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A B S T R A C T

Objective: Evaluating the safety and efficacy of mechanical thrombectomy (MT) in acute stroke patients due to
emergent large vessel occlusion (ELVO) with high international-normalized-ratio (INR).
Methods: Consecutive ELVO patients treated with MT were evaluated from two centers. Outcome measures
included symptomatic-intracranial-hemorrhage(sICH), three-month mortality, successful reperfusion(SR), and 3-
month functional-independence(FI; mRS-scores of 0–2). Additionally, a meta-analysis of available cohort studies
was performed to evaluate safety and efficacy of MT in ELVO patients with high INR.
Results: A total of 315 ELVO patients were evaluated. Of those 10 patients had INR>1.7 [mean age 63.5 ± 15,
median NIHSS-score: 17 points (IQR 14–22)],and remaining 305 ELVO patients had INR≤ 1.7 ([mean age
62 ± 14.4, median NIHSS-score: 17 points (IQR 12–21)]. Patients with high INR did not differ in terms of sICH
(10.0% vs. 6.9%; p= .706), 3-month mortality (20.0% vs. 24.2%; p= .762), SR (88.9% vs. 69.4%; p= .209)
and 3-month FI (50% vs. 49.3%; p= .762) compared to the rest. Meta-analysis of available studies (n=5)
showed that high INR was not related to sICH (OR: 0.94, 95%CI: 0.42–2.07; p= .88), 3-month mortality (OR:
1.07, 95%CI: CI 0.72–1.60; p= .73) and 3-month FI (OR: 0.69, 95%CI: 0.34–1.40; p= .30).
Conclusions: MT can be performed safely and effectively in ELVO patients with high INR.

1. Introduction

Intravenous thrombolysis (IVT) administered within 4.5 h of
symptom onset is standard of care for patients with acute ischemic
stroke (AIS) [1]. Timely mechanical thrombectomy (MT) further im-
proves outcomes of AIS patients due to emergent large vessel occlusion
(ELVO). IVT is contraindicated in AIS patients pretreated with non-vi-
tamin K oral antagonists (NOACs) and vitamin K antagonist (VKAs)
with an elevated international normalized ratio (INR) of> 1.7 as well
as in patients with coagulopathy and high INR [1]. Thus, it may be
argued that MT in ELVO patients with high INR may be associated with
a higher risk of hemorrhagic complications and worse clinical out-
comes. However, the data evaluating the safety and efficacy of MT in

ELVO patients with relative/absolute contraindications to IVT due to
high INR are limited [2,3]. Moreover, only 2 out of 5 pivotal rando-
mized-controlled clinical trials (RCTs) of MT in AIS demonstrated a
beneficial effect of MT regardless of pretreatment with oral antic-
oagulants, while the remaining three RCTs excluded the ELVO patients
who were on anticoagulants [4,5].

Recent small, single-center studies have provided preliminary evi-
dence that MT appears to be safe in patients with high INR [3,6].
Nevertheless, firm conclusions cannot be drawn due to the limited
number of ELVO patients with high INR that were treated with MT. In
view of the former considerations, we conducted a multicenter study
evaluating the safety and efficacy of MT in ELVO patients with high INR
(> 1.7). We also performed a systematic review and meta-analysis of
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available studies.

2. Methods

2.1. Study design (multicenter review and meta-analysis)

We performed a retrospective analysis of previously prospectively
collected database of consecutive ELVO patients who underwent MT at
two tertiary care stroke centers from January 2013 to June 2016. We
included CT angiography (CTA) confirmed ELVO patients that pre-
sented within 6 h of symptom onset and subsequently treated with MT.
For the patients presenting between 6 and 12 h from symptom onset,
additional imaging selection criteria were used such as ASPECTS
score≥ 6 on CT head and/or good collaterals on CTA as previously
reported in detail [7]. Baseline characteristics including demographics,
vascular risk factors, admission NIHSS-scores, admission ASPECTS,
pretreatment with IVT, admission serum glucose, admission INR, ad-
mission systolic blood pressure (SBP) and diastolic blood pressure
(DBP) levels were recorded as previously described [8–11]. All ELVO
patients were stratified into two groups according to admission INR
(INR > 1.7 vs. INR≤ 1.7). Common causes of high INR (> 1.7) in our
cohort were pretreatment with VKAs or coagulopathy due to liver dis-
ease or other blood disorders. The research protocol was approved by
institutional IRB called iMedRIS (Integrated medical research in-
formation system).

The meta-analysis has adopted the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines for sys-
tematic reviews and meta-analyses [12]. The selection of eligible stu-
dies is detailed in the flowchart outlined in Fig. 1. We performed a

computerized literature search on MEDLINE and SCOPUS databases on
January 25, 2018, with the following search terms: “international
normalized ratio”, “INR”, “mechanical thrombectomy”, “throm-
bectomy”, “endovascular reperfusion therapy”, “stent retriever”,
“thromboaspiration”, “catheter”, “endovascular treatment”, “en-
dovascular treatment”, “acute ischemic stroke”, “cerebral ischemia”,
“stroke” and “large vessel occlusion”. No other search restrictions were
applied. The complete search algorithm used in MEDLINE search is
available in the Online Supplement. Two authors (AP and NG) did a
literature search and extracted data from relevant studies. We excluded
the studies for which the reported outcomes were not dichotomized or
compared between INR > 1.7 and INR≤ 1.7 groups. We assessed the
quality of all eligible for the meta-analysis studies with the Newcastle-
Ottawa Scale [13]. Quality control and bias identification were per-
formed by two independent reviewers (AHK, GT) and all emerging
conflicts were resolved with consensus.

2.2. Data availability statement

The data that support the findings of this study are available from
the corresponding author on reasonable request.

2.3. Outcomes

The primary outcomes of our multicenter study were functional
independence (FI) defined as modified Rankin scale (mRS) scores of 0–2
at 3months, 3-month mortality, and symptomatic intracerebral he-
morrhage (sICH) defined as presence of a parenchymal hematoma type
2 (PH2) on brain CT and/or MRI gradient recall echo (GRE) sequence

Fig. 1. Flowchart presenting the selection of eligible studies.
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accounting for deterioration with an increase in NIHSS-score of ≥4
points within 36 h from treatment. The rates of successful recanaliza-
tion (SR) defined as modified thrombolysis in cerebral infarction grades
of 2b or 3, time to recanalization, other serious complications (groin
hematoma or vessel dissection/perforation), NIHSS at discharge, mRS

at discharge, mRS at 3months, and in-hospital mortality represented
the secondary outcomes. The outcomes of our meta-analysis were sICH
three-month FI and 3-month mortality.

2.4. Statistical analysis

Continuous variables are presented as mean ± SD (normal dis-
tribution) and as median with interquartile range (skewed distribution).
Statistical comparisons between two groups (INR > 1.7 vs. INR≤ 1.7)
were performed using χ2 test, or in case of small-expected frequencies,
Fisher's exact test. Continuous variables were compared by the use of
the unpaired t-test or Mann–Whitney U test, as indicated. The dis-
tribution on the mRS-score at discharge and at three months among
ELVO patients was compared between two groups using Cochran
Mantel-Haenszel test.

In the eligible for the meta-analysis studies we calculated the cor-
responding risk ratios (RRs) and 95% confidence intervals (CIs) on the
reported outcomes of interest. A random-effects model (DerSimonian
Laird) was used to calculate the pooled effect estimates. Heterogeneity
between studies was assessed with the Cochran Q and I2 statistics, with
I2 values of at least 50% considered to represent substantial hetero-
geneity and values of at least 75% indicative of considerable hetero-
geneity [14]. Pooled analyses were conducted using Review Manager
(RevMan) Version 5.3 software (Copenhagen: The Nordic Cochrane

Table 1
Baseline characteristics of study population (n=315).

Baseline Clinical Characteristics INR > 1.7 (n=10) INR≤ 1.7 (n=305) p value

Age (years, mean ± SD) 63.5 ± 15.0 62.0 ± 14.4 0.752
Males (%) 40.0% 52.1% 0.450
Race (%) Caucasian: 60.0%

African American: 40.0%
Asian: 0%

46.2%
53.5%
0.3%

–

Hypertension (%) 70.0% 77.0% 0.603
Diabetes mellitus (%) 30.0% 32.9% 0.848
Hyperlipidemia (%) 50.0% 41.3% 0.583
Atrial fibrillation (%) 40.0% 25.4% 0.300
Heart Failure (%) 50.0% 20.9% 0.028
Coronary artery disease (%) 20.0% 25.3% 0.702
Smoking (%) 20.0% 29.8% 0.504
Prior stroke (%) 10.0% 22.8% 0.340
Prior anticoagulant use (%) 60.0% 15.1% <0.001
Anticoagulant type (n, %) Coumadin: 5 (50.0%)

Apixaban: 0 (0%)
Dabigatran: 0 (0%)
Rivaroxaban: 1 (10.0%)
Heparin/LMWH: 0 (0%)

29 (9.5%)
3 (1.0%)
4 (1.3%)
8 (2.6%)
2 (0.7%)

–

Prior antiplatelet use (%) 30.0% 30.4% 0.980
SBP at baseline (mmHg, mean ± SD) 137.4 ± 13.3 158.4 ± 31.9 0.038
DBP at baseline (mmHg, mean ± SD) 80.1 ± 12.3 90.1 ± 22.0 0.155
Serum blood glucose at baseline (mg/dl, median, IQR) 146 (119–173) 127 (105–162) 0.424
LDL at baseline (mg/dl, median, IQR) 69 (41–146) 94 (71–120) 0.318
Baseline NIHSS score (median, IQR) 17 (14–22) 17 (12−21) 0.613
Disability (mRS > 1) prior to index event (%) 20.0% 12.8% 0.505

Baseline imaging characteristics
ASPECTS score on baseline CT (median, IQR) 9 (8–10) 10 (8–10) 0.711
Presence of good collateral circulation on baseline CT (%) 70.0% 76.2% 0.650
Intracranial occlusion location (n, %) Internal carotid artery: 0 (0%)

M1 segment MCA: 4 (40%)
M2 segment MCA: 3 (30%)
Tandem occlusion: 2 (20%)
Posterior circulation: 0 (0%)
Multiple vessels: 1 (10%)

17 (5.6%)
123 (40.3%)
29 (9.5%)
31 (10.2%)
43 (14.1%)
62 (20.3%)

Treatment details and process times
IVT pretreatment (%) 60.0% 68.8% 0.553
IA thrombolysis (%) 0 2.3% 0.628
Concomitant angioplasty (%) 10.0% 5.6% 0.556
Onset to groin puncture (min, median, IQR) 213 (182–258) 253 (185–369) 0.283

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; ASPECTS: Alberta stroke program early CT score; LDL: low density lipoprotein; IVT: intravenous
thrombolysis; IA: intra-arterial; NIHSS: national institute of heath stroke scale.

Table 2
Outcome variables following mechanical thrombectomy in two groups (high
INR (> 1.7) vs. INR ≤1.7).

INR > 1.7
(n=10)

INR≤ 1.7
(n=305)

p-value

Outcomes
Complete recanalization (%) 88.9% 69.4% 0.209
Time to recanalization (min,

median, IQR)
70 (49–90) 48 (33–76) 0.249

sICH (%) 10.0% 6.9% 0.706
Serious complications (%) 20.0% 25.6% 0.689
NIHSS discharge (median, IQR) 7 (4–11) 7 (3–18) 0.828
mRS at discharge (median,

IQR)
4 (2–5) 4 (2–5) 0.740⁎

In-hospital mortality (%) 10.0% 21.0% 0.398
mRS at 3-months (median IQR) 3 (1–4) 3 (1–6) 0.809⁎
FI (mRS≤ 2) at 3months (%) 50.0% 49.3% 0.966
3-month mortality (%) 20.0% 24.2% 0.762

⁎ = non-significant difference in outcomes between the two groups.
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Centre, The Cochrane Collaboration, 2014).

3. Results

Our study population consisted of 315 consecutive AIS patients with
ELVO. Of those, 10 patients had INR>1.7 [mean age 63.5 ± 15, 40%
men, median NIHSS-score: 17 points (IQR 14–22)], while the remaining
305 ELVO patients had INR≤ 1.7 ([mean age 62 ± 14.4, 52.1% men,
median NIHSS-score: 17 points (IQR 12–21)]. The baseline clinical,
imaging and treatment characteristics of the study population are pre-
sented in Table 1. Of 10 patients with INR>1.7, five were on VKAs,
one on rivaroxaban and remaining 4 patients had INR > 1.7 caused by
general medical condition. The two groups (INR>1.7 vs. INR≤ 1.7)
were well balanced in terms of baseline clinical and imaging variables
except for the the history of congestive heart failure (50% vs. 20.9%,
p= .028) and prior anticoagulation use (60% vs. 15.1%, p < .001)
that were more common in the high INR group, while mean SBP levels
at baseline were lower in high INR group (137.4 ± 13.3mmHg vs.
158.4 ± 31.9 mmHg, p= .038).

Table 2 depicts the various primary and secondary outcomes in the
two INR subgroups. The two groups did not differ in terms of rates of
sICH (10% vs. 6.9%, p= .249), 3-month FI (50% vs. 49.3%, p= .966),
3-month mortality (20% vs. 24.2%, p= .762), SR (88.9% vs 69.4%,
p= .209), and median groin puncture to recanalization [70min (IQR:
49–90) vs. 48min (IQR: 33–76), p= .249)]. The remaining secondary
outcomes were similar in the two groups.

Our search strategy initially identified 7 eligible studies for inclu-
sion in our meta-analysis. Ultimately, 3 studies were excluded for not
providing outcomes of interest according to INR levels (Supplementary
Table 1) and the 4 studies that met the inclusion criteria were included
in the meta-analysis (Table 3) [3,6,15,16]. The selected studies were
published between 2009 and 2017. Baseline characteristics and quality
assessment of included studies are presented in Tables 3 and 4,

respectively. A total of 1627 ELVO treated with MT were included in
the present meta-analysis involving 4 studies identified from the lit-
erature search and our multicenter study; 80 (4.9%) patients had
INR>1.7, while in the remaining 1547 (95.1%) INR levels were≤ 1.7.
High INR was not associated with an increased likelihood of sICH (5
studies; OR: 0.94, 95%CI: 0.42–2.07, p= .88). There was no hetero-
geneity across included studies (Cochran's Q statistic 1.89, df= 4;
p=0 0.76, I2= 0%). High INR was also not related with higher odds of
3-month mortality (4 studies; OR: 1.07, 95%CI: 0.72–1.60, p= .73)
without any heterogeneity across included studies (Cochran's Q statistic
0.28, df= 3; p= .96, I2= 0%). There was no association between high
INR and 3-month FI (4 studies; OR: 0.69, 95%CI: 0.34–1.40, p= .30)
without substantial heterogeneity across included studies (Cochran's Q
statistic 0.29, df= 3; p=0 0.08, I2= 56%). These results are re-
presented in the Forest plots in Fig. 2.

4. Discussion

The present multicenter study and meta-analysis indicate that MT in
ELVO patients with high INR is safe and is not associated with higher
risk of sICH and 3-month mortality. Additionally, INR levels were not
associated with efficacy outcomes including three-month FI, SR and
groin puncture to recanalization time. These observations underscore
that the efficacy of MT for AIS patients due to ELVO appears not to be
moderated by pretreatment with VKAs or coagulopathy resulting in
high INR.

There are theoretical concerns regarding a potentially higher risk of
hemorrhagic complications post-MT in ELVO patients with higher INR.
A couple of proposed explanation can be given for observed comparable
safety and efficacy of MT in two INR groups. The most contributing
explanation is direct relationship of collateral status to clinical out-
comes in ELVO patients with poor collaterals with higher risk of he-
morrhagic complications and poor efficacy outcomes as well.

Table 3
Baseline characteristics of the studies included for the meta-analysis.

Trial Name Nogueira et al. Benavente et al Mundiyanapurath et al.. Rozeman et al...

Study type Pooled analysis of MERCI and Multi MERCI
cohorts

Prospective Prospective Retrospective

Number of patients with INR >1.7 19 12 21 18
Number of patients with INR≤ 1.7 270 104 414 438
Age

INR >1.7/ INR <1.7
72.8/67.6
(Mean)

n/a n/a 61.5/62 (median)

Men (%)
INR >1.7/ INR <1.7

39/51 n/a n/a 89/58

Prior anticoagulant use (%)
INR >1.7/ INR <1.7

100/10.1 n/a n/a n/a

NIHSS
INR >1.7/ INR <1.7

18.94/19.5 (mean) n/a n/a 14.5 (5–38)/ 16 (1–42)

Location (%)
INR >1.7/ INR <1.7

AC 100/AC 91, PC 9 n/a AC 100/AC 100 AC 66, PC 34 /
AC 71, PC 29

IVT used (%)
INR >1.7/ INR <1.7

0/17.8 n/a 5/77 17/68

INR- International normalized ratio; IA- Intra-arterial; AC-Anterior circulation; PC-Posterior circulation; tPA- tissue plasminogen activator.

Table 4
Quality assessment of included studies with the Newcastle–Ottawa Scale.

Study name Selection Comparability Outcome Overall Comments

Nogueira et al *** * *** 7/9 1, 2
Benavente et al *** * *** 7/9 1, 2
Mundiyanapurath et al **** * *** 8/9 2
Rozeman et al *** ** *** 8/9 1
Pandhi et al **** * *** 8/9 2
Overall 17/20 6/10 15/15 38/45

1Consecutivity of included patients not explicitly reported.
2Not adjusting for potential confounders.
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Theoretically it is possible that higher atherosclerotic burden can cause
impaired autoregulation and thus higher hemorrhagic complications
[15] and even smaller contribution related to delays in onset to groin
leading to bigger strokes and higher poor outcomes [17]. Collateral
status and onset to groin times were comparable between both groups.
Status of atherosclerosis and final infarct volumes were not available in
our dataset to draw further conclusions either.

The present meta-analysis provides reassurance to stroke physicians
that MT is safe and effective in ELVO patients with high INR due to
pretreatment with oral anticoagulants or underlying coagulopathy.
Since IVT is strictly contraindicated in this subgroup of AIS MT remains
the only available acute reperfusion therapy in patients with high INR.
Notably, none of the ELVO patients in our multicenter cohort received
reversal therapy for high INR in form of fresh frozen plasma or pro-
thrombin complex concentrates. Potential attempts to reverse high INR
may lead to unacceptable time delays in the initiation of MT and may

induce a pro-thrombotic state that can, in turn result in further neu-
rological deterioration due to stroke progression.

Another important implication of our study findings is related to the
pre-hospital management of ELVO patients. If the diagnosis of ELVO is
suspected en route to the hospital and a history of coagulopathy with
high INR is suspected, then the patients can be taken directly to centers
with endovascular capabilities avoiding unnecessary transfer delay to
primary stroke centers. This could potentially decrease substantially the
onset to groin puncture time [18].

Certain limitations of the present report need to be acknowledged.
First, the number of studies included in our meta-analyses is small so
the lack of documented associations may be attributed to type II error
caused by small sample size. Second, the majority of the included stu-
dies were non-randomized creating the possibility of selection bias.
Third, the upper high cut off of INR was not defined in our study.
Fourth, our sample size is small (n – 10) thus lower power of the results.

Fig. 2. Forrest plots depicting the association of high INR (> 1.7) (compared to INR≤ 1.7) with symptomatic intracranial hemorrhage (sICH- panel A), three-month
functional independence (FI- panel B), and three-month mortality (panel C) in patients with acute ischemic stroke due to large vessel occlusion.
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Even 60% of these received intravenous thrombolysis. The decision to
give IV tPA to these patients was based on clinical history of no coa-
gulopathy or no anticoagulant use without INR results being available
until after tPA administration. Another limitation of our study included
non-availability of final infarct volumes from our study. Low sample
size limited us to do further subgroup analysis to study whether there
was difference accounted due to background and natural history of the
disease or treatment that led to increased INR. It is not a common
practice at our hospital to obtain Eccarin Clotting Time (ECT) or DOAC
level and the compliance for the patient on DOAC was verified by the
patient and family and pharmacy.

In conclusion, our multicenter study coupled with the findings of
this meta-analysis indicates that MT is deemed relatively safe and ef-
fective in ELVO patients with high INR due to pretreatment with oral
anticoagulants or underlying coagulopathy. Thus, ELVO patients with
high INR should be considered for timely MT.
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