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(ABSTRACT A

Aim: Decompressive craniectomy is one of the treatment methods that reduces mortality, when
used in eligible patients for the treatment of malignant ischemic stroke (MIS). In this study, we
aimed to assess the effect of age and the timing of surgery on the quality of life and on the
prognosis of patients that underwent decompressive craniectomy.

Material and Method: The files of 45 patients between the ages of 24-98, who were
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recommended decompressive craniectomy in connection with malignant ischemic stroke, were
reviewed within the scope of the study.

Result: 27 (60%) patients, who agreed to undergoing surgery, and 18 (40%) patients, who did
not agree to undergoing surgery, were taken under review. A significant improvement (between
0 and 3) was observed in the modified Rankin Scale Scores of the two patients that underwent
surgery. All the patients (n = 4) from within the group of patients that did not agree to a surgery,
who lived for more than 6 months, were found to have a modified Rankin Scale Score of 5 and
needed support to fulfill their daily life activities.

Conclusion: It has been observed that performing a decompressive craniectomy after 72 hours
following clinical deterioration and radiological shift did not have a significant effect on mortality
and morbidity. Studies with larger patient groups are needed to be carried out in order to
determine the applicability criteria of surgical treatment.
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Amag: Dekompressif kraniektomi malign iskemik inme tedavisinde uygun hastalarda
kullanildiginda mortaliteyi azaltan tedavi yontemlerinden biridir. Calismamizda dekompressif
kraniektomi yapilan hastalarda operasyon zamani ve yasin, yasam kalitesi ve prognoz lzerine
etkisinin degerlendirilmesi amaclanmistir.

Gereg ve Yontem: Malign iskemik inme nedeni ile dekompressif kraniektomi 6nerilen 24-98 yas
araliginda, 45 hastanin dosyasi incelendi. Hastalar cerrahi yapilan ve cerrahiyi kabul etmeyerek
sadece konservatif tedavi uygulanan iki gruba ayrilarak degerlendirildi.

Bulgular: Operasyonu kabul eden n=27 (%60) hasta ve operasyonu kabul etmeyen n=18 (%40)
hasta incelendi. Cerrahi yapilan grupta iki hastanin modifiye Rankin Skorunda belirgin iyilesme
gorildi (0-3 arasinda). Cerrahiyi kabul etmeyen grupta 6 aydan uzun sire yasayan hastalarin
hepsinde (n=4) modifiye Rankin Skoru: 5 olup glinlik yasam aktivitelerinde destege ihtiyaclari
vardi.

Sonug: Klinik kotlilesme ve radyolojik olarak sift goriildikten 72 saat sonra yapilan dekompresif
kraniektominin mortalite ve morbidite Gzerinde anlaml bir etkisinin olmadigi gorilmektedir.
Cerrahi tedavinin uygulanabilirlik kriterlerini belirlemek icin daha buylk hasta gruplari ile
yapilacak calismalara ihtiyag vardir.

Anahtar Kelimeler: inme;dekompressif kraniektomi;prognoz;mortalite
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INTRODUCTION

Stroke is the second most common cause of death worldwide, and the first cause of acquired disability in adults
(1, 2). Malignant ischemic stroke (MIS) is characterized by progressive cerebral oedema, which may lead to insufficient blood
flow, increased intracranial pressure, brain herniation, and death (3). The signs of malignant ischemic stroke are that 50-
75% of the middle cerebral artery (MCA) area, including the basal ganglia, become hypodense, that additional vascular
areas get affected, and that a cerebral midline shift of more than 4 mm occurs at the pineal gland level within the first
48 hours from the time of the ischemic stroke(4, 5). Mortality rate may go up to as high as 70-80% in patients with large
ischemic lesions lesions (6, 7) whereas serious residual disability is often observed in the surviving patients. 8 Intravenous
thrombolysis along with the recombinant tissue plasminogen activator (rt-PA) applied within the first 4.5 hours after the onset
of the symptoms may significantly improve patients’ outcomes (9). Medical treatments directed at MIS do not always yield
satisfactory results and patients may have no other choice but to undergo surgical treatment. Decompressive craniectomy
(DC) is one of these surgical treatment options directed at MIS. With DC, part of the skull is surgically removed in order to
allow oedematous brain tissue to herniate in the outward direction, and in this way, it is tried to prevent the occurence
of neuronal damage in other parts of the brain (10, 11). DC reduces the mortality rate by <20% in patients with MIS (12).

The aim of our study is to assess the effect of DC performed due to MIS on quality of life and prognosis.
MATERIAL and METHODS
Selection of Patients

Thefiles of patients, who were hospitalized due to MISin the neurology clinic of Atatlrk University School of Medicine
between January 2017 and April 2019, were analyzed retrospectively. Patients over the age of 18 that underwent DC and who
had a midline shift of at least 0.5 cm in the computed tomography (CT) and presented clinical deterioration were included in
the study along with the patients who received conservative treatment as the sole treatment option. Patients with a Glasgow
Coma Scale (GCS) score below 7 and a Barthel index below 95 prior to the ischemia were notincluded in the study. Demographic
data, clinical findings, accompanying systemic diseases, Glasgow Coma Scale (GCS) scores, modified Rankin Scale (mRS)
scores, infarct localization, the treatments applied and the times that the patients underwent DC were recorded. The surgical
operation was performed on the patients through a large fronto-temporo-parietal incision (Figure 1).

Figure 1: An image that belongs to a 36-year-old female patient who underwent decompressive craniectomy due to
malignant ischemic stroke through a left fronto-temporo-parietal incision.

Statistical analysis

All statistical analyses were carried out using the SPSS 20 software. The normal distribution of the data was
analyzed using the Kolmogorov-Smirnov test. Mann-Whitney U test was used for comparisons between groups. Categorical
variables were compared using the chi-square test. The Kruskall Wallis test was used in the comparison of multiple
independent groups (for the comparison of the difference between the postoperative mRS scores and the survival times
with respect to the three groups formed according to the timing of the surgery and the difference between the treatment
applied in the conservative treatment group and the survival times), and the Wilcoxon test was used in the comparison
of the two dependent groups (for the comparison of preoperative and postoperative mRS scores). Spearman correlation
coefficients were calculated in order to evaluate the relationship between the survival time and other parameters.
Numerical variables were reported as mean + Std. Dev.,, median (min-max), whereas the categorical variables were
reported as n (%). Probability (p) values of less than 0.05 were accepted to indicate statistical significance (p<0.05).

Ethics Committee Approval: Approval for this study was obtained from the Ataturk University School of Medicine
Clinical Research Ethics Committee (02/32/27.02.2020).
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RESULTS

27 (60%) patients, who agreed to undergoing surgery due to MIS, in addition to the 18 (40%) patients, who did
not agree to undergoing surgery, were taken under review. The mean age of the patients was 66.25 + 16.5 years. 66.7%
(n = 30) of the patients were female and 33.3% (n = 15) of the patients were male. 58.8% (n = 20) of the patients, who
underwent surgery, and 41.2% (n = 14) of the patients, who did not undergo surgery, died within the first 6 months from
the time of the ischemic stroke. The clinical and demographic data of the patients, who underwent surgery due to MIS,
and of the patients that didn’t, are given in Table 1, whereas the relationship between the clinical data of the patients
that underwent surgery and their survival times are given in Table 2. Of the patients who underwent DC after ischemia,
25.93% (n = 7) of them underwent surgery within the first 24 hours from the time of the ischemic stroke, 33.33% (n = 9)
of them underwent surgery within the period of 24 to 72 hours from the time of the ischemic stroke, and 40.74% (n = 11)
of them underwent surgery after 72 hours from the time of the ischemic stroke. No statistically significant difference was
found between the three groups formed according to the timing of the surgery in terms of postoperative mRS scores and
survival times (p = 0.41, p = 0.39; respectively). On the other hand, a statistically significant difference was found between
the preoperative and postoperative mRS scores of the patients with reference to their times of surgery. This difference was
originated from the increase in the postoperative mRS scores, that is, the higher number of patients presenting postoperative
clinical deterioration (p = 0.001). The reason for the difference between the preoperative and postoperative mRS scores was
the patients who underwent surgery after 24 hours from the time of the ischemic stroke. It was observed that the mRS
scores (MRS scores between 0-3) of two patients from within the group of patients that underwent surgery had improved
following their discharge and that the respective patients could perform their daily life activities on their own, however
that none of the patients’ mRS scores from within the group of patients that did not agree to a surgery, had improved. All
the patients (n = 4), who did not undergo DC but lived for more than 6 months from the time of the ischemic stroke, had
an mRS score of 5 and needed support to perform their daily life activities. No significant correlation was found between
timing of the surgery performed following ischemia and the postoperative mRS score of the patients that underwent
surgery (r = -0.05, p = 0.79). The case study image of cases that underwent DC and benefited from DC is given (Figure 2, 3).

Figure 2: In the CT image of a 36-year-old female patient due to MIS, before performing decompressive craniectomy,
hypodense infarction area in the left middle cerebral artery region and areas compatible with hyperdense bleeding,
ventricular compression and subphaxian shift are observed.

Figure 3: It has been observed during the follow-up visits of the same patient following DC that the ventricular compression
had improved and that there are areas of hypodense infarct locally
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DISCUSSION

In this study, no statistically significant difference was found between the mortality and morbidity rates of patients
thatunderwent or did not undergo DC due to MIS. It was observed that the mRS scores of two patients from within the group of
patients (n=7) that underwent surgery and lived for more than 6 months had improved and that these patients could perform
their daily life activities without the need for any assistance, however that none of the patients’ mRS scores from within the
group of patients (n=4) that did not agree to a surgery and lived for more than 6 months, had improved. There was a statistically
significant difference between the groups of patients with and without coronary artery disease who underwent DCin terms of
survivaltime, andthe survivaltimes were found to be longerin patients without coronaryartery disease. There was no significant
correlation between the timing of taking a patient under operation following ischemia and the postoperative mRS score.

Mortality rate is high in MIS due to brain oedema and herniation, whereas in surviving patients the rate of
neurological sequelae is high. The fact that there are no established criteria in terms of age limit and timing of the surgery
with respect to performing DC in MIS patients is confounding. There are only a few studies, in which the relationship
between the timing of surgery and the results thereof have been studied. The fact that there are no established
criteria in terms of age limit and timing of the surgery with respect to performing DC in MIS patients is confounding.
There are not many studies, in which the relationship between the timing of surgery and the results thereof have
been studied. For this reason, it was investigated in this study whether the timing of surgical treatment and the age of
the patient affect the quality of life and whether there is a difference between the group of patients that underwent
surgery and the group of patients that received conservative treatment in terms of life expectancy and quality of life.

It was reported in some studies that performing DC in early period is associated with less neurological deficits and
returning to daily life activities earlier (13). Additionally, it was reported in other studies that delayed surgery is associated
with a clinically poor outcome (14). In this study, no significant relationship was found between the timing of the surgery and
the postoperative mRS score and the survival time (r= -0.05, p=0.79; r=-0.01, p=0.96; respectively). However, a significant
improvement was observed in the mRS scores of the two patients (both patients were among the patients, who were taken
under operation within the first 72 hours from the time of ischemic stroke) included in the group of patients that underwent
surgery, contrary to the case in the conservative treatment group, in which there was no patient with an improved mRS score.
These two patients (aged 36 and 74)were able to continue their daily life activities without the need for any support. Kilig et
al. reported a statistically significant difference in their study between the preoperative and postoperative mRS scores of the
patients who underwent surgery within the first 48 hours from the time of ischemic stroke (15). The number of patients that
underwent surgery within the first 24 hours from the time of ischemic stroke were higher in the study of Kili¢ et al. On the
other hand, patients that are between the ages of 18-65 and presented within the first 72 hours from the time of ischemic
stroke were investigated within the scope of the HeMMI (Hemicraniectomy for Malignant Middle Cerebral Artery Infarction)
study, and no significant difference was found between the group of patients that underwent surgery and the group of
patients that received conservative treatment in terms of mortality and morbidity (16). The results of this study were similar
to the results reported in the HeMMI study, in the sense that there was also no significant difference between the group of
patients that underwent surgery and the group of patients that received conservative treatment in terms of mortality and
morbidity in this study. However, it is important to note that only the period of 72 hours from the time of ischemic stroke was
investigated within the scope of the HeMMI study, and that the number of patients who were taken under operation after 72
hours from the time of ischemic stroke was higher in this study. This difference in results suggests that delayed surgery might
be the reason for the lower success rate achieved in this study. It was demonstrated in DECIMAL (decompressive craniectomy
in malignant middle cerebral artery infarcts), DESTINY (decompressive surgery for the treatment of malignant infarction
of the middle cerebral artery) and HAMLET (hemicraniectomy after middle cerebral artery infarction with life-threatening
edema trial) studies that performing a surgery within the first 48 hours from the time of ischemic stroke give more successful
results in terms of mortality and morbidity (17-19). Patients over 60 years of age were not included in the DESTINY study
and patients were not taken under operation after 36 hours from the time of ischemic stroke. This fact, taken together with
the results of the said study, suggests that performing DC in an earlier period in patients that are not very old may give more
successful results. It was reported in various studies that performing surgery in patients aged 80 years and younger in the first
48 hours from the time of ischemic stroke gives more successful results (20, 21). It can be said in the light of the results of all
the aforementioned studies that there is no definite age limit for performing DC. Patients that underwent surgery and the
patients that received conservative treatment were investigated within the scope of the DECIMAL study at the fourth week
after the surgery or treatment, and the mortality rate was found as 16% in the group of patients that underwent surgery and
as 33% in the group of patients that received conservative treatment (17). Another study compared the mortality rates in
patients that underwent DC, as of the 6th and 12th months after the surgery, and the mortality rates in patients that received
conservative treatment, as of the 6th and 12th months after the treatment, and the mortality rates were found to be lower
in the group of patients that underwent DC, in both cases. 20 Of the patients included in this study, 58.8% (n = 20) of the
patients who underwent DC and 41.2% (n = 14) of the patients who received conservative treatment died within the first 6
months from the time of ischemic stroke, and the mortality rate of the group of patients that underwent DC was found to be
higher compared to the mortality rates reported in other studies for the corresponding group of patients. This difference in
mortality rates might be due to the fact that the patients included in this study were older (oldest one being 87 years old) and
the number of patients who underwent surgery after 72 hours from the time of ischemic stroke was higher. It was reported
in another study that none of the patients with a cerebral infarct volume of above 390 cm3 had benefited from DC and it was
therefore concluded that the patients with an infarct volume of 390 cm? are not suitable for DC (22). The relationship between
the mortality and morbidity rates and the volume was not compared in this study, as no volume calculations have been made.
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There are many systemic diseases in the etiology of patients with ischemic stroke. Of the patients included in
our study, 77.78% of them had at least one risk factor in etiology. The analysis of the relationship between the comorbid
systemic diseases and the survival times in patients that underwent surgery revealed a statistical significant difference only
between the groups with and without coronary artery disease in terms of survival times. Survival times were longer in
patients without coronary artery disease than in those with coronary artery disease. These results suggest that coronary
artery disease affects mortality more significantly in patients with ischemic stroke compared to other systemic diseases.

This study had some limitations, such as the fact that the number of cases included in the study was not high, that
age range of the patients included in the study was too broad, and that it was a single-center and retrospective study.

CONCLUSION

No statistically significant difference was found as a result of this study between the group of MIS patients
that underwent DC and the group of MIS patients that received conservative treatment in terms of mortality and
quality of life. The majority of the surviving patients in both groups had severe neurological sequelae. The high
rate of patients who underwent surgery in the late period and the fact that no improvement was observed in the
mRS scores of patients who underwent DC after 72 hours from the time of ischemic stroke suggest that it would
be more appropriate to continue follow-up with conservative treatment in these patients. Studies with larger
patient groups are needed to be carried out in order to determine the applicability criteria of surgical treatment.
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