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Endoscopic Surgery for Intraventricular Hemorrhage (IVH) Caused by Thalamic
Hemorrhage: Comparisons of Endoscopic Surgery and External Ventricular
Drainage (EVD) Surgery
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INTRODUCTION

Hypertensive intracerebral hemorrhage (ICH)
is a neurosurgical emergency frequently
encountered in clinical practice. Approxi-
mately 10% to 15% of cases of ICH involve
thalamic hemorrhage (1, 22). Evacuation of
a thalamic hematoma by craniotomy is gen-
erally considered controversial because of
the high rates of mortality and morbidity
observed after this procedure. Thalamic
hemorrhages are clinically significant as
they are located close to the internal capsule
and the ventricular system. They have been
classified into medial, posterolateral, ante-
rior and dorsal types according to the vessel
involved and subsequent clinical picture
(10). Many studies had found that ICH vol-
ume, intraventricular hemorrhage (IVH),
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nd age are the best predictors for mortality
nd functional outcome after thalamic ICH
10, 11, 15, 20). IVH caused by thalamic
emorrhage is generally treated with exter-
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respect to the prevention of shunt-depen-
dent hydrocephalus. The aim of this study
was to investigate the efficacy and the re-
sults of endoscopic surgery for IVH from
thalamic hemorrhage and compare them
with those from EVD surgery.

MATERIAL AND METHODS

Patients
From January 2006 to December 2008, 72
patients with thalamic hemorrhage were
treated in our department. All patients were
screened and the surgical indication was
patients with IVH from thalamic hemor-
rhage that caused acute hydrocephalus. Pa-
tients with thalamic hemorrhage not asso-
ciated with IVH, patients with bleeding
tendency, or secondary parenchymal hem-
orrhage were excluded. This study was pro-
spective and randomized. The selected pa-
tients were randomly divided into two
groups: an EVD group and an endoscopic
surgery group.

Operation
In the EVD group, traditional EVDs were
performed on patients in the supine posi-
tion under local anesthesia. Patients with
ventricular blood received continuous
drainage at 10 cm H2O until there was no
further reduction in cerebrospinal fluid
(CSF) blood content. The EVD catheter was
then sequentially weaned in daily incre-
ments of 5 cm H2O and removed. Patients
were considered as having failed catheter
“weaning” if they developed hydrocepha-
lus, or if their level of conscious worsened
as a result of the weaning process. Perma-
nent ventriculoperitoneal (VP) shunt sur-

Table 1. Clinical Data for the Patients wi

Data EVD (n � 24)

Age 62.17 � 10.74

Initial GCS (range) 9.83 � 3.09 (4–13)

ICH volume (mL) 11.5 � 9.56 (4–20)

Graeb Score 4.54 � 3.11 (2–8)

ICU length of stay 18 � 7

EVD, external ventricular drainage; GCS, Glasgow Coma Sc
intraventricular hemorrhage.
gery was performed if patients failed EVD a
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weaning. No intraventricular injection of an
anticoagulant (eg, urokinase) was given
during the procedure.

In the endoscopic surgery group, the sur-
gical procedure was performed with the pa-
tient in the supine position with a pillow
under the shoulder and the head turned ap-
proximately 60° away, while under general
anesthesia. A 3-cm incision was made in the
parietal-occipital scalp ipsilateral to IVH
and the thalamic hematoma. A burr hole (1
cm in diameter) was drilled using the navi-
gator system guide. A transcortical trans-
ventricular puncture was made with a 7-mm
rigid endoscope sheath. When the ventricle
was reached, the stylet was removed and a
2.7-mm, 0° endoscope (Storz) and a suction
tube were inserted through this tube, per-
mitting the simultaneous removal of in-
traventricular and thalamic hematomas.
When a bleeding vessel was encountered,
the suction tube was replaced with a 3-mm
unipolar suction, coagulation tube to cau-
terize the vessel. When all procedures were
complete, an EVD was left in the ventricle
for 3 � 2 days until there was no further
reduction in CSF blood content after which
it was removed. Permanent VP shunt sur-
gery was performed if patients failed the
“weaning” of the EVD. No urokinase was
given during this procedure.

Clinical Evaluation
The clinical evaluation data included the
Glasgow Coma Scale (GCS), age, ICH vol-
ume, length of ICU stay, and severity of
IVH. The volume of ICH was calculated us-
ing the simplified equation 1/2A � B � C,
where A is the maximum width measured,

is the length, and C is the height (9). Sever-
ty of IVH was graded according to the

alamic ICH with IVH

Endoscopic (n � 24) P Value

65.54 � 11.70 0.30

8.54 � 2.78 (4–12) 0.13

10.5 � 10.74 (4–25) 0.42

6.9 � 2.98 (2–10) 0.47

11 � 5 0.04

H, intracerebral hemorrhage; ICU, intensive care unit; IVH,
mount of blood in each ventricle using the

, FEBRUARY 2011 ww
raeb score of 0 to 12, which is the sum of
he score in each ventricle; 4 is the maxi-

um in each lateral ventricle, and 2 is the
aximum in the third and fourth ventricles

6). The clinical data of the patients with
halamic ICH with IVH are listed in Table 1.

utcome Analysis
telephone interview was conducted with

ll surviving patients at the time of the
tudy, and the outcome at 90 days after on-
et of the disease was determined. Patient
unction was evaluated using the Glasgow
utcome Scale. The 30-day and 90-day
ortality rate and 90-day VP shunt depen-

ent rates were also evaluated.

tatistical Analysis
ll statistical analyses were performed us-

ng the SPSS 16.0 Statistics program. A
robability value of less than 0.05 was con-
idered statistically significant. Normally
istributed data are expressed as the means

the standard deviations and were com-
ared using the unpaired t test.

llustrative Case
71-year-old woman was admitted to our

ospital because of an altered level of con-
ciousness and left hemiparesis. On ad-
ission, she was drowsy (GCS score, 9). A

omputed tomographic scan revealed a
ight-sided thalamic hemorrhage with rup-
ure into the ventricle and acute hydro-
ephalus (Figure 1). The volume of the he-
atoma was estimated to be 40 mL. As

Figure 1. Preoperative axial computed
tomographic scan revealing the rupture of a
th Th

ale; IC
thalamic hematoma into the ventricle.
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previously described, the patient was intu-
bated and underwent endoscopic surgery
to evacuate the hematoma. Postoperative
computed tomographic scanning revealed
complete removal of the thalamic hema-
toma (Figure 2). A ventricular drain was
kept in place for three days after the opera-
tion. No intraventricular injection of an an-
ticoagulant (eg, urokinase) was needed for
this patient. She regained consciousness 1
week later and displayed a left-sided hemi-
paresis; three months later she had a Glas-
gow Outcome Scale of 3.

RESULTS

From January 2006 to December 2008, 48
patients with thalamic hemorrhage and
IVH were enrolled and treated in our depart-
ment. All the patients had hypertensive
hemorrhaging. These patients were ran-
domly divided into an EVD group and an
endoscopic surgery group. The clinical fea-
tures of each group are shown in Table 1.
No significant differences in age or GCS
assessment on admission were found be-
tween the two groups. There was no signif-
icant differences in ICH volume or Graeb
score between the endoscopic group and
the EVD group. The length of ICU stay was
11 � 5 days in the endoscopic surgery group

nd 18 � 7 days in the EVD group. Patients
n the endoscopic surgery group stayed in
he ICU for a shorter time (P � 0.04) com-
ared with EVD group (Table 1).

The 30-day and 90-day mortality rates
ere 12.5% and 20.8% in the endoscopic

Figure 2. Postoperative axial computed
tomographic scan revealing complete
evacuation of the hematoma.
urgery group and 12.5% and 16.6% in the

266 www.SCIENCEDIRECT.com
VD group, respectively. The mean Glas-
ow Outcome Scale score was 3.08 � 1.38

n the endoscopic surgery group and 3.33 �
.40 in the EVD group. Outcome was signif-
cantly correlated with initial consciousness
evel, the severity of IVH did not influence
he outcome in all cases. There was no sig-
ificant difference in mortality rate or out-
ome between the endoscopic group and
VD group. The VP shunt rates were
7.62% in the endoscopic surgery group
nd 90.48 in the EVD group. The endo-
copic surgery group had lower VP shunt
ate (P � 0.002; odds rate � 9.8) compared
ith the EVD group (Table 2). There was no

ntracranial infection and re-bleeding after
urgery in any cases, and of the total there
ere 10 cases in which there was an increase
f hematoma observed.

ISCUSSION

halamic hemorrhage can be divided into
our types: posterior-lateral, anterior-lat-
ral, medial, and dorsal (10). The posterior-
ateral type is the type of hemorrhage that
uptures into the trigone of the lateral ven-
ricle. This causes obstruction of normal
SF flow and also caused acute hydroceph-
lus. EVD was frequently used for the relief
f hydrocephalus (2). But an EVD drain can
ot prevent shunt-dependent hydrocepha-

ous. Hydrocephalus is associated with
oor outcome, and VP shunt surgery is
ampered by several problems, including
bstruction, infection, and malfunction (5,
2). From the literature review, both IVH
nd thalamic hemorrhagic were strong pre-
ictors for a permanent VP shunt, and ap-
roximately 66% of all thalamic hemor-
hagic patients need a shunt (14). In
atients with IVH caused by thalamic hem-
rrhage, the shunt-dependent hydrocepha-

Table 2. Results for Patients with Thalam

Data
EVD

(n � 24)

30-day mortality rate (%) 12.5

90-day mortality rate (%) 16.6

GOS 3.33 � 1.40

VP shunt rate (%) 90.48

CI, confidence interval; EVD, external ventricular drainage

GOS, Glasgow Outcome Scale; VP, ventriculoperitoneal.

WORLD NEUROSURGE
us rate was higher than 66%. In our present
tudy, 33 patients of the 48 with IVH caused
y thalamic hemorrhage needed a perma-
ent VP shunt. The shunt-dependent hy-
rocephalus rate was 68%, but only 47.62%
atients in the endoscopic surgery group
eeded a VP shunt, whereas 90.48% of

hose in the EVD group needed shunts. En-
oscopic surgery had a significantly lower
hunt-dependent hydrocephalus outcome
P � 0.002; odds ratio 9.8).

Several strategies to prevent hydrocepha-
lus have been reported (7, 8, 12, 16, 17, 19,
21, 24). Huttner and colleagues (8) have re-
cently reported success in reducing VP
shunt rates after ICH by using temporary
lumbar drainage. Oertel and coworkers (19)
addressed the value of the endoscopic third
ventriculostomy (ETV) in the treatment of
patients who had suffered intracranial
hemorrhage with obstructive hydrocepha-
lus. They present data on 34 ETVs in 34
patients who suffered from acute obstruc-
tive hydrocephalus caused by intracranial
hemorrhage with intraventricular exten-
sion. They observed clinical and radiologi-
cal improvement without intraoperative
complications. Only two patients (5.9%)
underwent VP shunt placement in their se-
ries. They concluded that ETV is a safe treat-
ment option in intraventricular hemor-
rhage-related obstructive hydrocephalus,
with similar results to external drainage,
but with less risk of infection and a very low
subsequent shunt placement rate. Other
strategies aim to mobilize sedentary blood
and enhance CSF clearance through intra-
ventricular fibrinolysis (IVF) (16, 21, 25).
EVD combined with urokinase offers a sim-
ple operation technique with less injury to
cerebral cortex. Staykov et al. (21) investi-
gated the feasibility and safety of IVF fol-
lowed by early lumbar drainage (LD) for the

H with IVH

scopic
24) P Value

Odds Ratio
(95% CI)

2.5 1.0

0.8 0.71

� 1.38 0.54

7.62 0.002 9.8 (2.28 � 42.06)

ntracerebral hemorrhage; IVH, intraventricular fibrinolysis;
ic IC

Endo
(n �

1

2

3.08

4

; ICH, i
RY, DOI:10.1016/j.wneu.2010.07.041
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treatment of posthemorrhagic hydrocepha-
lus. They concluded that IVF is safe and fea-
sible for posthemorrhagic hydrocephalus
and may markedly reduce the need for
shunt surgery. In our study, we did not per-
form ETV during endoscopic surgery, be-
cause our endoscopic surgery is not suitable
for removing third and fourth ventricle he-
matomas. Therefore, ETV can not be done
at the end of the operation. We also did not
perform IVF to hasten IVH resolution, be-
cause secondary infection and re-bleeding
may result from a less accurate setting of the
catheter and drainage time is longer. In our
endoscopic surgery, we immediately and
aggressive removed the thalamus hema-
toma and IVH, because hematoma volume
and IVH are the prognostic factors in the
thalamus ICH (10, 11, 15, 20). To avoid re-
bleeding, we only removed the IVH and soft
thalamus clot, leaving the hard clot in the
hematoma cavity (no complete evacuation
of the hematoma). Our present study shows
that endoscopic surgery can decrease shunt-
dependent hydrocephalus from 90.48% to
47.62% in IVH caused by thalamic hemor-
rhage. This may be due to the fact that endo-
scopic surgery can remove intraventricular
blood fast and also rapidly reverse ventricular
dilatation and normalize intracranial pres-
sure. Fast removal of IVH and rapid reversal
of ventricle dilatation can prevent hydroceph-
alus from developing. These goals can be
achieved with our endoscopic procedure and
the complications often observed with other
traditional approaches are minimized. How-
ever, in our endoscopic surgery group there
were 11 patients (47.62%) that had shunt-de-
pendant hydrocephalus and most also had
higher Graeb scores. Because our endoscopic
procedure can evacuate lateral ventricle he-
matomas, but can not evacuate those in the
third and fourth ventricle, there were still
some severe IVH patients that needed perma-
nent VP shunts.

Among the prognostic factors associated
with negative outcome in patients with IVH,
the volume of intraventricular blood is cer-
tainly one of the most relevant (18). There-
fore, efficient and rapid removal of intra-
ventricular blood is the primary goal in the
management of IVH, because it will reduce
ventricular dilation and a allow re-equili-
bration of the CSF circulation. IVH severity
influences the occurrence of acute hydro-
cephalus and the initial level of conscious-

ness, which is significantly associated with

WORLD NEUROSURGERY 75 [2]: 264-268
rognosis. Priority treatment of IVH should
e given to those ICH patients with IVH
ith Graeb score of 6 or more (18). Animal

tudies have demonstrated IVH causes in-
ammatory response in epidermal and sub-
pidermal tissue layers, as well as inflam-
ation and fibrosis of the arachnoidal villi

urface (13). Therefore, fast removal of ven-
ricular and subarachnoid blood may pre-
ent prolonged irritation of the Pacchioni
ranulations and ongoing inflammatory re-
ponse caused by the blood and its break-
own products. This may result in faster
ecovery of the granulation and avoid per-
istent hydrocephalus. In our series, the en-
oscopic group had higher Graeb scores,
ut the VP shunt rate is lower than in the
VD group. This may have occurred be-
ause our endoscopic procedure can re-
ove the intraventricular blood faster,

educe ventricular dilatation, and re-equili-
rate the CSF circulation, resulting in the
voidance of persistent hydrocephalus.

Thalamic hemorrhage is a severe clinical
ondition with an in-hospital mortality rate
rom 12% to 37% (4, 15), and even 52% in
entricular extensive hemorrhage (22). Al-
ered consciousness, IVH, hydrocephalus,
CH volume, and advanced age were inde-
endent predictors of in-hospital mortality

n patients with thalamic hemorrhage (10,
1, 15, 20). IVH has been found to be a
trong predictor of in-hospital mortality in
ome studies (10, 22, 23), and IVH should
e the priority treatment in thalamic hema-

omas with ventricular extension. The mor-
ality rate of thalamic hemorrhage was 12%
fter 6 � 6 days after stroke and 17.3%

within 6 months in Mori et al’s. (15) series.
In Chung et al’s. (4) series, the case fatality
was 37% at the time of discharge. Steinke et
al. (22) found that in-hospital mortality oc-
curred in 52% of thalamic hematomas with
ventricular extension and that intraventric-
ular extension is a powerful independent
predictor of mortality.

In this present study, the 30-day and 90-
day patient mortality rates were between
12.5% and 20.8% for those who had tha-
lamic hemorrhage with ventricular exten-
sion. The mortality rate was lower than in
Steinke et al’s (22) series. However, al-
though endoscopic surgery can remove tha-
lamic hematoma and IVH simultaneously,
our results showed that there was no differ-
ence in mortality between endoscopic sur-

gery and the EVD group. Some study

, FEBRUARY 2011 ww
showed that endoscopic surgery offers a
better surgical outcome than EVD in IVH
therapy (25), but in our present study, out-
come was significantly correlated with ini-
tial consciousness level, which did not in-
fluence the severity of IVH in all patients.
There was also no significant difference be-
tween endoscopic surgery and EVD surgery
in IVH caused by thalamic hemorrhage.

Our study has some limitations. We did
not perform ETV and IVF to reduce the need
of shunt surgery. The alternative method,
first of short EVD (with lysis), and then en-
doscopy, if possible with ETV, which was
introduced by Zhang et al. (25) can perhaps
reduce the need for shunt surgery and im-
prove the prognosis in thalamus ICH pa-
tients. Further studies are necessary for this
to be confirmed.

CONCLUSIONS

Both endoscopic surgery and EVD surgery
can decrease the mortality rate in IVH
caused by thalamic hemorrhage patients.
Endoscopic surgery had a significant lower
incidence of shunt-dependent hydrocepha-
lus and a shorter ICU stay compared with
EVD surgery, and this can decrease the need
for permanent VP shunt in IVH caused by
thalamic hemorrhage.
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