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Abstract
Background: Decompressive craniectomy (DC) is effective in 
reducing mortality and improving outcomes in stroke patients. 
However, there is a need for a better understanding of the outcomes 
and complications of stroke, particularly in regions such as Iran, 
where comprehensive studies on DC outcomes are scarce. This 
study investigated the effects of DC in stroke patients. 
Methods: This cohort study was conducted at Nemazi Hospital 
in Shiraz, Iran, from 2018 to 2020. All patients aged over 18 
years with ischemic stroke requiring DC were included using 
census sampling. Data on demographics, clinical history, and 
imaging findings were collected. Outcomes were assessed 
using the modified rankin scale (mRS), Glasgow outcome score 
extended (GOSE), and aphasia severity rating (ASR). 
Results: A total of 144 cerebral infarction patients underwent DC; 
22 (15.3%) were lost to follow-up, and 67 (55%) of the remaining 
patients died either during hospitalization or within at least 6 
months of follow-up. Patients over 60 years old (OR=0.152), those 
with a history of stroke (OR=0.227), and those with COVID-19 
infection (OR=0.164) were associated with a decreased likelihood 
of survival. However, an increase in the Glasgow Coma Scale 
(GCS) score on admission was associated with an increased 
probability of survival (OR=1.199). The ordered logistic regression 
analysis showed that an increase in GCS score was associated 
with a higher probability of achieving better outcomes across all 
models: GOSE (OR=1.177), mRS (OR=0.839, with lower scores 
indicating better outcomes), and ASR (OR=1.354). The analysis 
showed that patients over 60 had a lower probability of achieving 
better outcomes in the GOSE model (OR=0.185) and were likely 
to have worse outcomes in the mRS model (OR=5.182).
Conclusion:  These findings underscored the critical role of 
comorbidities (such as COVID-19 and prior stroke) and GCS 
scores in predicting patient survival and functional outcomes 
following DC. In particular, the higher mortality rates and poorer 
functional outcomes observed in older patients highlighted the 
need for careful consideration in this age group. 
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What’s Known

•	 The efficacy of decompressive 
craniectomy in reducing mortality 
among ischemic stroke patients is well-
established. However, previous studies 
have predominantly focused on functional 
outcomes in supratentorial strokes, with 
limited exploration of speech outcomes 
and infratentorial strokes.

What’s New

•	 This study addressed both functional 
and speech outcomes in patients with 
supratentorial and infratentorial strokes. It 
revealed that patients aged over 60 years 
with a history of stroke and concurrent 
COVID-19 infection had a reduced 
likelihood of survival, while higher Glasgow 
Coma Scale scores on admission were 
associated with improved survival rates.
•	  The findings highlighted the potential 
relationships between neurological  and 
functional parameters, as well as speech 
outcomes, offering new insights into post-
stroke recovery.
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Introduction

Stroke is a leading cause of death and disability-adjusted life 
year (DALY), with a rising global incidence and associated 
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complications, disability, and economic burden.1-3

Cerebral infarction in the internal carotid 
artery (ICA) or middle cerebral artery (MCA) can 
result in significant ischemic damage, leading to 
malignant MCA syndrome. This condition often 
causes death within a few days due to brain 
tissue edema and herniation.4, 5 

Malignant MCA infarction carries a very 
high mortality rate due to the increased risk of 
cerebral edema and brain tissue herniation.6 
Impairment of consciousness can occur within 
hours of symptom onset, and despite intervention 
and severe care, the estimated mortality rate 
remains quite high.7 Studies based on intensive 
medical care reported high mortality rates, with 
most survivors experiencing severe disability.8, 9 
Due to the limitations of conservative treatments, 
decompressive craniectomy (DC) has emerged 
as a therapeutic approach to reduce mortality 
and improve functional outcomes.10-12 DC 
creates additional space for the brain tissue to 
expand outward, reducing intracranial pressure 
(ICP) and preventing downward herniation. 
Assessments using the modified rankin scale 
(mRS) indicated that DC reduced severe 
disabilities and dependence among patients 
who underwent surgery compared to those who 
received only non-invasive treatments.13, 14

Some studies suggested that DC reduced 
mortality and improved functional outcomes in 
patients with hemispheric infarction, particularly 
when performed early within the first days of 
symptom onset.15, 16 However, the treatment 
effect of DC varies based on age. While DC 
might lead to better outcomes in younger 
patients, elderly patients might have a poorer 
prospect of functional survival.13 Conversely, a 
recent meta-analysis found that DC improved 
mortality and severe disability outcomes in 
malignant edema after ischemic stroke, with 
no significant difference based on age (<60 
years vs. ≥60 years).17 Additionally, evidence 
suggested that DC could significantly reduce 
mortality and improve functional recovery even 
among elderly patients.11, 16 

While most studies have focused on DC 
outcomes in patients with malignant MCA 
syndrome, limited studies have been conducted 
on patients with cerebellar infarction. For 
extensive cerebellar infarction, few clinical 
trials have been conducted. However, studies 
demonstrated that suboccipital DC reduced 
mortality and improved outcomes in patients 
with extensive cerebellar stroke and edema.18

Patient’s age, timing of surgical intervention, 
involvement of the dominant cerebral hemisphere, 
underlying disorders, medications, and pre-and 
post-surgical consciousness levels are critical 

determinants in predicting therapeutic outcomes 
after DC.11 Evaluating the effectiveness of 
therapeutic interventions relies on assessing 
the performance of stroke survivors. While the 
mRS is commonly used, incorporating additional 
perspectives, such as social and behavioral 
interactions and verbal skills, can provide a 
more comprehensive understanding of post-
cerebral infarction conditions. Unfortunately, 
speech disorders have received limited attention 
in many studies.

To address gaps in previous studies regarding 
age groups, supratentorial and infratentorial 
infarctions, and both functional and verbal 
outcomes, this study investigated the functional 
and verbal outcomes of ischemic stroke patients 
following DC. Furthermore, given the concurrent 
COVID-19 pandemic during the study period, 
this study also investigated its effect on the 
patient’s outcome. Thus, this study aimed to 
evaluate the functional and verbal outcomes of 
ischemic stroke patients following DC.

Patients and Methods 

This cohort study was conducted at Nemazi 
Hospital in Shiraz, Iran, a level three referral 
center for cerebral infarction patients undergoing 
DC surgery, from 2018 to 2020. The study 
included all eligible patients using a census 
sampling method. Inclusion criteria comprised 
adult patients (age ≥18 years) with ischemic 
stroke (both supratentorial and infratentorial 
ischemic cerebrovascular accidents [CVA]) who 
underwent DC surgery. Patients who underwent 
DC for reasons other than ischemic stroke or had 
significant defects in their clinical records were 
excluded. Indications for DC included a midline 
shift of more than 5 mm in supratentorial strokes, 
hydrocephalus, and brainstem compression in 
cerebellar infarctions.

The study adhered to international guidelines 
for clinical research, as outlined in the World 
Medical Association’s Declaration of Helsinki, 
and received approval from the Ethics Committee 
of Shiraz University of Medical Sciences (code: 
IR.SUMS.MED.REC.1401.196).

After obtaining ethical approval, the clinical 
files of 144 patients were reviewed based on the 
study population and inclusion/exclusion criteria. 
Data collection was conducted in three stages.

Stage 1: Clinical and Demographic Data 
Collection

In the initial stage, the clinical and 
demographic data were recorded. After a 
thorough review of the clinical files, the relevant 
information was entered into a standardized 
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data collection form for each patient. This form 
included demographic details, such as sex 
and age, as well as information on underlying 
diseases (e.g., diabetes mellitus [types 1 and 2],  
a history of stroke, hypertension, ischemic 
heart diseases, atrial fibrillation, dyslipidemia, 
hypothyroidism, and hyperthyroidism), and 
smoking status.

Considering the onset of the COVID-19 
pandemic in early 2019, the impact of COVID-
19 infection at the time of a stroke on patient 
outcomes was also investigated. Patients with 
COVID-19 infection, as documented in their 
medical history, were identified.

Furthermore, the Glasgow Coma Scale 
(GCS) score19 of patients before surgery was 
recorded to evaluate its effect on the outcomes. 
The GCS score was determined through 
neurological examinations. The time interval 
between symptoms onset and surgery was 
also examined. Patients were divided into two 
groups: those with a time interval of less than 
48 hours and those with a time interval of more 
than 48 hours. The volume of blood loss during 
surgery (measured in mm) was also documented 
to explore its relationship with patient outcomes.

Stage 2: Imaging Data Collection
In the second stage, brain computed 

tomography (CT) scans performed before and 
after surgery were reviewed. Based on the 
CT images, the following characteristics were 
determined and recorded: the type of stroke, 
location of the infarction, involved arterial 
branch, and the amount of midline shift (MLS) 
measured in mm on the last CT scan before DC 
surgery. To assess the impact of the occluded 
arterial branch on patient outcomes, the patients 
were categorized into three groups based on the 
involved arterial branch: left (lt) MCA, right (rt) 
MCA, and posterior circulation.

Surgical Procedures
For malignant MCA infarction, DC involved 

making a large frontotemporoparietal question-
mark skin incision on the side of brain edema, 
removal of a bone flap larger than 15×15 cm 
using craniotome, and dural opening followed 
by duraplasty using pericranial fascia. For 
cerebellar infarction, the procedure included a 
midline occipitocervical incision, removal of a 
suboccipital bone flap (5 to 8 cm in diameter), 
and duraplasty by precranial facia.

Stage 3: Outcome Assessment
In the final stage of the study, a single 

interview was conducted with patients (or their 
relatives) who were discharged from the hospital 

after surgery, taking into account their overall 
condition, which included either discharge or 
death during hospitalization. The follow-up 
period was at least 6 months. For the respondents 
participating in the telephone interview, the 
details and purpose of the study were explained, 
and the respondent’s relationship to the patient 
(patient /relatives) was recorded. After obtaining 
implicit consent from the respondents, the 
patient’s overall outcome (death or survival), 
functional outcome (assessed using the mRS 
and Glasgow Outcome Score Extended [GOSE] 
criteria), and verbal outcome (assessed using the 
Aphasia Severity Rating [ASR]) were recorded. 

The mRS is a commonly used scale to assess 
the level of disability or dependence in daily 
activities among individuals with neurological 
disabilities resulting from conditions such as 
stroke. The scale ranged from 0 (no symptoms) 
to 5 (severe disability), with a score of 6 indicating 
death. Outcomes were categorized into two 
groups: favorable (scores 0-3) and unfavorable 
(scores 4-6).20

The GOSE is an index used to classify 
patients with brain injuries, including stroke 
and traumatic brain injury, into eight groups 
based on their level of recovery. A score of 1 
represents death, while higher scores indicate 
reduced disability and improved performance, 
with a score of 8 representing the highest level 
of recovery after brain damage.21 During the 
telephone interviews, the mRS and GOSE 
index22 were used to assess the functional 
outcomes of the patients.

This study also investigated the verbal 
outcome of cerebral infarction patients who 
underwent DC surgery. ASR was utilized to 
assess the verbal outcome of the patients. 
The ASR is a single observational rating scale 
designed to measure the severity of aphasic 
language impairment.23 Based on this scale, 
patients are classified into five categories 
according to the severity of their speech disorder. 
During the telephone interviews, questions were 
asked about the patients’ verbal outcomes, and 
their scores were recorded using the ASR to 
reflect the level of verbal impairment.

The time interval for evaluating the outcomes 
of DC surgery varied among the patients. 
Additionally, with regard to the overall outcome 
of patients who died after being discharged 
from the hospital, the timing of death occurred 
at different time intervals. Patients who were 
discharged from the hospital after surgery but 
passed away before the outcome assessment 
were categorized into three groups based on the 
date of death: Patients who died within 1 month 
after discharge, patients who died between 
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1-6 months after discharge, and patients who 
died more than 6 months after discharge. This 
classification enabled a more comprehensive 
analysis of the overall outcome (death or 
survival) and survival time following surgery.

To investigate the factors influencing the 
overall outcomes, functional outcomes, and 
verbal outcomes, the patients were divided into 
different groups based on various factors: 

Time interval between symptom onset and 
surgery: Patients were categorized into two 
groups, less than 48 hours and more than 48 
hours, to examine the impact of this interval on 
outcomes. 

Age Groups: Patients were divided into 
two categories, less than 60 years old and 60 
years old or older, to analyze outcomes across 
different age groups. 

Recombinant tissue plasminogen activator 
(rtPA) treatment: Patients who received rtPA 
were distinguished from those who did not.

Statistical Analysis
In this study, factors associated with survival 

status (death or survival) were analyzed using 
multivariate logistic regression. Ordered logistic 
regression analysis was used to evaluate 
factors related to GOSE, mRS, and ASR.  

Table 1: The frequency of qualitative variables and common descriptive statistics for quantitative variables (n=144)
Variable Subgroups n (%)
Sex Male 55 (38.2)

Female 89 (61.8)
COVID-19 No 122 (84.7)

Yes 22(15.3)
Age groups Under 60 years old 79 (54.9)

Above 60 years old 65 (45.1)
Time Less than 48 hours 73 (50.7)

More than 48 hours 71 (49.3)
rtPA No 124 (86.1)

Yes 20 (13.9)
Territory of Infarction rt MCA 64 (44.4)

lt MCA 56 (38.9)
Posterior circulation 21 (14.6)
Missing 3 (2.1)

CSF diversion No 135 (93.8)
VP shunt 9 (6.3)

History of stroke No 119 (82.6)
Yes 25 (17.4)

HTN No 84 (58.3)
Yes 60 (41.7)

DM No 106 (73.6)
Yes 38 (26.4)

IHD No 110 (76.4)
Yes 34 (23.6)

AF No 127 (88.2)
Yes 17 (11.8)

Thyroid problem No 135 (93.8)
Yes 9 (6.3)

Dyslipidemia No 126 (87.5)
Yes 18 (12.5)

Smoking No 122 (84.7)
Yes 22 (15.3)
Range mean±SD

GOSE 1-8 2.57±2.237
mRS 0-6 4.70±1.854
ASR 0-4 2.67±1.516
GCS 3-14 8.51±2.846
Bleeding 150-2100 694.03±386.458
Midline Shift 0-15 8.02±2.796
rtPA: recombinant tissue plasminogen activator; HTN: Hypertension; DM: Diabetes mellitus; IHD: Ischemic heart disease; AF: 
Atrial fibrillation; GOSE: Glasgow outcome scale- extended; mRS: modified Rankin scale; ASR: Aphasia severity rating; GCS: 
Glasgow coma scale; MCA: Middle cerebral artery; VP shunt: Ventriculoperitoneal shunt 
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The proportional odds assumptions were 
assessed using the parallel lines test. The 
significance level was set at 0.05. Statistical 
analysis was performed using STATA software 
version 17 (StataCorp LLC, College Station, TX, 
USA).

Results

This study included 144 cerebral infarction 
patients who underwent DC. Among them, 22 
patients (15.3%) who were discharged alive 
could not be reached for follow-up. Of the 
remaining, 122 patients followed up for at least 6 
months, 55 (45%) were alive, and 67 (55%) had 
died. Among the deceased, 47 patients (38.5%) 
died during hospitalization, and 20 (16.4%) died 
during the follow-up period. The overall outcome 
(death or survival) was treated as a qualitative 
variable, while the functional outcomes were 
measured using the GOSE and mRS indices, 
and the verbal performance was assessed using 
the ASR index. All of which were considered 
quantitative variables.

Table 1 provides a summary of the subgroups 
for qualitative variables, along with their 
frequencies, and presents descriptive statistics 
for the quantitative variables. The frequency 
distributions for survival status, GOSE, mRS, 
and ASR are detailed in the supplementary file, 

table S1.
In the first stage, univariate analysis was 

conducted to identify significant variables 
(Supplementary file: tables S2-S5). Significant 
variables were then included in multivariate 
models. 

Table 2 presents the results of a multivariable 
logistic regression analysis, which examined 
factors influencing the overall outcome (death 
or survival) of patients. The analysis was based 
on odds ratios (OR). According to the findings, 
patients aged over 60 years had a significantly 
lower chance of survival (OR=0.152) than 
individuals under 60 years of age. Individuals 
with a history of stroke were associated with a 
lower probability of survival than those without 
such a history (OR=0.227). Patients who had 
contracted COVID-19 infection demonstrated a 
lower survival probability than those without the 
infection (OR=0.164). Additionally, an increase 
in the GCS score was associated with a higher 
probability of survival (OR=1.199).

Ordered Logistic Regression
The results of ordered logistic regression 

analysis, based on OR, for the variables GOSE, 
mRS, and ASR are presented in tables 3-5. In 
terms of the GOSE model, patients aged over 
60 years had a lower probability of achieving a 
higher GOSE score than those under 60 years 

Table 2: Multivariate logistic regression results for survival status
Variable Odds ratio Std. error P value 95% Confidence Interval
Age above 60 years 0.152 0.079 <0.001 0.055-0.419
Stroke 0.227 0.157 0.032 0.058-0.882
HTN 0.58 0.298 0.289 0.213-1.585
DM 0.319 0.195 0.062 0.096-1.057
COVID-19 diagnose 0.164 0.112 0.008 0.043-0.626
GCS 1.199 0.05 <0.001 1.105-1.302
rtPA: recombinant tissue plasminogen activator; HTN: Hypertension; DM: Diabetes mellitus; GCS: Glasgow coma scale; 
MLS: Midline shift; MCA: Middle cerebral artery; Reference categories: Age under 60 years, No Stroke, No HTN, No DM, No 
COVID-19 diagnosis. Multivariate logistic regression analysis, the level of significance was set as P<0.05.

Table 3: Regular logistic regression results for GOSE
Variable Odds ratio Std. error P value 95% Confidence Interval
Age above 60 years 0.185 0.092 <0.001 0.070-0.492

Territory lt MCA 1.080 0.493 0.866 0.442-2.640

Posterior Circulation 3.521 3.708 0.232 0.447-27.741

Stroke 0.353 0.224 0.101 0.102-1.225

HTN 0.401 0.199 0.066 0.152-1.061

DM 0.437 0.249 0.147 0.143-1.338

COVID-19 diagnose 0.106 0.078 0.002 0.025-0.448

MLS 0.928 0.084 0.408 0.776-1.108

GCS 1.177 0.090 0.033 1.013-1.367

HTN: Hypertension; DM: Diabetes mellitus; GCS: Glasgow coma scale; MLS: Midline shift; MCA: Middle cerebral artery; 
Reference categories: Age under 60 years, Territory (rt MCA), No Stroke, No HTN, No DM, No COVID-19 diagnosis; Regular 
logistic regression analysis, level of significance was set as P<0.05.

https://ijms.sums.ac.ir/jufile?ar_sfile=482486
https://ijms.sums.ac.ir/jufile?ar_sfile=482486
https://ijms.sums.ac.ir/jufile?ar_sfile=482486


Jamali M, Noorollahi M, Mohammad Hosseini E, Rahmanian A, Sayari M, Ghahramani S

450� Iran J Med Sci July 2025; Vol 50 No 7

of age (OR=0.185). Patients diagnosed with 
COVID-19 were less likely to have a high GOSE 
score than others (OR=0.106). Conversely, 
an increase in GCS score before surgery was 
associated with a higher probability of achieving 
a better GOSE score (OR=1.177).

The results of ordered logistic regression 
for the mRS model showed that patients aged 
over 60 years were more likely to have higher 
mRS scores than those under 60 years of age 
(OR=5.182). Additionally, patients diagnosed 
with COVID-19 had higher mRS scores 
than others (OR=8.142). An increase in MLS 
was associated with a higher mRS Score 
(OR=1.186). Furthermore, an increase in GCS 
was associated with a lower probability of having 
a higher mRS score (OR=0.839).

Regarding the ASR model, patients in lt 
MCA territory involvement had lower odds of 
achieving a higher ASR score than those with 
rt MCA involvement (OR=0.027). However, an 
increase in GCS score was associated with a 
higher probability of achieving a better ASR 
score (OR=1.354).

Discussion

Out of 144 cerebral infarction patients undergoing 
DC, 22 were lost to follow-up. Of the 122 patients 
who were followed up, 55 (45%) survived, and 67 
(55%) died (47 during hospitalization, 20 at least 
6 months following DC). The 6-month mortality 
rate in this study was higher than that reported 
in similar studies with smaller sample sizes.18, 24  

For instance, a randomized controlled trial of 
DC with standardized medical care reported 
a 38.5% mortality rate after 6 months in the 
surgical group.25 It has been demonstrated that 
older patients with cerebral infarction (aged 60 
and over) who underwent DC had a lower chance 
of survival.14 The higher mortality rate observed 
in the present study, compared to other studies, 
could be attributed to the exclusion of patients 
over the age of 55 or 60 in those studies, which 
likely contributed to better survival outcomes. 
Additionally, the exclusion of patients with 
a history of debilitating neurological deficits 
or those in poor general health in previous 
studies might also explain their better survival 
rates. However, other potential reasons for the 
differences in mortality rates should be explored 
in future studies specifically designed to assess 
factors affecting mortality. 

In our study, age over 60 was associated 
with both lower survival rates and poorer 
functional outcomes, as reflected in lower 
GOSE scores, and higher mRS scores. While 
other studies emphasized better outcomes in 
patients younger than 60,13 the findings of the 
present study underscored the unfavorable 
mortality and functional outcomes in the older 
age group. However, from both legal and ethical 
perspectives, these results require further 
validation in future studies and should inform 
healthcare policy decisions to guide treatment 
strategies for patients over 60.

The present study found no significant 
difference in survival outcomes between patients 

Table 4: Ordered logistic regression results for mRS
Variable (Reference) Odds ratio Std. error P value 95% Confidence Interval
Age above 60 years 5.182 2.551 <0.001 1.974-13.600
Stroke 3.356 2.139 0.057 0.962-11.703
HTN 2.440 1.212 0.073 0.921-6.461
DM 2.678 1.491 0.077 0.899-7.977
COVID-19 diagnose 8.142 5.829 0.003 2.002-33.123
MLS 1.186 0.076 0.008 1.046-1.344
GCS 0.839 0.060 0.014 0.728-0.965
HTN: Hypertension; DM: Diabetes mellitus; GCS: Glasgow coma scale; MLS: Midline shift, Reference categories: Age under 
60 years, No Stroke, No HTN, No DM, No COVID-19 diagnosis; Ordered logistic regression analysis, level of significance was 
set as P<0.05.

Table 5: Ordered logistic regression results for ASR
Variable (Reference) Odds ratio Std. error P value 95% Confidence Interval
rTPA 0.368 0.296 0.215 0.076-1.783
Territory lt MCA 0.027 0.023 <0.001 0.005-0.143
Posterior Circulation 3.230 5.741 0.510 0.099-105.226
MLS 1.045 0.165 0.779 0.767-1.424
GCS 1.354 0.192 0.032 1.026-1.786
rtPA: recombinant tissue plasminogen activator; GCS: Glasgow coma scale; MLS: Midline shift; MCA: Middle cerebral artery; 
Reference categories: No rTPA, Territory (rt MCA); Ordered logistic regression analysis, level of significance was set as 
P<0.05.
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who underwent DC within 48 hours and those 
undergoing the procedure beyond this time 
frame. Similarly, a systematic review reported no 
significant difference in mortality between these 
timeframes, attributing this to the limited number 
of patients in the ≥48-hour subgroup.17 However, 
previous studies recommended early surgery 
(within 48 hours) for better outcomes.20, 26-28 
These findings highlighted the need for further 
investigation through multicenter studies and 
clinical trials to better understand the effect of 
surgical timing on survival outcomes, as patients 
might still benefit from surgery even beyond this 
period.28

Due to the prevailing conditions of the  
COVID-19 pandemic during the time of our study, 
no similar study has been conducted to assess 
the effects of COVID-19 on the outcomes of DC in 
patients with cerebral infarction. Therefore, further 
research is required to investigate this aspect.

In this study, the functional outcome of 
patients was assessed at least 6 months after 
surgery using the GOSE index. Among the 
122 patients, 67 (55%) had a GOSE score of 
1, indicating death. Of the 55 patients who 
were alive at least 6 months after DC and 
had a definite functional outcome, 32 patients 
(58.18%) had a GOSE score between 5 and 
8, indicating moderate to mild disability. It is 
worth mentioning that most previous studies 
investigating the functional outcome of DC 
utilized the mRS criterion.29

Additionally, when evaluating the functional 
outcome of patients based on the mRS criterion, 
it was found that out of the 122 patients with 
a specific functional outcome after at least 6 
months, 24 patients (19.7%) had a favorable 
mRS score ranging from 0 to 3. On the other 
hand, 98 patients (80.3%) had an adverse 
outcome (mRS scores ranging from 4 to 6). 
Among the patients with adverse outcomes, 31 
patients (25.4%) experienced severe disability 
(mRS scores of 4 and 5), and 67 patients (55%) 
died within 6 months (mRS score of 6).

In the HAMLET clinical trial, which involved 
32 patients undergoing DC, 75% of patients 
experienced an adverse outcome based on the 
mRS index.30 Similarly, in the DESTINY study, 
the estimated rate of adverse outcomes based 
on the mRS after one year was 50%.31 In the 
present study, several factors influenced the 
functional outcome of patients based on the 
mRS index, including age, COVID-19 infection, 
and MLS rate. A comparison between the 
current study and the HAMLET clinical trial 
revealed that the reason for the lower rate of 
adverse outcomes in the HAMLET study could 
be attributed to the inclusion criterion of a GCS 

score greater than 9.30 Additionally, the exclusion 
of patients over 60 years old in the DESTINY 
clinical trial might have contributed to a higher 
percentage of favorable functional outcomes in 
that study.31

This research project focused on assessing 
the verbal outcome of patients using the ASR 
criterion. Among the 55 patients who were alive 
1 year after surgery, 27 patients (49%) did not 
experience any difficulties in understanding or 
verbal communication. In contrast, six patients 
experienced complete impairment in listening, 
speaking, writing, and overall verbal skills. The 
present study identified two significant factors 
influencing the verbal outcome, namely the GCS 
score before surgery and stroke involvement in 
lt MCA territory. It is important to note that there 
are limited studies available on verbal outcomes 
after DC surgery and its associated factors. 
Consequently, comparing and analyzing our 
findings with existing research was challenging. 
While the verbal outcome of stroke patients has 
been extensively studied, the specific impact 
of DC on the verbal outcome requires further 
investigation, ideally through clinical trials. 

Mechanical thrombectomy, the standard 
treatment for ischemic CVA (which is imposed 
by large vessel occlusion) was not implemented 
in our center. Moreover, it is suggested that 
future studies evaluate the potential effects 
of rtPA administration on infarction rates and 
postoperative outcomes. Investigating this 
variable could provide a more comprehensive 
understanding of its influence on patient recovery 
and surgical complications. The findings of this 
study might be limited to the study center due 
to its single-center design. Therefore, the results 
should be further validated in multicenter cohorts 
to ensure broader applicability.

Conclusion

This study found several factors that significantly 
influence patient outcomes following DC 
surgery. Age was identified as an important 
factor affecting survival, with the chance of 
survival decreasing as patients’ age increased. 
A history of stroke significantly influenced both 
survival and functional outcomes, as patients 
with a previous stroke exhibited higher mortality 
rates and increased disability. COVID-19 
infection was associated with a lower probability 
of survival post-surgery than non-infected 
individuals and significantly affected functional 
outcomes.

The most significant factor influencing both 
the survival and functional outcomes of cerebral 
infarction patients who underwent DC surgery 
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was the preoperative GCS score. Higher GCS 
scores before surgery were correlated with 
a greater chance of survival rates and better 
functional and verbal outcomes. Additionally, 
the study revealed a direct relationship between 
MLS, measured in mm, and adverse patient 
outcomes post-surgery.

Acknowledgment

The authors would like to express their gratitude 
to the patients who participated in the study. This 
manuscript was based on a thesis approved by 
the Deputy of Research of Shiraz University of 
Medical Sciences, under the registration number 
[25295], as part of Mahyar Noorollahi residency 
graduation requirements.  

Authors’ Contribution 

M.J and S.G: Conception and design of the work, 
data acquisition and analysis, interpretation of 
data for the work; M.N: Conception and design, 
data acquisition, analysis; E.M.H and A.R: 
Interpretation of data for the work; M.S: Analysis 
of data for the work. All authors contributed 
to drafting the work and reviewing it critically 
for important intellectual content. All authors 
approved the final version to be published; and 
agreed to be accountable for all aspects of the 
work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Conflict of Interest: None declared.

References

1	 Katan M, Luft A. Global Burden of Stroke. 
Semin Neurol. 2018;38:208-11. doi: 10.1055/
s-0038-1649503. PubMed PMID: 29791947.

2	 Collaborators GBDS. Global, regional, and 
national burden of stroke, 1990-2016: a 
systematic analysis for the Global Burden 
of Disease Study 2016. Lancet Neurol. 
2019;18:439-58. doi: 10.1016/S1474-
4422(19)30034-1. PubMed PMID: 30871944; 
PubMed Central PMCID: PMCPMC6494974.

3	 Prvu Bettger J, McCoy L, Smith EE, Fonarow 
GC, Schwamm LH, Peterson ED. Contem-
porary trends and predictors of postacute 
service use and routine discharge home 
after stroke. J Am Heart Assoc. 2015;4. 
doi: 10.1161/JAHA.114.001038. PubMed 
PMID: 25713291; PubMed Central PMCID: 
PMCPMC4345857.

4	 Heiss WD. Malignant MCA Infarction: Patho-
physiology and Imaging for Early Diagnosis 

and Management Decisions. Cerebrovasc 
Dis. 2016;41:1-7. doi: 10.1159/000441627. 
PubMed PMID: 26581023.

5	 Godoy D, Pinero G, Cruz-Flores S, Alcala 
Cerra G, Rabinstein A. Malignant hemi-
spheric infarction of the middle cerebral 
artery. Diagnostic considerations and treat-
ment options. Neurologia. 2016;31:332-43. 
doi: 10.1016/j.nrl.2013.02.009. PubMed 
PMID: 23601756.

6	 Guanci MM. Management of the Patient with 
Malignant Hemispheric Stroke. Crit Care 
Nurs Clin North Am. 2020;32:51-66. doi: 
10.1016/j.cnc.2019.11.003. PubMed PMID: 
32014161.

7	 Heiss WD. Malignant MCA Infarction: Patho-
physiology and Imaging for Early Diagnosis 
and Management Decisions. Cerebrovasc 
Dis. 2016;41:1-7. doi: 10.1159/000441627. 
PubMed PMID: 26581023.

8	 Juttler E, Unterberg A, Woitzik J, Bosel 
J, Amiri H, Sakowitz OW, et al. Hemicra-
niectomy in older patients with extensive 
middle-cerebral-artery stroke. N Engl J 
Med. 2014;370:1091-100. doi: 10.1056/
NEJMoa1311367. PubMed PMID: 24645942.

9	 Wijdicks EF, Sheth KN, Carter BS, Greer 
DM, Kasner SE, Kimberly WT, et al. Recom-
mendations for the management of cerebral 
and cerebellar infarction with swelling: a 
statement for healthcare professionals from 
the American Heart Association/American 
Stroke Association. Stroke. 2014;45:1222-
38. doi: 10.1161/01.str.0000441965.15164.
d6. PubMed PMID: 24481970.

10	 Yang MH, Lin HY, Fu J, Roodrajeetsing G, Shi 
SL, Xiao SW. Decompressive hemicraniec-
tomy in patients with malignant middle cere-
bral artery infarction: A systematic review and 
meta-analysis. Surgeon. 2015;13:230-40. 
doi: 10.1016/j.surge.2014.12.002. PubMed 
PMID: 25661677.

11	 Wei H, Jia FM, Yin HX, Guo ZL. Decompres-
sive hemicraniectomy versus medical treat-
ment of malignant middle cerebral artery 
infarction: a systematic review and meta-
analysis. Biosci Rep. 2020;40. doi: 10.1042/
BSR20191448. PubMed PMID: 31854446; 
PubMed Central PMCID: PMCPMC6944664.

12	 Rahmanian A, Seifzadeh B, Razmkon A, 
Petramfar P, Kivelev J, Alibai EA, et al. Out-
come of decompressive craniectomy in com-
parison to nonsurgical treatment in patients 
with malignant MCA infarction. Springerplus. 
2014;3:115. doi: 10.1186/2193-1801-3-115. 
PubMed PMID: 24711983; PubMed Central 
PMCID: PMCPMC3977016.

13	 Mohan Rajwani K, Crocker M, Moynihan B. 



Outcome of stroke patients post-craniectomy

Iran J Med Sci July 2025; Vol 50 No 7� 453

Decompressive craniectomy for the treat-
ment of malignant middle cerebral artery 
infarction. Br J Neurosurg. 2017;31:401-
9. doi: 10.1080/02688697.2017.1329518. 
PubMed PMID: 28604106.

14	 Lindeskog D, Lilja-Cyron A, Kelsen J, Juhler 
M. Long-term functional outcome after 
decompressive suboccipital craniectomy 
for space-occupying cerebellar infarction. 
Clin Neurol Neurosurg. 2019;176:47-52. doi: 
10.1016/j.clineuro.2018.11.023. PubMed 
PMID: 30522035.

15	 Shah A, Almenawer S, Hawryluk G. Timing 
of Decompressive Craniectomy for Isch-
emic Stroke and Traumatic Brain Injury: 
A Review. Front Neurol. 2019;10:11. doi: 
10.3389/fneur.2019.00011. PubMed PMID: 
30740085; PubMed Central PMCID: 
PMCPMC6355668.

16	 Cannarsa GJ, Simard JM. Decompres-
sive Craniectomy for Stroke: Who, When, 
and How. Neurol Clin. 2022;40:321-36. doi: 
10.1016/j.ncl.2021.11.009. PubMed PMID: 
35465878.

17	 Dower A, Mulcahy M, Maharaj M, Chen H, 
Lim CED, Li Y, et al. Surgical decompression 
for malignant cerebral oedema after isch-
aemic stroke. Cochrane Database Syst Rev. 
2022;11:CD014989. doi: 10.1002/14651858.
CD014989.pub2. PubMed PMID: 36385224; 
PubMed Central PMCID: PMCPMC9667531.

18	 Ayling OGS, Alotaibi NM, Wang JZ, Fatehi M, 
Ibrahim GM, Benavente O, et al. Suboccipital 
Decompressive Craniectomy for Cerebellar 
Infarction: A Systematic Review and Meta-
Analysis. World Neurosurg. 2018;110:450-9. 
doi: 10.1016/j.wneu.2017.10.144. PubMed 
PMID: 29104155.

19	 Aguilar-Fuentes V, Orozco-Puga P, Jimenez-
Ruiz A. The Glasgow Coma Scale: 50-year 
anniversary. Neurol Sci. 2024;45:2899-901. 
doi: 10.1007/s10072-024-07432-9. PubMed 
PMID: 38436790. 

20	 Kwon S, Hartzema AG, Duncan PW, Min-Lai 
S. Disability measures in stroke: relationship 
among the Barthel Index, the Functional 
Independence Measure, and the Modified 
Rankin Scale. Stroke. 2004;35:918-23. doi: 
10.1161/01.STR.0000119385.56094.32. 
PubMed PMID: 14976324.

21	 Wilson JT, Pettigrew LE, Teasdale GM. 
Structured interviews for the Glasgow Out-
come Scale and the extended Glasgow 
Outcome Scale: guidelines for their use. J 
Neurotrauma. 1998;15:573-85. doi: 10.1089/
neu.1998.15.573. PubMed PMID: 9726257.

22	 Khalili H, Niakan A, Ghaffarpasand F. Effects 
of cerebrolysin on functional recovery in 

patients with severe disability after trau-
matic brain injury: A historical cohort study. 
Clin Neurol Neurosurg. 2017;152:34-8. doi: 
10.1016/j.clineuro.2016.11.011. PubMed 
PMID: 27871029.

23	 Kagan A, Winckel J, Black S, Duchan JF, 
Simmons-Mackie N, Square P. A set of 
observational measures for rating support 
and participation in conversation between 
adults with aphasia and their conversation 
partners. Top Stroke Rehabil. 2004;11:67-
83. doi: 10.1310/CL3V-A94A-DE5C-CVBE. 
PubMed PMID: 14872401.

24	 Vahedi K, Vicaut E, Mateo J, Kurtz A, Orabi 
M, Guichard JP, et al. Sequential-design, 
multicenter, randomized, controlled trial 
of early decompressive craniectomy in 
malignant middle cerebral artery infarction 
(DECIMAL Trial). Stroke. 2007;38:2506-17. 
doi: 10.1161/STROKEAHA.107.485235. 
PubMed PMID: 17690311.

25	 Chua AE, Buckley BS, Lapitan M, Jamora R. 
Hemicraniectomy for malignant middle cere-
bral artery infarction (HeMMI): a randomized 
controlled clinical trial of decompressive sur-
gery with standardized medical care versus 
standardized medical care alone. Acta Med 
Philipp. 2015;49:28-33. 

26	 Dasenbrock HH, Robertson FC, Vaitkevi-
cius H, Aziz-Sultan MA, Guttieres D, Dunn 
IF, et al. Timing of Decompressive Hemicra-
niectomy for Stroke: A Nationwide Inpatient 
Sample Analysis. Stroke. 2017;48:704-11. 
doi: 10.1161/STROKEAHA.116.014727. 
PubMed PMID: 28108618.

27	 Zhao J, Su YY, Zhang Y, Zhang YZ, Zhao 
R, Wang L, et al. Decompressive hemicra-
niectomy in malignant middle cerebral artery 
infarct: a randomized controlled trial enrolling 
patients up to 80 years old. Neurocrit Care. 
2012;17:161-71. doi: 10.1007/s12028-012-
9703-3. PubMed PMID: 22528280.

28	 Bansal H, Chaudhary A, Singh A, Paul B, 
Garg R. Decompressive craniectomy in 
malignant middle cerebral artery infarct: 
An institutional experience. Asian J Neu-
rosurg. 2015;10:203-6. doi: 10.4103/1793-
5482.161191. PubMed PMID: 26396607; 
PubMed Central PMCID: PMCPMC4553732.

29	 Das S, Mitchell P, Ross N, Whitfield PC. 
Decompressive Hemicraniectomy in the 
Treatment of Malignant Middle Cerebral 
Artery Infarction: A Meta-Analysis. World 
Neurosurg. 2019;123:8-16. doi: 10.1016/j.
wneu.2018.11.176. PubMed PMID: 
30500591.

30	 Hofmeijer J, Amelink GJ, Algra A, van 
Gijn J, Macleod MR, Kappelle LJ, et al. 



Jamali M, Noorollahi M, Mohammad Hosseini E, Rahmanian A, Sayari M, Ghahramani S

454� Iran J Med Sci July 2025; Vol 50 No 7

Hemicraniectomy after middle cerebral 
artery infarction with life-threatening Edema 
trial (HAMLET). Protocol for a randomised 
controlled trial of decompressive surgery 
in space-occupying hemispheric infarction. 
Trials. 2006;7:29. doi: 10.1186/1745-6215-
7-29. PubMed PMID: 16965617; PubMed 
Central PMCID: PMCPMC1570365.

31	 Juttler E, Schwab S, Schmiedek P, Unter-
berg A, Hennerici M, Woitzik J, et al. Decom-
pressive Surgery for the Treatment of Malig-
nant Infarction of the Middle Cerebral Artery 
(DESTINY): a randomized, controlled trial. 
Stroke. 2007;38:2518-25. doi: 10.1161/
STROKEAHA.107.485649. PubMed PMID: 
17690310.


