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Abstract

BACKGROUND: Subdural hematoma is a common phenomenon following a traumatic brain injury where a
hematoma is formed below the dura mater of brain meningeal layer, usually with a coup-contrecoup mechanism of
injury. The chronic counterpart of subdural hematoma is frequently occurring in elderly patients. There are several
techniques being used by many practitioners, including burr hole with or without irrigation, with little evidence of
which technique is favorable, especially in terms of recurrence rates following the procedure.

AIM: This study aimed to compare the recurrences of chronic subdural hematoma (CSDH) following burr hole with
and without saline irrigation technique by systematic review and meta-analysis.

METHODS: This study included all articles that describe the two specified burr hole techniques in treating patients
with a CSDH. We extracted the eligibility criteria into keywords using Boolean Operator. In this study, we used
keywords (CSDH) and (burr hole) and (irrigation) and ((drainage) or no irrigation)) in PubMed, directory of open
access journal, and Google Scholar database.

RESULTS: This study included seven retrospective cohort studies from 2002 to 2017 with a total of 635 samples.
The incidence of hematoma recurrences between burr hole irrigation and burr hole drainage was 14.7% and 12.0%,
respectively. Based on random effect model with high heterogeneity (I = 60%; X* = 14.92; p = 0.02), pooled risk ratio
between burr hole irrigation and burr hole drainage on hematoma recurrences was 1.05 (p = 0.92; 95% confidence
interval, 0.43-2.54).

CONCLUSION: There was no superiority between one procedure toward other in preventing recurrences of chronic

subdural hematoma.

Introduction

A subdural hematoma is a common
phenomenon following a traumatic brain injury where a
hematoma is formed below the dura mater part of brain
meningeal layer following a traumatic head injury [1].
Acute subdural hematoma (ASDH) can have a rapid
progression and potentially devastating without early
management. On the other hand, the chronic subdural
hematoma (CSDH) is usually progressing slower than
the acute one, usually following a mild head injury [1].
CSDH frequently occurs in the elderly population due
to brain atrophy, thus increasing the susceptibility of
developing a potential space for a hematoma to build
up [1], [2]. The exact pathophysiology of CSDH remains
unclear [2]. The role of pseudocapsules in the process
of CSDH has become a recent issue. Repetitive
bleeding from the fragile outer membrane of sinusoidal
vessel, along with high expression of both fibrinolytic
and coagulation process, create a vicious cycle causing
further development of hemorrhagic events [2], [3].

Thrombomodulin activation also plays a role in CSDH
development [4]. The high recurrence rate is one of the
biggest problems in treating CSDH; pseudocapsule with
septa becomes one of the risk factors for recurrence
cases [1], [3].

At present, there are a handful of surgical
technique mainstay in managing CSDH from craniotomy
with subsequent membranectomy, twist drill craniotomy,
or burr hole craniotomy with no well-established first-
line management standard [5], [6], [7]. Among those,
burr hole craniotomy has been widely accepted
with some debate over whether to do intraoperative
irrigation or not [2], [3]. Some author proposed that
intraoperative irrigation will break the CSDH capsule,
especially if there is more than one capsule which can
be hard to evaluate through a burr hole and reduce
the recurrence rate, and the other benefit is that it can
wash out the inflammatory cytokines that reside in the
cavity, which is thought as one of the factors to cause
recurrence [7], [8], [9]. Despite that, this actually is still
remains in question with conflicting results.
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This study presents a systematicreview and meta-
analysis using the available evidence to better understand
which one of the two methods (burr hole craniotomy with
irrigation or without irrigation) is favorable, focusing in
terms of recurrence rate following the procedures.

Methods

Eligibility criteria

Eligibility criteria were created based on the
Patient, Intervention, Comparision, Outcome (PICO)
framework. PICO criteria can be seen in Table 1.

Table 1: PICO criteria of the study

CSDH

Burr hole irrigation

Burr hole drainage
Recurrence of hematoma

Patient
Intervention

Comparator
Outcome
CSDH: Chronic subdural hematoma.

Type of studies

This review included all studies comparing burr
hole drainage and burr hole irrigation in CSDH patients.
We exclude review, animal, anatomic, cadaveric,
qualitative, and economic studies. If there are articles
from the same author and from the same institution,
we conduct a review of the sample so that there is no
duplication in the meta-analysis.

We included studies published in Bahasa and
English. Another language was translated using Google
Translate and decided by the author whether to include
them or not. There was no restriction regarding the year
of publication.

Type of participants

This review included studies with the adult
participant (age 18 years or older) of both genders
who have suffered CSDH. CSDH was defined as a
hematoma in potential space between dura mater and
arachnoid that was confirmed by crescentic hypo- or
mixed dense lesion in head computed tomography (CT)
scan. Participants of all nationalities and setting were
included in the study. Participants with other head injury
were excluded from this review.

Type of interventions

The reviewed surgical interventions were
burr hole drainage and burr hole irrigation. Burr hole
drainage was defined as procedure inserting a tube to
subdural space to drain the hematoma without irrigation
using saline solution. Burr hole irrigation was defined as
drainage of subdural hematoma by inserting a tube to
subdural space accompany with irrigation using saline

solution. We excluded studies that did not describe
the surgical procedure and combine the technique of
interest with other techniques.

Type of outcomes

The investigated outcome in this review was
a recurrence of a CSDH after the surgical procedure.
Recurrence of CSDH was defined as reappearance
or increasing of hematoma on the same side as the
previously operated side within 1 year with neurological
symptoms, thus repeated operation is needed.

Search strategy
Information sources

We extracted the eligibility criteria (PICO) into
keywords using Boolean Operator. In this study, we
used keywords ((CSDH) and (burr hole) and (irrigation)
and ((drainage) or no irrigation) in PubMed database.
We also performed an electronic search using Google
Scholar and Directory of Open Access Journal as a
search engine to find an eligible journal.

Study selection

The study selection process was performed
by two authors (BP and EM) to reduce the possibility of
discarding relevant studies. The decision of the third and
fourth authors was used when a disagreement occurred.
Duplicate records were removed. Titles and abstracts were
screened and irrelevant studies were removed. Studies
that passed the first screening were further evaluated for
the compliance of the inclusion and exclusion criteria of
this review. Finally, the studies were further evaluated for
their quality before included in this review.

Data collection process

Electronic data collection form was used to
collect data from each author. The collected data by
each author will be merged and be managed with
software Review Manager 5.3.

Data items

The data items were the author’s name, year
of publication, method, sample size, diagnosis of the
participant, age, surgical technique, and recurrence
rate data. The recurrence rate data are calculated for
its relative risk (RR) then enters the meta-analysis.

Assessment of quality of the study

Studies that complied with inclusion and
exclusion criteria are assessed for their quality to ensure
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the validity and reliability of the studies. This process was
done independently by two authors using a standardized
critical appraisal tool to minimize the possibility of bias
in study selection. The critical appraisal tool in this study
was The Joanna Briggs Institute (JBI) critical appraisal
tool based on study design. The decision of the third and
fourth authors was used when a disagreement occurred.

Cutoff point was used to determine the quality
of the study. Cutoff point in this review was half of the
total score in each JBI critical appraisal checklist. The
low-quality study was defined as a score below the cutoff
point while conversely was termed a high-quality study.

Synthesis of result

The RR of hematoma recurrences was pooled
and analyzed. Meta-analyses were performed using
software Review Manager 5.3. Random effect model
was used due to high heterogeneity among studies.

Results

Study selection

Using the initial search strategy, we found a
total of 432 studies. We excluded 420 articles because
of the non-relevant title. That left us 12 articles with a
relevant title. Based on abstract screening, we excluded
five articles. Studies that included ASDH or using
different surgical techniques were excluded from the
study. After screening and qualitative evaluation were
done, we finally have seven articles used in this study.
PRISMA study flow diagram can be seen in Figure 1.

Study characteristics

We included seven full-text articles which are
six retrospective cohort studies and one prospective
study. The publication year of these articles varied
between 2002 and 2017, with a total of 635 samples
included in the study. The summary of finding can be
seen in Table 2.

Table 2: Summary of findings for the main comparison

Risk of bias within studies

The risk of bias was analyzed using JBI critical
appraisal tool for cohort studies. All seven articles
included in this study were passed the quality evaluation.
Complete result of the risk of bias can be seen in Table 3.

Synthesis of Result

As shown in Figure 2, the incidence of
hematoma recurrence between burr hole irrigation and
burr hole drainage was 14.7% and 12%, respectively.
Based on random effect model with high heterogeneity
(I = 60%; X* = 14.92; p = 0.02), pooled risk ratio

Records identified through
database searching o Additional records
g (n = 432) through other sources
E PubMed 125 (n=0)
o DOAJ7
E Google Scholar 300
=z
w
a
Records after duplicate removed
— (n =432)

g Titles screened Records excluded
= (n=432) after review of titles
u (n =400)
['4
3}
* Records excluded

Abstracts screened after review of

(n=32) abstracts
(n =20)
>
=
= Studies excluded
% Full-text screened after review
35 (n=12) of full-text
w article
_— (n=5)
Study included in

qualitative synthesis
- (n=7)
o
7
=}
a
2 Study included in

quantitative synthesis

(n=7)

Figure 1: PRISMA flow diagram

Author Type of study Level of evidence  Condition Intervention  n Control n Outcome
Jang et al. Retrospective cohort 2b CSDH patients who underwent surgery between Bl 30 BD 32 Bl: 3 recurrences (10.0%)
(2015) January 2010 and June 2014 BD: 8 recurrences (25.0%)
Ishibashi et al. Retrospective cohort 2b Adult who underwent surgery for CSDH between BI 34 BD 58 Bl: 1 recurrence (2.9%)
(2011) January 1998 and December 2009 BD: 6 recurrences (10.3%)
Wang et al. Retrospective cohort 2b Adult who had unilateral CSDH who was Bl 88 BD 63 Bl: 6 recurrences (6.8%)
(2017) admitted and underwent surgery from January BD: 5 recurrences (7.9%)
2013 to December 2016
Iftikhar et al. Retrospective cohort 2b Adult who had CSDH and underwent burr hole Bl 34 BD 22 BI: 6 recurrences (17.6%)
(2014) evacuation BD: 2 recurrences (9.1%)
Kim et al. (2014) Retrospective cohort 2b Adult who had CSDH with unilateral hematoma Bl 114 BD 38 BI: 28 recurrences (24.5%)
BD: 1 recurrence (2.6%)
Okada et al. Prospective cohort 1b Adult who had CSDH underwent surgery from BI 20 BD 20 BI: 5 recurrences (25.0%)
(2002) February 1996 to February 1999 BD: 1 recurrences (5%)
Zakaraia et al. Retrospective cohort 2b CSDH patients who received surgical treatment Bl 40 BD 42 Bl: 4 recurrences (10%)
(2008) BD: 10 recurrences (23.8%)
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between burr hole irrigation and burr hole drainage
on hematoma recurrence was 1.05 (p = 0.92; 95%
confidence interval: 0.43-2.54).

Discussion

CSDH is one of the most common problems in
the neurosurgical field. There are two major proposed
pathophysiologies of CSDH development. The first
one is the osmotic gradient theory, where there is an
increase of protein content inside CSDH cavity which in
turn increases the oncotic pressure inside the capsule
and draws fluid from neighboring vessels [10]. The
other more widely accepted model is that there is a
recurrent hemorrhage from the CSDH capsule followed
by hypercoagulation and local hyperfibrinolysis [2], [4].
CSDH usually occurs following trauma; in some cases,
the trauma might be so trivial that the patient can barely
remember. After 3—4 weeks, a neomembrane forms
from the dural border layer cell [2]. While the inner
membrane has few blood vessels, the outer membrane
is thick with numerous fragile vessels. These vessels
are easily injured by transmitted pulsation from the
brain, head trauma, or even head movement [4].

The recurrence of the cases after surgical
procedure, that further might need reoperation, has
been one of the prominent problems with CSDH, this
might be related to several factors, including the nature

Table 3: Risk of bias summary

Study (Year) Question no.
1 2 3 4 5 6 7 8 9 10 11 Total
Reviewer: BP
Jang et al. (2015) Y Y Y Y Y Y Y Y YN Y 1011
Ishibasi et al. (2011) Y Y Y Y Y Y Y Y YN Y 101
Wang et al. (2017) Y Y Y Y N Y Y Y YN Y 911
Iftikhar et al. (2014) Y Y Y Y N Y N Y YN Y 81
Kim et al. (2014) Y Y Y Y N Y Y Y YN Y 91
Okada et al. (2002) Y Y Y N Y Y Y Y YN Y 9N
Zakaraia et al. (2008) Y Y Y Y Y Y Y Y YN Y 101
Reviewer: EM
Jang et al. (2015) Y Y Y Y Y Y Y Y YN Y 101
Ishibasi et al. (2011) Y Y Y Y Y Y Y Y YN Y 101
Wang et al. (2017) Y Y Y Y N Y Y Y YN Y 91
Iftikhar et al. (2014) Y Y Y Y N Y N Y YN Y 81
Kim et al. (2014) Y Y Y Y N Y Y Y YN Y 911
Okada et al. (2002) Y Y Y N Y Y Y Y YN Y 91
Zakaraia et al. (2008) Y Y Y Y Y Y Y Y YN Y 101

of pathophysiology of CSDH itself, older age concerning
lesser ability of the brain to re-expand after surgical
evacuation, bilateral CSDH, large initial hematoma,
and anticoagulant use. The high concentration of
inflammatory mediator such as interleukin 6 and growth
factors in subdural fluid is also thought to increase the
recurrence rate [2], [5], [6], [10], [11], [12]. Kim et al.
mentioned that the history of malignant neoplasm and
type of hematoma found in CT evaluation is also
associated with the recurrence of CSDH [13]. While
there are some options regarding the types of fluid to
be used for irrigation, all of the studies included in this
review used normal saline.

In this review, some of the studies’ results favor
irrigation [9], [14], [15], [16], while the other showed
that the recurrence rate was lower on drainage only
group [13], [17], [18]. Our result has it that although the
incident was slightly higher in the irrigation group, there
is actually no significant difference of the recurrence
rate whether irrigation was done or not. It was proposed
by some authors that irrigation may promote lower
recurrence by washing out the hematoma along with
the inflammatory cytokines and growth factors such
as vascular endothelial growth factor and fibroblast
growth factor which is thought as one of the factors
that can increase the risk of recurrences [7], [8], [9].
Some authors disagree and believe that rapid cerebral
decompression by means of irrigation might actually
cause cortical and vascular injury and promote
recurrences [15], [18]. Irrigation also may cause a rapid
decrease of intracranial pressure, which in turn can
cause new vessel damage [16], [17], [18]. A sudden
normalization of cerebral blood flow on a defected blood
vessel with disrupted autoregulation may also play a role
in further hemorrhage following the procedure [19], [20]
and this in contrast with the drainage only procedure
which decreases the pressure in a more gradual
manner [16]. By irrigating the subdural cavity, there is
also a higher chance that air can enter, thus a higher
chance that pneumocephalus may develop [18]. While
pneumocephalus commonly occurs after craniotomy
procedure, a higher volume of this event may restrict
the expansion of the brain, which might lead to a higher
chance of recurrences [21]. The downside of burr hole
drainage only is that it is hard to evaluate if there are

Burrhole Irrigation  Burrhole Drainage Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Iftikhar 2014 6 34 2 22 14.5% 1.94 [0.43, 8.77)
Ishibashi 2011 1 34 6 58 10.6% 0.28 [0.04, 2.26)
Jang 2015 3 30 8 32 16.9% 0.40 [0.12, 1.37)
Kim 2014 28 114 1 38 11.3% 9.33 [1.31, 66.30)
Okada 2002 5 20 1 20 10.7% 5.00 [0.64, 39.06)
Wang 2017 6 88 5 63 17.7% 0.86 [0.27, 2.69)
Zakaraia 2008 4 40 10 42 18.3% 0.42 [0.14, 1.23)
Total (95% CI) 360 275 100.0% 1.05 [0.43, 2.54]
Total events 53 33
Heterogeneity: Tau® = 0.82; Chi® = 14.92, df = 6 (P = 0.02); I’ = 60% b t t t J
Test for overall effect: Z = 0.10 (P = 0.92) 001 Burr?\b}e irrigationlsurrhole drla?nage 100

Figure 2: Forest plot comparing burr hole irrigation and burr hole drainage
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any other compartments of the developed membrane
instead of just one. In some cases, then the hematoma
increased and became recurrent case [18].

The limitation of this review is that none of the
studies included in a randomized controlled trial. All
the studies were non-randomized retrospective cohort;
they might be prone to some biases, including selection,
detection, attrition, and performance bias. Some studies
also acknowledge the limited number of samples in
their studies. There was no limitation regarding the
follow-up time, as every study has different follow up
time, especially for CT scan evaluation. Furthermore,
it is possible that using our search strategy, we might
actually miss other relevant articles.

Conclusion

There was no superiority between one procedure
compare to other in preventing the recurrence of CSDH.
More studies have to be done to determine the best
management in preventing the recurrence of CSDH.
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