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Effi  cacy and safety of emergent microsurgery in 
acute ischaemic stroke patients after intravenous 
thrombolysis and mechanical thrombectomy 
failures –  a systematic review

Účinnost a bezpečnost urgentní 

mikrochirurgie u pacientů s akutním 

ischemickým iktem po selhání intravenózní 

trombolýzy a mechanické trombektomie –  

systematické review

Abstract
Aim: This systematic review aimed to verify the role of emergent microsurgical embolectomy 

and extracranial-intracranial bypass as third-line treatments in cases of intracranial large-vessel 

occlusion after failure of standard treatment. Materials and methods: We extensively searched eight 

sources of published and unpublished literature. Two reviewers independently performed titles, 

abstracts, and full text analyses, and then performed critical appraisal and data extraction from 

selected studies using standardised tools. We narratively synthesised the fi ndings of the included 

studies. Results: The search identified eight relevant articles, including 12 patients with emergent 

large-vessel occlusion (carotid terminus or middle cerebral artery), and standard treatment failure 

who underwent microsurgery within 24 h from symptom onset. Microsurgical embolectomy 

was performed in four cases (33%), extracranial-intracranial bypass in fi ve cases (42%), their 

combination in two cases (16%), and manipulative intraoperative recanalization in one case (8%). 

National Institutes of Health Stroke Scale score ranged pre-operatively from 7 to 25 points and 

postoperatively (1– 7 days after surgery) from 1– 18 points. Functional independence (modified 

Rankin Scale score 0– 2) was achieved in nine patients (75%) at 3– 12 months postoperatively. 

Conclusion: Emergent microsurgical embolectomy, extracranial-intracranial bypass, or 

a combination of these methods appear to be a safe and potentially eff ective third-line treatment 

for patients with emergent occlusion of large vessels in the anterior cerebral circulation.
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Introduction 
Intravenous thrombolysis (IVT) and me-

chanical thrombectomy (MT) represent 

a therapeutic standard in the treatment of 

emergent large-vessel occlusion (ELVO) in 

patients with stroke [1]. Two recent studies 

have extended the therapeutic window for 

MT in selected patients with preserved per-

fusion parameters up to 16 or 24 h, respec-

tively [2– 4]. This time window continues to 

widen [5,6]. In endovascular studies, suc-

cessful recanalization after MT, resulting in 

a modified Thrombolysis in Cerebral Infarc-

tion (mTICI) score of 2b-3, was achieved in 

59– 88% of cases [7– 11]. However, in approxi-

mately 10% of cases no recanalization could 

be achieved at all [12].

Persisting occlusion after a failed MT is as-

sociated with an unfavourable outcome, re-

quiring further attempts at vessel recanali-

zation [13]. Microsurgery off ers alternative 

ways of ELVO recanalization in the ante-

rior cerebral circulation using two main ap-

proaches –  microsurgical embolectomy (ME) 

and extracranial-intracranial bypass (EC-IC) –  

or their respective combination. The aim of 

this systematic analysis of the available liter-

ature was to assess the safety and effi  cacy 

of emergent ME and EC-IC bypass (i.e., up to 

24 h from symptom onset) in acute cerebral 

revascularization after IVT. Furthermore, we 

verified the role of microsurgery as a third-

tier option in failed IVT and MT cases.

Materials and methods
We registered the systematic review pro-

tocol in the PROSPERO registry under the 

number CRD42017078511 and published 

the systematic review protocol [14]. Whereas 

to prepare this systematic review, we used 

the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) and 

the Joanna Briggs Institute (JBI) Reviewer‘s 

Manual [15,16].

Nuances from the published protocol

Compared with the original protocol, we de-

cided to include ME and EC-IC bypasses or 

their combination, as refl ected in our search 

strategy. We also partially adjusted the list 

of search sources because some sources 

no longer existed or did not contain infor-

mation relevant to our topic. Moreover, we 

broadened the search strategies based on 

the results of the initial search.

Interventions

We considered studies that included adult 

patients with acute ischaemic stroke and 

ELVO after the use of standard intravenous 

recombinant tissue plasminogen activa-

tor (rt-PA) treatment (a dose of 0.9 mg/ kg or 

0.6 mg/ kg of rt-PA in a 4.5 h treatment win-

dow) fol lowed by failure of MT.

All studies involving ME, EC-IC bypass, or 

their combination performed within 24 h of 

symptom onset were included in this anal-

ysis. Time intervals of up to 8, 16, and 24 h 

from symptom onset until intervention were 

used for further group stratifi cation.

Outcomes

All studies using standardised evaluation cri-

teria were included in the analysis: National 

Institutes of Health Stroke Scale (NIHSS) score 

at 24 h after intervention, fi ve and seven days 

after stroke, or at discharge in case of earlier 

onset; modified Rankin scale (mRS) score at 

90 days and one year after stroke; and mTICI 

score.

Secondary endpoints were occurrence of 

symptomatic intracerebral haemorrhage in-

cluding subarachnoid haematomas, defi ned 

as parenchymal haemorrhage of the sec-

ond type and clinical deterioration of NIHSS 

score ≥ 4, mortality at 90 days and one year 

after stroke, and surgical complications.

Studies included in the review

All studies evaluating IVT therapy (stand-

ard intravenous rt-PA dose of 0.9 mg/ kg in 

Europe and 0.6 mg/ kg in Asia administered 

within 4.5 h after symptom onset) in adults 

with acute ischaemic stroke and intracra-

nial ELVO in the anterior circulation with sub-

sequent MT failure were included in this 

review.

Search strategy

A three-step search strategy was used for 

this systematic review. First, we conducted 

an initial limited search of the MEDLINE 

(Ovid) database. Additional text words and 

index terms were identified from relevant re-

trieved records. A second search was per-

formed using newly detected keywords and 

index terms and was translated for each in-

cluded database. Third, the reference lists of 

all of the studies that met the inclusion cri-

teria searched for additional studies. There 

were no language or publication year search 

limitations; however, only studies with Eng-

lish abstracts were included in the review.

We searched MEDLINE (Ovid), Embase 

(Ovid), CINAHL (EBSCOhost), Web of Science 

Core Collection, Scopus, ProQuest Health 

and Medical Collection, and EBM Reviews 

(Ovid) databases. We also searched MedNar, 

a source of unpublished studies and grey lit-

erature. The identified records were uploaded 

to EndNote X9 and deduplicated using the 

method published by Bramer et al. [17].

Searches across all of the mentioned 

sources were first conducted in April 

2020 and then repeated with no changes 

in the search strategies in January 2023. 

Souhrn
Cíl: Cílem tohoto systematického přehledu bylo ověřit úlohu urgentní mikrochirurgické embolektomie a extrakraniálního-intrakraniálního bypassu 

jako třetí linie léčby v případech uzávěru velké mozkové cévy po selhání standardní léčby. Soubor a metodika: Provedli jsme rozsáhlou rešerši osmi 

zdrojů publikované i nepublikované literatury. Dva recenzenti nezávisle na sobě provedli analýzu názvů, abstraktů, plných textů a poté provedli kritické 

hodnocení a extrakci dat z vybraných studií pomocí standardizovaných nástrojů. Výsledky zahrnutých studií jsme narativně syntetizovali. Výsledky: 

Vyhledávání identifi kovalo osm relevantních článků, zahrnujících 12 pacientů s urgentním uzávěrem velké cévy (terminální krkavice nebo střední 

mozková tepna) a selháním standardní léčby, kteří podstoupili mikrochirurgický zákrok do 24 hodin od vzniku příznaků. Mikrochirurgická embolektomie 

byla provedena ve čtyřech případech (33 %), extrakraniální-intrakraniální bypass v pěti případech (42 %), jejich kombinace ve dvou případech (16 %) 

a manipulační intraoperační rekanalizace v jednom případě (8 %). Skóre na škále National Institutes of Health Stroke Scale se předoperačně pohybovalo 

v rozmezí 7– 25 bodů a pooperačně (1– 7 dní po operaci) v rozmezí 1– 18 bodů. Funkční nezávislosti (modifi kované Rankinovo skóre 0– 2) bylo dosaženo 

u devíti pacientů (75 %) po 3– 12 měsících po operaci. Závěr: Urgentní mikrochirurgická embolektomie, extrakraniální-intrakraniální bypass nebo 

kombinace těchto metod se jeví jako bezpečná a potenciálně účinná třetí linie léčby u pacientů s urgentním uzávěrem velké cévy v přední mozkové 

cirkulaci.
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An update of the existing search and cor-

rect representation of the retrieved results 

in the PRISMA 2020 fl ow diagram was per-

formed according to the method described 

by Bramer and Bain [18].

Study records

All database search outcomes considered for 

inclusion in the study were assessed by two 

independent evaluators (MG and JF) in two 

steps. First, article titles and abstracts were 

evaluated. Second, all relevant texts were 

analysed.

Critical appraisal

Papers selected for retrieval were assessed 

by two independent evaluators (MG and JF) 

for methodological quality prior to inclusion 

in the review using standardised critical ap-

praisal instruments from JBI; for example, 

the Checklist for Case Reports [16]. Confl ict-

ing cases were examined by a third evalua-

tor (MK). JF did not assess his own published 

works.

Data collection

Data were extracted by two independent 

evaluators (MG and JF) using a standardised 

extraction system, the CARE Checklist [19].

Missing data

In case of missing data, authors of the 

evaluated studies were contacted via elec-

tronic communication. Only the authors 

of four articles replied and provided ade-

quate information. Three potentially relevant 

studies whose authors did not respond to the 

call were excluded due to insuffi  cient data.

Data synthesis

Based on the descriptive nature of the ex-

tracted data, we performed a synthesis 

without meta-analysis of the fi ndings from 

the included studies, accompanied by de-

scriptive statistics.

Results
The search performed in January 2023 re-

trieved 3,877 records, of which 2,141 were 

duplicates. The titles and abstracts of 

1,736 records were analysed independently 

by primary and secondary evaluators ac-

cording to the inclusion criteria. Full texts 

were obtained from 139 potentially relevant 

reports. Another 13 potentially relevant re-

ports were found by studying the references 

to the former. A total of 144 irrelevant re-

ports were excluded from the next phase of 

the study. The remaining eight studies were 

included in this systematic review. A de-

tailed description of the retrieval and selec-

tion of the studies is provided in the PRISMA 

2020 fl ow diagram (Fig. 1) [20].

Fig. 1. PRISMA 2020 fl ow diagram. 
EC-IC – extracranial-intracranial; EVT – endovascular treatment; IVT – intravenous thrombolysis; ME – microsurgical embolectomy; 

n – number; PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Obr. 1. PRISMA 2020 vývojový diagram. 
EC-IC – extrakraniální-intrakraniální; EVT – endovaskulární léčba; IVT – intravenózní trombolýza; ME – mikrochirurgická embolektomie; 

n – počet; PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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We critically appraised retrieved studies 

by the JBI Critical Appraisal Checklist for Case 

Reports (Tab. 1) [16]. Studies were generally 

reported well and in a trustworthy way. The 

best and worst scores were seven and fi ve, 

respectively. Almost all studies clearly re-

ported the patients’ demographic charac-

teristics, patient history, and timeline.

Types of microsurgery

Eight relevant studies, including 12 pa-

tients aged 50– 86 years were selected 

(Tab. 2) [21– 28]. Of these, nine were male 

(75%). The case reports were predomi-

nantly from Asian centres, and only one 

study was from a European institution. ME 

was performed in four cases (33%), super-

Tab. 1. Critical appraisal, standardized Joanna Briggs Institute questions.

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Overall

Park et al. 2009 [21] U N Y Y Y Y Y Y 6

Kim et al. 2011 [22] U N Y Y Y Y U Y 5

Park et al. 2014 [23] U N Y Y U Y Y Y 5

Choi et al. 2016 [24] U N Y Y Y Y Y Y 6

Kanematsu et al. 2018 [25] U Y Y Y Y U Y Y 6

Jeon et al. 2019 [26] U N Y Y Y N Y Y 5

Kim et al. 2021 [27] U N Y Y Y Y Y Y 6

Fiedler et al. 2023 [28] Y U Y Y Y Y Y Y 7

N – no; Q1–Q8 – standardized Joanna Briggs Institute questions; U – unclear; Y – yes

Tab. 2. Patients’ data.

Author Age/
/sex

Occluded 
vessel ASPECTS Mismatch rt-PA dose EVT Micro-

surgery

Symptoms 
onset 

to fl ow

NIHSS 
pre-

opera-
tive

NIHSS 
post-

opera-
tive

3-month 
mRS

1-year 
mRS

Com-
plicati-

ons

Park et al. 

2009 [21]
50/M ICA, MCA 8 DWI/PWI 0.6 mg/kg MT, IAT ME 420 min 11 3 NA 0 0

Kim et al. 

2011 [22]
75/M ICA 8 DWI/PWI 0.9 mg/kg MT, IAT ME 390 min 16 9 1 1 0

Park et al. 

2014 [23]
50/F MCA 8 DWI/PWI 0.6 mg/kg MT ME 312 min 13 6 1 1 0

Choi et al. 

2016 [24]
66/M ICA, MCA 10 DWI/PWI 0.6 mg/kg MT STA-MCA 890 min 14 4 0 NA 0

Kanematsu et 

al. 2018 [25]
74/M MCA 8 SDM 0.6 mg/kg IAT STA-MCA NA 17 17 4 4 0

Kanematsu et 

al. 2018 [25]
57/M MCA 9 SDM 0.6 mg/kg MT STA-MCA NA 13 7 2 2 0

Jeon et al.

2019 [26]
55/M MCA 10 CTP 0.9 mg/kg MT, IAT

ME, 

STA-MCA
367 min 22 2 2 1 0

Kim et al. 

2021 [27]
71/F ICA NA DWI/CTP NA MT STA-MCA NA 14 8 3 2

wound 

necrosis

Kim et al. 

2021 [27]
72/M MCA NA SDM NA MT STA-MCA NA 25 17 3 6 0

Fiedler et al. 

2023 [28]
73/M ICA, MCA 10 CTP 0.9 mg/kg MT

ME, 

STA-MCA
456 min 14 2 0 0 0

Fiedler et al. 

2023 [28]
86/M MCA 8 0 0.9 mg/kg MT ME 328 min 7 1 0 2 0

Fiedler et al. 

2023 [28]
79/F MCA 10 CTP 0.9 mg/kg MT MIR 530 min 22 18 4 NA 0

ASPECTS – Alberta Stroke Program Early Computed Tomography Score; CTP – computed tomography perfusion; DWI/PWI – diff usion-

weighted imaging and perfusion-weighted imaging mismatch; EVT – endovascular treatment; F – female; IAT – intra-arterial thrombolysis; 

ICA – internal carotid artery; M – male; MCA – middle cerebral artery; ME – microsurgical embolectomy; MIR – manipulative intraoperative re-

canalization; mRS – modifi ed Rankin Scale; MT – mechanical thrombectomy; NA – not available; NIHSS – National Institutes of Health Stroke 

Scale; rt-PA – recombinant tissue plasminogen activator; SDM – symptom-diff usion mismatch; STA-MCA – superfi cial temporal artery to mid-

dle cerebral artery bypass
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fi cial temporal artery to middle cerebral ar-

tery (STA-MCA) bypass in fi ve cases (42%), 

and manipulative intraoperative recanali-

zation (MIR) in one case (8%). In two cases 

(16%), STA-MCA bypass was added to the ME 

as a fl ow augmentation procedure. The IVT 

dose was not specified in two cases. In fi ve 

cases (42%) a dose of 0.6 mg/ kg and in other 

fi ve cases (42%) 0.9 mg/ kg were used. Endo-

vascular treatment failure was documented 

in all of the cases. Mismatch evaluation was 

based on MRI perfusion-diffusion in four 

cases (33%), CT perfusion-diff usion in one 

case (8%), CT perfusion in three cases (25%), 

and symptom-diff usion in three cases (25%). 

In one patient, no perfusion assessment was 

documented before surgery.

In the ME group and MIR, pterional craniot-

omy was used in 3/ 7 cases (43%), minimally 

invasive and rapid surgical embolectomy 

in 3/ 7 cases (43%), and lateral supraorbital 

craniotomy in 1/ 7 case (14%). The onset-to-

-fl ow time ranged from 312– 420 min in the 

ME group and 367– 456 min in the ME and 

EC-IC bypass combination group. In the by-

pass group, temporal data were not docu-

mented in four patients (80%).

Outcomes

National Institutes of Health Stroke Scale at 

24 h after intervention, fi ve and seven days 

after stroke, or at discharge in case of an ear-

lier onset: Preoperatively NIHSS ranged from 

7– 25 points and postoperatively (1– 7 days 

after surgery) from 1– 18 points.

Modified Rankin scale at 90 days and at 

one year after stroke: Functional independ-

ence (mRS score 0– 2) was achieved in nine 

patients (75%) at 3– 12 months after the sur-

gery evaluation interval. Severe neurological 

defi cits (mRS score 4– 5) persisted in two pa-

tients (17%). One patient died of lung cancer 

more than three months after the stroke.

mTICI: Complete mTICI 3 recanalization 

was achieved in all seven cases of ME and 

MIR.

Secondary endpoints: No haemorrhagic 

complications were recorded after IVT or 

surgery. The only complication associated 

with surgery was wound necrosis, which oc-

curred in one patient (8%).

Discussion
Mechanical thrombectomy improves func-

tional outcomes and reduces mortality 

of patients with ELVO at three months in 

comparison with pharmacological ther-

apy alone [29]. Recent studies DEFUSE 3 and 

DAWN have shown that patients with pe-

numbra-core and clinical-core mismatch 

benefit from reperfusion therapy even 

16 and 24 h after onset, respectively [2,3]. 

Even the presence of collaterals on CTA plays 

an important role in predicting the potential 

benefi t of endovascular treatment 6 h after 

symptom onset [30].

Despite advances in the latest endo-

vascular devices, recanalization has not al-

ways been successful. Leischner et al. de-

scribed three types of MT failure [12]. First, 

the occluded segment could not be ap-

proached due to an unsuccessful femo-

ral artery puncture at the groin, stenosis, 

or elongation of the extracranial arteries. 

Second, the occlusion is reached but can-

not be passed through using endovascular 

tools. Third, the passage through the occlu-

sion site is successful; however, the retrieval 

of the embolus per se fails [12]. MT failure 

could be associated with the size and ae-

tiology of the embolus, intracranial ather-

osclerosis, or endothelial damage caused 

during the neurointervention [13]. Availabil-

ity of the endovascular treatment is an im-

portant factor as well. Some institutions 

do not off er neurointerventional treatment 

24 h a day, seven days a week [31]. Persist-

ing large-vessel occlusion is a strong predic-

tor of neurological deterioration. This trend 

was also reported in a recently published 

two-centre study, EMIAS [28]. However, in 

a small number of patients, emergent mi-

crosurgery can provide good clinical out-

come (mRS score 0– 2) in 58% of patients 

with standard recanalization therapy fail-

ure, in contrast to control groups, where 

this outcome was achieved in only 10– 12% 

of patients [28].

Microsurgical revascularization with ME 

or EC-IC bypass is an alternative reperfu-

sion method. However, since the begin-

ning of the 1970s its development has not 

been straightforward. The initial enthusiasm 

faded away after the publication of the re-

sults of the Extracranial– Intracranial By-

pass Study Group in 1985 [32]. Neither the 

Carotid Occlusion Surgery Study (COSS) in 

2011 nor the Carotid and Middle Cerebral 

Artery Occlusion Surgery Study (CMOSS) in 

2023 changed this; furthermore, it did not 

show EC-IC bypass superiority in comparison 

with pharmacological management [33,34]. 

However, these trials did not study acute re-

vascularization. In contrast, several smaller 

studies showed evidence of the benefi t of 

early EC-IC bypass in the prevention of pro-

gressive neurological deficits in acute is-

chaemic stroke [35– 38]. Recently, a quantita-

tive radiological analysis by Jo et al. showed 

that perfusion status after emergent EC-IC 

bypass was correlated with good outcomes 

in patients with ELVO [39].

The STA, which serves as a bypass donor, 

augments the fl ow distal to the MCA. Di-

rect elimination of the occlusion and poten-

tial restoration of the fl ow in local branching 

perforators are advantages of ME. In re-

cent Japanese studies where ME was used 

as the fi rst- or second-tier therapeutic mo-

dality, recanalization success rate in ELVO 

reached 91– 100%. Functional independ-

ence (mRS score 0– 2) was seen in 28.6– 30% 

of patients, whereas 0– 14.3% died [31,40,41]. 

Ota et al. directly compared MT and ME with 

no statistically signifi cant diff erences. They 

also demonstrated a perfect microsurgi-

cal technique with a recanalization time of 

only 32.5 min [42]. The surgeon should be 

prepared for both variants of the opera-

tion. Combinations of microsurgical tech-

niques are also discussed in this review. 

Surgery within 24 h of IVT remains contro-

versial. However, no haemorrhagic compli-

cations were observed during the postop-

erative period in this review. Nevertheless, 

preoperative coagulation screening with 

eventual coagulation factor substitution is 

appropriate.

This study has few limitations. Firstly, 

most case reports or small cohorts included 

a small number of patients. Furthermore, 

the recording of temporal periods in acute 

stroke treatment was inconsistent and not 

in accordance with valid recommendations. 

However, this study has a notable strength, 

as it is a robustly performed systematic re-

view with an extensive and rigorous search 

strategy.

Conclusion
In patients with ELVO in the anterior cere-

bral circulation after IVT and MT failure, ME, 

EC-IC bypass, or their combination appears 

to be a safe and potentially effi  cacious third-

tier treatment. Further prospective compar-

ative studies with optimal information sizes 

are needed to acknowledge their effi  cacy 

and safety in defi ning the indication crite-

ria and potential implementation in offi  cial 

stroke treatment guidelines.
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