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Abstract
Endovascular treatment (EVT) is safe and effective for acute ischemic stroke (AIS) caused by large artery occlusion
in the anterior circulation. However, some patients require decompressive craniectomy (DC), despite having under-
gone a timely EVT. This study aimed to evaluate the risk factors for subsequent DC after EVT. This retrospective
cohort study comprised 138 patients who received EVT between April 2015 and June 2019 at our center. The need
for subsequent DC was defined as cerebral edema or/and hemorrhagic transformation caused by large ischemic
infarction, with a ≥ 5-mm midline shift and clinical deterioration after EVT. The relationship between risk factors
and DC after EVT was assessed via univariate and multivariable logistic regression. Thirty (21.7%) patients required
DC. These patients tended to have atrial fibrillation (P = 0.037), sedation (P = 0.049), mechanical ventilation (P =
0.008), poorer collateral circulation (P = 0.003), a higher baseline National Institutes of Health Stroke Scale (NIHSS)
score (P < 0.001), heavier thrombus burden (P < 0.001), a lower baseline Alberta Stroke Program Early Computed
Tomography Score (ASPECTS) (P < 0.001), and unsuccessful recanalization (P < 0.001). In the multivariate analysis,
higher baseline NIHSS score [odds ratio (OR), 1.17; 95% confidence interval (CI), 1.03–1.32], heavier thrombus
burden [OR, 1.35; 95% CI, 1.02–1.79], baseline ASPECTS ≤ 8 [OR, 7.41; 95% CI, 2.43–22.66], and unsuccessful
recanalization [OR, 7.49; 95% CI, 2.13–26.36] were independent risk factors for DC after EVT. DC remains an
essential treatment for some AIS patients after EVT, especially those with higher baseline NIHSS scores, heavier
thrombus burden, baseline ASPECTS ≤ 8, and unsuccessful recanalization.
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Introduction

Intracranial carotid artery (ICA) and proximal middle cerebral
artery (MCA) occlusions often result in malignant MCA in-
farction [1]. Althoughmalignant MCA infarction accounts for
only 1–10% of all supratentorial ischemic strokes [2], it has an
almost 80% case fatality rate [1]. Decompressive craniectomy
(DC) is a lifesaving surgical treatment for patients with malig-
nant MCA infarction caused by anterior circulation artery oc-
clusion [3]. Reports have validated that timely DC could not
only reduce mortality but also improve functional outcomes
[4]. Actually, DC plus standard medical treatment is the major
therapeutic method for patients with malignant MCA infarc-
tion caused by anterior circulation artery occlusion.

Recently, endovascular treatment (EVT) has been proven
to be a safe and effective treatment for acute ischemic stroke
(AIS) caused by anterior circulation artery occlusion [5–9].
Most of those patients had a good outcome and avoided
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malignant MCA infarction [5–9]. However, a mortality and
disability rate of approximately 40–55.5% remains after EVT
[9, 10]. Most of the cases contributing to this rate are caused
by life-threatening cerebral edema or/and hemorrhagic trans-
formation after malignant MCA infarction [10–13]. On the
one hand, even though a large proportion of patients achieved
recanalization by EVT, as many as 12.0–27.4% patients could
not achieve recanalization [9, 11]. On the other hand, some
patients still required DC even after successful recanalization.
The details remain unclear. Therefore, timely identification of
patients who require DC after EVT has significant clinical
value.

In this study, we analyzed the potential risk factors and
derived a predictive score for patients requiring DC after EVT.

Patients and methods

This study was approved by the Ethics Committee of Shantou
Central Hospital. This retrospective observational study was
conducted in the Department of Neurosurgery, Shantou
Central Hospital, between April 2015 and June 2019.
Written consent for patient information to be stored in the
hospital database and used for research purposes was given
by the patients or their families.

Normally, intravenous thrombolysis with tissue-type plas-
minogen activator (tPA) would be allowed if the patients were
able to receive treatment within 4.5 h after symptom onset.
Direct thrombectomy was also performed in some patients,
especially those with contraindications for intravenous throm-
bolysis. Patients meeting the following criteria received EVT
[10]: 1, patients were diagnosed with AIS; 2, age ≥ 18 and a
National Institutes of Health Stroke Scale (NIHSS) score ≥ 4
before treatment; and 3, treatment could be performed within
7.3 h of symptom onset. For patients who missed the thera-
peutic window, treatment was still performed if they had an
Alberta Stroke Program Early Computed Tomography Score
(ASPECTS) ≥ 7 and were considered to have a favorable
benefit-risk ratio. We excluded patients with posterior circu-
lation and anterior cerebral artery occlusions alone, patients
with intracranial hemorrhage before treatment, and patients
treated only with intra-arterial thrombolysis.

Patients were admitted to an intensive care unit or stroke
unit after EVT and received standard medical treatment [10].
Patients would receive incubation and mechanical treatment if
there were coma and in consideration of insufficient respira-
tion after EVT. Patients would receive sedation treatment if
they exhibited signs of restless or with incubation and me-
chanical ventilation. Follow-up computed tomography (CT)
was performed within 24 h after EVT or immediately when
neurologic deterioration was detected. Clinical deterioration
was defined as follows [4, 10]: the presence of anisocoria.
The need for DC was defined as previously reported [4]: 1,

≥ 2/3 ischemic stroke in the territory of the MCA on the
follow-up CT; 2, cerebral edema with or without hemorrhagic
transformation caused by ischemic infarction, leading to ≥
5 mm midline shifting; and 3, the presence of clinical deteri-
oration. DC was recommended for patients meeting those re-
quirements; ultimately, the decision was left to their families.
These patients received standardized DC treatment as previ-
ously reported [3].

Data collected

We used NIHSS [14] and ASPECTS [15] to assess the sever-
ity of stroke and cerebral ischemic extension in the acute
phase, respectively. The American Society of Interventional
and Therapeutic Neuroradiology/Society of Interventional
Radiology (ASITN/SIR) grading system was used to evaluate
the collateral circulation, and an ASITN/SIR grade < 2 indi-
cated poor collateral circulation [16]. A modified thromboly-
sis in cerebral infarction (mTICI) score of ≥ 2bwas considered
to indicate successful recanalization. The calculated method
of thrombus burden was modified from a previous report [17];
the number of thrombi was calculated by digital subtraction
angiography (DSA) instead of computed tomography angiog-
raphy (CTA), allotting major arteries 10 points for the pres-
ence of the ipsilateral intracranial thrombus on DSA. Two
points each were calculated for the presence of thrombus in
the proximal M1 segment, distal M1 segment, or supraclinoid
ICA and one point each for the infraclinoid ICA, M2
branches, or A1 segment. The sum of the scores indicates
the burden of thrombus. A thrombus score = 10 indicates oc-
clusion of all major ipsilateral intracranial anterior circulation
arteries. A thrombus score ≥ 4 was defined as heavier throm-
bus burden. Patient outcomes were assessed with the
Modified Rankin Scale (mRS) at 30 days after EVT. A mRS
of 0–3 was considered indicative of good recovery and a mRS
of 4–6 indicated poor recovery. A predictive DC score was
derived based on the results of the multivariate regression and
the odds of the risk factors.

Variables including age, sex, baseline NIHSS score, history
of hypertension, diabetes mellitus, atrial fibrillation, sedation
before clinical deterioration, incubation and mechanical ven-
tilation before clinical deterioration, intravenous thrombolysis
with tPA, mean arterial pressure (MAP) when the patient ar-
rived in the intervention department, baseline ASPECTS, time
from symptom onset to groin puncture, time of EVT, collateral
circulation, thrombus burden score, need for DC, and patient
outcomes at 30 days after EVT were recorded.

Statistical analysis

All data analyses were carried out using SPSS 19 (SPSS Inc.,
Chicago, Illinois, USA). Sex, history of hypertension, diabetes
mellitus, atrial fibrillation, sedation, mechanical ventilation,
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intravenous tPA, collateral circulation, mTICI, the need for DC
after EVT, and 30-day mortality were compared using the chi-
square test or Fisher’s exact test. Age andMAPwere compared
using Student’s t test. The time from symptom onset to groin
puncture, time of EVT, burden of thrombus, baseline NIHSS
score, and baseline ASPECTS were analyzed by the Mann-
WhitneyU test. Univariate logistic regression and multivariate
forward stepwise logistic regressionwere performed to explore
the risk factors for the need for DC. A receiver-operator char-
acteristic (ROC) curve was used to evaluate the value of the
predictive score. The results are presented as the mean with
standard deviation (SD), mean with interquartile range (IQR),
and odds ratio (OR) with 95% confidence interval (CI). A
value of P < 0.05 was considered indicative of statistical
significance.

Results

General characteristics

A total of 175 patients received EVT between April 2015 and
June 2019 at our center. Thirty-seven patients were excluded
due to the following reasons: posterior circulation artery oc-
clusion (n = 20), anterior cerebral artery occlusion alone (n =
2), treated with intra-arterial thrombolysis alone (n = 8), EVT
performed beyond 7.3 h of symptom onset and ASPECTS < 7
(n = 3), discharge before a follow-up CT (n = 1), hemorrhage
by EVT (n = 2), and the presence of anisocoria with loss of the
light reflex during EVT (n = 1).

Ultimately, 138 patients were included in this study. There
were 85 men and 53 women, and the mean age was
64.12 years (range 29–87). The baseline median NIHSS score
was 17 (IQR, 13–19), and the baseline ASPECTSwas 9 (IQR,
8–10). Of the 138 patients, 62 (44.9%) received intravenous
thrombolysis with tPA. The MAP was 112.28 mmHg (SD,
16.10). The time from symptom onset to groin puncture and
time of EVTwere 4.68 (IQR, 3.81–6.10) and 2.14 (IQR, 1.58–
2.84), respectively. The time of clinical deterioration after
EVTwas 28.1 h (IQR, 11.28–37.50). Among the 138 patients,
17 patients received EVT beyond 7.3 h and showed no statis-
tically significant difference between the time from symptom
onset to groin puncture and the need for DC. The mean throm-
bus burden score was 2 (IQR, 2–4). Among the 138 patients,
114 (82.6%) underwent successful recanalization (mTICI ≥
2b). The subgroup (mTICI ≥ 2b) included 74 men and 40
women, and the mean age was 60.33 years. The baseline me-
dian NIHSS score was 16 (IQR, 13–19), and the baseline
ASPECTS was 9 (IQR, 8–10). Of the 114 patients, 50
(43.9%) received intravenous thrombolysis with tPA. The
MAP was 111.57 mmHg (SD, 16.16). The time from symp-
tom onset to groin puncture and time of EVTwere 4.69 (IQR,
3.85–6.14) and 2.00 (IQR, 1.42–2.67), respectively. Themean

thrombus burden score was 2 (IQR, 2–4). The need for DC
following EVT occurred more frequently in subjects who
failed to achieve recanalization (12/24; 50.0%) than in patients
who had achieved recanalization (18/114; 15.8%) (P < 0.001).
Sixty-six (47.8%) patients had functional outcomes
(mRS 0–3), and the 30-day mortality was 17.4% (24/138).

Ultimately, 30 of the 138 patients (21.7%) required DC due
to severe herniation caused by cerebral edema after malignant
MCA infarction, and 19 of the 30 (63.3%) patients also had
hemorrhagic transformation. Among the 30 patients who re-
quired DC, 11 patients had DC at the will of their family, and
the other 19 patients received only standardmedical treatment.
At 30 days after EVT, 7 of the 11 surgical patients (63.6%)
survived, whereas only 4 of the 19 (21.1%) nonsurgical sub-
jects survived (P = 0.047).

In addition, patients needing DC had atrial fibrillation, se-
dation, mechanical ventilation, a higher baseline NIHSS
score, poorer collateral circulation, heavier thrombus burden,
and lower baseline ASPECTS (Table 1). No significant differ-
ences were observed in sex, age, hypertension, diabetes
mellitus, intravenous tPA, MAP, time from symptom onset
to groin puncture, or time of EVT between the groups. In
the subgroup, significant differences were also not observed
in sedation and mechanical ventilation. The baseline charac-
teristics of the patients needing DC and those who did not are
compared in Table 1.

Regression analysis

Univariate logistic regression revealed the following risk fac-
tors were related to the need for DC: sedation [OR, 2.88; 95%
CI, 1.10–7.53] (P = 0.031), mechanical ventilation [OR, 4.55;
95% CI, 1.54–13.43] (P = 0.006), atrial fibrillation [OR, 2.38;
95% CI, 1.04–5.43] (P = 0.040), poorer collateral circulation
[OR, 4.00; 95% CI, 1.52–10.56] (P = 0.005), higher baseline
NIHSS score [OR, 1.23; 95% CI, 1.10–1.38; for each score]
(P < 0.001), heavier thrombus burden [OR, 1.57; 95% CI,
1.24–1.99; for each score] (P < 0.001), baseline ASPECTS
≤ 8 [OR, 5.11; 95% CI, 2.16–12.09] (P < 0.001), and unsuc-
cessful recanalization [OR, 5.33; 95% CI, 2.07–13.73] (P =
0.001) (Table 2). All of these factors were entered into a mul-
tivariate logistic regression analysis, and the results showed
that higher baseline NIHSS score [OR, 1.17; 95% CI, 1.03–
1.32; for each score] (P = 0.014), heavier thrombus burden
[OR, 1.35; 95% CI, 1.02–1.79; for each score] (P = 0.038),
baseline ASPECTS ≤ 8 [OR, 7.41; 95% CI, 2.43–22.66]
(P < 0.001), and unsuccessful recanalization [OR, 7.49; 95%
CI, 2.13–26.36] (P = 0.002) were independent predictors of
needing DC after EVT (Table 3).

In the subgroup (mTICI ≥ 2b), univariate logistic regres-
sion revealed that atrial fibrillation [OR, 2.89; 95% CI, 1.03–
8.06] (P = 0.043), poorer collateral circulation [OR, 5.00; 95%
CI, 1.36–18.39] (P = 0.015), higher baseline NIHSS score
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[OR, 1.20; 95% CI, 1.06–1.36; for each score] (P = 0.006),
heavier thrombus burden [OR, 1.68; 95% CI, 1.21–2.33; for
each score] (P = 0.002), and baseline ASPECTS ≤ 8 [OR,
6.73; 95% CI, 2.26–20.00] (P = 0.001) were associated with
needing DC (Table 2). In the multivariate analysis, heavier
thrombus burden [OR, 1.74; 95% CI, 1.21–2.49; for each
score] (P = 0.003) and baseline ASPECTS ≤ 8 [OR, 7.58;
95% CI, 2.33–24.73] (P = 0.001) were the independent pre-
dictors of needing DC (Table 3).

ROC analysis

Based on the risk factors, a score was derived to accurately
predict DC after EVT, with one point for baseline
NIHSS ≥ 19, one point for thrombus burden ≥ 4, two points
for baseline ASPECTS ≤ 8, and two points for unsuccessful
recanalization. The range of the scoreswas 0–6. The area under
the ROC curve of the predictive DC score was 0.85 [95% CI,
0.76–0.93] (P < 0.001) (Fig. 1). The sensitivity and specificity
were 70.0% and 88.0%, respectively. Those who with scores
of 0–2 had 8.7% (9/104) incidence of DC, and 55.2% (16/29)
patients with scores of 3–4 needed DC. All (100%, 5/5) of the
patients with scores of 5–6 needed DC (Table 4).

Discussion

Endovascular mechanical thrombectomy is an effective treat-
ment for AIS caused by large artery occlusions in anterior
circulation [5–9]. Timely artery recanalization saved the ische-
mic penumbra and reduced the final infarct volume, which
greatly improved patients’ functional outcomes and reduced
mortality [5–9]. However, in clinical practice, we found that
even though timely EVTwas performed, some of the patients
still experienced malignant MCA infarction and required sur-
gical intervention. Therefore, the original intention for the
study came from a common clinical question: given that
EVT was performed, how many patients still require DC, and
how can we predict whether a subsequent DC will be needed?

In this study, we observed that 21.7% of patients ultimately
needed DC after EVT. We also found that unsuccessful recan-
alization was highly related to the need for subsequent surgical
decompression treatment. Importantly, the data showed that
15.8% (18/114) of patients who needed subsequent DC had
received successful recanalization, demonstrating that DC is
still an essential treatment for some AIS patients despite
achieving recanalization. In addition, patients with a higher
baseline NIHSS score, baseline ASPECTS ≤ 8, and heavier

Table 1 Comparison of baseline demographic, clinical, and radiological characteristics between the patients with and without a need for DC after EVT

Characteristics n = 138 mTICI ≥ 2b; n = 114

DC
n = 30

No DC
n = 108

P value DC
n = 18

No DC
n = 96

P value

Sex male (%) 19 (63.3) 66 (61.1) 0.825c 13 (72.2) 61 (63.5) 0.479c

Age (SD) 63.4 (11.4) 64.3 (11.6) 0.609d 62.3 (8.9) 64.3 (12.0) 0.046d

Hypertension (%) 20 (66.7) 72 (66.7) 1.000c 11 (61.1) 60 (62.5) 0.911c

Diabetes mellitus (%) 9 (30.0) 28 (25.9) 0.656c 6 (33.3) 24 (25.0) 0.560f

Intravenous tPA (%) 12 (40.0) 50 (46.3) 0.540c 6 (33.3) 44 (45.8) 0.327c

MAP (SD) 112.6 (17.2) 112.2 (15.9) 0.622d 113.7 (18.3) 111.2 (15.8) 0.508d

EVT time (IQR) 2.33 (1.9–3.0) 2.08 (1.4–2.8) 0.113e 2.23 (1.8–2.6) 2.00 (1.4–2.7) 0.357e

Time to puncture (IQR) 4.37 (3.6–5.6) 4.79 (3.9–6.3) 0.140e 4.37 (3.6–5.6) 4.73 (3.9–6.4) 0.349e

Sedation 9 (30.0) 14 (13.0) 0.049c 3 (16.7) 10 (10.4) 0.429f

Mechanical ventilation 8 (26.7) 8 (7.4) 0.008f 2 (11.1) 4 (4.2) 0.240f

Atrial fibrillation (%) 15 (50.0) 32 (29.6) 0.037c 10 (55.6) 29 (30.2) 0.038c

ASTIN/SIR < 2 (%) 24 (80.0) 54 (50.0) 0.003c 15 (83.3) 48 (50.0) 0.009c

NIHSS score (IQR) 19 (17–21.25) 16 (12.25–19) 0.000e 19 (16.5–21.25) 16 (12.25–18.75) 0.001e

Thrombus burden (IQR) 4 (2–5.25) 2 (2–3) 0.000e 3.5 (2–5) 2 (2–3) 0.003e

ASPECTS (IQR) 8 (5.75–9.25) 9 (9–10) 0.000e 7.5 (5.75–9) 9 (9–10) 0.000e

mTICI < 2b (%) 12 (40.0) 12 (11.1) 0.000c – – –

Death within 30 days 19 (63.3) 5 (4.6) 0.000c 12 (66.7) 5 (5.2) 0.000f

DC, decompressive craniectomy; EVT, endovascular treatment; SD, standard deviation; tPA, tissue-type plasminogen activator; IQR, interquartile range;
MAP, mean arterial pressure; ASTIN/SIR, American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology;
NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; mTICI, modified throm-
bolysis in cerebral infarction
c, d, e, f , compared by using chi-square test, Student’s t test, Mann-Whitney U test, and Fisher’s exact test, respectively
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thrombus burden on DSA were prone to needing subsequent
DC (Table 3). Interestingly, the analysis did not indicate any
relationship between the time from symptom onset to groin
puncture and the risk of needing DC.

Not surprisingly, unsuccessful recanalization was the stron-
gest predictor of requiring DC. The risk for requiring DC was
7.5 times greater for patients without successful recanalization
than for those with successful recanalization. Achieving re-
canalization is crucial for rescuing penumbra tissue and
avoidingmalignant MCA infarction [13]. Unsuccessful recan-
alization means unsuccessful reperfusion, and large infarc-
tions are irreversible. Unfortunately, reports have shown that
more than 27% subjects could not achieve recanalization [11].
In this study, 108 of the 138 (82.6%) patients achieved

recanalization, which is consistent with previous reports [9,
11]. Kondziella et al. emphasized that DC is still a well-
established therapeutic option for those who failed to achieve
recanalization of the occluded artery [13].

A higher baseline NIHSS score was another independent
risk factor for DC. A higher baseline NIHSS score reflects the
severity of ischemic stroke onset [14]. Hao et al. found that
patients with hemorrhagic transformation after EVT had a
higher baseline NIHSS score [10]. In addition, previous stud-
ies showed that severe clinical deficits such as anNIHSS score
> 20 with dominant and ≥ 15 with nondominant hemisphere
stroke were risk factors for fatal space-occupying edema
caused by ischemic stroke [13]. Hemorrhagic transformation
and cerebral edema are complications of AIS, which both

Table 2 Univariate regression
analysis of predictors for
requiring DC after EVT

Variable n = 138 mTICI ≥ 2b; n = 114

OR 95% CI P value OR 95% CI P value

Male 1.10 0.48–2.54 0.825 1.50 0.49–4.54 0.481

Age 0.99 0.96–1.03 0.684 0.99 0.94–1.03 0.516

Hypertension 1.00 0.42–2.36 1.000 0.94 0.34–2.65 0.911

Diabetes mellitus 1.21 0.50–2.95 0.676 1.50 0.51–4.43 0.463

Intravenous tPA 0.77 0.34–1.76 0.540 0.59 0.21–1.70 0.330

MAP 1.00 0.98–1.03 0.888 1.01 0.98–1.04 0.536

EVT time 1.03 0.82–1.29 0.806 0.98 0.71–1.34 0.875

Time to puncture 0.86 0.72–1.03 0.094 0.90 0.73–1.09 0.253

Sedation 2.88 1.10–7.53 0.031 1.72 0.42–7.00 0.448

Mechanical ventilation 4.55 1.54–13.43 0.006 2.88 0.49–17.02 0.244

Atrial fibrillation 2.38 1.04–5.43 0.040 2.89 1.03–8.06 0.043

ASTIN/SIR < 2 4.00 1.52–10.56 0.005 5.00 1.36–18.39 0.015

NIHSS score 1.23 1.10–1.38 0.000 1.20 1.06–1.36 0.006

Thrombus burden 1.57 1.24–1.99 0.000 1.68 1.21–2.33 0.002

ASPECTS ≤ 8 5.11 2.16–12.09 0.000 6.73 2.26–20.00 0.001

mTICI < 2b 5.33 2.07–13.73 0.001 – – –

DC, decompressive craniectomy; EVT, endovascular treatment; OR, odds ratio; CI, confidence interval; tPA,
tissue-type plasminogen activator; MAP, mean arterial pressure; ASTIN/SIR, American Society of Interventional
and Therapeutic Neuroradiology/Society of Interventional Radiology;NIHSS, National Institutes of Health Stroke
Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score;mTICI, modified thrombolysis in
cerebral infarction

Table 3 Multivariate regression
analysis of predictors for
requiring DC after EVT

Variable n = 138 mTICI ≥ 2b; n = 114

OR 95% CI P value OR 95% CI P value

NIHSS score 1.17 1.03–1.32 0.014 – – –

Thrombus burden 1.35 1.02–1.79 0.038 1.74 1.21–2.49 0.003

ASPECTS ≤ 8 7.41 2.43–22.66 0.000 7.58 2.33–24.73 0.001

mTICI < 2b 7.49 2.13–26.36 0.002 – – –

DC, decompressive craniectomy; EVT, endovascular treatment; OR, odds ratio; CI, confidence interval; NIHSS,
National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography
Score; mTICI, modified thrombolysis in cerebral infarction
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contributed to the mass effect. Reports have shown that these
two conditions have a similar mechanism [18]. Additionally,
the two conditions regularly coexist and are often treated to-
gether. Hence, analyzing these two conditions together is rea-
sonable and necessary for clinical practice. Our study further
demonstrated that patients with a higher baseline NIHSS score
at symptom onset were more likely to need DC even if they
had received EVT. In addition, heavy thrombus burden was
also found to be a predictor for subsequent DC. Studies have
reported that patients with ICA occlusion or a thrombus
length greater than 8 mm have a lower recanalization
rate and unfavorable outcomes [19]. Furthermore, heavy
thrombus burden may result in difficult recanalization of
the artery. A previous study showed that > 3 passes of
the retriever increase the risk of intracerebral hemorrhage [10].
Flottmann et al. reported that more passes of the retriever may
lead to good recanalization rates, but clinical outcomes did not
improve [20]. Similarly, reports showed that MCA infarction

with involvement of the ACA increases the risk of space-
occupying infarction and represents the need for compressive
craniectomy [13, 21]. Finally, a baseline ASPECTS ≤ 8 was
also highly related to the need for DC, showing a 7-fold in-
crease in odds compared with ASPECTS > 8. A lower base-
line ASPECTS usually represents a large volume of
unreversed infarction in the early phase [12]. A previous study
also demonstrated that lower ASPECTS predicts hemorrhagic
transformation [10]. Moreover, a lower baseline ASPECTS
may also indicate an absence of poor collateral circulation,
which increases the risk of needing DC.

Patients who need DC are associated with a poor outcome.
The DESTINY study showed that DC performed within 48 h
greatly reduced mortality after 30 days of follow-up [3].
However, it left 53% patients with poor outcomes after
follow-up for at least 6 months, and no significant difference
in functional outcomes was observed between the DC and
conservative treatment groups [3]. A meta-analysis of the
DESTINY, DECIMAL, and HAMLET trials showed that
DC also reduced poor outcomes [22]. Vahedi et al. found that
up to 43% of patients achieved functional outcomes [23].
Another study further validated that timely DC increased sur-
vival and good outcomes and, importantly, decreased survival
with disabilities [4]. All these results showed that early DC
after malignant MCA infarction was positively meaningful
and remains one of the most crucial comprehensive treatment
strategies for severe ischemic stroke. In the cohort, 30 of the
138 (21.7%) patients required DC after EVT, and even though
only 11 of the 30 patients underwent DC, the results showed
that DC greatly reduced mortality (P = 0.047). Unfortunately,
most of the patients showed poor functional outcomes at the
30-day follow-up, as all of these patients underwent DC after
clinical deterioration marked by pupillary change, which was
greatly associated with poor outcomes.

Studies have shown that patients with age ≤ 60 who
underwent DC before clinical deterioration had more chances
of better outcomes [24]. Age is an unmodifiable factor among
patients. However, surgical opportunity is a highly modifiable
factor. Obviously, the key for improving patient functional
outcomes is to identify whether a patient needs DC before
showing the signs of tentorial herniation. However, DC is
not necessary for every stroke patient [25], especially those
with brain atrophy. If the operation indication is simply eval-
uated by the territories of infarction, an early surgery may be
performed on patients who could have originally had good
recovery [4]. If surgery is performed after neurologic deterio-
ration, patients may miss the best time for treatment. In addi-
tion, the extensive performance of EVT reduces the number of
patients who need DC [26] and makes it more difficult to
identify which patients need DC in the early phase. In this
observational study, we found that a higher NIHSS score at
symptom onset, ASPECTS ≤ 8 on baseline CT, heavier throm-
bus burden, and failure to achieve recanalization were

Fig. 1 AROC analysis of the score for predicting DC after EVT. The area
under the ROC curve of the predictive score was 0.85 [95% CI, 0.76–
0.93] (P < 0.001). The sensitivity and specificity were 70.0% and 88.0%,
respectively

Table 4 Incidence of needing DC after EVT based on the predictive score

Predictive DC score

0 1 2 3 4 5 6

Total 48 23 33 20 9 2 3

Need for DC 2 2 5 10 6 2 3

Percentage (%) 4.2 8.7 15.2 50.0 66.7 100 100
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independent predictors for requiring DC following EVT. We
further found that patients with scores of 0–2 had an 8.7%
(9/104) incidence of DC, and 55.2% (16/29) of patients with
scores of 3–4 needed DC. All (5/5) of the patients with scores
of 5–6 neededDC after EVT (Table 4). Hence, we suggest that
patients with scores of 3–4 should be closely monitored in an
intensive care unit, with frequent neurofunctional examina-
tions and CT scans. Intracranial pressure (ICP) monitoring is
recommended for those with radiographic evidence of ≥ 2/3
MCA territories ischemic infarction, and DC should be rec-
ommended to those with unmanageable ICP hypertension
(sustained greater than 20 mmHg after strong dehydration
treatment). For patients with scores of 5–6, in consideration
of all of those patients needing DC and the median time of
clinical deterioration of 28.1 h (IQR, 11.28–37.5) after EVT, it
is suggested that those patients receive a repeat CTscanwithin
10 h after EVT, and once evidence of early phase large ische-
mic infarction appears, DC should be performed, especially
for those younger than 60 years who have a greater chance of
achieving a good functional outcome.

Obvious limitations of this study are the small sample size
and the fact that patient outcomes were assessed only at
30 days. In addition, as a retrospective study, selection bias
cannot be ignored. Furthermore, DC after EVTwas conserva-
tive at our center; therefore, in all patients, DC was performed
only after neurologic deterioration. Thus, prospective studies
with larger sample sizes are needed to further confirm these
risk factors and validate whether DC after EVT before neuro-
logical deterioration could improve functional outcomes in
patients with these risk factors.

Conclusion

DC remains an essential treatment for some AIS patients re-
gardless of whether they have received successful recanaliza-
tion. A higher baseline NIHSS score, lower baseline
ASPECTS, heavier thrombus burden on DSA, and failure to
achieve recanalization were independent risk factors for sub-
sequent DC after EVT. In addition, DC could reduce mortality
for malignant MCA infarction after EVT.
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