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SpontaneouS intracerebral hemorrhage (ICH) is a 
devastating disease with high morbidity and mortal-
ity. It accounts for 10% to 15% of all strokes.5,8 The 

most common location of ICH is the basal ganglia. There 
is no doubt that a large, life-threatening ICH should be 
evacuated, and an ICH with a volume < 10 cm3 should 
be treated medically. However, many studies have com-

pared surgical and medical treatment for ICH with vol-
umes that fall between these absolutes. The International 
Surgical Trial in Intracerebral Hemorrhage (STICH) con-
cluded that there was no overall benefit to early surgery 
as compared with initial conservative treatment.11 Fur-
thermore, the STICH II trial found that early surgery did 
not significantly reduce the rates of death or disability at 

abbreviations BP = blood pressure; EVD = external ventricular drainage; FNSC = frameless navigation-guided stereotactic catheter drainage; FUNC = functional out-
come risk stratification scale; GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; IVH = intraventricular hematoma; MAP = mean arterial pressure; mRS = modi-
fied Rankin Scale; NICU = neurosurgical intensive care unit; SBP = systolic blood pressure; STICH = Surgical Trial in Intracerebral Hemorrhage.
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obJective The purpose of this study was to determine predisposing factors for good clinical outcome in patients with 
spontaneous basal ganglia hemorrhage with borderline volumes (defined as a hematoma volume between 20 and 50 
cm3) who had undergone treatment by stereotactic catheter drainage. 
methods From the 298 patients whose information had been prospectively collected in the institutional database be-
tween January 2010 and December 2013, 93 patients were included in this retrospective study and divided into 2 groups: 
best medical treatment alone (Group A, n = 44) and best medical treatment plus catheterization (Group B, n = 49). All 
patients met the following criteria: 1) a diagnosis of spontaneous basal ganglia hemorrhage, and 2) a borderline hema-
toma volume (20 to 50 cm3). Postoperative modified Rankin Scale (mRS) scores and recovery of motor weakness were 
compared between the 2 groups, and predisposing factors for good clinical outcome were evaluated.
results Patients in Group B showed earlier recovery of motor weakness and improved mRS scores than patients 
in Group A. The final mRS score at 12 months was better in Group B than in Group A (p = 0.006). Predisposing factors 
for a good clinical outcome were a hematoma volume < 30 cm3 (OR 6.158, 95% CI 1.221–31.053, p = 0.028), an initial 
Glasgow Coma Scale (GCS) score ≥ 13 (OR 6.331, 95% CI 1.129–35.507, p = 0.036), the absence of internal capsule 
involvement (OR 4.680, 95% CI 1.152–19.010, p = 0.031), and catheterization (OR 13.376, 95% CI 2.423–73.842, p = 
0.003) based on logistic regression analysis.
conclusions Good clinical outcome can be expected after stereotactic catheter drainage in patients with a hemato-
ma volume between 20 and 30 cm3, an initial GCS score ≥ 13, and the absence of internal capsule involvement. Among 
these patients, stereotactic catheter drainage may have a beneficial effect on early recovery of motor weakness and 
functional outcome, indicating that lateral-type basal ganglia hematoma compression not involving the internal capsule 
may be better treated using stereotactic catheter drainage than treated medically. 
http://thejns.org/doi/abs/10.3171/2015.10.JNS151643
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6-month follow-up.12 Among patients with a borderline 
ICH volume (defined as a volume between 20 and 50 
cm3), there is likely to be a subset of patients who would 
achieve benefits from early surgery. For these patients, 
surgical treatment using minimally invasive procedures, 
such as stereotactic catheter drainage, could potentially be 
effective.1,15,17 Therefore, it would be useful to determine 
which patients would be good candidates for stereotactic 
catheter drainage in terms of beneficial clinical outcomes. 
The purpose of this study was to identify patients with 
a borderline spontaneous basal ganglia hemorrhage vol-
ume who had a good clinical outcome after treatment with 
stereotactic catheter drainage and evaluate predisposing 
factors.

methods
patient selection

All research protocols were approved by the institu-
tional review board of Yonsei University College of Medi-
cine, and informed consent was waived. Between January 
2010 and December 2013 the medical records and radio-
graphic data from 298 consecutive patients with sponta-
neous ICH were reviewed retrospectively. From the 298 
patients, 93 patients (male/female ratio 57:36; mean age 
± standard deviation 55.2 ± 11.8 years, range 31–79 years) 
were recruited for this study. All patients were diagnosed 
with ICH in the basal ganglia and displayed a borderline 
hematoma volume (20-50 cm3) on initial CT scans. The 
ICH volume (cm3) was estimated using an approximate 
ellipse with the formula A × B × C/2, where A was the 
largest diameter of the hematoma on axial CT slices in 
centimeters, B was the diameter of the hematoma perpen-
dicular to A on the same slice, and C was the number of 
CT slices in which the hematoma was visible multiplied 
by the slice thickness in centimeters.10 A borderline hema-
toma volume was defined as a volume ranging from 20 to 
50 cm3 when measured on CT scans as described above. 
The remaining 205 patients were excluded from the study 
for the following reasons: 1) combined vasculopathy, such 
as arteriovenous malformation, lenticulostriate artery an-
eurysm, or moyamoya disease (n = 4); 2) thalamic ICH (n 
= 43); 3) basal ganglia hematoma with ventricular exten-
sion (without intraventricular hematoma [IVH], n = 31); 4) 
hematoma volume < 20 cm3 (n = 32) or > 50 cm3 (n = 23); 
5) cerebellar, pons, and lobar ICH (n = 17, 14, and 24, re-
spectively); 6) rebleeding or ICH expansion that required 
craniotomy or craniectomy (n = 9); and 7) patients lost 
to follow-up (n = 8). Included patients were divided into 
2 groups according to treatment modality: a best medi-
cal treatment group (Group A, n = 44) and a best medical 
treatment plus catheterization group (Group B, n = 49). 
The control group (Group A) was not matched with Group 
B because the number of medically treated ICH patients 
was too small to devise well-matched cohorts.

A functional outcome risk stratification scale (FUNC) 
score is a validated clinical assessment used to identify 
ICH patients likely to attain long-term functional inde-
pendence.13 Hematoma location in the basal ganglia is 
classified based on arterial territories.4,9 The anterior type 
mainly involves the caudate head and possibly extends to 

the anterior limb of the internal capsule and rostral part 
of the putamen. The posterolateral type mainly involves 
the putamen, the globus pallidus, and the posterior limb 
of the internal capsule. The lateral type is located below 
the insular cortex and outside the putamen. Internal cap-
sule involvement was defined as destruction of the internal 
capsule posterior limb by hematoma. Clinical outcomes 
were assessed with the modified Rankin Scale (mRS) 
and muscle strength grading scale (0 = no contraction, 1 
= flicker or trace contraction, 2 = active movement with 
gravity eliminated, 3 = active movement against gravity, 
4 = active movement against resistance, and 5 = normal 
strength). Each parameter was evaluated at hospital admis-
sion and again at 1, 3, and 12 months after the procedure. 
Upper- and lower-extremity motor power was assessed 
separately. Postictus outcome at the 12-month follow-up 
was the primary end point. Initial scores from the Glasgow 
Coma Scale (GCS), mRS, and muscle strength grading 
scale were evaluated by physicians in our emergency de-
partment. Clinical outcomes during the follow-up period 
were assessed by 2 independent investigators not direct-
ly involved in patient care. An mRS score of 0 to 2 was 
defined as favorable, while an mRS score of 3 to 6 was 
defined as unfavorable. We also assessed the patients’ hos-
pitalization period and duration of intensive care unit stay. 
If a patient was transferred out of the rehabilitation depart-
ment, the hospitalization period was defined as the admis-
sion to transfer date.

best medical management
The best medical treatment method was applied to both 

groups. All patients were admitted to the neurosurgical 
intensive care unit (NICU) during the acute stage. Blood 
pressure (BP) was monitored routinely every 15 minutes. 
Continuous arterial line monitoring was performed in pa-
tients who underwent surgery or with a systolic BP (SBP) 
≥ 180 mm Hg with a mean arterial pressure (MAP) ≥ 150 
mm Hg. Target blood pressure was 120 mm Hg ≤ SBP 
≤ 140 mm Hg. BP was controlled with continuous intra-
venous infusion of an antihypertensive agent if the SBP 
was higher than 180 mm Hg at the acute stage, and then 
treatment was changed to oral medication. If patients had 
underlying coagulopathy or were taking oral anticoagula-
tion and antiplatelet agents, this was corrected as soon as 
possible. However, a few patients (n = 7) were taking an 
antiplatelet agent (aspirin). Elastic stockings and intermit-
tent pneumatic compression devices were applied to pre-
vent venous thromboembolism. Prophylactic antiepileptic 
drugs were not used. When a CT scan indicated a mass 
effect and swelling or when clinical symptoms revealed 
increased intracranial pressure, a hypertonic agent (man-
nitol) was administered. Glucose levels and body tempera-
ture were maintained within normal ranges as much as 
possible. Steroids were not used.

surgical management: stereotactic catheter drainage
Frameless navigation-guided stereotactic catheter 

drainage (FNSC) was performed within 6 to 24 hours 
postictus. Patients who were selected for FNSC under-
went navigation brain CT just before entering the operat-
ing room. Navigation brain CT data were imported using 
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a navigation system (Stryker Corp.), and a target point was 
established. The patient’s head was fixed with a 3-pin head 
fixator. The ipsilateral Kocher’s point (located 2.5–3 cm 
from the midline and 1 cm anterior to the coronal suture) 
was the entry spot in all cases. A 10.5-Fr external ven-
tricular drainage (EVD) catheter was used. Postoperative 
CT scanning was performed immediately after FNSC to 
confirm catheter location and additional hematoma expan-
sion, and afterwards each patient was transferred to the 
NICU. All medical treatment was the same for patients 
in Group A and Group B. A fibrinolysis agent (urokinase) 
was injected (3000 IU) through the EVD catheter and 
clamped at 30 minutes, after which the clamp was released 
and natural drainage was maintained. This procedure was 
repeated at 8-hour intervals. When the hematoma volume 
had decreased to < 25% of the initial volume or 72 hours 
after the operation, the catheter was removed. Routine CT 
follow-up was carried out 24 hours postoperatively and at 
72 hours prior to catheter removal.

statistical analysis
All statistical analyses were performed in consultation 

with a biostatistician using SPSS 19.0 (SPSS Inc.). Con-
tinuous variables were analyzed using the Student t-test. 
The Pearson chi-square test was used to compare mRS 
outcome at 12 months between the 2 groups. Univariate 
analysis was performed to determine the effect of age, sex, 
hematoma location, initial GCS score, internal capsule in-
volvement, hematoma volume, treatment modality, and 
underlying conditions such as hypertension, diabetes mel-
litus, smoking, alcohol, and previous ischemic stroke on 
the 12-month follow-up mRS score. Multivariate logistic 
regression analysis was then performed on variables with 
an unadjusted effect and a p value of < 0.10 on univariate 
analysis to determine independent associations between 
favorable outcome and other factors. A p value < 0.05 was 
considered statistically significant.

results
Patient demographic characteristics for each group 

prior to treatment are presented in Table 1. Mean age, he-
matoma volume, and underlying conditions were not sig-
nificantly different between the 2 groups. For patients in 
Group B, the mean hematoma volume was significantly 
decreased after FNSC treatment (13.7 ± 6.6 cm3) as com-
pared with the mean volume before FNSC (29.3 ± 9.4 cm3, 
p = 0.001). Additionally, FUNC scores in Group B were 
improved at 72 hours after FNSC. A preoperative FUNC 
score of 10 was found in 29 (59%) patients in Group B, a 
score of 9 in 6 (12%), and a score of 8 in 14 (29%). Post-
operatively, a FUNC score of 10 was found in 40 (82%) 
patients, a score of 9 in 6 (12%), and a score of 8 in 3 (6%).

Outcome parameters are compared between the 2 
groups in Table 2. The total hospitalization period was 
shorter for patients in Group B than for those in Group 
A (p = 0.006). The duration of NICU stay was almost 
twice as long for patients in Group A than in Group B 
(p = 0.001). Group B patients showed earlier recovery of 
upper- and lower-extremity motor weakness than patients 
in Group A. Recovery of motor weakness was assessed as 

the difference between motor weakness measured at the 
initial evaluation and again at 1, 3, and 12 months after 
treatment. For both groups, the rate of recovery was faster 
within the first 3 months than it was at 1 and 12 months. 
For patients in Group B, however, the overall improvement 
in motor weakness occurred much earlier than for those in 
Group A, and the degree of recovery was better in Group 
B than Group A (p = 0.002 for upper extremities and p 
= 0.021 for lower extremities at the 12-month follow-up). 
Improvement of mRS scores showed a similar pattern in 
recovery of motor weakness. The final mRS score at the 
12-month follow-up was more favorable for patients in 
Group B than for those in Group A (73.5% vs 38.6%, p = 
0.006; Fig. 1).

Univariate analysis showed that the initial GCS score, 
internal capsule involvement, hematoma volume, treat-
ment modality, and the presence of hypertension affect-
ed the mRS score at the 12-month follow-up (Table 3). 
Among these factors, hematoma volume had the greatest 
effect (OR 10.540, 95% CI 3.094–35.905, p < 0.001) on 

table 1. patient demographic characteristics for each group 
prior to treatment

Characteristic
Group A 
(n = 44)

Group B  
(n = 49) p Value

Age in yrs
 Mean ± SD 54.9 ± 11.7 55.4 ± 12.2 0.856
 Range 31–75 31–79
Sex, M:F 29:15 28:21 0.234
Affected side, lt:rt 19:10 12:22
Initial GCS score
 ≥13 30 29 0.310
 ≤12 14 20
Hematoma vol in cm3

 Mean ± SD 29.5 ± 6.9 29.3 ± 9.4 0.940
 Range 22–45 20–49
FUNC score, no. (%)
  10 24 (55) 29 (59)
    9 2 (5) 6 (12)
    8 15 (34) 14 (29)
    7 3 (7) 0 (0)
Hematoma location
  Lateral 18 15 0.193
  Posterolateral 26 34
Internal capsule involvement
  Yes 24 33 0.366
  No 20 16
Underlying condition, no. (%)
  Hypertension 24 (55) 20 (40) 0.275
  Diabetes mellitus 9 (20) 14 (29) 0.436
  Previous stroke 3 (7) 7 (14) 0.333
  Smoking 21 (48) 19 (43) 0.746
  Alcohol 22 (50) 23 (47) 0.421
BMI (mean ± SD in kg/m2) 23.8 ± 3.8 24.6 ± 3.1 0.370

BMI = body mass index.
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good clinical outcome. Multivariate regression analysis 
showed that the predisposing factors for a good clinical 
outcome were a hematoma volume < 30 cm3 (OR 6.158, 
95% CI 1.221–31.053, p = 0.028), an initial GCS score of 
≥ 13 (OR 6.331, 95% CI 1.129–35.507, p = 0.036), and the 
absence of internal capsule involvement (OR 4.680, 95% 
CI 1.152–19.010, p = 0.031). In particular, FNSC was sig-
nificantly associated with favorable outcome (OR 13.376, 
95% CI 2.423–73.842, p = 0.003).

discussion
In the present study, we found that patients with a he-

matoma volume between 20 and 30 cm3, an initial GCS 
score ≥ 13, and the absence of internal capsule involve-
ment experienced a good clinical outcome after FNSC. 
Among these patients, treatment by FNSC appeared to 
have a beneficial effect on early recovery of motor weak-

ness and functional outcomes at the 12-month follow-up 
as compared with medical treatment. The total hospital-
ization period and NICU stay were shorter in the best 
medical treatment plus catheterization group (Group B) 
than in the best medical treatment alone group (Group 
A). This could translate into reduced costs and improved 
NICU turnaround time.

Patients with a borderline hematoma volume (20–30 
cm3) without direct involvement of the internal capsule 
could have severe motor weakness not because of inter-
nal capsule destruction, but because of internal capsule 
compression by the hematoma mass itself or subsequent 
edema. Therefore, removal of the hematoma by FNSC 
within 24 hours postictus could achieve early decompres-
sion of the internal capsule, resulting in good functional 
outcomes. In addition, a reduction in the hematoma vol-
ume may prevent aggravation by neurotoxic edema due 
to a decrease in blood degradation products. This effect 

table 2. comparison of outcome parameters between the treatment groups

Outcome Group A (n = 44) Group B (n = 49) p Value OR (95% CI)

Mean total HP in days* 29.31 ± 24.097 17.32 ± 5.459 0.006
Mean period in NICU in days* 8.93 ± 7.620 4.41 ± 1.438 0.001
Δ 1-mo mRS score* 0.38 ± 0.561 1.00 ± 0.778 0.001
Δ 3-mo mRS score* 1.00 ± 0.845 2.06 ± 0.919 <0.001
Δ 12-mo mRS score* 1.55 ± 0.736 2.76 ± 0.890 <0.001
Favorable mRS outcome at 12 mos† 17 (38.6%) 36 (73.5%) 0.006 4.545 (1.560–13.15)
Δ 1-mo affected side motor power‡
 Upper extremity 0.55 ± 0.783 1.53 ± 1.53 <0.001
 Lower extremity 0.41 ± 0.825 1.09 ± 1.164 0.011
Δ 3-mo affected side motor power‡
 Upper extremity 1.10 ± 0.976 2.18 ± 0.999 <0.001
 Lower extremity 1.03 ± 0.906 1.88 ± 1.149 0.002
Δ 12-mo affected side motor power‡
  Upper extremity 1.79 ± 0.978 2.62 ± 0.954 0.002
 Lower extremity 1.52 ± 1.122 2.24 ± 1.257 0.021

HP = hospitalization period; Δ = change between the designated value and the initial value.
* Pearson chi-square test.
† Favorable mRS outcome defined as an mRS score of 0, 1, or 2.
‡ Student t-test.

Fig. 1. The final mRS scores for the 2 groups after the 12-month follow-up (p = 0.006).
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was probably responsible for the earlier recovery of mo-
tor weakness, shortening of the acute-stage hospitalization 
period, earlier rehabilitation, and good functional out-
comes in patients from Group B as compared with Group 
A. We found, consistent with earlier research, that a good 
initial GCS score was related to a better functional out-
come. However, the GCS score does not reflect hemiple-
gia because the scoring system only assesses best motor 
power. Thus, a hemiplegic patient with a good initial GCS 
score may benefit from FNSC in terms of good functional 
outcomes. Gregson and colleagues suggested that initial 
GCS score, hematoma volume, and the absence of IVH 
were predisposing factors for good clinical outcomes for 

surgical treatment compared with medical treatment.7 
However, the location of the ICH, such as the basal gan-
glia or thalamus, was not associated with significant dif-
ferences between surgical and medical treatment. The 
authors reported significantly more favorable outcomes 
with surgery than with medical treatment when IVH was 
not present. Patient groups scoring 9–12 and 13–15 on the 
GCS demonstrated significantly improved outcomes with 
surgery. Four hematoma groups were recognized based on 
hematoma volume (in ml): < 20, 20–49, 50–79, and ≥ 80. 
The only group in which a significant surgical treatment 
effect was observed was the group with a hematoma vol-
ume of 20–49 ml.

table 3. predisposing factors for good clinical outcome at the 12-month follow-up as indicated by the mrs

Factor
Univariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value

Age in yrs
  ≥60 1
  <60 1.787 (0.620–5.154) 0.282
Sex 1
  Male
  Female 1.136 (0.390–3.310) 0.815
Hematoma location
  Posterolateral 1
  Lateral 1.257 (0.412–3.835) 0.688
Initial GCS score 1
  <12 1
  ≥13 3.847 (1.257–11.773) 0.018 6.331 (1.129–35.507) 0.036
Internal capsule involvement
  Yes 1 1
  No 3.132 (1.023–9.585) 0.045 4.680 (1.152–19.010) 0.031
Hematoma vol in cm3 1 1
  ≥30
  <30 10.540 (3.094–35.905) <0.001 6.158 (1.221–31.053) 0.028
Treatment modality
  Medical 1 1
  Surgical 4.545 (1.560–13.241) 0.006 13.376 (2.423–73.842) 0.003
Hypertension
  Yes 1 1
  No 3.008 (0.968–8.473) 0.097 3.919 (0.937–14.671) 0.083
Diabetes
  Yes 1
  No 1.474 (0.471–4.608) 0.505
Smoking
  Yes 1
  No 0.894 (0.328–2.436) 0.827
Alcohol
  Yes 1
  No 1.164 (0.424–3.197) 0.769
Previous ischemic stroke
  Yes 1
  No 3.864 (0.688–21.691) 0.125
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Many studies have compared surgical and medical 
treatment for patients with spontaneous ICH. In addition, 
many other studies have investigated indications for surgi-
cal treatment that ensure clinical benefits. Minimally in-
vasive surgery has been shown to be a possible treatment 
method for patients with a borderline hematoma volume 
because the STICH trial showed no overall benefit of early 
surgery (open craniotomy) compared with medical treat-
ment. Therefore, we examined the beneficial effects of 
minimally invasive surgery (i.e., FNSC) in patients with 
a borderline hematoma volume and analyzed predispos-
ing factors that could affect good functional outcomes. 
Theoretically, surgical removal of a hematoma may be 
beneficial because it can lower intracranial pressure, im-
prove perfusion, and reduce the chance of edema forma-
tion.14 Also, secondary enlargement of the hematoma and 
neurotoxic edema due to high levels of thrombin and blood 
degradation products may be reduced.14 This is the prima-
ry reason why surgical intervention is considered to be an 
appropriate ICH treatment option. Open craniotomy with 
hematoma evacuation was the main surgical treatment 
method used in studies reporting that surgery has no over-
all benefit as compared with conservative treatment.2,11,12 
However, open craniotomy is risky because of the long 
operation time, increased amount of parenchymal injury, 
and procedure-related complications. Minimally invasive 
surgery has been shown to result in better clinical out-
comes than medical treatment or open craniotomy.1,3,5,14–18 
A meta-analysis of randomized controlled trials showed 
that minimally invasive surgery had beneficial effects as 
compared with other treatment options.19 In the present 
study, FNSC was performed.

There are several limitations to this study. First, it is a 
retrospective study without randomization; thus, there is 
potential for significant selection bias. It is possible that 
the best surgical candidates, or the patients with the best 
prognoses, were selected to undergo surgery. To overcome 
this limitation, patients would have had to be randomized 
with a matched control group. Second, the number of pa-
tients is too small to generalize our results. In the pres-
ent study, we reported the patient characteristics for which 
stereotactic catheter drainage was beneficial to determine 
narrow, appropriate, and tailored indications. We specu-
late that previous large-scale trials failed to prove surgi-
cal benefit in patients with ICH because of large sample 
sizes and the inability to recruit patients with very specific 
indications. Fonville and colleagues reported that increas-
ing the number of eligibility criteria, restricting premorbid 
disability, and using a shorter time window for enrollment 
diminished the proportion of eligible patients.6

conclusions
Good clinical outcomes might be expected after stereo-

tactic catheter drainage in patients with a hematoma vol-
ume between 20 and 30 cm3, an initial GCS score ≥ 13, 
and the absence of internal capsule involvement. Among 
these patients with lateral-type basal ganglia hematoma 
with a borderline volume that compresses but does not in-
volve the internal capsule, stereotactic catheter drainage 
may be more effective than the best medical treatment in 

bringing about early recovery from motor weakness and 
improved functional outcome.
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