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Introduction: The objective of the study is to evaluate clinical outcomes and demographic characteristics of patients under-
going decompressive craniectomy for cerebral complications following cardiothoracic surgery or endovascular procedures. 
Methods: This single-center retrospective study included 96 patients who underwent decompressive craniectomy between 
July 2016 and June 2025. Among these, 37 patients who required decompressive craniectomy due to hemorrhage and/or 
infarction following cardiothoracic surgery or endovascular procedures were included. Demographic characteristics, pre-
operative midline shift, post-operative craniectomy size, and modified Rankin Scale scores at discharge were analyzed. 
Results: The mean age of the 37 patients was 61.2±13.9 years. During follow-up, 81.1% of the patients died. The mean age 
of survivors was significantly lower than that of non-survivors (p=0.010). No statistically significant association was found 
between clinical outcome and sex, pre-operative midline shift, or post-operative craniectomy size. Firth penalized logistic 
regression analysis identified age as the only variable independently associated with mortality (p=0.006). This association 
remained significant after exclusion of the single pediatric patient in sensitivity analysis (p=0.024).
Discussion and Conclusion: Mortality remains high in patients undergoing decompressive craniectomy for cerebral compli-
cations following cardiothoracic surgery or endovascular procedures. Age was identified as the only independent predictor 
of mortality.
Keywords: Brain edema; cardiothoracic surgery; cerebral hemorrhage; cerebral ischemia; decompressive craniectomy; en-
dovascular procedures.

Decompressive craniectomy is a life-saving surgical 
procedure frequently used in neurosurgical practice 

for pathologies associated with increased intracranial 
pressure. Increased intracranial pressure secondary to 
various etiologies may lead to cytotoxic and vasogenic 
brain edema, resulting in impaired consciousness and 

cerebral herniation. Decompressive craniectomy allows 
rapid reduction of intracranial pressure and improvement 
of cerebral perfusion by removal of the bone flap [1,2].

Hemispheric stroke and intracranial hemorrhage occurring 
as cranial complications after cardiothoracic surgery 
or endovascular interventional procedures represent 
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challenging clinical conditions due to accompanying severe 
cardiovascular comorbidities and the use of anticoagulant 
and antiplatelet therapies. In this patient group, the 
decision to perform decompressive craniectomy is made 
under more complex clinical circumstances compared with 
standard cerebrovascular cases.
Importantly, although ischemic and hemorrhagic 
pathologies differ in pathophysiology, they often 
coexist or present within a similar clinical context in this 
specific population, necessitating urgent neurosurgical 
intervention. Therefore, evaluating these entities together 
may better reflect real-world clinical practice.
Previous studies have reported variable mortality and 
functional outcomes in patients undergoing decompressive 
craniectomy for malignant hemispheric stroke following 
cardiothoracic surgery [3]. In addition, long-term evaluations 
after decompressive craniectomy have emphasized that not 
only survival but also cognitive and functional outcomes are 
important, and that long-term cognitive impairment may 
be particularly pronounced in cases of large middle cerebral 
artery infarction [4]. Clinical series have demonstrated that 
initial level of consciousness, accompanying pathologies, 
and surgical characteristics are major factors determining 
post-operative clinical outcomes [5].

However, data regarding this specific and heterogeneous 
patient population remain limited, and it is not clearly 
defined which demographic and clinical factors are 
associated with outcomes in this group.

The aim of this study was to evaluate the demographic 
characteristics and clinical outcomes of patients who 
underwent decompressive craniectomy due to hemorrhage 
and/or infarction developing after cardiothoracic surgery 
or endovascular interventional procedures.

Materials and Methods 
This study was designed as a single-center retrospective 
study. Ethical approval was obtained from the Haydarpasa 
Numune Training and Research Hospital ethics committee 
on November 11, 2025 (Approval No: HNEAH-GOAEK/
KK/2025/144–4983). The study was conducted in 
accordance with the Declaration of Helsinki and included 
retrospective clinical data from human participants.

A total of 96 patients who underwent decompressive 
craniectomy in our neurosurgery clinic between July 
2016 and June 2025 were retrospectively identified. 
Among these, 37 patients who underwent decompressive 
craniectomy due to cerebral complications (hemorrhage 
and/or infarction) developing after cardiothoracic surgery 
or endovascular interventional procedures performed at 
another center were included in the study. One pediatric 
patient was included in the analysis due to similar clinical 
presentation and management; however, given the limited 
number, no subgroup analysis was performed.

Patients who underwent decompressive craniectomy due 
to trauma, intracranial tumors, infection, hypertensive 
hemorrhage, or ischemic stroke without a preceding 
cardiothoracic or endovascular procedure were excluded.

All patients were evaluated retrospectively using 
medical records and pre-operative and post-operative 
cranial computed tomography (CT) scans obtained 
from the hospital electronic database. Demographic 
characteristics, including age and sex, were recorded. Pre-
operative midline shift measurements on CT and post-
operative craniectomy size were evaluated (Fig. 1). Clinical 
outcomes were assessed using the modified Rankin scale 
(mRS) at discharge.

Figure 1. Axial cranial computed tomography images showing (a) pre-operative midline shift measurement and (b) decompressive 
craniectomy width measurement.
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Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics for macOS, version 31.0 (IBM Corp., Armonk, NY, 
USA). Categorical variables were presented as number 
and percentage [n (%)], and continuous variables were 
reported as mean ± standard deviation and median 
(minimum–maximum). Comparisons between survivors 
and deceased patients were performed using the Mann–
Whitney U test for continuous variables and the chi-square 
test for categorical variables. Given the limited sample size 
and high mortality rate, Firth penalized logistic regression 
analysis was used to evaluate factors independently 
associated with mortality. Age, sex, preoperative midline 
shift, and postoperative craniectomy width were included 
in the model. Regression results were presented as odds 
ratios (ORs) with 95% confidence intervals (CIs). To assess 
the potential influence of the pediatric patient on the 
results, a sensitivity analysis was performed after excluding 
this patient. Multicollinearity among variables was 
assessed using variance inflation factor (VIF) values, and 
no collinearity was detected (VIF <5). A p-value <0.05 was 
considered statistically significant for all analyses.

Results
Of the 37 patients included in the study, 27 (73.0%) were 
male and 10 (27.0%) were female. The mean age was 

61.2±13.9 years, with a median age of 63 (range: 8–85). 
Thirty-six patients were adults, and one patient was in the 
pediatric age group.
The demographic and clinical characteristics of patients 
according to survival status are summarized in Table 1. 
Decompressive craniectomy was performed in 29 patients 
following cardiothoracic surgery and in 8 patients following 
endovascular procedures due to cerebral complications.
At discharge, 7 patients (18.9%) survived, while 30 patients 
(81.1%) died. The mean age of surviving patients was 45±20 
years, whereas the mean age of patients who died was 64±11 
years. A statistically significant difference in age was observed 
between the two groups (Mann–Whitney U test, p=0.010). 
No significant difference was observed between the groups 
in terms of sex distribution (Chi-square test, p=0.647).
The mean pre-operative midline shift was 11.6±4.0 mm 
in the surviving group and 11.8±4.8 mm in patients who 
died, with no significant difference (p=1.000). The mean 
post-operative craniectomy size was 110.1±5.2 mm in the 
surviving group and 112.3±14.5 mm in patients who died, 
with no significant difference (p=0.531).

Clinical outcomes were assessed using the mRS. Among 
the surviving patients, 3 (42.9%) had good outcomes (mRS 
1–3), 3 (42.9%) had moderate to severe disability (mRS 4), 
and 1 (14.3%) had severe disability (mRS 5). All patients 
who died were classified as mRS 6.

Table 1. Distribution of demographic and clinical characteristics according to patients’ outcomes

Variables (n=37) Survivors (n=7) Exitus (n=30) p

Sex, n (%) 0.647

Male 6 (85.7) 21 (70.0)

Female 1 (14.3) 9 (30.0)

Age (years) 0.010

Mean±SD 45±20 64±11

Median (min–max) 46 (8–69) 65 (41–85)

mRS, n (%) <0.001

No significant disability, mild symptoms 1 (14.3) 0 (0)

Slight disability, able to carry out own affairs independently 1 (14.3) 0 (0)

Moderate disability, requires some assistance 1 (14.3) 0 (0)

Moderately severe disability, requires assistance in daily activities 3 (42.9) 0 (0)

Severe disability, bedridden, requires constant care 1 (14.3) 0 (0)

Death 0 (0) 30 (100)

Pre-operative midline shift (mm) 1.000

Mean±SD 11.6±4.0 11.8±4.8

Median (min–max) 11 (6–18) 11 (4–21)

Post-operative craniectomy width (mm) 0.531

Mean±SD 110.1±5.2 112.3±14.5

Median (min–max) 110 (100–115) 113 (83–149)

SD: Standard deviation.
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Given that only one pediatric patient was included, a 
separate subgroup analysis was not feasible. Therefore, 
a sensitivity analysis was performed after excluding this 
patient to evaluate the potential influence of the pediatric 
case on the regression results.

Firth penalized logistic regression analysis showed that age 
was independently associated with mortality. Each 1-year 
increase in age was associated with an approximately 
9% increase in the odds of mortality (OR=1.090, 95% CI: 
1.021–1.213; p=0.006). Sex, preoperative midline shift, and 
postoperative craniectomy width were not significantly 
associated with mortality (p>0.05). In the sensitivity analysis 
excluding the pediatric patient, the association between 
age and mortality remained statistically significant 
(OR=1.091, 95% CI: 1.011–1.215; p=0.024) (Table 2).

Discussion
Decompressive craniectomy is one of the most 
effective surgical interventions for reducing intracranial 
pressure and preventing secondary brain injury in 
patients with malignant cerebral infarction and similar 
intracranial pathologies. Previous studies have shown 
that decompressive craniectomy can reduce mortality, 
particularly in patients refractory to medical treatment; 
however, its impact on functional outcomes remains 
variable and depends on patient selection, age, and 
accompanying clinical factors [1,4]. Cerebral complications 
developing after cardiothoracic surgery or endovascular 
interventions represent a more complex and high-risk 
patient population compared with the classical population 
in whom this surgical approach is applied. These patients 
are often characterized by severe systemic comorbidities, 
perioperative instability, and the use of anticoagulant or 
antiplatelet therapies.

Previous studies have reported that clinical outcomes 
following decompressive craniectomy in this specific 

patient group are generally poor, and advanced age may 
be associated with worse prognosis [5].

In the present study, age was identified as a variable 
associated with clinical outcome. No statistically 
significant association was observed between clinical 
outcome and the other evaluated clinical or radiological 
parameters. This finding may suggest that, in patients 
with severe cerebral injury, advanced age is associated 
with poorer outcomes, possibly due to reduced 
physiological reserve, increased comorbidity burden, 
and limited neurological recovery capacity. Importantly, 
the association between age and mortality remained 
significant in the sensitivity analysis excluding the single 
pediatric patient, indicating that this finding was not 
dependent on the inclusion of the pediatric case.

The impact of age on prognosis in patients undergoing 
decompressive craniectomy for malignant cerebral 
infarction has been widely discussed in previous studies 
[6,7]. These studies indicate that although surgical 
intervention may improve survival in older patients, 
functional outcomes are often limited in this age group. 
Additional studies have also shown that age may influence 
both early mortality and long-term functional outcomes 
[8]. Our findings are consistent with the existing literature.

Cerebral complications developing after cardiothoracic 
surgery represent a patient population with more complex 
clinical management and higher risk compared with 
the classical malignant middle cerebral artery infarction 
population. In these patients, pre-operative use of 
anticoagulant or antiplatelet therapy, coagulation disorders, 
and accompanying systemic diseases may adversely 
affect the clinical course. Data regarding the outcomes of 
decompressive craniectomy in this specific patient group 
are limited, and high mortality rates have been reported 
in the literatüre [3,9]. These findings are consistent with the 
high mortality rate (81.1%) observed in our series.

Table 2. Firth penalized logistic regression analysis of factors associated with mortality

Variable Main model (n=37) Sensitivity analysis* (n=36)

OR (95% CI) p OR (95% CI) p

Age 1.090 (1.021–1.213) 0.006 1.091 (1.011–1.215) 0.024 

Sex

Male Reference – Reference –

Female 1.279 (0.140–16.967) 0.828 1.284 (0.140–17.074) 0.825

Midline shift 1.047 (0.857–1.313) 0.654 1.047 (0.856–1.313) 0.653

Craniectomy width 1.023 (0.955–1.113) 0.522 1.023 (0.955–1.113) 0.522

*: The 8-year-old pediatric patient was excluded from the sensitivity analysis. OR: odds ratio; CI: confidence interval. Confidence intervals and p-values were calculated 
using the penalized likelihood approach.
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In our study, no statistically significant association was 
found between sex and clinical outcome. This observation 
is consistent with previous studies in which sex has not 
been identified as an independent prognostic factor [6,7]. 
Similarly, although pre-operative midline shift and post-
operative craniectomy size were evaluated, these parameters 
did not demonstrate a significant association with clinical 
outcome. This may suggest that, particularly in patients with 
severe cerebral injury following cardiothoracic surgery or 
endovascular interventions, patient-related factors may have a 
more prominent role than surgical parameters in determining 
outcomes [10,11]. Although midline shift and craniectomy size 
are traditionally considered important surgical parameters, 
their lack of association in our study may indicate that their 
prognostic value is limited in this complex patient population.

In addition, recent studies have emphasized that the 
balance between survival and functional outcome after 
decompressive craniectomy remains controversial in 
older patients, and age continues to be an important 
determinant of clinical outcome [12,13]. In our series, 
the finding that age was the only variable showing a 
statistically significant association with mRS when all 
clinical and radiological parameters were evaluated 
together appears to be in line with the literature.

The present study has several limitations that should be 
acknowledged. First, its retrospective and single-center 
design may limit the generalizability of the findings. 
In addition, the heterogeneous nature of the patient 
population, including both ischemic and hemorrhagic 
complications, may have influenced the analysis. However, 
this heterogeneity also reflects real-world clinical practice, 
where such patient groups are frequently encountered.

Subgroup analyses based on etiology were limited by 
the relatively small sample size and were not sufficiently 
powered to allow reliable stratified comparisons.

Although decompressive craniectomy has been extensively 
studied in the literature, data specifically focusing on 
patients who develop cerebral complications following 
cardiothoracic surgery or endovascular interventions 
remain relatively limited and heterogeneous. Although 
the majority of patients were adults, the inclusion of a 
single pediatric case may have slightly affected population 
homogeneity. Furthermore, certain clinical parameters 
known to influence outcomes, such as detailed neurological 
status or comorbidity burden, could not be fully evaluated 
due to the retrospective design.

The lack of detailed comorbidity data (e.g., hypertension, 
diabetes, dyslipidemia) represents an additional limitation 
of this study. The absence of a control group limits the ability 
to evaluate the direct effect of decompressive craniectomy 

on outcomes. The timing of surgery was generally based on 
clinical and/or radiological deterioration; however, precise 
timing could not be standardized due to the retrospective 
design. Despite high mortality and morbidity rates, 
decompressive craniectomy may still provide life-saving 
benefit in carefully selected patients, and surgical decisions 
should be individualized.

Limitations
Despite these limitations, this study provides clinically 
relevant insight into this complex and high-risk patient 
population. Our findings indicate that age is associated 
with clinical outcome, suggesting that patient-related 
factors may play a more prominent role than surgical 
parameters in determining outcomes in this setting.

Conclusion
Mortality and morbidity remain high in patients 
undergoing decompressive craniectomy for malignant 
hemispheric stroke following cardiothoracic surgery or 
endovascular interventions. Age was associated with 
clinical outcome and mortality, suggesting that patient-
related factors may be more influential than surgical 
parameters in this setting. Decompressive craniectomy 
should be considered on an individual basis, taking into 
account the patient’s age, comorbidities, and overall 
clinical condition, and may still provide life-saving benefit 
in selected cases. In clinical practice, surgical intervention 
was typically performed following clinical deterioration 
accompanied by radiological progression, although the 
exact timing varied among patients.
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