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Abstract. Background and aim. The effect of estimated glomerular filtration rate (eGFR) on intracerebral
hemorrhage (ICH) severity is rarely studied. Meanwhile, the National Institute of Health Stroke Scale
(NIHSS) is the gold standard scale for assessing stroke severity. Therefore, this study aimed to determine
the relationship between eGFR and ICH severity. Methods: A cross-sectional study was conducted at
Dr. Wahidin Sudirohusodo General Hospital. eGFR values were divided into 4 levels namely severe, mod-
erate, mild, and normal, while the severity of stroke based on NIHSS was mild (<5), moderate (6-14), and
severe (>15). Analysis to compare eGFR group values with NIHSS used chi-square analysis, and a p-value
<0.05 was considered significant. Resu/ts: The results showed that the participants were mostly aged 45-70
years and male. Bleeding mostly occurred in the upper part of the brain (supratentorial) by 89.1%. The mean
eGFR of participants was 84.65 mL/min/1.73 m? and the severity based on the NIHSS score ranged from
2-28. Furthermore, there was a significant relationship between eGFR values and NIHSS scores (p<0.001).
Decreased eGFR tended to be associated with higher NIHSS indicated by a p-value of 0.018.Conclusions:
Based on the results of this study, eGFR has a relationship with the severity of ICH. (www.actabiomedica.it/)
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Introduction

The incidence of hemorrhagic stroke is estimated
at 12-15% of cases per 1,000,000 population per year.
The occurrence in males is higher than in females with
a tendency to increase at age above 55 years and hav-
ing a relative risk after 70 years (1). Mortality due to
intracerebral hemorrhage (ICH) remains high at 50%
on the 30th day (2). Chronic Kidney Disease (CKD)
also increases the risk of ICH and micro bleeding
from the brain, where estimated glomerular filtration
rate (eGFR) values <45 mL/minute/1.73 m2 indicate
a 3-fold greater risk of increased hematoma volume
which can cause death (3).

The occurrence of hemorrhagic stroke includes
various events that cause primary and secondary brain
injury (4,5). Primary brain injury occurs due to the
mass effect (edema) and mechanical disruption of the
bleeding blood while secondary brain injury occurs
due to toxic biochemical effects and metabolic effects
in response to the bleeding components (6). Edema
that occurs after ICH can reduce the clinical outcome
of patients (6-8).

In assessing a person level of consciousness, the
Glasgow Coma Scale (GCS) can be used to objec-
tively determine impaired consciousness (9). The Na-
tional Institute of Health Stroke Scale (NIHSS) is the

gold standard scale for assessing stroke severity. Initial
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NIHSS values correlate with early and long-term
clinical outcomes, response to therapy, neurological
decline, and mortality (10). It has been reported that
ICH mortality can be better predicted using NIHSS
than GCS. An increase in NIHSS scores on admis-
sion has a negative impact on ICH outcomes. There
are NIHSS score categories, with a score of < 5, 6-14,
and > 15 representing mild, moderate, and severe
stroke respectively (11).

eGFR is a clinical measurement used to assess kid-
ney function and diagnose CKD. It is calculated using
serum creatinine levels, age, gender, and race (12). The
values have rarely been studied to evaluate ICH and
are a significant predictor of clinical outcomes. Studies
have shown that lower eGFR levels correlate with in-
creased mortality (13), poor outcomes (14), and higher
complication rates (15). These associations underscore
the importance of kidney function in the prognosis of
ICH. Therefore, this study aimed to determine the re-
lationship between eGFR and the severity of ICH.

Materials and Methods

This cross-sectional study was conducted at
Dr. Wahidin Sudirohusodo Hospital Makassar in
2024 with 55 participants who met the inclusion crite-
ria. The inclusion criteria for this study were the popu-
lation whose first stroke symptoms appeared suddenly
(onset less than 7 days) aged 18 years to 80 years in
the South Sulawesi region who were admitted through
the Emergency Room at our institution. The patient’s
educational background varies from elementary school
to college. Apart from that, the employment status
of the research subject is employee or self-employed.
Exclusion criteria included patients under the age of
18 years, onset of ICH more than 7 days, as well as his-
tory of recurrent stroke, CKD, severe systemic disease,
malignancy, and autoimmune disease.

Determination of stroke patients

Stroke was confirmed by anamnesis in the form
of a focal neurological deficit (impaired motor func-
tion, for example, weakness in the extremities or sen-
sory function) that occurred suddenly on neurological

examination. It was supported by the results of a com-
puted tomography (CT) scan with Siemens Somatom
Go Top 128 Slice (Erlangen, Germany) of the head
without contrast, showing a hyperdense image indicat-
ing cerebral hemorrhage in the brain tissue.

Variables and degree of severity

Participants data included age, gender, bleeding
location, GCS score, comorbidities (hypertension, dia-
betes mellitus, and smoking), eGFR, and NIHSS. Se-
verity refers to the change in health level, function, and
quality of life assessed by the NIHSS score at hospital
admission with values of mild (<5), moderate (6—14),
and severe (>15).

Kidney function evaluation

eGFR was assessed using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI)
formula (12). The CKD-EPI formula (2021 revision)
used is GFR = 141xmin(Scr/k,1) o x max(Scr/k,1)
-1.209x 0.993age x 1.018 [in women] x 1.159 [in
black], where Scr is serum creatinine, k is 0.7 for
women and 0.9 for men, a is 0.329 for women and
-0.411 for men, min indicates minimum Scr/k or 1,
and max indicates maximum Scr/k or 1. The differ-
ent levels include severe (<45 mIL/min), moderate
(45-59 mL/min), mild (60-89 mIL/min), and normal
(290 mL/min).

Glasgow coma scale

The Glasgow Coma Scale is a quantitative examina-
tion of the degree of consciousness of research subjects.
The assessment component includes 3 elements: eye (E),
motor (M) and verbal (V). Component E is given a
value of 1-4, M scores 1-6, and V scores between 1-5.
GCS score is the sum of the scores of each component,
so the minimum value is three, and the maximum 15 (9).

National institute of health stroke scale

The National Institute of Health Stroke Scale
(NIHSS) is the gold standard for assessing stroke sever-
ity. At admission, motor, sensory, and cognitive function
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change scores comprise 11 assessment components. In
this study, it is used to indicate the degree of severity (16).

Statistical Analysis

Continuous variables are presented as appro-
priate means and categorical variables as propor-
tions. The collected data were processed using SPSS
software (version 26), in which normality was tested
with Kolmogorov-Smirnov. The relationship between
eGFR and severity was tested using the Pearson corre-
lation test, where the value range is -1 to 1. The positive
or negative sign indicates the direction of the relation-
ship. It is said to have a strong relationship if the value
is close to 1. eGFR group values were compared to
NIHSS using chi-square analysis, and a p-value <0.05

was considered significant.

Results
Characteristics of participants

Among the 63 patients with ICH included in
the study, 8 died after follow-up and were excluded.
Table 1 shows the results of the characteristics of the
study participants.

As shown in Table 1, the mean age of participants
was 53.35 years, with the majority falling within the
age range of 45-70 years (60.0%). A total of 36 pa-
tients (65.5%) were males, and the location of the most
bleeding was supratentorial, namely 89.1%. The degree
of consciousness based on the GCS scale ranged from
3-15. In terms of consciousness, 32 patients (58.2%)
were in a state of compos mentis.

The most common risk factors were hyperten-
sion at 80% followed by smoking at 45.5%. The mean
eGFR was 84.65 mL/min/1.73 m? while the severity
based on NIHSS score was between 2-28. Analy-
sis was performed by grouping all patients based on
eGFR values. In general, 6 patients were classified as
severe eGFR group (Table 2).

Table 2 shows the characteristics of the study par-
ticipants against the eGFR value. The mean age of pa-
tients with severe disease was 55.33 years (SD+18.47).

Table 1. Characteristics of study participants.

Variables Results
Age (years, mean + SD) 53.35+13.59
18-45 16 (29.1)
45-70 33 (60.0)
>70 6 (10.9)
Sex

Male 36 (65.5)
Female 19 (34.5)
Bleeding Location

Supratentorial 49 (89.1)
Infratentorial 6(10.9)
GCS score, 15 (3-15)
median (min-max) 32 (58.2)
Compos Mentis 0 (0)
Somnolence 14 (25.5)
Delirium 9 (16.4)
Diabetes Mellitus

Yes 8 (14.5)
No 47 (85.5)
Hypertension

Yes 44 (80.0)
No 11 (20.0)
Smoke

Yes 30 (54.5)
No 25 (45.5)
eGFR (mean+SD) 84.65 + 31.16
NIHSS median (Min-Max) (2-28)

Note: GCS, Glasgow Coma Scale; eGFR, estimated glomerular
filtration rate; NIHSS, National Institute of Health Stroke Scale;
SD, standard deviation.

The majority aged 18-45 years fell within the normal
category (21.8%), while those aged 45-70 years were
spread across all categories, with the largest proportion
in normal (30.9%). Patients over 70 years were mostly
in the mild category (5.5%) and males were more in
the normal category (36.4%). Female patients were
spread across all categories, with the largest propor-
tion in the normal.

Most patients with supratentorial hemorrhage
were in the normal category (47.3%). Infratentorial lo-
cations were spread across all categories but were fewer
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Table 2. Characteristics of study participants regarding eGFR values.

Results
Variables Severe Moderate Mild Normal
Age (years, mean * SD) 55.33 +1 8.47 60.60 + 12.34 59.20 + 12.41 48.66 + 12.05
18-45 2 (3.6) 0 (0) 2 (3.6) 12 (21.8)
45-70 3(5.5) 3(5.5) 10 (18.2) 17 (30.9)
>70 1(1.8) 2 (3.6) 3(5.5) 0(0)
Sex
Male 2 (3.6) 3(5.5) 11 (20.0) 20 (36.4)
Female 4(7.3) 2 (3.6) 4(7.3) 9(16.4)
Bleeding Location
Supratentorial 5(9.1) 4(7.3) 14 (25.5) 26 (47.3)
Infratentorial 1(1.8) 1(1.8) 1(1.8) 3(5.5)
GCS score, median 12.5 (3-15) 9 (3-15) 11 (6-15) 15 (3-15)
(min—max) 3(5.5) 2 (3.6) 5(09.1) 22 (40.0)
Compos Mentis 0(0) 0(0) 0(0) 0(0)
Somnolence 2 (3.6) 1(1.8) 7 (12.7) 4(7.3)
Delirium 1(1.8) 2(3.6) 3(5.5) 3(5.5)
Diabetes Mellitus
Yes 0 (0) 0 (0) 1(1.8) 7 (12.7)
No 6 (10.9) 5(9.1) 14 (25.5) 22 (40.0)
Hypertension
Yes 6 (10.9) 3(5.5) 12 (21.8) 23 (41.8)
No 0(0.0) 2 (3.6) 3(5.5) 6 (10.9)
Smoke
Yes 3(5.5) 4(7.3) 8(14.5) 15 (27.3)
No 3(5.5) 1(1.8) 7 (12.7) 14 (25.5)
eGFR (meantSD) 25.5 £19.02 54.28 £ 5.40 74.71 £ 8.58 107.27 + 16.41
NIHSS, median 16.5 (8-28) 10 (3-27) 16 (2-27) 7 (2-24)
(Min-Max)

Note: *Pearson Correlation Test; GCS, Glasgow Coma Scale; eGFR, estimated glomerular filtration rate; NIHSS, National Institute of Health Stroke

Scale; SD, standard deviation.

than supratentorial. Most patients with compos men-
tis conditions were in the normal category. Patients
with a history of diabetes mellitus (DM), hyperten-
sion, and smoking were mostly in the normal category,
with values of 12.7%, 41.8%, and 27.3% respectively.
The highest mean eGFR was in the normal cat-
egory, at 107.27 mL/minute/1.73 m?, and the lowest
was in the severe category, at 25.5 mL/minute/1.73 m?.
The eGFR values showed a decreasing trend as the dis-
ease severity category increased. The highest median

NIHSS score was in the severe category, at 16.5 (with
a range of 8-28). The NIHSS score decreased in the
milder categories with the lowest value in the mild cat-
egory (median 7, range 2-24).

Analysis of the relationship between eGFR values
and NIHSS scores

There was a significant negative relationship be-
tween the eGFR and NIHSS scores. The correlation
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coefhicient (R) value of -0.501 indicates a moderate neg-
ative correlation, suggesting that the lower the eGFR
value, the higher the likelihood of severity. Furthermore,
avery small p-value (<0.001) indicates that the relation-
ship is statistically significant at a high confidence level.
This suggests that decreased eGFR may be associated
with increased risk or severity of the condition (Table 3).

Comparison between eGFR and NIHSS Group

Table 4 shows that most patients with mild
NIHSS scores had normal eGFR (21.85), indicating
better kidney function. In severe NIHSS, most patients
were in the mild eGFR category (14.4%), followed
by the normal (3.6%) as well as severe and moderate
groups with proportions of 5.5% and 3.6%, respectively.
This suggests that decreased eGFR tends to be associ-
ated with increased stroke severity (higher NIHSS).

The p-value of 0.018 indicates that there is a statisti-
cally significant difference in the distribution of NIHSS
based on eGFR categories. Therefore, decreased kidney
function may be associated with higher stroke severity.

Discussion

In this study, the majority of patients were in the
age range of 45-70 years (60%). Population studies from

Table 3. Analysis of the relationship between eGFR values
and NTHSS scores.

Variables R P
eGFR -0.501 <0.001

Note: *Pearson Correlation Test; eGFR, estimated glomerular filtration
rate.

Table 4. Comparison between the eGFR and NIHSS group.

1990-2021 showed an increasing trend in incidence and
prevalence in Southeast Asia, East Asia, and Oceania
after 2015, where 70.2% of people experienced a new
stroke (17). Although stroke can affect people of all age
groups, the incidence is more common in the elderly with
an incidence that doubles in the age group over 55 years
(18). The results showed that the number of males expe-
riencing ICH was greater than females (65.5% vs 34.5%).
A study conducted by Feign et al in 2023 found that
males of productive age had a higher risk than females
(19). Males have a 1.60 times greater risk of suffering a
stroke than females. In males, stroke occurs more often
due to the presence of the hormone testosterone which
can increase blood LDL levels (20). Similar results were
also shown in the study by Wang; et al who reported that
more than 2/3 of patients were males. The decrease in
GFR tended to be more significant in patients with a
mean age of 61.4 years than in other groups (21).

The majority (85.5%) of patients did not suffer
from type 2 DM, 80% suffered from hypertension, and
54.5% were smokers. Diabetes, male gender, history
of alcohol consumption, underweight, and black or
Hispanic race are also risk factors (22). Chronic hy-
pertension and aging are associated with the incidence
of spontaneous ICH. Specifically, chronic hyperten-
sion causes degenerative arterioles which will eventu-
ally lead to a Charcot-Bouchard aneurysm. Smoking
habits, history of drug abuse, and uncontrolled hyper-
tension are also included in the category of modifiable
risk factors for ICH (23). History of statin use is also
a risk factor (24) and similar results were also found
in a study by Mayerhofer, et al. In this study, 86.2% of
patients had hypertension, while only 23.4% had dia-
betes. In general, diabetes and hypertension, as well as
smoking, can also increase the risk of cardiovascular
and cerebrovascular disorders (25)

Egfr
NIHSS Severe Moderate Mild Normal P
Light 0(0) 1(1.8) 2 (3.6) 12 (21.8) 0.018
Medium 3(5.5) 2 (3.6) 509.1) 15 (27.3)
Heavy 3(5.5) 2 (3.6) 8 (14.5) 2 (3.6)

Note: * Chi-square analysis; cGFR, estimated glomerular filtration rate; NIHSS, National Institute of Health Stroke Scale.




Acta Biomed 2024; Vol. 95, N. 6: ¢2024186

ICH has a significant correlation with tobacco
use and according to a study by Cho et al., smoking
increases the risk by 1.7x. Young smokers are also often
associated with a high prevalence (26). The most com-
mon bleeding location was supratentorial hemorrhage
(89.1%). Supratentorial ICH has a fairly high preva-
lence (15-30%) as one of the causes of stroke in the
world and is among the highest causes of death (27).
The next characteristic is the Glasgow Coma Scale
(GCS) score, and in this study, the median result was
(15) with the highest GCS level, namely compos men-
tis (58.2%). GCS is another important indicator used
in assessing the severity of stroke/other ICH, apart
from NIHSS. A low GCS score can also indicate poor
outcomes in patients (28).

In assessing the severity of stroke or brain hem-
orrhage, several indicators can be used, ranging from
eGFR to NIHSS. The mean eGFR value obtained in
this study was 84.65 + 31.16. Similar results were ob-
tained in a study by Fukuda-Doi where the median
eGFR value did not differ in patients after ICH. How-
ever, eGFR may be associated with subsequent events,
up to death which can be predicted based on a decrease
in the value. The risk of death can be predicted when
the eGFR value is <60 mL/minute/1.73 m2. This
study showed that the median NIHSS value was 10
(2-28). The mean NIHSS score in other studies was
5-15 in 51 patients, tended to be severe in 36 patients,
and very severe in 28 patients. NIHSS can also be as-
sociated with worsening patient conditions when very
severe values are found (11,29)

eGFR is the best global index to assess kidney
function (Cusumano et al., 2021; Levey et al., 2011;
Mihardja et al., 2018). The calculation of eGFR values
used the CKD-EPI formula which provides more ac-
curate results in the Asian population (Wang et al.,
2014). In this study, eGFR values can be divided
into 4 categories, namely <45, 45-59, 60-89, and
> 90 mL/minute/1.73m? The severe, moderate, mild,
and normal groups consisted of 6, 5, 15, and 29 patients
respectively, with the highest mean age of patients oc-
curring in the moderate group. Different results were
found in gender, males tended to have normal GFR
values and mild eGFR (56.4%) compared to other
groups. Another study by Shemilt et al. showed that

males tend to experience a faster decline in eGFR val-
ues than females, especially when there is multiorgan
failure or a smoking habit (30).

ICH Patients with low eGFR values have a
5.5 times higher risk of death within 1 month and a
7.5 times higher risk within 1 year compared to those
with normal values. Furthermore, ICH patients with
high NIHSS values have a risk of impaired renal func-
tion,whichleadstolargerhematomasizes(31).Intensive
systolic blood pressure lowering therapy has also been
shown to increase this risk in patients with low eGFR,
while those with eGFR above 60 mL/min/1.73 m?
did not show the same result. Several shared vascu-
lar risk factors including hypertension, diabetes, and
dyslipidemia, as well as CKD-specific mechanisms
namely coagulation disorders, endothelial dysfunction,
chronic inflammation, and oxidative stress, may play a
role (29).

Impaired renal function is an independent risk
factor for mortality in patients with progressive ICH
with eGFR levels serving as a prognostic indicator (21).
Renal function is independently associated with the
incidence of ICH after IV rtPA thrombolysis in is-
chemic stroke patients. Furthermore, renal dysfunction
is an independent predictor of Secondary ICH accord-
ing to the National Institute of Neurological Disorders
and Stroke (sSICHNINDS) and symptomatic ICH
by the European Cooperative Acute Stroke Study II
(sICHECASS 1II) criteria. This condition should be
considered when evaluating the risk of intravenous
thrombolysis with IV rtPA (32).

This study conducted an analysis related to the
location of bleeding and eGFR results. The results
showed that supratentorial bleeding locations often
occurred in patients with mild or normal eGFR defi-
ciency. The GCS score tended to be the lowest in the
moderate eGFR compared to other groups. However,
the score tended to be lower in the mild compared to
the severe eGFR group. Several other studies have
shown that renal dysfunction can be correlated with
the location of ICH bleeding, while a study suggested
deeper locations tend to have higher rates of renal
dysfunction (33) GCS scores and comorbidities also
correlate with the severity of eGFR. In patients with
chronic diseases such as DM and HT, there may be a
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brief decrease in eGFR indicating a decrease in renal
function. This can be explained by a decrease in glyce-
mic control and acute neuropathy. eGFR was consid-
ered a clinical marker to predict clinical outcomes on
the 30th day after acute ischemic stroke (13,34)

The correlation between eGFR and NIHSS
scores was analyzed using the Pearson and the chi-
square tests with the results showing significant results
(p <0.001). Based on the chi-square test, a significant
correlation was obtained (p <0.05) between the eGFR
and NIHSS groups. eGFR is the best global index for
assessing kidney function. Calculation of eGFR can be
carried out using the CKD-EPI formula which tends
to be more accurate in the Asian population. The mean
eGFR value was 59.90 mL/minute / 1.73 m? with the
highest ranging from 45-59 mL/minute / 1.73 m?. Ac-
cording to Billi, et al., eGFR values can have a sig-
nificant correlation with clinical outcomes in ischemic
stroke patients, which may also be assessed using the
NIHSS severity level (13,34).

ICH potentially triggers AKI through several
complex and interrelated mechanisms. The main
mechanisms are exaggerated sympathetic response and
hypertension leading to the release of catecholamines,
such as adrenaline and noradrenaline, which increase
blood pressure and cause renal vasoconstriction. This
vasoconstriction reduces blood flow to the kidneys
known as renal hypoperfusion. Activation of the Renin-
Angiotensin-Aldosterone System (RAAS) causes in-
creased vasoconstriction as well as sodium and water
retention, thereby increasing systemic blood pressure
and reducing renal perfusion. ICH triggers a systemic
inflammatory response, with the release of proinflam-
matory cytokines, such as IL-6, TNF-a, and IL-18
that promote local inflammation, leading to impaired
renal cell function, reduced glomerular filtration, and
increased risk of AKI. Furthermore, antidiuretic hor-
mone (ADH) dysfunction causes excessive fluid re-
tention and electrolyte imbalance, especially sodium,
which directly affects kidney function. This condition
can cause cerebral edema and fluid imbalance that
worsens kidney damage. Disruption of the blood-brain
barrier and other organ damage worsens the inflamma-
tory process and increases the risk of toxic substances
entering the kidney. When the blood-brain barrier is

disrupted, inflammatory substances, cytokines, and
metabolic products can reach the kidney and increase
tissue damage (13,34). A limitation of this study is that
it was conducted at a single institution and did not as-
sess clinical outcomes.

Conclusion

In conclusion, this study found a relationship
between eGFR and the severity of ICH. Multicenter
studies are needed to reduce bias and further examine
the relationship between eGFR and clinical outcomes
of patients with ICH.
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