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ABSTRACT

Background Intravenous tissue plasminogen activator
with or without mechanical thrombectomy during the
acute phase are approved therapies for ischaemic stroke.
Due to the short treatment time window (<6 hours) and
often treatment failure, these patients would still have an
intracranial arterial occlusion (IAO). It is unclear whether
these patients can benefit from subsequent interventional
recanalizationof their occluded artery in the subacute
phase. In this retrospective study, we have examined

the efficacy and safety in patients who have received
either percutaneous transluminal angioplasty (PTA) or
percutaneous transluminal angioplasty and stenting (PTAS)
for IAQ in the subacute phase of their stroke.

Methods Patients with subacute symptomatic ischaemic
stroke caused by IAO were assessed to identify the
responsible artery and low perfusion areas by CT
angiography, MR angiography or digital subtraction
angiography. In eligible patients, a PTA or PTAS was
performed to reopen the occluded artery. Regular
antithrombotic therapy, use of statins, control of risk
factors and rehabilitation therapy were prescribed after
the procedure. All patients had regular follow-up up to 12
months.

Results PTA or PTAS was performed in 16 patients with
cerebral infarction caused by IAO in the subacute phase.
After the procedure, 12 cases were recanalized, two were
partially recanalized and two failed to open. One patient
with left C6 segment occlusion of the carotid artery

had a central retinal artery embolism after PTAS. The
perioperative adverse events were 6.25%. At 3months, the
distribution of modified Rankin scale scores was 0 (seven
cases), 1 (three cases), 2 (five cases) and 3 (one case).
Conclusion Selective PTA or PTAS could be performed
in ischaemic stroke patients with a small infarct size

and large area of hypoperfusion from an occluded large
cerebral artery after the acute phase. It may improve
neurological dysfunction and reduce the incidence of
disability.

INTRODUCTION

One of the main causes of ischaemic stroke
(IS) in Western countries is the stenosis or
occlusion of extracranial large arteries.'
However, intracranial arterial occlusion (IAO)

or stenosis is one of the main causes of IS in
Asia.” * TAOs are characterised by extensive
stenosis of one or many intracranial arteries.”
The Chinese Intracranial Atherosclerosis
Study® suggested that nearly 33% of Chinese
IS patients had large IAO. Among them,
occlusions of the middle cerebral artery
(MCA), posterior cerebral artery (PCA) and
internal carotid artery (ICA) were among the
top 3.

Intravenous tissue plasminogen activator
(tPA)7 8 and mechanical thrombectomyg_15
within the time window are the two approved
treatments for acute IS. However, since the vast
majority of patients cannot reach a qualified
stroke centre in time after the onset of stroke,
the current rate of recanalization during
the acute phase is still very low.'® In China,
approximately 20% of patients could arrive at
the emergency room within 3hours of onset
and 12.6% of these patients were qualified to
receive thrombolytic therapy. However, only
1.6%—2.4% of patients received intravenous
tPA.Y" Meanwhile, intravenous tPA achieved
about 10% of successful revascularisation.
Many patients would still be left with an
occluded intracranial artery.

IS patients with an IAO have a higher inci-
dence of recurrentstroke, about 7.27% a year.
The rate of recurrent stroke is about 5.16%
in those with 70%-99% stenosis and 3.82%
in those with 50%~69% stenosis group. IAO
may also affect cognitive function and lead to
poor quality of life in an IS patient at a later
time.'® Therefore, recanalization and re-es-
tablishing cerebral perfusion can prevent the
recurrence of stroke and improve the quality
of life.

Presently, no report on the recanalization of
IAO has been identified. The benefit and risk
of such treatment remains unclear beyond
the time window of the acute phase. In this
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study, multimodel imaging studies were used to evaluate
the feasibility to conduct percutaneous transluminal
angioplasty (PTA) or percutaneous transluminal angio-
plasty and stenting (PTAS) of occluded large intracranial
arteries. Cerebral perfusion and collateral circulation of
these patients were evaluated by CT perfusion (CTP), MR
perfusion (MRP) and digital subtraction angiography
(DSA). Then, PTA or PTAS was performed to reopen
the occluded arteries if all inclusion criteria were met.
Regular antithrombotics, use of statins, controlling of risk
factors and rehabilitation therapy were prescribed after
PTAS. All patients were regularly followed up for any
perioperative complications and long-term outcomes.

METHODS

Study design, participants and procedures

This was a single-centre retrospective cohort study.
Between August 2011 and September 2016, all patients
admitted for IS with occlusion of a major intracra-
nial artery confirmed by CT angiography (CTA), MR
angiography (MRA) and/or DSA were considered for
the inclusion of the study. They had to meet all of the
following criteria: (1) cerebral infarction was caused by
large vessel occlusion; (2) the occlusion was <90 days;
(3) new infarction was mainly caused by occlusions of
perforators; (4) the fresh distal occlusion of blood vessels
contained mainly small artery—artery embolisms and the
area of cerebral infarction did not exceed 1/5 of the area
of the supplying artery; (5) large low perfusion area was
present with >50% of mismatch on CTP, MRP and DSA;
and (6) patient’s condition worsened despite aggressive
medical treatment. Patients with the following character-
istics will be excluded from the trial: (1) known allergy or
contraindication to aspirin, clopidogrel, heparin, nitinol,
local or general anaesthesia; (2) history of life-threat-
ening allergy to contrast dye. If not life threatening and
can be effectively pretreated, patient can be enrolled at
physician’s discretion; (3) active peptic ulcer disease,
major systemic haemorrhage within 30 days, active
bleeding diathesis, platelets<100000, haematocrit <30,
international normalised ratio (INR) >1.5, clotting factor
abnormality that increases the risk of bleeding, current
alcohol or substance abuse, uncontrolled severe hyper-
tension (systolic pressure >180mm Hg or diastolic pres-
sure >115mm Hg), severe liver impairment (aspartate
aminotransferase (AST) or alanine aminotrans (ALT)>3x
normal, cirrhosis), creatinine >3.0 (unless on dialysis);
(4) major surgery (including open femoral, aortic or
carotid surgery) within previous 30 days or planned in the
next 90 days after enrolment; (5) Indication for warfarin
or heparin beyond enrolment (note: exceptions allowed
for use of systemic heparin during stenting procedure or
subcutaneous heparin for deep vein thrombosis proph-
ylaxis while hospitalised; and (6) pregnancy or of child-
bearing potential and unwilling to use contraception for
the duration of this study.

Thrombolysis in cerebral infarction (TICI) classifica-
tion was applied with DSA findings®": TICI 0 flow (total
occlusions) referred to the absence of any antegrade
flow. TICI 1 flow (functional occlusion) was faint ante-
grade flow beyond the occlusion. TICI 2 flow (partial
reperfusion) indicated delayed or sluggish antegrade
flow with complete filling of the distal territory. TICI 2a
showed a perfusion of less than half of the arterial distri-
bution of the occluded artery, for example, only filling of
one M2 division. TICI 2b described a perfusion of equal
to or more than half of the vascular distribution of the
occluded vessels, for example, reperfusion of two or more
M2 divisions. TICI 3 indicated normal flow that filled the
distal artery bed completely. In our study, after PTAS, a
TICI 2b-3 was considered complete reperfusion, TICI 2a
meant partial reperfusion and TICI 0-1 meant either no
reperfusion or the operation was unsuccessful.**

The procedure was performed under general anaes-
thesia. Patient was given intravenous heparin bolus of
3000 IU followed by heparin 1000 IU/hour intravenous
drip. After paracentesis of the right femoral artery, an
8F arterial sheath was placed, and then a 6 F guiding
catheter was advanced to the proximal segment of the
occluded artery. A 0.010 micro-guidewire (Synchro,
Boston), assisted by a micro-catheter, was introduced
into the occluded artery and carefully passed through
the occluded lesion to the distal segment. Then, the
micro-guidewire was withdrawn and the length of the
occlusion was determined by micro-catheter angiography.
If the length of the occluded segment was <10 mm, the
micro-catheter was exchanged for a 0.014 micro-guide-
wire (Transend or Synchro, Boston) and a 1.5-2.25mm
balloon (Gateway, Boston) was placed in the occluded
segment; the balloon was then inflated carefully and
slowly to recanalize the vessel. The stenting system was
used in cases with a distal arterial diameter >1.5mm, and
the length of occluded segments was <10 mm. An Apollo
or a Wingspan stenting system was acceptable based on
the treating physician’s decision.

Intravenous heparin infusion was continued at
300 TU-500IU/hour for 24hours after the procedure.
Blood pressure was reduced to 80% of the preopera-
tive blood pressure level. After 24hours, patients were
required to take dual-antiplatelet medications (100mg/
day aspirin and 75mg/day clopidogrel) for 3 months,
and then continued with either one of the two antiplatelet
drugs for their lifetime. Patients also were prescribed
with statins (20-40mg/day), provided with education
on controlling of other risk factors and a rehabilitation
consultation after PTA or PTAS.

Outcomes

We investigated two outcomes: the score on the modi-
fied Rankin scale (mRS) at 3months after the operation
and the safety outcomes during the 30-day perioperative
period. The mRS is a seven-point scale ranging from 0
(no symptoms) to 6 (death). A score of <2 indicates func-
tional independence. In our study, the mRS was assessed
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by trained personnel who were blinded to the type of the
treatment. Safety outcomes included any vascular acci-
dents occurring during the 30-day perioperative period.

RESULTS

Patients

Sixteen patients received interventional recanaliza-
tion procedures (13 men, 3 women) with cerebral infarc-
tion during subacute phase of their stroke (table 1). All
patients did not receive intravenous tPA or mechanical
thrombectomy. The time from the onset to the interven-
tional procedure was 4-90 days. The preoperative TICI
score of 14 patients was 0, and 1 in other 2 patients.
The National Institutes of Health Stroke Scale (NIHSS)
score before the procedure ranged from 2 to 32. The
occluded sites were within the M1 segment (12 patients),
M2 segment (2), C6 segment of left ICA (1) and middle
and lower segments of the basilar artery (1).

Operation results

Twelve cases were recanalized successfully after endo-
vascular therapy (TICI 2b-3). Among them, angioplasty
and stenting were performed in 11 patients and 1 had
only angioplasty. Two of them were partially recanalized
(TICI 2a) and two were not recanalized (TICI 0-1). The
rate of successful recanalization was about 75%. One
patient with left C6 segment occlusion had a subsequent
left central retinal artery embolism after PTAS. No other
vascular events or death occurred within 30 days after the
procedure. The proportion of adverse events during the
perioperative period was around 6.25%.

Follow-up and outcome

All'16 patients had follow-up by telephone and in the clinic.
Seven patients reached mRS score of 0, three reached
1, five reached 2 and one had a 3 at 3months after the
procedure. The proportion of patients with a mRS score
of 0-2 at 3months was 93.75%. Fifteen patients had no
recurrence of stroke or transient ischemic attack (TIA),
and one patient with partial recanalization had recurrent
bilateral limb numbness during the follow-up.

Case example

Case 1

A 59-year-old woman presented with weakness in the
right limb. She had 10-year history of hypertension. A
detailed physical examination showed a right central
facial and lingual nerve palsy. On the Medical Research
Council (MRC) scale, the muscle strength of the right
upper limb was 3/5 and right lower limb was 4/5. The
NIHSS score was 8: level of consciousness 1, level of
awareness 1, facial paralysis 1, upper limb movement 1,
lower limbs movement 1, sensory 1 and articulation 1.
Diffusion-weighted MRI (DWI) revealed an acute infarct
in the left basal ganglia on the following day (figure 1A).
MRA showed that the M1 segment of the left MCA was
occluded (figure 1B). DSA confirmed the occlusion. Its
distal artery was small and sparse. Statin and antiplatelet

medications were used. On the eighth day of hospitalisa-
tion, the symptoms became worse. Her right arm had no
strength and right leg was 3/5. The NIHSS score was 15.
DWI revealed an acute infarct in the left basal ganglia with
a small dot-like embolic infarct in the cortex (figure 1C).
Large areas of low perfusion were present in the left MCA
territory (figure 1D). She received left MCA angioplasty
(figure 2A,B) and was started on antithrombolytics, statin
and antihypertensive drugs. Rehabilitation continued.
Her symptoms significantly relieved. Follow-up DSA
examination indicated that recanalization was successful
after 40 days (figure 2C). The mRS score was 2 after 3
months.

Case 2

A 55-year-old man presented with dizziness and worsening
of claudication for 43 hours. He had a history of hyper-
lipidaemia, hypertension and smoked for >30 years. On
physical examination, his vital signs were stable. Neuro-
logical examination revealed horizontal nystagmus when
looking to the right, vertical nystagmus when looking
up, supervened dysdipsia, a weak gag reflex, normal
muscle strength and weak ataxia. The NIHSS score was
3: language 1, articulation 1 and ataxia 1. MRI revealed
an embolic infarct in the bilateral cerebellar pedun-
cles and right cerebellar hemisphere (figure 3A). MRA
showed that the vertebrobasilar arteries were occluded
(figure 3B). The diagnosis was vertebrobasilar syndrome.
On the sixth day of hospitalisation, the symptoms became
worse. The NIHSS score was 6: following command 1,
language 2, articulation 1 and ataxia 2. On the eighth day
of hospitalisation, cerebral DSA suggested that the right
vertebral artery and the V3 segment of the left vertebral
artery were occluded. His bilateral PCA and the upper
segment of the basilar artery were supplied by the left
posterior communicating artery but were barely present.
Statin and dual-antiplatelet medications were continued,
volume expansion therapy was started and blood pressure
was raised up to help with perfusion. On the 10th day
of hospitalisation, MRI suggested that the bilateral cere-
bellar infarction was increased significantly (figure 4).
The patient’s stroke symptoms continue to worsen. On
the 17th day of hospitalisation, he became comatose and
his Glasgow Coma Scale score was 5 (E2VIM2). He then
had PTAS of the basilar artery (figure 5). The symptoms
were significantly relieved after PTAS. Although the
patient was conscious and the limbs could move, the reac-
tion was slow. The mRS score was 3 after 3 months.

DISCUSSION

Our study suggested that selective PTA or PTAS could be
performed in patients with IAO in the sub-acute phase
when small infarctions were present but there were larger
areas of low perfusion. The procedure improved neuro-
logical function and reduced the incidence of disability
even when the procedure was done several days later. IAO
is the main cause of ischaemic stroke in Asia.’ 4Plresently,

126 Chen K, et al. Stroke and Vascular Neurology 2017;2:¢000086. doi:10.1136/svn-2017-000086



Open Access

‘Alapie [BIgaUIaA ‘A UOIDJBIUI [BIg8I9D Ul SISAjoquioiy} ‘|D]L ‘AJsue [eigalad ajppiw ybu ‘vOINY
'9[BOS X041S YESH JO SOINHISU| [BUOEN ‘SSHIN ‘8[BOS UBUBY Paiipow ‘SHW B[ew ‘| ‘AIspe [eIgee0 s|ppiw ¥o| ‘vOINT ‘A1epe piioJed [eussiul Ya| ‘vl ‘efewsy Y Aiope Jejiseq ‘vg

8 e 6 SUON € 0 SOA LA YOINT 6 9 09 N 9l
c € 8 SUON 0 0 SOA LA VOINTT 8 0c /9 N St
0 6 9 SUON e¢ 0 SOA LN VOINT 9 8¢ 14 4 14"
€ LI ce SUON € 0 SOA Y\-VY/\ pue vg 4 e ol N el
4 cl cl SUON € 8 SOA LA YOINTT cl 14" 659 4 cl
4 LI 9 SUON € 0 SOA LN YOINY 9 (4% LS N LE
0 61 9 SUON € 0 SOA LN VOINY 9 8v 0S8 N (0]8
0 €c yA SUON € 0 SOA LN YOINY VA ot 14 N 6
c g€ 8 SUON € 0 SOA LN VOINY 8 1 €9 N 8
0 ¥e 9 SUON 0 0 SOA ¢ YOINT 9 06 °14 N yA
I 9¢ L SUON € 0 SOA LN YOINY A €¢c LS N 9
0 68 c SUON © 0 SOA LN VONY 4 S¢ 69 N S
4 149 L SUON Ee¢ 0 SOA LN VOINY A 19 1S 4 14
wsijogws Aispe
8 g€ Ol [eunlal [enus) € 0 SOA 90 VoIl 6 (015 Ge N €
0 (87 L SUON € 8 SOA LA YOINT A 6 cl N 4
0 79 8 SUON € 0 SOA LA YOINT1 8 148 99 N 8
2109s (syjuow) dn (sanoy ) uonesidwon 9109s 9|1 9109s 9|1 onew Aispe papn|o2Q SSHIN (skep) oby Jopusyn -ON
sHw Aeq-06 -Mmoj|o4 SSHIN aAnesadolsod oAnesadoald oydwAig oAnesadoald (e4npaosoud 0}
aAnesadolsod 19su0) awi |
Bunuals pue Aysejdoibue [euiwinisuel) snosueinosad Jo Aisejdoibue [euiwinjsuel} snosueinolad AQ paleas; sjuaned 9| a8yl jo eleq | 9|gelL

127

Chen K, et al. Stroke and Vascular Neurology 2017;2:000086. doi:10.1136/svn-2017-000086



Zoom
WL : 3

Figure 1 MR revealed a small infarct size and large area of low perfusion in the left hemisphere with the occlusion of left
middle cerebral artery (MCA). (A) Diffusion-weighted MRI revealed an acute infarct in the left basal ganglia. (B) MR angiography
showed that the M1 segment was occluded. (C) MRI re-examination after 8 days revealed an acute infarct in the left basal
ganglia region with a small dot-like embolic infarct in the cortex. (D) There were large areas of low perfusion in the left MCA
territory.
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Figure 2 The process of left middle cerebral artery (MCA) angioplasty.(A) A left MCA angioplasty. (B) The M1 segment of the
left MCA was recanalized after angioplasty. (C) Digital subtraction angiography examination indicated that recanalization was
successful after 40 days.
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Figure 3 MRI examination. (A) MRI revealed multiple clusters of ischaemic infarctions in bilateral cerebellar hemisphere.
(B) Both vertebral arteries and basilar artery were occluded.

Figure 4 Second MRI examination. On the ninth day of hospitalisation, MRI suggested worsening of bilateral cerebellar
infarctions and the involvement of brainstem.
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Figure 5 Recanalization of the occluded basilar artery by percutaneous transluminal angioplasty and stenting. (A) Right ICA
angiography revealed that the superior segment of the basilar artery and bilateral posterior cerebral arteries were partially
supplied by posterior communicating artery. (B) Basilar artery was completely occluded in the middle segment and left posterior
inferior cerebellar artery (PICA) showed compensatory enlargement. (C) Micro-catheter passed through the stenosis of the
inferior segment of the basilar artery and revealed basilar artery occlusion beyond the middle segment. (D) After balloon dilation
and implantation of the self-expandable stent, basilar artery was completely recanalized.

recanalization outside the time windows with bridging
therapy is without clinical evidence and risk of haem-
orrhage or worsening of stroke from hyperperfusion
syndrome is high. The ischaemic penumbra around the
infarct tissue may be preserved if blood flow is restored.”
However, if blood flow is not restored for a long time,
brain cells would not survive and lead to worsening of
clinical symptoms and even death.*** The risk of haem-
orrhage after reperfusion may depend on the size of the
infarction.”® Therefore, we suggest that it is still feasible
to recanalize when the volume of cerebral infarction is
small and area of low perfusion is large, even if the pres-
ence of cerebral infarction has been prolonged. This
could be the theoretical basis for possible successful reca-
nalization of occluded large artery in the subacute phase.

The key points to a successful recanalization at a later
time in this patient population include (1) a diagnosis of
cerebral infarction; (2) mild to moderate symptoms from
artery—artery embolisms distal to the occluded vessel;
(3) <1/5 of arterial supply of the cerebral infarction of
the responsible artery; (4) a mismatch of >50% on CTA,
MRA or DSA in the hypoperfused area; and (5) deteri-
orated neurological symptoms despite the best medical
management.

The timing from the onset to recanalization proce-
dure was between 4 and 90 days in our series. recanaliza-
tion was achieved with micro-wire and micro-catheter plus
balloon angioplasty and stenting. Balloon angioplasty
and stenting were not applied in two partial recanaliza-
tion patients because the distal artery was slender or with
excessive tortuosity. One patient had only balloon angio-
plasty without stenting in order to avoid potential haem-
orrhagic transformation since his infarction was in left
basal ganglia. Neither stent-assisted clot retriever nor tPA
was used in our patients. Since the occlusion was caused
by vascular stenosis and that stent-assisted retriever would

cause recurrent thrombosis because of the rupturing of
the plaque, angioplasty with stenting could cover up the
unstable plaque.?” Our series of 16 patients with no recur-
rent vascular occlusions or haemorrhages suggested that
such treatment was feasible. However, perforating arteries
could be occluded during balloon angioplasty since the
plaque was crushed. This was why one of our patients had
a central retinal artery occlusion. Therefore, perforating
arteries should be avoided during the procedure.

The safety of the operation is one of the main factors
that affect the outcome of recanalisation. Both SAMM-
PRIS and VISSIT**™ trials showed failure in intracranial
arterial angioplasty and stenting. In these two studies,
patients receiving PTAS had a higher incidence of post-
operative bleeding. However, patients treated in our
study had low complication rate because of the selection
process.

Our series indicated that PTAS in the subacute phase in
select patients with IAO could be safe and effective. Our
patients demonstrated improved functional outcome in
otherwise predictable progressive large vessel stroke and
likely poor outcome. However, our study had limitations:
itwas aretrospective, single-centre study with small sample
and no controls. It is necessary to evaluate the feasibility
of this treatment with large sample multicentre studies.

In conclusion, PTA or PTAS was safe and effective in
patients with IAO type of stroke but with a small infarct
size and large area of hypoperfusion during the subacute
phase. The selection criteria need to be followed strictly
in order to ensure a better outcome. Future large studies
are needed to further confirm our findings.

Contributors KC and SS contributed to the conception, design of the study and
the operative procedure. All authors acquired and analysed data. XH and SS drafted
the manuscript. SS drafted the figures. All authors contributed to editing the final
manuscript.
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