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ABSTRACT

Introduction: The benefits of surgical treatment to reduce ischemic penumbra and
raised intracranial pressure have been challenged by results of randomized controlled
clinical trial. With the lack of level I evidence, decision of whether to evacuate
spontaneous intracerebral hematoma (ICH) surgically would be based on discussion with
patients and families regarding long term surgical outcome.
Aim: We aimed to assess the long-term functional and cognitive outcome of ICH surgery
in Hong Kong Chinese in Hong Kong, and to determine a simple prognostication scoring
system for clinical application.
Methods: The study was carried out retrospectively in a regional neurosurgical center in
Hong Kong. We identified 191 patients with ICH surgery performed between January
1999 and December 2008. 152(80%) patients had long-term neurological outcome data
available for analyses. The study was registered at ClinicalTrials.gov (NCT01409252).
Results: Long-term favorable neurological outcome (mRS 0-3) was reported in 27%.
Favorable neurological outcome negatively correlated with age, male sex, medical co-
morbidities, and positively correlated with admission Glasgow Coma Scale. Long-term
favorable cognitive outcome was negatively correlated with age.
Conclusion: In ICH patients, functional outcome was influenced by age, admission
GCS, medical co-morbidities, and male gender, but cognitive outcome was
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independently associated with age alone.
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1. INTRODUCTION

Hemorrhagic stroke is associated twice the mortality of ischemic stroke and is unfortunately
commoner among Chinese than westerners [1,2,3]. Possible etiologies included genetic,
clinical, environmental, and lifestyle factors. Majority of the population in Hong Kong is
Chinese. The burden of hemorrhagic stroke resulting from associated disability poses a
challenge to the health care system.

Since Bagley’s description of successful surgical treatment of spontaneous intracerebral
hematoma (ICH) [4], successful surgical evacuation for ICH had been reported among
different neurosurgical centers [5,6,7]. Hypertension and age-related atherosclerosis were
thought to be the culprit in about 75% of intracerebral hematoma. Putaminal and cerebellar
hematomas were the commonest type of surgical target.

The benefits of surgical treatment to reduce ischemic penumbra and raised intracranial
pressure have been challenged by results of randomized controlled clinical trial [8,9]. The
recent Cochrane Database Systemic Review eventually concluded that in patients with CT-
proven primary supratentorial intracerebral hematoma, surgery added to neurointensive
medical management reduces the odds of being dead or dependent compared with medical
management alone, but the results is not very robust [10]. The post-hoc analysis of first
International Surgical Trial in Intracerebral Haemorrhage (STICH): formed the basis of the
Surgical trial in lobar intracerebral haemorrhage (STICH II) [11], with a primary outcome of
Extended (8 point) Glasgow Outcome Scale at six months.

With the lack of level I evidence, decision of whether to evacuate ICH surgically depends on
the conjoint decision between the patient’s family and neurosurgical team in many stroke
centers. The foundation of decision would be based on long term outcome, both functional
and cognitive. Age, conscious level, and ICH volume were the established prognostic factors
for mortality. Ages larger than 50 to 65 years were associated with higher mortality rate in
ICH treated surgically as compared to younger ages [6]. Deep coma before surgical
evacuation also carried a poor prognosis for neurological outcome [5]. These primary ICH
were associated with a 30-day mortality rate of over 30% and only half of the survivors were
independent for basic activity of living at one year [12]. Few reported on long-term follow up.
With these gaps in knowledge to fill, we designed the current study [13].

1.1 Aims

We aimed to assess the long-term functional and cognitive outcome of ICH surgery in
Chinese over a ten year period in a neurosurgical center in Hong Kong and their predictive
factors.
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2. MATERIALS AND METHODS

2.1 Study Design and Patients

The study was carried out retrospectively in a neurosurgical center in Hong Kong. The
neurosurgical service was a tertiary referral center with a population of 1.5 million. In our
center, the indications for surgical evacuation of ICH included: 1) Lobar, ganglionic, or
cerebellar in location; 2) mass effect with cisternal compression; 3) good rehabilitation
potential, usually aged 70 years or below, with no disabling medical conditions. We identified
191 patients with ICH surgery performed between January 1999 and December 2008, and
152(80%) patients had long-term neurological outcome data available for analyses. The
study was approved by the Joint CUHK-NTEC Clinical Ethics Committee and was registered
at ClinicalTrials.gov (NCT01409252).

3. OUTCOMES

3.1 Modified Rankin Scale

The primary outcome was the modified Rankin Scale (mRS) [14]. A score higher than 3 was
regarded as poor outcome whereas a score less than or equal to 3 was regarded as good
outcome. Patients and their next-of-kins were contacted assessment of the Simplified
Modified Rankin Scale Questionnaire [15] through telephone interview. The questionnaire
had been shown to be valid and reliable by telephone. Given the known higher neurological
morbidity and mortality of hemorrhagic stroke, favorable neurological outcome was defined
as mRS 0-3 [16]. Since the duration between the date of surgery and interview varied with
different patients, the aim of using mRS was used to determine the long-term functional
outcomes of the patients, with a minimum duration of three years from the diagnosis of
hemorrhagic stroke.

3.2 Telephone Interview of Cognitive Status

The secondary outcome was long-term cognitive outcome using theTelephone Interview of
Cognitive Status (TICS) [17]. TICS was shown to correlate highly with mini-mental state
examination and has the advantage of not requiring face-to-face interview. Long-term
favorable cognitive outcome was defined as TICS ≥31 [17].

Clinical characteristics and 30-day mortalities were retrieved from the Computerized Medical
Record System of the Hospital Authority.

3.3 Statistical Analysis

Data analyses were carried out with the aid of SPSS for Windows Version 18.0.  Data were
presented as mean+/-SD unless otherwise stated. Differences with a P value of less than
0.05 were considered statistically significant. Correlation between outcomes was assessed
by Kendall’s tau b coefficient. Pre-defined independent variables included age, sex,
admission Glasgow Coma Scale (GCS), admission systolic blood pressure, admission
diastolic blood pressure, medical co-morbidities (cardiac diseases, pulmonary diseases,
renal diseases, hepatic diseases, and previous ischemic stroke), deep or infratentorial
locations of hematoma, and use of anticoagulant upon admission.
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Binary logistic regression was performed to assess the impact of pre-defined independent
variables on the likelihood of long-term favorable neurological outcome using Enter method,
with stepwise removal of variables with largest P value until all variables were statistically
significant. The analysis had Hosmer and Lemeshow test significance values more than 0.05
and supported the fit of analysis. The Cox & Snell R Square and the Nagelkerke R Square
provided the range of variation in the dependent variable explained by the model.

Linear regression was used to assess the ability of the predefined independent variables to
predict favorable cognitive outcome, with stepwise removal of variables with largest P value
until all variables were statistically significant. All Variable inflation factors were below 10,
indicating multicollinearity was not a problem. The values for Cook’s Distance were all less
than 1, indicating there was no significant outlier. The total R square value indicated the
unique variance explained by each variables and also that shared.

4. RESULTS

Clinical characteristics are shown in Table 1. Half were lobar hematoma and one-fifth was
cerebellar hematoma. Median time from ictus to long-term assessment (Interquartile Range,
IQR) was 9 years (6-12 years). Long-term favorable neurological outcome (mRS 0-3) was
reported in 27%. Sixty-seven (44%) were communicable and completed the TICS
assessment. Long-term favorable cognitive outcome (TICS≥31) was reported in 13%. TICS
was negatively correlated with mRS (Kendall’s tau b coefficient: -0.377, p<0.001).

Table 1. Patient characteristics

Hemorrhage stroke patients
underwent clot evacuation
(n=191)

Age (mean+/-SD) 53+/-12
Male 122(64)
Hypertension 84(44)
Diabetes mellitus 23(12)
Hypercholesterolemia 7(4)
Cardiac disease 14(7)
Pulmonary disease 2(1)
Hepatic disease 6(3)
Renal disease 5(3)
Antiplatelet treatment 4(2)
Anticoagulant treatment 9(5)
Hematoma location
Lobar 94(49)
Deep 60(32)
Cerebellar 37(19)
Intraventricular hemorrhage 20(11)
Arteriovenous malformation 20(11)
Brain tumour 4(2)
Admission GCS (median, IQR) 10(6-14)
Admission SBP (mmHg, mean+/-SD) 177+/-42
Admission DBP (mmHg, mean+/-SD) 99+/-26
Mortality at 90 day 26(17)

Data in number (percentage) unless stated, IQR: Interquartile Range, SD: Standard Deviation.
GCS: Glasgow Coma Scale; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure
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4.1 Long-Term Neurological Outcome

On multivariable binary logistic regression, favorable neurological outcome negatively
correlated with age (OR 0.94; 95%CI, 9.1 to 9.7), male sex (OR 0.34; 95%CI, 0.17 to 0.89),
medical co-morbidities (OR 0.24; 95%CI, 0.07 to 0.78), and positively correlated with
admission GCS (OR 1.15; 95%CI, 1.03 to 1.27). The statistical model as a whole explained
between 19% and 28% of the variance and correctly predicted 78% of cases.

4.2 Long-Term Cognitive Outcome

On linear regression, favorable cognitive outcome was correlated only with age (B
coefficient, -0.30; 95%CI, -0.48 to -0.13; semipartial correlation coefficient, -0.39). Total R
square value was 15%.

5. DISCUSSION

Long-term favorable neurological outcome negatively correlated with age, male sex, medical
co-morbidities, and positively correlated with admission GCS, while long-term favorable
cognitive outcome was correlated only with age. Today, despite treatment, only nearly a ¼ of
patients had a favorable outcome, which possibly reflecting the fact that disease severity
indicated surgery and the main achievement of surgery was relieving the mass effect rather
than reversal of neurological injuries. Further researches should be conducted to optimize
neurological recovery, such as through better understanding of brain connectivity and stem
cell therapy.

There were several limitations of the current study. Surgical evacuation of ICH was based on
the individual discussion between the neurosurgeons and family. Outcomes of the non-
surgical ICH patients were not available for comparisons. With the retrospective nature of
current study (the original CT were not available in many patients), we were not able to
include radiological parameters such as hematoma volume and degree of intraventricular
hemorrhage for assessments due to old policy of not keeping the CT films. These
parameters should be considered in future prospective assessments for surgical outcome to
adjust for the case hetereogeneity. Hemphill et al. [18,19] proposed the ICH Score to predict
thirty-day mortality and twelve-month functional outcome. The ICH Score was the sum of
individual points assigned as : GCS score 3 to 4 (=2 points), 5 to 12 (=1), 13 to 15 (=0); age
≥80 years yes (=1), no (=0); infratentorial origin yes (=1), no (=0); ICH volume ≥30 cm3 (=1),
<30 cm3 (=0); and intraventricular hemorrhage yes (=1), no (=0).The other limitation of the
current study included a non-uniform time-point for long-term assessment (cross-sectional
observational study). A long time period (10 year) was included for analysis in our current
study and might have induced biases. Despite these limitations, we were able to describe
the long-term functional and cognitive outcome and their predictive factors. Our data
suggested that adjunctive treatment should be developed in future maximize the
neurological recovery in these patients.

6. CONCLUSION

In ICH patients, functional outcome was influenced by age, admission GCS, medical co-
morbidities, and male gender, but cognitive outcome was independently associated with age
alone.
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