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Objectives To assess the outcome of acute ischaemic stroke patients who
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Joyce WY Hui S Setting A tertiary hospital in Hong Kong.
Deyond YW Siu EALE Patients Patients with ischaemic stroke due to large artery occlusion
Jill M Abrigo treated within 6 hours from symptom onset between January
KT Lee Z=EIE 2007 and May 2011.
Colin A Graham 5% Intervention Acute intra-arterial revascularisation therapy.

Main outcome measures Primary outcome was functional independence (modified
Rankin Scale score of <2) at 3 months. Secondary outcome
was rate of recanalisation. Safety outcomes were symptomatic
intracranial haemorrhage and 3-month mortality.
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Results Twenty-one patients with a mean age of 67 years fulfilled the
inclusion criteria. Their mean National Institutes of Health
Stroke Scale score was 18. The mean onset-to-puncture time
was 212 minutes. Nine received intra-arterial tissue plasminogen
activator alone, 11 had an adjunctive mechanical thrombectomy,
and one received balloon angioplasty without tissue plasminogen
activator. At the end of the procedure, thrombolysis grade
2a or better was attained in 18 (86%) of the patients, and 8
(38%) achieved functional independence at 3 months. Rates of
symptomatic intracranial haemorrhage and 3-month mortality
were 10% and 24%, respectively.

Conclusion In this setting, intra-arterial revascularisation therapy appeared
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patients with large artery occlusions. Experience gained from
this pilot study may help improve clinical outcomes of such
patients.

Intra-arterial intervention is at the forefront of treatment for patients with acute ischaemic
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* This study will raise the awareness of the limited local availability of this procedure at this
stage, and its feasibility as an option for treating acute ischaemic stroke.

These results may have important implications for future stroke management in Hong Kong,
especially the development of an intrastructure for primary and comprehensive stroke
centres dedicated to improve patient outcomes.

Introduction

Intravenous (IV) tissue plasminogen activator (TPA) given within 4.5 hours from onset
is an effective treatment for acute ischaemic stroke (AlS)."? However, some patients
are ineligible due to delayed presentation or medical contra-indications. Furthermore,
expected recanalisation rates with IV TPA are low for patients with large artery occlusions,
ranging from 10% for the internal carotid artery (ICA) to 30% for the middle cerebral artery
(MCA).?
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Intra-arterial therapy (IAT) is an alternative with
several theoretical advantages. First, it allows direct
delivery of the thrombolytic agent to the occlusion
at lower overall total dosage. Second, endovascular
mechanical devices may be used for recanalisation,
which in some cases spare recourse to thrombolytic
agents. Third, the recanalisation rate from IAT is higher
than after IV TPA** These cumulate to a potentially
longer therapeutic window (beyond 4.5 hours).
Momentum is gaining for the establishment of IV
stroke thrombolysis service in major public hospitals
of Hong Kong, whereas IAT remains a non-standard
treatment offered in some tertiary centres only. For
patients deemed ineligible to IV TPA, our unit also
accepts urgent patient referrals from other regional
hospitals. Here we report our initial experience with
IAT between January 2007 and May 2011.

Methods

Prospectively collected data in our stroke registry
were reviewed. Consecutive patients who underwent
IAT for AIS due to large artery occlusion within 6
hours (defined by the time of arterial puncture from
stroke onset) were identified. Large arteries were
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defined as the ICA, the M1 or M2 segments of the
MCA, the vertebral artery, and the basilar artery (BA).
Patients with uncertain onset times, wake-up stroke
with last-seen-well time of more than 6 hours earlier,
endovascular procedure-related AlS, and rescue IAT
after failed IV TPA were excluded.

Treatment selection

The stroke thrombolysis service in our hospital has
previously been described.® In brief, an expedited
stroke triage was set up in October 2008 to provide
urgent review of potential thrombolysis-eligible
AIS patients. While there was no formal mechanism
prior to October 2008, ad-hoc urgent consultations
were made by emergency physicians and an on-call
general medical team to neurologists. Clinical
presentation, medical history, stroke onset time,
National Institutes of Health Stroke Scale (NIHSS)
scores, and brain computed tomography (CT) were
reviewed to determine eligibility for thrombolysis.
Within 3 hours of onset, IV TPA remained the
standard treatment for eligible patients. In 2009, we
extended the cut-off to 4.5 hours based on ECASS-III
(The European Cooperative Acute Stroke Study III)
results.?

On a case-by-case basis, IAT was considered
during office hours (9 am to 6 pm). Thus it was
contemplated for patients seen within 3 hours of
symptom onset with a moderate or severe deficit
(NIHSS score =8) attributable to a large artery
occlusion based on clinical or CT angiography (CTA)
findings but in whom IV TPA was contra-indicated. It
was also contemplated for ischaemic stroke patients
presenting between 3 and 6 hours after symptom
onset. Consideration for IAT was also given to
patients with low Alberta Stroke Programme Early
CT Scores (ASPECTS) of <7 on presentation, which
are predictive of poor outcome and an increased
intracranial haemorrhage (ICH) risk even if IV TPA is
given within 3 hours.” Finally, selection for IAT took
into account the patient’s premorbid status and
practical constraints, such as immediate availability
of neuro-interventionists and angiograph. Computed
tomography perfusion results, if available, were used
to aid treatment but not mandate decisions.

Procedural and perioperative management

All IAT was performed under local anaesthesia and
conscious sedation with femoral artery access.
Angiography of the occluded artery was followed by
placement of a 6-French guiding catheter and bolus
IV heparin of 2000 to 3000 units according to body
weight. The assembly consisting of a microcatheter
and microwire was advanced to within the culprit
thrombus, or as close as possible. The TPA (up to
0.3 mg/kg) was infused through the microcatheter
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at 1 mg/min as the initial means of recanalisation. TABLE I. Baseline characteristics of patients

If there was no satisfactory recanalisation, one
or more mechanical device-assisted procedures
followed. The devices used included the Penumbra
(Penumbra Inc, Alameda [CA], US), the Merci
(Concentric Medical, Mountain View [CA], US), the
Wingspan stent (Boston-Scientific, Natick [MA], US),
the Gateway angioplasty balloon (Boston-Scientific),
and the Trevo retrievable stent (Concentric Medical).
Selection of these devices was at the discretion
of the neuro-interventionists. Postoperatively,
patients were monitored in a high dependency bed
of the acute stroke unit or intensive care unit. No
antiplatelet agent or anticoagulation was given for
24 hours unless a permanent stent was used. Follow-
up CT or magnetic resonance imaging (MRI) brain
was performed on day 1 postoperatively to assess
the infarct size and detect ICH. All patients were
evaluated by stroke neurologists; risk factors were
treated and multidisciplinary rehabilitation was
provided as needed.

Data collection

Patient characteristics including age, gender, vascular
risk factors, time of onset, accident and emergency
department (AED; “door”) arrival and CT brain,
baseline NIHSS score, CT ASPECTS and occlusion
site were recorded prospectively. Also recorded
were treatment characteristics including type of
intervention, time of puncture, and first IAT at the
clot. Angiographic results were classified according
to thrombolysis in cerebral infarction (TICI)
grades®: grade 0 (no reperfusion), grade 1 (minimal
reperfusion), grade 2a (partial filling of less than two
thirds of vascular territory), grade 2b (complete but
slow filling of entire vascular territory), and grade
3 (complete filling). The time of the first sign of
recanalisation was defined by the first angiograph
run with TICI 2a flow.

The primary outcome was functional
independence at 3 months, defined as a modified
Rankin Scale (mRS) score of <2. The secondary
outcome was recanalisation defined as TICI 2a
or better. Safety outcomes were symptomatic
intracranial haemorrhage (SICH) according to
ECASS® (any ICH plus neurological deterioration of
NIHSS score of =4 within 7 days or leading to death)
and 3-month mortality.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (Windows version
16.0; SPSS Inc, Chicago [IL], US). Continuous variables
were presented as means + standard deviations (SDs)
unless otherwise specified. The independent sample
t test was used to compare continuous variables

Characteristic* No. of patients (n=21)¢
Mean (= SD) age (years) 67 =14
Male sex 12 (57%)
Diabetes mellitus 7 (33%)
Hypertension 15 (71%)
Hyperlipidaemia 4 (19%)
Atrial fibrillation 12 (57%)
Congestive heart failure 1 (5%)
Valvular heart disease 3 (14%)
Ischaemic heart disease 4 (19%)
Prior ischaemic stroke 3 (14%)
Carotid stenosis 2 (10%)
Stroke subtype’
Cardioembolic 14 (67 %)
Atherothrombotic 3 (14%)
Lacunar 0 (0%)
Undetermined or others 4 (19%)
Mean (= SD) NIHSS score 18.0+7.0
Mean (range) NIHSS score according to occlusion site
Extracranial ICA (n=1) 19
Intracranial ICA (n=3) 20 (15-29)
MCA M1 (n=12) 18.9 (7-29)
MCA M2 (n=4) 15 (8-28)
BA (n=1) 12
Median (range) ASPECTS# 7.0(1-10)

* SD denotes standard deviation, NIHSS National Institutes of Health Stroke Scale, ICA
internal carotid artery, MCA middle cerebral artery, BA basilar artery, and ASPECTS
Alberta Stroke Programme Early CT score

* According to Trial of Org 10172 in Acute Stroke Treatment (TOAST)
¥ Applicable in 20 patients with anterior circulation ischaemic stroke
5 Unless otherwise stated

Source of patient

Other hospitals (n=5) _
ward (v=3) |
AeD (n=13) |
Overall (n=21) _

Minutes from onset 0 60 120 180 240 300 360 420

AED or ward medical Puncture |TICI 2a flow"
staff (for in-patient stroke) 212 min 295 min

arrival 76 min Ist IAT at lesion End of procedure

252 min 336 min

FIG I. Mean time frame of intra-arterial therapy

AED denotes accident and emergency department, IAT intra-arterial therapy, and TICI
thrombolysis in cerebral infarction grade

" TICI 2a time for |8 patients attaining recanalisation
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(age, NIHSS score, timing of treatment in minutes,
and ASPECTS), and Chi squared or Fisher’s exact
tests for categorical variables (mRS and extent of
recanalisation) between patient groups treated in
2007-08 and 2009-11.

TABLE 2. Comparison of performance in 2007-2008 versus 2009-201 |

Characteristic/variablet 2007-08 (n=10) 2009-11 (n=11) P value

Baseline characteristic
Age (years) 69.2 + 14.1 65.6 + 13.5 0.55
NIHSS score 16.0 + 8.2 19.8 +55 0.23
ASPECTS* 8.0 (1-10) 6 (3-9) 0.20
Favourable ASPECTS* 8-10 6 (60%) 2 (20%) 0.17
Onset-to-door (mins) 78 + 56 74 + 56 0.89

Performance variable
Door-to-CT (mins) 48 £ 19 28+9 0.01
Door-to-puncture (mins) 153 + 64 120 + 37 0.19
Puncture-to-1st IAT (mins) 54 + 27 29 +13 0.02
Onset-to-1st IAT (mins) 285 + 69 224 + 57 0.04
Puncture-to-TICI 2a (mins) 111 + 68 75+ 34 0.13
Onset-to-TICI 2a (mins) 334 + 71 270 + 57 0.055
Final TICI 2b or 3 4 (40%) 10 (91%) 0.02
Favourable 3-month mRS (<2) 2 (20%) 6 (55%) 0.18

*

Data are shown as mean + standard deviation, median (range), or No. (%)

* NIHSS denotes National Institutes of Health Stroke Scale, ASPECTS Alberta Stroke
Programme Early CT score, CT computed tomography, IAT intra-arterial therapy at clot,
TICI thrombolysis in cerebral infarction grade, and MRS modified Rankin Scale

¥ Applicable in 20 patients with anterior circulation ischaemic stroke

3-Month mRS 0 | 2 3 4 5 6
Current (%) _ 19 95 95 L 238 ‘
PROACT-II (%) _ 12 14 ‘ 9 ‘ 25 ‘
e | | o | o s
0% 20% 40% 60% 80% 100%
Study Treatment NIHSS Reca- 3-Month 3-Month SICH
score nalisation MRS <2 mortality (%)
(median) rate (%)
Current (n=21) IA multimodal 19 86 38 24 915
PROACT-II IA 1A pro-UK 17 66 40 25 10
arm* (n=121)
MELT IA arm™ 1A UK 14 74 49 5 9
(n=57)

FIG 2. Distribution of 3-month modified Rankin Scale score and comparison with
previous studies*'®

mRS denotes modified Rankin Scale, NIHSS National Institutes of Health Stroke Scale, IA
intra-arterial, SICH symptomatic intracranial haemorrhage, and UK urokinase
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Results

Between January 2007 and May 2011, 21 eligible
patients from our unit underwent emergency IAT.
There were 12 (57%) males, with a mean (+ SD) age
of 67 + 14 years. The mean baseline NIHSS score
was 18 + 7. Five were referred from other regional
hospitals, three were in-hospital strokes, and the
rest were admitted through the AED of our hospital.
Their baseline characteristics and stroke subtypes
are outlined in Table 1.

All but one patient had an initial NIHSS score of
=8; the exception (with MCA occlusion) had an initial
NIHSS score of 7 and a large penumbra detected on
CT perfusion that was deemed highly likely to suffer
clinical deterioration. Overall, IV TPA was contra-
indicated in eight of these patients as they presented
outside the time window of 3 hours (n=4), had had a
recent ischaemic stroke (n=2), myocardial infarction
(n=1), or major surgery (n=1). Ten others had CT
ASPECTS of <7 on presentation. The three remaining
patients had no absolute contra-indication to IV TPA;
IAT was chosen to achieve a higher recanalisation
rate for their proximal MCA or BA occlusion.

The mean time frame of our IAT cases is
illustrated in Figure 1. The mean (+ SD) onset-to-door
time was 80 + 57 minutes for 18 patients presenting
from the community. For the three in-patient stroke
patients, they were attended by ward medical staff at
15, 50, and 90 minutes after symptom onset. The mean
door-to-CT time was 37 + 18 minutes for 19 patients,
and could not be measured in two; one developed
symptoms during a scheduled CT brain, and the other
was a ward patient who had a CT brain in the evening
prior to a transient ischaemic attack symptoms. The
mean door-to-puncture time was 135 + 53 minutes,
which included times for the five patients transferred
from other hospitals. As expected, their mean door
(defined as regional hospital AED arrival)-to-puncture
time was longer compared to the 16 patients from our
centre (198 = 57 minutes vs 116 = 35 minutes; P=0.03).
Overall, the mean onset-to-puncture time of the 21
patients was 212 + 60 minutes.

The mean time from puncture to initiation
of IAT at clot was 40 + 24 minutes. Nine patients
had intra-arterial TPA only. Adjunct mechanical
devices (sometimes more than one) were used in
11 patients, and included balloon angioplasty in 7,
a clot aspiration device in 4, intracranial stents in 3,
clot-retrieval devices in 2, and a carotid stent in 1.
One patient had balloon angioplasty only, as TPA was
contra-indicated due to major thoracic surgery 1 day
earlier. The mean dose of TPA used for the 20 patients
was 13 + 4 (range, 5-20) mg.

Recanalisation, defined as TICI 2a or better,
was achieved in 18 (86%) patients at a mean of 295
+ 69 minutes from onset, or 90 + 48 minutes after
puncture. The final angiographic outcomes were



as follows: two had TICI 0, one had TICI 1, four had
TICI 2a, 10 had TICI 2b, and four had TICI 3. Eight
(38%) patients achieved the favourable outcome of
functional independence (mRS score =2) at 3 months,
and six (29%) were directly discharged home after a
mean of 8 (range, 4-11) days. Their mean NIHSS score
decreased from 16 (range, 11-22) on admission to 2
(range, 1-3) on discharge.

Follow-up CT or MRI brain scans were available
in 20 of the 21 patients. One patient with poor
neurological recovery following IAT was moribund
withasevere chestinfection,and hence had no follow-
up CT. Among the rest, five had ICHs, two of which
were symptomatic (extensive subarachnoid haemor-
rhage [SAH] and intra-ventricular haemorrhage
[IVH] immediately post-procedure; haemorrhagic
transformation with mass effect). Thus, the SICH
rate was 10%. Five (24%) patients were deceased at
3 months; as noted above one died of SAH and IVH.
Three died of massive cerebral infarction, two of
whom had no recanalisation and one died despite
full recanalisation (after 340 minutes). One other
patient died from chest infection 2 months later.

Post-hoc analysis showed that a favourable
outcome was associated with onset-to-first sign
of recanalisation of <5 hours (67% vs 17%, P=0.032)
and final angiographic outcome of TICI 2b or better
(57% vs 0%, P=0.018). A trend to more favourable
outcomes was noted for procedures performed
in the later years of 2009-2011 (55% vs 20%, P=0.18;
Table 2). However, favourable outcomes were not
associated with a younger age of <70 years (P=0.39)
or a moderate stroke with NIHSS score <15 (P=0.65).
The mean door-to-CT time decreased from 48 + 19
minutes in 2007-2008 to 28 + 9 minutes in 2009-2011
(P=0.01). Excluding the five patients referred from
other hospitals, the mean door-to-puncture time
decreased from 131 + 41 to 101 + 23 minutes (P=0.10).
The mean time from puncture to initiation of IAT at
clotdecreased from 54 + 27 to 29 + 13 minutes (P=0.02).
The mean onset-to-TICI 2a time of 18 patients (three
did not attain TICI 2a) decreased from 334 + 71 to 270
+ 57 minutes (P=0.055). Four (40%) of 10 patients in
earlier years had satisfactory recanalisation of TICI 2b
or better, versus 10 (91%) of 11 in later years (P=0.02).

Discussion

In this group of moderate-to-severe AIS patients
with a mean NIHSS score of 18 treated with IAT,
38% achieved functional independence at 3 months.
This was comparable to overseas series reporting
similar treatment time frames and stroke severity
(Figure 2),*' although our series differed in terms
of the patient-selection process as the decision
to perform IAT was at the treating-neurologist’s
discretion. Despite our higher recanalisation rate,
there remained a mismatch with favourable clinical
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outcomes (Figures 3 and 4). We postulate this was
due to relatively late recanalisation times (mean, 334
minutes) for patients treated in 2007-2008. As with
all new treatments, there was a learning curve to
overcome. For IAT, good outcomes do not depend
solely on the procedure itself, but on every step in the
‘chain of survival’. Such progress was observed in our
patients treated in 2009-2011. The door-to-puncture
time was reduced through the concerted effort of
upgrading the stroke triage category from Il to Il
at the AED, prioritised CT and CTA by radiologists,
and more efficient preoperative preparation by
stroke nurses. Improvements in catheter profiles
and tractability, and experience gained from elective
intracranial stenting at our centre during the same
period appeared to halve the time taken to reach the
site of thrombosis. Not only did these changes result
in higher recanalisation rates, but they also occurred
about 60 minutes earlier, both of which significantly
affect outcome.™"?

FIG 3. lllustrative case |

An 80-year-old female developed dense left hemiparesis and neglect day | following
major thoracic surgery. National Institutes of Health Stroke Scale (NIHSS) score was 22.
(@) Computed tomography (CT) brain at 45 minutes after onset shows early ischaemic
changes at right insular cortex and lentiform nucleus (white arrow). (b) Digital subtraction
angiogram |80 minutes from symptom onset confirmed an occluded proximal right
middle cerebral artery M| segment (dashed white arrow). (c) Recanalisation was
achieved by angioplasty balloon (Gateway, Boston-Scientific) at 210 minutes. No tissue
plasminogen activator was given due to recent surgery. (d) Day 3 CT brain shows small
infarcts at right insular cortex and lentiform nucleus only (black arrow). NIHSS score was
3
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FIG 4. lllustrative case 2

A 78-year-old female presented with dense right hemiparesis and aphasia to a regional
hospital at 100 minutes after onset. National Institutes of Health Stroke Scale (NIHSS)
score was 29. (a) Computed tomography (CT) at 120 minutes shows early ischaemic

changes at left insula, anterior middle cerebral artery and opercular cortex (white arrows).

Intra-arterial therapy was performed due to low ASPECTS (Alberta Stroke Programme
Early CT Scores) of 7 and high NIHSS score. (b) Digital subtraction angiogram at 270
minutes shows complete occlusion of left middle cerebral artery M| mid-segment
(dashed white arrow). (c) Complete recanalisation at 340 minutes with clot retrieval
device (Trevo, Concentric) after poor response to |5-mg intra-arterial tissue plasminogen
activator: (d) Despite full recanalisation, day 2 CT shows left middle cerebral artery
territory infarct with haemorrhagic transformation. This patient succumbed on day 10

140

Recanalisation failed in three of our first
five patients, but all subsequent patients achieved
TICI 2a or better at the end of the procedure. Still,
IAT remains technically demanding and carries
procedural risk. Ultimately, procedural safety is
more important than the speed of recanalisation.
Although our overall SICH rate was acceptable, one
patient developed procedure-related fatal SAH from
attempted recanalisation with TPA, the clot-retrieval
device, and balloon angioplasty for terminal ICA
occlusion.

Due to the heterogeneity of mechanical devices
used and small number of patients, no conclusion
could be drawn from this study regarding the safety
and efficacy of each device or in comparison to TPA
as the primary recanalisation tool. In general, we used
TPA as a first-line treatment based on best available
evidence.*This was followed by further recanalisation
attempts with US Food and Drug Administration—

Hong Kong Med J Vol 19 No 2 & April 2013 & www.hkmj.org

approved devices (Penumbra, Merci),*™ or stenting
and angioplasty if no satisfactory recanalisation was
attained after IA TPA up to 0.3 mg/kg. The choice of
device was at the neuro-interventionist’s discretion,
taking into account occlusion site, vessel size
and tortuosity, time since onset, presumed stroke
mechanism, plus pragmatic considerations such as
familiarity with and availability of the device at the
time.

Awareness of thrombolysis as an effective AIS
treatment by AED and frontline medical staff were
heightened after the setup of expedited stroke triage.
In fact, three patients in this study were rendered
ineligible for IV TPA due to late CT and neurology
assessment. This ensued before establishment of
the stroke thrombolysis service. Their 3-month mRS
scores were 3, 3, and 6. This was in contrast to two
patients who similarly developed stroke during their
admission in 2010. The assessment and treatment
process for the latter was fast-tracked, resulting in
onset-to-full recanalisation times of 210 and 240
minutes, and better 3-month mRS scores of 1 and 0.

Although not uncommonly practised in
Europe and the US, transferral of AIS patients from
regional hospitals to tertiary centres for urgent IAT
is still a rarity in Hong Kong. While the number was
limited, such transfer appeared feasible. Despite the
extra transportation time, two of the five patients
from other hospitals had favourable outcomes at 3
months. Their early presentation to their regional
hospital AED (after 30 and 35 minutes) prompted
expedited neurological evaluation, and efficient
ambulance transfer resulting in onset-to-puncture
times of 200 and 215 minutes, which were comparable
to those reported in European centres.” Another
treatment strategy, so called ‘drip-and-ship’, entailing
commencement of IV TPA by the regional hospital or
primary stroke centre before transferral to a tertiary
or comprehensive stroke centre for IAT, has also
been utilised overseas.’ This strategy of bridging 1V
TPA before IAT is a frontier in AlIS treatment currently
under intense investigation."” Adaptation of more
aggressive treatment approaches in Hong Kong
hinges on a well-coordinated infrastructure compris-
ing paramedics, AEDs, neurology, and radiology
services in regional and tertiary centres throughout
the territory. Due to limitation of resources and
expertise, it is unlikely that IAT will become universally
available in all public hospitals. Thus it may be more
practical to designate public hospitals as primary
stroke centres for IV thrombolysis,” and a few as
IAT-capable comprehensive stroke centres."” The
feasibility of providing such measures territory-wide
(24 hours per day) should be further investigated.

Conclusion
Despite our sparse experience, our results suggest



that IAT within 6 hours is probably safe and
efficacious for AIS patients in Hong Kong, and
clinical outcomes were largely comparable to those
reported overseas. This strategy offers patients
unsuitable for IV thrombolysis a second chance of
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