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The administration of rtPA before mechanical thrombectomy in acute
ischemic stroke patients is associated with a significant reduction

of the retrieved clot area but it does not influence revascularization
outcome
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Abstract

Both intravenous thrombolysis (IVT) and mechanical thrombectomy (MT) are evidence-based treatments for acute ischemic
stroke (AIS) in selected cases. Recanalization may occur following IVT without the necessity of further interventions or
requiring a subsequent MT procedure. IVT prior to MT (bridging-therapy) may be associated with benefits or hazards. We
studied the retrieved clot area and degree of recanalization in patients undergoing MT or bridging-therapy for whom it was
possible to collect thrombus material. We collected mechanically extracted thrombi from 550 AIS patients from four Inter-
national stroke centers. Patients were grouped according to the administration (or not) of IVT before thrombectomy and
the mechanical thrombectomy approach used. We assessed the number of passes for clot removal and the mTICI (modified
Treatment In Cerebral Ischemia) score to define revascularization outcome. Gross photos of each clot were taken and the
clot area was measured with ImageJ software. The non-parametric Kruskal-Wallis test was used for statistical analysis. 255
patients (46.4%) were treated with bridging-therapy while 295 (53.6%) underwent MT alone. By analysing retrieved clot area,
we found that clots from patients treated with bridging-therapy were significantly smaller compared to those from patients
that underwent MT alone (H; =10.155 p=0.001%*). There was no difference between bridging-therapy and MT alone in
terms of number of passes or final mTICI score. Bridging-therapy was associated with significantly smaller retrieved clot
area compared to MT alone but it did not influence revascularization outcome.
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Highlights

e Thrombi from 550 AIS patients have been grouped
according to the administration (or not) of intravenous
thrombolysis before thrombectomy and the mechanichal
thrombectomy approach used.

e Clot area, number of passes and final recanalization out-
come have been analysed.

e Bridging-therapy was associated with significantly
smaller retrieved clot area compared to mechanical
thrombectomy alone.

e No differences in terms of number of passes or final reca-
nalization outcome were found between brigding-therapy
and mechanical thrombectomy alone groups.

Introduction

Several clinical trials have demonstrated that mechani-
cal thrombectomy (MT) is an effective therapy for acute
ischemic stroke (AIS) compared to the use of intravenous
thrombolysis (IVT) only [1-5]. However, whether pre-treat-
ment with intravenous thrombolytics (bridging-therapy) sig-
nificantly affects MT success is a matter of debate. Earlier
studies reported conflicting results [1-8], even though more
recent studies seem to conclude that MT alone may offer
comparable safety and efficacy to bridging-therapy [9-14].
Ongoing randomized trials are continuing to address this
question.

We hypothesised that IVT may reduce retrieved clot area
and may influence revascularisation outcome compared to
MT alone. This multi-center international study investigated
the influence of bridging-therapy compared to MT alone on
the retrieved clot area and on revascularization outcome in
a cohort of 550 AIS patients treated with aspiration, sten-
triever or rescue-therapy.

Fig.1 Study plan

550 tPA?
Patients
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Materials and methods
Patient cohort

The study here presented is a multi-centre prospective study
involving four stroke centres in Europe: Beaumont Hospital
(Dublin, Ireland), Sahlgrenska University Hospital (Gothen-
burg, Sweden), National Institute of Clinical Neurosciences
(Budapest, Hungary) and Metropolitan Hospital, (Piraeus,
Greece). This study was conducted in accordance with the
ethical standards of the Declaration of Helsinki and its
amendments [15], by approval of the regional hospital eth-
ics committees and National University of Ireland Galway
research ethics committees (16-SEPT-08). We included only
patients > 18 years, having been treated with mechanical
thrombectomy for AIS and whose thrombus material was
available to be analyzed. For each patient an anonymized
data abstraction form was collected, which contained per-
tinent procedural data, including occlusion location, type
of device used for MT, number of passes for clot removal
and final modified Treatment In Cerebral Ischemia (mTICI)
score [16].

Study plan

This study included patients that underwent endovascular
treatment with or without previous administration of rtPA
between March 2017 and March 2019 for acute occlusion
of a large artery in the anterior or posterior circulation.
The study plan is illustrated in Fig. 1. Treatment approach
was at the discretion of the clinician. Clots from 550 AIS
patients were collected separately for each procedural pass
by the four stroke centres and shipped in formalin 10% to
NUI Galway, where a gross photo of each was taken with a
Canon EOS 1300D Camera. Clot area was then measured
with ImagelJ software (NIH, Bethesda, Maryland, USA). To
measure the area of a fragment, the gross photo was opened
with ImageJ, the scale was set and the Polygon tool was used
to draw a region of interest around a fragment of the clot. For
cases having multiple passes the retrieved clot area of each

Stentriever
(68 cases)

Ves Bridging-therapy (255 cases)

No Mechanical thrombectomy alone (295 cases)

Aspiration /’\ Rescue-therapy (103 cases)

(124 cases) Stentriever
(68 cases)
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pass was measured and then summed to give the retrieved
clot area of the whole case. At least two certified radiologists
assessed recanalization in post-treatment angiograms, using
the mTICI grading scale [16].

Cases were first divided into two groups according to
the administration (or not) of rtPA before the endovascular
treatment (bridging-therapy vs mechanical thrombectomy
alone). Then, cases were further classified into three sub-
groups according to the overall approach used for MT (i.e.
aspiration, stentriever and rescue-therapy). Patients treated
with MT alone included cases ineligible for rtPA administra-
tion, due to time-window exclusion and/or other contrain-
dications. In accordance with European and International
Guidelines on stroke management [7—19], the inclusion cri-
teria for rtPA administration are: (i) diagnosis of ischemic
stroke causing measurable neurological deficit; (ii) treat-
ment within 4.5 h from onset. Exclusion criteria for rtPA
administration include current haemorrhage or conditions
that increase risk of haemorrhage. Additional exclusion cri-
teria for rtPA administration between 3 and 4.5 h from onset
are: (i) age > 80 years, (ii) severe stroke (NIHSS > 25); (iii)
history of diabetes and prior stroke; (iv) taking an oral anti-
coagulant. Suspected stroke etiology was reported according
to the TOAST classification system [20].

Patients in rescue-therapy subgroups included all the
cases when the first line approach failed and a switch to a
different device or technique was required.

Statistical analysis

IBM SPSS-25 software was used for statistical analysis.
Kolmogorov—Smirnov test and Shapiro—Wilk test indicated
that quantitative variables did not follow a standard normal
distribution. Therefore, the non-parametric Kruskal-Wal-
lis test was used to assess statistically significant difference
among the groups, with a level of statistical significance set
at p<0.05 (two-sided). Results are reported as median [IQ1-
1Q3] or number and % of cases.

Results
Baseline characteristics of the patients

Among the 550 cases considered, 255 patients (46.4%)
were treated with bridging-therapy while 295 (53.6%) were
treated with mechanical thrombectomy alone; baseline clini-
cal characteristics of both groups of patients are reported in
Table 1. There were no significant differences between the
groups observed.

Bridging-therapy and occlusion location

Occluded vessels for the two groups of patients are reported
in Table 2. In almost half of cases (46.7%), the occluded ves-
sel was the M1 segment of middle cerebral artery (MCA).
The occlusion of one or more segments/branches of MCA
represented the majority of occluded vessels in this study
(58.1%), followed by ICA (15.6%) and tandem and dual

Table 1 Baseline clinical characteristics of the two groups of patients, bridging-therapy and mechanical thrombectomy alone

Pre-thrombectomy conditions

Bridging-therapy cases Mechanical thrombectomy

Statistical analysis

(N=255) alone cases (N=295)

Patients with cardioembolic suspected etiology 95(37.3%) 111(37.6%) N=550

Patients with large artery atherosclerosis suspected etiology 58(22.7%) 58(19.7%) H,;=1.003

Patients with other suspected etiology® 15(5.9%) 15(5.1%) p=0317

Patients with cryptogenic/unknown suspected etiology 87(34.1%) 111 (37.6%)

Admission NHISS score 17[12-217° 16[11-20]1° N=550
H,=0.552
p=0.457

Post-thrombectomy complications

Symptomatic and asymptomatic haemorrhage 10(11.4%) 24(19.0%) N=214¢
H,=2.279
p=0.131

4Other suspected etiology included: arterial dissection, pulmonary embolism, hypercoagulable states, or hematologic disorders

®Three patients were unconscious/intubated

“Ten patients were unconscious/intubated

4Data available only for a subgroup of patients, 88 receiving tPA and 126 treated with MT alone, for a total of 214 patients. Data given as N(%)

of cases or median [IQ1, 1Q3]
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occlusions (14.0%). This proportion was maintained when
the cases where split in bridging-therapy vs MT alone, with

similar distribution (Table 2).

Table 2 Occluded vessels in the

whole cohort of patients and
in the two groups, bridging-
therapy and mechanical

thrombectomy alone

Table 3 Impact of bridging-
therapy vs mechanical

thrombectomy alone
number of passes

Table 4 Impact of bridging-therapy vs mechanical thrombectomy alone on final mTICI score

on total

Bridging-therapy is associated with a smaller area
of retrieved clots

By measuring retrieved clot area, we observed a median of
0.33 [0.16-0.59] cm? for clots retrieved from patients treated
with bridging-therapy, while the median for clots retrieved
from patients treated with MT alone was 0.39 [0.22-0.82]

Occluded vessel(s) All the cases (N=550) Bridging-therapy Mechanical thrombec-
cases (N=255)  tomy alone cases

(N=295)

MCAMI1 257(46.7%) 122(47.8%) 135(45.8%)

MCA M2 50(9.1%) 25(9.8%) 25(8.5%)

MCA M3 3(0.5%) 2(0.8%) 1(0.3%)

Vertebro/basilar 42(7.6%) 17(6.7%) 25(8.5%)

ICA 86(15.6%) 36(14.1%) 50(16.9%)

PCA 8(1.5%) 1(0.4%) 7(2.4%)

ACA 1(0.2%) 1(0.4%) 0(0.0%)

CCA 2(0.4%) 1(0.4%) 1(0.3%)

Tandem and dual occlusions 77(14.0%) 34(13.3%) 43(14.6%)

MCA, multiple segments/branches  10(1.8%) 9(3.5%) 1(0.3%)

3 or more occlusion location 14(2.5%) 72.7%) 7(2.4%)

Data given as N(%) of cases

MCA middle cerebral artery, /CA internal carotid artery, PCA posterior cerebral artery, ACA anterior cer-
ebral artery, CCA common carotid artery

Variable Overall technique Bridging-therapy Mechanical Statistical analysis
thrombectomy
alone
Number of passes Aspiration 1[1,2] 1[1,2] N =240, H,;=0.488, p=0.485
Stentriever 1[1,2] 1[1,2] N=136,H,;=0.903, p=0.342
Rescue-therapy 4 [2-5] 4 [3-5] N=174,H,=1.276, p=0.259

Data given as median[IQ1-1Q3]

Variable Overall technique
Aspiration Stentriever Rescue-therapy
Final mTICI Score Bridging-therapy Mechanical Bridging-therapy ~Mechanical Bridging-therapy ~Mechanical
(N=116) thrombectomy (N=68) thrombectomy (N=T71) thrombectomy alone
alone (N=124) alone (N=68) (N=103)
0 0(0.0%) 2(1.6%) 2(2.9%) 1(1.5%) 1(1.4%) 2(1.9%)
1 3(2.6%) 0(0.0%) 0(0.0%) 0(0.0%) 3(4.2%) 2(1.9%)
2a 3(2.6%) 2(1.6%) 4(5.9%) 3(4.4%) 10(14.1%) 8(7.8%)
2b 23(19.8%) 32(25.8%) 19(27.9%) 13(19.1%) 20(28.2%) 37(35.9%)
2c 23(19.8%) 24(19.4%) 13(19.1%) 10(14.7%) 15(21.1%) 23(22.3%)
3 64(55.2%) 64(51.6%) 30(44.1%) 41(60.3%) 22(31.0%) 31(30.1%)

Statistical analysis

N=240,H,=0.316, p=0.574

N=136, H,=3.440, p=0.064

N=174,H,=0.156, p=0.693

Data given as N(%) of cases
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cm?. Bridging-therapy is associated with the retrieval of sig-
nificantly smaller clots (H; =10.155, p=0.001%).

Bridging-therapy does not improve
revascularization outcome compared to mechanical
thrombectomy alone in patients with successful
retrieval of clot material

We analysed the influence of IVT administration before
mechanical thrombectomy on the total number of passes
for the three different approaches and the results are shown
in Table 3. There was no statistically significant difference
between the two groups, whether rtPA had been administered
or not, irrespective of the approach considered (H, =0.488,
p=0.485 for aspiration procedures, H; =0.903,p=0.342
for stentriever procedures, H; =1.276,p=0.259 in case of
rescue-therapy). Aspiration and stentriever procedures both
required a median of 1 [1, 2] passes to remove the clot,
while with rescue-therapy, a median of 4 [2-5] and 4 [3-5]
passes were needed, respectively for bridging-therapy and
MT alone.

Similarly, the administration of rtPA before mechanical
thrombectomy did not influence significantly the final mTICI
score regardless of the approach used during the endovas-
cular treatment (aspiration, stentriever or rescue-therapy,
Table 4). Final recanalization was similar in procedures
that used aspiration or stentrievers (Table 4). Considering
mTICI 2¢-3 as a good revascularization outcome, satisfac-
tory outcomes were obtained for at least 63% of cases in
aspiration and stentriever groups, but when rescue-therapy
was needed the percentage of successful revascularization
lowered to 52% (Table 4).

Discussion

In the treatment of AIS, time is brain. It is crucial to act as
soon as possible in order to reduce the damage to the brain
following a lack of blood supply. The impact of bridging-
therapy on final revascularization outcome, and on the over-
all procedural outcome, is still a matter of debate. However,
despite an increased risk of intracranial haemorrhage [21], in
the absence of contraindications to rtPA, the standard ther-
apy for large vessel occlusion (LVO) above six NIHSS [22]
is a combination of MT and rtPA (the so-called “bridging-
therapy”) for all eligible patients [17-19, 21, 23, 24].

We hypothesised that prior IVT may be associated with
smaller retrieved clots and may affect the rates of recanaliza-
tion as measured by mTICI and affect the number of passes
required to remove clot. Our results demonstrate that prior
IVT did indeed reduce clot size, but did not influence pass
number or recanalization outcome.

Tissue plasminogen activator promotes the breakdown of
fibrin polymers; therefore, in theory, the reduced clot size
in patients undergoing bridging-therapy should be expected,
even though, to the best of our knowledge, this is the first
study that shows the association of bridging-therapy to
smaller retrieved clots. It must be acknowledged that we
can only conclude on the effect of IVT in the cases where
thrombectomy resulted in extraction of at least part of the
clot. We do not have data in the cases of patients who did
not undergo thrombectomy due to successful thrombolysis
and or clinical improvement, or had unsuccessful thrombec-
tomy, with no clot extracted. We also acknowledge that the
two patient populations in this study, i.e. those undergoing
respectively bridging-therapy or MT alone are different from
each other. The population treated with MT alone included
patients ineligible for rtPA for several reasons, from time
window exclusion and ongoing anticoagulation for atrial
fibrillation to other major contraindications [17-19, 23, 24].
Moreover, the MT alone group also included some patients
that did not receive rtPA because they had suffered a too
severe stroke (NIHSS > 25). However, we can confirm that
parameters such as NIHSS score on admission, suspected
etiology and occlusion location were similar between the
groups in this study. Therefore, it seems reasonable to attrib-
ute the smaller retrieved clot area of the bridging-therapy
population to the effect of prior IVT treatment.

The number of passes to remove clot may depend on sev-
eral factors such as clot burden, clot composition, stability,
and porosity as well as operator experience [25]. The impact
of each of these factors has not been fully elucidated yet.
However, it is clear that a lower number of procedural passes
correlates with a better outcome [25].

We found bridging-therapy and MT alone equivalent in
terms of revascularization outcome, with similar number
of passes and final mTICI scores for aspiration and sten-
triever procedures. As expected, rescue-therapy cases were
associated with more passes and worse final recanalization,
but bridging-therapy and MT alone were also equivalent in
rescue-therapy cases. Our finding of the absence of any par-
ticular difference between bridging-therapy and MT alone
on both number of passes and recanalization rates, is in line
with several studies previously published [26, 27]. As previ-
ously acknowledged, in this study we could not include the
patients who recanalised with IVT only, without need for
further endovascular treatment. Nonetheless, on the basis of
our findings comparing MT alone to bridging-therapy, the
results show that IVT makes the clot smaller, perhaps caus-
ing it to break into pieces, diminishing in this way its size,
and perhaps increasing the risk of distal embolism to smaller
arteries [28]. IVT may soften the clot, however, since num-
ber of passes and final degree of recanalization were similar,
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rtPA does not seem to have a significant facilitating effect on
detachment of clot during MT.

A main advantage of rtPA is that the treatment is readily
available to centres that do not have the advanced technology
needed or interventionalists with specialized skill sets or in
remote areas that cannot provide an in-house stroke special-
ist 24/7 [29]. It is still unclear if, for patients with suspected
AIS whether rtPA versus immediate mechanical thrombec-
tomy should be prioritized [30] but the previous administra-
tion of rtPA may certainly be of help for patients living in
areas where the primary referral hospital is a local stroke
centre with no availability of mechanical thrombectomy
option. We observed no significant difference in incidence
of procedural related haemorrhage in the bridging-therapy
and MT alone groups. Although bridging-therapy did not
result in better revascularization outcome compared to MT
alone, it is also true that it did not result in worse revascu-
larization outcome than MT alone, at least considering the
two groups compared in this study. Furthermore, a benefit
of pre-treatment with IVT may be that rtPA still circulating
may be helpful to dissolve the remnants of the thrombus. A
clinical trial is currently investigating the possible benefits
of local intra-arterial treatment post MT for this reason [31].
It is possible that the lack of significant effect on number of
passes to remove clot and final revascularisation outcome
that we observed in this study reflects the fact that IVT may
have both beneficial and detrimental effects due to its mecha-
nism of action, but on balance does not adversely affect the
outcome in MT procedures.

Study limitations and strengths

One of the limitations of this study is the lack of complete
data about patients undergoing bridging-therapy. In particu-
lar, we have not probed information about the number of
“drip and ship” patients or full details about IVT administra-
tion, timings, dosage and kind of drugs used, although this
should be studied in the future. Inclusion of more extensive
post procedural outcome data, such as lesion volume of
infarct, mortality rate, 90 day mRS scores would also benefit
future work. Another limitation is that we measured an area
rather than a volume to give an indication of the size of the
extracted clot, although we believe the area measurements
are representative of the extracted clot burden.

However, a main strength of this study is the large patient
population arising from four dedicated stroke centres in
Europe, which reduces the effect of possible differences in
clinical approach across the hospitals, giving robustness to
our findings.

@ Springer

Conclusion

The present study highlighted that the administration of rtPA
before mechanical thrombectomy, in patients who did not
recanalise with IVT only and where thrombectomy resulted
in extraction of at least a part of the clot, was associated with
a significant reduction of retrieved clot area, although it did
not impact the number of passes or final mTICI score. Future
studies will be performed to investigate also other important
parameters, like the sex and the age of the patients as well
as the time from groin puncture to recanalization, which
may differ between bridging-therapy and MT alone patients,
influencing then the final outcome.
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