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Abstract: A retrospective cohort study was performed to determine the likelihood of malignant
stroke after mechanical thrombectomy via ASPECTS-PASS score(A-P score), a novel scoring system
using ASPECT score and number of arterial-passes. This prediction score is designed to help
clinicians take early measures. Malignant stroke is defined as a large MCA infarct with mass effect
that develops during the first 5 days following presentation and is associated with approximately
80% mortality[1]. Previous studies have shown an association of low ASPECTS and high number of
passes with poor outcome.We performed a retrospective cohort analysis on 78 patients with anterior
circulation stroke who underwent mechanical thrombectomy at our hospital. We analyzed the
likelihood of developing malignant stroke post thrombectomy in the first 5 days following
successful recanalization (TICI 3 2b). Malignant stroke is defined as severe symptoms secondary to
edema as evidenced by midline shift, cistern engorgement, and hemorrhagic conversion with
edema. Patients with ASPECTS of 0-5 were excluded. We used two variables to predict the outcome:
ASPECT score and number-of-passes. We used the equation ASPECT score minus number-of-
passes (A-P) to arrive at a single number to predict the risk of malignant stroke. A-P scoring scale
ranged from 0-9. Our study showed a statistically significant inverse relationship of A-P score and
risk of malignant stroke. Approximately 90% of patients with A-P score <5 developed malignant
stroke in our study. A-P score can help predict malignant stroke post thrombectomy even after
successful recanalization. Thus, A-P score of < 5 suggests very high risk. (A-P) Score can assist
clinicians to take early measures, and thereby prevent worse outcomes.

Keywords: ASPECTS; Alberta Stroke Program Early CT Score; NIHSS; National Institutes of Health
Stroke Scale; TICI; Thrombolysis in cerebral infarction; MCA; Middle Cerebral Artery; CBF;
Cerebral Blood Flow; ICP; Intracerebral Pressure; CPP; Cerebral Perfusion Pressure; ADAPT; A
Direct Aspiration First Pass Technique

Introduction:

Severe cerebral edema or malignant stroke is the most feared and leading cause of poor outcome
following ischemic stroke [2]. Large space occupying middle cerebral artery or hemispheric infarction
associated with massive cerebral edema, which may lead to herniation and death, has been described
as malignant middle cerebral artery infarction or stroke [1,3]. Malignant stroke has been associated
with 80% mortality within the first week of stroke due to herniation [1,3,4,5,6]. Prolonged ischemia,
large parenchymal hypoattenuation on CT (Low ASPECT score), Initial high NIHSS, poor collaterals
and younger age have been shown to be associated with malignant stroke [2,6].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Endovascular therapy for successful recanalization is the mainstay approach for the stroke with
large vessel occlusion [7]. Successful revascularization reduces the risk of developing malignant
stroke[8,2]. However, Studies have shown that despite successful recanalization, a substantial
proportion of patients do not have good clinical and functional outcomes [8,9]. Studies have also
shown that the risk of poor outcomes increases with the number of passes during thrombectomy|[8].
Zaidat et al[10] described the first pass effect (one pass mTICI 3) as a strong predictor of good clinical
outcome. Thus, even substantial recanalization (TICI 2b-3) with higher number of passes can
substantially increase the risk of poor outcome [8,10]. The theoretical mechanisms by which
additional passes could induce worse outcomes could be increased clot fragmentation with distal
embolization or accumulated endothelial damage [8]. It has therefore been recommended to attempt
for substantial recanalization (TICI2b-3) to upto 4 Passes [8].

In our clinical experience at our stroke center, we also experienced poor clinical outcomes
despite successful recanalization of MCA. Majority of poor outcomes were attributed to malignant
stroke and hemorrhagic transformation with severe swelling. We also included hemorrhagic
transformation with severe edema in our malignant stroke definition for our study (in the method
section) as both play a role in each other's pathophysiology [11,12], by worsening edema through the
affected blood brain barrier(BBB) and endothelial injury[12].

Purpose of our study was to predict the risk for malignant stroke even after successful
recanalization (TICI> 2b) post thrombectomy. Although there are multiple factors associated with
malignant stroke, we only used two variables ASPECT score and number of passes to design a novel
scoring scale

ASPECTS-PASS score(A-P score) to determine the likelihood of malignant stroke after
mechanical thrombectomy. By virtue of predicting the risk of developing malignant stroke, this
scoring system will enable the clinicians to identify the high risk patients, this way extra care and
attention could be delivered to those at high risk, such as more frequent neuroimaging, neuro checks
and more strict blood pressure goals. Thereby, early detection and timely therapeutic interventions
could be possible.

Method:

We retrospectively reviewed cases of acute ischemic stroke due to large vessel MCA (M1/M2)
occlusion who underwent endovascular therapy between 2016 and 2021 at Einstein Medical Center,
Philadelphia. We followed STROBE guidelines for our observational study. Our study design was a
retrospective cohort analysis. Our study was approved by Einstein Medical Center IRB department.
Figure 1 shows the selection process of our study. A total of 78 patients who met the inclusion criteria
were finally selected for our study and analysis. Our Inclusion criteria entailed: (a) age > 18 yrs (b)
ASPECT score * 6 (c) TICI > 2b (d) presentation within 24 hrs of symptoms onset and (e) Occlusion
of other vascular territories than MCA. Intravenous thrombolysis was not an exclusion criterion.

All patients had CT Head and CT angiogram. Patients with large vessel occlusion underwent
endovascular therapy. All thrombectomies performed at Einstein Medical Center using the same
approach of thrombectomy, direct aspiration first pass technique (ADAPT),with a subsequent stent
retriever was used if aspiration alone was not able to achieve successful recanalization TICI > 2b . CT
images were reviewed and analyzed for ASPECT score before the endovascular therapy. To eliminate
the Bias, ASPECT scores were reviewed blindly for our study by only one reader.

We defined malignant stroke as (a) Worsening of neurological deficits (increase in NIHSS > 2)
with severe cerebral edema (b) New or Worsening of neurological symptoms such as headache,
confusion, vision changes and vomiting etc associated with severe cerebral edema (c) No clinical
improvement with severe deficit (NIHSS > 14) associated with severe cerebral edema and
(d)Hemorrhagic conversion with severe cerebral edema. Severe cerebral edema was identified
radiologically thorough repeat or serial Neuroimaging (immediate and 24 hours post
thrombectomy), defined as edema with evidence of engorgement of cisterns, transcortical herniation,
midline shift and effacement of ventricles. We used two main variables: ASPECT score and total
number of Passes during thrombectomy to calculate
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ASPECT-PASS score (A-P Score), by subtracting number of Passes from the initial ASPECT
score. A-P score ranged from 0-9. We reviewed the subsequent patients' hospital courses including
any complications, clinical exams and Neuro-imagings for 5 days post thrombectomy, to identify the
patients who met our malignant stroke criteria. By standard stroke protocol, we reviewed immediate
and 24 hours post thrombectomy CT Head. However, more frequent serial CT heads were done in
case of worsening of the neurological exam and symptoms. We also added other variables to our
study including demographics, NIHSS, various timings such as door to needle, door to groin, door
to first pass, and door to recanalization. The baseline characteristics and mean times are summarized
in Table 1.

For statistical analysis, we used Microsoft Excel and SPSS software. All the independent
variables were continuous and dependent variables were categorical. Therefore, we used logistic
regression to determine the probability and odds. Coefficient, log odds, P value, 95% confidence
interval and probability was determined. We also performed descriptive statistical analysis to
determine the central tendencies of different variables (mean, median and mode). The primary
endpoint of the study was the development of malignant stroke by our definition. Secondary
endpoints were the therapies used for the malignant stroke; Decompressive hemicraniectomy or
medical/osmotic therapy. Other secondary endpoints included functional outcome upon hospital
discharge. We categorized functional outcomes into favorable and unfavorable based on their
disposition upon discharge and mortality for example; Acute inpatient rehabilitation & Home
discharge were considered favorable. Skilled Nursing home care, Long term assisted care, Hospice
and death were regarded as unfavorable outcomes.

156 patients were
treated with 1A
thrombectomy
between 2016-2021

54 patients
excluded due to
~| occlusion other

than MCA

102 patients with

MCA occlusion
24 patients

—— were excluded

due to TICI
<2b

78 patients met the

inclusion criteria

-TICl 2b or > 2b

-Post MT serial

imaging available

Figure 1. Depicting the selection process for our study
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Results:

78 patients with acute stroke from MCA occlusion who achieved successful recanalization (TICI
> 2b) after endovascular therapy were included in the study group. Our study showed a statistically
significant inverse relationship of A-P score and risk of malignant stroke. In the study group, 17
patients developed malignant stroke. The coefficient of -1.2 and probability of 23% (p-value <.001)
implies 23 % increase in risk of malignant stroke with every point decrease in A-P score.
Approximately 90% of patients with an A-P score < 5 developed malignant stroke. 15 of the 17
malignant stroke patients had A-P score of < 6, other two patients had A-P score of 7. Other variables
were adjusted including timings for door to needle, door to groin, door to first pass, and door to
recanalization. Individual ASPECTS and number of passes were also tested and demonstrated a
statistically significant relationship with malignant stroke with a slope coefficient of -1.12 and 1.06
respectively when compared to the A-P score. Thus, the A-P score is a better predictor for malignant
stroke. Total number of hemorrhagic transformations were also reported. There were a total of 7
hemorrhagic transformations; notably, only 4 out of 7 received IV thrombolytics prior to
endovascular therapy.

With regard to the secondary endpoints, All 17 malignant strokes required treatment. 6 of the 17
required decompressive hemicraniectomy; others were managed medically with hypertonic saline or
mannitol. The total number of unfavorable outcomes were 16, including 5 deaths. 4 of the 5 deaths
developed malignant stroke, with an A-P score of 2, 4, 5, and 6. A total of 12 patients of the 16 with
unfavorable outcomes developed malignant stroke.

Table 1. Baseline characteristics and different variables of the study group.

Age, mean + SD
69+16.6

Sex female , n%
33/78 (42)

NIHSS , Median
16.5

Atrial fibrillation, n%
23/78 (29.4)

Hypertension, n%
59/78 (75.6)

Diabetes, n%
31/78 (39)

Intravenous thrombolysis n%
36/78 (46)

ASPECT mean = SD
8.9+0.3

No. of Passes meant SD
2.16 + 0.16
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A-P Score, median
8

Door to first pass, mean + SD
245+141

Groin to reperfusion, mean *+ SD
48.9+7.54

Door to reperfusion, mean * SD
127.3+12.4

malignant stroke, n%
17/78 (21)

Discussion:

Malignant MCA stroke is the most serious and leading cause of adverse outcome within the first
week of MCA stroke[2]. Malignant MCA stroke has been described as a large space occupying middle
cerebral artery or hemispheric infarction associated with massive cerebral edema, which may lead to
herniation and death [1,3]. Malignant stroke can manifest itself with signs and symptoms related to
raised intracranial pressure besides the neuro-deficits corresponding to the stroke, such as blurry
vision, gaze deviation, severe headache, altered consciousness, nausea, and vomiting. Thus,It is
prudent to watch out for these manifestations for early recognition of malignant stroke.

There are several risk factors associated with malignant stroke including prolonged ischemia,
large parenchymal hypoattenuation on CT (Low ASPECT score < 7), initial high NIHSS, poor
collaterals and younger age[2,6]. The exact pathophysiology of development of malignant stroke is
not clearly understood. However, severe ischemic cerebral edema could be pathophysiologically
categorized into early or acute cytotoxic and subacute or late vasogenic edema. Cytotoxic edema
starts developing within the first few minutes of the acute phase of ischemia after critically reduced
blood supply[13] . Reduced regional cerebral blood flow (r CBF <20 %) starts causing irreversible cell
damage by electrical and biological alteration[13,14]. This ischemia-induced energy failure causes
Na+/K+ pump failure, Ca+ ion influx, membrane depolarization and increase in cell osmolality via
anaerobic metabolism. These

electro-dynamic disturbances cause influx of water and Na+ inside the cells, causing cell
swelling or cytotoxic edema[15]. This intracellular shift further causes shrinkage of the extracellular
compartment as cell swelling occurs at the expense of extracellular volume[16].

This sets up the platform for vasogenic edema, the major culprit for the development of
malignant stroke, by creating a new gradient between the extracellular matrix and neurovascular
unit[16]. Ischemic injury causes disruption of the blood brain barrier(BBB) through degradation of
basal lamina and endothelial tight junction [17,18]. Vasogenic edema starts appearing in 4-6 hours
and peaks at one to several days after acute ischemic injury[15]. Vasogenic edema increases total
tissue water content in contrast to cytotoxic edema. This progressive cerebral edema exerts a
mechanical force to the surrounding tissue structures, causing raised total intracranial pressure(ICP),
which in turn causes reduced cerebral perfusion pressure (CPP), contributing to further reduction in
CBF and worsening of ischemic injury[16].

Successful recanalization is crucial to avoid this viscous cascade of ischemic injury and
subsequent malignant stroke, although it may contribute to vasogenic edema through increased
blood flow in micro-vasculature against ruptured BBB[19]. Post-ischemic hyperperfusion or luxury
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perfusion is the known phenomena after recanalization, a state of overabundant CBF in the infarct
area relative to metabolic needs of the infarct tissue[20]. This luxury perfusion is evident by 48 hours

after recanalization and can last for 1-2 weeks[21,22,23]. It has been correlated to severe neuronal
damage and worse outcome, mediated, in part, by the overproduction and release of toxic free
radicals, also termed as reperfusion injury[24,25]. Nonetheless, it is worth mentioning again that
timely successful recanalization is not only associated with better outcomes but also outweighs the
risk of reperfusion injury.

We discussed earlier the importance of timely endovascular therapy with successful
recanalization in acute stroke with large vessel occlusion.However, the question remains that despite
the successful recanalization, a substantial proportion of patients don't achieve good clinical and
functional outcomes. Majority of poor outcomes were attributed to malignant stroke and
hemorrhagic transformation with severe swelling. Therefore, we tried to answer this question
through predicting the risk of this feared complication after successful recanalization.

Our study was focused on risk prediction for malignant MCA stroke after a successful
recanalization (TICI> 2b) post thrombectomy using ASPECTS-PASS score(A-P score). Although
there are multiple factors associated with malignant stroke as mentioned above. ASPECTS-PASS
score (A-P Score) was calculated, by subtracting the number of Passes from the initial ASPECT score.
A-P score ranged from 0-9. Our study was a retrospective analysis on 78 post-thrombectomy patients.
The primary endpoint of the study was the development of malignant stroke by our definition as
above. Secondary endpoints were the therapies used for the malignant stroke; Decompressive
hemicraniectomy or medical/osmotic therapy. Other secondary endpoints included functional
outcome upon hospital discharge. We categorized functional outcomes into favorable and
unfavorable based on their disposition upon discharge and mortality for example; Acute inpatient
rehabilitation & Home discharge were considered favorable.

Skilled Nursing home care, Long term assisted care, Hospice and death were regarded as
unfavorable outcomes.

We found an inverse relationship of A-P score and risk of malignant stroke. In the study group,
17 patients developed malignant stroke. The coefficient of -1.2 and probability of 23% (p-value <.001)
implies 23 % increase in risk of malignant stroke with every point decrease in A-P score.
Approximately 90% of patients with an A-P score < 5 developed malignant stroke. All 17 malignant
strokes required treatment. 15 of the 17 malignant stroke patients had A-P score of < 6, other two had
A-P score of 7. 6 of the 17 required decompressive hemicraniectomy; others were managed medically
with hypertonic saline or mannitol. The total number of unfavorable outcomes were 16, including 5
deaths. 4 of the 5 deaths developed malignant stroke, with an A-P score of 2, 4, 5, and 6. A total of 12
patients of the 16 with unfavorable outcomes developed malignant stroke.

Which implies that both low ASPECT score and high number of passes are associated with
malignant stroke or poor outcomes. However, when combined together in the equation A-P score,
which becomes a much stronger predictor of malignant stroke. Lesser the A-P score, higher the
chances of malignant stroke. For example even with the high ASPECT score, if it takes multiple passes
to achieve the successful recanalization, then the final A-P score will be low. That can explain the risk
of development of malignant stroke even after successful recanalization. Based on our study results,
we can categorize the risk of malignant stroke in the three groups; Low risk (A-P score 9-8), Moderate
risk (A-P score 7-6), High risk

(A-P score< 5 ). We recommend that the patients who are in the high risk group ( A-P scores< 5)
should require extra attention and care for example more frequent neuro-checks, vitals monitoring
and serial neuro-imagings for timely identification and therapeutic interventions of malignant stroke.
we also have some limitations to our study for example; sample size of our study group was not
large; n=78 with 17 developed malignant stroke, no exclusion based on IV thrombolytics, amount of
cerebral atrophy & the degree of collateralization on CTA were not included and the wide window
of the time ofonset of symptoms and hospital arrival(24 hours). These factors have the ability to
confound the study. We tried to minimize the biases by adjusting for some other variables including
timings for door to needle, door to groin, door to first pass, and door to recanalization.
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Conclusion:

In conclusion, ASPECTS-PASS score(A-P score) has been shown to be a strong individual
predictor for malignant MCA stroke after successful recanalization post thrombectomy. Thus, A-P
score of < 5 suggests high risk. By virtue of predicting the risk of developing malignant stroke, this
scoring system will enable the clinicians to identify the high risk patients. Thereby, early detection
and timely therapeutic interventions could be possible. Of note, our study does not intend to suggest
the optimal ASPECT score or number of passes for and during the thrombectomy. A-P score should
only be used for the prediction of malignant stroke after successful recanalization following
thrombectomy.
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