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Abstract

Background: Spontaneous intracerebral hemorrhage is a disease with high morbidity, high disability rate, high
mortality, and high economic burden. Whether patients can benefit from surgical evacuation of hematomas is still
controversial, especially for those with moderate-volume hematomas in the basal ganglia. This study is designed to
compare the efficacy of endoscopic surgery and conservative treatment for the moderate-volume hematoma in
spontaneous basal ganglia hemorrhage.

Methods: Patients meet the criteria will be randomized into the endoscopic surgery group (endoscopic surgery for
hematoma evacuation and the best medical treatment) or the conservative treatment group (the best medical
treatment). Patients will be followed up at 1, 3, and 6 months after initial treatment. The primary outcomes include
the Extended Glasgow Outcome Scale and the Modified Rankin Scale. The secondary outcomes consist of the
National Institutes of Health Stroke Scale and the mortality. The Barthel Index(BI) will also be evaluated. The sample
size is 100 patients.

Discussion: The ECMOH trial is a randomized controlled trial designed to evaluate if endoscopic surgery is better
than conservative treatment for patients with moderate-volume hematomas in the basal ganglia.

Trial registration: Chinese Clinical Trial Registry: ChiCTR-TRC-11001614
(http://www.chictr.org/en/proj/show.aspx?proj=1618)

Keywords: Endoscopic surgery, Conservative treatment, Moderate-volume hematoma, Spontaneous basal ganglia
hemorrhage
Background
Spontaneous intracerebral hemorrhage (SICH) is a dis-
ease with high morbidity, high disability rate, high mor-
tality, and high economic burden [1,2]. Its annual
incidence is about 20 cases per 100,000 population [3,4].
More than 70% patients end up with death or depend-
ence [5,6].
The main clinical management of SICH includes surgi-

cal and medical treatment. Whether patients can benefit
from surgery is still controversial, especially for those
with basal ganglia hemorrhage, which is the major
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subtype of SICH [7]. Surgical evacuation of hematomas
can relieve the mass effect and reduce the harmful sub-
stance released during their coagulation, liquefaction,
and resolution [8-10], but surgical procedures may also
injure the brain tissue, and cause other operative com-
plications. These disadvantages reduce the benefit of sur-
gery. Some clinical trials were carried out to compare
surgery with medical treatment. The most famous trial
is the STICH trial conducted by Mendelow et al. [5].
1033 patients were randomized. After 6 months follow-
up, 26% of patients in the early surgery group had a
favourable outcome compared with 24% in the group of
initial conservative treatment. Early surgery did not
show significant advantages. However, in this study less
than 25% of the operations were minimally invasive.
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Trials of stereotactic surgery or craniopuncture were
also carried out [11-13]. But none of the trials and sys-
tematic reviews provide sufficient evidence for the
choice of treatments [6,14-16].
In clinical practice, neurologists and neurosurgeons tend

to choose conservative treatment for patients with small-
volume hematomas, and surgery for those with large-
volume hematomas [17]. However, when the volume of
the hematoma exceeds 60 ml, neither of the methods give
much help [18]. Treatments for moderate-volume hemato-
mas have the most uncertainty. Some recently randomized
trials indicate these patients may benefit from minimally
invasive surgery [13,19]. Kim et al. [19] randomized 387
patients with basal ganglia or thalamus hematomas to
stereotactic-guided evacuation (group A) or conservative
treatment (group B), and the mean hematoma volume was
23.1 ml. At the end of 6 months follow-up, the mean
score of modified Barthel index was 90.9 in group A and
62.4 in group B, and the mean score of modified Rankin
scale was 1.2 in group A and 3.0 in group B. Patients
received stereotactic-guided evacuation had better clinical
outcomes and motor function.
Endoscopic surgery is one of the minimally invasive

ways for hematoma evacuation. Compared with other
surgical methods, it has advantages as follows. A). The
hematoma evacuation is performed under direct vision
of neurosurgeons. It’s much easier to spot any bleeding
site, so that the risk of postoperative rebleeding is lower.
B). The evacuation rate of hematomas is higher because
of a wider vision. C). This also leads to less brain retrac-
tion and brain tissue injury. D). The operation time is
shorter. Cho et al. [20] carried out a randomized con-
trolled trial which compared endoscopic surgery, stereo-
tactic aspiration and craniotomy. The results showed
endoscopic surgery had the highest hematoma evacu-
ation rate, the lowest mortality and complication rate,
and shorter waiting time than stereotactic aspiration.
However, there are few randomized controlled trials
which contrast endoscopic surgery and conservative
treatment. The trial completed by Auer et al. [21] in
1989, showed 28% lower of the mortality in the endo-
scopic surgery group than the medical treatment group
after 6 months follow-up. But this trial did not restrict
the volume of hematomas.
It's not clear whether endoscopic surgery gives this

type of patients better outcomes, so we have designed
this study to find more clues for the clinical manage-
ment of SICH.

Methods
Study objective
To compare the efficacy of endoscopic surgery and con-
servative treatment for the moderate-volume hematoma
in spontaneous basal ganglia hemorrhage.
Inclusion criteria

� Spontaneous basal ganglia hemorrhage confirmed by
computed tomography(CT).

� The volume of the hematoma is between 20 ml to
40 ml. Small intraventricular hemorrhage is not
counted.

� Admission within 36 hours from the ictus.
� Age between 15 to 75 years old.
� Glasgow Coma Score(GCS) ≥ 8.

Exclusion criteria

� Any sign of brain herniation, including deep coma,
unilateral or bilateral pupil dilation, abnormal
posture, or unstable vital signs.

� Hemorrhage caused by aneurysm, vascular
malformations, tumor apoplexy, trauma, or cerebral
infarction. Computed tomography angiography will
be performed.

� Large intraventricular hematomas which occupy half
of the cross section area of the lateral ventricle on
CT scans, or hydrocephalus caused by hematocele.

� Primary intraventricular hemorrhage.
� Dysfunction of blood coagulation,

thrombocytopenia, or history of taking any kind of
drugs which affect coagulation function in the past
40 days.

� Before the ictus, the patient has severe physical or
mental illness which causes significant disability, or
the patient has other severe comorbidity.

� The patient is pregnant.

Sample size
The rate of the favourable outcome of patients with
basal ganglia hemorrhage is about 30% for conservative
treatment [5,6] and 60% for endoscopic surgery [22-24].
A sample size of 86 will be required with a significance
level of 5% (2-sided) and a power of 80%. In consider-
ation of the loss to follow-up, the sample size is enlarged
to 100.

Randomization
The minimization method is adopted for the patients
allocation, and it’s performed by a minimization soft-
ware. When the qualification of a patient is confirmed,
the investigator sends the basic information of the
patient to a special trialist who is responsible for patients
randomization. After the information of the patient is
imported, the software will randomize him/her into the
endoscopic surgery group or the conservative treatment
group. The presetted variables for minimization are age,
hematoma volume, and admission GCS.
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The allocation of patients cannot be changed. If the
patients' condition deteriorates during conservative treat-
ment, and the surgical indications are clear, hematoma
evacuation will be performed after fully informed consent.

Blinding
Both patients and surgeons cannot be blinded. In order
to minimize the measurement bias, the following proce-
dures are made. A). Patient outcomes will be measured
by two special investigators who are not involved in the
allocation and the treatment. Before the outcome meas-
urement starts, patients, their relatives, and the related
medial staff will be told not to reveal any information
about the treatment. B). Every patient will have a gauze
covered on the hemorrhage side of the head to conceal
the scar or baldness. C). Because the follow-up forms
and the treatment forms are printed on the same set of
Case Report Form (CRF), these two investigators must
hand in a copy of the original score sheets to the Quality
Monitoring Board (QMB), before they are allowed to get
the CRF of the patient. D). The statistical analysis will be
made by a statistician who doesn't participate in the im-
plementation of the trial, and the treatment information
of the groups will be blinded.

Measurement of the hematoma volume
The ABCs method is adopted to measure the hematoma
volume: Volume(ml) = (A×B×C)/2[25]. “A” is the long
axis of the hematoma on the CT slice where the
hematoma has the largest area. “B” is the longest axis of
the hematoma perpendicular to the long axis on the
same CT slice. “C” is the product of the interslice dis-
tance and the count of slices on which the hematoma is
visible. The intraventricular hematoma is not counted.
The rebleeding or hematoma expansion is defined as a
10 ml increase between two CT scans.

Treatments
Endoscopic surgery group
This group of patients will receive endoscopic surgery
and the best medical treatment. The surgery will be per-
formed as soon as possible after the randomization, and
the medical treatment will be started immediately. Neu-
rosurgeons will decide surgical approaches according to
the location, size, and shape of hematomas. The hemato-
mas will be evacuated as much as possible with the help
of the angled endoscope, but the stiffly attached clot
won’t be removed by force in order to prevent unneces-
sary damage, and the restricted intracavity operation will
be the principle during the hematoma evacuation.
A “Rebleeding test” will be performed after the

hemostasis. For patients with hypertension, the blood
pressure will be slowly elevated to the level before
the anesthesia, and for other patients, a raise of
20~ 30 mmHg will be gained. The anesthetist will main-
tain this level of blood pressure for 10 minutes. Only if
there is no new bleeding site, neurosurgeons can start
to close.

Conservative treatment group
The best medical treatment will be provided to this
group of patients right after the admission. A “multistep
blood pressure control” will be carried out. The range of
the first reduction is limited to 20% of the admission
level for patients with hypertension, and it should be
accomplished in half an hour. If the patients' systolic
blood pressure exceeds 225 mmHg, the goal is lower
than 180 mmHg. The level of blood pressure will be
maintained for 8 hours and gradually reach the normal
standard in 72 hours.
After patients are stabilized, the rehabilitation will be

started as early as possible.

Follow-up
Patients will be followed up at 1, 3, and 6 months after
initial treatment.

Outcome assessment
Both investigators have been trained at least 20 hours by
multimedia, bedside practice, and a qualification exam,
before they start to evaluate patient outcomes.

Primary outcomes
The primary outcomes of the study are the Extended
Glasgow Outcome Scale (GOSE)[26] and the Modified
Rankin Scale (mRS) at 6 months after initial treatment.
Both scales will be measured with structured interviews.

Secondary outcomes
The secondary outcomes include the National Institutes
of Health Stroke Scale(NIHSS) and the mortality after
6 months since initial treatment.

Other outcome
The Barthel Index (BI) will also be evaluated.

Ethics
This study is conducted in accordance with the Declar-
ation of Helsinki and guideline for Good Clinical Prac-
tice. All patients and their relatives are fully informed
about the trial, and they have had a copy of the informed
consent form. The trial is approved by the Biological
and Medical Ethics Committee (BMEC) of West China
Hospital (2011Reviewed-No.92).

Data collection and management
The allocation data of patients is kept by the trialist who
specializes in randomization. Neurosurgeons should fill
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in CRF except the follow-up forms, which must be com-
pleted by another two investigators trained for outcome
assessment. Double input will be used in the data entry.
The QMB and the principal investigator will check and
examine the data, then the database will be locked and
sent to a statistician.

Adverse and severe adverse events
Adverse event (AE) is any undesirable incident happen-
ing to patients during the study. It will be recorded on
CRF, including a description of the event, the correlation
with the trial, the starting date, the ending date, actions
taken and their efficacy, and the patient outcome. Severe
adverse event (SAE) is defined as the event of death or
vegetative state. Severe disability is not included, because
basal ganglia hemorrhage tends to cause severe disabil-
ity. SAE will also be recorded on CRF. All AEs and SAEs
will be reported to the QMB and the BMEC, and the
time limit for SAE report is 24 hours.

Statistical analysis
Both Intention To Treat (ITT) and Per-Protocol (PP)
analysis will be performed. The level of significance is
0.05, and Power is 80%. The quantitative data will be
analyzed by t-test. Chi-square test will be used to analyze
the categorical data. For the ordinal data, Wilcoxon rank
test is adopted. And survival analysis will be carried out
for further comparison of mortality. Logistic regression
will be used to adjust the effect of multivariables.

Discussion
Spontaneous basal ganglia hemorrhage is very likely to
cause death, independence, disability, and lead to a great
financial burden, so it’s always a hot issue in neurology
and neurosurgery. There are already more than 10 ran-
domized controlled trials referring to the treatment
choices of SICH, but we still designed this study due to
the following reasons. A). To evacuate or not, it’s con-
troversial, especially for moderate-volume hematomas.
B). It’s reasonable to evacuate the hematoma considering
its mechanical, chemical, and biological harm to the
brain tissue [8-10]. C). As a minimally invasive tech-
nique, endoscopic surgery may reveal the benefit of the
hematoma evacuation, which is probably covered by the
secondary injury caused by traditional craniotomy. D).
There is a lack of randomized controlled trial focusing
on endoscopic surgery for the moderate-volume
hematoma in spontaneous basal ganglia hemorrhage.
For patients in the conservative treatment group, if

their condition deteriorates because of hematoma
expansion or rebleeding during the trial, and the surgical
indications are clear, then hematoma evacuation should
be performed. The crossover will be analyzed in both
ways: ITT and PP.
Surgical approaches for the hematoma evacuation in
the basal ganglia include the temporal approach, the
frontal approach, and the transsylvian approach. The last
one is often performed under the microscope, so it won’t
be applied in this study. The temporal approach usually
provides the shortest distance from the cortex to the
hematoma, but it may cause injury to the visual pathway,
and if the hematoma is elliptical, neurosurgeons may fail
to evacuate the frontal part of the hematoma because of
the blind angle. In the frontal approach, the trajectory of
endoscope is parallel to the long axis of the hematoma,
so neurosurgeons get a better view through this
approach, and it’s advised to be used for hematomas lar-
ger than 50 ml [27]. However, for small and moderate
volume hematomas, much further distance is needed to
reach them by the frontal approach, which means more
brain tissue damage. Also, the aspect ratio of moderate-
volume hematomas is more approximate to 1:1 than the
large ones, which makes fewer blind angle through the
temporal approach. In this study, surgical approaches
will be decided according to the location, size, and shape
of hematomas.
In conclusion, the ECMOH trial is a randomized con-

trolled trial designed to assess if endoscopic surgery is
better than conservative treatment for patients with
moderate-volume hematomas in the basal ganglia.

Abbreviations
ECMOH: Endoscopic surgery versus conservative treatment for the
moderate-volume hematoma; SICH: Spontaneous Intracerebral Hemorrhage;
CT: Computed Tomography; GCS: Glasgow Coma Score; CRF: Case Report
Form; QMB: Quality Monitoring Board; GOSE: Extended Glasgow Outcome
Scale; mRS: Modified Rankin Scale; NIHSS: National Institutes of Health Stroke
Scale; BI: Barthel Index; BMEC: Biological and Medical Ethics Committee;
AE: Adverse Event; SAE: Severe Adverse Event; ITT: Intention To Treat; PP: Per-
Protocol.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CY is the principle investigator, has initiated the trial, been part of the trial
design and protocol writing. XZ has been part of the trial design and drafted
the protocol. HL, WL, YF, XL, JM, ZL, and XL have been part of the trial
design and the protocol writing. All authors have read, edited, and approved
the final manuscript.

Acknowledgements
This study is funded by the National Key Technology R&D Program for the
12th Five-year Plan of P.R. China (No.2011BAI08B05).

Received: 22 December 2011 Accepted: 24 May 2012
Published: 7 June 2012

References
1. Luengo-Fernandez R, Gray AM, Rothwell PM: Costs of stroke using patient-

level data: a critical review of the literature. Stroke; a journal of cerebral
circulation 2009, 40:e18–e23.

2. Taylor TN, Davis PH, Torner JC, Holmes J, Meyer JW, Jacobson MF: Lifetime
cost of stroke in the United States. Stroke; a journal of cerebral circulation
1996, 27:1459–1466.

3. Flaherty ML, Woo D, Haverbusch M, Sekar P, Khoury J, Sauerbeck L,
Moomaw CJ, Schneider A, Kissela B, Kleindorfer D, Broderick JP: Racial



Zan et al. BMC Neurology 2012, 12:34 Page 5 of 5
http://www.biomedcentral.com/1471-2377/12/34
variations in location and risk of intracerebral hemorrhage. Stroke; a
journal of cerebral circulation 2005, 36:934–937.

4. Sacco S, Marini C, Toni D, Olivieri L, Carolei A: Incidence and 10-year
survival of intracerebral hemorrhage in a population-based registry.
Stroke; a journal of cerebral circulation 2009, 40:394–399.

5. Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale GM,
Hope DT, Karimi A, Shaw MD, Barer DH: Early surgery versus initial
conservative treatment in patients withspontaneous supratentorial
intracerebral haematomas in the International Surgical Trial in
Intracerebral Haemorrhage (STICH): a randomised trial. Lancet 2005,
365:387–397.

6. Prasad K, Mendelow AD, Gregson B: Surgery for primary supratentorial
intracerebral haemorrhage. Cochrane Database Syst Rev 2008, 2008:
CD000200.

7. Morgenstern LB, Hemphill JC 3rd, Anderson C, Becker K, Broderick JP,
Connolly ES Jr, Greenberg SM, Huang JN, MacDonald RL, Messe SR, et al:
Guidelines for the management of spontaneous intracerebral
hemorrhage: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke; a journal of cerebral
circulation 2010, 41:2108–2129.

8. Hua Y, Xi G, Keep RF, Hoff JT: Complement activation in the brain after
experimental intracerebral hemorrhage. J Neurosurg 2000, 92:1016–1022.

9. Huang FP, Xi G, Keep RF, Hua Y, Nemoianu A, Hoff JT: Brain edema after
experimental intracerebral hemorrhage: role of hemoglobin degradation
products. J Neurosurg 2002, 96:287–293.

10. Peeling J, Del Bigio MR, Corbett D, Green AR, Jackson DM: Efficacy of
disodium 4-[(tert-butylimino)methyl]benzene-1,3-disulfonate N-oxide
(NXY-059), a free radical trapping agent, in a rat model of hemorrhagic
stroke. Neuropharmacology 2001, 40:433–439.

11. Hattori N, Katayama Y, Maya Y, Gatherer A: Impact of stereotactic
hematoma evacuation on activities of daily living during the chronic
period following spontaneous putaminal hemorrhage: a randomized
study. J Neurosurg 2004, 101:417–420.

12. Teernstra OP, Evers SM, Lodder J, Leffers P, Franke CL, Blaauw G:
Stereotactic treatment of intracerebral hematoma by means of a
plasminogen activator: a multicenter randomized controlled trial
(SICHPA). Stroke; a journal of cerebral circulation 2003, 34:968–974.

13. Wang WZ, Jiang B, Liu HM, Li D, Lu CZ, Zhao YD, Sander JW: Minimally
invasive craniopuncture therapy vs. conservative treatment for
spontaneous intracerebral hemorrhage: results from a randomized
clinical trial in China. International journal of stroke: official journal of the
International Stroke Society 2009, 4:11–16.

14. Anik I, Secer HI, Anik Y, Duz B, Gonul E: Meta-analyses of intracerebral
hematoma treatment. Turk Neurosurg 2011, 21:6–14.

15. Teernstra OP, Evers SM, Kessels AH: Meta analyses in treatment of
spontaneous supratentorial intracerebral haematoma. Acta Neurochir
2006, 148:521–528. discussion.

16. Hankey GJ, Hon C: Surgery for primary intracerebral hemorrhage: is it
safe and effective? A systematic review of case series and randomized
trials. Stroke; a journal of cerebral circulation 1997, 28:2126–2132.

17. Cho DY, Chen CC, Lee HC, Lee WY, Lin HL: Glasgow Coma Scale and
hematoma volume as criteria for treatment of putaminal and thalamic
intracerebral hemorrhage. Surg Neurol 2008, 70:628–633.

18. Steiner T, Kaste M, Forsting M, Mendelow D, Kwiecinski H, Szikora I, Juvela S,
Marchel A, Chapot R, Cognard C, et al: Recommendations for the
management of intracranial haemorrhage - part I: spontaneous
intracerebral haemorrhage. Cerebrovasc Dis 2006, 22:294–316.

19. Kim YZ, Kim KH: Even in patients with a small hemorrhagic volume,
stereotactic-guided evacuation of spontaneous intracerebral
hemorrhage improves functional outcome. J Korean Neurosurg Soc 2009,
46:109–115.

20. Cho DY, Chen CC, Chang CS, Lee WY, Tso M: Endoscopic surgery for
spontaneous basal ganglia hemorrhage: comparing endoscopic surgery,
stereotactic aspiration, and craniotomy in noncomatose patients. Surg
Neurol 2006, 65:547–555. discussion 555–546.

21. Auer LM, Deinsberger W, Niederkorn K, Gell G, Kleinert R, Schneider G,
Holzer P, Bone G, Mokry M, Korner E, et al: Endoscopic surgery versus
medical treatment for spontaneous intracerebral hematoma: a
randomized study. J Neurosurg 1989, 70:530–535.

22. Chen CC, Cho DY, Chang CS, Chen JT, Lee WY, Lee HC: A stainless steel
sheath for endoscopic surgery and its application in surgical evacuation
of putaminal haemorrhage. Journal of clinical neuroscience: official journal
of the Neurosurgical Society of Australasia 2005, 12:937–940.

23. Lin HL, Lo YC, Liu YF, Cho DY: Endoscopic evacuation of hypertensive
putaminal hemorrhage guided by the 3D reconstructed CT scan: a
preliminary report. Clin Neurol Neurosurg 2010, 112:892–896.

24. Nakano T, Ohkuma H, Ebina K, Suzuki S: Neuroendoscopic surgery for
intracerebral haemorrhage–comparison with traditional therapies.
Minimally invasive neurosurgery: MIN 2003, 46:278–283.

25. Kothari RU, Brott T, Broderick JP, Barsan WG, Sauerbeck LR, Zuccarello M,
Khoury J: The ABCs of measuring intracerebral hemorrhage volumes.
Stroke; a journal of cerebral circulation 1996, 27:1304–1305.

26. Wilson JT, Pettigrew LE, Teasdale GM: Structured interviews for the
Glasgow Outcome Scale and the extended Glasgow Outcome Scale:
guidelines for their use. J Neurotrauma 1998, 15:573–585.

27. Hsieh PC, Cho DY, Lee WY, Chen JT: Endoscopic evacuation of putaminal
hemorrhage: how to improve the efficiency of hematoma evacuation.
Surg Neurol 2005, 64:147–153. discussion 153.

doi:10.1186/1471-2377-12-34
Cite this article as: Zan et al.: Endoscopic surgery versus conservative
treatment for the moderate-volume hematoma in spontaneous basal
ganglia hemorrhage (ECMOH): study protocol for a randomized
controlled trial. BMC Neurology 2012 12:34.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Study objective
	Inclusion criteria
	Exclusion criteria
	Sample size
	Randomization
	Blinding
	Measurement of the hematoma volume
	Treatments
	Endoscopic surgery group
	Conservative treatment group

	Follow-up
	Outcome assessment
	Primary outcomes
	Secondary outcomes
	Other outcome

	Ethics
	Data collection and management
	Adverse and severe adverse events
	Statistical analysis

	Discussion
	Competing interests
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27

