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the incidence of intracerebral hemorrhage (ICH) with hyper-
tension has been increased in accordance with increased life ex-
pectancy due to medical advancements and thus comprehensive 
treatment strategies are required to treat underlying diseases. In 
addition, the number of patients who are managing CKD dis-
ease and also suffer from ICH has been increasing. The progno-
sis for ICH concurrent with CKD is poor, and mortality has 
ranged from 50% to 90%7,17). However, there are few reports 
discussing prognostic factors that affect the neurological out-
come of ICH in patients with CKD. 

We retrospectively studied 32 ICH patients who had suffered 
from CKD to identify factors affecting prognosis in these pa-
tients. 

INTRODUCTION 

Chronic kidney disease (CKD) is defined as the presence of 
kidney damage, or a decreased level of kidney function, for lon-
ger than 3 months5,13). CKD is known to be associated with an 
increased risk of bleeding following coronary intervention and 
the use of anticoagulants1,12,14,21). The high risk of bleeding in 
CKD patients can be partially attributed to disturbances in the 
coagulation system, coupled with an altered response to medi-
cations8). Therefore, it could be identified as a significant risk 
factor for increased morbidity and mortality after stroke11). 

The incidence of intracerebral hemorrhage has been reported 
to range from 10 to 30 cases per 100000 individuals10). Recently, 
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Imaging analysis 
The hematoma volumes on admission and at the time of re-

bleeding were measured using CT. The hematoma volumes 
were calculated using CT scans (Aquilion ONETM dynamic vol-
ume CT, Toshiba Medical Systems corporation, Japan), assum-
ing an ellipsoid shape and using the formula [(π×width× depth× 
height)/6]. 

Analysis of factors affecting clinical outcomes
Clinical outcomes using a modified Rankin Scale (mRS) were 

evaluated at the last follow-up. The predisposing factors in ICH 
patient with CKD were analyzed to examine the relationships 
between clinical outcome and the following factors : patient age, 
sex, hospital days, hematoma volume on admission, hematoma 
location, modified glomerular filtration rate (mGFR), underly-
ing disease, pro-thrombin time, use of anti-platelet agents, ac-
companying intraventricular hemorrhage (IVH), hemoglobin 
level, diastolic blood pressure, and sBP on admission and 3 days 
after ICH development. 

Statistical analysis
Relationships between variables and outcomes were examined 

using univariate analysis (Mann-Whitney U-test). The chi-square 
test, independent 2-sample t-test, and logistic regression analysis 
were used depending on characteristics of the variables being 
compared. Data are expressed as the mean±standard deviation. 
Analyses were conducted using SPSS ver. 16.0 (SPSS Inc., Chica-
go, IL, USA). Statistical significance was set as p<0.05. 

RESULTS

Clinical characteristics of the 32 ICH patients with chronic 
kidney disease (Table 2). Out of 32 patients, 13 patients had a 
mild/moderate grade of renal dysfunction and 19 patients need-
ed renal replacement therapy because their renal functions had 
scored into the severe grade, stage 5 (mGFR <15 mL/min/1.73 
m2). Out of them, 17 patients (89.5%) were managed with he-
modialysis and the others were managed with peritoneal dialy-
sis due to the aggravation of renal functions. 

The mean Glasgow Coma Scale (GCS) on admission was 
9.4±4.4. The mean mRS was 4.3±1.8. The mean hematoma vol-
ume was 45.3 mL (range, 14.0-303.6 mL). The mean follow-up 
time was 42 days (range, 2-268 days). 7 of 32 patients had favor-
able outcomes (good recovery or moderate disability) and 25 pa-
tients showed unfavorable outcomes (poor recovery and death). 
A total of 11 (34.4%) of the 32 patients died within 19 days (range, 
1-87 days). The demise of 3 patients was directly attributable to 
cerebral hemorrhage and swelling, and 8 cases were caused by 
sepsis and respiratory failure.

Neurological status on admission, hematoma volume, 
renal function and clinical outcome

Regression analysis showed that initial neurological status 

MATERIALS AND METHODS

Patient population 
A total of 892 patients with ICH were admitted to our insti-

tute between January 2001 and June 2008. Out of them, 32 pa-
tients (3.6%, 21 males and 11 females) had been previously 
treated for CKD. The mean age was 62 years with range be-
tween 32-89 years. All 32 patients had been initially diagnosed 
as spontaneous ICH located in the basal ganglia, thalamus, the 
cortex, brainstem, and cerebellum by computed tomography 
(CT). The patients with traumatic ICH, aneurysmal ruptured 
or arterio-venous malformation were excluded. 

The common causes of CKD are hypertension, diabetes mel-
litus, and glomerulonephritis. Out of 32 patients, 18 patients 
had been hospitalized due to hypertensive renal failure, 9 pa-
tients due to diabetic nephropathy, 1 patient due to glomerulo-
nephritis, 1 patient due to polycystic kidney disease, and 3 pa-
tients due to an asymptomatic urinary abnormality. The severity 
of CKD was categorized using a modified glomerular filtration 
rate (mGFR; mL/min/1.73 m2) as follows3) : stage 1 was defined 
as >90 mL/min/1.73 m2; stage 2 as 60-89 mL/min/1.73 m2; 
stage 3 as 30-59 mL/min/1.73 m2; stage 4 as 15-29 mL/min/1.73 
m2; stage 5 as <15 mL/min/1.73 m2 (Table 1). A mild grade of 
renal dysfunction was defined as stage 1, a moderate grade as 
stage 2, 3 and stage 4, and a severe grade as stage 5. The patients 
were divided into 2 groups (mild/moderate and severe grade) 
according to mGFR level. 

Management of patients
Following diagnosis of ICH, intravenous antihypertensive 

treatment with nicardipine was immediately initiated to main-
tain systolic blood pressure (SBP) at <160 mm Hg. Osmotic di-
uretics such as mannitol were administered following consulta-
tion with a nephrologist to reduce cerebral edema. Most patients 
were managed using conservative treatment without surgical 
intervention. However, surgery was performed in 6 patients be-
cause the patients’ neurological status rapidly diminished over 
time. Of these 6 patients, 2 patients were taken to surgery upon 
admission, 4 patients underwent surgery during hospitalization 
for the treatment of ICH, and 1 patient had an additional surgi-
cal operation after stereotactic hematoma aspiration because of 
ICH rebleeding. According to surgical techniques, 2 cases in-
volved open craniotomy for removal of a hematoma and 5 cas-
es received stereotactic aspiration and drainage. 

Table 1. Relationship between stage of CKD and mGFR

Stage mGFR (mL/min/1.73 m2)
1 ≥90
2 60-89
3 30-59
4 15-29
5 <15 (or dialysis)

CKD : chronic kidney disease, mGFR : modified glomerular filtration rate
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tween the severe renal dysfunction and mild/moderate renal 
dysfunction groups. That is, the patients with severe renal dys-
function experienced a worse clinical outcome than those with 
mild/moderate renal function because of trouble controlling 
their blood pressure, which led to rebleeding of the hematoma, 
which resulted in poor clinical outcome.  

The relationship of hematoma volume, renal function, 
and systolic blood pressure on 3rd day and relation to 
unfavorable outcome 

We found that the hematoma volume, renal function, and SBP 
on the 3rd day were significantly related to unfavorable outcome 
including mortality (p<0.05) (Table 5). However, initial SBP was 
not related. 

Effects of other variables on clinical outcome 
Regression analysis showed that clinical outcomes were not 

related to patient age, gender, hospitalization days, hematoma 
location, concomitant IVH, use of anti-platelet agents, and SBP 
or diastolic blood pressure on admission (Table 3). 

The most common complications were a recurrence of hem-
orrhage and peripheral complications such as deep vein throm-
bosis and phlebitis. An inter-group analysis showed no signifi-
cant relationship between CKD stage and the incidence of 
complications. However, the comparison did show the tenden-
cy for the incidence of complications to increase in patients 
with higher degrees of renal dysfunction (Table 6). 

DISCUSSION

The prognosis for ICH patients with CKD is dismal and 
overall mortality rates have been reported to range from 43.8% 

(GCS), hematoma volume, the severity of renal dysfunction de-
fined as mGFR, and 3rd day SBP after ICH development were 
significantly related to clinical outcome (p<0.05) (Table 3). 

Neurological outcome according to the severity of renal 
function

The mean mRS scores were 4.9±1.5 in group A (severe stage, 
mGFR <15 mL/min/1.73 m2) and 3.4±1.8 in group B (mild/
moderate stage, mGFR >15 mL/min/1.73 m2). We found that 
there were statistically different clinical outcomes between the 
two groups according to the severity of renal function defined as 
mGFR. Also, there were significant differences in SBP on 3rd day 
and rebleeding between the two groups (p<0.05) (Table 4). How-
ever, initial GCS scores, hematoma volumes, SBP, IVH pres-
ence, and hemoglobin levels were not significantly different be-

Table 2. Characteristics of patients

Number 32
Age (years) 62 (32-89)
Male 21 
Female 11 
Volume of hematoma (mL) 45.3 (14.0-303.6)
Concomitance of IVH 20 
Anti-platelet agents 10  
CKD stage
    Stage 1   1 
    Stage 2   1 
    Stage 3   6 
    Stage 4   5 
    Stage 5 19 
Cause of CKD
    HTN 18 
    DM   9
    GN   1 
    PCKD   1 
    AUA   3 
Location of ICH
    Putamen 14 
    Caudate   1
    Thalamus   5
    Subcortical   5
    Pons   4 
    Cerebellum   3 
Complication
    Cardiovascular Cx. (ex. Angina, MI)   3
    Peripheral Cx. (ex. DVT, phlebitis)   6
    Rebleeding of hemorrhage 10
    Pulmonary embolism   2
    Sepsis   1

CKD : chronic kidney disease, HTN : hypertension, DM : diabetes mellitus, GN : 
glomerulonephritis, PCKD : polycystic kidney disease, AUA : asymptomatic urinary 
abnormality, IVH : intra-ventricular hemorrhage, ICH : intracerebral hemorrhage, 
Cx. : complication, MI : myocardial infarction, DVT : deep vein thrombosis

Table 3. Regression analysis of prognostic factors in neurological out-
come

Outcome p-value (mRS)
Age 0.322
Hospital days 0.217
sBP 0.486
sBP on 3rd day 0.032
dBP 0.349
GCS on admission 0.002
Hematoma volume 0.026
Hematoma location 0.192
Presence of IVH 0.285
mGFR 0.040
Hemoglobin 0.087
Antiplatelets 0.118
Prior stroke 0.701
Cardiac disease 0.967

mRS : modified Rankin Scale, SBP : systolic blood pressure, dBP : diastolic blood 
pressure, GCS : Glasgow Coma Scale, IVH : intra-ventricular hemorrhage, mGFR : 
modified glomerular filtration rate
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toneal dialysis; these conditions define end stage renal disease. 
CKD patients require careful management because they have 

a higher risk of bleeding due to disturbances in the coagulation 
system and altered responses to medications8). In particular, the 
amounts of osmotic diuretics prescribed to control cerebral ede-
ma should be reduced in patients with chronic renal disease. In 
these patients, it was considered too difficult to strictly control 
blood pressure and brain swelling, which is associated with a 
greater risk for vascular complications15). Consequently, pa-
tients with intracerebral hemorrhage often experience poor 
outcomes. 

There have been some reports regarding other prognostic 
factors affecting the clinical outcome of ICH in patients with 
CKD16,22). Depending on the ICH site, anticoagulants given 
during dialysis may exacerbate hemorrhaging and increase the 
risk of cerebral herniation23). Some authors have suggested that 
systolic blood pressure in ICH patients with CKD is related to 
prognosis and hematoma enlargement20). But, in our study, ini-
tial systolic and diastolic blood pressures were not found to be 
associated with clinical outcome, although it is often presumed 
that initial blood pressure readings and strict blood pressure 
control are required in patients with renal disease to prevent 
disease progression and expansion of ICH volume20). The 3rd 
day SBP affected the neurological outcome, and shows the im-
portance of controlling blood pressure during hospitalization 
rather than the initial blood pressure upon admission, which 
could mask increased intracranial pressure signs because of 

to 83%7,9,17,19). In accordance with previous studies, the present 
study showed an overall mortality rate of 34.4%, which is better 
than rates reported in other studies. Ochiai et al.18) reported that 
all patients with a pontine hematoma exhibited deterioration of 
neurological symptoms, which was later related to mortality 
during hemodialysis. Our retrospective study had a smaller 
number of chronic renal disease patients with a pontine hemor-
rhage than other studies. We think that one of the reasons which 
our study had a better outcome was, in part, due to the smaller 
sample size. Another reason is that the mean volume of hemato-
mas in our study was 45.3 mL, which was smaller than the 55.3-
109.0 mL volumes reported in other studies16,17). 

Some authors reported the relationship between hematoma vol-
ume and clinical outcomes in acute ICH patients with CKD16,17). 
Molshatzki et al.16) concluded the presence of severe CKD in 
ICH patients was associated with the presence of larger lobar 
hematomas and a poor outcome. Based on our regression anal-
ysis, hematoma volume was significantly related to neurological 
outcome; however, there was no difference in hematoma vol-
umes among the various renal dysfunction groups. 

Previous studies have been examined the association between 
baseline estimated glomerular filtration rates (GFRs) and clini-
cal outcomes in acute stroke (ischemic or hemorrhagic) pa-
tients11,22). Yahalom et al. reported that chronic renal dysfunc-
tion classified by GFR was a strong independent predictor of 
mortality and poor outcome in patients with acute stroke. How-
ever, estimations of the CKD and GFR cutoff points associated 
with a poor outcome depend on the equation used to estimate 
GFR. Similarly, our study showed a significant difference in 
mortality rates and outcomes between patients with different 
stages of CKD. In our study, patients were divided into 2 groups 
(mild/moderate and severe renal dysfunction) based on their 
glomerular filtration rate, because the number of patients with 
mild renal dysfunction was too small to analyze. We found there 
was significant difference in clinical outcome between the 2 
groups. The majority of patients who succumbed had stage 5 
CKD, i.e., mGFR <15 mL/min/1.73 m2 requiring hemo- or peri-

Table 4. Clinical characteristics and neurological outcome according to severity of renal function

Group A (mGFR <15) Group B (mGFR >15) p-value
age (years)   63.2±15.6   60.3±15.9 0.619
Hospital days   34.3±41.4   53.5±75.9 0.370
sBP (mm Hg) 176.8±49.8 160.9±43.5 0.356
sBP on 3rd day (mm Hg) 173.9±11.5 133.2±10.7 0.012
Hemoglobin (g/dL) 11.6±1.8 11.3±2.0 0.657
dBP (mm Hg)   96.0±26.2   87.6±18.0 0.325
GCS on admission   9.4±4.6   9.2±4.2 0.907
Hematoma volume (mL)   30.9±50.0   65.9±84.4 0.152
Presence of IVH (%)   63.2 (12/19) 61.5 (8/13) 0.929
mRS   4.9±1.5   3.4±1.8 0.015
Rebleeding (%) 42.1 (8/19) 15.4 (2/13) 0.013

Values are means±SD for continuous variables, percentages for categorical variables. SBP : systolic blood pressure, dBP : diastolic blood pressure, GCS : Glasgow Coma 
Scale, IVH : intra-ventricular hemorrhage, mGFR : modified glomerular filtration rate, mRS : modified Rankin Scale

Table 5. Factors that affect the unfavorable outcome of patients

Factor Outcome p-value 
(mortality)

Hematoma volume on admission 0.042
sBP on admission 0.375
sBP on 3rd day after ICH development 0.046
mGFR 0.037

SBP : systolic blood pressure, ICH : intracerebral hemorrhage, mGFR : modified 
glomerular filtration rate
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favorable renal function and sBP control are important to im-
prove the neurological outcome in ICH patients with CKD. 

Limitations of the present study include its retrospective de-
sign and small sample size. Also, the series of blood pressure 
readings that were collected from patients were not treated as 
an independent variable. Additional extended and comprehen-
sive studies may be needed to establish prognostic factors of 
mortality and clinical outcomes for ICH patients with CKD.  

CONCLUSION 

We found that impaired renal function was associated with a 
poor outcome, and was a strong independent predictor of mor-
tality, as well as a high hematoma volume, low GCS score, and 
uncontrolled blood pressure. In addition, our study showed that 
patients with severe chronic kidney dysfunction had a higher rate 
of complications than patients with mild or moderate renal dys-
function. Hence, the severity of renal function, initial neurologi-
cal status, hematoma volume, and uncontrolled blood pressure 
emerged as significant prognostic factors in ICH patients with 
CKD.
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