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PE3IOME

BBEJEHHME U LHEJb UCCJIEJOBAHMUS: IIporuo3upoBanie UCX010B /sl MALHEHTOB, MepPeHeCIINX IHI0BACKY-
JIIPHYI0 TPOMOIKTOMMIO, IBJIsIeTCS TPYIHOM 3afaveiil B KIMHHYECKOl MPAaKTHKe HA NMPOTSKeHUH TOCJIeHEero JecsiTHIe-
THsI. MeTOo/bI OlleHKH MPOTHO3HPOBAHMS MCXO00B COCTOSIHHS NMAIHEHTOB Mocjle HeliPOMHTEePBEHIMH NPH OCTPOM HILEeMH-
YeCKOM HHCYJIbTe MPUMEHSI0Tcsl orpannyeHHo. Ilenblo JaHHOrO HMccile0BaHUS sSIBJsieTcsl pa3padoTka U NMPoOBepKa ajro-
PHMTMA MPOrHO3HPOBAHHUS MCXO/I0B y MAIMEHTOB Yepe3 90 1Heli mocie TPOMOIKTOMHH MO MOBOAY OCTPOr0 HMIIEMHYECKOI0
HMHCYJIbTa B KAPOTHIHOM OacceiiHe.

MATEPHUAJIBI 1 METO/IbI: BbL10 npoBeIeHO PeTPOCIIEKTHBHOE U3y4YeHHEe 75 cilydaeB TPOMOIKTOMHU B OCTPOM
nepuoje HIEeMHUYECKOT0 HHCYIbTA HA (pOHE OCTPOi OKKJIIO3MU apTepHii KapoTUAHOrO DacceiiHa KpoBooOpawmenus. Ipo-
aHAJM3HPOBAHBI 5 HE3aBUCHMBIX IIapaMeTpa: BO3pactT, 6a/ibl mo mkaje HanuoHaibHOro HHCTUTYTA 3APaBOOXPAHEHUS
uHcyabTa (NIHSS) 1 no mxasne tpomoousuca npu nepedpaabnom ungapkre (TICI) no u nocie TpoMG03KTOMHUH ¢ HCIO/Ib-
30BaHHEM OMHAPHOI MOJeJH JIOTHCTHYECKON perpeccuu ¢ onpeaeIeHueM HCX010B COIIACHO MOAM(PUIHMPOBAHHOM HMIKAJIbI
P3ynkuna. Jlannbie 0bLIH IPOBepeHbl ¢ Henoab3oBanueM nporpamm JROCFIT u JLABROCA.

PE3VYJIBTATbBI: OnHodakTopHBIi JOrHCTHYECKHIl PErpecCHOHHBIN aHAIN3 IPOJAEMOHCTPHPOBAJ, YTO BO3PACT,
NIHSS nocie TpomO3kToMUM U KoMOMHHpoBaHHbIe xopomue nokasareju TICI (t.e. TICI 2b u 3) OblIM 3HAYUTEIbHO
CBSI3aHBI € UCXO/I0M Y NMaNMEeHTAa, TOrAa Kak ucxoausblid 6aa1 mo NIHSS — HeT, u Ob11M npu3HaHbI Hanbo/Iee 3HAYMMBIMH
He3aBHMCHMBbIMH NpeguKTOpaMu 4epe3 90 qHeli nmocjie HHTEPBEHIMH IPH 0CTPOM MIIEMHUYECKOM HHCYJbTe. JlaHHbBIe ObLIN
noaTBep:kAeHbI ¢ moMoubi0 KpuBbix ROC u momaau nox kpusoii (AUC).

BBIBO/Ibl: Bunapnas MojeJib JIOTHCTHYECKOI perpeccuy B HalleM HCCJIeI0BAHUU TOYHO NpeackasbiBaeT 90-1Hes-
Hble pe3yJIbTaThl B CTaTyce NAUEHTA M0c/Ie MeXaHU4YeCKOol TPOMOIKTOMHH /ISl OCTPOro HIeMHYecKoro HHcyJbTa. Iloct-
TpoMO3KTOMUYecKHUI Moka3aTeab mkaabl NIHSS n Bo3pacT sIBIsIIOTCS eJUHCTBEHHBIMHU 00513aTe/IbHBIMH JAHHBIMH, He-
00X0UMBIMH LISl TOYHOT'O NPOTHO3a Y 3THX NALUEHTOB.

KJIIOUEBBIE CJIOBA: HHCY/IBT, 3HI0BACKYJISIPHASI TPOMOIKTOMMS, HCXObI.

ABSTRACT

BACKGROUND AND PURPOSE: Prognosticating patients following mechanical thrombectomy has proven
challenging for clinicians within the last decade. Several scoring paradigms have subsequently been developed with the aim
of aiding providers in predicting outcomes in patients status post neuro-intervention for acute ischemic stroke. The purpose
of this study is to develop and validate a condensed algorithm to predict outcomes in patients 90 days post thrombectomy
for acute ischemic stroke of the proximal anterior circulation.

METHODS: A retrospective chart review of 75 patients who presented to our institution with emergent large vessel
occlusion of the anterior proximal circulation was performed. Five independent variables, Age, Initial NIHSS & TICI,
Post-Thrombectomy NIHSS & TICI, delta NIHSS, were identified and regressed logistically upon binary outcomes defined
by functional status according to the modified Rankin scale. The data was validated using JROCFIT and JLABROC4
programs for fitting receiver operating characteristic curves using the maximum likelihood fit.

RESULTS: A statistically significant relationship was identified in two of the five independent variables analyzed in the
study. Post-thrombectomy NIHSS and Age were found to be the strongest independent predictors of functional status at 90
days post-neurointervention for acute ischemic stroke. The data was validated with ROC curves and area under the curve
(AUC).
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CONCLUSIONS: The binary logistic regression model in our study accurately predicts 90 day outcomes in patients

status post mechanical thrombectomy for acute ischemic stroke. Post-thrombectomy NIHSS and age are the only mandatory
covariates required to make an accurate prognosis in these patients.

KEY WORDS: neurosurgery, stroke, thrombectomy, outcomes.

ABBREVIATIONS KEY: NIHSS — National Institute of Health Stroke Scale; TICI — Thrombolysis in Cerebral
Infarction; mRs — Modified Rankin Scale; ROC — receiver operating characteristics; ICA — internal carotid artery.

INTRODUCTION

The development of third generation thrombectomy
devices combined with refined patient selection criteria
has revolutionized the management of acute ischemic
stroke in recent years [1]. While these advancements
have undoubtedly limited the morbidity and mortality
associated with stroke, acute ischemic stroke remains a
leading cause of adult disability in the United States. In
fact, a recent study in the NJEM found up to 36% of pa-
tients who received mechanical thrombectomy for acute
ischemic stroke remained disabled (2 < mRs < 6) at 90
days following neurointervention [2]. Several factors in-
fluence the prognosis of patients after an acute ischem-
ic stroke including age, time of onset, severity, infarct
location, comorbid conditions, baseline functionality,
interventions, complications, rehabilitation, etc. Numer-
ous studies have attempted to better identify these major
predictors of outcome & prognosticate patients follow-
ing endovascular mechanical thrombectomy for acute is-
chemic stroke. According to Russian authors: M. Yu. Vo-
lodyukhin and etc. notes that the degree of neurological
deficit was associated with the likelihood of a favorable
clinical outcome. In patients with severe neurological
deficit (NIHSS> 15 points), a favorable clinical outcome
was observed in 25% of cases, unfavorable in 71.4% of
cases (p <0.01). With a neurological deficit of less than
15 points, the frequency of a favorable clinical outcome
was 75%, and of an unfavorable one — 28.6% (p <0.01)
[3]. In patients who have suffered an ischemic stroke in
the carotid basin, the performance of reconstructive op-
erations on the carotid arteries in the acute period leads
in most cases to a significant regression of neurological
symptoms. The dynamics of neurological symptoms af-
ter reconstructive surgery in patients with symptomatic
stenosis reflects a greater regression of neurological
deficit compared to non-operated patients with sympto-
matic stenosis carotid artery. Carotid endarterectomy can
be performed with a relatively low risk during the first
2 weeks after ischemic stroke [4]. Regardless of the tim-
ing of surgery in patients with neurological deficiency in
the 1st day after surgery, there is a decrease in latency
of the main peaks, along with this, starting from the 1*
day and during the 1% week. After surgery, regardless of
the timing, there was an increase in the amplitude of the
potential on the side of both hemispheres. This, appar-
ently, is a reflection of the improvement of blood sup-
ply in the ischemic area in the 1 day after surgery [5].
Scoring paradigms such as the ASTRAL score, iScore,
and PLAN score have recently been validated as good
predictors of poor functional status (mRS > 2) at 180
days following neurointervention however, their applica-

tion in clinical practice today remains limited [6]. These
models rely solely on information available to clinicians
upon admission and disregard important prognosticating
factors such as quality of treatment and post-operative
complications. The purpose of this study is to develop
an alternate paradigm to better prognosticate patients
following endovascular mechanical thrombectomy for
acute ischemic stroke. In addition, most of the existing
prediction models utilize preoperative neurologic status
[7]. Intuitively, neurologic status would unlikely pre-
dict the eventual outcome if treatment were effective.
Moreover, if thrombectomy was performed, the degree
of cerebral reperfusion (i.e. TICI score) has not been
used in current models. We therefore investigated the
correlation between patient preoperative and postopera-
tive neurologic statuses, completeness of revasculariza-
tion (i.e. TICI score), and eventual outcome in our cohort
of thrombectomy treated patients. In this paper we ana-
lyzed outcomes of such an approach, as well as stroke
outcome predictors in patients who underwent mechani-
cal thrombectomy. To this end, we utilized sophisticated
mathematical modeling techniques.

METHODS

In this single center retrospective study, a retrospec-
tive chart review was conducted on patients who under-
went mechanical thrombectomy after presenting with
acute ischemic stroke due to emergent large vessel oc-
clusion of the anterior circulation from July 2015 to May
2017 at Sanford Medical Center in Fargo, ND (SMCF).
Patients included in this study were functionally inde-
pendent (mRs 0-2) at baseline and presented to SMCF
within 12 hours of symptom onset. All patients received
non-contrast CT followed by multiphase CTA confirm-
ing occlusion of M1/M2 segment of the middle cerebral
artery or intracranial ICA with evidence of clinical-
radiological mismatch and/or ASPECTS > 6 on DWI/
ADC magnetic resonance imaging. Patient’s with large
ischemic core lesions, poor collateral perfusion, distal
occlusions (> M2), posterior circulation occlusions, and
disability at baseline (mRs > 2) were excluded from the
study. Patients who met all inclusion criteria received
mechanical thrombectomy with Solitaire Flow Restora-
tion or Trevo device. All patients were managed in the
intensive care unit following neurointervention. NIHSS
was recorded 24 and 48 hours post-procedure. Patient’s
with increasing NIHSS received further imaging and or
intervention as indicated.

Demographic information including age, sex, BMI,
smoking history, history of diabetes, history of hyperten-
sion, history of hyperlipidemia, history of atrial fibril-
lation, history of prior stroke was recorded. Additional
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data including time to reperfusion, +/— administration
of tPA, initial NIHSS on presentation, post-thrombec-
tomy NIHSS evaluated at 24-48 hours, percent change
of NIHSS at 48 hours (delta NIHSS), thrombolysis in
cerebral infarction (TICI) score (0-3), as well as 90 day
functional status was recorded. Patient’s with missing
baseline characteristics or follow-up information were
excluded. The primary study outcome measure was dis-
ability or functional status at 90 days assessed by the
modified Rankin scale. Scores 0-2 were classified as
functionally independent and represented a favorable re-
sult defined as outcome = 1. Scores > 2 were classified as
functionally dependent and represented an unfavorable
result defined as outcome = 0. Binary logistic regression
was used to model the data

1
1+e_109it(p)

and lOglt (p) = ﬁOXO + ﬁle +.. +Bka

Statistical analysis was performed using logistic re-
gression modeling with Microsoft Excel and XL Stats add
on software. The independent variables of the function
were age, TICI score, initial NIHSS, post thrombectomy
NIHSS, delta NIHSS = (initialNIHSS-postThrombecto-
myNIHSS)/(initialNIHSS). Receiver operating charac-
teristic curve was created and analyzed. The application
used JROCFIT and JLABROC4 programs for fitting
ROC curves using the maximum likelihood fit of a binary
model. Approvals from the Institutional Review Board
of Sanford Medical Center and the University of North
Dakota were obtained prior to commencing the study.

RESULTS

Atotal of 117 patients underwent mechanical thrombec-
tomy for acute ischemic stroke since the beginning of our
neurointerventional program in July 2015 to May 2017.
Using the previously stated inclusion and exclusion cri-
teria, we retained 75 patients for further analyses. Aver-
age age of the remaining 75 patients was 74.3 years (range
25-96). Average initial NIHSS was 15.6 (range 1-27).
Average 24 to 48 hours post-thrombectomy NIHSS was
9.2 (range 0-28). TICI 3 was achieved in 52 cases (70%),
TICI 2b in 15 (20%) and TICI 2a in 8 (10%). Of the 75
patients analyzed, 30 (40%) had an unfavorable outcome,
defined as mRs > 2, while 45 patients (60%) demonstrated
functional independence with mRs < 2 (Table 1).

where p =

Table 1.
Patient Data Summary
Predictor Mean Range Result
(total n=75)
Age 74.3 25-96
Initial NIHSS 15.6 1-27
Post-thrombectomy 9.2 0to28
NIHSS
TICI 3 52 (70%)
TICI 2b 15 (20%)
TICI 2a 8 (10%)

A series of univariate logistic regression analyses
demonstrated that patient age, postthrombectomy NIHSS
and TICI scores were individually, significantly related
to the patient outcomes (Table 2), whereas initial NIHSS
did not (Wald Z=1.1, p=0.23).

Table 2.
Predictor of individual significance.
Predictor Regression ‘Wald
Coefficient P-value

Age 0.04 <0.05

Initial NIHSS 0.4 0.27
Post-thrombectomy NIHSS 0.22 <0.05
TICI 3+2b -1.8 <0.05

TICI 2a -1.2 0.2

A prediction model was built using logistic regres-
sion model that included all the individually significant
predictors (i.e. patient age, post-thrombectomy NIHSS
and TICI score) and their interactions. For predictor se-
lection the Hierarchical Forward Selection method was
utilized until the addition of more independent variables
would not appreciable increase the coefficient of deter-
mination R"2 (i.e. variability of the depended variable
explained by the model) or the number of correctly pre-
dicted cases. The resulting prediction model included
patient age, postthrombectomy NIHSS, TICI score and
interaction of TICI score. It correctly predicted 81.3%
of cases at the best probability threshold (0.5) used to
classify cases into favorable or unfavorable groups with
an estimated R”*2 of 0.39.

The leave-one-out prediction model misclassified 19
out of total 75 cases (25%) at the best probability cutoff
(0.4). ROC analysis, based on the leave-one-out predic-
tions, showed AUCO0.74 (p < 0.05) (Figure 1).
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Figure 1.

Receiver operating characteristics (ROC) analysis, based
on the leave-one-out predictions, showed AUC0.74 (p<0.05).
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DISCUSSION

A mathematical model comprised of postoperative
NIHSS, patient age, TICI score as well as an interac-
tion between TICI score and postoperative NIHSS was
the most sensitive and specific in predicting outcome in
patients treated with mechanical thrombectomy. As ex-
pected, preoperative neurological status was not signifi-
cantly related to patient outcome. Naturally, an effective
treatment will reverse or decrease neurologic deficit and
therefore decrease postoperative NIHSS. Unfortunately,
this does not happen in all patients as some of the brain
damage will be irreversible by the time of cerebral blood
flow restoration. Also, reperfusion hemorrhage may also
worsen this score. Some patients may have multiple vas-
cular territories involved that may not allow for all to be
re-perfused. Previous neurological deficit will also com-
pound NIHSS. It has also been shown that TICI reperfu-
sion score is significantly related to patients’ outcome [8].
Our data also supports this thesis. Patient age is another
significant, universally known predictor of clinical out-
comes, and our results are in agreement with this thesis
as well. The logistic regression model has been chosen, as
it is robust and can handle both continuous and categori-
cal variables to model binary outcomes. A leave-one-out
procedure was chosen for simple validation of our predic-
tive model [9]. In this procedure, every case was predicted
based on an n-1 model (i.e. training set). Each case was
predicted without using its own data to train its prediction
model. Thus, this procedure renders almost an unbiased
true error rate. Overall, our model could explain 39% of
variability in the patient outcome. Naturally, the outcome
is also dependent on multiple factors unaccounted for in
the model. This may include general medical status, preex-
isting neurological deficit, patient family wishes, and other
factors. Based on our data, postoperative NIHSS or the en-
tire model may be used in further interventional studies
as a surrogate outcome measure (i.e. predicted mRs) to
decrease variability, thereby decreasing the number of pa-
tients in the study. It may also be useful for auditing and
for patient family counseling.

Good functional outcomes (i.e. mRs < 2) were ob-
served in 60% of our patients, compared to 53% in ES-
CAPE, 32.6% in MR CLEAN, 49% in DAWN and 45%
in DEFUSES3 trials [2,10]. This may be related to a more
individualized approach to patient selection using DWI-
clinical mismatch, not simply using NIHSS and DWI
volume thresholds, but rather correlating DWI findings
with specific clinical deficits and individual patient vas-
cular anatomy. We recognize that this approach may be
more subjective and not as readily standardized for clini-
cal trial application. It is also possible that we intuitively
used even stricter DWI-based selection criteria than used
in the mentioned trials thereby selecting better candi-
dates. Also, we achieved higher percentage of good TICI
scores (i.e. TICI 2b and 3 in 90%) and this might have
also improved overall outcome.

In our cohort average initial NIHSS was 15.6 (range
1-27) because 4 patients were treated despite low NIHSS
at the time of thrombectomy due to recurrent symptoms

and presence of large vessel occlusion. We anticipated
imminent collateral flow failure in these 4 patients. We
achieved good TICI scores (i.e. 2b and 3) more frequent-
ly than what was reported in the benchmark trials such
as MR CLEAN, ESCAPE, DEFUSE3 and DAWN (90%
versus 58.7%, 72.4%, 76%, and 83%) [2,10]. This may
be related to the fact that stentrivers combined with suc-
tion catheters were used in all of our patients.

Thus far, a number of stroke outcome models have
been developed. For example, Raphaél Le Bouc et al, de-
veloped a scoring system utilizing NIHSS and age [11].
This system outperformed the previously known predic-
tion system SPAN-100 index [7]. Although statistically as-
sociated with worse outcomes in thrombectomy patients,
these scoring systems, to our knowledge, were not tested
and validated for accuracy of predictions in patients who
underwent thrombectomy [12].

Venema et al developed a clinical decision tool to im-
prove the selection of patients with acute ischemic stroke
for thrombectomy based on multiple clinical and radio-
logic predictors using data from MR CLEAN and IMS
IITI trials [13]. However, precision and accuracy of the
model predictions were low. This may be in part related
to lower rates of successful reperfusions and lack of in-
clusion of TICI scores in the model. Interestingly, using
MRI for selection rather than CT seemed to improve pre-
cision of the model predictions [13].

Our study demonstrated a “real life” relationship be-
tween postoperative patient clinical characteristics and
outcomes in the condition of a rural stroke center. Fre-
quent delays in patient transfers to a stroke center are in-
evitable in a rural stroke practice. We therefore intuitive-
ly adopted biological “brain clock” instead of actual time
from last known well, thus often extending therapeutic
windows. Similar approaches have subsequently been
proven beneficial in the recent studies such as DAWN
and DEFUSES3 [14,15]. The main purpose of this paper
is to demonstrate in principle that patient outcomes af-
ter mechanical thrombectomy may be modeled and pre-
dicted using postoperative NIHSS, TICI score and pa-
tient age. Further studies should revalidate and refine this
approach. As more data is accumulated, more accurate
prediction models may be developed.

CONCLUSION

We demonstrated that a model including post-
thrombectomy NIHSS combined with patient age and
TICI reperfusion score was able to predict functional
status at 90 days in patients who underwent mechanical
thrombectomy for acute ischemic stroke in the proximal
anterior circulation with reasonable sensitivity and speci-
ficity.
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