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Abstract
Background: There are limited data concerning procedure-related complications of endovascular thrombectomy for
large vessel occlusion strokes.

Aims: We evaluated the cumulative incidence, the clinical relevance in terms of increased disability and mortality, and
risk factors for complications.

Methods: From January 2011 to December 2017, 4799 patients were enrolled by 36 centers in the Italian Registry of
Endovascular Stroke Treatment. Data on demographic and procedural characteristics, complications, and clinical out-
come at three months were prospectively collected.

Results: The complications cumulative incidence was 201 per 1000 patients undergoing endovascular thrombectomy.
Ongoing antiplatelet therapy (p <0.01; OR 1.82, 95% CI: 1.21-2.73) and large vessel occlusion site (carotid-T, p < 0.03;
OR 3.05, 95% CI: 1.13-8.19; M2-segment-MCA, p <0.01; OR 4.54, 95% ClI: 1.66—12.44) were associated with a higher
risk of subarachnoid hemorrhage/arterial perforation. Thrombectomy alone (p < 0.01; OR 0.50, 95% CI: 0.31-0.83) and
younger age (p < 0.04; OR 0.98, 95% Cl: 0.97-0.99) revealed a lower risk of developing dissection. M2-segment-MCA
occlusion (p <0.01; OR 0.35, 95% CI: 0.19-0.64) and hypertension (p < 0.04; OR 0.77, 95% CI: 0.6-0.98) were less
related to clot embolization. Higher NIHSS at onset (p < 0.01; OR 1.04, 95% CI: 1.02—1.06), longer groin-to-reperfusion
time (p <0.01; OR 1.05, 95% ClI: 1.02—1.07), diabetes (p <0.01; OR 1.67, 95% CI: 1.25-2.23), and LVO site (carotid-T,
p<0.01; OR 1.96, 95% CI: 1.26-3.05; M2-segment-MCA, p < 0.02; OR 1.62, 95% CI: 1.08-2.42) were associated with a
higher risk of developing symptomatic intracerebral hemorrhage compared to no/asymptomatic intracerebral hemor-
rhage. The subgroup of patients treated with thrombectomy alone presented a lower risk of symptomatic intracerebral
hemorrhage (p <0.01; OR 0.70; 95% CI: 0.55-0.90). Subarachnoid hemorrhage/arterial perforation and symptomatic
intracerebral hemorrhage after endovascular thrombectomy worsen both functional independence and mortality at
three-month follow-up (p <0.01). Distal embolization is associated with neurological deterioration (p <0.01), while

arterial dissection did not affect clinical outcome at follow-up.
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Conclusions: Complications globally considered are not uncommon and may result in poor clinical outcome. Early
recognition of risk factors might help to prevent complications and manage them appropriately in order to maximize

endovascular thrombectomy benefits.
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Introduction

Randomized controlled trials (RCTs) on acute ischemic
strokes due to large vessel occlusion (LVO) demon-
strated the overwhelming superiority of endovascular
therapy plus intravenous thrombolysis (IVT) compared
to best medical therapy in terms of functional outcome
(Suppl. 7-15). However, most trials (ESCAPE,
EXTEND 1A, SWIFT PRIME, REVASCAT,
THRACE, PISTE, THERAPY (Supplemental refer-
ence 8—15)) were stopped early after an interim review
analysis for efficacy, and because of that, there is lim-
ited knowledge regarding complications of endovascu-
lar thrombectomy (ET) in the treatment of acute
ischemic stroke, although it is considered the standard
of care. In this context, only few studies have focused
on procedural complications as primary endpoint
resulting in incomplete and inconsistent data collection
(Suppl. Table 1).

Aims

The aim of this study is to evaluate the cumulative inci-
dence and the clinical relevance in terms of increased
disability and mortality of procedural-related compli-
cations for endovascular therapy. Moreover, risk fac-
tors for all the observed complications have been
identified.

Materials and methods
Study design, participants, and procedures

We conducted a cohort study on patient’s data col-
lected prospectively in the IRETAS (Italian Registry
of Endovascular Stroke Treatment in Acute Stroke) a
multicenter, observational internet-based registry
(Suppl. Table 2). Patients with acute ischemic stroke
showing LVO and treated with bridging therapy
(ET+1VT) or with thrombectomy alone (direct
thrombectomy) between January 2011 and December
2017 were analyzed. To date, 56 centers (Suppl. Table
3) are giving their contribution to IRETAS. However,

only records gathered by centers with at least 80% of
completed data were considered suitable for statistical
analysis. This center-based selection was adopted to
avoid selection bias.! Hence, a total of 36 Italian cen-
ters out of 56 met these parameters and were included
in the present study. Moreover, participating centers
joined registry at different times. All participating cen-
ters were required to accept the rules of the IRETAS,
including consecutive registration of all stroke patients
receiving endovascular procedures, irrespective of

whether treatment was according to guidelines.
STROBE criteria for observational studies were
fulfilled.?

Inclusion and Exclusion Criteria and outcomes are
provided in the online-only Data Supplement.

Statistical analysis

We performed all statistical analyses using Statistical
Package for Social Sciences software version 21.0.
The categorical variables were reported as frequency
and percentage, while the continuous variables as
mean and standard deviation. Differences between the
cohorts were explored using the Mann—Whitney U test
for continuous variables. Differences between propor-
tions were assessed by Fisher exact test or x* test, where
appropriate. No attempt to replace missing values was
made. Multivariable binary logistic regression analyses
were performed to identify the independent predictive
factors for each complication, including all variables
with a value of p <0.1 at univariable analysis. The fol-
lowing variables were evaluated as potential risk factors
for complications: age, sex, arterial hypertension, dia-
betes mellitus, smoking, atrial fibrillation, previous car-
diovascular event, antiplatelet therapy, anticoagulation
therapy, direct thrombectomy, NIHSS at onset, site of
vascular occlusion, time from arterial puncture to
revascularization (groin-to-reperfusion), type of anes-
thesia, and success in revascularization (TICI score).
Hosmer—Lemeshow goodness-of-fit statistics has been
employed to assess model calibration. A value of
p < 0.05 was considered significant.

International Journal of Stroke, 0(0)
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Results

During the study period, a total of 4799 acute ischemic
stroke patients underwent ET and were registered in
IRETAS by 36 Italian centers. Baseline patient charac-
teristics as well as clinical and procedural parameters
are listed in Table 1.

The cumulative incidence of procedure-related com-
plications over the study period was 201 per 1000
patients undergoing endovascular therapy.
Cumulative incidence and incidence rates for all specific
complications are listed in Table 2.

A total of 4516 out of 4799 patients were monitored
for 90 days after ET, and the follow-up was 94.1%
complete (5.9% of patients were lost at follow-up).

In the subgroup of patients treated with direct
thrombectomy, 2209 out of 2361 patients (93.5%) com-
pleted three months’ follow-up with 6.5% of patients
lost.

Procedure-related complications clinical relevance
and risk factors

Subarachnoid hemorrhage/arterial perforation was
associated with poor functional outcomes (p <0.01)
and higher mortality (mRS=6, p<0.01; Table 3) at
three-month follow-up. At univariable analysis,
NIHSS at onset, site of LVO, antiplatelet therapy,
TICI <2a, and general anesthesia were associated
with subarachnoid hemorrhage/arterial perforation
and were included in multivariable analysis (Suppl.
Table 4). On Figure 1(a), factors associated with a
higher risk of subarachnoid hemorrhage/arterial per-
foration at multivariable analysis are reported.

Arterial dissection was not associated with lower
mRS (p=0.94) or higher mortality at three-month
follow-up (p=0.37) (Table 3). Univariable and multi-
variable risk factors’ analysis for dissection is reported
in Suppl. Table 5 and in Figure 1(b).

Embolization to new arterial territory or distal
embolization in target territory was related to worse
functional outcomes (p <0.01) but not to increased
mortality (p=0.15) at three-month follow-up (Table
3). At univariable analysis, higher NIHSS, site of
LVO, atrial fibrillation, hypertension, TICI <2a, and
groin-to-reperfusion time were associated with embol-
ization and were included in the multivariable analysis
(Suppl. Table 6). Panel ¢ of Figure 1 shows that hyper-
tension and M2-segment-MCA occlusion were related
to lower risk of clot embolization at multivariable
analysis.

sICH was related to poor functional outcome and
increased mortality at three-month follow-up (p < 0.01;
Table 3). At univariable analysis, higher NIHSS, site of
LVO, diabetes, groin-to-reperfusion time,

hypertension, antiplatelet therapy, smoking, and
TICI <2a were associated with sICH and were
included in multivariable analysis (Suppl. Tables 7
and 8).

Higher NIHSS, diabetes, antiplatelet therapy, occlu-
sion of carotid-T, TICI <2a, and groin-to-reperfusion
time were related to sSICH at multivariable analysis. The
subgroup of patients treated with direct thrombectomy
showed a lower risk of sICH (Figure 1(d)).

Arterial access site complications requiring surgical
repair were related to increased mortality at 90 days’
follow-up (Table 3). Univariable and multivariable risk
factors analysis are shown in Suppl. Table 9.

Discussion

Procedure-related complications may occur during or
after endovascular treatment with a wide range of intra-
cranial or extracranial events. A better knowledge of
endovascular adverse events is fundamental to prevent
and manage them appropriately in order to maximize
the benefits of the endovascular technique, avoiding
iatrogenic additional damages. However, data on the
frequency of endovascular complications and on their
clinical impact are limited in the literature due to under-
powered studies. In the current multicenter study, we
have exclusively focused on cumulative incidence pro-
viding our estimate on risk factors and clinical rele-
vance of complications. ET complications are rare
when taken individually, but globally, they account
for 10-20% of patients. Most RCT and non-RCT pub-
lications have mainly focused on the efficacy of ET
resulting in fragmented data collection regarding pro-
cedural adverse events. Patients deriving from 9 RCTs
(2027) and 34 non-RCT studies (8003) were reviewed
(Suppl. Table 1). Among 2027 patients treated with
endovascular therapy plus IVT included in RCTs
(Suppl. reference 7-15), 838 patients (41%) had data
on subarachnoid hemorrhage/arterial perforation
reporting 36 cases (1.8%). Similarly, between 8003
patients analyzed in non-RCT studies (Suppl. reference
16-49), only 2223 patients (27.8%) had data on sub-
arachnoid hemorrhage/arterial perforation registering
100 adverse events (4.5%) (Figure 2(a)). In our study,
we found 135 subarachnoid hemorrhage/arterial per-
foration with an incidence rate of 2.81%. In these
patients, there was a statistically significant correlation
of subarachnoid hemorrhage/arterial perforation with
unsuccessful revascularization results (TICI <2a) and
worse clinical outcome at 90-day follow-up. In litera-
ture, subarachnoid hemorrhage is described as common
and often benign complication compared to arterial
perforation that is a dramatic even.’ In the IRETAS,
subarachnoid hemorrhage caused by arterial perfor-
ation® or resulting from stretching of the arterioles

International Journal of Stroke, 0(0)



Salsano et al.

Table |. Demographics and clinical and procedural characteristics

Parameter Patients (4799)

SD: deviation standard; MCA: middle cerebral artery; ICA: internal carotid artery; NIHSS: National Institutes of Health Stroke Scale; TICI: thrombolysis
in cerebral ischemia.
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Table 2. Cumulative incidence and incidence rates for observed complications

Complication 7 Incidence per 1000 ET

sICH: symptomatic intracerebral hemorrhage; ET: endovascular thrombectomy; IVT: intravenous thrombolysis.

Table 3. Functional outcome (mRS) and mortality at three-month follow-up

Subarachnoid hemorrhage No subarachnoid hemorrhage Relative
Clinical outcome or arterial perforation, n (%) or arterial perforation, n (%) p Value risk® 95% CI?

International Journal of Stroke, 0(0)
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Table 3. Continued

Subarachnoid hemorrhage

Clinical outcome or arterial perforation, n (%)

No subarachnoid hemorrhage
or arterial perforation, n (%)

Relative

risk® 95% CI?

PRI

mRS 0-2
mRS 3-6

32 (1.6)

2002 (98.4)

<0.01 0.12 0.1-0.2

Subgroup of patient treated with MT without IVT

mRS 0-2
mRS 3-6

1 (1.2)

913 (98.8)

<0.01 0.11 0.1-0.2

mRS: modified Rankin score; mRS 0-2: functional independence; mRS 3—6: poor outcome; mRs 6: dead; sICH: symptomatic intracerebral hemorrhage.
“Reference: mRS 0-2 for functional outcome mRS 6 for mortality.

and venules in the subarachnoid spaces during the
stent-retriever withdrawing® are considered in the
same way. M2-segment-MCA and carotid-T occlusion
were associated with higher risk of subarachnoid hem-
orrhage as compared to M1-segment-MCA, posterior
circulation, or tandem occlusion. This may be due to
different causes: carotid-T occlusion may be more tech-
nically demanding, requiring more frequent blind navi-
gation in partially overlapping anatomies (choroidal
artery may overlap to pcom-PCA or siphon in pos-
tero—anterior, MCA, and ACA in lateral projections),
and it may cause larger infarctions; according to Mokin
et al..® subarachnoid hemorrhage is more frequently
common in distal occlusion sites and during difficult
crossing of the thrombus with a microcatheter or
microwire.

Arterial dissection is often an asymptomatic
complication’” with an incidence ranging from 0.6 to
39% in RCT studies (Suppl. reference 7-15) and
from 1 to 7% in non-RCT studies (Suppl. reference
16-49). Only 16 (2%) dissections were recorded in
777 RCTs patients (38%) while 118 (3%) dissections
were identified in 4006 non-RCT patients (50.0%)
(Figure 2(b)). We report 81 dissections with an inci-
dence rate for dissection of 1.69%. There was a statis-
tically significant correlation of dissection with
unfavorable revascularization results (TICI <2 a) with-
out worsening the clinical outcome at three months
according to Simonetti et al. (Suppl. reference 17).

RCT studies showed 44 embolization to new arterial
territory/distal embolization in target territory (5.6%)
in 777 patients (38%) while non-RCT studies counted
113 embolization (4.1%) in 2667 patients (33.3%)
(Figure 2(c)). We reported 365 clot embolization with

an incidence rate of 7.61%. Distal embolization may
reduce the functional independence at 90 days because
the disrupted clots can migrate in a previously unaf-
fected area or block the collateral flow to the poten-
tially salvageable tissue. Distal site occlusion such as
M2-segment-MCA showed a lower risk of migration,
possible due to clot characteristics that are shorter in
length compared to proximal LVO.®

Moreover, gender, hypertension, age, diabetes melli-
tus, smoking habit, atrial fibrillation, prior cerebrovas-
cular event, and onset NIHSS were not associated with
higher rate of subarachnoid hemorrhage, clot emboliza-
tion, and dissection.

Certainly, procedure-related complications are iatro-
genic injuries; however, adverse events should be con-
sidered as multi-factorial phenomena. Arterial
stiffness,” atherosclerosis,'® and thrombus properties''
are not predictable factors that may be associated with
higher procedural complications rate. Moreover, arter-
ial stiffness and atherosclerosis are closely related to
gender, hypertension, age, diabetes mellitus, smoking
habit, atrial fibrillation, prior cerebrovascular event,
and stroke severity. This may explain why other studies
included baseline characteristics for the patients into
risk factors analysis.!> '

Intracranial hemorrhage is a common and serious
complication of ET occurring intra-operatively or post-
procedure, generally within 72h. It can be classified in
symptomatic and asymptomatic.'”> Several criteria for
the definition of ICH exist, so the rates of total sSICH
ranged from 3.6 to 9.3% of cases for RCT studies and
from 3 to 34.9% of cases for non-RCT studies, depending
upon the patient selection and definition applied.'®'®
Moreover, only few non-RCT studies reported sICH

International Journal of Stroke, 0(0)
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Figure 1. Risk factors for subarachnoid hemorrhage/arterial perforation (a), dissection (b), clot embolization (c), and sICH (d).
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rate of patients treated with direct thrombectomy while
data from RCTs are lacking. From review of literature,
only 15 studies with a total of 1585 patients (19.8%) trea-
ted with direct thrombectomy reported data on sICH
with 99 (6.2%) hemorrhagic events (Figure 2(d)).
Following ECASS II criteria, in our report, 170 patients
submitted to direct thrombectomy developed an sICH
with an incidence rate of 7.20%. Patients treated with
direct thrombectomy were less affected by clinically rele-
vant intraparenchymal hemorrhage, so IVT seems to be
the main risk factor for developing sICH, but there are
still no trial supporting a higher rate of sSICH in patients
treated with combined IVT and ET compared with IVT
alone.

Higher NIHSS at onset, ongoing antiplatelet ther-
apy, diabetes, and longer groin-to-reperfusion time
were associated with higher risk of sICH, according
to literature.'” We also discovered that carotid-T occlu-
sion was significantly associated with a higher risk of
developing sICH, likely due to a large ischemic core
volume with subsequent reperfusion damage of the
cerebral infarct tissue.’® Type of anesthesia did not
affect complications rate of subarachnoid hemorrhage,
clot embolization, dissection, and sICH.

This paper presents some limitations. We reviewed
prospectively collected data that are self-reported by
authors on an internet-based registry, without a centra-
lized control of data quality, including the angiographic
pre- and post-procedural results. There may be between-
center inhomogeneity due to the lack of a common
protocol of intervention. However, these are limitations
shared with other similar registries, and our data repre-
sent the real-world experience of ET in a large number of
Italian centers with medium-to-high volume of activity.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Giancarlo Salsano @ https://orcid.org/0000-0003-0602-7952
Monica B di Poggio @ https://orcid.org/0000-0001-8871-
1103

Andrea Zini @ https://orcid.org/0000-0003-1486-4507
Isabella Francalanza @ https://orcid.org/0000-0002-7657-
361X

Andrea Alexandre @ https://orcid.org/0000-0002-8080-3916
Giuseppina Sanfilippo @ https://orcid.org/0000-0002-2598-
3627

Simona Sacco @ https://orcid.org/0000-0003-0651-1939

Supplemental Material

Supplemental material for this article is available online.

References

1. Mangiafico S, Pracucci G, Saia V, et al. The Italian
Registry of Endovascular Treatment in Acute Stroke:
rationale, design and baseline features of patients. Neurol
Sci 2015; 36: 985-993.

2. von Elm E, Altman DG, Egger M, et al. STROBE
Initiative The strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. Lancet 2007; 370:
1453-1457.

3. Balami JS, White PM, McMeekin PJ, Ford GA and
Buchan AM. Complications of endovascular treatment
for acute ischemic stroke: prevention and management.
Int J Stroke 2018; 13: 348-361.

4. McCusker MW, Robinson S, Looby S, et al. Endovascular
treatment for acute ischaemic stroke with large vessel
occlusion: the experience of a regional stroke service.
Clin Radiol 2015; 70: 1408-1413.

5. Yoon W, Jung MY, Jung SH, Park MS, Kim JT and Kang
HK. Subarachnoid hemorrhage in a multimodal approach
heavily weighted toward mechanical thrombectomy with
solitaire stent in acute stroke. Stroke 2013; 44: 414-419.

6. Mokin K, Fargen M, Primiani CT, et al. Vessel perfor-
ation during stent retriever thrombectomy for acute ische-
mic stroke: technical details and clinical outcomes. J
Neurointerv Surg 2017; 9: 922-928.

7. Davis MC, Deveikis JP and Harrigan MR. Clinical pres-
entation, imaging, and management of complications due
to neurointerventional procedures. Semin Interv Radiol
2015; 32: 98-107.

8. Chueh JY, Puri AS, Wakhloo AK and Gounis MJ. Risk of
distal embolization with stent retriever thrombectomy and
ADAPT. J Neurointerv Surg 2016; 8: 197-202.

9. Acampa M, Camarri S, Lazzerini PE, et al. Increased
arterial stiffness is an independent risk factor for hemor-
rhagic transformation in ischemic stroke undergoing
thrombolysis. Int J Cardiol 2017; 243: 466—470.

10. Palombo C and Kozakova M. Arterial stiffness,
atherosclerosis and cardiovascular risk: pathophysiologic
mechanisms and emerging clinical indications. Vascul
Pharmacol 2016; 77: 1-7.

11. Luthman AS, Bouchez L, Botta D, Vargas Gomez MI,
Machi P and Lovblad KO. Imaging clot characteristics in
stroke and its possible implication on treatment. Clin
Neuroradiol. DOT: 10.1007/s00062-019-00841-w.

12. Shi ZS, Liebeskind DS, Loh Y, et al. Predictors of sub-
arachnoid hemorrhage in acute ischemic stroke with
endovascular therapy. Stroke 2010; 41: 2775-2781.

13. Kaesmacher J, Boeckh-Behrens T, Simon S, et al. Risk of
thrombus fragmentation during endovascular stroke
treatment. Am J Neuroradiol 2017; 38: 991-998.

14. Hiraide T, Sawano M, Shiraishi Y, et al. Impact of cathe-
ter-induced iatrogenic coronary artery dissection with or
without post-procedural flow impairment: a report from
a Japanese Multicenter Percutaneous Coronary
Intervention Registry. PLoS One 2018; 13: ¢0204333.

International Journal of Stroke, 0(0)



https://orcid.org/0000-0003-0602-7952
https://orcid.org/0000-0003-0602-7952
https://orcid.org/0000-0001-8871-1103
https://orcid.org/0000-0001-8871-1103
https://orcid.org/0000-0001-8871-1103
https://orcid.org/0000-0003-1486-4507
https://orcid.org/0000-0003-1486-4507
https://orcid.org/0000-0002-7657-361X
https://orcid.org/0000-0002-7657-361X
https://orcid.org/0000-0002-7657-361X
https://orcid.org/0000-0002-8080-3916
https://orcid.org/0000-0002-8080-3916
https://orcid.org/0000-0002-2598-3627
https://orcid.org/0000-0002-2598-3627
https://orcid.org/0000-0002-2598-3627
https://orcid.org/0000-0003-0651-1939
https://orcid.org/0000-0003-0651-1939

10 International Journal of Stroke 0(0)

15. Papanagiotou P and White CJ. Endovascular reperfusion  18. Lorenzano S, Ahmed N, Rosselli A, et al. Safe implemen-
strategies for acute stroke. JACC Cardiovasc Interv 2016; tation of thrombolysis in stroke-monitoring study in
9: 307-317. Italy. Eur J Neurol 2010; 17: 163-167.

16. Hao Y, Yang D, Wang H, et al. ACTUAL Investigators  19. Soize S, Barbe C, Kadziolka K, Estrade L, Serre I and
(Endovascular Treatment for Acute Anterior Circulation Pierot L. Predictive factors of outcome and haemorrhage
Ischemic Stroke Registry) Predictors for symptomatic after acute ischaemic stroke treated by mechanical
intracranial hemorrhage after endovascular treatment of thrombectomy with a stent retriever. Neuroradiology
acute ischemic stroke. Stroke 2017; 48: 1203-1209. 2013; 55: 977-987.

17. Broglio SP, Kontos AP, Levin H, et al. National Institute ~ 20. Mishra NK, Chistensen S, Wounters A, , et aDEFUSE 2

of Neurological Disorders and Stroke and Department of
Defense Sport-Related Concussion Common Data
Elements Version 1.0 recommendations. J Neurotrauma
2018; 35: 2776-2783.

investigators. Reperfusion of very low cerebral blood
volume lesion predicts parenchymal hematoma after
endovascular therapy. Stroke 2015; 46: 1245-1249.

International Journal of Stroke, 0(0)



