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meta-analysis investigated and collated further evidence to determine whether staged
cranioplasty with ventriculoperitoneal shunt placement would significantly reduce the risk of
postoperative surgical-site infection (SSI) and symptomatic intracranial hemorrhage.
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INTRODUCTION

Decompressive craniectomy is a life-saving surgical procedure to control intracranial pressure
in refractory intracranial hypertension patients with various pathologies (e.g., traumatic
brain injury [TBI], malignant infarction, subdural hemorrhage, intracerebral hemorrhage,
and subarachnoid hemorrhage).?%*® Cranioplasty and ventriculoperitoneal shunt placement
are frequently performed in patients after decompressive craniectomy. Cranioplasty is
performed for both protective and cosmetic purposes. Furthermore, neurologic amelioration
after cranioplasty has been reported. Some of these patients also have post-hemorrhagic
hydrocephalus. Approximately 5%-15% of patients with decompressive craniectomy undergo
ventriculoperitoneal shunt placement for hydrocephalus.>”1519.22.20)

Unexpected postoperative complications, such as surgical-site infection (SSI) and
symptomatic intracranial hemorrhage, have been often reported after cranioplasty and
ventriculoperitoneal shunt placement. Several studies have suggested that the staged
or simultaneous approach of cranioplasty and ventriculoperitoneal shunt placement is
associated with these postoperative complications.>%?)

However, there is no established consensus about the sequence of these procedures to
reduce complications. The purpose of this study was to compare the rates of complications,
including SSI and symptomatic intracranial hemorrhage, between patients who underwent
staged surgery and those who underwent simultaneous surgery.

MATERIALS AND METHODS

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines. The methods are presented in detail in
SUPPLEMENTARY TABLE 1.

Data sources and search strategy

An electronic literature search of 3 online databases (PubMed, Embase, and Cochrane
Central Register of Controlled Trials (CENTRAL), the United States National Institutes of
Health registry of clinical trials) was performed. There was no limitation with regard to
language or study date. Two different authors independently searched and screened full
articles and reference lists. The search strategy according to the Population, Intervention,
Comparison, and Outcome format is shown in SUPPLEMENTARY TABLE 2.

Study selection

The following inclusion criteria were considered to search appropriate articles for our study:
1) studies with prospective and retrospective designs; 2) studies enrolling participants
who had undergone decompressive craniectomy with refractory intracranial hypertension;
3) studies including TBI and non-TBI (e.g., intracerebral hemorrhage or aneurysmal
subarachnoid hemorrhage) as the diagnoses; 4) studies that involved simultaneous
cranioplasty and ventriculoperitoneal shunt placement; 5) studies that involved staged
cranioplasty and ventriculoperitoneal shunt placement; and 6) studies presenting
postoperative SSI and symptomatic intracranial hemorrhage as the primary outcomes. The
exclusion criteria were as follows: 1) studies that were reported in the format of editorial
letters, conference abstracts, case series, and reports; 2) studies that included participants
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who underwent 2 procedures of cranioplasty and ventriculoperitoneal shunt placement
subsequently, with an interval of more than 6 months in case of staged surgery; 3) studies
that included participants who underwent shunting operations, except ventriculoperitoneal
shunt placement (e.g., lumbar-peritoneal shunt placement).

Data extraction and quality assessment

Data from selected studies identified independently by 2 investigators were included. A
standardized form was utilized to extract study characteristics, study design, sample size,
indications for decompressive craniectomy and ventriculoperitoneal shunt placement,
timing for cranioplasty and ventriculoperitoneal shunt placement (whether staged or
simultaneous), and postoperative complications. Complications were categorized into the
following 2 groups: 1) postoperative SSI and 2) symptomatic intracranial hemorrhage. We
excluded patients with pulmonary thromboembolism, deep-vein thrombosis, pneumonia,
urinary tract infection, and sepsis in the complication group. Participants with infection
requiring additional treatment after the surgery, such as antibiotic therapy, wound revision,
and reoperation, were also considered to have SSI. The pathology of refractory intracranial
hypertension was categorized and noted into the following 2 groups: 1) TBI and 2) non-TBI.

Quality assessment for eligible studies was performed by using the Newcastle-Ottawa Scale
(NOS). The NOS assessed risk of bias in the following 3 aspects: 1) selection of study groups;
2) comparability of study groups; and 3) ascertainment of exposure and outcome. There were
4 numbered items in the selection domain and 3 numbered items in the exposure domain.
Each item could be counted with one star when the study satisfied the condition. A maximum
of 2 stars could be awarded in the comparability domain. A higher total score of the NOS
indicates a higher study quality. A score higher than 7 was considered to indicate a low risk of
bias. On the other hand, a score between 4 and 6 was considered to indicate a moderate risk
of bias and a score lower than 4 was considered to indicate a high risk of bias. NOS scores
were assessed by 2 independent authors.

Data synthesis and analysis

Data were statistically analyzed using Review Manager (RevMan version 5.3; The Cochrane
Collaboration, Oxford, UK) and STATA/SE 15.0 (Stata Corp LP, College Station, TX, USA). The
incidence rates of the postoperative complications, including SSI and symptomatic intracranial
hemorrhage, were compared using the random effects model with the generic inverse variance
method, and the findings were presented with odds ratios (ORs) and 95% confidence intervals
(CIs). In order to homologate the results and validate the confounding effect, a meta-regression
analysis for the proportion of TBI, which is known as the major pathology of patients who have
undergone decompressive craniectomy, was additionally conducted.

Statistical heterogeneity was estimated with the I? statistic, which measures the degree

of inconsistency across studies. We considered I? <25%, <50%, and >75% to indicate low,
moderate, and severe heterogeneity, respectively. The authors investigated publication bias
through the visual asymmetry of a funnel plot and Egger's and Begg's tests. When visual
asymmetry of the funnel plot was suspected, the trim-and-fill method was used to estimate
an adjusted OR. A 2-sided p-value <0.05 was considered to indicate statistical significance.
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RESULTS

Search results

We conducted a systematic search and extracted citations from 3 online databases (1,032
from PubMed, 1,631 from Embase, and O from Cochrane Library). We excluded 658
duplicate articles. Among the remaining 2,005 articles, 28 were selected to undergo full text
review on title and abstract review. Finally, 7 studies met all our eligibility criteria and were
consecutively included in our study (FIGURE 1).

All 7 included studies had a low risk of bias according to the NOS. The NOS data assessing
the risk of bias are documented in SUPPLEMENTARY TABLE 3.

Study characteristics

There were a total of 7 studies with 391 patients who underwent both cranioplasty and
ventriculoperitoneal shunt placement after refractory intracranial hypertension. Among the
total patients, 135 (34.5%) and 256 (65.5%) underwent simultaneous and staged surgeries,
respectively. Of the 7 studies, 6 categorized the subgroups of TBI and non-TBI, whereas only 1
study omitted patient data regarding sex. There were 224 (5.2%) male and 130 (34.8%) female
patients. The median age of the included patients ranged from 42.8 to 56.3 years in 6 studies.
All these studies were designed as retrospective observational study and were conducted

in a single center. Five of these studies reported the interval between cranioplasty and
ventriculoperitoneal shunt placement in case of staged surgery, and it ranged from 24 hours
to 6 months. The rates of autobone graft in cranioplasty were 82.3% (107/130) in 1 study,

PubMed Embase Cochrane
(n=1,032) (n=1,631) (n=0)

| Articles after removal of duplicated articles (n=2,005) |

Articles excluded (n=1,977)

- Subject not relevant (n=1,779)

- Review/meta-analysis (n=24)

» - Guidelines/protocols (n=14)

- Experimental study (n=32)

- Case report (n=76)

- Editorial, letter or conference abstract (n=52)

Records retrieved for full article review (n=28)

Full text articles excluded (n=21)
- No controls (n=2)

- Outcome not relevant (n=7)

- Intervention not relevant (n=10)
- Subgroup study (n=2)

Y

Studies included (n=7)
(total patient number=391)

FIGURE 1. Flow diagram for the selection of relevant studies.
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TABLE 1. Baseline characteristics of included studies

Study Design  Study Total Age Sex, male Trauma Surgical strategy Interval between  CP with Reported complications
setting (%) Simultaneous Staged CP & VPS autobone

Yang et al.?¥ RO Single 130 54.0 91 62 (47.7) 21 109 NR 107 (82.3) SSI

Heo et al.? RO Single 51 56.3 31 23 (45.1) 32 19  Within 6 months 51 (100) SSI, post-operative

hemorrhage, overall

complications
Schuss et al.” RO Single 41 52.5 17 15 (36.6) 17 24 NR NR SSI, post-operative
hemorrhage, overall

complications
Jung et al.? RO Single 19 53.0 10 12 (63.2) 9 15 Within 3 days 19 (100) SSI, post-operative
hemorrhage, overall

complications

von der Brelie RO Single 37 NR NR NR 10 27  Within 24 hours NR SSI, overall complications
etal.?
Yang et al.? RO Single 58 42.8 46 46 (79.3) 20 38 Within 72 hours 58 (100) SSI, post-operative

hemorrhage, overall
complications
Meyer et al.” RO Single 50 43.0 29 19 (38) 26 24 Within 48 hours 50 (100)  SSI, overall complications
Values are presented as number (%).
CP: cranioplasty, NR: not reported, RO: retrospective observational, SSI: surgical site infection, VPS: ventriculoperitoneal shunt.

100% (178/178) in 4 studies, and not reported in 2 studies. SSI was reported in all included
studies. Postoperative symptomatic intracranial hemorrhage and overall complications were
investigated in 4 and 6 studies, respectively. The baseline characteristics of the 7 individual
studies are summarized in TABLE 1.

SSI after cranioplasty and ventriculoperitoneal shunt placement

A total of 48 patients with SSI were reported in the included studies. The observed rates of SSI
in the pooled analysis were 23.7% (32/135) in the simultaneous group and 6.2% (16/256) in
the staged group. For integrating the 7 included studies, the pooled analysis using a random
effects model revealed that the simultaneous group was significantly associated with a higher
incidence of SSI as compared with the staged group (pooled OR: 2.72, 95% CI: 1.446-5.00,
p=0.407) with low heterogeneity (I>=2.4%; FIGURE 2). Although visual asymmetry was
observed in the funnel plot for SSI, the adjusted OR showed no significant differences as
compared with the pooled OR owing to the trim-and-fill correction (adjusted OR: 2.93, 95%
CI: 1.21-7.09, p=0.112) (SUPPLEMENTARY FIGURE 1A).

Study OR (95% Cl) Weight (%)
Yang et al.®) - 3.19 (110-9.25) 33.87
Heo et al.? ——w— 3.16 (0.41-24.45) 9.19
Schuss et al.” 15.00 (0.90-248.78) 4.88
Jung etal.? ——-—'— 1.55 (0.25-9.49) 11.78
von der Brelie et al.”” ——:—'— 6.46 (0.74-56.34) 8.21
Yang et al.? _._.— 7.80 (0.97-62.90) 8.83
Meyer et al.™ —0—- 0.93 (0.26-3.38) 93.25
Heterogeneity (1°=2.4%, p=0.407) @ 2.72 (1.46-5.06) 100.00

T T
0.00402 1 249
Staged surgery Simultaneous surgery

FIGURE 2. Comparison of postoperative surgical-site infection between staged and simultaneous surgeries
involving cranioplasty and ventriculoperitoneal shunt placement.
OR: odds ratio, CI: confidence interval.
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Symptomatic intracranial hemorrhage after cranioplasty and
ventriculoperitoneal shunt placement

In 4 studies, 28 patients had symptomatic intracranial hemorrhage postoperatively. The

rates of symptomatic intracranial hemorrhage were 23.0% (18/78) in the simultaneous group
and 10.4% (10/98) in the staged group. Pooled analysis did not indicate any statistically
significant differences between the 2 different surgical methods for symptomatic intracranial
hemorrhage (pooled OR: 1.66, 95% CI: 0.74-3.73, p=0.407) with low heterogeneity

(>=0.0%; FIGURE 3), although there was a trend toward favoring staged surgery to lower the
symptomatic intracranial hemorrhage between the 2 groups. Funnel plots revealed that there
was no publication bias for symptomatic intracranial hemorrhage, which was supported by the
Egger's and Begg's tests (p=0.497 and p=0.333, respectively) (SUPPLEMENTARY FIGURE 1B).

Meta-regression analysis with TBI proportions for SSI

The subcategorized TBI group was compared with the non-TBI group to reveal the
confounding effect of TBI on postoperative SSI. A meta-regression analysis was conducted

to confirm this effect. However, there was no significant difference in the modifying effect of
TBI on SSI (p=0.987) (FIGURE 4).

Study OR (95% CI) Weight (%)
Heo et al.? ——°-0— 2.00 (0.63-6.36) 48.97
Schuss et al.” . 0.50 (0.06-4.44) 13.75
Jung etal.” ——'—0— 3.04 (0.69-13.33) 29.95
Yang et al.?®» ' 0.39 (0.02-7.77) 7.33
Heterogeneity (1°=2.4%, p=0.407) <<> 1.66 (0.74-3.73) 100.00

T

0.0196 1 51
Staged surgery Simultaneous surgery

FIGURE 3. Comparison of postoperative symptomatic intracranial hemorrhage between staged and simultaneous
surgeries involving cranioplasty and ventriculoperitoneal shunt placement.
OR: odds ratio, Cl: confidence interval.

Log-odds ratio

40 50 60 70 80
Proportions of TBI (%)

FIGURE 4. Meta-regression analysis for the proportions of TBI regarding postoperative surgical-site infection.
TBI: traumatic brain injury.
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DISCUSSION

In the process of treating patients with refractory intracranial hypertension who have
undergone decompressive craniectomy, usually cranioplasty and ventriculoperitoneal shunt
placement are performed in the last stage of treatment after all acute phases of management.
For neurosurgeons, there is always a worrisome concern about the sequence of these 2
procedures, because unexpected complications can lengthen hospitalization and aggravate
the patient’s neurological status.” However, practice relies on the surgeon's individual
preference and policy owing to the lack of evidence regarding this concern. To the best of
our knowledge, no systematic review has been conducted to reveal the relationship between
the sequence of cranioplasty and ventriculoperitoneal shunt placement and the incidences
of postoperative SSI and symptomatic intracranial hemorrhage. In the present study, we
carefully assumed that simultaneous cranioplasty and ventriculoperitoneal shunt placement
is associated with an increased risk of SSI as compared with staged surgery. There was a
trend indicating that the simultaneous group had a higher rate of symptomatic intracranial
hemorrhage as compared with the staged group, but no statistically significant difference
was confirmed. Considering these results, it may be suggested that staged surgery is
recommended over simultaneous surgery for preventing postoperative SSI.

In the present study, the pooled incidence rate of SSI was 12.2% (48/391). This rate is
comparable to the rates in other articles, which ranged from 4.5% to 18.4%, with cranioplasty
and ventriculoperitoneal shunt placement.'® From pathophysiologic perspectives, the
mechanism of postoperative SSI is likely related with obliteration of the dead space at the
surgical site. Rodriguez et al.’® presented 7 patients with frontal sinus infection after frontal
sinus injury. The authors proposed several surgical methods to control infection. Of note,
they mentioned the importance of obliteration of dead space in the frontal sinus for the
prevention of SSI. Additionally, Masuda et al.™® reported in a case series that elimination

of dead space with bone cement in postoperative SSI patients after spinal surgery had

better therapeutic outcomes as compared with conventional treatment. In accordance

with the above mechanisms, we could assume that simultaneous surgery of cranioplasty
and ventriculoperitoneal shunt placement induces cerebrospinal fluid overdrainage and

a more depressed brain as compared with the staged surgery, which leads to a persistent
postoperative dead space at the surgical site.

In addition, Meyer et al.”® compared the 2 groups of concomitant and staged surgeries
involving cranioplasty and ventriculoperitoneal shunt placement by retrospectively reviewing
50 patients and reported that the incidence rate of SSI was higher in the concomitant

group. The authors highlighted the difficulty in performing sterile draping techniques in
simultaneous surgery with separate operation sites. Additionally, Schuss et al.”” reported that
candidates for simultaneous surgery tend to have a poorer systemic condition and neurologic
status as compared with candidates for staged surgery, which can be factors for a higher SSI
incidence.” These reports are in line with our results indicating that simultaneous surgery is
associated with a higher incidence rate of SSI as compared with staged surgery.

Simultaneous surgery involving cranioplasty and ventriculoperitoneal shunt placement

has been reported to be related to a higher incidence rate of symptomatic intracranial
hemorrhage than the staged surgery group.® Heo et al.? retrospectively reviewed 50 patients
who had undergone cranioplasty and ventriculoperitoneal shunt placement. Data for the
surgical method, cranial defect size, and hydrocephalus were analyzed. The study revealed
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that patients who underwent surgery with the simultaneous approach had higher rates of
symptomatic intracranial hemorrhage than the staged group. The authors suggested the
mechanism for this result through the difficulty of adjusting shunt pressure postoperatively,
which would have caused subdural fluid collection and subdural hematoma. Moreover, Jung et
al.” reported similar results and showed that patients who underwent simultaneous surgery
had higher complication rates as compared with patients who underwent staged surgery. Of
note, the authors suggested that temporarily blocking the shunt catheter after surgery could
reduce the complication rate. For this result, the authors interpreted that the sunken down
effect of the brain caused intracranial hemorrhage and subdural hemorrhage. From our meta-
analysis, although there was no statistically significant difference between the simultaneous
and staged groups regarding the occurrence rate of symptomatic intracranial hemorrhage, a
trend of a higher incidence of symptomatic intracranial hemorrhage could be observed in the
simultaneous group, and it could be explained by these previous reported mechanisms.

TBI has been investigated as a significant risk factor for postoperative complications in
patients who have undergone intracranial surgery.”> Thus, we estimated that TBI could

be a confounding factor to investigate the association between surgical methods and
postoperative SSI. However, our analysis revealed that there was no significant confounding
effect between these 2 variables. Walcott et al.? conducted a study and analyzed the
complication rate of cranioplasty between a trauma group and stoke group, which revealed
that TBI was not a confounding factor for SSI, and this is in line with the present report.

There are some limitations in this meta-analysis. First, our results are not based on a
relatively high level of evidence with the included studies. All of the 7 included studies were
retrospective observational studies and were conducted in a single center. We performed

a precise search strategy to include studies with a high level of evidence (e.g., prospective,
randomized, controlled trials and multicenter studies), and we did not find adequate
articles satisfying these conditions. We conducted quality assessments for all our included
studies using the NOS. All 7 retrospective studies were considered to have low-to-moderate
risk of bias. Thus, the results based on our analysis should be interpreted with caution.
Furthermore, there is some heterogeneity regarding the study protocol among the included
studies. The interval between cranioplasty and ventriculoperitoneal shunt placement in

case of staged surgery ranged from 24 hours to 6 months.®*2.%) The rate of autobone

graft in cranioplasty was reported in 5 studies®*'>**?* and not reported in 2 studies.

These 2 heterogeneities between the included studies could be confounding factors for
complications.>* Thus, a further study or analysis with a consistent protocol is necessary to
clarify the effects of these possible confounding factors on SSI and symptomatic intracranial
hemorrhage. A prospective study design and double-blinded, randomized, controlled trial
with firm inclusion criteria would help reduce the confounding effect.

CONCLUSION

Staged surgery involving cranioplasty and ventriculoperitoneal shunt placement is greatly
associated with a lower rate of postoperative SSI as compared with simultaneous surgery,
but there is no difference in symptomatic intracranial hemorrhage. In addition, there is no
modifying effect of TBI on SSI.
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SUPPLEMENTARY MATERIALS

SUPPLEMENTARY TABLE 1
Checklist of items to include when reporting a systematic review or meta-analysis (PRISMA
guideline)

Click here to view

SUPPLEMENTARY TABLE 2
Search strategy in accordance with the PICO format

Click here to view

SUPPLEMENTARY TABLE 3
Risk of bias assessment using Newcastle—Ottawa Scale

Click here to view

SUPPLEMENTARY FIGURE 1

Funnel plots for evaluating publication bias. Funnel plot revealed that there was no evidence
for publication bias of across the direct comparisons between staged and simultaneous
surgery in patients underwent cranioplasty and ventriculoperitoneal shunt for (A) surgical-
site infection and (B) symptomatic intracranial hemorrhage.

Click here to view
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