15 0 0.00

2 15 2 13.33

3 15 4 26.67

4 15 7 46.67

P-value 0.009

Table 13. Relationship of WBC quartiles with CRP on admission to mortality rate

WBC and CRP
Quartiles on Admission Total (N) N of Death Mortality

Rate (%)

Q1/CRP- 9 0 0.00

Q1/CRP+ 6 0 0.00

Q2/CRP- 3 0 0.00

Q2/CRP+ 12 2 16.67

Q3/CRP+ 15 4 26.67

Q4/CRP+ 15 7 46.67

P-value 0.037
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cerebrospinal fluid or brain extracts at 1 hour 
after experimental SICH. Other data obtained 
regarding the temporal course of CRP in humans 
showed a more delayed response (25, 31). These 
findings may suggest that the prediction of 
patients who are more predisposed to a robust 
and heightened inflammatory response and who 
will thus deteriorate could only be determined 
by serial CRP measurements after the onset 
of symptoms. However, in this study, a clear 
significant relationship between CRP levels 
obtained early at the time of admission and 
6-month survival and functionality could be 
established. 

We also found that patients with an elevated 
WBC and CRP concentration on admission had 
a relatively higher risk of dying at 6 months. 
Patients in the 3rd WBC quartile with positive 
CRP had a mortality rate of 26.67%, and patients 
in the 4th WBC quartile with positive CRP had 
a mortality rate of 46.67%. Patients belonging 
to the 1st and 2nd WBC quartiles with positive 
CRP survived overall. In patients with a low 
WBC count, 6-month mortality was related 
to the baseline CRP concentration. Thus, the 
combined use of baseline WBC count and 
CRP concentration can be used to stratify and 
predict mortality risk. We did not find a causal 
relationship between both WBC and CRP level 
at 72 hours on admission with 6-month survival 
or mortality. This was probably due to the small 
sample size in this study. 

With regards to the haematoma volume, 
we found that it was a significant predictor of 
6-month functionality and survival (P < 0.05). A 
larger haematoma volume causes midline shift 
and is associated with a 7.5 fold risk of mortality. 
Haematoma volume has been previously 
attributed to mortality in many published studies 
(13, 19), and it has been found that intracerebral 
bleed volume is a significant independent 
predictor of 30-day mortality.  

We also found that functional outcomes 
at 6 months are significantly associated with 
GCS scores on admission. This finding is in 
accordance with previously conducted studies 
which have concluded that GCS is a consistent 
predictor of outcome in patients with SICH 
(14, 24). This study also observed no strong 
correlation between age and gender of patients 
with overall 6-month functionality or mortality. 
This is perhaps due to the relatively small 
sample size. Gender effect on the SICH outcome 
was previously studied by Smaljlovic et al 
(26), and they concluded that gender has no 
prognosticating value in SICH. The relationship 

between age and SICH outcome was also 
previously investigated (10). The researchers 
found that age is an independent predictor of 
30-day mortality and that age greater than 60 
years old is a strong predictor of mortality and 
functional outcome.   

The present study design has several 
limitations. As an observational study, it 
could only identify associations and not 
ultimate causality. We did not collect detailed 
information on the WBC differential and 
absolute quantitative CRP value, which may 
be important. An association and relationship 
between the differential WBC count and CRP 
level to the 6-month functionality and mortality 
could probably be demonstrated more objectively 
if a quantitative analysis were undertaken. 
Perhaps we could have demonstrated a strong 
association of a particular WBC lineage, such as 
polymorphonuclear leukocytes and monocytes, 
to the overall clinical course and outcomes in 
patients with SICH. A quantitative method and 
analysis, however, requires additional fund 
support, which was not economically feasible. 
The CRP level estimated in this study was 
merely qualitative, and perhaps a quantitative 
measurement could provide more compelling 
evidence of causality and relationship. 

This study also did not examine the 
relationship of other known inflammatory 
markers attributed in the pathophysiology of the 
neuro-inflammation that follows SICH, such as 
interleukin 1,6, tumour necrosis factor (TNF), 
and others. A venture of that nature would 
require adequate funds and personnel to make 
it a reality and was beyond the purview of this 
research.  

Conclusion 

Based on this study, we concluded that 
6-month functional outcome, mortality or 
survival in patients with SICH were significantly 
associated with both the volume of intracerebral 
bleed and GCS score on admission. We also 
found that WBC counts and CRP levels on 
admission and at 72 hours post admission 
were significantly associated with functional 
outcome at 6 months. WBC counts and CRP 
levels on admission were significantly associated 
with 6-month mortality. The assay of these 
bio-inflammatory markers could be used to 
predict mortality and functionality of patients 
presenting with SICH and therefore enable 
prompt counselling and insight to family 



Original Article | Inflammatory biomarkers

www.mjms.usm.my 63

members regarding the prognosis of patients. 
This study also sheds lights on novel, potentially 
revolutionary treatments of SICH, such as anti-
flammatory and neuro-modulation approaches to 
treat haemorrhagic stroke. 
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