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Abstract
Background

Cranioplasty (CP) is a common cranial reconstructive procedure. It is performed after craniectomy due to
various causes such as relieving increased intracranial pressure, infection, and tumor infiltration. Although
CP is an easy procedure, it is associated with a high rate of complications. We aimed to retrospectively
investigate the outcomes of CP at the King Abdulaziz Medical City, Ministry of National Guard Health
Affairs, Jeddah (KAMC-J).

Methods

This is a retrospective observational study that included all patients who had CP (first time or redo) at
KAMC-J from 1st January 2010 to 31st December 2020. Patients with congenital cranial malformation were
excluded.

Result

A total of 68 patients underwent CP. Of those, 23 (34%) had complications. The most common complication
was infection (10.3%). Twelve of the 23 patients had major complications that necessitated reoperation. Of
those 12, six underwent redo CP; three out of these six patients had further complications which were also
managed surgically. On bivariate analysis, cranial defects over 50 cm? were associated with a higher rate of
both infection and hydrocephalus (p=0.018) while the frontal site was associated with a higher rate of
infection (p=0.014). Moreover, traumatic brain injury as an etiology was exclusively associated with post-
cranioplasty hydrocephalus (p=0.03).

Conclusion

Patients undergoing CP after craniectomy are prone to a considerably high rate of adverse outcomes. The
overall rate of complications in this study was 34%, with an infection rate of 10.3% and a 1.5% mortality
rate. Consistent with other studies, larger cranial defects as well as frontal sites have a higher rate of
infection.

Categories: Neurosurgery
Keywords: morbidity and mortality, complication, infection, outcome, cranioplasty, craniectomy

Introduction

Cranioplasty (CP) is a common cranial reconstructive procedure that aims to restore the shape and function
of the calvarium. It is usually performed for patients who required a craniectomy due to various causes such
as relieving increased intracranial pressure, stroke, trauma, infection, and tumor infiltration [1]. There are
two categories of materials that have been used in CP: autografts, and alloplastic grafts; the latter comprises
different types of material such as alumina ceramics and methyl methacrylate (MMA). There is still no
consensus about the optimal material to be used in CP and the choice depends on multiple factors such as
the patient's age, size and location of the defect, preference of the surgeon, and the primary cause of the
cranial bone removal [2].

Although CP is a relatively easy-to-perform operation in neurosurgery, it can be associated with a high rate
of complications ranging from 12% and reaching up to 50% [3,4]. These complications can also range from
minor, which requires only observation, to major which needs reoperation as reported in many studies [5-
7]. The complications can be classified as intraoperative or postoperative, however, postoperative
complications have been reported more frequently in the literature [8]. The postoperative complications
which have been reported frequently are wound infection, bone flap infection, wound dehiscence,
intracranial collections, sunken bone flap, bone flap resorption (BFR), and seizure [9]. The rate of each
complication and the related risk factor varies considerably in the literature with infection as the most
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occurring in one study (53.21% out of the total complication rate 10.9), and BFR in another (54.7% out of
the total complication rate 36%) [7,10]. In addition, several predictive parameters have been correlated with
some of the complications such as the material being used, the location of the skull defect, and the presence
of a ventriculoperitoneal (VP) shunt at the time of CP [11-13]. Nevertheless, there is still inconsistency and
variation regarding these predictive factors in the literature [14]. Moreover, there is a lack of sufficient
studies in Saudi Arabia regarding the outcomes of CP and a need for more data about the current status of
CP outcomes in Saudi Arabia.

Therefore, considering the reported morbidity associated with CP and the lack of sufficient data in Saudi
Arabia, the aim of our study was to investigate the outcomes of CP and evaluate some factors that might
affect the outcomes in King Abdulaziz Medical City, Ministry of National Guard Health Affairs, Jeddah, Saudi
Arabia (KAMC-J).

Materials And Methods

This retrospective observational study was conducted on consecutive patients of all age groups who had
undergone CP at KAMC-] between a 10-year period (1st January 2010 to 31st December 2020).

Patients' identification and data extraction were obtained from the KAMC-] database. Missing information
was extracted from the patient charts. Patients with a congenital cranial malformation (e.g.,
craniosynostosis) and patients whose data was incomplete at the time of data collection were excluded. The
study was approved by the Institutional Review Board of King Abdullah International Medical Research
Centre (approval no. SP21J/153/04).

Data acquisition

Extracted data included age, gender, medical history, indication for craniectomy, the interval between the
craniectomy and the CP, location of CP, size of the cranial defect, type of material used for CP (e.g.,
autograft, MMA, Titanium mesh, etc.), presence of VP shunt at time of CP, intraoperative complication,
postoperative complication, the interval between CP and postoperative complication, management of
postoperative complication, first time CP or redo, the reason for a redo, the material used for the redo, and
the result of the redo.

Cranial defect size acquisition and autologous bone storage methods

The relative 2D size of the cranial defect was obtained by adapting the method of Diinisch et al. i.e., by using
a preoperative sagittal plain skull X-ray or a sagittal CT image, and the following formula: A = p/4 x B xb,
where p is a constant, and B and b are the largest diameters of an elliptic area [15].

The preservation method of autologous bone in our institution is by cryopreservation in a freezer located in
the operating room after rinsing the flap with 0.9% saline solution and placing it in a sterile bag.

Statistical analysis

Frequencies and percentages were used to describe qualitative variables, and median (non-normally
distributed data) or mean (normally distributed data) with standard deviation for continuous variables.
Contingency tables with hypothesis testing were used by analysis of variance. Pearson’s chi-square test or
Fisher’s exact test was used to display non-parametric variables and counts of complications. Multivariate
logistic regression for risk factor analysis could not be performed due to the small sample size. Any missing
data were not included in the analysis. The SPSS software version 23 (IBM Corp., Armonk, NY, USA) was
used for analysis. The confidence level was set at 95%, and statistical significance was determined at p<0.05.

Results
Patient demographics

Sixty-eight patients who fulfilled the inclusion criteria were included in the study with a median age of 40
years (IQR, 22 to 55). There was a slight male (57.4%) to female (42.6%) predominance. Tumor resection was
the most common indication for craniectomy (54.3%) followed by traumatic head injury (THI) at 25%, and
infection at 13.2%. Frontal location was the most common site for cranioplasty (19.9%). The median size of
the cranial defect was 39 cm 2 (IQR, 13 cm 2 to 71 cm 2). The median interval between craniectomy and
cranioplasty was one day (IQR, 1 to 180 days). Titanium mesh was the most used material (41.2%). Detailed
demographics are described in Table 1.

Characteristics Frequency Percentage
Gender

Female 29 42.6%

Male 39 57.4%
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Age median and IQR=40 (22 to 55) years
Pediatric <18 15 21%
Adults 218 53 78%

Comorbidities

HTN 5 5.9%
DM 4 7.4%
HTN & DM 7 10.4%

Interval between craniectomy & CP median and IQR=1 (1-180) days

Location of cranioplasty

Frontal 20 29.4%
Frontoparietotemporal 6 8.8%
Frontoparietal 7 10.3%
Frontotemporal 6 8.8%
Parietal 5 7.4%
Parietotemporal 5 7.4%
Temporal 6 8.8%
Parietooccipital 1 1.5%
Occipital 12 17.6%

Indications for craniectomy

THI 17 25%
CVA 4 6%
Tumor 37 54.3%
Infection 9 13.2%
Intra-operative swelling 1 1.5%
Size of CP

0-49 cm? 40 61.5%
250 cm? 25 38.5%

VP shunt during CP
Absent 58 85.3%
Present 10 14.7%

Material of CP

Autologous 10 14.7%
PMMA 9 13.2%
Titanium mesh 28 41.2%
PMMA+Titanium mesh 21 30.9%

TABLE 1: Patient characteristics and demographics

CP: Cranioplasty, HTN: Hypertension, DM: Diabetes mellitus, THI: Traumatic head injury, PMMA: polymethylmethacrylate, CVA: Cerebrovascular
accident, VP: Ventriculoperitoneal
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Complications

The overall complication rate was 33.9% (intraoperative 1.5%, postoperative 32.4%). The only intraoperative
complication was severe bleeding that required a blood transfusion for a one-year-old boy. Most
postoperative complication was attributed to infection (10.3%) followed by minor complications (8.8%),
hydrocephalus (6%), new onset seizure (4.4%), loose bone graft (1.5%), and death (1.5%) as shown in Table 2

and Table 3.
Interval between CP and post-op complications (days) Median and IQR=11 (3-86)
Major Complications Frequency Percentage
Death 1 1.5%
Infection 7 10.3%
Hydrocephalus 4 6%
Seizure 3 4.4%
Loose bone graft 1 1.5%
TABLE 2: Postoperative major complications
CP: Cranioplasty
Minor complications Frequency

N/V & Headache
Angioedema
Subgaleal collection
Lower extremity DVT
CSF leak

Total percentage

TABLE 3: Postoperative minor complications

N/V: Nausea and vomiting, DVT: Deep venous thrombosis, CSF: Cerebrospinal fluid

1

1

8.8%

The median Interval between CP and postoperative complication in days was 11 (IQR 3-86). As part of the
management of postoperative complications, 12 patients (57.1%) required surgical revision (removal of
infected bone graft, insertion of VP shunt, reconstruction), and 9 (42.9%) were treated conservatively (Figure

0.
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Management of Complications

Conservative Surgery
()] 12)
Removal of infected Insertion of VP- Reconstruction
bone graft Shunt
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Redo Cranioplasty <
Complicated by
@ fracture
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Removal of
reinfected bone
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FIGURE 1: A flow chart showing the course undergone by patients with
CP complications

VP: Ventriculopertioneal, CP: Cranioplasty

Infection

Seven patients sustained post-CP infection. A positive culture for methicillin-resistant Staphylococcus
Aureus (MRSA) was seen in three patients, Acinobacter Baumanii in one; Pseudomonas Aeruginosa in one;
multidrug resistance (MDR) Klebsiella Pneumoniae in one; and two concurrent organisms i.e., Citrobacter
Koseri, and Klebsiella Pneumoniae in one patient. Interestingly, the patient with the isolated K. Pneumoniae
was a victim of THI and had a craniectomy outside our hospital. His bone flap was preserved in his abdomen
and then was transferred to our hospital. He was found to have intra-axial and extra-axial abscesses as well
as in his abdomen, and both sites were positive for K. Pneumoniae. All patients underwent surgical removal
of the bone flap.

Death
The one fatality in our study occurred in a pediatric patient. He underwent a craniectomy due to tumor
infiltration. After five months, he presented with tumor recurrence and the tumor was infiltrating the skin

through the bony defect. The surgeon performed tumor debulking and decided to do CP at the same setting
to prevent possible tumor recurrence from infiltrating the skin. A few hours after the operation, the patient
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Variables
Gender
Female

Male

Age

Pediatric
Adults
Comorbidities
HTN

DM

HTN & DM

progressively deteriorated and was found to have massive brain swelling after cranioplasty (MBSC). He
returned to the operating table and underwent emergent decompressive craniectomy (DC). Unfortunately,
he did not survive long after.

Reoperations

Six patients (8.8%) had redo CP; four out of these six patients had the redo after the removal of the infected
graft and systemic clearance of the infection. The fifth was not due to complication but rather due to tumor
recurrence. And the last one after the original CP was complicated by a loose graft. Moreover, three out of
the six patients who had redo CP suffered from further failure; two of them were from the four patients who
had the redo because of graft infection. Their redo was complicated by graft reinfection and they underwent
surgical removal of the graft without further CP. And the third one was the one with a loose graft after
suffering a crack fracture of the graft, and underwent redo CP for the third time (Figure ).

Statistical analysis

We divided the postoperative complication into two groups: minor and major, according to the degree of
effect on the patients whether they required invasive intervention or not. The minor group included those
who developed nausea/vomiting, headache, angioedema, subgaleal collection, lower extremity deep vein
thrombosis (DVT), and cerebrospinal fluid (CSF) leak. On the other hand, the major group included death,
infection, hydrocephalus, seizure, and loose bone graft. Only the major group was included in the analysis.
We tried to find risk associated with major postoperative complications and with the specific type of
complication. We found that cranial defects over 50 cm? were associated with a higher rate of infection and
hydrocephalus (p=0.018) while the frontal site was only associated with a higher rate of infection (p=0.014).
Moreover, THI as an etiology was exclusively associated with post-cranioplasty hydrocephalus (p=0.03).
Conversely, the specific type of complications was not significantly influenced by age group, gender,
comorbidities, the time interval between craniectomy and CP, the material used for CP, and the presence of
VP shunt as shown in Table 4.

Death Infection Hydrocephalus Seizure Loose graft Test statistic, p-value
0(0) 5(71.4) 0(0) 2(28.6) 0(0)

Fisher’s exact=7.00, (p=0.07)
1(11.1)  2(22.2) 4(44.4) 1(11.1) 1(11.1)
1(33.3) 1(33.3) 0(0) 0(0) 1(33.3)

Fisher’s exact=7.30, (p=0.07)
0(0) 6(46.2) 4(30.8) 3(23.1) 1(6.3)
1(8.3) 5(41.7) 4(33.3) 1(8.3) 1(8.3)
0(0) 2(50) 0(0) 2(50) 0(0) Fisher's exact=4.41, (p=0.36)
0(0) 0(0) 0(0) 0(0) 0(0)

Interval between craniectomy & CP

>3 M

<3M

Location of CP
Frontal
Frontoparietotemporal
Frontoparietal
Frontotemporal
Parietotemporal
Temporal

Parietooccipital

0(0)

1(12.

5(62.5) 2(25) 1(125)  0(0)
Fisher's exact=3.60, (p=0.45)

5)  2(25) 2(25) 2(25) 1(12.5)

4(100) 0(0) 0(0) 0(0)

1(33.3) 1(33.3) 0(0) 1(33.3)

0(0) 0(0) 2(100)  0(0)

0(0) 0(0) 1(50)  0(0) Fisher's exact=30.54, (p=0.014)

1(50) 1(50) 0(0) 0(0)

0(0) 2(100) 0(0) 0(0)

1(100) 0(0) 0(0) 0(0)
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Indications for craniectomy

THI 0(0) 1(16.7) 4(66.7) 0(0) 1(16.7)
CVA 0(0) 1(100) 0(0) 0(0) 0(0)
Fisher’s exact=17.55, (p=0.03)
Tumor 0(0) 4(80) 0(0) 1(20) 0(0)
Infection 1(25) 1(25) 0(0) 2(50) 0(0)
Size of CP
0-49 cm 0(0) 0(0) 0(0) 2(66.7) 1(33.3)
Fisher’s exact=9.00, (p=0.018)
250 cm? 1(7.7) 7(53.8) 4(30.8) 1(7.7) 0(0)
VP shunt during CP
Absent 1(7.1) 6(42.9) 4(28.6) 2(14.3) 1(7.1)
Fisher's exact=3.33, (p=0.80)
Present 0(0) 1(50) 0(0) 1(50) 0(0)
Material of CP
Autologous 0(0) 1(20) 4(80) 0(0) 0(0)
PMMA 1(25) 2(50) 0(0) 0(0) 1(25)
Fisher's exact=15.80, (p=0.43)
Titanium mesh 0(0) 2(66.7) 0(0) 1(33.3) 0(0)
PMMA+Titanium mesh 0(0) 2(50) 0(0) 2(50) 0(0)

TABLE 4: Risk associated with the type of postoperative complication (n=16)

CP: Cranioplasty, HTN: Hypertension, DM: Diabetes mellites, CVA: Cerebrovascular accident, VP: Ventriculoperitoneal, PMMA: Polymethylmethacrylate,
CVA: Cerebrovascular accident

Discussion

Cranioplasty is a substantial secondary procedure that is necessitated by cosmetic reasons and a protective
function for the brain [1,2]. Many studies also suggested contributory factors of CP in improving
postoperative neurological status, namely cognitive and motor function, via restoring cerebrovascular and
CSF hydrodynamics [16,17]. Despite being a routine and straightforward procedure, a high rate of procedural
complications has been recognized in the last decade. In our present study, we investigated the outcome of
CP in a single tertiary center. We identified the overall complication rate to be 33.9% and a mortality rate of
1.5%, which is similar to several published studies [5,18,19].

Infection

In line with multiple studies with comparable sample sizes, post-CP infection is the most common
attributable factor for postoperative complications [5,10]. Many studies suggested several factors influencing
this complication. For instance, frontal site, and violation of the frontal air sinus as well were demonstrated
as definitive risk factors of post-CP infection [20,21]. However, although the frontal site was significantly
associated with post-CP infection in our study (p=0.014), we found only one case of violated frontal air sinus
sustained post-CP infection. Nevertheless, this one case sustained reinfection to the redo CP, which may
indicate the difficult and devastating outcome seen in this subgroup of patients [20,21,22].

Another studied factor was the timing of CP after DC, a study found that early CP (defined as <12 weeks) was
associated with a lower infection rate than the late group (defined as >12 weeks) despite not reaching
statistical significance [23]. Nonetheless, several other studies found the interval timing did not affect post-
CP infection [3,19,24,25], including a recent large meta-analysis conducted by Malcom et al., where they
found no difference between early CP group (defined as less than 90 days) and late CP group (defined as
more than 90 days) [26]. In our study, it is hard to draw any conclusion regarding the impact of timing on
post-CP infection since most of the indications for craniectomy were due to tumors that needed no delay in
performing the CP.

We also found that the type of material used in CP, and the presence of VP shunt did not affect post-CP
infection. The former is consistent with several studies and suggests that the material used in CP is unlikely
to influence the post-CP infection rate [4,7,25,27]. Conversely, the presence of VP shunt during CP was
found to pose a significant risk for post-CP infection in a study by Tsang et al., and overall complication rate
as well in other studies [6,28,29].
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Cranial defect over 50 cm? was significantly associated with post-CP infection in our study (p=0.018). Along
with previously described studies, Alkhaibaryet al. also found larger cranial defects were a predictor of post-
CP infection [30]; possibly due to longer operating time, or due to an increased skin tension that may lead to
wound dehiscence [31]. Nevertheless, one needs to consider the impact of the patient’s condition on wound
healing, specifically in the immunocompromised state seen in the subgroup of patients with tumors (which
constituted most of the infected cases in our study) that could be attributable to the malignancy condition
itself, use of cortisone, chemotherapy treatment or exposure to radiation and poor nutritional state [31].

Hydrocephalus

Shunt-dependent hydrocephalus is a well-observed phenomenon post CP, and it is seen frequently in
patients exposed to decompressive hemicraniectomy. Although it is well recognized, the exact mechanism
behind it is still unknown, and it is unclear if the hydrocephalus is attributable to the severity of the primary
insult, the craniectomy, or the CP itself [26]. This unclarity is partly due to various findings that line with
one of the possible causes. For instance, it is well-established that subarachnoid hemorrhage (SAH)
secondary to THI and or hemorrhagic stroke impacts the CSF dynamics through flow obstruction caused by
clot formation and blood products that compromise the subarachnoid granulations, as well as by formation
of adhesions in the ventricles and cisterns that lead to chronic hydrocephalus. This implies that the primary
insult influences post-CP hydrocephalus [32-34].

On the other hand, a growing body of evidence showed that DC is an independent risk factor for developing
post-traumatic hydrocephalus (PTH) regardless of CP, including a recent prospective study by Goldschmidt
et al. [35-37]. Recently, a proposed physiological mechanism that may play a role in CSF homeostasis has
been suggested as an explanation for the risk of DC on PTH. For instance, because the arachnoid
granulations function as pressure-dependent unidirectional valves due to their morphology, it requires
pulsatile pressure and the CSF absorption is maintained under pulsatile pressure changes [38,39]. Hence,
large DC leads to PTH via impairment of the essential pulsatile intracranial CSF dynamics when the cranial
vault is transformed from a closed system to an open box [40,41]. Waziri et al. supported this notion by their
observation of flattening the normal intracranial pressure waveform during intraparenchymal pressure
monitoring after DC [40].

In addition, this concept is also used to explain how early CP may prevent the development of PTH;
particularly by restoring the balance of normal CSF pressures before prolonged pressure disturbance leads to
permanent dysfunction of arachnoid granulation resulting in the appearance of PTH in late CP. Again, this is
supported by several studies that found a significantly lower rate of PTH in early CP (within two months)
compared to the late group [40-42].

However, Honeybul et al. found no effect of the timing of CP on PTH and suggested instead the severity of
primary brain injury as the cause [37]. Moreover, contrary findings have also been reported by Morton et al.,
in which a lower rate of PTH was seen in CP performed later than three months [43]. Furthermore, Ozoner et
al. assessed the possible effects of the CP and duraplasty materials on PTH development as it was postulated
that it may increase the probability of arachnoid adhesions, but no association between CP/duraplasty
materials and PTH development was found [41].

Several other risk factors have also been reported to be a predictor of PTH such as the presence of SAH,
younger age, and low Glasgow coma scale (GCS) [44]. In the current study, all patients who developed
hydrocephalus were those with THI as an initial injury with subsequent decompressive hemicraniectomy
(p=0.03). And all had early CP within two months, and eventually all required permeant placement of VP
shunt. Moreover, 3/4 were over 40 years old, and only one patient was 38 years old. Our findings, thus,
contradict the previously described risk association between early CP and younger age with hydrocephalus
development. However, the risk of the presence of SAH and the severity of the primary brain injury remain
as possible causes of PTH in our study. Nevertheless, this is to be determined via a larger sample size and
prospective studies.

Seizure

New onset seizure is another frequently reported complication post CP, with an incidence rate between 2.7%
to 30.3% [45]. Several risk factors have been identified as contributory to its incidence including the time
interval between craniectomy and CP, patient age at CP, presence of VP shunt at time of CP, type of material
used, the indication for the craniectomy, hypertension (HTN), and diabetes mellitus (DM) [46]. However,
these risk factors once again are inconsistent in the literature, and some even are contradictory. It is also
difficult to determine whether the incidence of post-CP seizure is only because of the initial disease that led
to the craniectomy, or if it is a complication of the CP itself. Many authors supported the former idea.

In addition, despite the exact underlying pathogenesis being unknown, different mechanisms have been
proposed to explain the pathogenesis behind the occurrence of new-onset seizure post CP based on the
initial disease through a common understanding of epileptogenesis. For instance, the destruction of cell
membranes and increased release of glutamate along with disturbance of electrolyte balance and secretion
of free fatty acids are thought to be essential in sufferers of post-ischemic seizures [47]. On the other hand,
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in cases of traumatic brain injury, neuroinflammation, tauopathy, and mediation by toll-like receptors are
believed to cause seizures in 10% to 20% of patients [48], while the byproduct of blood metabolism is
thought to be the crucial cause for those who sustained intracranial hemorrhages (ICH) [47].

In contrast, other different mechanisms in favor of the direct consequence of the CP procedure itself upon
developing post-CP seizure also have been proposed. Walcott et al. for example suggested that some
instances of minimal brain tissue manipulation during the dissection of an extradural plane to facilitate the
smooth contour of the bony cranial construct are common in CP, which may precipitate seizure activity in
already susceptible brain tissue [18]. Similarly, Wang et al. proposed that the post-traumatic contusion
healing process and or exposure of the temporalis muscle during CP may cause scar formation that leads to
an abnormal electrical discharge across the scar area inducing seizures [49]. In addition, they also found that
autologous fascial repair was an independent risk factor for post-CP seizure, and they observed
revascularization between autologous fascia and the cerebral cortex after DC that resulted in traction with a
subsequent cortical insult that might induce early seizures in CP patients [49].

However, recently, Hirschmann et al. argued that new-onset seizures post CP are independent of the
procedure of CP, and are more likely to be caused by the initial disease [46]. They supported this claim with
the findings of their study where they observed that only the time of follow-up was significantly associated
with the incidence of new-onset seizures post CP [46]. Moreover, based on their argument they suggested
the following explanation: timing of CP only resembles a point in time according to which seizures will be
classified and determined to be either pre-existing or new-onset seizure post CP. Therefore, patients
undergoing late CP will be more likely to be classified in the pre-existing group and excluded from the study,
while on the other hand, more patients with early CP will be included in the study [46]. This explanation is
based on their findings that the median time of follow-up in patients with new onset post-CP seizure was
three times longer than of patients without a new-onset post-CP seizure in addition to the observation that
most cohorts reported insufficient time of follow-up, which led to a considerable proportion of late-onset
seizures that will not be observed [46].

In the current study, new onset seizures were found in three patients (4.4%). No specific risk factors were
found to be contributory to its incidence. However, interestingly, all patients had their seizures within 24
hours post CP. Which, contrary to Hirschmann et al.'s argument [46], suggests that the CP procedure itself
may play some role in provoking seizures even in some indirect way, and not entirely caused by the initial
disease. Moreover, in contrast to several studies where new onset seizures were found in patients with THI,
hemorrhagic or ischemic strokes, our study noted that the surgical site osteomyelitis infection on the
previous craniotomy site was the indication for craniectomy in two patients, and the tumor was the
indication in the third. Both of these conditions could precipitate a susceptible brain cortex to be provoked
by the subsequent CP procedure.

Death

Death due to CP is rarely seen as a complication of CP. Hence, it wasn’t given much attention in most series
that evaluated CP complications. The mortality rate of CP in the literature ranged from 0.7% to 3.16%
[50,51]. Most of the series that reported a mortality incidence did not mention the cause. Goedemans et al.
reported mortality secondary to a massive postoperative epidural hemorrhage [50]. In addition, a recent
systematic review conducted by Robles (&) Cuevas-Solérzano investigated case reports and small case series
of post-CP death secondary to MBSC [52]. They identified 19 articles featuring 26 patients with MBSC, and
the observed mortality rate was 88%; they concluded that MBSC is a rare but highly lethal complication and
possibly underreported condition, triggered by bone flap implantation which causes a sudden increase in
intracranial pressure on a brain chronically exposed to intracranial hypotension [52].

Although the cause of the MBSC in our case seemed more likely related to the tumor debulking rather than
the CP procedure itself, it is hard to undermine the role of CP in accelerating the unfortunate outcome.

Reoperations

In our series, we observed that reoperations following CP were extremely high. It is important therefore to
emphasize that these reoperations have a heavy burden on the patient's overall condition as well as their
affective health because they are predisposed to repeated operations and a long hospital stay. The
implementation of strict preventive measures as well as the adherence to a well-developed protocol should
be considered to minimize such preventable complications.

Study limitations

Being a retrospective review of a small-sized single-center, this study has naturally inherent deficiencies
including recall and observer bias, selection bias, missing patient information, and short follow-up.
Moreover, patients who had post-CP infection required reoperation, and this may imply that patients who
had a post-CP infection and were managed conservatively may have not been reported, and therefore were
not included. This could lead to a less accurate estimation of the true complication rate.
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Unfortunately, performing a detailed functional outcome analysis was not feasible with our small sample
size. However, we believe our study will add to the literature and help direct future studies.

Conclusions

Patients undergoing CP after craniectomy are prone to a considerably high rate of adverse outcomes. These
adverse outcomes sometimes can be devastating and require multiple reoperations. The overall rate of
complications in this study was 34%, with an infection rate of 10.3% and a mortality rate of 1.5%. Consistent
with other studies, larger cranial defects as well as frontal sites have a higher rate of infection. However, in
our study, this could not be explained by violation of the frontal air sinus. Furthermore, we found that the
post-CP infection rate was not influenced by the time interval between craniectomy and CP, the material
used for CP, and the presence of a VP shunt. Our data are too limited to make definitive conclusions, and
studies with a larger population and prospective studies are needed to further evaluate CP outcomes.
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