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Objective: We evaluated the role of subgaleal closed suction drains in postoperative
epidural hematoma (EDH) and wound complications following pterional craniotomy
for cerebral aneurysm.

Methods: We reviewed 5,280 pterional craniotomies performed on 5,139 patients

between January 2006 and December 2020. A drain was placed subgalealy and tip
of drain was positioned between the bone flap and the deep temporalis. 1,637 cases
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(81%) had a subgaleal suction drain. We analyzed demographic and clinical variables
related to EDH requiring evacuation and wound complications in patients with and
without drains. Univariate and multivariate logistic regression analyses were
performed to determine the associated risk factors.

Seoul, Korea Results: Fourteen cases (0.27%) of EDH requiring evacuation and 30 cases (0.57%)

of wound complications were identified. Univariate analysis found that drain insertion,
subarachnoid hemorrhage (SAH), and operation time were associated with EDH,
while drain insertion, SAH, male gender, older age, and longer operation time were
associated with wound complications. Multivariate analysis found no significant
association between drain use and EDH (OR=1.62, p=0.402) or wound complications
(OR=1.45, p=0.342).
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Conclusions: Routine use of subgaleal closed suction drains may not be necessary
after pterional craniotomy, as drain insertion was not associated with a reduced risk
of EDH requiring evacuation or wound complications.
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The pterional craniotomy, popularized by Yasargil in the mid-1970s, is a common

approach for treating cerebral aneurysms due to its simplicity and effectiveness.'”"”
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However, it carries risks of hematomas from the sphenoid
ridge bleeding and bleeding from the detached temporalis
muscle, as well as complications from fluid accumulation
in the surgical wound. Many neurosurgeons insert
surgical site suction drains to mitigate these complications.
Despite their widespread use in various surgeries for
preventing fluid accumulation and aiding wound healing,
their efficacy following pterional craniotomy is under-
explored.

Although subgaleal drains have been used in clinical
practice, there is a lack of consensus regarding their use,
and their potential benefits and drawbacks remain
uncertain. While surgical site suction drains have been
found to prevent the occurrence of fluid accumulation or
bleeding that causes complications,”” they are also
considered foreign bodies that may promote infection."”
Therefore, this study aims to investigate the effect of
subgaleal suction drains on the occurrence of epidural
hematoma (EDH) requiring evacuation and wound
complications in patients undergoing pterional craniotomy
for the treatment of cerebral aneurysm. Through retro-
spective analysis, we aim to clarify the optimal use of these

drains in this surgical context.

MATERIALS AND METHODS

Study population

This retrospective study was approved by the Institutional
Review Board of our center (IRB No. 2021-0663). The
study included patients who underwent pterional
craniotomy for the treatment of cerebral aneurysms
between January 2006 and December 2020 at our center.
Patients who underwent a surgical approach other than
pterional craniotomy, expired within 14 days after surgery,
underwent postoperative craniotomy extension due to brain
swelling, had underlying coagulopathy, or underwent
extracranial-intracranial or intracranial-intracranial
bypass were excluded from the study.

A subgaleal suction drain was utilized in all surgeries
performed before May 2013, whereas its use was

discontinued after this time period. Since May 2013, a

subgaleal suction drain was selectively applied based on
the surgeon’s discretion regarding whether antiplatelet
drugs or anticoagulants were being taken, or if there

was a tendency to bleed.

Data collection: Clinical and radiological information

Demographic characteristics were collected retro-
spectively from electronic medical records, including
information on sex, age, weight, height, and body mass
index (BMI). The presence of underlying diseases, such
as diabetes mellitus (DM), hypertension, antiplatelet or
anticoagulation agent intake, immunosuppressant use,
smoking, and time of operation were documented as
variables to identify any significant confounding vari-
ables that affect EDH requiring evacuation and wound
complications. Computed tomography (CT) of the brain
was routinely performed immediately after surgery and
on postoperative day 3. Supplementary brain imaging
was conducted as required based on clinical indications,
such as the presence of severe headache, neurological
decline, or indications suggesting a potential surgical

site infection.

Operative methods

Patients were instructed to stop taking antiplatelet
agents for at least 7 days and anticoagulants (including
warfarin and direct oral anticoagulants) for at least 48
hours before elective surgeries for non-emergent unrup-
tured aneurysms. Platelet transfusions were done during
emergency surgeries for individuals who were receiving
antiplatelet medications. Antidotes and fresh frozen
plasma were administered to patients who were using
anticoagulants in order to regulate the prothrombin
time international normalized ratio at a normal level.

The craniotomies were conducted in the operating
room under controlled laminar air flow conditions. To
reduce the risk of deep vein thrombosis, an intermittent
pneumatic compression device was used for all patients,
and low molecular weight heparin was not adminis-
tered. Prophylactic antibiotics were given within one
hour before making the incision on the scalp. Cefazolin,

a first-generation cephalosporin, was injected repeat-
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edly every four hours. Ciprofloxacin was injected every
eight hours in patients with cephalosporin allergy.

If a patient had a drain, antibiotics followed a set
schedule until the drain’s removal, as per local protocol.
However, antibiotics were discontinued within 24
hours after surgery in patients without drain insertion.
Prior to elective surgeries, patients performed a hair
and scalp cleansing using betadine soap on the day
preceding the operation. Hair and scalp washing was
not allowed prior to emergent surgeries, or to patients
with betadine allergy. To prepare the scalp incision
based on the surgeon’s preference, the scalp was shaved
in either of the following methods: complete shaving of
the frontotemporal area or partial shaving with a width
of 1-2 cm along the designated incision line. After the
shaving process, the incision site was cleansed using
a solution containing alcohol and iodine derivatives.
Subsequently, an iodine-impregnated incision drape
called Ioban® (3-M, St. Paul, MN, USA) was applied to
cover the prepared area. After the intradural procedure
was completed, the intradural space was filled with
warm saline. The dura was closed watertightly, using
a continuous suture of Prolene 4-0. Subsequently, the
bone flap was secured with a screw and plate system.
In cases that required drainage, the Jackson-Pratt drain
was positioned subgaleally, filling the space between
the bone flap and the underlying temporalis muscle
fascia. The drain tube’s end was situated near the
drilled portion of the lateral sphenoid wing, serving to
facilitate communication with the epidural space. The
remote end of the drain tube was linked to the trocar,
then passed through the scalp and connected to a
closed 200 mL bulb suction system. Temporalis muscle
was directly reattached with Vicryl 2-0 sutures. Inter-
rupted sutures made with 3-0 Vicryl were used for
both the subgaleal and subcutaneous layers. The skin
was then closed with 3-0 Nylon sutures or, in some
cases, with staples. Compressive dressings were applied
in most of cases. Saline irrigation of surgical field was
frequently performed during surgery in all patients,
particularly after dura closure, bone flap closure, and

temporalis muscle suture.

Postoperative management and outcomes

The operated area was inspected on a daily basis,
and the wound dressings were regularly replaced. The
compression bandages were taken off a day following
the surgical procedure. The amount of drained fluid was
measured every 8 hours and the reservoir was emptied
for the drain group. If the drainage volume was less than
100 mL in the prior 24 hours and below 30 mL in the
preceding 8 hours, the drains were taken out in a sterile
environment. All drains were withdrawn at least after 48
hours, and the exit site was closed with a single suture.
The sutures or staples placed on the scalp were typically
taken out between the seventh and tenth days following
the operation.

Two outcome variables were recorded: first, the occur-
rence of EDH requiring evacuation; and second, the
occurrence of wound complications. Complications
related to the wound were categorized as any of the
subsequent conditions: a surgical site infection, which
is evidenced by positive cultures from surgical samples,
pus or clear liquid discharge from the wound accom-
panied by local heat, redness, sensitivity, or subdural
empyema, and wound dehiscence, characterized by
either spontaneous or medically induced separation of
the skin layer that necessitates re-closure. Revisional
surgery was carried out to manage epidural fluid accu-
mulation or hematoma in individuals experiencing
severe headaches or focal neurologic dysfunction due to
the mass effects.

Statistical analysis

All statistical analyses were performed using R Version
4.1.0 (R Foundation for Statistical Computing, Vienna,
Austria). Independent-sample t-test was used for the
baseline characteristics; Wilcoxon rank sum test was
used for continuous variables, and the chi-squared test
or Fisher’s exact test was used for categorical variables.
Univariate logistic regression analyses were conducted
to identify the risk factors associated with the two
outcome variables. The factors analyzed included the
drain insertion, sex, age, BMI, the presence of hyperten-

sion, DM, smoking, use of antithrombotic agent, use of
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immunosuppressant, craniotomy side, and the duration
of operation. If the univariate analyses identified factors
other than drain insertion was associated with the two
outcome variables with p-value <0.10, multivariate
logistic analyses were performed further to identify the
association with drain insertion and the two outcome
variables adjusted for those variables. A p-value <0.05

was considered statistically significant.

RESULTS

Baseline characteristics of study population

A total of 5,280 pterional craniotomies were performed
in 5,139 patients for clipping of cerebral aneurysms. Of
these, 1,637 cases (31%) were assigned to the subgaleal
suction drain (SGSD) group and 3,643 cases (69%) were
assigned to the no drain (ND) group.

Baseline characteristics of the SGSD group and the
ND group were compared. The prevalence of subarach-
noid hemorrhage (SAH) was significantly higher in the
SGSD group compared to the ND group (19% vs 5.5%,
p<0.001). The mean age was significantly lower in the
SGSD group compared to the ND group (55.9+10.0 years
vs 58.61£9.57 years, p<0.001), while the mean BMI was
significantly lower in the SGSD group compared to the

ND group (24.5+3.2 kg/m’ vs 24.8+3.3 kg/m’, p=0.003).
The prevalence of hypertension was significantly lower
in the SGSD group compared to the ND group (48.1%
vs 53.8%, p<0.001). The sex, prevalence of diabetes,
smoking and the proportion of patients who received
immunosuppressant agents were similar in both groups.
The proportion of patients who received antiplatelet
agents was similar in both groups (p=0.154), while the
proportion of patients who received anticoagulant agents
was significantly lower in the SGSD group compared to
the ND group (p=0.005). The mean time of operation
was significantly longer in the SGSD group compared
to the ND group (244.4£73.3 vs 219.9£60.4 minutes,
p<0.001). There was a single case with catheter-related
complication, which was while the drain tube was being
removed, it was caught on the edge of the bone flap,
leaving a part of the distal end, which was removed
through revisional surgery. The baseline characteristics
between SGSD and ND group are detailed in Table 1.

EDH requiring evacuation

Among all patients, 14 patients (0.27%) had surgical
complication of EDH requiring evacuation. Eight cases
(0.5% of all SGSD cases) occurred in the SGSD group
and 6 cases (0.2% of all ND cases) occurred in the ND
group. Fig. 1 shows the brain CT of the representative

Table 1. Baseline characteristics of subgaleal suction drain group and no drain group

Subgaleal suction drain

No drain

Characteristics (n=1,637) (n=3,643) p-value
Presence of SAH, n (%) 311 (19%) 202 (5.5%) <0.001
Age, years, mean+SD 55.9+10.0 58.6+9.57 <0.001
Sex, male, n (%) 514 (31.4%) 1,077 (29.6%) 0.179
BMI, kg/m’, mean+SD 24.5+3.2 24.8+3.3 0.003
Hypertension, n (%) 788 (48.1%) 1,961 (53.8%) <0.001
Diabetes, n (%) 156 (9.5%) 385(10.6%) 0.249
Smoking, n (%) 489 (29.9%) 1,049 (28.8%) 0.426
Antiplatelet agent, n (%) 258 (15.8%) 632 (17.3%) 0.154
Anticoagulant agent, n (%) 6 (0.4%) 42 (1.2%) 0.005
Immunosuppressant use, n (%) 3(0.2%) 18 (0.5%) 0.097
Craniotomy side, right, n (%) 852 (52.0%) 1,970 (54.1%) 0.171
Time of operation, minutes, mean+SD 244.4+73.3 219.9+60.4 <0.001

SAH, subarachnoid hemorrhage; SD, standard deviation; BMI, body mass index
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patient.

The univariate analysis showed that the presence of
SAH (OR=12.57, 95% CI=4.36-38.31, p<0.001), drain
insertion (OR=2.98, 95% CI=1.03-9.06, p=0.044)
and time of operation (OR=1.01, 95% CI=1.00-1.01,
p<0.001) were significantly associated with EDH

Fig. 1. Brain computed tomography (CT) of a patient with post-
operative epidural hematoma (EDH) requiring evacuation.

requiring evacuation. In the multivariate analysis, the
presence of SAH (OR=10.72, 95% CI=3.50-34.58,
p<0.001) the time of operation (OR=1.01, 95% CI=1.00-
1.01, p<0.001) was significantly associated with EDH
requiring evacuation. The association between drain
insertion and EDH requiring evacuation was no longer
significant in the multivariate analysis (OR=1.62, 95%
CI=0.53-5.21, p=0.402) (Table 2).

Wound complications

A total of 30 (0.57%) patients had wound complica-
tions among the 5,280 craniotomies. Fifteen cases (0.9%
of all SGSD cases) occurred in the SGSD group and 15
cases (0.4% of all ND cases) occurred in the ND group.
Fig. 2 indicates the brain magnetic resonance imaging
(MRI) of the representative case of surgical site infec-
tions (SSIs).

The univariate analysis showed that drain insertion
(OR=2.24, 95% CI=1.08-4.62, p=0.028), the presence of
SAH (OR=7.27, 95% CI=3.44-14.99, p<0.001), male sex
(OR=2.33, 95% CI=1.13-4.82, p=0.021), age (OR=0.96,
95% CI=0.93-0.99, p=0.021) and time of operation
(OR=1.004, 95% CI=1.00-1.01, p=0.033) were signifi-
cantly associated with wound complications. In the
multivariate analysis, the presence of SAH (OR=6.12,

Table 2. Logistic regression analysis of factors influencing the occurrence of epidural hematoma (EDH) requiring evacuation

Univariate analysis Multivariate analysis

OR 95% ClI p-value OR 95% ClI p-value
Drain insertion 2.98 1.03-9.06 0.044 1.62 0.563-5.21 0.402
Presence of SAH 12.67 4.36-38.31 <0.001 10.72 3.560-34.58 <0.001
Sex, male 1.29 0.39-3.74 0.649
Age 0.98 0.93-1.04 0.495
BMI 0.95 0.80-1.11 0.555
Hypertension 0.92 0.32-2.69 0.877
Diabetes 0.67 0.04-3.39 0.703
Smoking 1.35 0.42-3.92 0.589
Antiplatelet agent 017 0.01-2.85 0.218
Anticogulant agent 3.71 0.21-64.9 0.369
Immunosuppressant use NA NA NA
Craniotomy side, right 0.65 0.22-1.88 0.430
Time of operation 1.01 1.00-1.01 <0.001 1.01 1.00-1.01 <0.001

SAH, subarachnoid hemorrhage; BMI, body mass index
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Fig. 2. Magnetic resonance imaging (MRI) of a patient with postoperative epidural abscess, (A) T1-enhanced axial image, (B) T1-
enhanced coronal image. Approximately 6 cm-extent fluid collection with irregular thickened peripheral enhancement is observed
around the operative site.

95% CI=2.79-13.18, p<0.001), male sex (OR=2.12, 95% (OR=1.45, 95% CI=0.67-3.11, p=0.342) (Table 3).
CI=1.02-4.40, p=0.042), were found to be significant

risk factors for wound complications. The association Subgroup analysis : SAH cases
between drain insertion and wound complications A subgroup analysis was performed on cases with
was no longer significant in the multivariate analysis SAH. Out of the total 5,280 cases, 513 (9.72%) were

Table 3. Logistic regression analysis of factors influencing the occurrence of wound complications

Univariate analysis Multivariate analysis

OR 95% ClI p-value OR 95% Cl p-value
Drain insertion 224 1.08-4.62 0.028 1.45 0.67-3.11 0.342
Presence of SAH 727 3.44-14.99 <0.001 6.12 2.79-13.18 <0.001
Sex, male 2.33 1.13-4.82 0.021 212 1.02-4.40 0.042
Age 0.96 0.93-0.99 0.021
BMI 1.03 0.92-1.14 0.580
Hypertension 0.61 0.29-1.26 0.189
Diabetes 1.35 0.40-3.48 0.577
Smoking 122 0.55-2.55 0.589
Antiplatelet agent 0.55 0.13-1.55 0.322
Anticogulant agent 1.76 0.13-30.02 0.697
Immunosuppressant use 3.98 0.22-71.90 0.349
Craniotomy side, right 0.67 0.32-1.37 0.269
Time of operation 1.004 1.000-1.008 0.03

SAH, subarachnoid hemorrhage; BMI, body mass index
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aneurysmal SAH cases, and 311 SAH cases (60.6% of
total SAH cases) had a subgaleal suction drain. The
EDH requiring evacuation event occurred in 8 cases
(1.56% of total SAH cases), and wound complications
occurred in 13 cases (2.53% of total SAH cases). There
were no significant differences in baseline characteristics
between the two groups (Table 4). Univariate analysis
showed that the use of a subgaleal suction drain was not
associated with EDH requiring evacuation (OR=4.63,
95% CI=0.82-86.85, p=0.153) or wound complications
(OR=3.67, 95% CI=0.97-23.85, p=0.093) (Table 5).

DISCUSSION

In this retrospective study, we aimed to investigate the
effect of subgaleal suction drains on the occurrence of
EDH requiring evacuation and wound complications
in patients undergoing pterional craniotomy for the
treatment of cerebral aneurysm. We hypothesized that
subgaleal suction drain would reduce postoperative
hemorrhage and fluid collection, thereby preventing
complications such as EDH and wound complications.
Our results suggest that the use of subgaleal drains is

Table 4. Baseline characteristics of subgaleal suction drain group and no drain group in SAH cases

Characteristics Subgaleal suction drain No drain p-value
(n=311) (n=202)

Age, years, mean+SD 55.14£12.3 55.4+12.4 0.764
Sex, male, n (%) 109 (35%) 77 (38.1%) 0.480
BMI, kg/m’, mean+SD 23.543.2 237435 0.517
Hypertension, n (%) 108 (34.7%) 83 (41.1%) 0.145
Diabetes, n (%) 24 (7.7%) 12 (5.9%) 0.442
Smoking, n (%) 103 (33.1%) 59 (29.2%) 0.352
Antiplatelet agent, n (%) 17 (5.5%) 16 (7.9%) 0.268
Anticoagulant agent, n (%) 2 (0.6%) 2(1.0%) 0.648
Immunosuppressant use, n (%) - - -

Craniotomy side, right, n (%) 149 (47.9%) 99 (49.0%) 0.808
Time of operation, minutes, mean+SD 264.7+77.7 255.6+73.6 0116

SAH, subarachnoid hemorrhage; SD, standard deviation; BMI, body mass index

Table 5. Univariate analysis of factors influencing the occurrence of EDH requiring evacuation and wound complications in SAH cases

EDH requring evacuation

Wound complication

OR 95% Cl p-value OR 95% Cl p-value
Drain insertion 4.63 0.82-86.85 0.153 3.67 0.97-23.85 0.093
Sex, male 0.58 0.09-2.55 0.509 2.89 0.95-9.70 0.066
Age 0.98 0.92-1.04 0.549 0.96 0.91-1.00 0.079
BMI 1.01 0.81-1.24 0.902 1.01 0.85-1.18 0.911
Hypertension 1.70 0.40-7.27 0.457 0.50 0.11-1.65 0.294
Diabetes 0.76 0.04-13.89 0.851 0.47 0.03-8.40 0.609
Smoking 0.72 0.11-3.16 0.688 0.96 0.26-3.00 0.949
Antiplatelet agent 0.83 0.05-15.30 0.900 0.52 0.03-9.26 0.654
Anticogulant agent 6.56 0.23-184.3 0.269 4.09 0.15-112.0 0.405
Immunosuppressant use - - - - - -
Craniotomy side, right 1.07 0.256-4.57 0.925 0.47 0.13-1.45 0.209
Time of operation 1.005 0.997-1.011 018 1.003 0.996-1.009 0.330

EDH, epidural hematoma; SAH, subarachnoid hemorrhage; BMI, body mass index
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not associated with a significant reduction in the occur-
rence of EDH requiring evacuation or wound complica-
tions.

Postoperative EDH is a rare but serious complication
of pterional craniotomy, which may result in neurolog-
ical deficits or death if left untreated. The presence of
SAH and longer time of operation were identified as
significant risk factors for EDH requiring evacuation,
while the use of subgaleal drain was not associated with
a significant reduction in the occurrence of this compli-
cation. This finding is in line with a previous study by
Choi et al., which reported that the use of subgaleal
drain did not reduce the incidence of EDH requiring
evacuation in patients undergoing pterional craniotomy
for the treatment of ruptured cerebral aneurysms.”
However, our study is meaningful by adding evidence
on elective unruptured cerebral aneurysms cases to
existing studies. And this is the largest volume those
studied so far.

Presence of SAH was an important risk factor, the
postoperative hemorrhagic risk was thought to be
high because antiplatelet or anticoagulation agent
could not be properly stopped before surgery, unlike
elective surgical cases.”” In addition, the possibility
of an increase in postoperative hemorrhagic complica-
tions due to imbalance of coagulation and fibrinolysis
systems could be considered.” Also, this could be a
possible cause because SAH cases itself usually takes
longer operation time. As the operation time increases,
more cerebrospinal fluid (CSF) loss is inevitable during
surgery, resulting in the space between dura and bone
to be more vulnerable to detachment. This detachment
and low pressure in the epidural space caused by CSF
loss are thought to affect the development of EDH.
Longer operation time is also associated with more
blood loss in surgical field. Patients might have received
substantial colloid administration or blood transfusion,
which could disrupt the normal clotting process, conse-
quently increasing the risk of an EDH.

Wound complications are another common compli-
cation of pterional craniotomy, which may prolong

hospital stay, increase healthcare costs, and impair

patient outcomes. In our study, the use of subgaleal
suction drain was not associated with a significant
reduction in the occurrence of this complication. This
finding is also consistent with a previous study by Kim
et al., which reported that the use of subgaleal drain
did not reduce the incidence of wound complications
in patients undergoing pterional craniotomy for the
treatment of ruptured cerebral aneurysms.” Another
study in patients undergoing supratentorial craniotomy
reported that the use of subgaleal drain was not associated
with a promotion of wound healing or a reduction in
wound complications.”

The presence of SAH and male sex were identified
as significant risk factors for wound complications. It
might be cause of preoperative bathing using antimicro-
bial soap the day before surgery in elective surgery cases;
however, it was not possible in ruptured cases.'” The
whole hair removal was performed in a ruptured case,
and it was thought that microorganism entered and
colonized through microtrauma of the scalp occurred
during hair removal, causing surgical site infection.”
One possible explanation for this gender difference is
that male patients may have more abundant hair growth
in the scalp region, which can increase the risk of SSIs.
According to a study published in the Journal of British
Neurosurgery, male patients had a significantly higher
rate of SSIs following craniotomy.”

This study possesses numerous merits. Firstly, it
encompasses the most extensive pool of patients with
either ruptured or unruptured cerebral aneurysms who
underwent clipping through pterional craniotomy.
Secondly, the surgeries were performed at one single
location by three skilled neurovascular specialists,
ensuring a uniform technical approach to the proce-
dures. Thirdly, policies pertaining to perioperative
management (like discontinuation of antiplatelet or
anticoagulant agents, hemostasis, blood pressure regula-
tion, and wound dressing techniques) remained consis-
tent throughout the duration of the study. To minimize
potential bias, all electronic medical records and data
were evaluated by an individual not affiliated with

the center during the study’s duration. However, the
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study also has its limitations. Firstly, this study is based
on a retrospective design, inherently associated with
potential bias derived from its structure. Secondly, the
absence of subgaleal drain insertion in the study’s later
stages could lead to potential bias related to the timing
of the procedure. Thirdly, patient randomization was
not feasible. As a result, a comprehensive, meticulously
planned, multi-center, and prospective randomized
controlled trial is warranted to determine the risks and
advantages of using a subgaleal drain in patients under-

going pterional craniotomy.

CONCLUSIONS

There was no significant difference in the incidence of
EDH necessitating evacuation and SSI in the group with
and without suction drainage. Suction drainage is not

required following the pterional craniotomy.

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the find-

ings specified in this paper.
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