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Abstract
Background and purpose Randomized controlled trials have demonstrated that mechanical thrombectomy (MT) could pro-
vide more benefit than standard medical care for acute ischemic stroke (AIS) patients due to emergent large vessel occlusion. 
However, most primary stroke centers (PSCs) are unable to perform MT, and MT can only be performed in comprehensive 
stroke centers (CSCs) with on-site interventional neuroradiologic services. Therefore, there is an ongoing debate regarding 
whether patients with suspected AIS should be directly admitted to CSCs or secondarily transferred to CSCs from PSCs. 
This meta-analysis was aimed to investigate the two transportation paradigms of direct admission and secondary transfer, 
which one could provide more benefit for AIS patients treated with MT.
Methods We conducted a systematic review and meta-analysis through searching PubMed, Embase and the Cochrane Library 
database up to March 2020. Primary outcomes are as follows: symptomatic intracerebral hemorrhage (sICH) within 7 days; 
favorable functional outcome at 3 months; mortality in hospital; mortality at 3 months; and successful recanalization rate.
Results Our pooled results showed that patients directly admitted to CSCs had higher chances of achieving a favorable 
functional outcome at 3 months than those secondarily transferred to CSCs (OR = 1.26; 95% CI, 1.12–1.42; P < 0.001). In 
addition, no significant difference was found between the two transportation paradigms in the rate of sICH (OR = 0.86; 95% 
CI, 0.62–1.18; P = 0.35), mortality in hospital (OR = 0.84; 95% CI, 0.51–1.39; P = 0.51), mortality at 3 months (OR = 1.01; 
95% CI, 0.85–1.21; P = 0.91), and successful recanalization (OR = 1.03; 95% CI, 0.88–1.20; P = 0.74). However, in the 100% 
bridging thrombolysis usage rate subgroup, our subgroup analysis indicated that no difference was found in any outcome 
between the two transportation paradigms.
Conclusion Patients with AIS directly admitted to CSCs for MT may be a feasible transportation paradigm for AIS patients. 
However, more large-scale randomized prospective trials are required to further investigate this issue.
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Introduction

In 2015, five randomized controlled trials demonstrated that 
patients with acute ischemic stroke (AIS) treated by mechan-
ical thrombectomy (MT) had higher chances of achieving a 
favorable functional outcome at 3 months than those treated 
by standard medical care with recombinant tissue plasmi-
nogen activator (tPA) [1–5]. A subsequent meta-analysis 
conducted by HERMES (Highly Effective Reperfusion 
Evaluated in Multiple Endovascular Stroke Trials) collabo-
ration, which pooled individual data for 1287 patients of 
the above five trials, further confirmed that, in comparison 
to the standard medical care, MT could significantly reduce 
the disability rate of AIS patients caused by proximal large 
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vessel occlusion, irrespective of patients demographics or 
geographical positions [6]. However, it should be noted that 
most primary stroke centers (PSCs) are unable to perform 
MT, and MT is usually performed only in comprehensive 
stroke centers (CSCs) which could provide on-site inter-
ventional neuroradiologic services. Currently, there are 
two main transportation paradigms for patients with a sus-
pected stroke. One is that patients are directly admitted to 
the nearest PSCs and secondarily transferred to CSCs for 
MT. Another is that patients are directly admitted to CSCs 
with on-site thrombectomy capacity, and bypassing the near-
est PSCs. However, there is an ongoing debate about which 
transportation paradigm could provide more benefit for AIS 
patients. In recent years, some retrospective studies have 
been performed to investigate this issue. However, results 
from them are not consistent. Therefore, we conducted this 
systematic review and meta-analysis of published studies 
to investigate which transportation paradigm could provide 
more benefit for AIS patients treated with MT.

Methods

This meta-analysis was conducted according to the recom-
mendations of the preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) guidelines [7].

Literature search

Two reviewers (Weisong Zhao and Pengju Ma) indepen-
dently searched the PubMed, Embase and Cochrane Library 
databases up to March 2020, using the following broad 
search terms: stroke, direct, admission, secondary, transfer, 
mothership, drip and ship, and thrombectomy. The detailed 
search terms in PubMed can be found in the supplemental 
file. In addition, the references of all studies included in 
this meta-analysis were manually searched to identify other 
potentially eligible studies. Any disagreement during the lit-
erature search process was addressed through a full discus-
sion with a third reviewer (Xuejing Yue).

Outcomes and study selection

Primary outcomes of this meta-analysis include symp-
tomatic intracerebral hemorrhage (sICH) within 7 days; 
favorable functional outcome at 3 months (defined as a 
modified Rankin scale (mRS) score of 0–2); mortality in 
hospital; mortality at 3 months; and successful recanaliza-
tion (defined as modified Thrombolysis in Cerebral Infarc-
tion (mTICI) ≥ 2b). Two reviewers (Weisong Zhao and Jin-
bao Chen) independently screened all titles/abstracts first, 

and then read the full text for possible eligibility. Any disa-
greement during the study selection process was resolved 
through a full discussion with a third reviewer (Xuejing 
Yue). Studies were included in our meta-analysis if they 
met the following criteria: (a) retrospective or prospective 
studies; (b) AIS patients are divided into two groups, one 
group is that patients are directly admitted to the nearest 
PSCs and secondarily transferred to CSCs for performing 
MT, another group is that patients are directly admitted to 
CSCs for performing MT; (c) at least one pre-established 
outcome was reported. Studies were excluded if they 
met the following criteria: (a) non-English language; (b) 
reviews, conference abstracts, unrelated studies, and case 
reports; (c) different studies using the same database; (d) 
AIS patients received thrombolytic therapy only.

Data extraction and quality assessment

For each study, two reviewers (Weisong Zhao and Jin-
bao Chen) independently extracted the following baseline 
characteristics: first author, published year, age, admission 
National Institutes of Health Stroke Scale (NIHSS) score, 
study design, devices used for MT, time of symptoms 
onset to thrombolysis (OTT), time of symptoms onset to 
groin puncture (OTP), time of symptoms onset to suc-
cessful reperfusion (OTR), patients recruitment period, 
vascular occlusion sites. In addition, the rate of intrave-
nous thrombolysis (IVT) prior to performing MT (bridg-
ing thrombolysis) was also extracted. Two reviewers 
(Weisong Zhao and Pengju Ma) independently used the 
Newcastle–Ottawa Scale (NOS) to evaluate the quality of 
each study, with a NOS score ≥ 7 points, suggesting high 
quality. If there was any discrepancy during the above pro-
cesses, a consensus was reached through consulting a third 
reviewer (Xuejing Yue).

Statistical analysis

The statistical software “Review Manager 5.3” was used 
to perform all statistical analyses. The odds ratios (ORs) 
and corresponding 95% confidence intervals (CIs) of each 
outcome were calculated. The heterogeneity across all 
studies was assessed by I2 statistics. I2 > 50% suggested 
the existence of significant heterogeneity, and a random-
effects model was subsequently used to pool the estimates 
of each comparison. A fixed-effects model was used when 
I2 < 50%. Publication bias was evaluated using visual fun-
nel plots. Furthermore, subgroup analysis was conducted 
according to the bridging thrombolysis usage rate in each 
study (100% VS. non-100%).
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Results

Study selection and study characteristics

A total of 624 potentially eligible studies for this meta-anal-
ysis were initially identified through searching electronic 
databases, among them 76 were excluded because they were 
duplicates. After screening the titles/abstracts of the remain-
ing 548 studies, 522 were further excluded because they 
were reviews, letters, conference abstracts, case reports, and 
unrelated studies. And then, 26 studies were eligible for full-
text review, of which 19 studies contained available data and 
were finally included in our meta-analysis [8–26]. A flow 
chart demonstrating the study selection process was shown 
in supplemental Fig. 1. Among the 19 studies, 13 studies 
reported the devices used for MT [9–14, 17, 18, 20, 23–26], 
mainly the new-generation devices such as “stent retriever” 
and “a direct aspiration first pass technique” (ADAPT). 17 
studies reported the sites of the vascular occlusion [8–20, 
22–25], of which 9 studies included a small portion of AIS 
patients due to the posterior circulation artery occlusion [8, 
9, 12, 15, 18, 19, 22–24]. The baseline characteristics and 
outcomes of each study were shown in Table 1, supplemen-
tal Table 1 and supplemental Table 2. The visual funnel plots 
suggested that no significant publication bias was found 
across the 19 studies (Supplemental Figs 2, 3, 4, 5 and 6). 
In addition, the NOS scores indicated a moderate and high 
quality of most included studies, with a NOS score ranged 
from 6 to 8 (Supplemental Table 2). 

Symptomatic intracerebral hemorrhage (sICH)

Thirteen studies involving 3857 patients provided informa-
tion about sICH within 7 days. A fixed-effects model was 
used to pool the results because no significant heterogeneity 

was found across the thirteen studies. The pooled results 
indicated that there was no significant difference in the rate 
of sICH between the direct admission group and the second-
ary transfer group (OR = 0.86; 95% CI, 0.62–1.18; P = 0.35) 
(Fig. 1).

Favorable functional outcome at 3 months (mRS ≤ 2)

Sixteen studies involving 5258 patients reported the infor-
mation about favorable functional outcome at 3 months. No 
significant heterogeneity was detected across the sixteen 
studies, and we used a fixed-effects model to pool the results. 
The pooled results showed that directly admitted patients 
had higher chances of achieving a favorable functional out-
come at 3 months compared with those secondarily trans-
ferred to CSCs (OR = 1.26; 95% CI, 1.12–1.42; P < 0.001) 
(Fig. 2).

Mortality in hospital and at 3 months

Fourteen studies reported the information on mortality, 
among them, four studies reported mortality in hospital, 
eight studies reported mortality at 3 months, and two studies 
reported the mortality both in hospital and at 3 months. For 
the outcome of mortality in hospital, the pooled results of 
six studies indicated that there was no significant difference 
between the direct admission group and the secondary trans-
fer group (OR = 0.84; 95% CI, 0.51–1.39; P = 0.51) (Fig. 3). 
A random-effects model was used to pool the results since 
substantial heterogeneity was detected across the six studies. 
In addition, similar results were also found in mortality at 
3 months (OR = 1.01; 95% CI, 0.85–1.21; P = 0.91) (Fig. 4), 
with no substantial heterogeneity was detected across the 
ten studies. 

Fig. 1  Forest plot of symptomatic intracerebral hemorrhage (sICH)
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Successful recanalization rate

Fifteen studies reported information about the success-
ful recanalization rate. A fixed-effects model was used to 
pool the results because none  significant heterogeneity 
was detected across the fifteen studies. Our pooled results 
indicated that there was no significant difference in the rate 
of successful recanalization between the direct admission 
group and the secondary transfer group (OR = 1.03; 95% CI, 
0.88–1.20; P = 0.74) (Fig. 5).

Subgroup analysis according to the rate of IVT prior 
to performing MT

Among the nineteen studies included in this meta-analysis, 
a total of five studies reported 100% bridging thrombolysis 
usage rate. In the non-100% bridging thrombolysis usage 
rate subgroup, the pooled results of subgroup analysis were 
consistent with previous analyses in the rate of sICH, mor-
tality at 3 months, and successful recanalization between 
the direct admission group and the secondary transfer group 
(Supplemental Figs. 7, 8, 9). Meanwhile, in the non-100% 
bridging thrombolysis usage rate subgroup, patients had 
higher chances of achieving a favorable functional outcome 
at 3 months in direct admission group than that in second-
ary transfer group, which was also consistent with previous 
analysis (OR = 1.27; 95% CI, 1.10–1.46; P = 0.001) (Sup-
plemental Fig. 10). However, this difference was not statis-
tically significant in the 100% bridging thrombolysis usage 
rate subgroup, either using a fixed-effects model or a ran-
dom-effects model (OR = 1.24; 95% CI, 0.99–1.57; P = 0.06) 
and (OR = 1.18; 95% CI, 0.84–1.67; P = 0.34) (Supplemental 
Figs. 10, 11).

Discussion

Previously, before the advent of MT, several studies have 
reported that AIS patients directly admitted to the nearest 
PSCs to receive IVT with tPA and secondarily transferred 
to CSCs for postoperative care is a safe paradigm [27–30]. 
However, for those patients who meet MT criteria, the sec-
ondary transfer will delay the time of performing MT, thus 
prolonging the reperfusion time, which is a crucial predic-
tor for patients achieving a favorable functional outcome at 
3 months.

In the HERMES meta-analysis, the authors found that 
patients receiving MT and medical therapy within the first 
7.3 h after symptoms onset had lower degrees of disability 
at 3 months compared to those receiving medical therapy 
alone [31]. However, this benefit became nonsignificant 
when patients were treated with MT more than 7.3 h after 
symptoms onset [31]. Similarly, in another study which NA
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pooled data from the SWIFT PRIME (Solitaire FR With the 
Intention for Thrombectomy as Primary Endovascular Treat-
ment for Acute Ischemic Stroke) trial, the authors found that 
patients receiving MT within the first 2.5 h after symptoms 
onset had higher chances of achieving a favorable functional 
outcome at 3 months, but this rate decreased by 10% over 

the next hour and by 20% with every subsequent hour of 
delay [32].

This meta-analysis was aimed to evaluate which transpor-
tation paradigm could provide more benefit for AIS patients 
treated with MT. Our pooled results are based on 19 studies 
totally enrolling 4205 patients directly admitted to CSCs and 

Fig. 2  Forest plot of favorable functional outcome at 3 months

Fig. 3  Forest plot of mortality in hospital

Fig. 4  Forest plot of mortality at 3 months
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4546 patients secondarily transferred to CSCs. According 
to the primary analysis, the pooled results indicated that the 
rate of sICH, mortality in hospital, mortality at 3 months, 
and successful recanalization were not significantly differ-
ent between the direct admission group and the secondary 
transfer group. However, partial heterogeneity was detected 
across some studies, which reduced the accuracy of these 
results. Difference in the use of devices for MT, inclusion 
and exclusion criteria of patients in each study, and medi-
cal level across hospitals may be the possible resources of 
this heterogeneity. In addition, our pooled results indicated 
that patients directly admitted to CSCs had higher chances 
of achieving a favorable functional outcome at 3 months 
than those secondarily transferred to CSCs, which could be 
explained by the difference in the time of OTP and OTR 
between the two groups. Previously, Froehler et al. reported 
that AIS patients directly admitted to CSCs had higher 
chances of achieving a functional independence at 3 months 
than those patients secondarily transferred to CSCs [13]. 
However, there was no difference in any outcome between 
the two groups after adjusting the time from symptoms 
onset to treatment, suggesting that the difference in the rate 
of achieving a favorable functional outcome between the 
two groups was mainly attributable to the time delay of 
performing MT [13]. According to the baseline character-
istics of each study included in this meta-analysis (Table 1), 
we found that the time of OTP and OTR was significantly 
shorter in the direct admission group than that in the sec-
ondary transfer group. The mean difference in the time of 
OTP and OTR between the two groups were 92.89 min and 
82.38 min, respectively.

Several recent studies have reported that patients receiv-
ing bridging thrombolysis before performing MT had lower 
morality rate and higher chances of achieving a favorable 

functional outcome at 3 months than those patients treated 
with MT alone [33–35]. It is possible that the difference in 
the rate of bridging thrombolysis usage in each study could 
affect the outcomes of AIS patients after performing MT. 
Therefore, we conducted a subgroup analysis according to 
the utilization rate of the bridging thrombolysis in each study 
(100% VS. non-100%). Interestingly, in the 100% bridging 
thrombolysis usage rate subgroup, the pooled results showed 
that there was no difference between the two transporta-
tion paradigms in sICH, favorable functional outcome at 
3 months, mortality at 3 months, and successful recanaliza-
tion. We think that implementing intravenous thrombolysis 
before performing MT could partially compensate for the 
negative effects caused by the delayed reperfusion time. 
However, in fact, according to the baseline characteristics 
of each study included in this meta-analysis, we found that 
the utilization rate of bridging thrombolysis in most studies 
are less than 60%. The primary reason is that, in the clini-
cal reality, some AIS patients are not eligible for IVT due 
to they have a history of intracranial hemorrhage, receive 
surgical operation recently, use novel oral anticoagulants 
(NOACs), or have contraindications to tPA [36–38]. For 
those patients with suspected AIS but not eligible for IVT, 
going directly to the nearest CSCs to perform MT seems to 
be the best choice.

Although our pooled results indicated that direct admis-
sion for AIS patients seems to be superior to secondary 
transfer, however, this doesn’t mean that all patients with 
suspected AIS should be directly admitted to CSCs. On 
the one hand, at present, there is a lack of an accurate 
and widely used prehospital clinical scale that can screen 
eligible AIS patients for MT, therefore, too many patients 
with suspected AIS directly admitted to CSCs may beyond 
the capacity of CSCs and strain the medical resources [39]. 

Fig. 5  Forest plot of successful recanalization rate
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On the other hand, the distribution of CSCs in rural areas 
are much less than that of urban areas, therefore, the trans-
portation time for patients living in rural areas is longer 
than those living in urban areas, which may lead some 
patients beyond the optimal treatment window of IVT, and 
thus they would inevitably be treated by MT [5, 13]. At 
present, there is an ongoing randomized controlled trial, 
RACECAT (Direct Transfer to an Endovascular Center 
Compared to Transfer to the Closest Stroke Center in 
Acute Stroke Patients with Suspected Large Vessel Occlu-
sion) (NCT02795962), aiming to investigate which trans-
portation paradigm is more beneficial for patients with 
suspected large vessel occlusion. We hope the results of 
RACECAT could provide more information regarding this 
topic. However, we also think that more large-scale studies 
are required to further investigate this topic, in particular, 
focusing on how to manage patients from rural areas and 
urban areas separately. As we know, different areas have 
different medical systems, therefore; for patients from dif-
ferent regions, different transportation paradigms may be 
required. In addition, it is also urgent to develop some 
accurate prehospital clinical scales that can screen eligible 
patients for MT, thus helping clinicians to make the best 
prehospital triage decision for patients with suspected AIS 
and helping to use the limited medical resources rationally 
[40, 41].

The following limitations regarding this meta-analysis 
have to be considered. First, most studies included in this 
meta-analysis are retrospective design. Second, many 
baseline characteristics are missing, which might intro-
duce information bias. Third, different regions such as 
metropolitan areas and rural areas have different medi-
cal level, especially in PSCs, which could also affect the 
pooled results. Fourth, the results from subgroup analysis 
may be not accurate since only 5 studies with small sam-
ples were included in the 100% bridging therapy usage 
rate subgroup. Further studies should be conducted to 
investigate the difference between the two transportation 
paradigms in patients eligible for IVT and not eligible for 
IVT, respectively.

Conclusions

Our primary pooled results indicated that patients with sus-
pected AIS directly admitted to CSCs had a better outcome 
than those secondarily transferred to CSCs from PSCs. 
However, subgroup analysis indicated that there was no 
difference in any outcome between the two transportation 
paradigms in the 100% bridging thrombolysis usage rate 
subgroup. Due to several limitations of this meta-analysis, 

more large-scale randomized prospective trials are required 
to further investigate this topic.
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