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Abstract

Introduction: Thrombectomy complications remain poorly explored. This study aims to characterize periprocedural
intracranial vessel perforation including the effect of thrombolysis on patient outcomes.

Patients and methods: In this multicenter retrospective cohort study, consecutive patients with vessel perforation
during thrombectomy between January 2015 and April 2023 were included. Vessel perforation was defined as active
extravasation on digital subtraction angiography. The primary outcome was modified Rankin Scale (mRS) at 90days.
Factors associated with the primary outcome were assessed using proportional odds models.

Results: 459 patients with vessel perforation were included (mean age 72.5 = |13.6years, 59% female, 41% received
thrombolysis). Mortality at 90days was 51.9% and 16.3% of patients reached mRS 0-2 at 90 days. Thrombolysis was not
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associated with worse outcome at 90 days. Perforation of a large vessel (LV) as opposed to medium/distal vessel perforation
was independently associated with worse outcome at 90days (aOR 1.709, p=0.04) and LV perforation was associated with
poorer survival probability (HR 1.389, p=0.021). Patients with active bleeding>20min had worse survival probability, too
(HR 1.797, p=0.009). Thrombolysis was not associated with longer bleeding duration. Bleeding cessation was achieved
faster by permanent vessel occlusion compared to temporary measures (median difference: 4min, p <0.001).

Discussion and conclusion: Vessel perforation during thrombectomy is a severe and frequently fatal complication.
This study does not suggest that thrombolysis significantly attributes to worse prognosis. Prompt cessation of active
bleeding within 20 min is critical, emphasizing the need for interventionalists to be trained in complication management.
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Introduction

Since five randomized trials have shown overwhelming
benefit for patients with acute ischemic stroke and large
vessel occlusion (LVO) in 2015,! the indications for
thrombectomy have been continuously expanding.’
Patients presenting late after symptom onset or with
unknown onset and patients with large infarcts are now
largely considered candidates for thrombectomy.>”
Furthermore, several studies are investigating whether
thrombectomy may improve outcome in patients with
medium/distal vessel occlusion (MDVO)'? or with mild
neurologic deficit at presentation.'! In these patients, the
volume of salvageable tissue is typically smaller and
the natural course is less severe compared to LVO
stroke.'®1%13 In addition, the natural course of the disease
may be less predictable.'* Therefore, the treatment effect
regarding functional outcome is assumed to be smaller
compared to acute LVO stroke.'’

Thrombectomy is an invasive treatment and contains
risks. Periprocedural vessel perforation with intracranial
hemorrhage is one of the most feared complications
with a mortality of approximately 50%.'>2° Vessel per-
foration has been reported to be more frequent in
MDVO compared to LVO thrombectomy,'”!®2! neces-
sitating physicians involved in decision making for
patients with MDVO to balance the risks and benefits of
thrombectomy.!® But otherwise, literature on vessel per-
forations is scarce. However, if an invasive treatment is
more and more considered for patients with smaller or
less clearly predictable therapeutic yield, the potential
risks need to be understood in-depth to (a) improve deci-
sion-making regarding treatment eligibility, (b) reduce
the frequency of complications, and (c) optimize compli-
cation management.

The aim of our quality assurance project was (1) to char-
acterize vessel perforation during thrombectomy including
the management of active bleeding as well as the manage-
ment of remaining arterial occlusions, (2) to compare per-
foration of large vessels (LV) to perforation of medium /
distal vessels (MDV), and (3) to explore the effect of intra-
venous thrombolysis on clinical outcomes in patients with
vessel perforation during thrombectomy.

Patients and methods

Data of consecutive patients with vessel perforation during
thrombectomy were retrospectively collected from multi-
ple stroke centers.

Patient selection

Patients were included if thrombectomy was performed
between January 2015 and April 2023 and if intradural
vessel perforation was confirmed by contrast agent
extravasation during angiographic series. No other inclu-
sion and exclusion criteria were applied. Collected data
included patients’ baseline characteristics and details of
the medical management and the neurovascular proce-
dure. In a prior article,'® we reported on 277 patients also
included in this study. The current study focuses on differ-
ent aspects not discussed in the previous article: the effect
of thrombolysis, the differentiation between LV perfora-
tion and MDYV perforation and the importance of bleeding
duration.

We differentiated the site of perforation in three cat-
egories: (1) LV perforation was defined as perforation of
the intradural internal carotid artery, the M1 segment or
the dominant M2 segment of the middle cerebral artery,
the V4 segment of the vertebral artery or the basilar
artery. (2) MDYV perforation was defined as perforation
of the non-dominant or co-dominant M2 segments or
M3-MS5 segments of the middle cerebral artery, A1-AS
segments of the anterior cerebral artery, P1-P4 segments
of the posterior cerebral artery or perforation of the ante-
rior or posterior communicating arteries. Perforation of
vessels of similar diameter was considered MDYV perfo-
ration. (3) Perforation of lenticulostriatal perforators,
thalamic perforators or the anterior choroid artery was
defined to be perforation of small vessels/perforator
branches.

Modified Rankin Scale (mRS) at 90 days was collected
as primary outcome measure and good functional outcome
was defined as mRS 0-2.

Bleeding duration was derived from angiographic series:
the time between the first and last series showing extrava-
sation was defined as minimum bleeding duration and the
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time between the first series showing extravasation and the
first series showing cessation of extravasation was defined
as maximum bleeding duration. The bleeding duration was
defined to be short (minimum bleeding duration 0—5min
and maximum bleeding duration 0—15min), intermediate
(6-20 min and 16-30min) or long (> 20 min and > 30 min).
These time intervals were chosen since preparation of
material for hemostatic therapy was assumed to last
5-10min and application of a first-line hemostatic strategy
was assumed to take 15-20 min. Time from onset to admis-
sion was divided into three groups: (1) 0—6h, (2) 6-24h,
and (3) other including unknown onset.

Ethical commission approval and patient consent were
not required according to current local legislation as all data
were anonymized before analysis and the project involved
assessing safety and quality of routine patient management
in the participating institutions.

Statistics

Patient, occlusion, and perforation characteristics were
described as mean with standard deviation for continuous
variables and frequency with percentage for categorical
variables.

We assessed effects of thrombolysis and potentially
covariates on the primary outcome mRS at 90days using
ordinal shift analysis with proportional odds models: We
fitted univariable models for pre-defined potential covari-
ates. If a significant result was found in univariable models
(»<0.05), these variables were included in the final mod-
els. Covariates included were pre-stroke mRS, National
Institutes of Health Stroke Scale (NIHSS) at admission,
successful recanalization defined as Modified treatment in
cerebral infarction score (mTICI) = 2b and perforation site
(LV vs MDV). We adjusted for clustering of data by center
by adding center as a random intercept to all models.

The association between bleeding duration (outcome)
and different predictor variables was assessed using linear
mixed models, accounting for clustering of data by center
(random intercept). In addition, the difference of patient
distribution over different categories of bleeding duration
between LV perforation compared to MDYV perforation was
tested using chi-squared tests.

We visualized the survival probability by bleeding dura-
tion and type of perforated vessel using Kaplan-Meier
curves and assessed for differences in survival for three
predictor variables (i.e. minimum and maximum bleeding
duration, and perforation site) using Cox proportional haz-
ards model, adjusted for age and NIHSS at admission.

Statistical analysis was performed by a professional sta-
tistical analyst (N.R.) using R v4.3.2 (https://www.r-pro-
ject.org/). p-Values <0.05 were deemed significant and no
adjustment for multiple testing was done. This article fol-
lows the STROBE reporting guidelines (http://www.strobe-
statement.org).

Results

Screening of 43.364 thrombectomies performed in 34 cent-
ers in North America, Europe and Australia yielded 461
cases of vessel perforation. Two patients were excluded
from final analysis: One did not show definite extravasation
on angiography. In the second, vessel perforation led to a
direct carotid-cavernous fistula but not to subarachnoid
hemorrhage. The final analysis comprised 459 patients
(mean age 72.5 = 13.6years, 270 (58.8%) female; patient
baseline characteristics: see Table 1).

NIHSS at admission was 14 = 7.5. Intravenous throm-
bolysis was administered in 191 patients (41.4%).
Thrombectomy was performed to treat LVO in 267 patients
(58.2%) and MDVO in 192 patients (41.8%, sites of initial
vessel occlusion: see Table 1). The majority of the interven-
tionalists in charge were neuroradiologists or radiologists
within neuroradiology subspecialization training (n=187,
81%). The remaining interventionalists were neurosur-
geons (N=17, 7%), general interventional radiologists
(n=16, 7%) and neurologists (n=10, 4%). Thrombectomy
was performed in general anesthesia in 240 patients
(52.3%), in conscious sedation in 178 patients (38.8%), in
local anesthesia in 40 patients (8.7%) and without anesthe-
sia in 1 patient (0.2%).

Outcome at 90days

Overall mortality at 90days was 51.9% and 16.3% of
patients reached good functional outcome at 90days. The
following factors were independently associated with
worse mRS at 90 days: Worse pre-stroke mRS, unsuccess-
ful recanalization at thrombectomy, higher NIHSS at
admission, longer time from onset to admission and LV
perforation as compared to MDV perforation (details see
Supplemental Table S1).

Effect of thrombolysis

In proportional odds model analysis, no significant inde-
pendent association between thrombolysis administration
and mRS at 90 days was found (adjusted odds ratio (aOR)
0.655, p=0.054, details see Supplemental Table SI).
Patients who received thrombolysis did not show longer
bleeding duration compared to patients who did not receive
thrombolysis (p=0.98 and p=0.30 for minimum and maxi-
mum bleeding duration, see Figure 1 and Supplemental
Material). Medication aiming to restore or to enhance coag-
ulation was used in 19 patients having received thromboly-
sis (10%, details see Supplemental Table S4).

Site of perforation

In 155 patients (33.8%) an LV had been perforated, while
perforation occurred at an MDV in 296 patients (64.5%)
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Table |. Patient baseline characteristics including sites of initial
occlusion and sites of perforation.

Baseline characteristics All patients (n=459) (%)

Age (years, mean = SD) 72.5*+13.6
Gender (female patients) 270 (58.8)
Pre-stroke mRS (n=450)

0 270 (60.0)

I 76 (16.9)

2 49 (10.9)

3 42 (9.3)

4 13 (2.9)
NIHSS at admission (mean *standard 14 £7.5
deviation)

Occlusion site?

Intracranial internal carotid artery 63 (13.7)

Vertebral artery 7 (1.5)

Basilar artery 39 (8.5)

Ml 161 (35.1)

M2 180 (39.2)

M3 27 (5.9)

M4 4(0.9)

Al 8(1.7)

A2 12 (2.6)

A3 8(1.7)

Pl 11 (2.4)

P2 2 (0.4)

P3 1 (0.2)
Perforation site
LV perforation 155 (33.8)

Intracranial internal carotid artery 26 (5.7)

Vertebral artery 5(1.1)

Basilar artery 16 (3.5)

MI 69 (15.0)

M2 39 (8.5)
MDYV perforation 296 (64.5)

M2 146 (31.8)

M3 90 (19.6)

M4 12 (2.6)

ACOM 1 (0.2)

Al 4(0.9)

A2 4(0.9)

A3 4(0.9)

A4 3(0.7)

PCOM 2 (0.4)

Pl 24 (5.2)

P2 2 (0.4)

P3 2 (0.4)

PICA 1 (0.2)

AICA 1 (0.2)
Small vessel/perforator branch perforation 8 (1.7)
Lenticulostriatal perforators 4 (0.9)
Thalamic perforators 3(0.7)
Anterior choroid artery 1 (0.2)

mRS: Modified Rankin Scale; NIHSS: National Institutes of Health Stroke
Scale; LV: large vessel; MDV: medium distal vessel; MI-M4, Al-A4, and
P1-P3: corresponding segments of middle, anterior and posterior cere-
bral artery; ACOM: anterior communicating artery; PCOM: posterior
communicating artery; PICA: posterior inferior cerebellar artery; AICA:
anterior inferior cerebellar artery.

253 Patients presented with more than one intracranial occlusion.

and in small vessels/perforator branches in 8 patients (1.7%,
details see Table 1).

When compared to MDYV perforation, LV perforation
was independently associated with worse mRS at 90 days
(aOR 1.709, p=0.04). Patients with LV perforation reached
good functional outcome at 90days in 8.6% and their
90 days overall mortality was 61.9%, compared to 20.6%
good functional outcome and 47.3% mortality in MDYV per-
foration (see Figure 2).

Survival of patients with LV perforation was signifi-
cantly worse compared to patients with MDV perforation
(hazard ratio (HR) 1.389 and p=0.021, see Figure 3).

There was no significant association between bleeding
duration and type of perforated vessel (see Supplemental
Material). Patients with LV perforation did not show long
bleeding duration significantly more often compared to
patients with MDV perforation (»p=0.35 and p=0.06 for
minimum and maximum bleeding duration, respectively).

Bleeding duration

Median minimum bleeding duration was 6 min (Interquartile
range (IQR) 2—16min). Median maximum bleeding dura-
tion was 11 min (IQR 5-23 min).

Longer bleeding duration was associated with signifi-
cantly worse mRS at 90 days (aOR 1.013, p=0.05 and aOR
1.010, p=0.045 for minimum and maximum bleeding dura-
tion, respectively). Survival of patients with long bleeding
duration was significantly worse (HR 1.797 and p=0.009
for minimum bleeding duration >20min, HR 1.614 and
p=0.013 for maximum bleeding duration >30min, respec-
tively; see Figure 4). Survival of patients with intermediate
bleeding duration was not significantly worse compared to
patients with short bleeding duration (HR 1.279 and
p=0.201 for minimum and HR 1.151 with p=0.452 for
maximum bleeding duration, respectively). Factors associ-
ated with longer bleeding duration are presented in the
Supplemental Tables S2 and S3.

Endovascular hemostatic therapy

Endovascular hemostatic treatment was performed in 214
patients (46.6%). The first-line approach was a temporary
measure including inflation of balloon guide catheter, infla-
tion of an intracranial balloon or temporary coil placement
without detachment in 144 patients. Permanent vessel
occlusion was chosen as first-line approach in 70 patients,
including permanent coiling, injection of a liquid embolic
agent or a combination of both (details see Table 2).

In the subgroup who received endovascular hemostatic
treatment, bleeding duration was significantly longer
compared to patients without endovascular hemostatic
treatment (median difference 6 min; p < 0.001 and median
difference 5 min, p <0.001 for minimum and maximum
bleeding duration, respectively). Neurointerventional
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Figure |. Box plots of bleeding duration for patients under thrombolysis versus patients without thrombolysis. Left: Box plots for
minimum bleeding duration. Right: Box plots for maximum bleeding duration.

experience of the interventionalist was higher in the sub-
group of patients who received endovascular treatment of
the perforation (median difference 2years, p=0.001). A
significant difference was found between temporary hemo-
static measures and permanent vessel occlusion regarding
the time needed to achieve bleeding cessation (median dif-
ference: 4 min, p <0.001, details see Table 2).

Recanalization

At the time of perforation, successful recanalization
(mTICI=2b) was achieved in 134 patients (29.8%). The
final angiographic result showed successful recanalization
in 201 patients (44.3%). In 90 patients (19.7%), endovascu-
lar thrombectomy was pursued after the occurrence of the
vessel perforation. The mTICI score could be improved by
continuation of thrombectomy in 53/90 patients (58.9%). In
14 patients, the mTICI score improved without further
thrombectomy maneuvers.

In patients with mTICI <2b at the time of perforation,
mRS at 90 days did not differ significantly between patients

in which thrombectomy was pursued after perforation and
patients in which thrombectomy was aborted (OR 1.139,
p=0.59).

Discussion

In this large, retrospective, multicenter cohort study, vessel
perforation during thrombectomy was associated with poor
clinical outcomes and an overall mortality of 51.9%.
Patients who received thrombolysis prior to vessel
perforation did not show statistically significant longer
bleeding duration or worse outcome at 90 days compared
to patients without thrombolysis. This has to be inter-
preted with caution, since patients under anticoagulation
and/or platelet inhibition at admission might not have
received thrombolysis but might have bled in a prolonged
fashion nonetheless, thereby biasing the comparison.
Furthermore, despite accounting for covariates found to
be independently associated with the primary outcome,
confounding by indication might have biased the results
since patients admitted late after onset, with substantial
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Modified Rankin Scale (mRS) at 90 days
o O W2 H: H+ Hs Ns

All patients |
(n=399) 65|73 | 9 14.8 8 51.9

LV perforation
(n=139)

MDV perforation
(n=256)

| | i | | | I | | |
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Proportion of patients (%)

Figure 2. Modified Rankin Scale (mRS) at 90days of: (1) all patients with vessel perforation during thrombectomy (upper graph), (2)
patients with large vessel perforation (LV perforation, middle graph), and (3) patients with medium/distal vessel perforation (MDV
perforation, lower graph).

Four patients suffering from perforation of small vessels are included in the upper graph, too.
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Figure 3. Kaplan-Meier curves of patients with medium/distal vessel (MDV) perforation (dark blue) and patients with large vessel
(LV) perforation (light blue-gray).
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Figure 4. Kaplan-Meier curves of patients with different bleeding durations. Left: Kaplan-Meier curves for patients with minimum
bleeding duration of 0—5min (black), 620 min (blue) and >20min (light blue-gray). Right: Kaplan-Meier curves for patients with
maximum bleeding duration of 0—15min (black), 15-30 min (blue) and >30min (light blue-gray).

Table 2. First-line strategies for endovascular hemostatic therapy and the corresponding time to bleeding cessation (minutes).

Time between initiation of hemostatic ENT and cessation of active

bleeding (minutes)

Mean Median SD Min Max
Temporary hemostatic measures (n=144) 14 8 18 0 95
Inflation of balloon guide catheter (n=37) 16 I 19 0 80
Inflation of intracranial balloon (n=69) 16 8 19 0 95
Temporary coil placement without detachment (n=238) I 5 14 0 71
Permanent vessel occlusion (n=70) 8 4 13 0 65
Permanent coiling only (n=53) 74 2 12 0 65
Injection of liquid embolic only (n=12) 45 4 4.2 0 12
Coiling - liquid embolic (n=5) 23 12 21 6 51

ENT: endovascular treatment.

infarcts or very high NIHSS might not have received
thrombolysis.

A recent meta-analysis of six large prospective trials has
evaluated whether thrombectomy alone is non-inferior
compared to thrombectomy with thrombolysis.?? Despite
analyzing 2313 patients, the number of vessel perforations
in this meta-analysis is rather small. Therefore, our data add
valuable evidence to the question whether thrombolysis
should be performed by shedding light on a patient subco-
hort for which prospective trials can provide only limited

data. Our results are reassuring that even in case of vessel
perforation, thrombolysis is not proven to increase patient
harm.

In our patient cohort, perforation of a large vessel was
associated with worse mRS at 90 days and lower survival
probability when compared to medium/distal vessel perfo-
ration. Higher flow rates of extravasation in large vessel
perforation may contribute to this effect. Furthermore, if
permanent vessel occlusion is deemed necessary, patients
with permanent occlusion of a large vessel may develop
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larger infarcts compared to patients with permanent occlu-
sion of a medium/distal vessel. In their cohort of 74
patients, van der Sluijs et al.'” found a similar trend, which
however was not significant in adjusted regression analy-
sis, possibly owing to the smaller number of patients in
their study.

A wide range of bleeding duration was reported. In
patients in whom the minimum and maximum bleeding
duration exceeded 20 and 30 min, respectively, worse func-
tional outcome and lower survival probability were
observed. This should encourage interventionalists to initi-
ate hemostatic measures as rapidly as possible with the aim
of stopping active bleeding within 20 min.

Patients receiving endovascular hemostatic therapy had
longer bleeding duration. This indicates probably that
patients with rapid spontaneous bleeding cessation were
not considered for hemostatic therapy. A quicker cessation
of active bleeding was achieved if the first-line hemostatic
strategy was permanent vessel occlusion as opposed to tem-
porary hemostatic measures and experienced intervention-
alists used hemostatic measures more often than their less
experienced colleagues. This underlines that physicians
performing revascularizing interventions should be trained
in complication management including the use of intracra-
nial balloons, coils, and liquid embolic agents.

Overall, successful recanalization (mTICI= 2b) was
associated with better mRS at 90days. However, in
patients with unsuccessful recanalization at the time of
perforation, continuation of thrombectomy was not asso-
ciated with better mRS at 90 days compared to abortion.
The likelihood of good clinical outcome is reported to
decrease with an increasing number of retrieval
attempts,?® which may contribute to this finding. In their
case series of patients with vessel perforation during
thrombectomy, Ducroux et al.'> reported an association
between favorable outcome and successful reperfusion.
However, they did not limit their analysis to patients
with initial unsuccessful recanalization at the time of
perforation. From the perspective of an interventionalist
who needs to decide whether thrombectomy should be
pursued after the event of vessel perforation, an analysis
including patients who already achieved successful reca-
nalization at this stage cannot be directly used to inform
decision making.

This study has several limitations: the retrospective,
non-randomized design limits comparison between patient
groups, for example regarding thrombolysis. The study
cohort consists exclusively of patients with periprocedural
vessel perforation which prohibits comparison to patient
cohorts without perforation, forexample, regarding inter-
ventionalists’ experience.

This study’s strengths include the high number of
included patients and the international multicenter design
which increase the generalizability of our results and might
limit the possible selection bias. The statistical approach

with center-adjusted analysis meets the requirements given
by the clustered structure of the data, thereby further reduc-
ing bias.

Conclusion

Vessel perforation during thrombectomy is a severe com-
plication which is strongly linked to poor functional out-
come and death. This retrospective cohort study does not
suggest that thrombolysis is associated with worse outcome
if perforation occurs. Associations with worse functional
outcome or death were found for longer bleeding duration
and perforation of a large vessel, emphasizing the need for
rapid bleeding control. Both temporary and permanent end-
ovascular hemostatic strategies can be effective, but perma-
nent vessel occlusion results in quicker bleeding cessation.
These data do not suggest that thrombolysis should be with-
held because of the possibility of periprocedural vessel
perforation.
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