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Abstract
Objective To prevent complications following decompressive craniectomy (DC), such as sinking skin flap syndrome, studies 
suggested early cranioplasty (CP). However, several groups reported higher complication rates in early CP. We studied the 
clinical characteristics associated with complications in patients undergoing CP, with special emphasis on timing.
Methods A single-center observational cohort study was performed, including all patients undergoing CP from 2006 to 
2018, to identify predictors of complications.
Results 145 patients underwent CP: complications occurred in 33 (23%): 18 (12%) epi/subdural hemorrhage, 10 (7%) bone 
flap infection, 4 (3%) hygroma requiring drainage, and 1 (1%) post-CP hydrocephalus. On univariate analysis, acute subdural 
hematoma as etiology of DC, symptomatic cerebrospinal fluid (CSF) flow disturbance (hydrocephalus) prior to CP, and CP 
within three months after DC were associated with higher complication rates. On multivariate analysis, only acute subdural 
hematoma as etiology of DC (OR 7.5; 95% CI 1.9–29.5) and symptomatic CSF flow disturbance prior to CP (OR 2.9; 95% 
CI 1.1–7.9) were associated with higher complication rates. CP performed within three months after DC was not (OR 1.4; 
95% CI 0.5–3.9). Pre-CP symptomatic CSF flow disturbance was the only variable associated with the occurrence of epi/
subdural hemorrhage. (OR 3.8; 95% CI 1.6–9.0)
Conclusion Cranioplasty has high complication rates, 23% in our cohort. Contrary to recent systematic reviews, early CP 
was associated with more complications (41%), explained by the higher incidence of pre-CP CSF flow disturbance and acute 
subdural hematoma as etiology of DC. CP in such patients should therefore be performed with highest caution.
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Introduction

Decompressive craniectomy (DC) can be a lifesaving meas-
ure in patients with refractory intracranial hypertension due 
to space-occupying infarct, traumatic brain injury, aneurys-
mal subarachnoid hemorrhage, and cerebral venous throm-
bosis [1-4]. When patients survive and the cerebral swell-
ing has subsided, they need to undergo cranioplasty (CP) to 

restore cerebral protection and craniofacial cosmesis, and 
to prevent or treat post-craniectomy complications such as 
sinking skin flap syndrome [5, 6].

Malcolm et al. recently reported that early CP is associ-
ated with greater neurological improvement, and therefore 
advocate early CP [7]. Although CP is not a complex surgi-
cal procedure, high complication rates up to 37% have been 
published, without an encompassing theory as to causes or 
risk factors [8]. Meta-analyses by Xu et al. and Malcom et al. 
showed comparable complication rates between early CP 
(within three months after DC) and late CP (more than three 
months after DC) [9, 10]. However, several studies included 
in the meta-analysis of Malcolm et al. and studies published 
here after, did report significantly higher complication rates 
in patients undergoing early CP [11-15].

To further investigate the remarkably high complication 
rate in patients undergoing CP, we analyzed the long-term 
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complication rate in a large cohort of consecutive patients 
undergoing CP after DC, and analyzed patient characteristics 
for predictors of complications, with a special emphasis on 
timing of the procedure.

Methods

Patient population

This retrospective case series included all patients who 
underwent CP after DC in our university medical center 
between October 1, 2006 and October 1, 2018. Indications 
for DC included space-occupying hemispheric brain infarct, 
aneurysmal subarachnoid hemorrhage, traumatic brain 
injury, intracerebral hemorrhage, cerebral venous thrombo-
sis, infection, and brain tumor. Patients were selected from 
a retrospectively created operative database that included all 
patients undergoing DC in the same time frame [3, 16, 17]. 
Because this was an observational study, formal approval 
was waived by the institutional ethical review board of our 
hospital and patient consent was not required. The STROBE 
guidelines were used to report this observational study accu-
rately and completely [18].

Cranioplasty

CP was performed during the initial hospitalization for DC 
or in an elective setting, when there were no signs of persis-
tent brain swelling [19]. In elective patients, CP was usually 
performed in the weeks/months following the first follow-up 
visit to the neurosurgical outpatient clinic (scheduled eight 
weeks after discharge from the hospital, while the patient 
was in a rehabilitation center/nursing home). In the interim, 
patients wore a custom-fitted protective plaster helmet. CT-
imaging was performed, although not routinely, for control 
of intracranial structures or for three-dimensional recon-
struction of the skull defect for prefabrication of patient 
specific implant molds. Before the year 2016, autologous 
bone flap was used when available, after having been cryo-
preserved at − 80 °C in the hospital immediately after DC. 
Since the year 2016, we routinely perform alloplastic CP 
using polymethylmethacrylate in a customized three-dimen-
sional mold, to avoid resorption [20, 21]. In patients with 
symptomatic disturbances in CSF flow, the attending neu-
rosurgeon decided whether and when an in situ ventricular- 
or lumbar-peritoneal shunt or external ventricular/lumbar 
shunt would be preoperatively closed. Intraoperatively, the 
attending neurosurgeon decided whether CSF drainage by 
lumbar/ventricular puncture was needed to replace the bone 
flap without increasing the intracranial pressure, how many 
central tack-up sutures were used, how the graft was fixed 
[non-absorbable sutures, titanium osteoplastic miniplates 

and screws, or titanium Craniofix (Aesculap AG, Tuttlin-
gen, Germany)], and whether an epidural or subgaleal drain 
was left behind.

Data collection

Data sources included hospital records from our own insti-
tution, and the referring hospital when applicable, reha-
bilitation summaries, and correspondence of neurologists, 
nursing home physicians and general practitioners caring 
for the patients before and after discharge from our institu-
tion. These records were analyzed for demographic charac-
teristics, etiology of brain injury, use of anticoagulation or 
antiplatelets, presence of comorbidities, symptomatic distur-
bances in CSF flow, and timing of CP. Considering timing of 
CP, patients were dichotomized by ≤ 3 months or > 3 months 
after DC, similar to recent systematic reviews [9, 10].

Piedra et al. and Tsang et al. found that the presence of 
a permanent pre-CP CSF shunt was significantly associated 
with complications [22, 23]. Tsang et al. suggested that 
external lumbar/ventricular CSF drainage prior to CP would 
be a better alternative in patients who are CSF drainage-
dependent at the time of CP. To elucidate the supposedly 
higher complication rate in patients receiving CSF shunting/
drainage, patients were scored as suffering from “sympto-
matic disturbance in CSF flow prior to CP” when they were 
treated for symptomatic, CT-scan confirmed hydrocephalus 
prior to CP. These patients were subdivided into the follow-
ing categories: patients with either (1) a permanent ventric-
ular-peritoneal (VP) shunt or lumbar-peritoneal shunt, or 
(2) an external ventricular or lumbar shunt, or (3) patients 
without a shunt in situ but receiving preoperative pressure-
relieving lumbar CSF punctures. Notably, patients without 
symptomatic disturbance in CSF flow prior to CP but who 
required intraoperative CSF drainage by lumbar/ventricu-
lar puncture to replace the bone flap without increasing the 
intracranial pressure, were not classified as suffering from 
“symptomatic disturbance in CSF flow prior to CP”.

CT scans were evaluated by two reviewers (TG and 
PvdM) to determine the nature of the underlying pathology, 
the extent of midline shift, and any associated intracranial 
injuries. If applicable, CT scans were used to calculate the 
brain sunken ratio, i.e., the ratio of the median length from 
scalp to midline to the length from midline to contralateral 
inner table of the skull at the CT-section of maximum size 
of the craniectomy [24]. Outpatient CT scans, or CT scans 
within seven days prior to CP without signs of intracranial 
hypertension were considered applicable for the calculation 
of the brain sunken ratio.

The following complications occurring within 12 months 
after CP were noted: 1. symptomatic hemorrhage, 2. bone 
flap infection, 3. symptomatic hygroma, and 4. sympto-
matic hydrocephalus requiring implantation of a VP shunt 
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in patients without symptomatic disturbance in CSF flow 
prior to CP. Foreseen implantation of a VP shunt in patients 
with pre-CP symptomatic disturbance in CSF flow was not 
considered as a post-CP complication.

With the collected data, predictors of overall complica-
tions were identified. Since different complications can have 
different risk factors, we also identified predictors of the 
most frequently occurring complications (i.e., postoperative 
hemorrhage and postoperative infection) separately.

Data analysis

Continuous variables were tested for normal distribution 
using the Shapiro–Wilk test. A variable was considered 
normally distributed if the Shapiro–Wilk test was > 0.9, 
otherwise the variable was considered as not normally dis-
tributed. Means (± standard deviation, SD) are given for 
continuous variables with a normal distribution and medians 
(interquartile range, IQR, 25–75%) are given for not nor-
mally distributed continuous variables. To compare demo-
graphic and baseline characteristics between patients with 
versus patients without complications after CP, univariate 
statistical analysis was performed. The 2-tailed t test (for 
comparisons of normally distributed continuous variables), 
Mann–Whitney U test (for comparisons of continuous vari-
ables without a normal distribution), Fisher’s exact test (for 
analysis of 2 × 2 tables), and chi-square test (for analysis of 
N × 2 contingency tables) were done when appropriate to 
identify differences between groups. Results with a p < 0.05 
were considered statistically significant. Additionally, mul-
tivariate logistic regression analysis was performed includ-
ing significant associations of complications on univariate 
analysis. IBM SPSS Statistics 24.0 (IBM Corporation) was 
used for calculations.

Results

Patient characteristics

A total of 310 consecutive patients underwent supraten-
torial DC between October 1, 2006 and October 1, 2018. 
One hundred and thirty-two (43%) patients died, 9 (3%) 
did not undergo CP, and 24 (7%) were lost to follow-up. 
The remaining 145 (47%) patients, with a mean ± SD age 
of 44.3 ± 14.7 years, underwent CP after a median delay of 
136 (IQR 91–210) days after DC. Diagnosis for which DC 
was performed in these 145 patients were space-occupying 
hemispheric brain infarct (35%), aneurysmal subarachnoid 
hemorrhage (20%), traumatic brain injury (19%), intracer-
ebral hemorrhage (15%), cerebral venous thrombosis (9%), 
infection (1%), and brain tumor (1%). Thirty-three (23%) 
patients developed a post-CP complication during a median 

follow-up of 12 months. Patient characteristics for the CP 
cohort in total, and sorted by presence or absence of com-
plications, are presented in Table 1.

Predictors of complications

Eighteen (12%) patients suffered from symptomatic postop-
erative hemorrhage (epidural hematoma in 17, and subdural 
hematoma in one), requiring surgical evacuation in 17. One 
patient, with a pre-CP GCS score of 10 (E4M4V2) and a 
restriction of treatment (“do not resuscitate”, “no artificial 
respiration”), died one day post-CP due to a massive post-
operative epidural hemorrhage. In all 10 (7%) patients with 
postoperative infection, the bone flap was removed. A newly 
made alloplastic CP was placed in the following months. 
Four (3%) patients with postoperative hygroma received 
burr hole drainage. One (1%) out of 113 patients without 
pre-CP symptomatic disturbance in CSF flow suffered from 
post-CP symptomatic hydrocephalus and received a VP 
shunt (Table 2). Thirteen (50%) out of the 26 patients with 
pre-CP external CSF drainage required post-CP VP shunt 
implantation (as stated in the Methods, these foreseen VP 
shunt implantations were not noted as complication). In the 
remaining 13 (50%), CP resolved the symptomatic hydro-
cephalus. Eleven (79%) of the 14 post-CP VP shunts were 
implanted in patients undergoing CP within three months 
after DC.

Acute subdural hematoma (aSDH) after high-energy 
trauma as etiology of DC (OR 10.1; 95% CI 2.9–35.6), pre-
CP symptomatic disturbances in CSF flow (OR 3.8; 95% 
CI 1.6–9.0), and CP within three months after DC (OR 3.4; 
95% CI 1.5–7.8) were associated with higher complication 
rates on univariate analysis. On multivariate analysis, aSDH 
as etiology of DC and pre-CP symptomatic CSF flow distur-
bance remained associated with higher complication rates, 
whereas CP performed within three months after DC was 
not (OR 1.4; 95% CI 0.5–3.9) (Fig. 1). Pre-CP symptomatic 
disturbance in CSF flow was the only variable associated 
with the occurrence of post-CP symptomatic epi/subdural 
hemorrhage (OR 3.8; 95% CI 1.6–9.0).

Timing of cranioplasty

Considering the impact of timing of CP on postoperative 
complications, aSDH as etiology of DC (p < 0.0001), and 
pre-CP symptomatic disturbance in CSF flow (p < 0.0001) 
were more frequently present for patients undergoing CP 
within three months after DC. (Table 3) Twenty-nine out 
of 37 patients who received CP within three months were 
still hospitalized after the initial DC, 15 (52%) of these suf-
fered a complication. In contrast, only one (13%) of the eight 
outpatients who received CP within three months suffered a 
complication (p = 0.075). The incidence of complications in 
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Table 1  Baseline 
characteristics of 145 patients 
undergoing cranioplasty after 
decompressive craniectomy

Characteristics Total (n = 145) Without 
complication 
(n = 112)

With com-
plication 
(n = 33)

p  valuea

Gender, female, n (%) 78 (54) 60 (54) 18 (55)
Age, mean ± SD 44.3 ± 14.7 43.4 ± 14.8 47.3 ± 14.0
History
 Hypertension, n (%) 29 (20) 23 (21) 6 (18)
 Diabetes mellitus, n (%) 6 (4) 6 (5) 0
 Ischemic heart disease, n (%) 7 (5) 6 (5) 1 (3)
 Antiplatelet agent, n (%) 15 (10) 12 (11) 3 (9)
 Gore-tex® skin plasty during DC 5 (3) 3 (3) 2 (6)
 Surgery between DC and cranioplasty, n 

(%)
37 (25) 25 (22) 12 (36)

Etiology of DC 0.012
 Infarction, n (%) 51 (35) 46 (41) 5 (15) 0.009
 SAH, n (%) 29 (20) 20 (18) 9 (27)
 TBI:
  aSDH, n (%) 13 (9) 4 (4) 9 (27)  < 0.001
  aEDH, n (%) 6 (4) 5 (4) 1 (3)
  Contusion, n (%) 6 (4) 4 (4) 2 (6)
  Gunshot, n (%) 2 (1) 2 (2) 0

 ICH, n (%) 21 (15) 16 (14) 5 (15)
 CVT, n (%) 13 (9) 12 (11) 1 (3)
 Infection, n (%) 2 (1) 2 (2) 0
 Tumor, n (%) 2 (1) 1 (1) 1 (3)

Left side of cranioplasty, n (%) 66 (45) 50 (45) 16 (49)
Bifrontal cranioplasty, n (%) 4 (3) 3 (3) 1 (3)
Pre-CP symptomatic CSF disturbance, n (%) 32 (22) 18 (16) 14 (42) 0.002
 Pre-CP VP shunt, n (%) 6 (4) 4 (4) 2 (6)
  Not closed 4 4 0
  Programmable valve at highest resistance 2 0 2

 Pre-CP not closed LP shunt, n (%) 2 (1) 1 (1) 1 (3)
 Pre-CP closed EL-shunt 3 (1) 3 (3) 0
 Pre-CP closed EV-shunt, n (%) 9 (6) 4 (4) 5 (15)
 No drain in situ pre-CPb 12 (8) 6 (5) 6 (18)

DC-CP interval
 Median days (IQR) 136 (91–210) 141 (103–217) 101 (47–168) 0.008

  ≤ 3 months, n (%) 37 (26) 22 (20) 15 (46) 0.004
Residence pre-CP
 During initial hospitalization for DC, n (%) 31 (21) 17 (15) 14 (42) 0.001
 At a RC, n (%) 52 (36) 46 (41) 6 (18)
 At a nursing home, n (%) 15 (10) 10 (9) 5 (15)
 At home, n (%) 47 (32) 39 (35) 8 (24)

Pre-CP CT finding in 75 patients
 Midline-shift, mm, median (IQR) 3 (2–6) 3 (2–6) 3 (2–8)
 Sunken ratio, mean ± SDc 1.05 ± 0.20 1.07 ± 0.18 0.99 ± 0.26

Surgical expertise
 Resident + attending, n (%) 114 (79) 87 (78) 27 (82)
 Attending, n (%) 31 (21) 25 (22) 6 (18)

CP management (n = 137d)
 Intraoperative lumbar/ventricular  drainagee 38 (28) 26 (25) 12 (38)

  < 3 central tack-up sutures 105 (77) 80 (76) 25 (78)
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patients receiving CP within three months after DC differed 
when dichotomizing by “pre-CP symptomatic disturbance in 
CSF flow” (OR 4.0; 95% CI 1.0–16.5) (Fig. 2).

Brain sunken ratio

Seventy patients did not undergo CT-imaging within seven 
days before CP, or at the outpatient clinic. There was no 
difference in complication rate between patients who did 
receive a pre-CP CT-scan and those who did not (27% versus 
23%, respectively; p = 0.71). The brain sunken ratio was cal-
culated for 75 patients: 23 patients underwent CT-imaging in 

aEDH acute epidural hematoma, aSDH acute subdural hemorrhage, CP cranioplasty, CSF cerebrospinal 
fluid flow, CVT cerebral venous thrombosis, DC decompressive craniectomy, EV external ventricular, ICH 
intracerebral hematoma, IQR interquartile range, LP lumbar-peritoneal shunt, N number of patients, RC 
rehabilitation center, SD standard deviation, TBI traumatic brain injury, VP ventricular-peritoneal
a 2-tailed t test for means, Mann–Whitney U test for medians, Fisher’s exact test for binary variables, and 
chi-square test for ordinal variable (pupillary light reflexes pre-DC), only p < 0.05 shown
b CSF disorder, without shunt in  situ: patients with hydrocephalus, receiving pressure-relieving CSF taps 
pre-cranioplasty
c Sunken ratio: the ratio of A (the median length from scalp to midline) to B (the length from midline to 
inner table skull at this level) at the CT-section of maximum size craniectomy
d In eight patients no complete operational record was available
e Twenty-two of 38 patients receiving intraoperative drainage had no clinically symptomatic disturbances in 
cerebrospinal fluid
f Three patients with epidural drain, 37 with subgaleal drain

Table 1  (continued) Characteristics Total (n = 145) Without 
complication 
(n = 112)

With com-
plication 
(n = 33)

p  valuea

 Graft fixation
  Non-absorbable sutures 34 (25) 26 (25) 8 (25)
  Titanium osteoplastic plates/screws 67 (49) 48 (46) 19 (59)
  Titanium Craniofix (Aesculap AG) 36 (26) 31 (30) 5 (16)

 Epidural/subgaleal  drainf 40 (29) 32 (31) 8 (25)
Using artificial bone, n (%) 33 (23) 23 (21) 10 (30)
Hospital stay post-CP, days, median (IQR) 3 (2–8) 3 (2–4) 15 (6–32)  < 0.001

Table 2  Postoperative complications in 33 of 145 patients undergoing 
cranioplasty

EDH epidural hematoma, SDH sundural hematoma, VP shunt ven-
triculoperitoneal shunt

Complication Number of 
patients (% of 
total)

Postoperative hemorrhage 18 (12)
 Symptomatic EDH 17
  Evacuation of EDH 16
  Died due to EDH 1

 Symptomatic SDH, with evacuation 1
Postoperative infection, with removal of the graft 10 (7)
Hygroma requiring burr hole drainage 4 (3)
Hydrocephalus requiring VP shunt placement 1 (1)

Fig. 1  Multivariate analysis of associations with high complica-
tion rates in 145 patients undergoing cranioplasty (CP); aSDH acute 
subdural hematoma, CI confidence interval, CSF cerebrospinal fluid 
flow, DC decompressive craniectomy, H postoperative hemorrhage, I 
infection, O other complications, OR odds ratio, n number of patients
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a clinical setting within seven days before CP with a median 
delay between the CT scan and CP of two (IQR 1–5) days, 
52 patients underwent an outpatient CT scan with a median 
delay between the CT scan and CP of 49 (IQR 3–88) days. 
No difference in brain sunken ratio was found, when patients 
were dichotomized by occurrence of postoperative compli-
cations: 1.07 ± 0.18 in patients without complications versus 
0.99 ± 0.26 in patients with complications (p = 0.250).

Bone flap resorption

In 112 (76%) patients, autologous bone grafts were used 
for cranioplasty. There was no difference in complication 
rate between allograft and autologous graft during the first 
post-CP months. (Table 1) However, in 18 (16%) of the 
112 patients with autologous grafts, bone flap resorption 
occurred after 28 ± 19 months. In 12 of these 18 patients, a 
second CP (with allograft) was needed. One of them suffered 

a postoperative epidural hemorrhage requiring evacuation 
and craniectomy, followed by tertiary CP after seven months.

Discussion

We reviewed the long-term complication rate of patients 
undergoing cranioplasty (CP) following decompressive 
craniectomy (DC) by analyzing a 13-year, single-center, con-
secutive patient cohort. CP-related complications occurred 
in 23%, similar to many published studies of comparably 
sized cohorts [25-30]. The presence of symptomatic distur-
bance in CSF flow prior to CP and acute subdural hematoma 
as etiology of DC were associated with higher complication 
rates. Pre-CP symptomatic CSF flow disturbance was the 
only associated risk factor for the occurrence of post-CP 
symptomatic epi/subdural hemorrhage.

Table 3  Characteristics of 
145 patients undergoing 
cranioplasty categorized by 
timing within three months after 
decompressive craniectomy

aSDH acute subdural hematoma, CP cranioplasty, CSF cerebrospinal fluid flow, DC decompressive 
craniectomy, n number of patients, SDstandard deviation
a 2-tailed t test for means (age), and Fisher’s exact test for binary variables, only p < 0.05 shown

Characteristics CP ≤ 3 months
n = 37

CP > 3 months
n = 108

p  valuea

Gender, female, n (%) 24 (65) 54 (50)
Age, mean ± SD 43.4 ± 16.3 44.6 ± 14.1
Pre-CP CSF disturbance, n (%) 20 (54) 12 (11)  < 0.0001
aSDH as etiology of DC, n (%) 10 (27) 3 (3)  < 0.0001
CP during initial hospitalization for DC, 

n (%)
29 (78) 2 (2)  < 0.0001

Complication, n (%) 15 (41) 18 (17) 0.004
 Postoperative hemorrhage, n (%) 8 (22) 10 (9)
 Postoperative infection, n (%) 3 (8) 7 (6)

Fig. 2  Complication rate of 145 
patients undergoing cranioplasty 
(CP), stratified for timing of CP, 
and preoperative symptomatic 
disturbances in cerebrospinal 
fluid flow; CI confidence inter-
val, CSF cerebrospinal fluid 
flow, OR odds ratio, n number 
of patients
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Timing of cranioplasty

Systematic reviews by Xu et al. and Malcolm et al. showed 
comparable complication rates between early CP (within 
three months after DC) and late CP (more than three months 
after DC) [9, 10]. In our study, early CP was associated with 
more complications, but on multivariate analysis this higher 
complication rate was explained by the higher incidence of 
pre-CP CSF flow disturbance and acute subdural hema-
toma as etiology of DC among early CP patients. Patients 
with CSF flow disturbance were especially at risk for post-
operative hemorrhage. Xu et al., Malcolm et al., and also 
the more recently published large cohort study by Morton 
et al. reported a higher rate of postoperative hydrocephalus 
requiring a shunt in patients undergoing CP within three 
months [9, 10, 29]. However, they did not report data on the 
presence of pre-CP hydrocephalus, which may have been 
more present among early CP patients. In our cohort, the 
percentage of patients requiring a post-CP shunt was higher 
in the early CP group compared to the late CP group (30% 
versus 3%), but this was explained by the higher incidence 
of pre-CP CSF flow disturbance in the early CP group. We 
did not consider (foreseen) VP shunt implantation in patients 
suffering from pre-CP hydrocephalus as a complication.

Why is CSF flow disturbance prior to CP associated 
with more complications?

Similar to our findings, Piedra et al. and Tsang et al. found 
that the presence of a permanent pre-CP CSF shunt was 
significantly associated with complications [22, 23]. Tsang 
et al. suggested that external lumbar/ventricular CSF drain-
age prior to CP would be a better alternative in patients who 
are CSF drainage-dependent at the time of CP. Our results 
do not support this suggestion: five of the 12 patients with an 
external lumbar/ventricular CSF drain prior to CP developed 
a complication. Hypothetically, patients treated for pre-CP 
CSF flow disturbance are at higher risk of complications due 
to potential pre-CP overdrainage of CSF, causing relatively 
negative intracranial pressure which may cause postsurgical 
hemorrhage. On the other hand, CP may serve to restore 
normal CSF flow, and sometimes even improve neurologic 
outcome, especially in patients with clinical signs of sinking 
skin flap syndrome [5, 8, 11, 31, 32]. Indeed, CP resolved 
symptomatic hydrocephalus in half of our patients suffering 
from pre-CP symptomatic hydrocephalus. CSF flow distur-
bance should therefore not be a reason to restrict performing 
CP, but the amount of pre-CP CSF drainage should be care-
fully monitored and, if possible, minimized. Alternatively, 
a longer interval between DC and CP could be considered 
to evaluate whether spontaneous recovery of pre-CP hydro-
cephalus occurs. However this may lead to a longer admis-
sion to the hospital or delayed initiation of rehabilitation. 

In brief, we do not have an easy solution for the remarkably 
high complication rate in patients with pre-CP hydrocepha-
lus. CP in such patients should be performed with highest 
caution.

Brain sunken ratio

We did not find a correlation between the brain sunken 
ratio and complication rate, contrary to the study by Lee 
et al. [24]. Unfortunately, we were not able to analyze this 
brain sunken ratio in all patients: most of our neurosurgeons 
decided to schedule a patient for CP based on physical 
examination of the skin flap only, and many patients did not 
routinely receive pre-CP CT-imaging in a clinically stable 
setting or at the outpatient clinic. Whether patients received 
pre-CP CT-imaging was not associated with a difference in 
complication rate. Additionally, there was a large heteroge-
neity in time between CT-imaging and CP in the remain-
ing patients who did receive pre-CP CT-imaging. Possibly, 
future studies can elucidate the possible benefits of routine 
pre-CP CT-imaging, with added emphasis on timing before 
CP. Such imaging may also be helpful in patients suffering 
from pre-CP symptomatic hydrocephalus, treated with exter-
nal ventricular/lumbar CSF drainage, to carefully monitor 
the consequences of drainage on brain sinking.

Limitations of the study and future perspectives

The present study has several limitations. First, data col-
lection was performed retrospectively. Second, CP patients 
were dichotomized by ≤ 3 months or > 3 months after DC, 
similar to recent systematic reviews [9, 10]. In our cohort 
this led to a skewed distribution of timing with only 37 out 
of the 145 patients falling within the early group. But since 
37 is still a substantial number of patients, we consider our 
conclusions as relatively solid. Third, there was no standard-
ized preoperative treatment protocol in patients with sympto-
matic CSF flow disturbance, or standardized operative tech-
nique of CP. The high variability in pre- and intraoperative 
treatment was not a prognostic factor of complications, but a 
more stringent and uniform treatment/surgical protocol may 
result in less complications [33, 34] For example, to prevent 
pre-CP overdrainage of CSF, one may close external lum-
bar/ventricular CSF drains or lumbar/ventricular-peritoneal 
shunts a minimum number of days before CP. Furthermore, a 
uniform intraoperative protocol (including a minimum num-
ber of tack-up sutures and method of flap fixation) could 
be implemented. Also, if all patients would receive routine 
pre-CP CT scans, a potential correlation between the brain 
sunken ratio and complications rate could be better identi-
fied, and could then serve to implement a minimum brain 
sunken ratio in the treatment protocol. The very high com-
plication rate in the subgroup of patients with symptomatic 
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CSF flow disturbance prior to CP is clearly unacceptably 
high. We should undertake any effort possible to lower this 
rate in the coming years.

Conclusion

Cranioplasty has high complication rates, 23% in our cohort. 
Contrary to recent systematic reviews showing comparable 
complication rates between early CP (within three months 
after DC) and late CP (more than three months after DC), 
early CP in our cohort was associated with more complica-
tions (41%). On multivariate analysis, this higher complica-
tion rate was explained by the higher incidence of pre-CP 
CSF flow disturbance and acute subdural hematoma as etiol-
ogy of DC among early CP patients. Pre-CP symptomatic 
CSF flow disturbance was the only associated risk factor for 
the occurrence of post-CP symptomatic epi/subdural hem-
orrhage. CP in such patients should therefore be performed 
with highest caution.

Compliance with ethical standards 

Conflicts of interest The authors declare that they have no conflict of 
interest.

Ethical standards For this observational study, formal approval was 
waived by the institutional ethical review board of our hospital and 
patient consent was not required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Hutchinson PJ, Kolias AG, Timofeev IS, Corteen EA, Czosnyka 
M, Timothy J et al (2016) Trial of decompressive craniectomy for 
traumatic intracranial hypertension. N Engl J Med 375(12):1119–
1130. https ://doi.org/10.1056/NEJMo a1605 215

 2. Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George B, Algra 
A et al (2007) Early decompressive surgery in malignant infarc-
tion of the middle cerebral artery: a pooled analysis of three ran-
domised controlled trials. Lancet Neurol 6(3):215–222. https ://
doi.org/10.1016/S1474 -4422(07)70036 -4

 3. Goedemans T, Verbaan D, Coert BA, Sprengers MES, van den 
Berg R, Vandertop WP et al (2018) Decompressive craniectomy in 
aneurysmal subarachnoid haemorrhage for hematoma or oedema 

versus secondary infarction. Br J Neurosurg 32(2):149–156. https 
://doi.org/10.1080/02688 697.2017.14064 53

 4. Zuurbier SM, Coutinho JM, Majoie CB, Coert BA, van den 
Munckhof P, Stam J (2012) Decompressive hemicraniectomy 
in severe cerebral venous thrombosis: a prospective case series. 
J Neurol 259(6):1099–1105. https ://doi.org/10.1007/s0041 
5-011-6307-3

 5. Dujovny M, Agner C, Aviles A (1999) Syndrome of the trephined: 
theory and facts. Crit Rev Neurosurg 9(5):271–278 PMID: 
10525845

 6. Di Rienzo A, Colasanti R, Gladi M, Pompucci A, Della Costanza 
M, Paracino R et al (2019) Sinking flap syndrome revisited: the 
who, when *and why. Neurosurg Rev. https ://doi.org/10.1007/
s1014 3-019-01148 -7

 7. Malcolm JG, Rindler RS, Chu JK, Chokshi F, Grossberg JA, 
Pradilla G et al (2018) Early cranioplasty is associated with 
greater neurological improvement: a systematic review and 
meta-analysis. Neurosurgery 82(3):278–288. https ://doi.
org/10.1093/neuro s/nyx18 2

 8. Bender A, Heulin S, Röhrer S, Mehrkens JH, Heidecke V, 
Straube A et al (2013) Early cranioplasty may improve out-
come in neurological patients with decompressive craniectomy. 
Brain Inj 27(9):1073–1079. https ://doi.org/10.3109/02699 
052.2013.79497 2

 9. Xu H, Niu C, Fu X, Ding W, Ling S, Jiang X et al (2015) Early 
cranioplasty vs. late cranioplasty for the treatment of cranial 
defect: a systematic review. Clin Neurol Neurosurg 136:33–40. 
https ://doi.org/10.1016/j.cline uro.2015.05.031

 10. Malcolm JG, Rindler RS, Chu JK, Grossberg JA, Pradilla G, 
Ahmad FU (2016) Complications following cranioplasty and rela-
tionship to timing: a systematic review and meta-analysis. J Clin 
Neurosci 33:39–51. https ://doi.org/10.1016/j.jocn.2016.04.017

 11. Schuss P, Vatter H, Oszvald Á, Marquardt G, Imöhl L, Seifert V 
et al (2012) Bone flap resorption: risk factors for the development 
of a long-term complication following cranioplasty after decom-
pressive craniectomy. J Neurotrauma. https ://doi.org/10.1089/
neu.2012.2542

 12. Rosseto RS, Giannetti AV, de Souza Filho LD, Faleiro RM (2015) 
Risk factors for graft infection after cranioplasty in patients with 
large hemicranial bony defects. World Neurosurg 84(2):431–437. 
https ://doi.org/10.1016/j.wneu.2015.03.045

 13. Paredes I, Castaño-León AM, Munarriz PM, Martínez-Perez R, 
Cepeda S, Sanz R et al (2015) Cranioplasty after decompressive 
craniectomy. A prospective series analyzing complications and 
clinical improvement. Neurocirugia (Astur) 26(3):115–125. https 
://doi.org/10.1016/j.neuci r.2014.10.001

 14. Borger V, Schuss P, Kinfe TM, Vatter H, Güresir E (2016) Decom-
pressive craniectomy for stroke: early cranioplasty is a predictor 
for postoperative complications. World Neurosurg 92:83–88. https 
://doi.org/10.1016/j.wneu.2016.04.113

 15. Chaturvedi J, Botta R, Prabhuraj AR, Shukla D, Bhat DI, Devi 
BI (2016) Complications of cranioplasty after decompressive 
craniectomy for traumatic brain injury. Br J Neurosurg 30(2):264–
268. https ://doi.org/10.3109/02688 697.2015.10543 56

 16. Goedemans T, Verbaan D, Coert BA, Kerklaan BJ, van den Berg 
R, Coutinho JM et al (2017) Neurologic outcome after decom-
pressive craniectomy: predictors of outcome in different patho-
logic conditions. World Neurosurg 105:765–774. https ://doi.
org/10.1016/j.wneu.2017.06.069

 17. Goedemans T, van der Veer O, Verbaan D, Bot M, Lequin MB, 
Coert BA et al (2018) Skin augmentation as a last-resort operative 
technique during decompressive craniectomy. World Neurosurg 
119:e417–e428. https ://doi.org/10.1016/j.wneu.2018.07.177

 18. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP, Initiative STROBE (2008) The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1605215
https://doi.org/10.1016/S1474-4422(07)70036-4
https://doi.org/10.1016/S1474-4422(07)70036-4
https://doi.org/10.1080/02688697.2017.1406453
https://doi.org/10.1080/02688697.2017.1406453
https://doi.org/10.1007/s00415-011-6307-3
https://doi.org/10.1007/s00415-011-6307-3
https://doi.org/10.1007/s10143-019-01148-7
https://doi.org/10.1007/s10143-019-01148-7
https://doi.org/10.1093/neuros/nyx182
https://doi.org/10.1093/neuros/nyx182
https://doi.org/10.3109/02699052.2013.794972
https://doi.org/10.3109/02699052.2013.794972
https://doi.org/10.1016/j.clineuro.2015.05.031
https://doi.org/10.1016/j.jocn.2016.04.017
https://doi.org/10.1089/neu.2012.2542
https://doi.org/10.1089/neu.2012.2542
https://doi.org/10.1016/j.wneu.2015.03.045
https://doi.org/10.1016/j.neucir.2014.10.001
https://doi.org/10.1016/j.neucir.2014.10.001
https://doi.org/10.1016/j.wneu.2016.04.113
https://doi.org/10.1016/j.wneu.2016.04.113
https://doi.org/10.3109/02688697.2015.1054356
https://doi.org/10.1016/j.wneu.2017.06.069
https://doi.org/10.1016/j.wneu.2017.06.069
https://doi.org/10.1016/j.wneu.2018.07.177


1320 Journal of Neurology (2020) 267:1312–1320

1 3

statement: guidelines for reporting observational studies. J 
Clin Epidemiol 61(4):344–349. https ://doi.org/10.1016/j.jclin 
epi.2007.11.008

 19. Piazza M, Grady MS (2017) Cranioplasty. Neurosurg Clin N Am 
28(2):257–265. https ://doi.org/10.1016/j.nec.2016.11.008

 20. Kim BJ, Hong KS, Park KJ, Park DH, Chung YG, Kang SH 
(2012) Customized cranioplasty implants using three-dimensional 
printers and polymethyl-methacrylate casting. J Korean Neurosurg 
Soc 52(6):541–546. https ://doi.org/10.3340/jkns.2012.52.6.541

 21. van de Vijfeijken SECM, Münker TJAG, Spijker R, Karssemakers 
LHE, Vandertop WP, Becking AG et al (2018) Autologous bone is 
inferior to alloplastic cranioplasties: safety of autograft and allo-
graft materials for cranioplasties, a systematic review. World Neu-
rosurg 117:443–452. https ://doi.org/10.1016/j.wneu.2018.05.193

 22. Piedra MP, Ragel BT, Dogan A, Coppa ND, Delashaw JB (2013) 
Timing of cranioplasty after decompressive craniectomy for 
ischemic or hemorrhagic stroke. J Neurosurg 118(1):109–114. 
https ://doi.org/10.3171/2012.10.JNS12 1037

 23. Tsang AC, Hui VK, Lui WM, Leung GK (2015) Complications of 
post-craniectomy cranioplasty: risk factor analysis and implica-
tions for treatment planning. J Clin Neurosci 22(5):834–837. https 
://doi.org/10.1016/j.jocn.2014.11.021

 24. Lee JM, Whang K, Cho SM, Kim JY, Oh JW, Koo YM et al (2017) 
Factors affecting optima time of cranioplasty: brain sunken ratio. 
Korean J Neurotrauma 13(2):113–118. https ://doi.org/10.13004 /
kjnt.2017.13.2.113

 25. Shiban E, Lange N, Hauser A, Jörger AK, Wagner A, Meyer B 
et al (2018) Cranioplasty following decompressive craniectomy: 
minor surgical complexity but still high periprocedural com-
plication rates. Neurosurg Rev. https ://doi.org/10.1007/s1014 
3-018-1038-x

 26. Chang V, Hartzfeld P, Langlois M, Mahmood A, Seyfried D 
(2010) Outcomes of cranial repair after craniectomy. J Neurosurg 
112(5):1120–1124. https ://doi.org/10.3171/2009.6.JNS09 133

 27. Krause-Titz UR, Warneke N, Freitag-Wolf S, Barth H, Mehdorn 
HM (2016) Factors influencing the outcome (GOS) in recon-
structive cranioplasty. Neurosurg Rev 39(1):133–139. https ://doi.
org/10.1007/s1014 3-015-0678-3

 28. Walcott BP, Kwon CS, Sheth SA, Fehnel CR, Koffie RM, Asaad 
WF et al (2013) Predictors of cranioplasty complications in stroke 
and trauma patients. J Neurosurg 118(4):757–762. https ://doi.
org/10.3171/2013.1.JNS12 1626

 29. Morton RP, Abecassis IJ, Hanson JF, Barber JK, Chen M, Kelly 
CM et al (2018) Timing of cranioplasty: a 10.75-year single-
center analysis of 754 patients. J Neurosurg 128(6):1648–1652. 
https ://doi.org/10.3171/2016.11.JNS16 1917

 30. Zanaty M, Chalouhi N, Starke RM, Clark SW, Bovenzi CD, Saigh 
M et al (2015) Complications following cranioplasty: incidence 
and predictors in 348 cases. J Neurosurg 123(1):182–188. https 
://doi.org/10.3171/2014.9.JNS14 405

 31. Tabaddor K, LaMorgese J (1976) Complication of a large cra-
nial defect. Case report. J Neurosurg 44(4):506–508. https ://doi.
org/10.3171/jns.1976.44.4.0506

 32. Schiffer J, Gur R, Nisim U, Pollak L (1997) Symptomatic patients 
after craniectomy. Surg Neurol 47(3):231–237 PMID: 9068692

 33. Kestle JR, Riva-Cambrin J, Wellons JC 3rd, Kulkarni AV, White-
head WE, Walker ML et al (2011) A standardized protocol to 
reduce cerebrospinal fluid shunt infection: the Hydrocephalus 
Clinical Research Network Quality Improvement Initiative. J Neu-
rosurg Pediatr 8(1):22–29. https ://doi.org/10.3171/2011.4.PEDS1 
0551

 34. Buis DR, Idema S, Feller R, Vandertop WP (2014) Standardiza-
tion of surgical procedures: beyond checklists? World Neurosurg 
82(1–2):e376–377. https ://doi.org/10.1016/j.wneu.2012.04.028

https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.nec.2016.11.008
https://doi.org/10.3340/jkns.2012.52.6.541
https://doi.org/10.1016/j.wneu.2018.05.193
https://doi.org/10.3171/2012.10.JNS121037
https://doi.org/10.1016/j.jocn.2014.11.021
https://doi.org/10.1016/j.jocn.2014.11.021
https://doi.org/10.13004/kjnt.2017.13.2.113
https://doi.org/10.13004/kjnt.2017.13.2.113
https://doi.org/10.1007/s10143-018-1038-x
https://doi.org/10.1007/s10143-018-1038-x
https://doi.org/10.3171/2009.6.JNS09133
https://doi.org/10.1007/s10143-015-0678-3
https://doi.org/10.1007/s10143-015-0678-3
https://doi.org/10.3171/2013.1.JNS121626
https://doi.org/10.3171/2013.1.JNS121626
https://doi.org/10.3171/2016.11.JNS161917
https://doi.org/10.3171/2014.9.JNS14405
https://doi.org/10.3171/2014.9.JNS14405
https://doi.org/10.3171/jns.1976.44.4.0506
https://doi.org/10.3171/jns.1976.44.4.0506
https://doi.org/10.3171/2011.4.PEDS10551
https://doi.org/10.3171/2011.4.PEDS10551
https://doi.org/10.1016/j.wneu.2012.04.028

	Complications in cranioplasty after decompressive craniectomy: timing of the intervention
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient population
	Cranioplasty
	Data collection
	Data analysis

	Results
	Patient characteristics
	Predictors of complications
	Timing of cranioplasty
	Brain sunken ratio
	Bone flap resorption

	Discussion
	Timing of cranioplasty
	Why is CSF flow disturbance prior to CP associated with more complications?
	Brain sunken ratio
	Limitations of the study and future perspectives

	Conclusion
	References




