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CLINICAL REPORT
INTERVENTIONAL

Glasgow Coma Scale on Presentation Predicts Outcome in
Endovascular Treatment for Acute Posterior Large-Vessel
Occlusion

AH. Chiu, ““D.A. Hince, and ““'W. McAuliffe

ABSTRACT

SUMMARY: Use of mechanical thrombectomy for stroke has increased since the publication of trials describing outcome improve-
ment when used in the anterior circulation. These results, however, cannot be directly translated to the posterior circulation.
While a high NIHSS score has demonstrated an association with poor outcomes in posterior stroke, the NIHSS is weighted toward
hemispheric disease, and complex scores potentially delay definitive imaging diagnosis. We performed a retrospective analysis to
ascertain whether any rapidly obtainable demographic or clinical and imaging data have a correlation with patient outcome post-
thrombectomy. Seventy-three cases were audited between September 2010 and October 2017. Presenting with a Glasgow Coma
Scale score of >13 meant that the odds of reaching the primary end point of functional independence (defined as a 90-day modi-
fied Rankin Scale score of 0-2) were 5.70 times greater; similarly, presenting with a posterior circulation ASPECTS of >9 resulted in
the odds of reaching the primary end point being 4.03 times greater. Older age correlated to a lower odds of independence (0.97,
p = .04).

ABBREVIATIONS: F-mTICI = final modified TICI score; GCS = Glasgow Coma Scale; I-mTICI = initial modified TICI score; MT = mechanical thrombectomy;

mTICl = modified TICI; PC = posterior circulation; PLVO = posterior large-vessel occlusion; RACE = Rapid Arterial oCclusion Evaluation

he caseload of mechanical thrombectomy (MT) for stroke

has increased since the publication of trials' ® describing the
benefit in the anterior circulation. Given the questionable efficacy
of IV-tPA in the treatment of posterior circulation stroke, endo-
vascular treatment has long been considered an option for poste-
rior large-vessel occlusion (PLVO).®® Trials pertaining to the
anterior circulation, however, cannot be translated directly to
PLVO. While a high NIHSS score has also been associated with
poor outcomes in posterior stroke,”'® this association has been
questioned,'"' given that the NIHSS is weighted toward hemi-
spheric disease."® Other scales'* have been suggested to increase
the accuracy in posterior strokes; however, the use of these com-
plex scores potentially delays the imaging diagnosis, which is
unarguably more definitive for guiding management. We thus
sought to identify whether any rapidly obtainable demographic
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or clinical- and imaging-related data that are routinely collected
for PLVO have a correlation with outcome.

MATERIALS AND METHODS

Background

Our neurointerventional service has, for >10 years, been
organized as a single multisite state department encompassing
3 tertiary/quaternary hospitals, providing all elective and
acute neurovascular services. During data collection, stroke
care underwent an evolution from a neurology-driven throm-
bolysis service (organized per hospital) to a state-wide MT-
driven system. Ambulance triage using the Rapid Arterial
oCclusion Evaluation score (RACE)' was implemented in
2016. Ambulances would be diverted to 1 of 2 MT centers on
the basis of the RACE, and on arrival to the emergency
department, a “code stroke” was activated.

As the service grew, the decision to proceed to MT evolved.
Use of the NIHSS became sporadic, given the nature of PLVO
but also because of the availability of RACE and increasingly ex-
peditious transfer to CT. The NIHSS was hence not included in
the study. Imaging protocols were hospital-dependent but
included noncontrast CT brain and CTA; use of perfusion varied.
MR imaging was not performed routinely before intervention.
Decision-making evolved to a parallel model with neurology and
neurointervention teams attending every code stroke, with the
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decision for IV-tPA and/or MT made collaboratively. MT was
performed with the patient under general anesthetic using stent
retriever a or suction techniques, with use of balloon-guide cathe-
ters and/or distal-access catheters per operator preference.

Data Collection

This was a retrospective analysis of a prospectively collected audit
data base encompassing all cases at all 3 hospitals. Adult patients
treated between September 2010 and October 2017 with MT for
an intracranial PLVO were included. Demographics collected
include age, sex, and time of onset (or wake-up/unknown-onset).
Clinical parameters collected included the Glasgow Coma Scale
(GCS) score on presentation, and whether IV-tPA was adminis-
tered. Imaging was reviewed, and the extent of infarction on pre-
treatment noncontrast brain CT was graded per the posterior
circulation ASPECTS (PC-ASPECTS) score.'® The presence of
posterior communicating arteries and the level of occlusion were
assessed on CTA; if this assessment was not possible, information
was sought on treatment angiography. Thrombectomy-related
data included the initial modified TICI (I-mTICI) score, final
modified TICI score (F-mTICI; both with modified TICI
[mTICI] 3 defined by the entire basilar territory), and time of re-
canalization. Safety data recorded included procedural complica-
tions, separated into clinically relevant or technical (intracranial
perforation/extravasation, nonterritory embolism, or vessel dis-
section), imaging complications on routine day 1 noncontrast
brain CT (subarachnoid/intraparenchymal hemorrhage, subdi-
vided into symptomatic/asymptomatic), and clinically relevant
access complications (vascular occlusion, percutaneous thrombin
treatment, transfusion, or surgical repair). The 3-month mRS
score was determined at routine 3-month outpatient clinic. The
primary end point was defined as functional independence,
which was defined as a 3-month mRSof =2. The diagnosis for
the cause of stroke (cardiogenic, intracranial/extracranial ather-
oma, dissection, paradoxical, iatrogenic, or otherwise) was
recorded. Missing data were retrieved from medical records and
the PACS.

Statistical Analysis

Descriptive data are presented using means/SDs, median/inter-
quartile ranges, and frequency/percentage as appropriate. The
relationship between mRS and predictors of interest (time to re-
canalization, GCS, IV-tPA, sex, age, and PC-ASPECTS) was con-
sidered using univariable and multivariable logistic regression
models. The multivariable model was developed using backward
elimination, and P <.05 was used to determine predictor inclu-
sion in the model. The association between mRS and F-mTICI
(dichotomized as 0-2a versus 2b-3) was assessed using the Fisher
exact test because this variable perfectly predicts the mRS and
therefore a logistic model cannot be fitted. Similarly, the relation-
ship between mRS and I-mTICI was considered with the Fisher
test because of the small sample size in the 2b-3 group. The sensi-
tivity, specificity, and area under the curve for significant predic-
tors of interest were determined using a cutoff value that
produced the maximum product of sensitivity and specificity in
predicting the primary end point.'” The probability cutoff from
the final multivariable model was determined in the same way
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and was used to assess the prediction performance of this model.
A bootstrap procedure (with 100 repetitions) was used to deter-
mine the 95% confidence interval for these cut-points. All analy-
ses were conducted using STATA, Version 15.0 (StataCorp,
College Station, Texas), and P < .05 was considered significant.

The study was reviewed and approved by the local institu-
tional review board for audit processes (Governance Evidence
Knowledge Outcomes [GEKO] System, Department of Health,
Western Australia).

RESULTS

Seventy-nine cases were recorded; 6 patients were excluded due
to incomplete follow-up data. Of the 73 remaining, 26 patients
(35.62%) were women. Ages ranged from 18 to 92 years (mean,
64.11 * 15.51 years). The time of onset of stroke was unknown
in 14 patients (19.18%), and the median presentation GCS was
10 (interquartile range, 8). A breakdown of presentation PC-
ASPECTS, posterior communicating artery status, and level of
occlusion is given in Table 1. IV-tPA was administered in 11/73
patients (15.07%). I-mTICI 0 was seen in 66/73 (90.41%);
F-mTICI = 2b was achieved in 63 (86.30%). Further break-
down is provided in Table 1. The median total time of ictus to
recanalization was 6.5 hours (interquartile range, 8.2 hours).

The procedural complication rate was 4.11% (3.80% when
including 6 patients with missing 3-month data); this consisted of
2 cases of perforation, and 1 technical complication (dissection)
that was non-flow-limiting and did not contribute to patient
deterioration.

Postprocedurally, there were 2 cases of new symptomatic
intraparenchymal hemorrhage (considered natural history), 1
symptomatic SAH (1 of the perforations), and 1 of access compli-
cation requiring both percutaneous thrombin injection and blood
transfusion, for a delayed complication rate of 5.48% (5.06%
when including 6 patients with missing 3-month data). Final out-
comes are listed in the On-line Table.

At 3-month follow-up, 25 patients (34.25%) reached the pri-
mary end point (mRS = 2). The most common cause for PLVO
was cardiogenic with 26/73 cases (35.62%), followed by intracra-
nial atheroma in 20 (27.40%); details are provided in Table 2.
Twenty-five patients (34.25%) died.

GCS, PC-ASPECTS, and age were found to be significant pre-
dictors (Table 3). Presenting with a GCS of >13 meant that the
odds of reaching the primary end point were 5.70 times greater;
similarly, presenting with a PC-ASPECTS of >9 resulted in the
odds of reaching the primary end point being 4.03 times greater.
No cut-point could be found for age. These are also significant on
the multivariable model; a predicted probability of 0.32 (95% CI,
0.18-0.46) has a sensitivity of 0.83 (95% CI, 0.61-0.95) and speci-
ficity of 0.71 (95% CI, 0.55-0.84) for mRS = 2. This produces an
area under the receiver operating characteristic curve of 0.77
(95% CI, 0.55-0.84). Details are listed in Table 4. No correlation
was seen for IV-tPA, sex, or time from ictus to recanalization
(Table 3). F-mTICI = 2b was significant for predicting mRS = 2,
whereas I-mTICI was not (Table 5). Given the difficulty in mean-
ingfully categorizing the level of occlusion and the robustness of
the posterior communicating arteries, the frequencies were found



Table 1: Initial and final mTICI for the 73 patients with com-
plete data

Table 2: Final documented causes for posterior circulatory
occlusion in the 73 patients with complete data

Category No. (%) Cause No. (%)

Level of occlusion Cardiogenic 26 (35.62)
RVA, no LVA 2 Intracranial atheroma 20 (27.40)
RVA, small LVA 1 Unknown 9 (12.33)
RVA, large LVA 0 Dissection 7(9.59)
LVA, no RVA 0 Other NOS 5 (6.85)
LVA, small RVA 1 latrogenic 3 (4.m)
LVA, large RVA 0 Extracranial atheroma 2(274)
Bilateral VA 1 Paradoxical 1(1.37)
Lower basilar trunk 22 Note:—NOS indicates not otherwise specified.
Upper basilar trunk 9
Basilar apex 29
e 2 DISCUSSION
Ilji)lgt/: ral PCA '? With MT, our workflow surrounding patients with stroke has

PC-ASPECTS changed to prehospital activation, assessment by multiple spe-
10 23 cialties, and patient transfer from the ambulance to the emer-
9 8 gency department, through imaging, and potentially to the
8 14 neurointerventional suite. Because of the potential time lost,
2 ]g there is interest in how time may be saved. While complex
5 2 clinical scores may give an edge to prognostication, even the
4 1 well-studied NIHSS has not been demonstrated to perform
3 1 better; Turc et al'® found, in 1004 patients, that cut-points of
2 0 NIHSS = 11 and RACE = 5 both achieved accuracies of 79%
10 8 for large-vessel occlusion, but with the NIHSS only demon-
No data 9 strating a 5% improvement in the false-negative rate (27%

PcomA versus 33%, respectively) and an inferior false-positive rate
None 30 (17% versus 15%, respectively). Introducing more scores
1’ : 22 z increases interoperator variability, especially when a mix of
2” both <1 mm 7 junior and senior clinicians is involved, as is the reality of
2,1<1mm;1=1mm 9 acute stroke care. The additive value of these scores to actual
2, both =1 mm 12 patient care, in this time-sensitive environment, must hence
No data 2 be questioned.

l'ngI 66 (904) Most studies suggest poorer outcomes for PLVO compared
1 5 6.8 5) with anterior circulatory large-vessel occlusion,'* but these also
2b 1(1.37) generally demonstrate a longer ictus-to-recanalization time.
2c 1(1.37) Alawieh et al,” however published an analysis of 536 patients in

F-mTICI which there was no significant difference in onset-to-groin times
10 25‘8”2])2) between anterior and posterior circulation thrombectomies (or
72 1 (].'37) procedural times) and correlating equivalent functional out-
2b 20 (27.40) comes. Although we did not find an association between ictus to
2c 7(9.59) recanalization and outcome, the above study continues to rein-
3 36 (49.32) force the need to minimize time lost.

F'OT;-;CI ranges 10 (13.70) Our results are notable in that favorable GCS and PC-
b3 63 (86.30) ASPECTS scores predict significant odds of functional inde-

Note:—PcomA indicates posterior communicating artery; RVA, right vertebral ar-
tery; LVA, left vertebral artery; VA, vertebral artery; RPCA, right posterior cerebral
artery; LPCA, left posterior cerebral artery; PCA, posterior cerebral artery.

to be too small to model; however, a breakdown is provided in
Table 1.

For completeness, in the 6 patients who had incomplete fol-
low-up data, 2 were women. All presented with an I-mTICI of 0.
F-mTICI consisted of 0 (n=1), 2a (n=2), 2b (n=1), and 3
(n=2). Causes of stroke were cardiogenic (n=1), extracranial
atheroma (n = 1), iatrogenic (n = 1), intracranial atheroma (n =2),
and unknown (n=1).

pendence. GCS demonstrated a trend toward significance in an

earlier article by Mourand et al,??

albeit with a smaller popula-
tion of 31 patients. The GCS has been considered a biomarker
for outcome previously; however, in these studies it was either
used in a different timeframe, in patients treated without
thrombolysis or thrombectomy, solely with thrombolysis, or
with outdated devices such as the Merci Retriever System
(Concentric Medical, Mountain View, CA),23’25 all of which
have little relevance to modern thrombectomy. The relevance
of established infarct at presentation to outcome is self-explan-
atory, but the cut-point of >9 suggests that any established in-
farction is clinically relevant. While a cut-point for age could
not be established, for each year of increasing age, a 3%-5%
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Table 3: Univariable and multivariable odds ratios for the association between each predictor variable and binary mRS (where
mRS >2 is the reference group)

Predictor No. Univariable OR 95% ClI P Multivariable OR® 95% Cl P

Time to recanalization 67 1.01 -0.99-1.03 37
GCS 73 118 1.04-133 .01 121 1.04-142 .001
IV-tPA

No 62 1.00

Yes n 112 0.29-4.25 .87
Sex

F 26 1.00

M 47 128 0.46-3.55 .64
Age (yr) 73 0.97 0.94-1.00 .04 0.96 0.92-1.00 .05
PC-ASPECTS 64 1.66 112-2.47 .01 177 114-2.73 .01

® OR from the final model multivariable model (n = 64).

Table 4: Univariable odds ratios, sensitivities, specificities, and area under ROC curves for the association between each predictor

variable and binary mRS (where mRS >2 is the reference group)

Predictor Positive Group OR (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl) AUC (95% CI)
GCS GCS > 13 5.70 (1.97-16.47) 0.60 (0.39-0.79) 0.79 (0.65-0.90) 0.70 (0.58-0.81)
PC-ASPECTS >9 4.03 (1.36-11.98) 0.57 (0.35-0.77) 0.76 (0.60-0.88) 0.66 (0.54-0.78)
Age (yr) <685 1.50 (0.56-4.07)? 0.64 (0.43-0.82) 0.46 (0.31-0.61) 0.55 (0.43-0.69)
Multivariable model Pr <0.32 1148 (3.22-40.91) 0.83 (0.61-0.95) 0.71 (0.55-0.84) 0.77 (0.55-0.84)

Note:—AUC indicates area under the curve; Pr, predicted probability from the model; ROC, receiver operating characteristic.

*Not significant.

Table 5: Cross-tabulation and y? analyses for the association
between mRS (0-2 vs 3—6) and binary mTICI measures in the 73
patients with complete data

mRS
0-2 3-6 P'
F-mTICI
0-2a 0 10
2b-3 25 38 01
I-mTICI
0-2a 24 47
2b-3 1 1 63

decrease in the odds of mRS = 2 is also expected and confirms
the long-reported association of age with outcome in
stroke.”?®?” A F-mTICI = 2b was also significant for mRS = 2,
similar to other studies for the posterior circulation, confirming
the importance of reperfusion, similar to that in the anterior
circulation.>*® Our outcomes for mTICI=2b (86.30%) and
mRS = 2 (34.25%) are comparable with those in other articles
specifically assessing endovascular treatment of basilar artery
occlusion”'®*** and on the lower end of reported mortality
rates of 25%-47%.' %>

Our study has a number of limitations. First, the nature of this
single-service cohort means that there is self-adjudication.
Second, patient numbers analyzed remained low; however, this
finding reflects the lower proportion of PLVO as a part of stroke
presentations overall. This number has affected some of our anal-
yses, such as our ability to analyze the effect of the level of occlu-
sion and the robustness of collaterals; however, we resisted the
urge to further group these because doing so would create catego-
ries that share little clinical similarity. Third, there is heterogene-
ity in our prehospital process, in-hospital management, and
endovascular therapy during the 7-year data collection, but this
reflects the real-life evolution of treatment. It is possible that cur-
rent outcomes may be better. Last, we did not seek to assess a
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broader range of clinical parameters such as serum glucose level,
medical history, anticoagulation and other medications, and, of
course, the NIHSS and hence could not include these in the anal-
ysis. However, this feature reflects the reality of endovascular
stroke care: Much of the information above may not be immedi-
ately available at time of decision making.

CONCLUSIONS
Our study suggests that the presentation GCS, a rapidly calcu-
lated and well-understood clinical score for all clinician groups
and seniorities, has correlation with patient outcome after poste-
rior circulation MT. Absence of an identifiable infarction on pre-
sentation CT portends a better prognosis. We also confirm that
functional independence is affected by recanalization and age.
Given the poor outcome of untreated PLVO, there is a tend-
ency to treat patients regardless of presentation status and at lon-
ger timeframes. While this practice theoretically gives the patient
the best possible chance of recovery, if through future research a
point of futility can be established, then better use of health care
resources can be established. The result of our study furthers this
aim and, in the meantime, may give some guidance to clinical de-
cision-making and informed consent.
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Comments: The institute | work for has a tendered agreement with Sir Charles
Gairdner Hospital to provide statistical support/data analysis to employees of
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the institution.
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