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PE3IOME

AKTYAJIBHOCTb: Kilmanyeckue uccaie0BaHUs MOCJIeIHUX JeT MOKA3a/IH, YTO JieueHHe OCTPOro MIeMHYecKoro MH-
CYJIbTa, BLI3BAHHOTO OKKJIIO3Hell KPYIHBIX COCYI0B, ¢ MOMOIILI0 MEXaHH4YeCKOii TPOMOIKTOMMH NMPHBOAUT K YJy4YLICHHUIO
peBacKyJspu3anuu 1 GyHKIHOHAIBHBIX HexodoB. IIpyu 3ToM, MMeeTcst MaJI0 HecJIeJ0BAHUI 110 PAaCIIHPEHHIO HCI0Ib30BAHMST
MeXaHM4ecKOoil TPOMOIKTOMHUH NMPHU OKKJIIO3HUAX METKHX U CPeIHHX HHTPAKPAHHAILHBIX COCYI0B, BbI3BAIONINX HIIeMHYe-
CKHii HHCYJIBT, B 3HAYHTEJbHOM NPOLEHTE CJIy4aeB.

HEJb UCCJIEJOBAHMUS: OueHUTh pe3y abTaThl JIe4eHHs] NALMEHTOB ¢ OCTPbIM HILIEMHYEeCKHM HHCYJILTOM Ha QoHe
OKKJIIO3UH MeJIKHX M CPeIHUX HHTPAKPAHUAILHBIX apTepHii MexaHH4ecKoil TpoMO3KTOMHel. BLISICHUTH NPOMEKYTOK Bpe-
MeHH 0T HauaJia 3a00/1eBaHus 10 OKa3aHHUs MOMOIIM B MeIMIIMHCKOM LeHTpe AJIsl KHTeJIell 0TIa/IeHHbIX pailoHOB.

MATEPHUAJIBI U METO/bI: IIpoBeaeH peTpocnieKTUBHBINH aHAJIM3 UCTOPHUii 0oe3Hn 38 ManueHTOB, MOCTYMUBIINX
B 1Iepe0poBacKy/JIspHYI0 cay:xk0y Candopackoro rocnurais B ®@apro (Cesepnas Jakora), B mepuon ¢ Mmapra 2015 no maii
2017 roaa, KOTOPLIM OBLIO MPOBEJAEHO YHIOBACKY/ISIPHOE BMEIIATEILCTBO 10 MOBOAY OCTPOro MIIEMHYECKOro HHCYJbTA,
BBI3BAHHOI0 OKKJIIO3Helf cOCyT10B MaJIoro Kaaudpa, ¢ MCIoIb30BaHHEM YCTPOHCTB, MPeIHAZHAYEHHBIX /I8 TPOMOIKTOMUHI
B MEJIKHX apTepusX.

PE3VJIbTATBDI: Ilpu nocryniennn y 10 mauuenToB ucxoguslii 6aa1 no mkane NIHSS (National Institutes of Health
Stroke Scale) 6b11 60s1ee 10 (26.31%), y 14 nanmenToB ucxonublii 6as1 mo mkage NIHSS cocrapisii 6osee 6 (36.84%), cpen-
Huii 6a;1 NIHSS npu nocryniennu cocrasuia 14,61. Cpennee cam:xenne 6ania NIHSS cocraBuiio — 4,94 nocsie BMenare/ib-
CTBa C MCIOJIbL30BAHUEM MEXAaHMYECKOH TPOMOIKTOMHUHM. YCHEINHAsA peKaHaau3auus Obl1a JocTUrHyTa B 94.74% ciiyqaes.
B kauyecTBe mokasareneil QyHKIHOHAJIBHBIX Pe3y/1bTATOB y 34 NALHEHTOB MCII0JIbL30BAIUCh 90-1HEBHbIE I0CJICONEPALHOH-
Hble 0aJ/lIbl 10 MoAUpUIMPOBaHHOH mKkajle Panknna (mRS). IlpoueHT nanueHToB, JOCTUrMIMX ABYX Wi Menee mRS, co-
cTaBui 56%.

Cpennee BpeMsi 0T Hauas1a 3a00/1eBaHusA 10 NPHOLITHS B IPHEMHBIN IOKOI 1J1s KMTeJleii 0TAaJeHHBbIX PalioHOB 0ObL10
200 muHYT. 91 MUHYTY COCTABHJI0 BpeMs OT NPUOBLIBAHMS B IPUEMHOM IOKOE 10 FHA0BACKYJ/ISPHOI0 BMEIIATEbCTBA.

BBIBO/JbI: YuurbiBasi BEICOKHE IOKAa3aTeJd peBacKyJasipuzanmu, cHimzkenne 6asuios NIHSS n 90-nHeBHBIX 0a/110B
mRS, MexaHuuyeckasi TPOMOIKTOMHS MOKET HCIO/IL30BATCA J151 MAIIMEHTOB ¢ OKKJIIO3Hel MEIKHX U CPeIHUX HHTPAKPaHH-
AJILHBIX COCYI0B.

KJIIOYEBBIE CJIOBA: Heiipoxupyprus, Tpomoskcrpakuus, Uucyist, Ilepennsis Mo3rosas Aprepus, Cpennsia Mo3-
ropasi Aprepus.
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ABSTRACT

BACKGROUND: Recent clinical trials have established that treatment of acute ischemic stroke secondary to large vessel
occlusion with mechanical thrombectomy leads to improved revascularization and functional outcomes. However, there has
been little research into expanding the application of mechanical thrombectomy into stroke secondary to small and medium
vessel occlusions, which can still produce significant morbidity.

OBJECTIVE: Is to evaluate the outcomes of patients treated with mechanical thrombectomy for acute ischemic stroke
secondary to more distal vessel occlusion and to highlight process times from door to intervention in a center that receives
patients from rural and underserved areas.

DESIGN AND METHODS: We retrospectively reviewed the electronic medical record of 38 patients admitted to Sanford
Health Cerebrovascular Service in Fargo, ND between March 2015 and May 2017 who underwent endovascular intervention
for acute ischemic stroke secondary to a small caliber vessel occlusion using devices designed for thrombectomy in small
arteries.

RESULTS: At admission, 10 patients had a baseline NIHSS score of more than 10 (26.31%), 14 patients had a baseline
NIHSS score of more than 6 (36.84%), the average NIHSS score at admission was 14.61. The average NIHSS score change
was — 4.94 after intervention using mechanical thrombectomy. Successful recanalization was achieved in 94.74% of cases.
Ninety-day postoperative Modified Rankin Scale (mRS) scores were used as functional outcome measurements and the data
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were available for 34 patients. The percent of patients achieving mRS of two or less was 56%.
Large percentage of patients transferred from outside facilities, the median time from last known normal to arrival in
the emergency department was prolonged to 200 minutes. The median time between emergency department arrival and

recanalization was 91 minutes.

CONCLUSION: Given the high rates of revascularization, reductions in NIHSS scores, and 90-day mRS scores,
mechanical thrombectomy may be reasonably extended to patients with occlusion of smaller, more distal vessels.
KEYWORDS: Neurosurgical Procedures, Thrombectomy, Stroke, Anterior Cerebral Artery, Middle Cerebral Artery

INTRODUCTION

Recent clinical trials have established that treatment of
acute ischemic stroke secondary to large vessel occlusion
with mechanical thrombectomy using a stent retriever leads
to improved revascularization and functional outcomes.
Yet minimal research has been conducted into expand-
ing the application of mechanical thrombectomy to stroke
secondary to small and medium vessel occlusions in part
due to limitation in catheter size. New devices have been
designed for the purpose of performing thrombectomy in
cases of small vessel occlusion. Howeyver, to date, there is
little available published evidence regarding their safety
and efficacy. A study using the pRE LITE showed that
thrombectomy of small vessels using this device resulted in
good revascularization with reasonable safety [1]. Another
study evaluated the use of the Mindframe device, one of
the devices used at Sanford Health, for emergent mechani-
cal thrombectomy in cases of acute stroke with occlusion
in smaller caliber vessels. Results showed the device was
effective and safe for use in treatment of small vessel oc-
clusion, but as the study included only nine patients, further
investigation was recommended [2]. In the Russian litera-
ture there are not enough studies devoted to the problem
of surgical treatment of stroke in the acute period. The
question of the timing of specific types of operations for
patients with stroke of medium-caliber arteries remains
relevant [3]. The successful line of randomized controlled
trials devoted to endovascular interventions in acute stroke
is a great achievement in stroke treatment. Inclusion of en-
dovascular thrombectomy will possibly change the estab-
lished clinical practice and improve outcomes in some pa-
tients with stroke. There is also no consensus on the timing
of thrombectomy [4]. Russian clinical guidelines cover the
main issues of treatment ischemic stroke in the acute period

with the use of intravascular x-ray surgical interventions
to restore patency intra-and extracranial arteries [5]. The
first aim of the present study is to evaluate the outcomes of
patients treated with mechanical thrombectomy at Sanford
Health Fargo for acute ischemic stroke secondary to small
caliber vessel occlusion of the M2 and M3 segments of the
Middle Cerebral Artery (MCA) and the A2 and A3 seg-
ments of the Anterior Cerebral Artery (ACA). Treatment
of small caliber vessels using mechanical thrombectomy is
predicted to have a high rate of successful revasculariza-
tion with an acceptably low risk of mortality. The second-
ary aim of this study is to provide process time intervals for
a center that receives patients with smaller vessel occlu-
sions from rural and underserved areas, which may serve
as a baseline for future comparable studies involving this
specific patient population.

METHODS

Based on the Sanford Health Fargo Stroke Task Force
database, we analyzed data of all patients 18 years of age
and older treated for acute ischemic stroke involving small
caliber vessel occlusion using mechanical thrombectomy.
Location of small vessel occlusions included the M2 and
M3 segments of the MCA, as well as the A2 and A3 seg-
ments of the ACA. Retrospective review was subsequently
conducted of the electronic medical record of 38 patients,
admitted between March 2015 and May 2017, who fit
these criteria.

Data obtained included demographic information, pro-
cedural data, and clinical outcomes. Demographic informa-
tion included stroke risk factors such as history of diabetes,
hypertension, hyperlipidemia, atrial fibrillation, tobacco
use, alcohol consumption, associated cardiovascular and
cerebrovascular events (transient ischemic attack, myocar-
dial infarction, pulmonary embolism, deep vein thrombosis,
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hypercoagulable state, congestive heart failure), body mass
index (BMI), and medications on admission. Procedural
data included last known normal (LKN) time, ED arrival
time, time of CT/MRI imaging, time of groin puncture and
recanalization, whether the patient received tPA, and a fi-
nal pass TICI score. Process time intervals were calculated
between different procedural data variables and are listed
in Table 1. Clinical outcome measures collected included
NIHSS (National Institutes of Health Stroke Scale) score
at admission and within 48 hours postoperatively, rate of
symptomatic hemorrhagic transformation, 90-day mRS,
and 30-day mortality. mRS scores were obtained through
blinded patient telephone encounters with a neurology
clinic RN, using an established questionnaire, as well as
through direct patient follow-up visits in the Stroke Clinic
and/or chart review by a Vascular Neurologist.

Statistical analysis included calculations of the median
for each procedural data interval, as well as averages for
demographic information, such as age and BMI, and func-
tional outcomes, such as admission NIHSS and 48-hour
postoperative NIHSS. Further analysis of functional out-
come data included calculating the percentage of patients
with changes in NIHSS scores of 6 or greater, as well as 10
or greater, the average change in NIHSS from admission
to 48 hours post-thrombectomy and percentage of patients
achieving a mRS score of two or less.

RESULTS

Thirty-eight patients were included in this analysis,
24 women and 14 men, with the majority of the study
group identifying as Caucasian (n=35). The mean age was
73 years, with a range 25 to 100 years of age. Thirty-six
of these patients had one or more stroke risk factors with
the most prevalent being hypertension (n=34), followed
by hyperlipidemia (n=30), atrial fibrillation (n=16) and a
history of diabetes mellitus (n =12). Thirteen patients had
previously experienced a vascular event such as a tran-
sient ischemic attack, myocardial infarction, pulmonary
embolism, deep vein thrombosis or had hypercoagulable
state or congestive heart failure. Of the study group, 23
received tPA prior to mechanical thrombectomy and 30
were transferred into our facility. Due to the large per-
centage of patients transferred from outside facilities,
the median time from last known normal to arrival in
the emergency department (ED) was prolonged, at 200
minutes, as seen in Table 1. There was a wide range of
time periods from last known normal to arrival in the ED
(from 0 minutes, indicating symptom onset in the ED, to
1261 minutes), which can be attributed not only to the
variability in time since symptom onset, but also to the
fact that the majority of the patients transferred came
from distant, rural, and underserved areas. However, af-
ter initial assessment in the ED, the median time between
ED arrival and recanalization was 91 minutes. Other time
interval data is shown in Table 1.

The percentage of procedures achieving individual
TICI (thrombolysis in cerebral infarction) scores on the
final pass of (1, 2a, 2b, 3) is seen in Table 2. Successful
recanalization, as determined by a final TICI score of 2b or
greater, was achieved in 94.74% of cases.

Table 1.
Median workflow times in minutes for each data point,
as calculated, representing the 38 patients who underwent
mechanical thrombectomy at Sanford Health in Fargo, ND.

Workflow Times Median (minutes)

Last Known Normal to ED Arrival 200
ED to CT/CTA 17

ED to MRI/MRA 31

ED to Groin Puncture 47

ED to Recanalization 91

Groin Puncture to Recanalization 28

Table 2.

Percentage of patients in which TICI scores of 3, 2b, 2a,
and 1 were achieved.

Percentage (number of patients)
TICI 3 60.53% (n=23)
TICI 2b 34.21% (n=13)
TICI 2a 5.26% (n=2)
TICI 1 0% (n=0)

We have measured outcomes via two metrics, total
change in the NIHSS score preoperatively to 2448
hours postoperatively and 90-day mRS scores. The per-
centage of patients with a 10+ drop in NIHSS score was
26.31% (n=10) and the percentage of patients with a 6+
reduction was 36.84% (n=14). Additionally, account-
ing for variability in NIHSS scoring, there were two
additional patients with a decrease in NIHSS score of
5, equating to 16 patients and a percentage of patients
with a drop of 5+ 0f 42.10%. The average NIHSS score
at admission was 14.61 and the average change in the
NIHSS score was —4.94. However, we were unable to
assess five patients postoperatively to collect NIHSS
scores, two patients due to incapacitation and three pa-
tients due to death within 48 hours. mRS data were col-
lected to measure functional outcomes 90-days postop-
eratively via blinded patient telephone encounters, with
a neurology clinic RN using an established question-
naire as well as retrospective chart review conducted
by a vascular neurologist. Data was available for 34
patients, and the percentage of patients with a favorable
score of two or less was 56%.

The most common complication seen postoperatively
was hemorrhagic transformation of infarct seen in 36.84%
of the patients (n=14), with only a small percentage be-
ing symptomatic (5.26%, n=2), as defined by a 48-hour
postoperative NIHSS increase of 4 or greater with radio-
graphic evidence of ICH. The 30-day mortality rate was
23.68% (n=9).
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DISCUSSION

Mechanical thrombectomy has been shown to improve
outcomes in acute stroke patients with proximal large ves-
sel occlusions, but this intervention has not been widely
pursued, much less studied, in cases of distal/small vessel
occlusions. Occlusions of the M2 segment, for example,
would be excluded based on ASA/AHA guidelines, but
strokes in this territory can certainly still result in signifi-
cant morbidity if left without acute treatment. This study
provides real-world data on the efficacy and safety of me-
chanical thrombectomy in the treatment of acute ischemic
stroke caused by small caliber vessel occlusion. It further
highlights the need for successfully implemented proto-
cols for acute stroke care which facilitate prompt clinical
decision-making and decrease time to intervention at cent-
ers capable of performing mechanical thrombectomy.

The process times from door to revascularization ri-
val or eclipse those reported in previously published tri-
als on mechanical thrombectomy. This is of paramount
importance when acute stroke care is being provided to a
geographically disparate patient base who may be arriving
to the emergency department several hours from symptom
onset or last known normal.

In our experience thrombectomy performed on small
caliber vessels leads to high rates of successful revascu-
larization with reasonably good early and later neurologic

outcomes. Therefore, it seems reasonable to suggest that
mechanical thrombectomy could be extended to patients
beyond the current guidelines. By extending the applica-
tion of mechanical thrombectomy to patients with smaller
vessel occlusions, the morbidity and mortality for an ex-
panded ischemic stroke population could be reduced.

CONCLUSION

Given the high rates of revascularization, reductions
in NIHSS scores, and 90-day mRS scores, mechanical
thrombectomy may be reasonably extended to patients
with occlusion of smaller, more distal vessels.
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