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Complications Following Burr Hole Craniostomy and
Closed-System Drainage for Subdural Lesions
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Objective: Burr hole craniostomy and closed-system drainage (BCD) is a common surgical procedure in the field of neu-
rosurgery. However, complications following BCD have seldom been reported. The purpose of this study was to report our
experiences regarding complications following BCD for subdural lesions.

Methods: A retrospective study of all consecutive patients who underwent BCD for presumed subdural lesions at one insti-
tute since the opening of the hospital was performed.

Results: Of the 395 patients who underwent BCD for presumed subdural lesions, 117 experienced surgical or nonsurgical
complications. Acute intracranial hemorrhagic complications developed in 14 patients (3.5%). Among these, 1 patient died
and 5 patients had major morbidities. Malposition of the drainage catheter in the brain parenchyma occurred in 4 patients,
and opposite-side surgery occurred in 2 patients. Newly developed seizures after BCD occurred in 8 patients (2.0%), five
of whom developed the seizures in relation to new brain lesions. Eighty-eight patients (22.3%) suffered from nonsurgical
complications after BCD. Pulmonary problems (7.3%) were the most common nonsurgical complications, followed by uri-
nary problems (5.8%), psychologic problems (4.3%), and cognitive impairments (3.8%).

Conclusion: The incidence of complications after BCD for subdural lesions is higher than previously believed. In particular,
catastrophic complications such as acute intracranial hematomas and surgical or management errors occur at rates that can-
not be ignored, possibly causing medico-legal problems. Great caution must be taken during surgery and the postoperative

period, and these complications should be listed on the informed consent form before surgery.

(Korean J Neurotrauma 2018;14(2):68-75)
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Introduction

Burr hole craniostomy and closed-system drainage
(BCD) have been widely used for the treatment of chronic
subdural hematoma (SDH) or subdural hygroma. Despite a
recurrence rate that cannot be overlooked, BCDs are wide-
ly used because they have are very simple procedures and
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can be performed even under local anesthesia with low

36102 Nevertheless, as many neurosur-

complication rates.
geons experience and has been reported in many case re-
ports,"***?) devastating complications such as acute in-
tracranial hematoma or surgical error occur at a frequency
that cannot be ignored.

Many studies on recurrence and inappropriate drainage
associated with “failure to cure” have been carried out; how-
ever, the studies related to the complications of BCD have
been very sporadic. Many neurosurgical centers appear to
have unpublished experience of unexpected catastrophic
postoperative complications.”” The low complication rates
due to publication bias make it difficult to provide appro-
priate information to patients and caregivers, subsequently
creating possibilities for medico-legal problems. The ob-
jective of this study was to analyze all complications after



BCDs in all consecutive patients in one institute since the
opening of hospital.

Materials and Methods

A retrospective analysis was conducted for all patients
who underwent BCD for presumed diagnosis of chronic
SDH or subdural hygroma since the opening of one institu-
tion. This study was approved by the Institutional Review
Board (KUH1070028). From August 2005 through Septem-
ber 2017, 452 BCDs were performed in 394 consecutive pa-
tients. The analysis of complications after BCD were limit-
ed to the first operation in 1 patient. Therefore, 51 BCDs for
recurring lesions in 46 patients and repeat 6 BCDs for in-
appropriate drainage in 6 patients were excluded from the
study. One patient underwent BCD for left chronic SDH in
2009 and BCD for right chronic SDH in 2014. We calculat-
ed this patient’s data twice because we considered these two
events to be independent. In total, 395 BCDs in 394 patients
were included in this study. Table 1 shows the clinical char-
acteristics of study population.

Operative complications were classified into surgical com-
plications and nonsurgical complications. We classified op-
erative complications into surgical complications and non-
surgical complications and did not analyze the recurrence of
subdural lesions and reoperation after inappropriate drain-
age because these should be considered as a “failures to
cure” rather than as operative complications.” Surgical
complications were divided into acute intracranial hemato-
ma, error in surgery or management, seizure and surgical
site infection during the time interval between operation
date and last follow-up date. Nonsurgical complications were
defined as those requiring consultation or intervention by
a specialist within 60 days of surgery.

The study group was composed of 281 men and 114 wom-
en, with a median age 69 years (range, 16-97). Etiologies
were as follows: trauma was the most frequent with 210
patients (53.2%), followed by uncertain etiology in 155 pa-
tients (39.2%). Comorbidity status was assessed using the
American Society of Anesthesiologists (ASA) physical
status classification system. For patients who underwent
general anesthesia we used the ASA score assessed by an
anesthesiologist as described in the medical record. The
ASA scores in patients who underwent local anesthesia
were retrospectively evaluated using the medical records.
ASA scores are summarized in Table 1. ASA classes I and
IT were considered a low comorbidity status, and classes
II1, IV, and V were considered a high comorbidity status.
Perioperative anti-epileptic drugs were used in 376 patients
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(95.2%). Monotherapy was used as the basis for the patients
without seizure history. Valproic acid was used in 225 pa-
tients, levetiracetam was used in 122 patients, topiramate
was used in 9 patients, and phenytoin was used in 7 patients.
In 13 patients with seizure history, previously used anti-
epileptic drugs were applied during the perioperative peri-
od. The median duration of antiepileptic drug medication
after surgery was 99 days, ranging from 0 days to 3,927 days.

TABLE 1. Clinical characteristics of patients

Unilateral Bilateral
lesions lesions
No. of patients 278 (70.4)* 117 (29.6)
Age (years) 69 (19-97) 70 (16-97)
Male:Female 193:85 88:29
Postoperative diagnosis
Chronic subdural hematoma 269 106
Subdural hygroma 7 10
Acute subdural hematoma 1 0
Acute epidural hematoma 0 1
Epidural empyema 1 0
Etiology
Trauma 152 (54.7) 58 (49.6)
Uncertain 108 (38.8) 47 (40.2)
latrogenict 9(3.2) 2(1.7)
Patients with VPS 4(1.4) 9(7.7)
Disease related 501.8) 1(0.9)
Comorbidity
Hypertension 119 (42.8) 54 (46.2)
Diabetes insipidus 73 (26.3) 28 (23.9)
Coagulopathy 22(7.9) 12 (10.3)

14 (5.0) 6.0)

Thrombocytopenia 7 (
74 (26.6) 26 (22.2)

Medication for antiplatelet/
anticoagulation

Dementia 21(7.5) 9(7.7)
Chronic alcoholics 27 (9.7) 15(12.8)
Movement disorder 31(11.2) 8 (6.8)
ASA score*
I 27 (9.7) 7 (6.0)
I 156 (56.1) 66 (56.4)
1] 88 (31.7) 39 (33.3)
[\ 7 (2.5 3(2.6)
\% 0(0.0) 2(1.7)

The data is presented as number (%) or mean (range). *One
patient underwent burr-nole craniostomy for left chronic
subdural hematoma at 2009 and for right chronic subdural
hematoma at 2014. Because we reasoned two events in this
patient as independent events, we calculated this patient
as two patients, t"latrogenic” was defined surgery related
subdural lesions within 3 months after brain surgery, *ASA
class | and Il was considered to be low comorbidity status
and ASA class lIl, IV and V was high comorbidity status. VPS:
ventriculoperitoneal shunt, ASA: American Society of Anes-
thesiologists
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BCDs for unilateral chronic SDH and bilateral chronic SDH
were performed in 269 patients and 106 patients, respec-
tively. Seventeen patients underwent BCD for subdural hy-
groma. One patient underwent BCD for epidural hemato-
ma, and another patient did so for acute SDH. One patient
underwent BCD for presumed diagnosis of chronic SDH
that was diagnosed as epidural empyema postoperatively.
In cases of unilateral lesions, unilateral one burr hole cra-
niostomies were performed in 206 patients (74.1%), and
two burr hole craniostomies were performed in 72 patients
(25.9%). Intraoperative saline irrigation was performed in
141 patients (35.7%). The method of anesthesia was made
according to surgeon’s preference, patient’s general condi-
tion and compliance. General anesthesia was performed in
268 patients (67.8%), and local anesthesia was performed
in 107 patients (27.1%).

The number of surgical complications was insufficient to
use statistical methods; therefore, statistical analyses were
only performed for nonsurgical complications. Statistical
analyses were performed using the SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA). The relationship between categor-
ical variables and presence or absence of nonsurgical com-
plications was assessed by the ¥ test. Finally, variables with
p<0.2 were analyzed using a binary logistic regression
model. Nonsurgical complications were analyzed using the
following variables: age (=70 years old vs. <70 years old),
anesthesia method (general anesthesia vs. local anesthesia),
ASA class (I, IT vs. II1, IV, V), and hospital stays before sur-

TABLE 2. The classification of numbers and types of complications

gery (<7 days vs. >7 days).

Results

Intracranial hemorrhagic complications

All surgical and nonsurgical complications reported in
our study were reviewed and shown in Table 2. In 14 of the
395 (3.5%) patients, acute intracranial hematomas were new-
ly developed after BCDS. Table 3 shows the clinic-radiolog-
ic profiles and clinical outcomes of patients with intracrani-
al hemorrhagic complications. The location of intracranial
hemorrhage was “epidural hematoma” in 7 patients, “SDH”
in 6 patients, and “intracerebral hematoma” in 1 patient.
All acute epidural hematomas occurred adjacent to the
burr hole site and were confirmed on immediate postoper-
ative computed tomography (CT) scan. Two of these patients
showed decreased levels of consciousness and underwent
emergent craniotomy and hematoma evacuation; they re-
covered without significant neurological deficits. By con-
trast, the time of onset of acute SDHs varied. Only 1 patient
was identified in an immediate postoperative CT scan, and
he was managed conservatively; he recovered without neu-
rological deficits. Three patients with drainage catheters in
situ developed acute SDH, 2 patients on day 1 and 1 patient
on day 5 after BCD. In the other 2 patients, acute SDH de-
veloped immediately after the removal of drainage catheter.
Four patients underwent craniectomy and SDH evacuation;
however, 3 patients had moderate-to-severe disability. For

Need surgical or

n () medical intervention Morbidlity Mortality
Surgical complication
Acute infracranial hematoma 14(3.5) 9 5 1
Surgical or management error 7(1.8) 2 1 0
Newly developed seizure 8(2.0) 8 0 0
Meningitis 2(0.5) 2 0 0
Wound dehiscence 2(0.5) 2 0 0
Non-surgical complication
Pulmonary problem 29 (7.3) 25 0 1
Urinary problem 23 (5.8) 15 0 0
Thrombophlebitis 4(1.0) 4 0 0
Deep vein thrombosis 2(0.5) 2 0 0
Cardiologic problem 501.3) 2 0 1
Gastrointestinal problem 3(0.8) 0 0 0
Renal problem 6(1.5) 6 3 0
Endocrinologic problem 2(0.5) 2 0 0
Hematologic problem 4(1.0) 1 0 0
Psychologic problem 17 (4.3) 13 0 0
Cognition impairment 15(3.8) 9 0 0
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the other patient with acute SDH, the family refused sur-
gery and patient died because of brain herniation. In 1 pa-
tient, small intracerebral hematoma was occurred near the
burr hole site. This patient underwent emergent craniotomy
at 2 days after BCD due to hematoma expansion and de-
velopment of neurological symptoms.

Surgery or management errors

Drainage catheter malposition in the brain parenchyma
occurred in 4 cases. In all 4 cases, burr hole craniostomy was
performed in the parietal bone: the drainage catheter was
inserted upwardly in 3 cases (Figure 1A, C, and D) and down-
wardly in 1 case (Figure 1B). Reoperation was performed
in only 1 patient (Figure 1A), and there were no additional
neurological deficits associated with catheter malposition.

Opposite-side surgery occurred in two cases. In one case

(Figure 1F), the surgeon was aware of the opposite side dur-

FIGURE 1. (A-D) Computed tomography (CT) scans of all pa-
tients with surgical errors. CT scans revealed intraparenchymal
location of catheter tips. (E) Other CT images showing oppo-
site-side surgery. In one case, the catheter tip was located in
the opposite cerebral parenchyma, and (F) in the other case,
the surgeon was stopped before dural incision, and surgery
was performed on the correct side.
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ing surgery. However, in another case (Figure 1E), the sur-
gical procedures proceeded on the opposite side, and the
drainage catheter was placed in the brain parenchyma. Post-
operatively, the patient developed right-sided facial palsy.

In one case, accidental catheter withdrawal occurred dur-
ing the transfer from the operating room to the ward. Re-
operation was performed in this patient.

Seizure

Of the 386 patients without a history of seizure before
BCD, 8 patients had seizures after BCD. All the patients
were on prophylactic anti-epileptic drug medication, and 7
of the patients were on medication at the time of seizure. Of
the 8 patients with seizures after BCD, 3 patients had sei-
zure due to acute intracranial hematoma after BCD; 3 pa-
tients had seizure without neuroimaging changes, 1 patient
at 3 days, one at 13 days, and one at 15 days after BCD; 1
developed seizures three months after BCD due to recur-
rence of chronic SDH; and 1 had a seizure 2 years after BCD
due to dural arteriovenous fistula.

In 8 patients with a history of seizure related to subdural
lesions, 5 were seizure-free after BCDs and 2 had seizures
during the postoperative hospital stay; however, since then,
there has been no seizure, and discontinuation of medica-
tion was achieved at 110 and 274 days, respectively; 1 pa-
tient who had seizure during the postoperative hospital stay
expired due to cardiac arrest at 38 days after BCD.

Four patients who had previously seizures due to other
diseases had no changes in seizure frequency and have con-
tinued on antiepileptic drug medication.

Nonsurgical complications

Eighty-eight patients (22.3%) suffered from nonsurgical
complications after BCD. Table 2 shows the incidence of
nonsurgical complications. Pulmonary problems (7.3%) were
the most common nonsurgical complications followed by
urinary problems (5.8%), psychologic problems (4.3%) and
cognitive impairments (3.8%). Two deaths occurred asso-
ciated with nonsurgical complications during the hospital
stays. The causes of death in 2 patients were pneumonia
and sudden cardiac arrest. The risk factors for nonsurgical
complications were statistically analyzed (Table 4). High
comorbidity was associated with pulmonary complications
(p=0.003). Long hospital stay before surgery was associat-
ed with pulmonary complications (p=0.014) and renal com-
plications (p=0.047). Old age was a risk factor for cognitive
impairment after BCD (p=0.037). The method of anesthe-
sia was not associated with any nonsurgical complications.



TABLE 4. Statistical analysis of non-surgical complications

K%
>
=
[o}
c ~
[SIO)
23
0 >
54
2
=
>
>
[0}
=]
o |9
(e} 1
= Sl a
[ORS
olye)
=Y
~
6(])
=D
aQ >
%)
o
T ~
N
)
=]
O
3
Q
>
=
o | &
g
[¢}
€ |9
0o
O
4
©
<
kel
T
[
=]
O
T
ke Q
wv
[0}
£
8 | <
C -
<
<
S~
O
[
2
O
T
. Q
<4
8
28
[0) \Y%
(o)
<
o
N
A

12 17
<0.001
312

54

<0.001

20
120

0.937

20
255

13
0.499

188

16
178

Pulmonary

Comorbidity (0.003)

Long hospital stay (0.014)

246

11

complication

G/A (0.084)

0.076

16
313

0.090

12
128

0.076

20
255

0.118

15
179

+

Urinary problem

59

244

117

193

G/A (0.107)

0.160

12
317

61

0.990

244

134

0.107

15
260

118

0.196

Psychologic

195

183

problem

0.047

0.459

0.444 0.874

+

Renal problem

Long hospital stay (0.047)

326

63

252

137

118

271

197

192

Comorbidity (0.110)

0.185

326

64

0.073

254

136

0.640

118

272

0.200

Cardiologic

200

190

problem

12
317

12
263

12
182

G/A: general anesthesia, L/A: local anesthesia

Cognitive

Age (0.037)

0.728

0.052
131 249 63

0.380

117

0.026

198

impairment

Hyun Seok Lee, et al.

Discussion

Chronic SDH is one of the most commonly treated lesions
by neurosurgeons.”**">'® BCD is known to be relatively fast
and safe and is most commonly used for its treatment.'” There
have been many studies on treatment failures of BCD that
have been referred to as recurrences. Nevertheless, studies
focusing on the complications after BCD are very rare, and
most studies only reported the complications briefly. In ad-
dition, article types reporting catastrophic complications
such as acute intracranial hematoma and surgical error are
usually case reports, considered to have a low level of evi-
dence; therefore, it is almost impossible to estimate the
prevalence of these complications.

We found only one article' focusing on complications
after BCD in a literature search of PubMed. Rohde et al."”
performed a retrospective study of complications after BCD
in 376 patients with chronic SDH. According to this report,
intracranial hemorrhage occurred in 13 patients (3.4%), of
which 8 cases (2.1%) were intracerebral hemorrhage and 5
(1.3%) were epidural hematoma. In our study, 1 patient (0.2%)
suffered from intracerebral hematoma, and epidural hema-
toma occurred in 7 patients (1.7%). Epidural hematoma may
be caused by tearing of the middle meningeal artery or ve-
nous injury of the dural sinuses or diploic veins."” These
are the only possible complications related to stress of local
forces. According to reported cases, epidural hematoma
after BCD in patients with chronic SDH are highly correlat-
ed with shear forces in surgical procedure or detachment
between dura and the cranium.”>'"7*"* In accordance with
previous reports, all epidural hematomas in our series were
revealed on immediate postoperative CT scans and were
located at near the burr hole site.

Acute SDH occurred in 6 patients (1.6%) in our series; how-
ever, this type of hematoma did not occur in any patient ac-
cording to the previously mentioned study.” Unlike epidural
hematoma, the onset of acute SDH varied. Only one case of
acute SDH was detected on immediate postoperative CT
scans, and others developed during hematoma drainage or
immediately after the removal of drainage catheter. Unpre-
dictability in the development of acute SDH creates the need
to for patients and caregivers to be informed of the risks, and
great caution and close observation should be exercised in
postoperative management, especially after the removal of
drainage catheters.

There has been only one case report of procedure-related
complications; Pavlov et al.” reported parenchymal malpo-
sition of a drainage catheter. Our study showed that similar
complications occurred in 4 patients (Figure 1A-D). In all

http:/fwww.kjnt.org T 3
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cases, burr hole craniostomy was performed in the parietal
bone, and in 3 of these, the catheter was advanced in the up-
ward direction. We speculate that acute angle formation be-
tween the parenchymal surface and the drainage catheter
that is made by parietal burr hole craniostomy, supine posi-
tion and advancement to upward direction, appears to con-
tribute to parenchymal malposition of the drainage catheter.

Human errors such as opposite-side surgery should nev-
er occur; unfortunately, these errors have always existed
because they are an inherent part of human behavior.” Sys-
tems to maximize patient safety are fundamental to reduce
human errors.” In our institute, opposite-side surgery has
not occurred in the neurosurgical practice since August 2015
when a triple-checking system was introduced: a patient’s
surgical information is verified by a nurse, an anesthesiol-
ogist and the surgeons.

In the present study, newly developed seizures after BCD
occurred in 8 patients (2.0%). These results are relatively
lower than those of previous reports that showed seizure
incidences between 2.2% and 13.6%."'"*'"*"** We presumed
that the use of prophylactic antiepileptic drugs in a high pro-
portion of patients contributed the relatively low rate of sei-
zure after BCD. Five patients (62.5%) among those with new-
ly developed seizures after BCD had provoked seizures due
to new intracranial lesions. Therefore, a prompt radiologi-
cal evaluation should be performed in patients with newly
developed seizures after BCD.

Patients with chronic SDH are often elderly and have
medical comorbidities that are often associated with multi-
ple trauma. Therefore, it is not surprising that many nonsur-
gical complications occurred after BCD. The most common
nonsurgical complications were pulmonary problems (n=
29, 7.3%), followed by urinary problems (n=23, 5.8%) and
psychologic problems (n=17, 4.3%); 2 patients died due to
nonsurgical complications (0.5%). According to multivariate
analysis of risk factors, long hospital stays significantly
correlated with pulmonary complications (p=0.014). Bedrid-
den patients who were more likely to stay in the hospital
longer than ambulatory patients were more vulnerable to
pulmonary complications such as pneumonia. Thorough
preoperative risk evaluations and meticulous postoperative
care such as early ambulation are mandatory to reduce non-
surgical complications as much as possible. Many research-
ers asserts that BCDs should be performed under local an-
esthesia to reduce nonsurgical complications.*" However,
our results revealed that the method of anesthesia was not
associated with any nonsurgical complications, though there
was a tendency for a slight increase in urinary and psycho-
logic problems after general anesthesia. The possibility of

74 Korean J Neurotrauma 2018;14(2):68-75

anesthesia-related complications appears to be further re-
duced in the future due to the advancement of anesthesia
techniques and drugs. Further studies will be required to as-
certain the proper method of anesthesia for BCD, consider-
ing not only the anesthesia-related complications but also
the psychological factors.

Our study has some limitations stemming from retrospec-
tive design. First, there was no definite agreement as to what
operative complications should be counted. There is contro-
versy regarding whether such complications as acute bleed-
ing and seizures should be regarded as complications of
chronic SDH itself rather than complications of BCD. We
analyzed most of the nonsurgical complications depending
on consultation. Therefore, it was difficult to analyze com-
plications by severity grading; minor complications such
as atelectasis may have been overlooked, and the overall in-
cidence of complications may have been underestimated.
Second, BCD was performed by 13 neurosurgeons, and
there were some differences in surgical strategy, including
the number of burr holes or saline irrigations among indi-
viduals. Although there are some heterogeneities such as sur-
gical skills and patient characteristics, we believe that inclu-
sion of all consecutive patients without exclusion criteria
minimized bias and made it possible to evaluate the compli-
cations after BCD in the most objective and frank manner.

Conclusion

The incidence of complications after BCD for subdural
lesions is higher than previously known. In particular, cat-
astrophic complications such as acute intracranial hemato-
mas and surgical or management errors occur at rates that
cannot be ignored, possibly causing medico-legal problems.
Great caution must be taken during the surgery and the post-
operative period, and these complications should be listed
on the informed consent form before surgery.

m The authors have no financial conflicts of interest.
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