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ABSTRACT

Objective: Decompressive craniectomy (DC) is one of the treatment modalities in severe 
traumatic brain injury (TBI), however, there was a lack of evidence for optimal craniectomy 
size. The authors aimed to investigate optimal DC size and analyze clinical outcome 
according to craniectomy size.
Methods: We retrospectively reviewed the medical data of 87 patients with a space occupying 
lesion following TBI who underwent unilateral DC. Craniectomy size was measured by 
anterior-posterior (AP) diameter and surface estimate (SE). Mortality, clinical outcome, and 
complications were collected and analyzed according to craniectomy size.
Results: Nineteen patients (21.8%) died and 35 patients (40.2%) had a favorable outcome 
at last follow-up (a mean duration, 30.3±39.4 months; range, 0.2–132.6 months). Receiver 
operating curve analyses identified AP diameter more than 12.5 cm (area under the curve 
[AUC]=0.740; p=0.002) and SE more than 98.0 cm2 (AUC=0.752; p=0.001) as cut-off values 
for survival, and AP diameter more than 13.4 cm (AUC=0.650; p=0.018) and SE more 
than 107.3 cm2 (AUC=0.685; p=0.003) for favorable outcome. Large craniectomy resulted 
in a significantly lower mortality rate and a higher rate of favorable outcome than small 
craniectomy (p=0.005 and p=0.014, respectively). However, procedure related bleeding 
occurred more frequently in the large craniectomy group (p=0.044).
Conclusion: Unilateral DC size is associated with clinical outcome of patients with a 
space occupying lesion following severe TBI. Large craniectomy is needed for survival and 
favorable outcome.
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INTRODUCTION

Intracranial hypertension, with or without a space occupying lesion, is still an important 
prognostic factor in severe traumatic brain injury (TBI).1,16,32) Decompressive craniectomy 
(DC) is a surgical procedure with the purpose of decompression of the intracranial space 
without reinserting the bone flap as the management of refractory intracranial pressure 
(ICP).17,28) However, it is still a controversial modality for treatment of severe TBI with 
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refractory intracranial hypertension. The Decompressive Craniectomy in Diffuse Traumatic 
Brain Injury (DECRA) trial found poorer clinical outcomes for patients in the DC group 
compared with standard care.5) To the contrary, the latest randomized controlled trial (RCT), 
the Randomized Evaluation of Surgery with Craniectomy for Uncontrollable Elevation 
of Intracranial Pressure (RESCUEicp) trial, demonstrated that DC contributed to a lower 
mortality rate and obtained some advantages of functional outcomes compared with medical 
care.10) Nevertheless, DC is widely used as a treatment modality for intracranial hypertension 
in severe TBI patients. Jiang et al.15) and Qiu et al.24) demonstrated better outcomes in a large 
frontotemporoparietal DC (not less than 12×15 cm or 15 cm diameter) group compared with 
a routine temporoparietal craniectomy (6×8 cm or 8 cm diameter). However, those studies 
could not show outcomes of a frontotemporoparietal DC between a diameter of 8 cm and 
15 cm. Although several studies reported clinical outcomes according to DC size, they had a 
limitation of small sample size for severe TBI patients.26,27,32) There is also a lack of evidence 
for optimal size of unilateral DC in severe TBI with space occupying lesion. The goal of this 
study was to investigate optimal size of unilateral DC and to demonstrate the impact of DC 
size on mortality and clinical outcomes in severe TBI with space occupying lesions.

MATERIALS AND METHODS

Patient selection
A retrospective analysis was conducted on all patients with severe TBI who underwent 
emergent DC in Dongguk University Ilsan Hospital between March 2007 and December 2019. 
Indications for inclusion in this series were as follows: 1) initial Glasgow Coma Scale (GCS) 
of 8 or less; 2) a space occupying lesion (subdural hematoma [SDH], cerebral contusion, or 
epidural hematoma [EDH]) with or without cerebral edema on initial computed tomography 
(CT) scan; and 3) the midline shift of at least 5 mm or the effacement of basal cisterns. 
Patients who underwent bifrontal DC were excluded from the study. Finally, 87 patients 
treated with unilateral DC were enrolled in our study. This study was conducted according to 
the principles outlined in the Declaration of Helsinki and was approved by our Institutional 
Review Board with signed consent being waived (IRB number: 2020-06-015).

Data collection
Medical records and imaging data were reviewed for basal characteristics, radiologic results, 
clinical outcomes, morbidity, and mortality. Multiple patient variables were retrieved as 
follows: age, gender, mechanism of injury, initial GCS,33) pupillary light reflexes, Injury 
Severity Score (ISS), medical parameters (hypertension, diabetes, cerebrovascular disease, 
coronary heart disease, liver disease, chronic kidney disease, and use of antiplatelet or 
anticoagulant agents), ICP (72 hours post-operatively), and complications (procedure related 
bleeding, procedure related infection, and hydrocephalus). Clinical outcomes were evaluated 
using the Glasgow Outcome Scale (GOS).13) Radiographic data including a Rotterdam CT 
score,19) types of space occupying hematomas, and craniectomy size were also collected.

Craniectomy size
Craniectomy size was measured on immediately postoperative CT scans using dedicated 3D 
program (syngo InSpace4D available on a syngo CT Workplace, VA44; Siemens Healthineers, 
Erlangen, Germany). A measure of craniectomy size was used from the previously published 
equation of Tanrikulu and Schur.26,32) The size of the DC was calculated as follows: largest 
anterior-posterior (AP) and largest cranio-caudal (CC) diameter, surface estimate (SE) of 
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bony decompression (SE=AP/2×CC/2×π).32) The ratio of the flap circumference to the skull 
hemi-circumference (F-S ratio) was calculated using the previously published equation of 
Schur (SUPPLEMENTARY FIGURE 1).26) Two experienced neurosurgeons (J Koo and J Lee) who 
were blinded to pertinent radiologic information independently reviewed all postoperative 
CT scans. If disagreement between the 2 neurosurgeons occurred, a consensus was 
established by a third neurosurgeon (KT Cho).

Surgical procedure
All DC was performed unilaterally within 24 hours on the side of the most significant mass 
effect, which was determined by CT scans. After hair shaving and preparation of the skin, a 
frontotemporoparietal hemicraniectomy was performed. The dura mater was opened in a 
C-shaped or a stellate fashion and removal of the hematoma was performed when necessary. 
A large duraplasty was performed to allow for maximal expansion of the brain. An ICP 
monitor was routinely installed in the epidural space, and all procedures were performed by 5 
different neurosurgeons.

Reoperation and postoperative management
Brain CT scan was performed immediately following the procedure and on postoperative 
days 1, 3, and 7. If ICP was above 25 mmHg, an emergent brain CT scan was obtained at the 
time. Reoperation was performed in any of following cases: 1) procedure-related SDH or EDH 
with a thickness of 10 mm or more within the field of DC on the CT scan or 2) when ICP was 
more than 25 mmHg and procedure-related bleeding or unilateral hemispheric swelling was 
identified on the CT scan. Postoperative medical management included optimized sedation, 
the normalization of arterial carbon dioxide pressure and electrolytes, use of mannitol, and 
control of blood pressure while keeping cerebral perfusion pressure over 70 mmHg.

Statistical analyses
Continuous variables were presented as mean±standard deviation and categorical data were 
expressed as frequencies and percentages. The χ2 or Fisher's exact tests were used to assess 
categorical variables. Multivariate analysis was conducted using variables with p-values <0.05 
in univariate analysis or that were clinically important. Receiver operating characteristic 
(ROC) curve analysis was used to determine optimal cut-off values for parameters found to be 
significantly correlated with survival and favorable outcome. The cutoff value was defined as 
the highest sensitivity and specificity produced by the Youden index. Statistical significance 
was set at p<0.05, utilizing SPSS (version 22; IBM Corp., Armonk, NY, USA) for all purposes.

RESULTS

Patient characteristics and clinical outcome
The baseline characteristics of patients and clinical outcomes are summarized in 
SUPPLEMENTARY TABLE 1. The mean patient age was 61.4±20.0 years (range, 18–98 years) 
and male patients were 58 (66.7%). Initial mean GCS was 5.0±2.2 (range, 3–8) and mean 
ISS was 25.1±9.7 (range, 9–57). The mean Rotterdam CT score was 3.6±0.9 (range, 2–6) and 
79 (90.8%) patients showed greater than 5 mm of midline shift. The mean post-operative 
ICP was 20.0±14.7 (range, 3.6–82.0). On postoperative CT scan, the mean AP diameter was 
measured as 12.9±1.25 cm (range, 8.5–16.0 cm), the CC diameter was 10.0±1.04 cm (range, 
7.0–12.6 cm), and the SE was 102.5±18.2 cm2 (range, 51.6–158.9 cm2). The mean F-S ratio 
was observed as 61.2±7.8% (range, 34.7–77.3%). The mortality rate (GOS 1) was 21.8% and 
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favorable outcome (GOS 4–5) was observed in 40.2% of the patients, with a mean follow-
up duration of 30.3±39.4 months (range, 0.2–132.6 months). Univariate analysis indicated 
that age, initial GCS, bilateral unreactive pupil, Rotterdam CT score, post-operative ICP 
and craniectomy size were significantly correlated with mortality and favorable outcomes 
(TABLE 1). In multivariate analysis, post-operative ICP (odds ratio [OR]=1.269; p=0.024) and 
craniectomy size (SE) (OR=0.791; p=0.034) were identified as significant factors for mortality. 
And age (OR=0.914, p=0.001), initial GCS (OR, 1.841; p=0.010), and craniectomy size (SE) 
(OR=1.048; p=0.042) were statistically significant factors for favorable outcome (TABLE 2). 
SUPPLEMENTARY TABLE 2 shows GOS at last follow-up according to type of hemorrhage.
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TABLE 1. Univariate analysis for mortality and favorable outcome
Variables Mortality Favorable outcome

Survival (n=69) Death (n=18) p-value Favorable (n=36) Poor (n=51) p-value
Age (years) 59.5±16.3 59.3±20.0 0.048* 49.6±19.1 69.7±15.3 <0.001*
Male 49 (71.0) 9 (50.0) 0.092 24 (66.7) 34 (66.7) 1.000
Underlying disease

Hypertension 27 (39.1) 7 (38.9) 0.985 10 (27.8) 24 (47.1) 0.069
Diabetes 14 (20.3) 5 (27.8) 0.528 5 (13.9) 14 (27.5) 0.132
Coronary heart disease 6 (8.7) 3 (16.3) 0.296 2 (5.6) 7 (13.7) 0.296
Cerebrovascular disease 7 (10.1) 1 (5.6) 0.686 2 (5.6) 6 (11.8) 0.461
Liver disease 7 (10.1) 0 (0.0) 0.216 2 (5.6) 5 (9.8) 0.695
Chronic kidney disease 1 (1.4) 2 (11.1) 0.107 0 (0.0) 3 (5.9) 0.264

Falling 33 (47.8) 6 (33.3) 0.271 13 (36.1) 26 (51.0) 0.170
Initial GCS 5.8±1.9 4.7±1.6 0.033* 6.4±1.8 5.0±1.7 0.001*
Bilateral unreactive pupil 24 (34.8) 12 (66.7) 0.014* 8 (22.2) 28 (54.9) 0.002*
ISS 24.7±9.9 26.5±9.0 0.477 23.5±10.6 26.2±9.0 0.218
Rotterdam CT score 3.4±0.9 4.0±0.8 0.019* 3.3±0.9 3.7±0.9 0.040*
Post-operative ICP (mmHg) 15.9±11.0 35.0±17.0 <0.001* 16.4±11.0 22.5±16.4 0.041*
Craniectomy size

AP 13.2±1.1 12.0±1.5 <0.001* 13.4±1.1 12.7±1.3 0.007*
SE 106.2±16.3 88.2±19.1 <0.001* 109.5±18.0 97.4±17.0 0.002*
F-S ratio 62.4±6.5 56.7±10.7 0.043* 63.2±6.7 59.9±8.4 0.049*

Data are shown as mean±standard deviation or number (%).
GCS: Glasgow Coma Scale, ISS: Injury Severity Score, CT: computed tomography, ICP: intracranial pressure, AP: anterior-posterior; SE: surface estimate, F-S 
ratio: the ratio of the flap circumference to the skull hemi-circumference.
*p<0.05, statistically significant variables.

TABLE 2. Multivariate analysis for the predictor of mortality and favorable outcome
Variables Mortality Favorable outcome

OR (95% CI) p-value OR (95% CI) p-value
Age (years) 0.992 (0.904–1.088) 0.860 0.914 (0.869–0.963) 0.001*
Hypertension 4.286 (0.100–183.813) 0.448 0.414 (0.082–2.105) 0.414
Diabetes 15.725 (0.244–1,013.317) 0.917 0.312 (0.043–2.279) 0.279
Coronary heart disease 0.019 (0.000–5.524) 0.170 0.696 (0.058–8.414) 0.696
Cerebrovascular disease 0.236 (0.008–7.122) 0.406 5.285 (0.347–80.398) 0.231
Liver disease - - 7.974 (0.757–83.958) 0.084
Chronic kidney disease 0.006 (0.000–133.399) 0.070 - -
Falling 0.127 (0.007–2.393) 0.168 0.630 (0.158–2.504) 0.511
Initial GCS 0.446 (0.159–1.252) 0.125 1.841 (1.156–2.932) 0.010*
Bilateral unreactive pupil 0.060 (0.001–3.145) 0.164 1.397 (0.240–8.129) 0.710
ISS 0.957 (0.814–1.124) 0.590 1.005 (0.931–1.084) 0.907
Rotterdam CT score 6.762 (0.883–51.814) 0.066 0.713 (0.282–1.801) 0.474
Post-operative ICP (mmHg) 1.269 (1.032–1.559) 0.024* 0.986 (0.938–1.036) 0.572
Craniectomy size (SE) 0.791 (0.637–0.982) 0.034* 1.048 (1.002–1.097) 0.042*

OR: odds ratio, CI: confidence interval, GCS: Glasgow Coma Scale, ISS: Injury Severity Score, CT: computed 
tomography, ICP: intracranial pressure, SE: surface estimate.
*p<0.05, statistically significant variables.



Clinical outcomes according to craniectomy size
FIGURE 1 shows GOS at last follow up according to 3 parameters of craniectomy size. The 
mortality rate tended to decrease as the AP diameter, SE, and F-S ratio increased. As the AP 
diameter increased, the rate of patients who showed favorable outcome increased at last 
follow-up. The rate of good recovery (GOS 5) had a tendency to increase with increasing AP 
diameter and SE.

Optimal craniectomy size
In ROC curve analyses for 3 parameters of craniectomy size, cut-off values for predicting 
survival and area under the curve (AUC) resulted in the following: AP diameter more than 
12.5 cm (AUC=0.740; p=0.002), SE more than 98.1 cm2 (AUC=0.752; p=0.001), and F-S ratio 
more than 57.7% (AUC=0.656, p=0.043) (FIGURE 2 and TABLE 3). AP diameter more than 13.4 
cm and SE>107.3 cm2 were parameters found to significantly predict favorable outcome with 
AUC of 650 and 0.685, respectively.

Large vs. small craniectomy
The patients were categorized into small and large craniectomy groups based on SE ≤107 
cm2 or more than 107 cm2 (TABLE 4). Large craniectomy group showed significantly lower 
mortality rate compared with small craniectomy group (5.7% vs. 30.8%, respectively; 
p=0.005). Favorable outcome occurred in 57.1% of the patients in the large craniectomy 
group, as compared with 30.8% of those in the small craniectomy group (p=0.014). The mean 
post-operative ICP was not statistically significant difference between 2 groups, but had 
borderline significance (p=0.066). Procedure-related bleeding occurred more frequently in 
the large craniectomy group (p=0.044). Of 29 procedure related bleedings, 27 needed further 
hematoma removal. There were no significant differences in the rate of procedure-related 
infection and hydrocephalus.

DISCUSSION

DC is a surgical procedure for refractory intracranial hypertension following severe TBI.17,28) 
DC has been shown to decrease ICP and increase brain compliance, cerebral blood flow and 
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FIGURE 1. Clinical outcome according to parameters of craniectomy Size. Histogram of GOS according to (A) largest AP diameter, (B) SE, and (C) F-S ratio. 
GOS, Glasgow Outcome Scale, AP: anterior-posterior, SE: surface estimate, F-S ratio: the ratio of the flap circumference to the skull hemi-circumference.
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TABLE 3. Receiver operating characteristic curve analysis results for predictions of clinical outcome
Parameter Cutoff value AUC p-value 95% CI TP TN FP FN Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Survival

AP 12.5 0.740 0.002* 0.597–0.883 52 13 6 16 76.8 77.8 89.7 44.8
SE 98.1 0.752 0.001* 0.628–0.876 46 14 5 22 68.1 77.8 90.2 38.9
F-S ratio 57.7 0.656 0.043* 0.496–0.815 55 9 10 13 81.2 50.0 84.6 40.9

Favorable outcome
AP 13.4 0.650 0.018* 0.534–0.766 20 37 15 15 55.6 70.6 57.1 71.2
SE 107.3 0.685 0.003* 0.572–0.798 20 38 14 15 55.6 72.5 58.8 71.7
F-S ratio 62.4 0.608 0.087 0.488–0.728 23 32 20 12 63.9 60.8 53.5 72.7

AUC: area under the curve, CI: confidence interval, TP: true positive, TN: true negative, FP: false positive, FN: false negative, PPV: positive predictive value, NPV: 
negative predictive value, AP: anterior-posterior, SE: surface estimate, F-S ratio: the ratio of the flap circumference to the skull hemi-circumference.
*p<0.05, statistically significant variables.

TABLE 4. Clinical outcomes and complications according to SE 107 cm2

Clinical outcomes and complications SE <107 (n=52) SE >107 (n=35) p-value
Mortality 16 (30.8) 2 (5.7) 0.005*
Favorable outcome 16 (30.8) 20 (57.1) 0.014*
Post-operative ICP (mmHg) 22.4±17.1 16.9±10.0 0.066
Procedure related bleeding 13 (25.0) 16 (45.7) 0.044*

EDH 3 7
SDH 4 2
Contusion or ICH 3 2
EDH + SDH 1 4
EDH + contusion or ICH 1 1
SDH + contusion or ICH 1 0

Procedure related infection 2 (3.8) 5 (14.3) 0.112
Hydrocephalus 5 (9.6) 4 (11.4) 1.000
Data are shown as mean±standard deviation or number (%).
ICP: intracranial pressure, EDH: epidural hematoma, SDH: subdural hematoma, ICH: intracranial hemorrhage, SE: 
surface estimate.
*p<0.05, statistically significant variables.
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oxygen perfusion.11,29,30) However, the clinical effect of DC for patients with severe TBI is 
still controversial. Two multicenter RCTs, the DECRA and RESCUEicp trials have assessed 
DC exclusively as management for patients with refractory intracranial hypertension after 
severe TBI.5,10) In the DECRA trial, patients with DC had worse outcomes compared with 
standard care at 6 months. Patients with intracranial hematoma were excluded and only 
bifrontotemporoparietal craniectomy was allowed in the DECRA trial.5) The RESCUEicp trial 
demonstrated that DC could decrease mortality and improve clinical outcome compared 
with medical care.10) In the RESCUEicp trial, 109 (63%) patients underwent bifrontal DC 
and 64 (37%) underwent unilateral DC. Unlike the DECRA trial, patients with intracranial 
hematoma represented almost 20% in the RESCUEicp trial.10) Different inclusion criteria and 
strategy of management could lead to various results between the 2 RCTs. And it is difficult to 
know the exact effect of unilateral DC for severe TBI with space occupying lesion in 2 RCTs. 
In current series, we focused on clinical outcome of patients with space occupying lesion who 
treated with unilateral DC.

In unilateral DC, bone flap size of DC could be an important factor that affects the 
clinical outcome. In the recent guidelines for the management of severe TBI, a large 
frontotemporoparietal DC (not less than 12×15 cm or 15 cm diameter) is recommended 
over a small DC to reduce mortality and improve neurologic outcomes based on 2 RCTs.3) 
Jiang et al.15) demonstrated that favorable outcome occurred in 96 of 241 (39.8%) patients 
in the standard trauma craniectomy (12×15 cm), as compared with 70 of 245 (28.6%) 
patients in the limited craniectomy (6×8 cm). The mortality rate was lower in standard 
trauma craniectomy compared with limited craniectomy (26.2% vs. 35.1%, respectively; 
p<0.05). Qiu et al.24) reported that the mortality rates at 1 month after treatment were 27% 
in the frontopareitotemporal craniectomy (15 cm) group and 57% in the temporoparietal 
craniectomy (8 cm) group (p=0.01). Favorable outcome rates 1 year after TBI were 56.8% 
and 32.4%, respectively (p=0.035). These studies reported a clinical outcome comparing 2 
extremes of DC size, a frontotemporoparietal DC approximately 15 cm size in diameter and 
a temporoparietal DC approximately 8cm size in diameter, but they did not show the clinical 
outcome of frontotemporoparietal DC with a size between 8cm and 15 cm in severe TBI.

Several studies reported clinical outcomes according to DC size that ranged from 7.7 cm to 
24 cm in severe TBI.21,25-28,32) Sedney et al.27) reported that increasing DC size had a significant 
relationship to decreased mortality rate in 20 TBI patients (p=0.032). However, functional 
outcomes were not significantly related to craniectomy size. Reid at al.25) demonstrated that 
SE was an independent factor for ICP reduction but not for the neurologic outcome in 58 
patients with TBI. Schur et al.26) showed ICP control was better in patients treated with a large 
DC (F-S ratio >65%) compared with a small DC (F-S ratio <65%) in 30 patients with severe 
TBI without space occupying and there were no differences in clinical outcomes between 
the 2 groups. However, these studies had a limitation of a small sample size to demonstrate 
significant clinical differences according to DC size. Missori et al.21) reported that SE of bone 
flap was not related to survival in 73 unilateral DCs (surviving 7,643 mm2 vs. deceased 7,372 
mm2). However, the overall craniectomy size of this study was too small compared with other 
studies to result in significant differences between the 2 groups.21)

There are several parameters to measure DC size. In general, AP diameter and SE have been 
widely used and the F-S ratio was recently introduced by Schur et al.26) In our current series, 
we measured DC size using these parameters and analyzed the effect of each parameter 
on clinical outcomes. All parameters significantly influenced the survival rate in severe 
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TBI. Considering the favorable outcome, AP dimeter and SE were statistically significant 
parameters, but the F-S ratio was not. The F-S ratio devised by Schur et al.26) is a novel method 
of measuring the craniectomy size to account for the size of patient's head circumference. 
However, the equation of the F-S ratio was devised for DC flap and skull circumference on 
the axial plane of the CT scan, not accounting for the surface area. The F-S ratio could be 
measured differently depending on the angle of the axial plane and the shape of the bone 
flap. Therefore, the F-S ratio seems to have a limitation to show the actual craniectomy 
size. In the ROC curve analyses, optimal cut-off values of the AP diameter and SE predicting 
favorable outcome was greater than those predicting survival, which suggests that larger DC 
may be needed considering the favorable outcome other than survival.

There is a lack of evidence for optimal DC size in severe TBI. As discussed previously, the 
current guidelines for the management of severe TBI recommended performing DC not 
less than 12×15 cm or 15 cm in diameter.3) In our current series, we recommend AP diameter 
greater than 13.4 cm and SE greater than 107.3 cm2 considering favorable outcome. It also 
seems that better clinical outcome tended to be observed as DC size increased. However, the 
largest DC case was 16 cm of AP diameter and 158.9 cm2 of SE in current series. Therefore, 
the current series could not conclude the clinical outcome for DC over 16 cm of AP diameter. 
Tanrikulu et al.32) reported the clinical outcome of patients undergoing very large DC 
with a diameter of 18–24 cm, not included in the current series. Although not statistically 
significant, they showed that a trend toward better outcome was observed in patients 
undergoing DC with a diameter of 12–18 cm or SE <180 cm2 than in patients undergoing DC 
with a diameter of 18 cm or more or SE >180 cm2.32) Furthermore, when they analyzed the 
patients into 3 groups of 12–15 cm, 15–20 cm, and 20–24 cm according to the size of DC, 
there was no difference in clinical results between the groups.32) Among DC size between 
8–15 cm that was not included in Jiang et al.15) and Qiu et al.,24) patients underwent unilateral 
DC between 12–15 cm size seemed to result in a good clinical outcome. However, their study 
included not only patients with TBI, but also patients with cerebral infarction, intracerebral 
hemorrhage, abscess, and venous sinus thrombosis.32) Sedney et al.27) reported that all 
patients with DC less than 10cm died. In the current series, 4 (66.7%) patients who were 
treated with a DC less than 11cm died and 2 (33.3%) showed GOS 3.

We found that age, initial GCS, bilateral unreactive pupil, Rotterdam CT score, and 
craniectomy size were significantly correlated with clinical outcome. Several studies reported 
that age was a strong prognostic indicator after severe TBI.8,14) Jiang et al.14) suggest that 
decreased capacity of brain for repair, preexisting disease, and increased frequency of systemic 
complications after TBI might be the causes for poor outcome in older patients. Many studies 
have demonstrated that initial GCS had a significant inverse correlation with mortality in 
TBI.4,6,23) It is well known that there was a strong association between poor outcome and 
bilaterally unreactive pupils.12,22) Narayan et al.22) reported that the mortality rate was 61% of 
patients with a bilaterally unreactive pupil compared with 16% of those with normal pupillary 
reaction. The rate of favorable outcome was higher in patients with normal pupillary reaction 
than in those with bilaterally unreactive pupils (76% vs. 30%, respectively).22) Huang et al.9) 
demonstrated that the Rotterdam CT score is an independent predictor for poor outcomes of 
patients who underwent DC after TBI in multivariate analysis (p=0.035).

The overall complication rates of DC could range from 13.4% to 53.9%.2,18) The complications 
of DC may be classified as hemorrhagic, infectious/inflammatory, and disturbances of 
the cerebrospinal fluid compartment.18) There were few studies for correlation between 
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procedure-related adverse events and DC size in severe TBI. Jiang et al.15) demonstrated 
that a large craniectomy group showed significantly lower delayed hematoma and incision 
cerebrospinal fluid fistula compared with a small craniectomy (10.6% and 2.4% vs. 17.8% 
and 7.5%, respectively). In contrast, Qiu et al.24) reported that the incidence of subdural 
effusion and delayed intracranial hematoma were 10.8% and 21.6% in a large craniectomy 
vs. 0% and 5.4% in a small craniectomy, respectively (p=0.040 and p=0.041, respectively). 
Sedney et al.27) and Schur et al.26) reported that complication rates did not associate with 
bone flap size. In the current series, rate of procedure related bleeding occurred significantly 
greater in the large craniectomy group compared with the small craniectomy (45.7% vs. 25%, 
respectively; p=0.044). Newly developed or expanding hematoma may be caused by the loss 
of the tamponade effect of high ICP after DC.7,20,31) We suggest that this effect may occur more 
frequently as increasing DC size in current series. Additionally, the larger surface of the DC 
itself could be a traumatic factor for hemorrhagic complication. The rate of procedure-related 
bleeding in the current series was much higher compared with other studies. However, of 
29 rebleeding cases in the small craniectomy group, only 2 (6.9%) and 20 (69.0%) patients 
showed favorable outcomes at last follow-up. In the large craniectomy group, 14 of 16 (87.5%) 
patients treated with rebleeding showed favorable outcomes. Although procedure-related 
bleeding occurred more frequently in the large craniectomy group, a favorable clinical 
outcome could be obtained after reoperation and aggressive medical management.

Our study has several limitations. It was a retrospective, observational, and single-
center study. The formula of SE is calculated by measuring the AP and CC diameters on 3 
dimensional CT. Therefore, this may be slightly different from the actual surface area. In 
the current series, only 3 patients underwent DC with a size greater than 15 cm, so clinical 
outcomes of DC over 15 cm could not be reflected. Further study needs to demonstrate 
effectiveness and safety of the very large craniectomy.

CONCLUSION

Unilateral DC size is associated with clinical outcomes of patients with space occupying 
lesions following severe TBI. A large craniectomy could have several advantages for reducing 
the mortality rate and increasing the rate of favorable outcome. However, procedure-related 
bleeding could occur more frequently in patients with a large craniectomy. Nevertheless, if 
reoperation and aggressive medical management following large craniectomy were available, 
favorable clinical outcomes could be obtained at final follow-up.

SUPPLEMENTARY MATERIALS

SUPPLEMENTARY TABLE 1
Baseline characteristics and clinical outcome

Click here to view

SUPPLEMENTARY TABLE 2
Clinical outcome according to type of hemorrhage

Click here to view

11https://kjnt.org https://doi.org/10.13004/kjnt.2021.17.e10

Impact of Size of Decompressive Craniectomy

https://kjnt.org/DownloadSupplMaterial.php?id=10.13004/kjnt.2021.17.e10&fn=kjn-17-3-s001.xls
https://kjnt.org/DownloadSupplMaterial.php?id=10.13004/kjnt.2021.17.e10&fn=kjn-17-3-s002.xls


SUPPLEMENTARY FIGURE 1
Immediate postoperative CT scans using dedicated 3D program: (A) the largest AP diameter 
and the largest CC diameter, (B) surface estimate of craniectomy was calculated by the equation 
AP/2×CC/2×π, (C) The ratio of the flap circumference to the skull hemi-circumference was 
calculated by the equation FC/ShC×100, ShC was calculated using the equation to approximate 
the perimeter of an ellipse 2π�(𝑎𝑎𝑎𝑎2 + 𝑏𝑏𝑏𝑏2)/2/2 , FC was calculated by ShC×α/180. The 
craniectomy size of this figure was following: AP was 13.5 cm, SE 107 cm2, and F-S ratio 59.7%.

Click here to view
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