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Abstract

This meta-analysis aimed at evaluating the safety and efficacy of mechanical thrombectomy (MT) compared to the best
medical management (BMM) in children after acute ischemic stroke. We conducted a systematic search of the literature
through January 2025. Review Manager Software was used to calculate the odds ratios and their confidence intervals. The
primary outcomes of interest were excellent functional recovery (modified Rankin Scale score<1 (PedmRS 0-1) at 90
days), symptomatic intracranial haemorrhage (sICH), and mortality. A total of eight studies encompassing 8048 patients
were included. We found no statistically significant difference between the MT group and the BMM group in terms of
mortality (OR 1.17, 95% CI [0.45, 3.05], p-value=0.75, I’=0%), sICH (OR 1.32, 95% CI [0.40, 4.39], p-value=0.6,
1=0%) and PedmRS 0-1 (OR 1.31, 95% CI [0.68, 2.53], p-value=0.41, ?’=43%). Furthermore, we performed a sub-
group analysis of patients with large vessel occlusion (LVO) stroke and did not find any statistically significant difference
between MT and BMM groups in terms of mortality (OR 3.48, 95% CI [0.42, 28.76], p-value=0.25, I?=0%), sICH (1.09,
95% CI [0.26, 4.47], p-value=0.90, 1*=0%) and PedmRS 01 (OR 3.62, 95% CI [0.78, 16.76], p-value=0.10, I*=59%).
However, the BMM group showed increased odds of having a poor functional recovery (PedmRS 3-6) (OR 0.37, 95% CI
[0.19, 0.73], p-value=0.004, I*=0%). Our findings suggest that both MT and BMM have comparable safety and efficacy
outcomes in the pediatric population. Further studies with more strict inclusion criteria are needed to confirm these find-
ings. PROSPERO Registration: CRD42024609704.
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Introduction

Acute ischemic stroke (AIS) represents a significant cause
of morbidity and mortality among pediatric populations
and contributes to considerable neurological impairments
and long-term functional disabilities [1]. AIS affects an
estimated 1.3—1.6 per 100,000 children every year in high-
income countries [2]. The consequences can be severe, as
70% of pediatric strokes lead to long-term neurological
impairments, 20% result in recurrent strokes, and 10% are
fatal [3-5].

Pediatric AIS differs substantially from adult stroke in
etiology, clinical presentation, and outcomes. In adult stroke
patients, one of the most common risk factors is atheroscle-
rosis, which is uncommon in children. Instead, pediatric AIS
frequently arises from conditions including cardioembolic
causes and arteriopathies [1, 2]. Additionally, clinical pre-
sentation in pediatrics can be nonspecific, especially in new-
borns and younger patients, often presenting with symptoms
such as seizures, cardiorespiratory symptoms or headaches,
rather than the classic focal neurological deficits found in
adult stroke patients [6, 7]. Furthermore, the pediatric brain
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may also have a greater ability to compensate for ischemic
stroke compared to the adult brain, due to its higher neuro-
nal plasticity and potentially more efficient leptomeningeal
collaterals, which might affect the outcomes [8, 9].

In adult patients, endovascular therapy has helped to
reshape acute ischemic stroke management. In clinical tri-
als, mechanical thrombectomy (MT) significantly improved
functional outcomes when performed within a therapeutic
up to 24 h [10, 11]. However, the indicated evidence in
adult clinical trials cannot be linearly translated into pedi-
atric stroke care due to different etiology, and difficulties in
identifying the exact time of ictus in pediatric stroke due to
frequent nonspecific presentation. Moreover, the compensa-
tion ability of the pediatric brain might reduce the benefit of
recanalization therapy [12]. Finally, the small arterial size
and the risk of damaging the cerebral vasculature are major
concerns when considering MT for pediatric patients [13].
Due to all these reasons, the international guidelines empha-
size that MT remains controversial and should be reserved
for selected children meeting adult treatment criteria [14,
15].

While there are no prospective randomized clinical trials
evaluating the safety and efficacy of recanalization therapy
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in pediatrics due to small sample size and difficulties in
recruitment as observed in the abandoned randomized trial
for intravenous thrombolysis [ 16], several case reports, case
series, prospective registry-based and retrospective stud-
ies are available in the literature and show positive results
[17-19]. However, the sample size of many of these studies
is small, and few compared the safety and efficacy of MT vs.
best medical management (BMM), and the results are still
inconclusive. Therefore, the aim of this systematic review is
to assess existing literature on AIS in pediatrics to evaluate
and compare the safety and efficacy of endovascular treat-
ment with the best medical management for pediatric stroke.

Methods

The methodological approach and reporting of the results
followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement guide-
lines [20, 21]. The review protocol was registered with
the International Prospective Register of Systematic
Reviews (PROSPERO) database (registration number:
CRD42024609704).

Eligibility criteria

Participants: We included children (<18 years) diagnosed
with acute ischemic stroke.

Intervention: endovascular thrombectomy (mechanical
thrombectomy).

Comparator: the best medical management alone
(BMM). Intravenous thrombolysis was considered part of
the best medical therapy, so it was permitted in both groups.

Outcomes: The primary outcomes consisted of excel-
lent functional recovery (modified Rankin Scale score<1
(PedmRS 0-1) at 90 days), symptomatic intracranial haem-
orrhage (sICH), and mortality at 90 days. Secondary out-
comes included poor functional recovery (modified Rankin
Scale score>3 (PedmRS 3-6) at 90 days), and any intracra-
nial haemorrhage (ICH).

Study design: Any cross-sectional, case-control, cohort,
clinical trials (RCTs), published in the English language
were included. Case reports (<3 patients) and case series
(3—10 patients) were excluded.

Information sources and search strategy

A comprehensive search was conducted across the follow-
ing databases: Scopus, Web of Science (WOS), Cochrane
Central Register of Clinical Trials (CENTRAL), and
MEDLINE via PubMed. The search encompassed articles
from inception until September 2024 using the following

keywords and their MeSH terms: ischemic stroke, endovas-
cular treatment and children. We further edited our search
strategy by adding some more MeSH terms and conducted
a second search up to January 2025. Full search strategy can
be found in the supplementary file.

Selection of studies

Before screening the records retrieved from the databases,
duplicates were removed using Endnote. Two authors inde-
pendently evaluated the titles and abstracts using Rayyan
software. Relevant studies identified through title and
abstract screening were further evaluated using their full-
text papers according to the selection criteria. Any disagree-
ments were resolved through consensus or by consulting the
first author.

Data collection

Studies that were included after the full-text screening
underwent independent data extraction by two authors.
An online Google Sheet was used to collect information,
including study ID, population characteristics, intervention
details, outcome measures and adverse events. Disagree-
ments were resolved through consensus or by consulting the
first authors.

Risk of bias assessment

Two authors independently assessed the risk of bias using
the Risk of Bias in Non-randomized Studies of Interven-
tions tool (ROBINS-I) [22]. The risk of bias was presented
using traffic light plots and weighted bar plots generated by
the Robvis tool [23].

Effect estimate

We estimated the odds ratio (OR) and its 95% confidence
interval (CI) after endovascular thrombectomy plus the best
medical management versus the best medical management
alone for the following dichotomous outcomes based on
information obtained from the included studies:

Excellent functional recovery (PedmRS 0-1) at 90 days.
Symptomatic intracranial haemorrhage (sICH).
Mortality at 90 days.

Poor functional recovery (PedmRS 3-6) at 90 days.
Any intracranial haemorrhage (ICH).
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Synthesis methods

Meta-analysis was conducted using Review Manager Soft-
ware (RevMan Web) provided by the Cochrane Collabo-
ration. The pooled effect estimate was displayed using a
random-effects model and pooled effect estimates are shown
within forest plots. Heterogeneity was assessed using the I
statistic, classified as not important (< 40%), moderate (40—
60%), substantial (60—75%), and considerable (75-100%)
[24]. All results were considered statistically significant at
the p < 0.05 level.

Results
Studies selection

The initial electronic search across three databases yielded
a total of 12,541 studies. After removing duplicates, 9813
studies entered the title and abstract screening phase. Only
44 studies were evaluated for eligibility using their full text.
Of those articles, only 6 were found eligible to be included.
A second search was conducted and identified 1794 unique
publications which were screened first by title and abstract.
Only ten were evaluated by full text and only two studies
were found eligible, so we included eight studies [25-32] in
total as illustrated in Fig. 1.

Study characteristics

Eight studies, encompassing a total of 8048 participants,
with sample sizes ranging from 28 to 7,341 patients, were
included in the systematic review. Most studies were retro-
spective cohort studies, conducted in Europe, with inclusion
criteria focusing on patients with ischemic stroke. Bhatia et
al., 2023 and Bhatia et al., 2025 was the only study to limit
inclusion to patients with large vessel occlusion stroke [25,
32]. A detailed summary of the included studies is presented
in Table 1.

Of the 8048 participants, 430 were treated with mechani-
cal thrombectomy (MT) while the remaining 7618 were
treated with the best medical management. Regarding the
MT group, 177 (42%) patients were females. The mean age
ranged from 10.3 years to 13.7 years and the mean NIHSS
ranged from 11.4 to 15.3. Furthermore, 132 patients (31%)
received IVT together with MT. On the other hand, 3334
(44.6%) patients were females in the best medical manage-
ment group. The mean age ranged from 5.6 years to 11 years
while the mean NIHSS ranged from 4.8 to 14.2. Further-
more, 215 patients (2.8%) received IVT as a part of their
care (Table 2).
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Risk of bias assessment

The eight studies had an overall moderate risk of bias [25—
32]. Notably, all studies had a moderate risk of bias in the
1 st two domains of the ROBINS-I tool: bias due to con-
founding and bias due to selection of participants (Figs.
Sland S2) [1].

Outcomes in pediatrics with acute ischemic stroke
Mortality

Four studies reported mortality in 90 days with 209 patients
in the MT group and 310 in the best medical manage-
ment. No statistically significant difference was observed
between the two groups (OR 1.17, 95% CI [0.45, 3.05],
p-value=0.75). The pooled studies were found homogenous
(I=0%, p-value=0.55) (Fig. 2a).

Any ICH

Four studies reported ICH after treatment, including 347
patients in the MT group and 7403 in the best medical
management group. The mechanical thrombectomy group
showed statistically significant increased odds of intracra-
nial hemorrhage compared to the best medical management
group (OR 3.10, 95% CI [1.46, 6.58], p-value=0.003).
Low heterogeneity was observed across the pooled studies
(I*=35%, p-value=0.2) (Fig. 2b).

Symptomatic ICH

Seven studies, including 228 patients in the MT group and
195 in the best medical management group, reported symp-
tomatic ICH after treatment. However, the Bigi et al. study
reported no sICH in both groups and therefore did not con-
tribute to the meta-analysis [30]. There was no statistically
significant difference between the two groups (OR 1.32,
95% CI1[0.40, 4.39], p-value = 0.65). No heterogeneity was
found across the pooled studies (I> = 0%, p-value = 0.7)
(Fig. 3a).

Excellent functional recovery

Six studies reported excellent recovery at 90 days after
stroke (PedmRS 0-1), including 233 in the MT group and
326 in the best medical management group. No statistically
significant difference was observed between the two groups
(OR 1.31, 95% CI [0.68, 2.53], p-value=0.41). Moder-
ate heterogeneity was observed across the pooled studies
(I12=43%, p-value=0.12) (Fig. 3b).
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Fig. 1 PRISMA flowchart summarizing identification and selection of studies

Poor functional recovery

Six studies reported poor functional recovery 90 days after
stroke (PedmRS 3-6), including 233 in the MT group and
326 in the best medical management group. There was no
statistically significant difference between the two groups
(OR 0.61, 95% CI [0.32, 1.15], p-value=0.13). Moder-
ate heterogeneity was observed across the pooled studies
(I2=50%, p-value=0.07) (Fig. 3¢).

Outcomes in pediatrics with large vessel occlusion
stroke

Mortality

Three studies reported mortality in 90 days among patients
with LVO stroke, but Bhatia et al. (2023) study reported no
mortality in 90 days and therefore only two studies were
included in the meta-analysis [25]. There was no statisti-
cally significant difference between the two groups (MT
and the best medical management) (OR 3.48, 95% CI1[0.42,
28.76], p-value = 0.25). In addition, no heterogeneity was
found across the pooled studies (I> = 0%, p-value = 0.66)
(Fig. S3).

Symptomatic ICH

Three studies out of the six that reported sICH were report-
ing it among patients with LVO, so we performed a sub-
group analysis based on the type of stroke (Fig. 3a). No
statistically significant difference was observed between the
two groups (OR 1.09, 95% CI [0.26, 4.47], p-value=0.90).
Low heterogeneity was observed across the three studies
(I2=0%, p-value=0.48).

Excellent functional recovery

Three studies reported excellent recovery at 90 days after
stroke (PedmRS 0-1), including 76 in the MT group and
82 in the best medical management group. No statistically
significant difference was found between the two groups
(OR 3.62, 95% CI [0.78, 16.76], p-value=0.10). Moder-
ate heterogeneity was observed across the pooled studies
(I=59%, p-value=0.06) (Fig. S4a).

Poor functional recovery
Three studies reported poor functional recovery at 90 days

after stroke (PedmRS 3-6), including 76 in the MT group and
82 in the best medical management group. The best medical
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Table 1 Summary of the included studies

Study  Study design country Total number EVT group Medical Primary sICH definition  Qual-
ID of participants Number  Techniques manage- outcome ity
ment group assess-
(N) ment
Kosso-  Cohort France 68 40 « Stent 28 Pediatric According to Mod-
rotof et  (retrospective) Retriever: 19 mRS score 3 the ECASS-II erate
al. [28] * Aspiration months after definition
Thrombectomy: stroke
11
« rescue therapy:
6
* Combined

Techniques: 4

« Intravenous
tPA only: 4

* Complemen-
tary intraarterial
thrombolysis: 1

Bhatia Cohort Australia 166 13 * Mechanical 153 Pediatric Radiologically = Mod-
et al. (retrospective) thrombectomy: mRS score 3 confirmed erate
[31] 13 months after acute intracra-
stroke nial hemor-
rhage associated
with acute

worsening in
the neurological
state, specifi-
cally an increase
in the Pediatric
National Insti-
tutes of Health
Stroke Scale

(pedNIHSS)
score of 4 or
more.
Bigiet Cohort Switzerland 145 6 * Mechanical 139 Complica- According to Mod-
al. [30] (retrospective) thrombectomy: tions and the ECASS-III  erate
6 PSOM after definition
6 months
Bind-  Cohort Denmark 28 14 « Stent 14 mRS ICH visualized Mod-
slevet  (retrospective) Retriever: 7 on CTor MRI  erate
al. [26] * Aspiration with progression
Thrombectomy: of neurological
5 symptoms.
* Combined
Techniques: 2
Cohort USA 7341 190 * Mechanical 7151 functional NA Mod-
Dicpini- (retrospective) thrombectomy: outcome erate
gaitis et 190 evaluated
al. [29] using patient
discharge
disposition
Bhatia  Case-control Australia 52 26 * Aspiration 26 Pediatric According to Mod-
etal. and Canada Thrombectomy: mRS score 3 the ECASS-III  erate
[25] 3 months after definition
« Stent stroke
Retriever: 6
* Combined

Techniques:17

« Balloon angio-
plasty: 1

* Intravenous
tPA only: 17
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Table 1 (continued)

Study  Study design country Total number EVT group Medical Primary sICH definition  Qual-
ID of participants Number  Techniques manage- outcome ity
ment group assess-
(N) ment
Sporns  Cohort Europe, 208 117 * Aspiration 91 difference Anincreasein ~ Mod-
etal. (prospective) North Amer- Thrombectomy: in modified  the PedNIHSS  erate
[27] ica, South 31 Rankin Scale score of at least
America, « Stent (mRS) score 4 points with
Asia, and Retriever: 72 between presence of
Australia * Combined baseline and parenchymal
Techniques: 14 90 days haemorrhage.
Bhatia  Case-control Multicenter 40 24 « Stent-retriever: 16 Pediatric Intracranial Mod-
etal. 17 mRS extravascular erate
[32] * Aspiration: 7 blood associated

with a>4-point
increase in

the pediatric
National Insti-
tutes of Health
Stroke Scale
(Ped-NIHSS)

score.

a: two patients had recurrent occlusion in the same angiographic location within 96 h and underwent a second thrombectomy procedure. One
patient who received bridging intravenous tPA en route to the angiography suite after consenting to mechanical thrombectomy had successful

recanalization on the first angiographic run and received zero passes

management group showed statistically significant increased
odds of having a poor functional recovery (OR 0.37, 95% CI
[0.19, 0.73], p-value=0.004). The pooled studies were found
homogenous (I>=0%, p-value=0.77) (Fig. S4b).

Heterogeneity was investigated for possible causes through
subgroup analysis based on large vessel occlusion and was
resolved only in the poor functional recovery group. Other pos-
sible causes of heterogeneity were discussed in the discussion
section. Sensitivity analysis was conducted to show the effect
of the fixed-effect model on the robustness of the results, and
no significant effects were found for any outcomes.

Discussion

Our meta-analysis results showed an insignificant difference
between MT and BMM in pediatric AIS regarding safety and
efficacy outcomes, except for hemorrhagic outcomes, where
MT demonstrated increased odds of intracranial haemorrhage
compared to BMM. Furthermore, in cases of large vessel
occlusion, the best medical management showed poorer func-
tional recovery than MT, as indicated by the PedmRS scores
of 3—6. However, the current evidence should be interpreted
cautiously because there were no randomized controlled trials
(RCTs). However, it’s noteworthy that conducting an RCT on
this topic is difficult, as discussed in the introduction.

While MT is used for large vessel occlusion stroke, most of
the included studies focused on acute ischemic stroke in chil-
dren, irrespective of stroke location. This might be due to the

low incidence of ischemic stroke in children, which makes it
difficult to find enough cases with LVO stroke. Notably, this
comparison may disproportionately favor BMM, as small ves-
sel occlusion (SVO) strokes are generally associated with bet-
ter prognosis due to small infarct size [33]. This can explain
why there was no difference between MT and BMM regarding
functional outcomes when the comparison included all patients
with AIS. Only when comparing outcomes of LVO stroke,
the BMM showed poorer functional recovery. This finding is
in line with a meta-analysis of RCTs in adults with AIS, pre-
dominantly involving LVO cases, where BMM significantly
elevated the risk of unfavorable functional outcomes [34].
Regarding 90-day mortality, we found no difference
between the two groups when including all AIS patients or
LVO stroke patients. This is different from adult data, which
shows that MT significantly decreased the risk of mortal-
ity compared with BMM [34]. This difference may be due
to differences in etiology between adults and the pediatric
population [1, 2]. In addition, as the MT devices are not
designed for the small pediatric vasculature, this carries the
risk of damaging the vasculature, which may be fatal [13].
Regarding hemorrhagic outcomes, we found that MT is
associated with increased odds of any ICH, which is similar to a
recently published systematic review of RCTs about acute isch-
emic stroke with a large infarct area [35]. However, this obser-
vation may be prognostically inconsequential as we didn’t find
statistically significant differences between the two groups in
terms of mortality and functional outcomes when including all
patients with AIS. Furthermore, MT showed better functional

@ Springer



H. Kelani et al.

juowr
-o8e
“wew o [ee]
(To (s9) (rv) ags  (6vy) <8 eI ey
vSI VN YN 99% (8'6) TOL (sLp1sct VN (T8I VYN VN VN 06 F8v  pITE Ft8 ISIL -PON  sprest
91¥) (son) (6°L) 6s @1 IvT dnoig -urdoiq
6L VN VN 0T (8'92) 1§ (8°s1) 0¢ VN (TeDsT VN VN VN SI FYII 6L L€1 061 I1AHA
juowr
-08e
-uewa
1o (€vD (€vyD) (1Ls) (€D 6y [eor
0 € (4 0 (62h) 9 W1¢e  (€vDe 0 (4 8 0 14 VN (69 FLS v1 -POIN [97] ‘e
&1 (€vD (L) (1) @10 (€D 8¢ F dnois 10 A9[s
€ 4 I 0 (rL9)s (980) ¥ (o 09) L I € 0 T 9Fa 98Dy LI v1 1A -puid
Juawr
-o8e
-uew
(TL) (9L9) (Tzn 8y [eor
(9)s VN VN VN VN VN 0 e(46) €1 01 6 0 LT 6vFE8 VN F8¢ 6€1 PN [og]
(L91) (¢€9) 69 s+ dnois e
I VN VN VN VN VN 0 LoDt 0 4 0 (09)¢ FLvI VN  STI 9 LAd 1319
juour
-o8e
-uewa
(e (61) (€1 wmw 1s [eor
ot ve  0¢ 4 (SLD) Ty (t'60) S VN VN VN VN VN VN VN € F9¢ €ST PPN [1¢]
(e (WL s @) vy F dnois e
€ I 4 I (Ied) ¢ (Tor) 9 VN VN VN VN VN VN VN (I'€0¢  +Tl €1 LAd eneyq
juowr
-o8e
-uewa
oD 9 (6LD) (€vD) (TyD) (Ls8) ve 98 98 [eat [87]
8¢ I S 14 (€69 11 oL (€9 611 { (UONE[NOIID JOLBISOJ  ‘uope[mdId oMY F L0l (1'2e) 6 FII 8T PN ee
s (v Lvn) (sLm) (sz8) €€ (sLe) To67F dnoig  jojoios
(ov) 91 I ¢ (DY (sp) 81 (so)v1 vE/S L UONEINOIIO JOLIRISOJ  UONEINOIIO JOLIIUY /' LFE'ST ST €01 Or IAd  -so
(%) N Aype (as (as+
s1sk[oq orped  -don UOTSNT300 F ueow) (%) N Uueour)
-wonyy 10y0  -oIp] -Seod  Ayedoueyy odfoquio—ompIe)  WopULL Je[iseq—eIQaloA  VDd VO VOV VDI ‘SSHIN (oewoyg) ‘siedk  sjuedronaed
Al A3ojone ajong uonedso[ NJoNS duleseq xog ‘03vy Jo JoquinN Al Apms

SOIPN}S POPN[OUL 3} JO SONSLIA)ORILYD duI[esey ¢ d|qeL

pringer

As



K19)1e 18[[9q2100 Jor1adns Jewrxold 1orradng ay3 ur uoisn[ooo ue pey jusnjed auo :0
JuawoFeURW [BIIPAW YPIM PIJeal) syuaned o8¢ pue I AT Yim pajean sjuaned () 10J pap1ooar sem SSHIN :q
VOId/VOS Ul uorsn[d0 pey sjuaned (%9°¢) 9AY :e

juoux
-08e
-uewr
(09) (09) 68 TS [eat
@1 (19 s VN 0 0 91/8 0 91/8 Fcyl (88DD¢ FS'8 91 -PAN  [gg]
(L99) (€€o) S v's dnois e
(sD9 (0s) z1 VN 0 0 ¥T/91 0 vo8  TFrvl ®SHIT Ft6 YT L1Ad eneyq
juowr
-o8e
-upwa
(sL2) (€8 (99 19 (91 89 [ear
ST (9D st VN 3(TS)L6/S  L6/8 L6/ L6/E  L6/9T €09F6 (Th)8E  FL 16 -PPN  [17]
(ren & 19 (69 (160 89 9F dnois e
0T er) 18 VN (F€D LTI/LT LTI/E LTI/S9 LTU/S LTI/LE  FE€vT (LP)SS €01 LIT LAd suiodg
Juaw
-o8e
-uewx
(8¢9) (t'8¢) vy [eor
(CEIN| (8'0¢) 8 0 Lwoe 0 4 0 01 VN (€T 1T F86 9T -PIN
(cz—o [s2]
(s (8¢9) (r'ge) P8uer)  (¢'8¢) v F dnois  ‘[eje
14 (6'¢9) ¥1 0 Lwoe 0 ! 0 01 811 0l 601 97 1Ad eneyq
(%) N (as (ass
SISA[0q Uorsnyoo0 F uow) (%) N ueow)
-woIy ], Jdloquie—oIpIlen  wopue] Ie[iseq—eIqQaloA  VOd VO VOV VDI ‘SSHIN (epwg) ‘siedk  syuedronaed
Al A3ojone ajong uonedo[ AoNS  duleseq Xxo§  ‘93y JO JoquInN Al Apms

Safety and efficacy of endovascular treatment for pediatric acute ischemic stroke: a systematic review and...

(panunuoo) z ajqer

pringer

As



H. Kelani et al.

A

MT Control Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Bhatia et al., 2022 1 12 9 152 20.0% 1.44[0.17 , 12.46] —_—
Bhatia et al., 2023 0 26 0 26 Not estimable
Bindslev et al., 2024 2 14 0 14 9.5% 5.80[0.25, 132.56] —_—t
Kossorotoff et al., 2022 1 40 2 27 154% 0.32[0.03, 3.72] —_—
Spormns et al., 2024 6 17 4 91 55.2% 1.18 [0.32, 4.30]
Total (Walda) 209 310 100.0% 1.17 [0.45, 3.05]
95% prediction interval [0.45 , 3.05]
Total events: 10 15

0005 01 1 10 200
Favours control Favours MT £ IVT

Test for overall effect: Z = 0.31 (P = 0.75)
Test for subgroup differences: Not applicable
Heterogeneity: Tau? (DLP, 95% Cl) = 0.00 [0.00 , 17.48]; Chi* = 2.11, df = 3 (P = 0.55); I’ = 0%

B

MT Control Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bigi et al., 2018 0 6 3 139 5.5% 3.00 [0.14 , 64.36]
Dicpinigaitis et al., 2022 35 190 348 7151 59.1% 4.41[3.01, 6.47] 1}
Kossorotoff et al., 2022 4 34 0 22 59% 6.64[0.34, 129.68] —
Spoms et al., 2024 10 117 6 91 29.5% 1.32[0.46, 3.79] —-—
Total (Walda) 347 7403 100.0% 3.10 [1.46, 6.58) ‘
95% prediction interval [0.96, 10.02]
Total events: 49 357

Test for overall effect: Z = 2.95 (P = 0.003)
Test for subgroup differences: Not applicable

001 0.1 1 10 100
Favours control Favours MT £ IVT

Heterogeneity: Tau? (DLP, 95% CI) = 0.21 [0.00 , 5.68]; Chi? = 4.61, df = 3 (P = 0.20); I = 35%

Fig. 2 Forest plots for (a) mortality in patients with acute ischemic stroke and (b) any ICH in patients with acute ischemic stroke

recovery than the BMM in patients with LVO stroke. In addi-
tion, we found no difference in symptomatic ICH when includ-
ing all AIS patients or LVO patients, which further indicates
that this hemorrhage is not severe enough to be symptomatic.
Similar findings were observed in the meta-analysis of RCTs
in adults with AIS, mainly LVO, which observed no significant
difference regarding symptomatic ICH between MT and BMM
groups [34].

A similar meta-analysis was recently published, exam-
ining the efficacy of MT versus medical treatment [36].
They found that MT was significantly associated with better
function outcome (MRS 0-1 and mRS 0-2). However, they
missed four studies that are included in our study. Further-
more, they included a case series study which may produce
a significant bias.

Some heterogeneities were found in the analyses. First,
in any ICH variable, we found low heterogeneity which can
be a result of the very large sample size of the Dicpinigaitis

@ Springer

et al. (2022) study compared to other studies [29]. In addi-
tion, in the subgroup analysis of symptomatic ICH for
LVO stroke, low heterogeneity was also found which can
be attributed to differences in symptomatic ICH definition
among the included studies. Notably, Bindslev et al. (2024)
study had the vaguest definition as they didn’t count on the
NIHSS score in their definition [26]. Functional outcomes
also showed heterogeneity either in AIS in general or the
LVO group. This can be attributed to inconsistency in the
time of assessment. While all studies reported PedmRS at
90 days, Sporns et al. (2024) study reported it at 90 days (+
10 days) [27] and Bindslev et al. (2024) study reported it at
3 months (IQR 2.5-3.9 months) [26].

Limitations

Our systematic review has some limitations; first, the included
studies are observational as no RCTs were found, which
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A
Study or MT Control Odds Ratio Odds Ratio
Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
sICH for AIS
Kossorotof et al, 2022 1 34 0 22 13.7% 2.01[0.08; 51.70] —
Sporns et al 2024 1 117 0 91 14.0% 2.36 [0.09; 58.52] —ri—
Total (95% Cl) 151 113 27.7% 2.18 [0.22; 21.38] —eeatiiiiNnes-—
Heterogeneity: Tau’ = 0; Chi’ = 0, df = 1 (P = 0.95); I = 0% ?
Test for overall effect: Z = 0.67 (P = 0.503)
sICH for LVO
Bhatia et al, 2022 0 13 4 26 16.1% 0.19[0.01; 3.71]
Bhatia et al, 2023 1 26 1 26 18.1% 1.00 [0.06; 16.89]
Bhatia et al, 2025 2 24 1 16 23.3% 1.36 [0.11; 16.42]
Bindslev et al, 2024 2 14 0 14 14.8% 5.80 [0.25; 132.56]
Total (95% Cl) 77 82 72.3% 1.09 [0.26; 4.47]
Heterogeneity: Tau’ = 0; Chi’ = 2.47, df = 3 (P = 0.48); I = 0%
Test for overall effect: Z=0.12 (P = 0.907)
Total (95% Cl) 228 195 100.0% 1.32 [0.40; 4.39]
Heterogeneity: Tau” = 0; Chi’ = 2.74, df = 5 (P = 0.74); I = 0% ' ' ! | ' |
Test for overall effect: Z = 0.45 (P = 0.652) 0.001 0.01 0.1 1 10 100
Test for subgroup differences: Chi2 =0.26,df=1(P=0.61) Favours MT + IVT  Favours control
B
MT Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bhatia et al, 2022 5 12 46 152 17.5% 1.65[0.50; 5.46]
Bhatia et al, 2023 9 26 1 26 7.6% 13.24 [1.53; 114.30]
Bhatia et al, 2025 5 24 2 16 10.3% 1.84 [0.31; 10.91]
Bindslev et al, 2024 3 14 4 14 10.8% 0.68 [0.12; 3.83]
Kossorotof et al, 2022 17 40 16 27 21.5% 0.51[0.19; 1.37]
Sporns et al 2024 59 117 38 91 32.4% 1.42[0.82; 2.46]
Total (95% Cl) 233 326 100.0% 1.31[0.68; 2.53]
Heterogeneity: Tau’ = 0.2674; Chi’ = 8.82, df = 5 (P = 0.12); I* = 43% ' ' ' | ' '
Test for overall effect: Z = 0.81 (P = 0.415) 0.001 0.01 0.1 1 10 100
Favours control Favours MT + IVT

C

MT Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bhatia et al, 2022 6 12 71 152 15.8% 1.14 [0.35; 3.70]
Bhatia et al, 2023 9 26 14 26 16.7% 0.45[0.15; 1.39]
Bhatia et al, 2025 9 24 12 16 12.9% 0.20 [0.05; 0.81]
Bindslev et al, 2024 5 14 7 14 11.7% 0.56 [0.12; 2.53]
Kossorotof et al, 2022 15 40 6 27 16.8% 2.10[0.69; 6.37]
Sporns et al 2024 23 117 34 91 26.0% 0.41[0.22; 0.76]
Total (95% Cl) 233 326 100.0% 0.61 [0.32; 1.15]

Heterogeneity: Tau” = 0.3010; Chi’ = 10.01, df = 5 (P = 0.07); I = 50%
Test for overall effect: Z=-1.53 (P = 0.126)
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Fig.3 Forest plots for (a) symptomatic ICH in patients with acute ischemic stroke and large vessel occlusion stroke, (b) excellent functional recov-
ery in patients with acute ischemic stroke, and (¢) poor functional recovery in patients with acute ischemic stroke

introduces bias related to confounding variables, participant
selection, and selective reporting of results, as indicated by the
risk of bias assessment results. Second, many studies compared
the outcomes in patients with acute ischemic stroke, not LVO
stroke which might make the results biased towards the medi-
cal treatment. However, we performed a subgroup analysis for

patients with LVO stroke. Third, due to the non-availability of
sufficient data, we couldn’t perform a subgroup analysis based
on stroke severity, occlusion site and age. Fourth, the mean age
of the children in the studies ranged from 5.6 to 13.7 years, limit-
ing the results’ applicability to infants and toddlers. Similarly, all
the included studies were conducted in high-income countries,
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so the outcomes and applicability to middle- and low-income
countries may be limited. Finally, we searched for English-
language studies only which might introduce a language bias.
However, Morrison et al. (2012) found no difference in treat-
ment effect between systematic reviews that used English and
those that included studies in languages other than English [37].

Implications for future research

Future research should focus on comparing the safety and effi-
cacy of MT vs. medical treatment in children with LVO strokes
in larger samples to help in controlling different confounders
such as stroke severity, age and etiology. Furthermore, investi-
gating the treatment effect in different etiologies is still needed
especially in focal cerebral arteriopathy (FCA) as previous
studies found a potential selection bias based on etiology. It
was noted that patients with cardioembolic causes were more
likely to be treated with MT compared to FCA indicating a
bias by perceived feasibility [27, 38]. In addition, our analysis
shows increased odds of ICH in the MT group without differ-
ences between the two groups in mortality, symptomatic ICH
and functional outcomes. This suggests that the haemorrhage
may not be severe enough to impact the outcomes but the rea-
sons for this observation need further investigation. Finally,
Long-term outcomes, such as the one-year Ped mRS, need to
be addressed in future research.

Conclusion

MT shows safety and efficacy outcomes comparable with
the best medical management (BMM) in pediatric patients
with AIS. Only ICH was found to be higher in the MT
group with no effect on mortality or functional outcomes.
In patients with LVO stroke, patients treated with BMM
showed poorer functional outcomes (PedmRS 3-6) at 90
days compared to the MT group highlighting the superiority
of MT in these patients. Future research should expand stud-
ies to diverse populations and focus on long-term outcomes.
Improved endovascular techniques tailored to pediatric vas-
culature are also needed to optimize safety and efficacy.
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