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Abstract

Background Twelve randomised controlled trials (RCTs) comparing mechanical thrombectomy against traditional treatment
options for patients experiencing acute ischaemic stroke (AIS) have been published.

Aims To evaluate whether this technology is more effective and/or safer than traditional treatment options and to assess the
potential for implementation of this technology as a treatment strategy for acute ischaemic stroke in Ireland.

Methods RCTs published up to February 2017 were included. Meta-analysis was performed for two primary (mortality at
90 days, mRS at 90 days) and four secondary outcomes. Cumulative meta-analysis was used to investigate the point at which
a consistent treatment effect was observed for outcomes that had a statistically significant pooled effect.

Results Mechanical thrombectomy was associated with higher likelihood of being independent (mRS, p < 0.01; Barthel index,
p<0.01) at 90 days post-AIS (p <0.001). Cumulative meta-analysis demonstrated a consistent treatment effect in favour of
mechanical thrombectomy after each trial was added to the analysis. There was no evidence of a difference in mortality rates (p =

0.21) or rates of SICH (p =0.71) between patients randomised to intervention and control arms. Although the intervention
appears to be associated with higher rates of any cerebral haemorrhage (p <0.01) and recurrent ischaemic stroke (p =0.03),
considerable uncertainty remains as to these treatment effects.

Conclusions The trials published most recently have acted as a ‘watershed’ for mechanical thrombectomy, and while there are
significant caveats, the data suggests that mechanical thrombectomy needs to be factored into the planning and delivery of
services for the management of patients with acute ischaemic stroke in Ireland.

Keywords Aspiration - Endovascular - Ischaemic stroke - Meta-analysis - Stent retriever - Thrombectomy

Introduction ischaemic stroke (AIS). An estimated 2000 people die as a result

of stroke each year in Ireland, giving an age-standardised death
It has been estimated that approximately 7000 individuals expe-  rate of 34.6 per 100,000 population [1]. In 2014, it was predicted
rience a stroke each year in Ireland, of which 85% are acute  that there would be a 20% increase in the prevalence of chronic
diseases by 2020, primarily due to population ageing, with the
number of people experiencing stroke predicted to increase by
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A potential alternative involves the use of mechanical
thrombectomy, a catheter-based technology, to approach and
remove a clot from a blocked cerebral artery. Mechanical
thrombectomy devices aim to retrieve thrombi and rapidly re-
store blood flow in patients experiencing AIS. These devices
can also be considered in terms of their time of development
and approval for use, and may be separated into ‘first-’ and
‘second-generation’ (stent retriever) devices, and those whose
mechanism of action is based on aspiration/suction.

The first randomised controlled trials (RCTs) to compare
thrombolysis with mechanical thrombectomy for patients
experiencing AIS were published in 2013 [5-7]. The follow-
ing years saw opinion swing back and forth regarding its po-
tential, but the publication of five additional trials in 2015 saw
increasing acceptance that mechanical thrombectomy pro-
vides additional benefit, when compared with standard medi-
cal therapy, including IV tPA.

Four additional RCTs were published in 2016-2017
[8—11]. The aim of this work is to incorporate this latest evi-
dence into a meta-analysis of published RCTs and to assess
whether mechanical thrombectomy plus traditional treatment
options (which may include intravenous (IV) and/or
intraarterial (IA) thrombolysis where appropriate) is more ef-
fective and/or safer than these options alone in the manage-
ment of AIS.

Patient and methods
Search strategy and selection criteria

A systematic literature search identified RCTs published be-
tween January 2005 and February 2017, inclusive (a full
history of this work is included in the supplementary
appendix). Studies were identified via electronic searches in
databases PubMed [Medline] and Embase. Studies of any lan-
guage were considered. References from the included studies
and review articles were reviewed. The full search strategies are
outlined in Appendix 1. This meta-analysis was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [12].

Eligibility criteria

Inclusion and exclusion of studies was based on the Patients,
Interventions, Comparisons, Outcomes (PICO) protocol. The
population of interest were adults aged 18 years or older with
acute ischaemic stroke in the anterior and/or posterior region.
The intervention was mechanical thrombectomy (which could
be used in combination with IV and/or IA thrombolysis, or as
an alternative to it in patients experiencing an AIS who are not
candidates for thrombolysis, or in patients in whom
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thrombolysis appears to have failed) plus traditional treatment
options. The comparator was these traditional options alone.

Study selection and analysis of quality and bias

Two investigators (RWG, CT) reviewed and selected articles
according to pre-defined selection criteria. Researchers then
met and discussed areas of agreement and completeness, and
disagreements were resolved by consensus. The Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) methodology was used to assess the quality of the
evidence. The risk of bias was assessed using the Cochrane
risk of bias tool for RCTs, which considers the presence or
absence of selection bias (random sequence generation and
allocation concealment), performance bias (blinding of partic-
ipants and personnel), detection bias (blinding of outcome
assessment), attrition bias (incomplete outcome data),
reporting bias (selective reporting of outcomes) and other bias
(any other important concerns noted).The assessment of bias
was based on author judgement. Two authors assessed the risk
of bias and disagreements were resolved by consensus.

Outcome measures

The pre-specified primary outcome measures were all-cause
mortality at 90 days and functional independence at 90 days as
measured by a modified Rankin score (mRS) score of 0-2.
The pre-specified secondary outcomes were ability to perform
activities of daily living (ADLs) at 90 days as measured by
Barthel index, symptomatic intra-cerebral haemorrhage
(SICH) (as defined by the individual studies), any cerebral
haemorrhage and recurrent ischaemic stroke at 90 days.

Data analyses

Meta-analysis was performed for the two primary and four
secondary outcomes. Cumulative meta-analysis was used to
investigate the point at which a consistent treatment effect was
observed for outcomes that had a statistically significant
pooled effect.

Meta-analyses were conducted using R statistical software,
version 3.2.2, and the metafor 1.9-8 package within R [13,
14]. Due to the expected heterogeneity across studies in terms
of devices used and time to procedure, random effects meta-
analysis was used. Binary outcomes were pooled as risk ratios.
Heterogeneity was assessed on the basis of * values. Values in
excess of 75% were interpreted as considerable heterogeneity,
and values between 50 and 90% were interpreted as potential-
ly substantial heterogeneity.

The first three trials included in this assessment [5—7] had a
number of important methodological differences when com-
pared with the latter nine (see discussion). Therefore, sub-
group analyses, including the latter nine trials only, were also
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performed. Most of these second-generation trials ceased ear-
ly. Due to concerns over potential bias introduced by early
trial cessation, meta-regression was used to explore whether
there was an association between the proportion of planned
patient enrolment which was completed and treatment effect.

Results

Electronic searches yielded 8620 unique records; 12 studies
were included in the final analysis (Table 1).

Study characteristics

The stroke was confined to the anterior circulation in the ma-
jority of the included trials; IMS III (14/656), SYNTHESIS
(25/362), THRACE (4/414) and EASI (10/77) included pa-
tients with posterior circulation occlusions.

Neither MR RESCUE nor SYNTHESIS used non-invasive
arterial imaging to identify patients for enrolment. IMS III did
not begin using computed tomography angiography (CTA) to
identify the site of occlusion until after 284 participants had
undergone randomisation. Although vascular imaging was not
mandated in the protocol for EASI, proximal occlusion was
confirmed in 80% of patients prior to enrolment. The other
eight trials used either CTA and/or magnetic resonance angi-
ography (MRA) to guide patient selection.

The proportion of patients randomised to the intervention
group who received IV tPA ranged from 0 to 100%. The
proportion of patients randomised to the intervention group
who actually received thrombectomy ranged from 31 to
100%.

Eight trials provided data on median time from onset of
symptoms to commencement of thrombolysis with IV tPA
for both their control and intervention arms [8, 9, 11,
15-19]. The median time from symptom onset to thromboly-
sis in the intervention arms ranged from 85 to 150 min; in the
control groups, it ranged from 87 to 155 min.

Eight trials provided median times from symptom onset to
the start of the procedure for those randomised to the interven-
tion (range 210 to 269 min). MR RESCUE and IMS III re-
ported mean times from symptom onset to procedure com-
mencement for those randomised to the intervention of
381 min (standard deviation (SD) 74) and 208 min (SD 47),
respectively. ESCAPE did not report this information directly,
but noted the median times from symptom onset to study
computed tomography (CT) (134 min) and from study CT to
groin puncture (51 min). The Pragmatic Ischaemic Stroke
Thrombectomy Evaluation (PISTE) reported that the median
time from symptom onset to the end of the procedure was
251 min.

Quality assessment

While the risk of bias overall for each of the RCTs was rated as
low (see risk of bias figure, supplementary appendix), a num-
ber of issues which could potentially have affected the out-
come data were identified. The quality of the evidence (see
grade table, supplementary appendix) was rated as moderate
for mRS and for the other outcomes of effectiveness. With the
exception of mortality at 90 days and SICH, there was incon-
sistency in how trials reported their safety outcomes, making
comparability and interpretation difficult.

A further concern is the number of trials, which were stopped
early (nine); trials which stop early for benefit may under- or
over-estimate the treatment effect of the intervention and truncat-
ed RCTs have previously been demonstrated to be associated
with greater effect sizes than RCTs not stopped early [20].

Primary outcomes
All-cause mortality

All trials reported all-cause mortality at 90 days (n =3060).
There were 266 deaths in 1639 (16.2%) patients in the inter-
vention arm, and 252 deaths in 1427 (17.7%) patients in the
control arm (Fig. 1). One study found a statistically significant
reduction in mortality associated with the intervention
(ESCAPE). The pooled risk ratio for mortality was 0.90
(95%CI: 0.77 to 1.06; p=0.21). There was no evidence of a
difference in mortality rates at 90 days between patients
randomised to intervention and control arms.

A subgroup analysis was performed using data from the
nine trials commenced from 2010 onwards. In these trials,
there were 145 deaths in 960 patients in the intervention arm
(15.1%) and 173 deaths in 970 patients in the control arm
(17.8%). The pooled risk ratio for mortality was 0.86
(95%CI: 0.70 to 1.07; p=0.17).

mRS at 90 days

All trials reported data for mRS at 90 days (n = 3035). In total,
715 0f 1620 (44.1%) patients in the intervention arm achieved
an mRS of 0-2 at 90 days, compared with 475 of 1415
(33.6%) patients in the control arm (Fig. 2). The risk ratio
for achieving an mRS of 0-2 at 90 days was 1.34 (95%CI:
1.14 to 1.58; p<0.01) in favour of the intervention. The evi-
dence suggests that the intervention is associated with higher
likelihood of being independent at 90 days post AIS.

A statistically significant difference was noted between
mRS scores reported for the first three trials versus those for
trials commenced from 2010 onwards (p < 0.01). While these
studies exhibit a potentially substantial statistical heterogene-
ity overall (I° =62%; p<0.01), this heterogeneity is
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Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-ClI
First generation
MR RESCUE (2004 - 2011) 12 64 13 54 R 0.78  [0.39; 1.56]
SYNTHESIS Expansion (2008 — 2012) 26 181 18 181 T—o— 1.44 [0.82; 2.54]
IMS 111 (2006 - 2012) 83 434 48 222 —8 0.88 [0.64; 1.21]
Fixed effect model 121 679 79 457 I 0.97 [0.75; 1.26]
Random effects model 0.98 [0.71; 1.35]
Heterogeneity: /7 = 24%, 1° = 0.0211, p = 0.27 !
Test for effect in subgroup (fixed effect): z=-0.20 (p = 0.84) H
Test for effect in subgroup (random effects): z=-0.12 (p = 0.90) :

i

i
Second generation i
MR CLEAN (2010 — 2014) 49 233 59 267 —— 0.95 [0.68; 1.33]
EXTEND IA (2012 — 2014) 3 35 7 35 ———H— 0.43  [0.12;1.52]
ESCAPE (2013 — 2014) 17 164 28 147 —_— 0.54  [0.31;0.95]
THERAPY (2012 — 2014) 6 50 11 46 B — 0.50 [0.20; 1.25]
EASI (2013 — 2014) 11 40 9 37 —— 113 [0.53;2.42]
SWIFT PRIME (2012 - 2014) 9 98 12 97 —— 0.74  [0.33;1.68]
REVASCAT (2012 - 2014) 19 103 16 103 —— 1.19 [0.65; 2.18]
THRACE (2010 — 2015) 24 204 27 208 —H— 0.91  [0.54;1.52]
PISTE (2013 - 2015) 7 33 4 30 —_—— 159  [0.52; 4.90]
Fixed effect model 145 960 173 970 > 0.86 [0.70; 1.05]
Random effects model << 0.86 [0.70; 1.07]
Heterogeneity: 2 = 4%, 12 = 0.0043, p = 0.40 i
Test for effect in subgroup (fixed effect): z = -1.52 (p = 0.13) 2
Test for effect in subgroup (random effects): z=-1.37 (p = 0.17) !
Fixed effect model 266 1639 252 1427 < 0.90 [0.77; 1.05]
Random effects model < 0.90 [0.77; 1.06]
Heterogeneity: 12 = 3%, 1° = 0.0025, p = 0.42 I U !
Test for overall effect (fixed effect): z=-1.34 (p = 0.18) 0.2 05 1 2 5

Test for overall effect (random effects): z=-1.25 (p = 0.21)

Test for subgroup differences (fixed effect): xf =0.62,df =1 (p =0.43)

Test for subgroup differences (random effects): xf =0.42,df =1 (p =0.52)

Fig. 1 Meta-analysis of all-cause mortality at 90 days

eliminated by only including the nine studies, which began
enrolling from 2010 onwards (I = 0%; p = 0.56) (Fig. 2). The
interpretation of treatment effect was unchanged after the in-
clusion of the seventh trial (SWIFT PRIME).

Limiting analysis to the latter 9 studies, 454 of 960 (47.3%) of
patients in the intervention arm were reported to have achieved
an mRS of 02 at 90 days, compared with 295 of 966 (30.5%) of
patients who were assigned to the control arm. The absolute
benefit of the intervention on mRS at 90 days across these nine
trials ranged from 7.6% in THERAPY to 31.4% in EXTEND
IA. In a subgroup analysis of these nine trials, the risk ratio for
achieving a mRS of 0-2 at 90 days was 1.51 (95%CI: 1.35 to
1.69; p<0.01) in favour of the intervention. The cumulative
meta-analysis demonstrated a consistent treatment effect in fa-
vour of mechanical thrombectomy after each trial was added to
the analysis.

Secondary outcomes
Barthel index at 90 days

Four trials (MR CLEAN, REVASCAT, ESCAPE, THRACE)
reported the proportion of patients in the control and intervention

groups who achieved a Barthel index score of 95 or more at
90 days (n=1251); 332 of 612 (54.2%) patients achieved this
score in the intervention groups with 224 of 639 (35.1%) achiev-
ing it in the control arms (Table 2) (risk ratio = 1.57, 95%CI. 1.27
to 1.95; p < 0.01). This suggests that the intervention is associated
with better outcomes in relation to activities of daily living (ADL),
as measured using the Barthel index, at 90 days. All four studies
individually demonstrated a statistically significant benefit from
the intervention. The cumulative meta-analysis demonstrated a
consistent treatment effect on Barthel index in favour of mechan-
ical thrombectomy after each trial was added to the analysis.

Symptomatic intracerebral haemorrhage (SICH)

All 12 trials reported data on SICH (n=3081) (Table 2).
Eighty of 1633 (4.9%) patients in the intervention arm and
68 of 1448 (4.7%) of patients in the control arm experienced
a SICH. This evidence suggests no difference between inter-
vention and control with respect to SICH (risk ratio = 1.06;
95%CI: 0.77 to 1.47; p=0.71).

Subgroup analysis was performed using data from the nine
trials commenced from 2010 onwards. In these trials, there
were 40 events in 954 patients in the intervention arm
(4.2%) and 43 events in 991 patients in the control arm

@ Springer
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Study

First generation
MR RESCUE (2004 - 2011)

SYNTHESIS Expansion (2008 — 2012)

IMS 111 (2006 - 2012)
Fixed effect model
Random effects model

Control
Events Total

Experimental
Events Total

Heterogeneity: 2= 0%, 1° =0, p =0.40
Test for effect in subgroup (fixed effect): z=-0.29 (p = 0.77)
Test for effect in subgroup (random effects): z = -0.25 (p = 0.80)

Second generation

MR CLEAN (2010 — 2014)
EXTEND IA (2012 — 2014)
ESCAPE (2013 - 2014)
THERAPY (2012 — 2014)
EASI (2013 - 2014)
SWIFT PRIME (2012 - 2014)
REVASCAT (2012 - 2014)
THRACE (2010 — 2015)
PISTE (2013 - 2015)
Fixed effect model
Random effects model

Heterogeneity: 2=0%,1°=0, p =0.56
Test for effect in subgroup (fixed effect): z=7.24 (p < 0.01)
Test for effect in subgroup (random effects): z=7.11 (p < 0.01)

Fixed effect model
Random effects model
Heterogeneity: 12 =62%,1° =

8 64 10 54
76 181 84 181
177 415 86 214
261 660 180 449
76 233 51 267
25 35 14 35
87 164 43 147
19 50 14 46
20 40 14 37
59 98 33 93
45 103 29 103
106 204 85 208
17 33 12 30
454 960 295 966
715 1620 475 1415

0.0445, p < 0.01

Test for overall effect (fixed effect): z=5.70 (p < 0.01)

Test for overall effect (random

effects): z=3.58 (p < 0.01)

Test for subgroup differences (fixed effect): X? =21.67,df =1 (p <0.01)
Test for subgroup differences (random effects): xf =20.56,df =1 (p < 0.01)

Fig. 2 Meta-analysis of modified Rankin scale at 90 days

(4.3%). The pooled risk ratio for
to 1.63; p=0.76).

Any cerebral haemorrhage

Nine of the 12 trials reported comparable data on any cerebral
haemorrhage. Five hundred and sixty-three of 1369 (41.1%)
patients in the intervention arm and 309 of 1168 (26.5%)
patients in the control arm experienced some form of cerebral
haemorrhage (Table 2) (risk ratio=1.37, 95% CI: 1.22 to

Table 2 Summary estimates for
secondary outcomes of interest
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SICH was 1.07 (95%CI: 0.70

Risk Ratio

44|
v

0.5 1 2

RR

0.68
0.90
1.06
0.98
0.98

1.71
1.79
1.81
1.25
1.32
1.70
1.55
1.27
1.29
1.53
1.51

1.30
1.34

95%-ClI

[0.29; 1.59]
[0.72; 1.14]
[0.87; 1.29]
[0.84; 1.13]
[0.85; 1.14]

[1.25;
[1.13;
[1.36;
[0.71;
[0.79;
[1.23;
[1.06;
[1.08; 1.57]
[0.74; 2.23]
[1.36; 1.71]
[1.35; 1.69]

2.32]
2.82]
2.42]
2.19]
2.21]
2.33]
2.27]

[1.19; 1.42]
[1.14; 1.58]

1.55; p<0.01), indicating that the intervention is associated

with a higher overall rate of any cerebral haemorrhage when
compared with the control. Individual studies differed sub-
stantially from one another, with rates of any cerebral haem-
orrhage in intervention and control groups varying from 7.7

and 6.4% in MR CLEAN, respectively, to 70.3 and 51.9% in
MR RESCUE, respectively. Interpretation of the treatment
effect has been consistent since the second trial was published.

Subgroup analysis of any cerebral haemorrhage was per-
formed using data from seven of the nine trials commenced from

No. trials No. events/total patients Risk ratio (95%CI) P value

Intervention Control

group group
Barthel index 4 332/612 224/639 1.57 (1.27-1.95) <0.01
SICH 12 80/1633 68/1448 1.06 (0.77-1.47) 0.71
Subgroup analysis 9 40/954 43/991 1.07 (0.70 to 1.63) 0.76
Any cerebral haemorrhage 9 563/1369 309/1168 1.37 (1.22-1.55) <0.01
Subgroup analysis 7 257/871 188/892 1.34 (1.10 to 1.65) <0.01
Recurrent stroke 5 50/968 21/774 221 (0.77-6.34) 0.14
Subgroup analysis 4 28/534 7/552 327 (1.13t0 9.42) 0.03

SICH symptomatic intracerebral haemorrhage
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2010 onwards (no data available for EASI or THERAPY). In
these trials, there were 257 events in 871 patients in the interven-
tion arm (29.5%) and 188 events in 892 patients in the control
arm (21.1%). The pooled risk ratio for any cerebral haemorrhage
at 90 days was 1.34 (95% CI: 1.10 to 1.65; p < 0.01). Excluding
the first generation trials, there is greater uncertainty about the
treatment effect, and a consistent statistically significant effect
has only been observed since the publication of the
REVASCAT trial (2015).

Recurrent ischaemic stroke within 90 days

Five trials (IMS III, MR CLEAN, ESCAPE, REVASCAT,
PISTE) provided data on recurrent ischaemic stroke within
90 days. 50 of 968 (5.2%) patients in the intervention arm
and 21 of 774 (2.7%) patients in the control arm experienced
a recurrent event (Table 2). The pooled data do not suggest
that the intervention is associated with a higher overall rate of
recurrent ischaemic stroke within 90 days (risk ratio =2.21;
95% CI: 0.77 to 6.34; p=0.14).

Potentially substantial statistical heterogeneity was noted
between the five included studies (F = 62%; p=0.03), al-
though this was reduced by excluding the earliest trial (IMS
[I). Subgroup analysis including only the later four trials
again suggests that the intervention is associated with a higher
overall rate of recurrent ischaemic stroke within 90 days,
when compared with the control (risk ratio =3.27; 95%CI:
1.13 to 9.42; p=0.03). The direction of effect is consistent
across second-generation trials, although none of the individ-
ual trials found a statistically significant effect. This outcome
may be sensitive to the inclusion of additional trials.

One additional trial, SYNTHESIS reported that 2.2%
(4/181) of patients in the intervention group had experienced
a new stroke at 7 days.

The effect of early cessation of trials and the potential im-
pact on estimated treatment effect was explored using meta-
regression. Analyses were carried out in relation to the out-
comes of functional independence (mRS 0-2) and mortality
(mRS 6). The covariate was defined as the proportion of the
planned patients that were actually enrolled. For both out-
comes, the coefficient associated with the covariate was close
to zero and was not statistically significant (p = 0.68 for func-
tional independence; p = 0.76 for mortality).

Discussion

This meta-analysis suggests that mechanical thrombectomy,
when used in conjunction with non-invasive arterial imaging,
in selected patients with anterior circulation AIS, and when using
second-generation devices, has a beneficial effect on morbidity
and function but no effect on all-cause mortality at 90 days.
While the publication of the first three trials in 2013 met with

widespread pessimism in the stroke community about the value
of endovascular treatment for patients experiencing AIS [21],
subsequent publication of the latter nine trials has transformed
opinion around this issue, and it has been suggested that clinical
equipoise no longer exists [22].

It has been argued that the methodology and devices (pre-
dominantly stent retrievers) employed in the later nine trials
are those which are most relevant to current clinical practice. It
is therefore pertinent that subgroup analysis of these trials
demonstrated an improved effect of the intervention on mRS
at 90 days, when compared with its overall effect across all 12
trials, and this subgroup analysis correlates well with the re-
sults of the individual patient meta-analysis of data from the
five trials published in 2015 [23].

Importantly, however, the achievement of statistical signifi-
cance for the primary outcome in any clinical trial, while typical-
ly a prerequisite for the adoption of a new therapy, is not in itself
sufficient [24]. In relation to mechanical thrombectomy specifi-
cally, while this and previous analyses have suggested that the
procedure is not associated with an increased risk of mortality,
the trials upon which these analyses were based were not
powered to detect a difference in mortality and were unlikely to
have detected a difference unless it was very substantial. Study
size is also important in evaluating the significance of trial results;
small trials lack power such that positive treatment effects are
susceptible to exaggeration. In addition, while some trials stop
early because of treatment effect, this practice tends to exaggerate
treatment efficacy, while simultaneously truncating the evidence
for important secondary (and safety) outcomes [24]. These ca-
veats are of particular relevance in the case of mechanical
thrombectomy, where 9 of the 12 trials stopped early, and where
5 of the 12 trials enrolled less than one third of their intended
study sample. However, meta-regression demonstrated no evi-
dence to suggest that stopping early had introduced a systematic
bias to the estimates of treatment effect for outcomes of function-
al independence and mortality at 90 days.

In addition to the caveats around mortality and safety data, the
many limitations inherent in this present analysis and in previous
meta-analyses on this subject—the variability seen between the
trials with respect to device types, use/non-use of imaging, time
to intervention, proportions receiving thrombectomy—need to
be addressed in individual patient meta-analyses using pooled
data from the published trials and a number of these have already
been published [23, 25]. Furthermore, as all included trials fo-
cused either exclusively or predominantly on patients with prox-
imal anterior circulation AIS, the results presented here should be
taken to be indicative of the effectiveness or otherwise of me-
chanical thrombectomy in this context; further studies are re-
quired before a determination can be made regarding the efficacy
of mechanical thrombectomy in the posterior circulation and in
the management of distal intracranial occlusions [26].

These limitations notwithstanding, the results presented
here do suggest that mechanical thrombectomy and other
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endovascular interventions need to be factored into the plan-
ning and delivery of services for the management of patients
with acute ischaemic stroke in Ireland. At present, approxi-
mately 200 endovascular procedures are carried out annually,
with over 85% of these are performed in just one institution
[27]. A total of 355 patients underwent thrombectomy in this
latter institution in the 6-year period from 2010 to 2016, in-
clusive [28]. There are a number of issues which need to be
addressed if the estimated 14% of patients with acute ischae-
mic stroke, who could potentially benefit from receipt of this
therapy are to be facilitated in receiving it; these may be
categorised into pre-hospital, individual hospital and system
wide (including community) factors (a full discussion of these
factors, together with an assessment of the likely
organisational, budget and ethical issues to be considered is
available as part of the full Health Technology Assessment of
which this work formed a part (https://www.hiqa.ie/reports-
and-publications). [27].

A key consideration in assessment of eligibility for mechani-
cal thrombectomy is the time elapsed from symptom onset to the
time of intervention. The evidence presented in this meta-
analysis is based on trials involving cohorts of patients who were
managed within 6 h of symptom onset. It is therefore concerning
that the time of onset of symptoms is unknown in 38% of patients
presenting with acute stroke in Ireland and that nationally the
median time from onset of symptoms to presentation varies ap-
preciably by hospital (national median 2 h 26 min, range 1 h
21 min—6 h 6 min) [29]. Indeed, 22% of patients arrive at hospital
greater than 6 h after symptom onset [29].

Where patients do present within 6 h of onset, the hospitals to
which they present must be equipped to manage their stroke in a
timely manner. As seen in the data presented in this work, access
to appropriate and timely imaging is central to maximising out-
come. Unfortunately, while all hospitals managing stroke in
Ireland have 24 h access to on-site CT scanning, the median time
from onset of symptoms to performance of neuro-imaging is
15 h and 44 min, and over 30% of patients are not scanned within
24 h. While some of this delay can be accounted for by the delay
in patients presenting at the hospital, there is also evidence of
substantial delays in care within institutions—the 2015 National
Stroke Audit reported that the median time from presentation to
scan (“door to scan time’) was 9 h and 23 min [29].

Imaging is just one component of the care pathway in me-
chanical thrombectomy, but the issues outlined above are illus-
trative of the challenges faced by individual units providing care
for stroke patients. The majority of the hospitals which partici-
pated in the RCTs included in this analysis are high-volume
stroke centres, where the procedures were carried out in ideal
circumstances [30]. It is doubtful if the stroke management sys-
tems in these institutions could be replicated on a widespread
basis in hospitals around Ireland. While stroke units are available
in 78% (21/27) of receiving hospitals, less than one third of
patients (29%) are admitted to these units at presentation [29].
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Even if all patients were admitted to these units at presentation, it
is unrealistic to expect that each of these units would have trained
interventional neuro-radiologists on-site or that the volume of
patient throughput at individual sites would be sufficient to main-
tain expertise. Furthermore, it will not be feasible from a health
system perspective to provide 24 h, 7 day cover for mechanical
thrombectomy in all of these stroke units. Therefore, if the en-
couraging results demonstrated in this meta-analysis are to be
replicated in Ireland, the procedure will need to be developed
and offered in a small number of centres, sited to maximise
patient access and workforce expertise and coverage. As noted
in the full Health Technology Assessment (HTA) of mechanical
thrombectomy for the management of AIS in Ireland—of which
this current work formed a part—the provision of this national
service would have significant organisational and resource im-
plications in order to ensure timely transfer of patients for treat-
ment and repatriation post-intervention [27].

One potential solution is the development of a “hub and
spoke” model with referral to “comprehensive” centres of
excellence helping to improve workflow, treatment times
and, ultimately, clinical outcomes [31]. The most appropriate
configuration of this model for Ireland remains to be elucidat-
ed, but there are precedents upon which to base this, including
the Acute Coronary Syndromes Model of Care, which desig-
nated six hospitals as Primary Percutaneous Coronary
Intervention (PPCI) centres in 2012 [32]. A mapping exercise
undertaken as part of the role out of this model reported that
81% of the Irish population, aged over 55 years, lives within a
90-min drive time to Dublin, Cork and Galway [32].
Therefore, a combination of approaches—arrangements for
emergency care and transport, and designation of comprehen-
sive stroke centres whose workflow practices have been
maximised—can ensure that a substantial majority of those
who would benefit from mechanical thrombectomy receive it.

Coordination of these approaches and, in particular, desig-
nation and efficient working of “comprehensive” stroke cen-
tres will require a number of “foundation stones”, as was
evidenced during roll-out of the Acute Coronary Syndromes
Model of Care [32]:

* Ensure national agreement

* Implement the programme robustly

*  Ensure readiness in pre-hospital sector

* Understand and deal with the knock on effects on various
parts of the system

* Understand and plan for staffing requirements

» Clarify costs of implementation

» Set out clear monitoring and evaluation parameters.

Many of these elements are already in place for stroke care in
Ireland. The National Clinical Programme for Stroke was
launched in 2010 and has resulted in dramatic improvements in
the organisation and delivery of stroke care in Ireland. This is
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perhaps best illustrated by improvements in rates of thrombolysis
nationally; between 2007 and 2015, there was a tenfold increase
in these rates and, at the end of 2016 13.9% of patients with AIS
were benefitting from this treatment [29]. However, the imple-
mentation of a coordinated service for mechanical thrombectomy
will bring unique and additional challenges, and the exact model
for its delivery in Ireland has yet to be defined. However, the
aforementioned HTA outlined these challenges and estimated that
the budget impact of moving from the current ad hoc level of
service provision to an organised national service would be ap-
proximately €2.8 million over 5 years [27].

Finally, this meta-analysis has demonstrated improved out-
comes for patients with acute ischaemic stroke in relation to dis-
ability, morbidity and function at 90 day follow-up. The benefits of
this at the individual and societal level are obvious. However if
more patients are being discharged back in to the community (as
opposed to step down or long-term residential care facilities) this
may place additional burden on community-based post-stroke ser-
vice provision. A 2012 study of this service in Ireland noted that
there were “major gaps in the provision of community-based inter-
disciplinary team services for people with stroke....(and) where
services existed, they were generic in nature, rarely inter-
disciplinary in function and either deficient in (or completely de-
prived of) input from salient disciplines” [33]. Just as integration of
pre-hospital and hospital-based care is essential to improving out-
comes in the acute phase of stroke management, so too must hos-
pital and community-based services be integrated to ensure opti-
mal outcomes in the post-acute phase. As noted in the 2011
National Policy and Strategy for the Provision of Neuro-
Rehabilitation Services in Ireland, “neuro-rehabilitation teams
cannot function successfully without close links and associated
referral pathways forged with other sectors of the HSE not directly
involved in neuro-rehabilitation” [34]. It is therefore recommend-
ed that the proposals contained in the Policy for the Provision of
Neuro-Rehabilitation Services are implemented as a matter of ur-
gency. In particular, it is central recommendation—that regional
and local neuro-rehabilitation networks should be developed—
needs to be advanced, such that the ability of stroke survivors to
participate physically, psychologically, socially and economically
in everyday life in Ireland is optimised.
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