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Abstract
There are two controversial surgery methods which are traditionally used: craniotomy and decompressive craniectomy. The 
aim of this study was to evaluate the efficacy and complications of DC versus craniotomy for surgical management in patients 
with acute subdural hemorrhage (SDH) following traumatic brain injury (TBI). We conducted a comprehensive search on 
PubMed, Scopus, Web of Science, and Embase up to July 30, 2023, using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses checklist. Relevant articles were reviewed, with a focus on studies comparing decompressive 
craniectomy to craniotomy techniques in patients with SDH following TBI. Ten studies in 2401 patients were reviewed. A 
total of 1170 patients had a craniotomy, and 1231 had decompressive craniectomy. The mortality rate was not significantly 
different between the two groups (OR: 0.46 [95% CI: 0.42–0.5] P-value: 0.07). The rate of revision surgery was insig-
nificantly different between the two groups (OR: 0.59 [95% CI: 0.49–0.69] P-value: 0.08). No significant difference was 
found between craniotomy and decompressive craniectomy regarding unilateral mydriasis (OR: 0.46 [95% CI: 0.35–0.57] 
P-value < 0.001). However, the craniotomy group had significantly lower rates of non-pupil reactivity (OR: 0.27 [95% CI: 
0.17–0.41] P-value < 0.001) and bilateral mydriasis (OR: 0.59 [95% CI: 0.5–0.66] P-value: 0.04). There was also no sig-
nificant difference in extracranial injury between the two groups, although the odds ratio of significant extracranial injury 
was lower in the craniotomy group (OR: 0.58 [95% CI: 0.45–0.7] P-value: 0.22). Our findings showed that non-pupil and 
bilateral-pupil reactivity were significantly more present in decompressive craniectomy. However, there was no significant 
difference between the two groups regarding mortality rate, extracranial injury, revision surgery, and one-pupil reactivity.
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Introduction

Traumatic brain injury (TBI) and stroke are significant 
public health concerns on a global scale, resulting in 
severe neurological consequences for patients. Around 
one-third of individuals with serious TBI exhibit the pres-
ence of acute subdural hematomas (ASDHs) [1, 2]. Fol-
lowing TBI and the occurrence of SDH leads to a high 
mortality rate of 40 to 60%, and a range of 19 to 45% of 
functional recovery rate [3, 4].

Following TBI and expansion of SDH, a range of neuro-
logical deficits would be manifested to increase the intrac-
ranial pressure (ICP), and significant mass volume effect [5, 
6]. It is also recommended for surgical evacuation in acute 
SDH if the thickness of the mass is higher than 10 mm or 
the midline shift is more than 5 mm with any GSC, nonethe-
less. On the other hand, patients with GCS ≤ 8 are highly 
recommended for evacuation in any SDH volume [5, 6].

The most often performed surgical procedure for indi-
viduals in need of cerebral decompression following a TBI 
or stroke is a decompressive craniectomy (DC). Crani-
otomy and DC are often conducted neurological surger-
ies that are carried out in both elective and emergencies. 
The term “craniotomy” pertains to the temporary extrac-
tion of a bone flap from the calvarium to get access to the 
intracranial components. DC is a separate procedure that 
involves the excision of a skull flap without subsequent 
restoration. In the context of emergency medicine, it is 
commonly recommended to administer this treatment to 
alleviate heightened ICPs in individuals with edema of 
the cerebral cortex, evacuate intracranial hemorrhages, or 
facilitate the drainage of intracranial abscesses [7].

DC may be performed as a post-surgical procedure fol-
lowing craniotomy to relieve intracranial contents, particu-
larly in cases of skull flap abscesses [8]. Enhancing system 
compliance through the implementation of an expandable 
container represents a sensible approach to utilizing DC 
with no need for bone flap replacement [9]. DC has been 
employed for a considerable duration in patients with head 
trauma. However, numerous inquiries remain regarding 
the efficacy of its implementation in routine clinical set-
tings [10].

Similar to other invasive procedures, DC is associ-
ated with well-documented consequences. Some of the 
observed consequences encompass the occurrence of con-
tusions, herniation of the cerebral tissue outside the cranial 
cavity, absence of safeguarding against subsequent trauma, 
and compression of cortical tissue at the outer edge of the 
bone flap [11].

Numerous studies have documented that the replace-
ment of the bone flap is associated with the reversal 
of many of these problems that are related to cerebral 

hemodynamics [12–14] and also syndrome of trephined 
(SOT) with a poorly known incidence between 1 and 40%. 
SOT also burdens sensorimotor or cognitive worsening 
after DC. It will be manifested with dizziness, fatigability, 
tinnitus, pain discomfort in the site of DC, and psychologi-
cal issues [15–17].

During the first postoperative phase, radiologists face 
the challenge of differentiating between multiple entities, 
as the wide spectrum of usual brain morphologies follow-
ing craniotomy and DC can make this task difficult. The 
timely identification of postoperative complications can 
significantly aid neurosurgeons, hence affording radiolo-
gists a pivotal position in the provision of medical services 
to patients.

The effectiveness, indications, risks, and complica-
tions of DC vs. craniectomy in patients with SDH still 
remain controversial. Hence, the main aim of this study is 
to assess the effectiveness of DC in comparison to other 
surgical techniques for cranial conditions in patients with 
acute SDH. Additionally, this study seeks to evaluate the 
rate of complications associated with DC and other neu-
rocranial surgeries for TBI and ASDH. Lastly, provide 
an overview of the postoperative care required for these 
patients.

Importance and novelty

There has been a controversial attitude over using crani-
otomy compared with DC in patients following SDH up to 
now. As mentioned above, it appears that the ratio of crani-
otomy is significantly higher than that of DC. However, the 
clinical outcomes have not demonstrated a better and dra-
matic difference in some cases. In the present study, we tried 
to investigate and update the advantages and disadvantages 
of both techniques to distinguish whether there is any dif-
ference in clinical outcomes based on the published papers. 
The results and conclusion of this study may be helpful for 
neurosurgeons in selecting the better option based on their 
advantages and disadvantages and avoiding the overuse of 
one method.

Materials and methods

Object

The systematic review was conducted by the suggested 
procedures outlined by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses for Protocols 
(PRISMA) [18].
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Eligibility criteria

The study’s inclusion criteria encompassed randomized 
controlled trials, prospective and retrospective cohort stud-
ies, case–control studies, and cross-sectional studies. Only 
patients who underwent DC or craniotomy procedures as a 
result of ASDH following TBI. The research papers must 
be published in the English language and should explicitly 
specify the total number of participants who participated 
in the study. Furthermore, the studies incorporated in the 
analysis must offer comprehensive and adequate information 
regarding injuries, surgical procedures, criteria for follow-
up, and the utilization of appropriate statistical analysis 
methods. Research investigations that specifically examine 
non-subdural hematoma and non-DC surgery will be omitted 
from consideration.

Databases and search strategy

To identify pertinent trials, a comprehensive search was 
conducted across various electronic databases including 
PubMed, Web of Science, Scopus, and Embase. The search 
tactics outlined in the protocol (Appendix 1) were employed 
to collect evidence from original papers published up until 
July 30, 2023. The searches were performed without any 
geographical limitation but included only English language 
publications. The search of databases was conducted using 
the specific medical subject heading in the search were 
“Decompressive Craniectomy” OR “Craniectomy” AND 
“Craniotomy” AND “Acute Subdural Hemorrhage” OR 
“Subdural Hemorrhage” OR “SDH” OR “Acute Subdural 
Hematoma” OR “Subdural Hematoma.”

All studies including case reports, letters to editors, 
review articles, and other relevant data were enrolled in the 
study. The titles and abstracts of all articles attained from the 
databases were reviewed by two senior independent authors 
to investigate eligibility based on the aim of the study. The 
“Find duplicates” feature of the EndNote software was uti-
lized to eliminate any in All references were imported into 
Endnote reference software and de-deduplication was per-
formed. They underwent further de-duplication after screen-
ing by a team of reviewers and then joint articles.

Study selection

To ensure the accuracy and relevance of the study, a com-
plete screening process was done by two authors. The initial 
step was a thorough examination of the titles and abstracts 
of the selected research, to identify and eliminate any redun-
dant citations or irrelevant sources. Following the aforemen-
tioned initial phase, the researchers acquired the comprehen-
sive texts of the remaining citations to facilitate subsequent 
assessment. Subsequently, both writers conducted individual 

and meticulous assessments of the complete papers, exclu-
sively choosing those that satisfied the predetermined crite-
ria for inclusion. Excluded from consideration were any pro-
cedures, designs, development papers, or opinion pieces. In 
instances where the two authors held divergent viewpoints, 
they endeavored to reconcile their disparities through con-
structive dialogue or sought the counsel of a third author.

To identify more relevant scholarly pieces, a thorough 
examination was conducted of the references cited within the 
selected papers. Subsequently, a comprehensive evaluation 
was conducted on the entirety of the final studies, encom-
passing an assessment of their quality, data collection, and 
information analysis.

Data extraction

Two reviewers conducted the data extraction process. The 
information on demographic characteristics include author 
name, study period, country, design of study, total number 
of patients, gender, follow-up duration, number of patients 
in the craniotomy and DC groups, gender of patients in the 
craniotomy and DC groups, and mean age of patients in 
both groups. The data regarding Glasgow coma score (GCS) 
3–8, 9–12, and 13–15, mortality rate, revision surgery rate, 
significant extracranial injury, and pupil reactivity were also 
extracted.

Statistical analysis

The statistical analysis was conducted according to the 
Cochrane Handbook for systematic reviews of interventions 
[19]. The odds ratio (OR) was used to compare craniotomy 
and DC groups with a random-effect model for pooling the 
outcome. The heterogeneity measured by I2 statistics and 
chi-square P-value (χ2), which I2 statistics > 50% and chi-
square P-value < 0.05, represents high heterogeneity [20]. 
All statistical analysis was conducted by STATA V.17. The 
P-value < 0.05 was considered statistically significant.

Results

Study selection characteristics

A total of 1268 articles were identified by a comprehensive 
search of all recruiting databases, of which 552 duplicate 
articles were removed from the study selection process. A 
total of 716 articles were used for title/abstract screening and 
25 articles remained for further evaluation. In the full-text 
assessment, 13 articles were excluded due to the not suitable 
setting (n = 4), irrelevant articles (n = 6), not reporting the 
outcome (n = 1), and conference abstract (n = 2). Finally, 10 
articles [1, 21–29] (Table 1) fully met the eligibility criteria 
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and were used for data synthesis. Figure 1 represents the 
PRISMA flowchart of the study selection process.

Demographic characteristics

A total of 2401 patients were included which 1170 patients 
were treated with craniotomy and 1231 patients with DC. 
The number of male and female genders was reported in 
seven studies. In the craniotomy group, 710 males and 140 
females with a 5.07-fold male-to-female ratio were recruited. 
In DC, 787 males and 143 females were included with a 
5.5-fold male-to-female ratio which highlights a higher pro-
portion of male-to-female in the DC group than craniotomy. 
The mean age of patients was reported in nine studies, which 

ranged from 44.16 to 64 years and 35.63 to 65.5 years in the 
craniotomy and DC groups, respectively. Table 1 represents 
the demographic characteristics of patients.

The severity of TBI was measured by the GCS scale. For 
patients with GCS 3–8, indicating severe TBI, an insignifi-
cant lower proportion of GCS 3–8 rate was present in the 
craniotomy group compared to the craniectomy group (OR: 
0.47 [95% CI: 0.42–0.52] P-value: 0.28, I2: 0%, chi-square 
P-value: 0.45) (Fig. 2a). Also, there was a lower rate, but no 
significant difference in the proportion of GCS 9–12 in the 
craniotomy group than the DC group (OR: 0.59 [95% CI: 
0.43–0.74] P-value: 0.25, I2: 29.48%, chi-square P-value: 
0.28) (Fig. 2b). However, a significantly lower rate of GCS 
13–15 was evident in the craniotomy group than the DC 

Fig. 1   PRISMA flowchart
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group (OR: 0.68 [95% CI: 0.53–0.8] P-value: 0.73, I2: 0%, 
chi-square P-value: 0.02) (Fig. 2c).

Mortality

The mortality rate was compared between the craniotomy 
and DC groups. It was shown that the mortality rate was sig-
nificantly lower in the craniotomy group than the DC group 
(OR: 0.46 [95% CI: 0.42–0.5] P-value: 0.07, I2: 16.18%, 
chi-square P-value: 0.37) (Fig. 3).

Revision surgery

The rate of revision surgery was lower in the craniotomy 
group than the DC group. The odds of revision surgery were 

not significantly different between the two groups (OR: 0.59 
[95% CI: 0.49–0.69] P-value: 0.08, I2: 12.60%, chi-square 
P-value: 0.48) (Fig. 4).

Pupil reactivity

There was no significant difference between craniotomy 
and DC regarding unilateral mydriasis (OR: 0.46 [95% CI: 
0.35–0.57] P-value < 0.001, I2: 0%, chi-square P-value: 
0.93) (Fig. 5b). However, there was a significant differ-
ence between the two groups and a significantly lower 
non-pupil reactivity rate (OR: 0.27 [95% CI: 0.17–0.41] 
P-value < 0.001, I2: 0%, chi-square P-value: 0.53) and bilat-
eral mydriasis rate (OR: 0.59 [95% CI: 0.5–0.66] P-value: 

Fig. 2   a Prevalence of patients 
with GCS 3–8. b Prevalence 
of patients with GCS 9–12. 
c Prevalence of patients with 
GCS 13–15
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0.04, I2: 0%, chi-square P-value: 0.75) were evident in the 
craniotomy group than DC (Fig. 5a and Fig. 5c).

Significant extracranial injury

The two groups were compared for significant extracranial 
injury, which was not significantly different. The odds ratio 
of significant extracranial injury was lower in the craniotomy 
group than DC (OR: 0.58 [95% CI: 0.45–0.7] P-value: 0.22, 
I2: 54.88%, chi-square P-value: 0.09) (Fig. 6).

Publication bias

The publication bias of studies was also evaluated by the 
regression-egger test. The funnel plots are present in the 
supplementary file. No significant publication bias was pre-
sent in GCS 3–8 (t =  − 1.50, P-value: 0.2295), GCS 9–12 
(t =  − 1.64, P-value: 0.3484), GCS 13–15 (t = 0, P-value: 

0.9983), mortality (t =  − 1.90, P-value: 0.0942), revision 
surgery (t = 0.04, P-value: 0.9711), significant extracra-
nial injury (t = 1.82, P-value: 0.2101), non-pupil reactivity 
(t =  − 1.39, P-value: 0.2988), one-pupil reactivity (t = 0.49, 
P-value: 0.6724), and two-pupil reactivity (t = 0.92, P-value: 
0.4529). No significant publication bias suggests that 
there was no significant impact of publication bias on the 
outcomes.

Discussion

Based on our findings, it appears that primary DC is not 
necessarily associated with better functional outcomes 
when compared to craniotomy. Patients undergoing DC had 
higher GCS 13–15 scores than the craniotomy groups. The 
mortality rate was not significantly different between the 
two groups. No significant difference was found between 

Fig. 3   Mortality rate of patients

Fig. 4   Revision surgery rate
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Fig. 5   A No pupil reactive rate. 
b One-eye pupil reactive rate. c 
Two-eye pupil reactive rate

Fig. 6   Significant extracranial injury rate
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craniotomy and DC regarding unilateral mydriasis. However, 
the craniotomy group had lower rates of non-pupil reactivity 
and bilateral mydriasis. There was also no significant differ-
ence in extracranial injury between the two groups.

A previous meta-analysis study showed that the clini-
cal presentation and postoperative outcome were worse in 
patients who underwent DC compared with craniotomy. 
However, DC led to a lower incidence of residual SDH after 
treatment [30]. Pulmonary complications are well-described 
in patients with TBI and complications present in patients 
with TBI and SDH can be even life-threatening. Among 
2370 patients with SDH, which included 1852 patients who 
underwent craniotomy and 518 who underwent DC, there 
were no significant differences between the two groups 
regarding acute respiratory distress syndrome, pneumonia, 
and pulmonary embolism [31]. A multi-center observational 
study comparing craniotomy and DC showed that DC was 
associated with more complications than craniotomy, but 
the in-hospital mortality odds were similar between the two 
groups [32].

Hutchinson et al. [27] conducted a randomized clinical 
trial and investigated the disability and quality of life with 
the EuroQol Group 5-Dimension 5-Level questionnaire (EQ-
5D-5L). The EQ-5D-5L scores at 12 months were compara-
ble between the DC and craniotomy groups. Within 2 weeks 
after randomization, 14.6% of the craniotomy group under-
went additional cranial surgery, compared to 6.9% of the DC 
group. The incidence of wound complications was 3.9% in 
the craniotomy group and 12.2% in the DC group.

According to previous research, using DC in patients with 
more severe head injuries is common [24]. Additionally, a 
meta-analysis suggests a correlation between a lower GCS 
score and a higher proportion of patients undergoing DC 
[33]. It is noteworthy that brain swelling is often the reason 
for including patients in the DC approach [34].

DC offers a theoretical advantage of better control of 
elevated ICP, improvement in cerebral perfusion pressure, 
and brain partial pressure of oxygen [35]. Nevertheless, the 
basis for this procedure is contentious since cerebral edema 
or raised ICP does not occur in all patients who undergo 
DC [36]. The management of ICP has an unclear role, as 
it is not yet established whether elevated ICP is a primary 
pathological event or a secondary outcome that indicates 
other underlying processes not affected by ICP management 
[37]. There have been reports of higher mortality associ-
ated with DC compared to craniotomy [38]. This increased 
mortality could be attributed to axon stretching and delayed 
intracranial bleeding following persistent bony defects left 
by the DC procedure [11, 39]. Besides, DC has been linked 
to cerebral autoregulation and hemodynamic changes [33].

Patients with an acute SDH are often treated with sur-
gical management to minimize the occurrence and impact 
of secondary brain injury [40]. However, this condition’s 

morbidity and mortality rates stay high despite surgical 
intervention. Craniotomy and DC are commonly used sur-
gical approaches for treating acute SDH. However, there is 
currently no universally accepted consensus on which man-
agement strategy is the most appropriate. Ultimately, choos-
ing between these options is left to the surgeon’s discretion. 
There is a considerable disparity in the approach adopted by 
various continents, countries, and even individual depart-
ments when it comes to this condition. This inconsistency 
can be attributed to the absence of credible evidence and 
definitive standards of practice [41].

Primary DC is a recognized treatment for patients with 
ASDH who have severe brain swelling that prevents the 
replacement of the bone flap [41, 42]. According to a recent 
agreement, the bone flap should not be returned if the brain 
is bulging beyond the inner table of the skull during surgery. 
DC is advantageous in reducing the elevation of ICP, thus 
potentially preventing further brain injury and improving 
clinical outcomes. However, DC requires additional recon-
structive surgery, known as cranioplasty, and presents risks 
associated with bone defects, infections, and bone flap reab-
sorption [11]. Furthermore, DC is known to change cerebro-
spinal fluid flow and cerebral blood flow dynamics, both of 
which improve with the replacement of the bone flap [42].

There have been varying conclusions from studies on the 
effectiveness of craniotomy and DC for acute SDH. While 
some studies suggest a higher risk of complications asso-
ciated with DC, others indicate no significant difference. 
Several factors have been identified as potential contribu-
tors to the outcomes of acute SDH. These factors include 
age, the time between injury and treatment, abnormalities 
in the pupils, preoperative GCS score, length of time with 
heightened ICP, and CT findings such as midline shift, basal 
cistern compression, hematoma size, and systemic abnor-
malities like hypoxia and hypotension [43–45].

Limitations

Multiple limitations constrain the present study. Baseline 
characteristics and injury severity, identified as significant 
confounders in the present analysis, were not adjusted for in 
the included studies, which is a major limitation. We tried 
to select the papers only enrolled in patients with GCS ≤ 8 
or volume size less than 10 mm. Additionally, the available 
data did not include information on bone flap size, which can 
affect surgery outcomes for acute SDH. A randomized study 
has reported that large bone flaps (> 12 cm) control brain 
swelling better but are associated with higher complications 
compared to more minor bone flaps (< 8 cm). Furthermore, 
it is worth noting that most studies did not provide details of 
important factors. These factors may differ between institu-
tions and studies, making it challenging to draw definitive 
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conclusions. Additionally, the retrospective nature of most 
studies included in the analysis may be prone to selection 
bias and unadjusted for potential confounding variables. It 
is also essential to consider the impact of including small 
series or single-center studies on the generalizability of the 
results and the interpretation of national trends.

Conclusion

Based on the findings of the study, it is shown that there was 
no significant difference in mortality rate, revision surgery, 
one-pupil reactivity, and extracranial injury between the 
craniotomy and DC groups in patients with SDH. However, 
the odds ratios for non-pupil and bilateral-pupil reactivity 
were significantly higher in DC. In other words, non-pupil 
and bilateral-pupil reactivity were significantly more present 
in DC.
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