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ABSTRACT:

Aim of study. Mechanical thrombectomy (MT) is one of the aetiological treatment options recommended for anticoagulated
patients with acute ischaemic stroke (AIS). We analysed its long-term outcomes using the modified Rankin Score (mRS) or
mortality on day 90.

Clinical rationale for the study. Data describing the anticoagulant efficacy and safety of MT in patients with AIS is limited.

Materials and methods. This study included 291 patients with AlS (49% women, mean [SD] age 66 [15] years) who underwent
MT in the Comprehensive Stroke Centre in Krakow, Poland. Data describing demographics, stroke risk factors, NIHSS on admis-
sion, postprocedural thrombolysis in cerebral infarction score, 24-hour postprocedural haemorrhagic transformation (ECASS-2)
as seen on computed tomography, and time between stroke onset and groin puncture was collected. The outcome measure
was the mRS on day 90 after stroke onset (a favourable outcome was defined as an mRS not exceeding 2 points; an unfavourable
outcome was death).

Results. Thirty-seven patients (13%) were on therapeutic anticoagulation during MT. Univariate analysis showed that anticoagu-
lated patients were older and more likely to have been diagnosed with hypertension, ischaemic heart disease, or atrial fibrillation.
The patient groups did not differ in terms of clot location, postprocedural thrombolysis in cerebral infarction score, haemorrhagic
transformation on computed tomography, or mRS on day 90. Multivariate logistic regression analysis showed that younger age,
male sex, no history of diabetes mellitus, lower NIHSS score on admission, shorter time between stroke onset and groin puncture,
and better recanalisation were associated with favourable outcomes at day 90, and that therapeutic anticoagulation was not (OR,

1.00; 95%Cl, 0.46-2.15; p = 0.99). Anticoagulation did not affect mortality at day 90 (OR, 1.28; 95%Cl, 0.56-2.92; p = 0.55).

Conclusion and clinical implications. In anticoagulated patients with AIS, MT does not affect long-term outcomes.
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Introduction

Atrial fibrillation (AF) substantially contributes to stroke
risk [1]. Both vitamin K antagonists (VKAs) and novel oral
anticoagulants (NOACs) significantly decrease this risk.

However, 1.11-3.24% of patients with AF develop stroke
despite anticoagulant treatment [2].

A couple of aetiological treatment options are recom-
mended for anticoagulated patients who have developed acute
ischaemic stroke (AIS):

1. an intravenous tissue plasminogen activator when treat-
ment includes a VKA, and the international normalised
ratio (INR) is less than or equal to 1.7, or when treatment
includes a NOAC and laboratory tests show that the
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anticoagulatory effect of NOACs is probably absent or
when the last dose of the NOAC was more than 48 hours
previously, or

2. mechanical thrombectomy (MT) when the patient fulfills
all commonly accepted treatment guidelines [3, 4].

Clinical rationale for study

Data describing the efficacy and safety of MT for AIS in
patients using oral anticoagulants is limited.

Materials and methods

Experimental procedure

This retrospective analysis was performed on prospectively
collected data from the Krakow Stroke Data Bank, a single-cen-
tre, hospital-based registry of clinical radiological and genetic
data from patients with AIS, systematically collected since 2007.
This study design was approved by the Jagiellonian University
Ethical Committee (KBET 54/B/2007). The analysis included
data from 291 patients with AIS treated with MT between Janu-
ary 2013 and April 2019. Detailed patient work-ups are described
elsewhere [5]. Participants were categorised as either those given
therapeutic anticoagulation or those not anticoagulated before
stroke. The former were treated with full doses of oral antico-
agulants (i.e. VKAs, NOACs, or low-molecular-weight heparin
[LMWH]) with or without haemostasis disturbances detected via
laboratory tests at admission. Contemporaneous anticoagulant
treatment information was collected from medical histories and
information from the patients or relatives. The latter were those
with medical histories or relatives not describing anticoagulant
treatments and without haemostasis disturbances detected via
laboratory tests at admission. The outcome measure was mRS
on day 90 after stroke onset. A favourable outcome was defined
as an mRS not exceeding 2 points.

Statistical methods

Clinical characteristics and outcomes were compared
using the unpaired f test or the chi-square test, as appropri-
ate. To identify potential independent outcome predictors,
variables showing p-values < 0.05 in univariate analyses were
subsequently included in a multivariate regression analysis.
Because this study was focused on analysing the significance of
therapeutic anticoagulation on long-term outcome measures,
two models for each outcome were used: one with, and one
without, therapeutic anticoagulation.

All statistical analyses were performed using Statistica
software (version 12.5, Statsoft, Poland) When p < 0.05, sta-
tistical significance was recognised.

Results

The group receiving anticoagulant therapy comprised
37 patients (13%). Of these, 14 were treated with VKAs, four

with LMWH, and 19 with NOAC:s (six with dabigatran, and
13 with rivaroxaban). Therapeutic anticoagulation was used
to treat atrial fibrillation in 30 patients and venous thrombo-
embolism in seven patients. Compared to those not receiving
anticoagulants, these patients were older and more likely to
have ischaemic heart disease or AF (Tab. 1). Clot locations were
similar in both groups, as were postprocedural thrombolysis
in cerebral infarction (TICI) scores, 24-hour postprocedural
haemorrhagic transformations based on computed tomogra-
phy (CT) according to ECASS-2 [6], and mRS distributions
at day 90 (Tab. 1). Cardioembolic stroke was more common
in anticoagulated patients, but large vessel disease stroke,
stroke of unknown cause, and stroke of rare aetiology were
not (Tab. 1).

Favourable outcomes were found at day 90 for 154 patients
(52.9%); 63 (21.6%) died. Results of univariate analyses com-
paring patients with favourable to those with unfavourable
outcomes, and comparing survivors to non-survivors at day
90, are set out in Table 2.

Multivariate logistic regression analysis showed that
younger age, male sex, no history of diabetes mellitus, lower
NIHSS score on admission, better recanalisation as measured
by TICI score (2b or 3), and shorter time from stroke onset to
groin puncture were associated with favourable outcomes (an
mRS not exceeding 2 at day 90). Therapeutic anticoagulation
did not affect outcome (Tab. 3). In one multivariate logistic
regression model, older age and poor recanalisation (TICI
scores of 0, 1, or 2a), but not therapeutic anticoagulation,
were significantly correlated with mortality at day 90 (Tab. 3).

Discussion

The number of AIS patients treated by means of IVT or MT
has increased significantly in recent years [7-9]. As shown in
other studies [10-16], we found that MT used to treat AIS in
anticoagulated patients did not change long-term outcomes
compared to non-coagulated AIS patients treated by MT. Age,
sex, time from stroke onset to groin puncture, neurological
deficit as measured by the NIHSS, rate of recanalisation as
assessed using the TICI score, and diabetes mellitus were
confirmed as correlating with outcome.

However, it should be noted that outcome based on mRS
on day 90 was defined differently in other studies. An excel-
lent outcome has been described as an mRS of 0 or 1 [17],
a favourable outcome has been described as an mRS of 0, 1,
or 2 [10-12,14,17], and an unfavourable outcome has been
defined as an mRS of 3-6, 4-6, or 6 [10, 13-16, 18]. Of nine
published studies, five, including this one [10, 13, 14], evalu-
ated at least two outcome measures based on mRS.

It is well known that MT is included in the guidelines for
treating AIS [3, 4], and that today it is the most effective treat-
ment related to good outcomes. The number of points needed
to treat is 3 to achieve an mRS of 0, 1, or 2 on day 90 [19]. It
should be noted, however, that most studies on this topic show
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Table 1. Demographics, clinical characteristics and outcomes in patients under therapeutic anticoagulation and in patients not anticoagulated at time of
mechanical thrombectomy (univariate analysis)

Anticoagulated Non-anticoagulated

Parameter patients (n =37) patients (n = 254)

Demographics

Age, years (mean £ SD) 71.8 (£8.5) 65.8 (+ 14.9) 0.0001
Female (n, %) 18 (48.6) 125(49.2) 0.95
Stroke risk factors

Hypertension (n, %) 33(89.2) 176 (69.5) 0.012
Ischaemic heart disease (n, %) 19(51.4) 70 (27.7) 0.0033
Atrial fibrillation (n, %) 30(81.0) 64 (25.4) < 0.00001
Diabetes mellitus (n, %) 10 (27.0) 86 (34.0) 0.41
Clinical parameters

Time from stroke onset to groin puncture (hours) (mean + SD) 4,07 +1.39 453+1.17 0,13
NIHSS on admission (mean + SD) 142+6.0 15.7£6.2 0.19
Clot location

MCA, M1 (n, %) 17 (45.9) 123 (48.4) 0.78
MCA, M2 (n, %) 6(16.2) 43 (16.9) 0.91
MCA, M3 (n, %) 1(2.7) 6(2.3) 0.90
M1+M2 (n, %) 0(0.0) 2(1.0) N/A
ICA (n, %) 6(16.2) 43 (16.9) 0.91
ICA + MCA, M1 (n, %) 4(10.8) 12 (4.7) 0.13
A1 (n, %) 0(0.0) 0(0.0) N/A
BCA and/or VA (n, %) 2(5.3) 21(8.3) 0.55
Multiple locations (n, %) 1(2.7) 3(1.2) 0.46
TICI score post-thrombectomy

TICI 0 (n, %) 3(8.1) 19 (7.5) 0.86
TICI 1 (n, %) 3(8.1) 12(47)

TICI 2a (n, %) 5(13.5) 36(14.2)

TICI 2b (n, %) 7(18.9) 64 (25.2)

TICI 3 (n, %) 19(51.4) 123 (48.4)

Haemorrhagic transformation (ECASS-2)

No haemorrhage (n, %) 9(51.4) 147 (57.9) 0.16
HI-1 (n, %) 16 (43.2) 70 (27.6)

HI-2 (n, %) 0(0.0) 1(0.4)

PH-1 (n, %) 1(2.7) 15 (5.9)

PH-2 (n, %) 1(27) 21(8.3)

Stroke aetiology

Large vessel disease (n, %) 2(5.4) 29 (11.5) <0.05
Small vessel disease (n, %) 0(0.0) 0(0.0)

Cardiac-embolic stroke (n, %) 31(83.8) 104 (41.3)

Unknown cause (n, %) 3(8.1) 72(28.2)

Rare cause (n, %) 12.7) 50(19.8)

Stroke outcome (modified Rankin Score on day 90)

mRS: 0 14 (37.9) 87 (34.3) 0.89
mRS: 1 2(54) 34(13.4)

mRS: 2 3(8.1) 14 (5.5)

mRS: 3 2(54) 23(9.1)

mRS: 4 3(8.1) 20(7.9)

mRS: 5 3(8.1) 23(9.0)

mRS: 6 10(27.0) 53(20.8)

BCA — basal cerebral artery; ECASS-2 classification: HI-1: small petechiae, HI-2: more confluent petechiae, PH-1: < 30% of the infarcted area with mild space-occupying effect, PH-2 > 30% of the infarcted area with
significant space-occupying effect; ICA — internal carotid artery; MCA — middle cerebral artery, MCA M1— sphenoidal or horizontal segment; MCA M2 — insular segment; MCA M3 — opercular segment; N/A — not
applicable; NS — not significant; SD — standard deviation; TIC| — Thrombolysis in Cerebral Infarction: TICI 0 — no perfusion; TICI 1 — penetration with minimal perfusion; TICI 2a — only partial filling (less than two-
-thirds) of the entire vascular territory is visualised; TICI 2b — complete filling of all of the expected vascular territory is visualised but filling is slower than normal; TICI 3 — complete perfusion; VA — vertebral arteries
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Table 2. Demographics and stroke characteristics in patients treated by mechanical thrombectomy with mRS: 0-2 vs. mRS: 3-6 and mRS: 0-5 vs. mRS: 6 at
day 90 after stroke (univariate analysis)

Parameter

Demographics

Age (years), mean + SD 629+ 14.7 70.7£129 0.000002 654+ 14.7 71.1£124 0.0051
Gender (females), n (%) 61(39.6) 82(59.9) 0.00057 108 (47.4) 35 (55.6) 0.25
Stroke risk factors

Hypertension, n (%) 106 (68.8) 103 (75.2) 0.39 158 (69.3) 51(81) 0.069
Diabetes mellitus, n (%) 30(19.5) 50 (36.5) 0.0012 58 (25.4) 22 (34.9) 0.14
Ischaemic heart disease, n (%) 42 (27.3) 41(29.9) 0.62 60 (26.3) 23 (36.5) 0.1
Atrial fibrillation, n (%) 55(35.7) 61 (44.5) 0.13 87 (38.2) 29 (46) 0.26
Clinical parameters

Poor recanalisation TICl, n (%) 0-2a 20(13.0) 58 (42.3) < 0.00001 52 (22.4) 27 (42.9) 0.0012
Time from stroke onset to groin puncture (hours), mean + 43+1.7 47+18 0.02 44+1.81 454+144 0.75
SD

NIHSS on admission, mean + SD 145+6.5 16.6 £5.6 0.0027 15.1+£6.1 16.9+6.4 0.04
Treatment

Therapeutic anticoagulation during acute ischaemic stroke 19(12.3) 18(13.2) 0.84 27 (11.8) 10 (15.8) 0.4

mRS — modified Rankin Scale; NIHSS — National Institutes of Health Stroke Scale; TICI — thrombolysis in cerebral infarction

that MT does not decrease mortality [20]. Additional studies
should focus on the various aspects of MT prognoses and on
two general outcome measures: favourable and unfavourable.

The number of published studies analysing the significance
of MT in anticoagulated patients with stroke is increasing.
Taken together, 1,013 anticoagulated patients treated with
MT have been studied, and of those 176 (17.4%) were given
NOAGC:s. An analysis of 28 patients with AIS who were enrolled
in the Registry of Acute Ischaemic Stroke Under New Oral
Anticoagulants, anticoagulated with NOACs, and treated using
MT was performed by Purrucker et al. [10] without a control
group. Separately, Seiffge et al. [16] used a propensity score
matching method to compare three cohorts of acute stroke
patients: 78 anticoagulated with NOACs, 441 with VKAs, and
8,938 not anticoagulated.

In neither study were NOACs found to have a negative
influence on the safety and outcomes of acute stroke treated
by MT.

To determine whether anticoagulation in patients with
AIS treated by MT was significant, several national and
international registries have been recently announced: the
RASUNOA-prime (Rationale and design of the Registry of
Acute Stroke Under Novel Oral Anticoagulants-prime) registry
[21], the ENDOSTROKE registry [12], and the Registry of
Acute Ischaemic Stroke Under New Oral Anticoagulants [10].

Our study also showed that MT in anticoagulated pa-
tients did not increase the risk of intracranial haemorrhage
as observed on CT scans performed within 24 hours of the
procedure. All studies, including this one, show similar
distributions of brain haemorrhage severity according

to ECASS-II in anticoagulated and non-anticoagulated
patients [10-16, 17, 18].

In our study, all patients with AIS who were current users
of anticoagulants were treated with MT without prior intra-
venous thrombolysis. Of four patients receiving full doses of
LMWH, two had prolonged APTTs. Similarly, of 14 receiving
VKAs, eight had prolonged INRs. Of six patients receiving
dabigatran, two had prolonged APTTs, and 11/13 taking
rivaroxaban had prolonged PTs. 23 patients or relatives were
unable to indicate when the last dose of anticoagulant had
been administered.

Currently, specific coagulation tests analysing NOAC
concentrations are not commonly available. The test that is
typically used requires an hour to yield results, hampering
treatment decisions about anticoagulation in acute stroke
patients. Because about 10% of acute stroke patients admitted
to a stroke unit are anticoagulated, bedside tests delivering
immediate results on anticoagulation status are needed.

This study has several limitations. Firstly, its small sample
size can lead to type Il errors. Secondly, it carries all limitations
inherent in retrospective analyses of prospectively collected
data. Thirdly, because the numbers of patients receiving each
specific anticoagulant were small, we were unable to compare
patient groups.

Clinical implications and future directions

This study confirms the results of others [22, 23], namely
that MT is safe and efficacious in anticoagulated patients
with AIS.
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Table 3. Multivariate regression models analysing factors affecting favourable outcome (mRS = 0-2) or death (mRS = 6) at day 90 including and excluding
therapeutic anticoagulation

Factors affecting favourable outcome at day 90 (mRS:0-2)

OR 95% CI P
Demographics
Age (years) 0.95 0.93-0.98 0.000081
Gender (female) 0.57 0.32-0.998 0.048
Stroke risk factors
Diabetes mellitus 042 0.22-0.77 0.0053
Clinical parameters
NIHSS on admission 0.95 0.91-0.99 0.031
Poor recanalisation (TICI post-thrombectomy: 0, 1, 2a) 0.15 0.08-0.30 0.000000029
Time from stroke onset to groin puncture, hours 0.74 0.62-0.88 0.00051

Factors affecting favourable outcome at day 90 (mRS:0-2), model including therapeutic anticoagulation

Demographics

Age (years) 0.96 0.93-0.98 0.000093
Gender (female) 0.57 0.32-0.999 0.049
Stroke risk factors

Diabetes mellitus 0.42 0.22-0.77 0.0053

Clinical parameters

NIHSS on admission 0.95 0.91-0.99 0.032
Poor recanalisation (TICI post-thrombectomy: 0, 1, 2a) 0.15 0.08-0.30 0.000000029
Time from stroke onset to groin puncture 0.74 0.62-0.88 0.00053
Treatment
Therapeutic anticoagulation 1.00 0.46-2.15 0.99

Factor affecting risk of death at day 90

Demographics

Age (years) 1.03 1.008-1.06 0.0077
Gender (female) 0.97 0.52-1.81 0.91
Clinical parameters

Poor recanalisation (TICI post-thrombectomy: 0, 1, 2a) 2.69 1.46-4.95 0.0014
NIHSS 1.04 0.99-1.10 0.094

Factors affecting risk of death at day 90, model including therapeutic anticoagulation

Demographics

Age (years) 1.03 1.01-1.06 0.0099
Gender (female) 0.98 0.52-1.83 0.95
Clinical parameters

Poor recanalisation (TICI post-thrombectomy: 0, 1, 2a) 2.68 1.45-4.93 0.0015
NIHSS 1.04 0.99-1.10 0.086
Treatment

Therapeutic anticoagulation 1.28 0.56-2.92 0.55

mRS — modified Rankin Scale; NIHSS — National Institutes of Health Stroke Scale; TICI — thrombolysis in cerebral infarction
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