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SURGICAL management of ICH is still a matter of 
controversy with regard to indications, timing, and 
method. In patients with ICH, conventional crani-

otomy has a mortality rate of 22%–36%, and 44%–74% 
of patients who undergo the procedure have poor out-
comes.6,15 Recent reports have shown that the endoscopic 

evacuation of ICH is safe and effective and may have 
some advantages over traditional craniotomy.3,9 How-
ever, supporting evidence from controlled trials is lack-
ing, and according to the AHA/ASA Guidelines for the 
Management of Spontaneous Intracerebral Hemorrhage, 
the effectiveness of minimally invasive ICH evacuation 
utilizing the endoscopic method is still uncertain and 
the technique considered investigational.5 Therefore, we 
present our series of cases involving patients with supra-
tentorial ICH who underwent endoscope-assisted hema-
toma evacuation and discuss case selection, surgical tech-
nique, and long-term results.
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Object. Currently, the effectiveness of minimally invasive evacuation of intracerebral hemorrhage (ICH) utiliz-
ing the endoscopic method is uncertain and the technique is considered investigational. The authors analyzed their 
experience with this method in terms of case selection, surgical technique, and long-term results.

Methods. The authors performed a retrospective analysis of the clinical and radiographic data obtained in 68 
patients treated with endoscope-assisted ICH evacuation. Rebleeding, morbidity, and mortality were recorded as 
primary end points. Hematoma evacuation rate was calculated by comparing the pre- and postoperative CT scans. 
Glasgow Coma Scale scores and scores on the extended Glasgow Outcome Scale (GOSE) were recorded at the 
6-month postoperative follow-up. The technical aspect of this report explains details of the procedure, the instruments 
that are used, the methods for hemostasis, and the role of hemostatic agents in the management of intraoperative 
hemorrhage. The pertinent literature was reviewed and summarized.

Results. All surgeries were performed within 12 hours of ictus, and 84% of the surgeries were performed within 
4 hours. The mortality rate was 5.9%, and surgery-related morbidity occurred in 3 cases (4.4%). The hematoma evac-
uation rate was 93% overall—96% in the putaminal group, 86% in the thalamic group, and 98% in the subcortical 
group. The rebleeding rate was 1.5%. The mean operative time was 85 minutes, and the average blood loss was 56 ml. 
The mean GOSE score was 4.9 at 6-month follow-up. The authors acknowledge the limitations of these preliminary 
results in a small number of patients. 

Conclusions. The data suggest that early endoscope-assisted ICH evacuation is safe and effective in the manage-
ment of supratentorial ICH. The rebleeding, morbidity, and mortality rates are low compared with rates reported in 
the literature for the traditional craniotomy method. This study also showed that early and complete evacuation of 
,&+�PD\�OHDG�WR�LPSURYHG�RXWFRPHV�LQ�VHOHFWHG�SDWLHQWV��+RZHYHU��WKH�VDIHW\�DQG�HIÀFDF\�RI�HQGRVFRSH�DVVLVWHG�,&+�
evacuation should be further investigated in a large, prospective, randomized trial. 
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Abbreviations used in this paper: AHA = American Heart 
Association; ASA = American Stroke Association; EVD = extra-
ventricular drain; GCS = Glasgow Coma Scale; GOSE = extended 
Glasgow Outcome Scale; ICH = intracerebral hemorrhage; ICP = 
intracranial pressure; IVH = intraventricular hemorrhage.
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Surgical Indications and Patient Selection

To qualify for inclusion in this study, patients had to 
have the following: 1) a putaminal ICH with a hematoma 
volume greater than 30 ml; 2) a thalamic ICH with a he-
matoma volume greater than 20 ml and IVH with acute 
hydrocephalus; or 3) a subcortical hemorrhage greater than 
���PO�ZLWK� VLJQLÀFDQW�PDVV� HIIHFW� �PLGOLQH� VKLIW� JUHDWHU�
than 5 mm and effacement of perimesencephalic cistern) 
and neurological deterioration. In addition they had to have 
undergone surgery within 12 hours after ictus for inclusion 
in this study.

Patients who were younger than 45 years or had no 
history of hypertension underwent contrast CT and CT 
angiography to exclude the presence of a vascular lesion 
or tumor. The study exclusion criteria were ICH caused 
by tumor, trauma, coagulopathy (prothrombin time > 
12.2 seconds, partial thromboplastin time > 35.5 seconds, 
platelet count < 100 = 103/+l), aneurysm, or arteriovenous 
malformation. Patients taking antiplatelet or anticoagu-
lation medications as well as those with end-stage renal 
disease or with Child Class C liver cirrhosis were also 
excluded. Patients with preoperative GCS scores less than 
4 or greater than 13 were excluded. In addition, patients 
who did not have a follow-up CT scan within 3 days after 
surgery or were lost for follow-up at 6 months were all 
excluded in this study.

Surgical Technique, Caveat, and Management of  
Intraoperative Bleeding

For most putaminal ICHs, we use the transtempo-
ral approach (or the “temporal” approach mentioned by 
Hsieh et al.4). (The “frontal” approach is used only when 
the frontal route provides the shortest distance between 
the cortical surface and the hematoma on the preopera-
tive CT scan.) In patients with hemorrhage on the left or 
dominant side, we use the transcortical corridor through 
the inferior temporal gyrus. In patients with right- or 
nondominant-side ICH, we use the corridor that traverses 
the shortest distance to the hematoma (judging from the 
preoperative coronal CT scan).

In patients with a thalamic ICH, the goal is to al-
leviate the acute hydrocephalus and elevated ICP while 
removing the IVH and ICH as much as possible without 
causing further damage to the brain parenchyma. There-
fore, we use the ipsilateral Kocher point as our entry 
SRLQW��,Q�SDWLHQWV�ZLWK�PDVVLYH�,9+��D�ÁH[LEOH�HQGRVFRSH�
may be used with the free-hand technique to evacuate the 
blood in the third and fourth ventricles.5 In addition, bi-
lateral EVD placement may be considered in these cases. 
If the ventricle is entered during surgery, an EVD will be 
inserted through the operative tract.

With the patient in a state of general anesthesia, a lin-
ear skin incision (3–4 cm in length) is created. A 1.5- to 
2.0-cm bur hole is then created with the dura opened in 
cruciate fashion. A small corticotomy is created, and the 
custom-made transparent plastic sheath (10 mm in outer 
diameter; length 5, 7, 9, 12, or 15 cm depending on the 
length needed estimated from the preoperative CT scan; 
[Fig. 1]) was inserted along with the stylet. This step 

can be done under real-time ultrasound guidance (Alo-
ka UST- 5268P-5 neurosurgery bur hole probe, 3.0–7.5 
MHz, phased-array sector probe) if that is the surgeon’s 
preference. After removal of the stylet, the 4-mm 0$ rod-
lens endoscope with irrigation system (18 cm in length; 
Karl Storz) was introduced into the transparent sheath 
to provide visualization during hematoma removal. De-
pending on the surgeon’s preference, the surgeon may 
hold the sheath and the endoscope together in his or her 
right hand, or the assistant may hold the sheath. 

Our concept of hematoma removal is depicted in 
Fig. 2. In our experience, it is prudent to avoid damag-
ing the brain parenchyma with excessive manipulation of 
the sheath. This can be accomplished by removing the 
PRVW�GLVWDO�SDUW�RI�WKH�KHPDWRPD�ÀUVW�DQG�DV�WKH�VKHDWK�
is gradually withdrawn the residual hematoma will be 
pushed into the tip of the sheath as the brain expands. 
This is in contrast to the traditional craniotomy method 
that follows the brain parenchyma–hematoma junction 
during hematoma evacuation to ensure complete hema-
toma evacuation. The hematoma is evacuated by manipu-
lating the suction through the working space within the 
VKHDWK��$OWHUQDWLYHO\��D�ÁH[LEOH�HQGRVFRSH��RXWHU�GLDPHWHU�
2.5 mm; Karl Storz) could be introduced into the trans-
parent sheath to facilitate hematoma removal without sig-
QLÀFDQW�URWDWLRQ�RU�H[FHVVLYH�PDQLSXODWLRQ�RI�WKH�VKHDWK�
within the brain parenchyma. Using this technique, large 
and elliptical putaminal ICHs can be evacuated through 
the temporal approach (instead of the frontal approach4) 
with a high rate of hematoma evacuation.

In our experience, about 70% of ICHs could be evacu-
DWHG�ZLWKRXW�DQ�REYLRXV�RU�DFWLYH�EOHHGHU�EHLQJ�LGHQWLÀHG�
intraoperatively. In these cases, the operation was very 
straightforward and usually could be done within 60 min-
utes. However, when bleeding occurs, patience is needed 

Fig. 1. Instruments used for endoscope-assisted hematoma evacu-
ation. A: Bipolar suction coagulator (11 Fr, 14 or 19 cm in length, 
ÀH[LEOH��GLVSRVDEOH��.LUZDQ�6XUJLFDO�3URGXFWV�� B:�6SHFLDOL]HG���PP�
ÀH[LEOH�FDWKHWHU�FUHDWHG�WR�GHOLYHU�)ORVHDO�WR�WKH�LGHQWL¿HG�EOHHGHU� C: 
5HJXODU�DQJOHG�VXFWLRQ�WXEH����)U��  D: Unipolar suction-coagulation 
WXEH� ���PP��.DUO�6WRU]�� E:�6KHDWKV�����PP� LQ�RXWHU�GLDPHWHU�ZLWK�
YDULRXV�OHQJWKV��VKRZQ�KHUH�����������DQG����FP��
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and some technique must be applied to ensure hemostasis. 
Bleeding from a small artery or perforating vessel can be 
secured with repeated irrigation for 2–5 minutes. This is 
the so-called “wait-and-see saline irrigation” method that 
is a basic technique of neuroendoscopic surgery. If this 
GRHV�QRW�VWRS�WKH�EOHHGLQJ��WKH�EOHHGHU�PXVW�EH�LGHQWLÀHG�
using the balanced irrigation-suction technique, which is 
elegantly described by Nagasaka et al.8 With constant irri-
gation and point suction, the bleeder can usually be identi-
ÀHG��7KH�EOHHGHU�LV�WKHQ�PHWLFXORXVO\�FDXJKW�DQG�KHOG�E\�
the suction cannula under low-pressure suction. It is then 
FRDJXODWHG�XVLQJ�D�ÁH[LEOH��GLVSRVDEOH�ELSRODU�VXFWLRQ�FR-
agulator (11 Fr, 14 or 19 cm in length; Kirwan Surgical 
Products; Fig. 1), which performs coagulation and suc-
tion simultaneously. The use of hemostatic agents such as 
Floseal (Baxter) is another alternative. A specialized 3-mm 
ÁH[LEOH�FDWKHWHU�ZDV�FUHDWHG�WR�GHOLYHU�)ORVHDO�WR�WKH�LGHQ-
WLÀHG�EOHHGHU��)LJ���%���,Q�RXU�VHULHV��PRVW�EOHHGLQJ�IURP�
these perforators stopped after gentle compression with 
cotton and irrigation for 2 minutes (Fig. 3). After hema-
toma removal and meticulous hemostasis, we do not insert 
a drainage tube into the hematoma cavity. An ICP monitor, 
however, may be inserted as needed.

Clinical and Radiological Follow-Up
All patients underwent a follow-up CT scan within 3 

days after surgery. The hematoma evacuation rate in each 
patient was then calculated as follows: ([preoperative he-
matoma volume < postoperative hematoma volume]/pre-
operative hematoma volume) × 100%. Rebleeding, mor-
bidity, and mortality were recorded as primary end points. 
The GOSE score was recorded at 6-month postoperative 
follow-up either at an outpatient clinic and/or by telephone 
survey.

5HVXOWV
Between January 2008 and June 2010, 198 patients 

with ICH were treated at National Taiwan University Hos-
pital Yun-Lin branch and Chang-Hau Christian Hospital. 
According to the aforementioned inclusion and exclusion 
criteria, 68 patients who underwent endoscopically as-
sisted ICH evacuation were included in this study. This 
group included 48 men and 20 women (mean age 63 years, 
range 42–82 years). There were 35 cases of putaminal ICH 
(51.5%), 24 cases of thalamic ICH (35.3%), and 9 cases of 
subcortical ICH (13.2%). All patients underwent surgery 
within 12 hours of ictus, and 57 patients (84%) underwent 
surgery within 4 hours. The mean time from ICH onset to 
surgery was 5.8 hours. The mean operative time was 85 
minutes and the average blood loss was 65 ml.

Table 1 summarizes the surgical and functional out-
comes in patients with putaminal, thalamic, and subcorti-
cal ICH. The hematoma evacuation rate was 93%—96% 
in the patients with putaminal ICH, 86% in those with 
thalamic ICH, and 98% in those with subcortical ICH. 
The mortality rate was 5.9% (4 of 68 patients); 2 patients 
died of pneumonia and sepsis, 1 died of ischemic bowel 
and multiorgan failure, and 1 died of cardiogenic shock 
from suspected acute myocardial injury. Surgery-relat-
ed morbidity occurred in 3 cases (4.4%): 2 patients had 

wound infections and 1 had rebleeding. Therefore, the re-
bleeding rate is 1.5%. The patient with rebleeding was a 
62-year-old man with a left putaminal hemorrhage whose 
GCS score improved gradually after surgery (initial GCS 
score was 8 and GCS score 1 week after surgery was 13). 
However, rebleeding occurred 10 days after surgery and 
his GCS score dropped to 6. The patient underwent re-
peated surgery using the endoscope-assisted method and 
his condition improved postoperatively. His GCS score 
was 12 at 6-month follow-up, but there was no improve-
ment in his right hemiplegia.

In terms of functional recovery, the mean preopera-
tive GCS score was 7.1 and the mean GCS score 1 week 
after surgery was 11.0. The mean GCS score at 6-month 
follow-up had improved to 11.6. The mean GOSE score at 
6-month follow-up was 4.9.

'LVFXVVLRQ
Outcome Improvement With Early and Complete  
Hematoma Evacuation

Due to the good clinical, radiological, and functional 
outcomes seen in this series, it is suggested that early and 
complete evacuation of ICH via a minimally invasive 

Fig. 2. A: Traditional method of endoscope-assisted ICH evacua-
WLRQ��+HPDWRPD�FOHDUDQFH�VKRXOG�IROORZ�WKH�KHPDWRPD±EUDLQ�MXQFWLRQ��
1RWH� WKDW� WKH�EUDLQ� LV�VXVFHSWLEOH� WR�GDPDJH�GXH� WR� WKH�DQJOH�RI� WKH�
sheath. B:�2XU�FRQFHSW�RI�KHPDWRPD�HYDFXDWLRQ��LQ�ZKLFK�VXFWLRQ�LV�
GLUHFWO\�DSSOLHG�WKURXJK�WKH�ORQJ�D[LV�RI�WKH�KHPDWRPD�XQWLO�WKH�QRUPDO�
EUDLQ�VXUIDFH�DSSHDUV��7KH�GHSWK�RI�WKH�ZRUNLQJ�OHQJWK�FDQ�EH�DFFX-
rately estimated on preoperative CT scans. C:�2Q�JUDGXDO�ZLWKGUDZDO�
RI� WKH� VKHDWK�� WKH� DGMDFHQW� UHVLGXDO� KHPDWRPD� LV� SXVKHG� E\� WKH� H[-
SDQGLQJ�EUDLQ�WR�WKH�WLS�RI�WKH�VKHDWK��7KH�KHPDWRPD�FDQ�EH�HDVLO\�DQG�
safely evacuated. The angle of the sheath can remain more limited (to 
DYRLG�GDPDJLQJ�WKH�EUDLQ���8VLQJ�WKLV�PHWKRG��WKH�EUDLQ�WLVVXH�LQMXUHG�
E\� WKH�VKHDWK�ZRXOG�EH�VLJQL¿FDQWO\� OHVV� WKDQ� LQ� WKH� WUDGLWLRQDO�PHWK-
od.  D:�$V�WKH�VKHDWK� LV�ZLWKGUDZQ�� WKH�KHPDWRPD�FDYLW\�FROODSVHV�
and the residual hematoma is pushed into the tip of the sheath.
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method may lead to improved outcome in these patients. 
2QH�RI�WKH�LPSRUWDQW�ÀQGLQJV�RI�WKLV�VWXG\�LV�WKDW�HDUO\�
surgery utilizing the endoscope-assisted method has a 
very low rebleeding rate. Since the hematoma contributes 
to local mass effect and elevated ICP and elicits patho-
logical cascades that result in biochemical toxicity, it is 
plausible that early and complete removal of ICH via a 
minimally invasive method can reduce the secondary in-
jury associated with ICH.16 Theoretically, this should lead 
to improved functional outcomes and decreased mortal-
ity rates. According to the AHA/ASA Guidelines for the 
Management of Spontaneous Intracerebral Hemorrhage, 
no clear evidence at present indicates that ultra-early 
removal of supratentorial ICH improves functional out-
comes or mortality rates. In addition, the authors men-
tioned that very early craniotomy may be harmful due to 
increased risk of recurrent bleeding. This recommenda-
tion was based on a trial of 11 patients randomized within 
4 hours of hemorrhage onset, where rebleeding occurred 
in 40% of the patients treated within 4 hours compared 
with 12% of the patients treated within 12 hours using 
the craniotomy method.7 On review of the literature, we 
found that endoscope-assisted ICH evacuation performed 
in the early stage was associated with a minimal rebleed-
ing rate (0%–3.3%) compared with the traditional cra-
niotomy method (5%–10%).3,9 However, differences in 
patient selection, surgical indication, timing, technique, 
and perioperative care made direct comparison inappro-
priate and mandate the need for a randomized-controlled 
study to elucidate this point. Other advantages of the en-
doscope-assisted method include low complication rate, 
less operative time, less blood loss, improved evacuation 
rate, and early recovery of the patients. The results of our 
VWXG\�IXUWKHU�FRQÀUP�WKHVH�SRWHQWLDO�EHQHÀWV�FRPSDUHG�
with traditional craniotomy.

Second, endoscope-assisted ICH evacuation may 
provide a better hematoma evacuation rate with minimal 
damage to normal brain tissue. Due to the improvement 
of neuroendoscopic systems and instruments, recent se-
ries have shown high rates of hematoma evacuation that 

Fig. 3. Using a hemostatic agent in a case of putaminal hemor-
rhage. A–D: ,QWUDRSHUDWLYH�LPDJHV�VKRZLQJ�WKH�XVH�RI�WKH�KHPRVWDWLF�
DJHQW��7KH�EOHHGHU�LV�LGHQWL¿HG�(A)�DQG�)ORVHDO�LV�DSSOLHG�WR�EXU\�DQG�
SDFN�WKH�EOHHGHU�DQG�DGMDFHQW�WLVVXH�(B)��7KH�EOHHGHU�LV�WKHQ�FRYHUHG�
ZLWK� FRWWRQ� DQG� JHQWOH� SUHVVXUH� LV� DSSOLHG�ZLWK� WKH� VXFWLRQ� WLS� ZKLOH�
saline irrigation is performed (C)��+HPRVWDVLV�LV�DFKLHYHG�DIWHU���PLQ-
utes (D)��DQG�VDOLQH�LUULJDWLRQ�LV�WKHQ�XVHG�WR�ZDVK�RXW�UHVLGXDO�KHPR-
static agent. E:�3UHRSHUDWLYH�D[LDO�&7�VFDQ�VKRZLQJ�WKH�OHIW�SXWDPLQDO�
ICH. F:�3RVWRSHUDWLYH�&7�VFDQ�VKRZLQJ���PO�RI�UHVLGXDO�KHPDWRPD�
DQG� WKH� ,&3�PRQLWRU� (arrow)� WKDW�ZDV� LQVHUWHG� WKURXJK� WKH�RSHUDWLRQ�
tract.

TABLE 1: Surgical and functional outcomes in patients with putaminal, thalamic, or subcortical ICH

9DULDEOH 3XWDPLQDO�,&+ Thalamic ICH 6XEFRUWLFDO�,&+ All

no. of patients �� �� 9 ��
PHGLDQ�KHPDWRPD�HYDFXDWLRQ�UDWH���� 96 �� �� ��
UHEOHHGLQJ�UDWH���� ��� � � ���
PRUELGLW\
  no. of patients � 1 � �
� � UDWH���� ��� 4.1 � 4.4
mortality
  no. of patients 1 � 1 4
� � UDWH���� ��� ��� 11.1 ���
PHDQ�*&6�VFRUHV��UDQJH�
  preop ������±��� ������±��� ������±��� ������±���
� � ��ZN�SRVWRS �������±��� ������±��� �������±��� �������±���
  6 mos postop �������±��� ������±��� �������±��� �������±���
PHDQ�*26(���PRV�SRVWRS��UDQJH� ������±�� ������±�� ������±�� ������±��
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ranged from 83.4% to 99%.3,4,8–10,12 The hematoma evacu-
ation rate in the present study is comparable to what has 
been reported in the literature. We do think that there is 
a trend toward a higher evacuation rate when the surgery 
is performed early (within 12 hours) due to the fact that, 
within this period, the clot is usually easily suctioned (in 
contrast to the treatment of subacute hematomas). This is 
in contrary to the common belief that delayed evacuation 
is technically simpler due to partial liquefaction of the he-
matoma. However, our experience is further supported by 
the experience of the authors of another large series who 
mentioned that “surgery should be performed within 24 
hours after onset, because intracerebral hematoma usual-
ly starts to harden about 24 hours after onset and 48 hours 
later it can not be evacuated with a suction tube.”12 The 
ORZHU�HYDFXDWLRQ�UDWH� LQ� WKDODPLF�,&+�LV�D�UHÁHFWLRQ�RI�
our different philosophy toward its treatment. Although 
enthusiasm for surgical evacuation of thalamic ICH has 
been limited, we do think that relieving the acute hydro-
cephalus from IVH is necessary for better recovery. As 
mentioned previously, the IVH and thalamic ICH were 
evacuated as much as possible without damaging the 
brain parenchyma. We perform aspiration at the rupture 
site (Fig. 4), and we do not enter the thalamus in attempt 
to remove more clot. For this reason, the hematoma clear-
ance rate was lower in patients with thalamic ICH (86%). 
In addition, patients with thalamic ICH usually recover 
more slowly than patients with subcortical or putaminal 
ICH (Table 1).

Comparison With Different Methods of Endoscope-Assisted 
ICH Evacuation

Several groups have developed methods of minimally 

invasive endoscope-assisted ICH evacuation.1,3,4,8–14 Table 
2 summarizes the surgical indications, timing, technique, 
and results of the endoscope-assisted methods of ICH 
evacuation as reported in different series.

+RZHYHU��LW�LV�GLIÀFXOW�WR�GLUHFWO\�FRPSDUH�WKH�PRU-
bidity, mortality, and functional outcomes due to differ-
ences in patient selection, timing of surgery, technique, 
and perioperative care. Nevertheless, our outcome is 
comparable with that of other series. The major differ-
ence is the concept of hematoma evacuation that is de-
picted in Fig. 2. This concept of removing the most distal 
SDUW�RI�WKH�KHPDWRPD�ÀUVW�DQG�KDYLQJ�WKH�UHVLGXDO�KHPD-
toma collapse into the tip of the sheath decreases the need 
to stir or damage the brain by changing the angle of the 
sheath. It also avoids the early collapse of the hematoma 
FDYLW\�ZLWK� UHVLGXDO�KHPDWRPD� WKDW�PD\�QHHG� WKH� LQÁD-
WLRQ�GHÁDWLRQ�PHWKRG�WR�VROYH�WKLV�SUREOHP�8

The selection of the approach (the frontal or tempo-
ral approach) for putaminal ICH is an important issue. 
Hsieh et al.4 mentioned that, in patients with ICH volume 
OHVV�WKDQ����PO��LW� LV�QRW�GLIÀFXOW�WR�HYDFXDWH�WKH�KHPD-
toma through the shortest distance from the cortical sur-
face to the hematoma. However, when the hematoma is 
larger than 50 ml, the shape usually became elliptical. 
The frontal approach was recommended by the authors in 
these cases due to its involving noneloquent regions and 
providing better visualization that may result in maximal 
hematoma evacuation. Our group used the temporal ap-
proach in most cases of putaminal ICH (29 [83%] of 35). 
The concept of hematoma evacuation was mentioned; it 
avoids excessive manipulation of the sheath and conse-
TXHQW�GDPDJH�WR� WKH�EUDLQ�SDUHQFK\PD��,I�QHHGHG��ÁH[-
ible endoscopy may be used to evacuate the clot. When 
D�EOHHGHU�LV�LGHQWLÀHG��WKH�VKHDWK�LV�WKHQ�SRLQWHG�WRZDUG�
the bleeder for better visualization and secure hemosta-
sis. The frontal approach may traverse the lenticulostriate 
perforators that may obscure visualization or even con-
tribute to intraoperative bleeding. This may explain the 
high incidence of intraoperative bleeding (9 [82%] of 11 
cases) in one series in which the frontal approach was 
used.10 In our experience using the temporal approach for 
putaminal ICH, evacuation could be accomplished in ap-
proximately 70% of the cases without obvious intraopera-
tive bleeding. The other advantage is the shorter working 
distance, which increases the comfort of the procedure 
and facilitates deftness. In cases in which a frontal ap-
proach is used, we usually create the bur hole in a more 
lateral position as mentioned by Suyama et al.14

Some authors advise that a posterior approach is 
better than an anterior approach for evacuating a tha-
lamic hematoma and avoids injury to the intraventricular 
veins.2,9,14 Nevertheless, we think that the approach cho-
sen depends upon the extent of hematoma one plans to 
remove and the rupture site. As mentioned, our goal for 
these patients is to alleviate the elevated ICP and remove 
the IVH and ICH without causing further neuronal dam-
age. Therefore, in most of our cases, we have chosen the 
anterior approach. There was no incidental injury of the 
venous structure in any of our cases.

With respect to other minor differences, we felt more 
FRQÀGHQW�XVLQJ�WKH�VXFWLRQ�ELSRODU�FRDJXODWRU�LQVWHDG�RI�

Fig. 4.� (QGRVFRSH�DVVLVWHG�HYDFXDWLRQ�RI�OHIW�WKDODPLF�,&+�DQG�,9+�
ZLWK�DFXWH�K\GURFHSKDOXV� A and B: ,QWUDRSHUDWLYH� LPDJHV�VKRZLQJ�
evacuation of the IVH (A) and ICH (B). 7KH�,9+�ZDV�HYDFXDWHG�WKURXJK�
WKH�VKHDWK� LQVHUWHG� WKURXJK�WKH� LSVLODWHUDO�.RFKHU�SRLQW� (A). The ipsi-
ODWHUDO�IRUDPHQ�RI�0RQUR�ZDV�VHHQ�DIWHU�,9+�HYDFXDWLRQ��7KH�,&+�ZDV�
evacuated through the rupture site on the thalamus (B). We do not enter 
the thalamus for more complete hematoma evacuation. C:�3UHRSHUD-
WLYH�FRURQDO�&7�VFDQ�VKRZLQJ�WKH�OHIW�WKDODPLF�,&+�DQG�WKH�,9+� D: 
3RVWRSHUDWLYH�&7�VFDQ�VKRZLQJ�VRPH�UHVLGXDO�KHPDWRPD�DQG�WKH�(9'�
WKDW�ZDV�LQVHUWHG�WKURXJK�WKH�RSHUDWLRQ�WUDFW�
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TABLE 2: Surgical indications, timing, technique, and results of the endoscopically assisted method for ICH evacuation in different series*

Authors & 
Year Indication Timing 3W�&KDUDFWHULVWLFV Technique (YDFXDWLRQ�5DWH

5HEOHHGLQJ 
Rate

Long-Term 
Outcome†

Nishihara et  
� DO�������

SXWDPLQDO�,&+�YRO�!���PO PHGLDQ�WLPH�WR�RS��� 
� KUV��UDQJH����±�� 
� KUV�

��SWV�Z��SXWDPLQDO�,&+� ���FP�ORQJ�ULJLG�WUDQVSDUHQW� 
 sheath made of acrylic plas- 
� WLF�DWWDFKHG�WR�66�KDQGOH�Z� 
 round-tipped metal stylet 

���±���� NA NA‡

1DNDQR�HW�DO��� 
� ����

KHPDWRPDV�Z��YRO�!���PO�	 
� ����PO��SXWDPLQDO�,&+�RI 
� VPDOO�LQWHUPHGLDWH�VL]H�� 
 hematoma situated deep in 
� WKH�EUDLQ��H�J���WKDODPLF� 
� KHPRUUKDJH���LQWUDYHQWULFX� 
 lar hematoma

NA ��SWV����Z��SXWDPLQDO�,&+�� 
� ��Z��WKDODPLF�,&+��	�� 
� Z��VXEFRUWLFDO�KHPRU� 
� UKDJH��DYJ�DJH����\UV

NA NA NA NA§ 

6X\DPD�HW� 
� DO�������

NA �±���GD\V ���SWV�����Z��SXWDPLQDO� 
� ,&+����Z��WKDODPLF� 
� ,&+��	���Z��OREDU�,&+

transparent sheath, hematoma 
� FDYLW\�LUULJDWHG�Z��DUWL¿FLDO� 
� &6)

SXWDPLQDO�,&+����� 
� WKDODPLF�,&+����� 
� OREDU�,&+����

���� NA

Nishihara et  
� DO�������

SXWDPLQDO��WKDODPLF��	�VXE� 
� FRUWLFDO�,&+�Z��YRO�!���	 
� FHUHEHOODU�,&+�Z��YRO�!�� 
� PO�Z��GHWHULRUDWLRQ�RI�FRQ� 
 sciousness

XOWUD�HDUO\�RS��Z�LQ�� 
� KUV��IRU�KHPRUUKDJ� 
� HV�Z��YRO�!���PO�RU 
 hemorrhages caus- 
 ing impending her- 
 niation

���SWV�Z��,&+�RU�,9+���� 
� Z��SXWDPLQDO�,&+���� 
� Z��WKDODPLF�,&+����Z�� 
� VXEFRUWLFDO�,&+����Z�� 
� FHUHEHOODU�,&+�����Z�� 
 IVH

WUDQVSDUHQW�VKHDWK��KHPRVWDVLV 
� E\�HOHFWULF�FRDJXODWLRQ�DW 
� VXFWLRQ�HQG��WUDQVSDUHQW�FDS 
� DWWDFKHG�WR�ÀH[LEOH�HQGR� 
 scope provides clear visuali- 
� ]DWLRQ�RI�RS�¿HOG�GXULQJ�KH� 
� PDWRPD�HYDFXDWLRQ��ZKLFK 
� FDQ�SUHYHQW�LQMXU\�RI�YHQWULF� 
� XODU�ZDOOV

�����UDQJH����± 
� �����

no postop re- 
� EOHHGLQJ

NA

Chen et al.,  
� �����

SXWDPLQDO�,&+�YRO�!���PO�� 
� *&6��±���Z��IRFDO�QHXURO 
� GH¿FLW

�±��KUV��PHGLDQ���KUV� ��SWV�Z��K\SHUWHQVLYH�SX� 
� WDPLQDO�,&+��DJH 
� UDQJH����±���\UV

DQ����FP�ORQJ�66�WXEH�ZDV 
 adapted to serve as endo- 
� VFRSLF�VKHDWK��RS�URXWH�DORQJ� 
� ORQJ�D[LV�RI�KHPDWRPD��UH� 
 quiring frontal approach

���±�����PHGLDQ 
� ������,&+�YRO���± 
� ����PO��PHGLDQ��� 
� PO��SUHRS���±���PO 
� �PHGLDQ���PO�� 
 postop

no postop re- 
� EOHHGLQJ

��SWV�ZHUH�IXOO\�LQGHSHQGHQW� 
� LQFOXGLQJ���ZKR�KDG�QR 
� UHVLGXDO�GLVDELOLW\�	���ZKR� 
� KDG�PRG�GLVDELOLW\����SW 
 remained in a persistent 
 vegetative state at clinical 
 FU after 6 mos

1DJDVDND�HW 
� DO�������

SXWDPLQDO�,&+�YRO�!���PO�� 
� FHUHEHOODU�,&+�Z��GLDP�!� 
� FP��RU�WKDODPLF�,&+�Z��YRO� 
� !���PO�	�DFXWH�K\GURFHSK� 
 alus

PHGLDQ�WLPH�WR�RS� 
 4 hrs

���SWV�����Z��SXWDPLQDO 
� ,&+����Z��FHUHEHOODU 
� ,&+����Z��WKDODPLF�,&+� 
 mean age 61.4 yrs 
� �UDQJH���±���\UV��� 
� PHDQ�SUHRS�*&6� 
� VFRUH�������UDQJH��±���

D�FRPELQDWLRQ�LUULJDWLRQ�FRDJ� 
 ulation suction cannula or 
 multifunctional suction can- 
� QXOD�ZDV�XVHG

99% �� long-term outcome not men- 
� WLRQHG��EXW�WKH�UDWH�RI 
 good outcome (good re- 
� FRYHU\�	�PRG�GLVDELOLW\� 
� DW�GLVFKDUJH�ZDV������

(continued)
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orrhage
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the m
onopolar coagulator, and w

e do not place a drain-
age tube w

ithin the hem
atom

a cavity after securing he-
m

ostasis. This study also dem
onstrates that the use of a 

hem
ostatic agent for noncoagulation hem

ostasis seem
s to 

be safe because the rebleeding rate w
as very low.

Study Lim
itations

W
e acknow

ledge the lim
itation of these prelim

inary 
results in this retrospective nonrandom

ized study. The pa-
tients in this study are highly selected and represent 34%

 
of all ICH

 patients w
e have cared for in a 30-m

onth period. 
Patients w

ith a G
CS score of 3, surgery after 12 hours from

 
ictus, coagulopathy, or treatm

ent w
ith antiplatelet or anti-

coagulant therapy w
ere excluded. These patients usually 

have a poor prognosis com
pared w

ith the patients included 
in this study. Therefore, the good surgical outcom

es and 
functional results m

ay be due to patient selection. 

&
RQFOXVLRQV

The results in our series of 68 patients indicate that 
early endoscope-assisted ICH

 evacuation is safe and ef-
fective in the m

anagem
ent of supratentorial ICH

. The 
rebleeding, m

orbidity, and m
ortality rates are low

 com
-

pared w
ith rates reported in the literature for the tradi-

tional craniotom
y m

ethod. This study also show
ed that 

early and com
plete evacuation of ICH

 m
ay lead to im

-
proved outcom

es in selected patients. H
ow

ever, these pre-
lim

inary results w
arrant further study in a large, prospec-

tive, random
ized trial in the near future. 
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TABLE 2: Surgical indications, timing, technique, and results of the endoscopically assisted method for ICH evacuation in different series* (continued)

Authors & 
Year Indication Timing 3W�&KDUDFWHULVWLFV Technique (YDFXDWLRQ�5DWH

5HEOHHGLQJ 
Rate

Long-Term 
Outcome†

present  
 series

SXWDPLQDO�,&+�YRO�!���PO��RU 
� WKDODPLF�,&+�YRO�!���PO�	 
� ,9+�Z��DFXWH�K\GURFHSKD� 
� OXV��RU�VXEFRUWLFDO�,&+�YRO� 
� !���PO�Z��VLJ�PDVV�HIIHFW 
 & neurol deterioration

DOO�RSV�SHUIRUPHG�Z�LQ 
� ���KUV�	�����RI� 
� RSV�SHUIRUPHG�Z�LQ 
 4 hrs

���SWV�����Z��SXWDPLQDO� 
� ,&+�����Z��WKDODPLF 
� ,&+��	���Z��VXEFRUWLFDO 
� ,&+��PHDQ�DJH����\UV 
� �UDQJH���±���\UV��� 
� PHDQ�SUHRS�*&6 
� VFRUH������UDQJH��±���

WUDQVSDUHQW�VKHDWK��EDODQFHG 
 irrigation-suction technique 
� IRU�LGHQWL¿FDWLRQ�RI�EOHHGHU�� 
� FRDJXODWLRQ�Z��VXFWLRQ�EL� 
 polar coagulator, hemostasis 
� Z��)ORVHDO��ÀH[LEOH�HQGR� 
 scope used as an option

�����SXWDPLQDO�,&+ 
� �����WKDODPLF�,&+ 
� �����VXEFRUWLFDO� 
� ,&+����

���� PHDQ�*&6�VFRUH�ZDV������	 
� *26(�ZDV�����DW���PR 
 FU

� DYJ� �DYHUDJH��GLDP� �GLDPHWHU��)8� �IROORZ�XS��PRG� �PRGHUDWH��1$� �LQIRUPDWLRQ�QRW�DYDLODEOH��QHXURO� �QHXURORJLFDO��3W� �SDWLHQW��VLJ� �VLJQL¿FDQW��66� �VWDLQOHVV�VWHHO�
† At least 6 months postoperatively.
Á� $OO�SDWLHQWV�VKRZHG�QHXURORJLFDO�LPSURYHPHQW�ZKHQ�WKH\�ZHUH�H[DPLQHG���ZHHN�DIWHU�WKH�SURFHGXUH�
�� *RRG�UHFRYHU\�LQ�����RI�SDWLHQWV��EXW�QR�GHWDLOV�RQ�ORQJ�WHUP�RXWFRPH�
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