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Background and Purpose Substantial uncertainty exists on the benefit of organizational paradigms 
in stroke networks. Here we systematically reviewed and meta-analyzed data from studies 
comparing functional outcome between the mothership (MS) and the drip and ship (DS) models. 
Methods The meta-analysis protocol was registered international prospective register of systematic 
reviews (PROSPERO) and followed Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. PubMed, EMBASE, and Cochrane Central databases were searched 
for randomized-controlled clinical trials (RCTs), retrospective and prospective studies comparing MS 
versus DS. Primary endpoints were functional independence at 90 days (modified Rankin Scale <3) 
and successful recanalization (Thrombolysis in Cerebral Infarction Scale [TICI] >2a); secondary 
endpoints were 3-month mortality and symptomatic intracranial haemorrhage (sICH). Odds ratios 
for endpoints were pooled using the random effects model and were compared between the two 
organizational models. 
Results Overall, 18 studies (n=7,017) were included in quantitative synthesis. MS paradigm was 
superior to DS model for functional independence (odds ratio, 1.34; 95% confidence interval, 1.16 
to 1.55; I2=30%). Meta-regression analysis revealed association between onset-to-needle time and 
good functional outcome, with longer onset-to-needle time being detrimental. Similar rates of 
recanalization, sICH and mortality at 90 days were documented between MS and DS. 
Conclusions Patients with acute ischemic stroke eligible for reperfusion strategies might benefit 
more from MS paradigm as compared to DS. RCTs are needed to further refine best management 
taking into account logistics, facilities and resources. 
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Introduction

Previous randomized-controlled clinical trials (RCTs) showed 
that the combination of intravenous thrombolysis (IVT) and en-
dovascular thrombectomy (EVT) is effective in patients with 
ischemic stroke due to a large vessel occlusion.1-3 Current inter-
national guidelines have been updated accordingly.4 However, 
EVT is only available at Comprehensive Stroke Centers (CSC), 
which are fewer than Primary Stroke Centers (PSC), the latter 
being only able to administer IVT. Therefore, two main organi-
zational paradigms have been developed: the mothership (MS), 
in which the patient is directly brought to the CSC, and the drip 
and ship (DS) model, where initially assessment and eventual 
IVT at the PSC are followed by “shipping” to the CSC. The choice 
of a model over another implies clinical consequences for treat-
ed patients as well as for local health policies, including the 
distribution of hospital facilities over the region of interest. 

Previous systematic reviews comparing MS versus DS models 
were limited to few studies and provided conflicting results.5,6 
Computational modeling provided potential insights on time of 
transport, although with consistent limitations due to assump-
tions of treatment efficacy and patient eligibility.7 Therefore, 
no conclusive evidence is available to date concerning the su-
periority of one model over the other by clinical and economic 
results.

We conducted a systematic review and pooled data meta-
analysis of studies comparing MS versus DS model, including 
subgroup analysis by type of treatment, clinical severity and 
timing of treatments.

Methods

Search strategy
The methods and guidelines of this study-level meta-analysis 
followed Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines8 and study protocol regis-
tered with PROSPERO (CRD42019135915). Two reviewers sys-
tematically searched Pubmed, EMBASE and Cochrane Central 
register of Controlled Trials databases for studies comparing 
MS versus DS published between January 1990 and February 
1st, 2020. Search strategy was based on combination of terms, 
including “mothership,” “drip and ship,” “organization model,” 
“stroke,” “thrombolysis,” “thrombectomy,” as either keywords or 
MeSH terms. Reference lists and citing articles were also re-
viewed to increase the identification of relevant studies.

Selection criteria
We included RCTs, prospective and retrospective studies re-

porting the clinical efficacy and safety of MS or DS model 
among adult (≥18) patients with acute ischemic stroke, inde-
pendently from the device used. We limited the studies to Eng-
lish language and excluded case reports, small case series 
(<20), conference proceedings and reviews. The interventional 
group comprised patients treated in a MS model, while the 
control group was represented by the DS paradigm.

Endpoints
The primary endpoint was functional independence at 90 days 
from stroke onset, defined as modified Rankin Scale score <3. 
Secondary endpoints were (1) rate of good recanalization ac-
cording to Thrombolysis in Cerebral Infarction Scale (TICI) 
grade (2b or 3), (2) mortality at 90 days from stroke onset, (3) 
and the occurrence of symptomatic intracerebral haemorrhage 
(sICH), according to the definition of individual studies.

Data extraction and bias assessment
Two reviewers independently extracted data concerning base-
line and outcome characteristics of each included study, as 
well as its methodological design. We reported the lack of data 
on outcome, when appropriate. Risk of bias was assessed and 
reported according to the recommendations of the Cochrane 
Handbook for Systematic Reviews of Intervention, applying the 
Cochrane risk of bias tool or the Newcastle-Ottawa Scale for 
bias assessment when appropriate. Funnel plots were imple-
mented for publication bias.

Statistical analysis
We performed a statistical analysis pooling data in the inter-
vention group and the control group. Outcome heterogeneity 
was evaluated with Cochrane’s Q test I2. We calculated odds 
ratio (ORs) and 95% confidence intervals (CIs), with a random 
effects model, for all outcomes. We calculated I2 statistics, and 
heterogeneity was classified as moderate (I2 30% to 50%), 
substantial (I2 50% to 75%), or considerable (I2 75% to 100%). 
If the results were heterogenous, we planned to use sensitivity 
analysis to investigate how the results differed when we ex-
cluded studies with highest risk of bias. Subgroup analysis for 
the primary outcome was predefined for different types of 
treatment, including studies considering bridging therapy only. 
Sensitivity analysis through leave-one out paradigm was used 
to test robustness of the findings. We report the analysis re-
sults graphically using forest plots for outcomes of single in-
cluded trials and the total treatment effects. We also calculat-
ed the number needed to treat (NNT) for the primary endpoint 
using the formula NNT=1/[(1–RR)×mortality rate in control 
group]. Finally, we introduced covariates to reduce heterogene-
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ity of meta-analysis and we performed a meta-regression 
analysis to detect the influence of these variables on the pri-
mary endpoint. In particular, we considered the differences of 
means between interventional and control groups of each in-
cluded study concerning age, clinical severity summarized by 
the score of National Institutes of Health Stroke Scale (NIHSS), 
onset-to-groin time (OGT) and onset-to-needle time (ONT). We 
reported graphical representation of final results by bubble-
plots. Data analysis was performed using Review Manager ver-
sion 5.3 (The Cochrane Collaboration 2012, Copenhagen, Den-
mark) and R software version 3.3.1 (packages metaphor,9 meta; 
R Foundation for Statistical Computing, Vienna, Austria).

Results

Systematic search retrieved 18 studies including 7,017 pa-
tients (PRISMA flowchart) (Figure 1).10-27 Most of the included 
studies were observational and prospective, only one study was 
a RCT15 (Table 1). As a result, quality of studies ranged fair to 
good, with only one RCT achieving optimal score on risk of bias 
assessment. Funnel plot showed low levels of visual asymmetry 
(Supplementary Figure 1 for complete bias assessment). No 
significant differences emerged comparing patients treated in 

Table 1. Summary of included studies

Study
Age 
(yr)

Sample
NIHSS

ONT (min) OGT (min) No. of IVT (%)

Total Mothership Drip & Ship Mothership Drip & Ship Mothership Drip & Ship Mothership Drip & Ship

Adams et al. (2019)10 72 214 124 90 16 NA NA 131 248 52 (42) 49 (54)

Cappelen-Smith et al. 
(2016)19

67 33 20 13 21 NA NA NA NA 7 (35) 9 (69)

Feil et al. (2020)11 71 410 221 189 16 95 95 152 256 255 (overall)

Froehler et al. (2017)17 68 906 498 408 17 89 98 137 237 329 (66) 299 (73)

Gerschenfeld et al. (2017)21 72 159 59 100 16 135 150 189 248 59 (100) 100 (100)   

Hiyama et al. (2016)22 75 45 12 33 20 NA NA 166 189 12 (100) 33 (100)

Jayaraman et al. (2020)12 76 232 88 144 18 50* 62* 93 152 48 (55)   94 (65)

Kim et al. (2016)18 67 820 678 142 9 110 161 NA NA 678 (100) 142 (100)

Mourand et al. (2019)14 69 179 93 86 18 165 152 215 315 48 (52) 70 (81)

Park et al. (2016)23 69 105 77 28 12 NA NA 219 300 77 (100) 28 (100)

Park et al. (2016)24 68 1,898 1,599 299 11 113† 120† 200 305 1,599 (100) 299 (100)

Pfaff et al. (2017)16 65 112 74 38 19 NA NA 178 283 54 (73) 29 (76)

Prothmann et al. (2017)26 68 87 37 50 15 NA NA 137 233 23 (62) 35 (70)

Rinaldo et al. (2017)25 66 140 62 78 18 NA NA 277 420 40 (65) 42 (54)

Saver et al. (2015)15 65 98 67 31 NA NA NA 275 180 NA NA

van Veenendaal et al. 
(2018)27

70 178 50 128 17 NA NA 158 293 32 (64) 97 (76)

Weber et al. (2016)20 71 643 300 343 15 92‡ 115‡ 150 233 NA NA

Weisenburger-Lile et al. 
(2019)13

67 971 298 673 16 131 150 171 260 298 (100) 673 (100)

NIHSS, National Institutes of Health Stroke Scale; ONT, onset-to-needle time; OGT, onset-to-groin time; IVT, intravenous thrombolysis; NA, not available.
*Onset time replaced by scene departure; †Includes patients treated with bridging; ‡Data for whole cohort, including patients lost to follow-up.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow-chart for selection of studies included in the meta-
analysis.
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the two organizational paradigms for sex, age, and NIHSS 
score at admission. On the contrary, DS patients had longer 
onset-to-treatment timing (Table 2).

Considering the primary endpoint of functional indepen-
dence at 90 days, MS paradigm was superior to DS model (OR, 
1.34; 95% CI, 1.16 to 1.55; I2=30%) (Figure 2). More specifi-
cally, the rates of functional independence were 53% and 47% 
in the MS and DS organizational paradigms respectively, with a 
NNT of 29 in favor of MS model (Figure 2). Results from DerSi-
monian & Laird model were also confirmed applying the Har-
tung-Knapp-Sidik-Jonkman model (OR, 1.38; 95% CI, 1.20 to 
1.59; Pheterogeneity=0.11). In the subgroup analysis restricted to 

studies exploring bridging therapy, the MS model provided 
marginally higher rate of functional independence (OR, 1.26; 
95% CI, 0.98 to 1.63; I2=34%) (Figure 3). 

Meta-regression analysis revealed a significant association 
between ONT and good functional outcome, with longer ONT 
being detrimental for recovery (Supplementary Figure 2). Dif-
ferences of age, clinical severity at presentation, and OGT be-
tween study groups did not have significant correlation with 
functional outcome (Supplementary Figures 3-5).

MS and DS had similar rates of mortality at 90 days (OR, 
0.94; 95% CI, 0.78 to 1.13; I2=28%) and successful recanaliza-
tion (OR, 0.81; 95% CI, 0.54 to 1.21; I2=80%) (Supplementary 

Figure 2. Forest plot showing the association of organizational paradigms with functional independence (modified Rankin Scale 0–2) at 3 months. M-H, 
Mantel-Haenszel; CI, confidence interval.

Table 2. Differences between groups

Variable
Mothership
(n=4,338)

Drip & Ship
(n=2,808)

P

Male sex (%) 56 55 0.406

Age (yr) 69.6±11.0 69.1±11.0 0.065

NIHSS score at admission 15.7±5.0 15.6±5.0 0.409

ONT (min) 120±27 132±27 0.006

OGT (min) 179±49 276±124 <0.001

IVT rate (%) 3,356 (89) 1,999 (87) 0.462

Recanalization rate (%) 1,574 (79) 1,774 (79) 0.705

Values are presented as mean±standard deviation or number (%).
NIHSS, National Institutes of Health Stroke Scale; ONT, onset-to-needle time; OGT, onset-to-groin time; IVT, intravenous thrombolysis.
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Figures 6 and 7). Sensitivity analysis through leave-one out 
paradigm confirmed results (Supplementary Table 1). Pooling 
data from all observational studies, excluding RCT, MS was still 
superior to DS paradigm 1.33 (95% CI, 1.16 to 1.53) (Supple-
mentary Table 1). Combinatorial analysis further confirmed 
clustering of possible pooled estimates in favor of MS for pri-
mary outcome (Supplementary Figure 8). 

Overall, no significant difference was noted in terms of sICH 
depending on organizational paradigm, with a 6.3% and 6.7% 
in MS and DS models respectively (OR, 0.87; 95% CI, 0.70 to 
1.10; I2=15%) (Supplementary Figure 9). There was substantial 
heterogeneity for the endpoint of successful recanalization 
across the included studies (P for Cochran Q <0.00001, 
I2=80%). There was little or no heterogeneity regarding all the 
other endpoints.

Discussion

In this systematic review and meta-analysis including patients 
with acute ischemic stroke eligible for reperfusion strategies, 
MS organizational paradigm was associated with a higher 
rates of functional independence at 3 months compared to DS. 
Our findings add and put into context previous studies and 
systematic reviews,5,6,28 particularly regarding the role of treat-
ment timing on plausible benefit. MS provided better 90-day 
outcome compared to DS in a previous meta-analysis, which 
however was limited to eight studies (n=2,068) and provided 
no meta-regression for timing of treatment.5 MS superiority 
failed to be replicated in a meta-analysis integrating 9 studies 
(n=4,127), which showed similar performance of the two para-
digms.6 Reviews put into question MS superiority,28 and previ-
ous conditional modeling providing suggestions for network 
organization was consistently limited by assumptions on eligi-
bility, door-to-needle time at PSCs, and standardized rates of 

recanalization.7,29 Our results, deriving from 18 studies 
(n>7,000), provide substantial insights in the overall net bene-
fit of MS compared to DS, and detail effects on both good 
functional outcome, sICH and mortality. Specific, patients 
treated under MS paradigm had approximately 40% higher 
odds of being functionally independent at 3 months, with no 
increase in the risk of sICH, or mortality. The benefit of MS on 
functional outcome was further confirmed across sensitivity 
analysis. Therefore, MS might be preferred to DS whenever lo-
cal facilities allow the application of this organizational para-
digm. 

A marginal and non-significant benefit of MS over DS was 
also found taking into account studies investigating bridging. 
This finding needs to be looked at with caution. First, the anal-
ysis was consistently limited by the sample size and heteroge-
neity, with large-sample studies clustering towards MS benefit 
versus small-sample ones distributing in the opposite direction. 
Second, the fact that such trend emerges together with the 
lack of relationship between OGT and functional outcome 
might suggest that what happens before EVT translates on 
outcome. To this extent, ONT was correlated with functional 
outcome, and was significantly shorter in MS group, suggest-
ing that the rapid access to reperfusion strategies still repre-
sents the principal target to achieve good outcome. Results 
from this meta-analysis highlight that longer ONT negatively 
impacted 3-month functional outcome, suggesting that logis-
tics should be appropriately addressed when configuring a 
stroke network. The fact that age and clinical severity did not 
impact on the benefit of paradigm choice on functional out-
comes argues in favor of common pathways for all stroke pa-
tients, independently from age and clinical severity at stroke 
onset. 

Regarding recanalization, a marginal, although not signifi-
cant, increase in rates of recanalization with DS was found 

Figure 3. Forest plot showing the association of organizational paradigms with functional independence (modified Rankin Scale 0–2) at 3 months in sub-
group of patients treated with bridging therapy (combination of intravenous thrombolysis and endovascular thrombectomy). M-H, Mantel-Haenszel; CI, con-
fidence interval.
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compared to MS with substantial heterogeneity detected 
across included studies. These findings support similar efficacy 
of the two organizational paradigms, although it might also 
prompt speculations on possible higher rates of futile recanali-
zation in patients managed via DS, which might be attributable 
to long transportation-time between primary and comprehen-
sive centers, treatment in late time-windows, and lack of eligi-
bility rechecking at arrival. 

Limitations to this meta-analysis might be related to the de-
sign of included studies, as well as in the use of tabular data, 
which precluded further adjustment for confounding factors. 
Second, our results might not be fully representative of stroke 
care in the near future, when expansion of tissue-based win-
dows for treatment might consistently refine the advantages 
of one paradigm over the other. To this extent, implementation 
of simulation modeling might represent a useful resource to 
orientate logistics, with appropriate continuous audit/feed-
back.7 Third, meta-regression analysis was performed with the 
caveat of low number of studies, and therefore results regard-
ing ONT timing should be considered with caution. Finally, me-
ta-analysis did not include geographical factors and different 
centers performance, which might indeed represent critical de-
tails to organize the stroke network. However, given MS asso-
ciates with improved functional outcome, policies might be 
implemented to support such paradigm in areas with transpor-
tation time to CSC below 45 minutes. The ongoing Transfer to 
the Local Stroke Center versus Direct Transfer to Endovascular 
Center of Acute Stroke Patients with Suspected Large Vessel 
Occlusion in the Catalan Territory (RACECAT; NCT02795962) 
and PREhospital Routage of Acute STroke Patients With Sus-
pected Large Vessel Occlusion: Mothership Versus Drip and 
Ship (PRESTO-F; NCT04121013) trials will provide more an-
swers to the open questions comparing MS and DS.

Conclusions

Patients with acute ischemic stroke eligible for reperfusion 
strategies might benefit from MS paradigm compared to DS. 
RCTs are needed to further refine best management taking into 
account logistics, facilities and resources. 

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2020.01767.
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Supplementary material

Boolean syntax for literature search in PubMed 
database
(((mothership[title/abstract]) OR (MS[title/abstract])) OR ((drip 

and ship[title/abstract]) OR (DS[title/abstract])) OR (hub and 
spoke[title/abstract])) AND (stroke[title/abstract] OR (cerebro-
vascular disease*[title/abstract]))

Supplementary Figure 1. Risk of bias summary (A) and publication bias Funnel plot (B). Color-based legend: red=high risk of bias, yellow=mild risk of bias, 
light green=slight risk of bias, dark green=low risk of bias. NA, not available.
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Supplementary Figure 2. Meta-regression analysis for differences of on-
set-to-needle time (ONT) means between study level groups. Coefficient: 
–0.013 (95% confidence interval, –0.025 to –0.00); SE, 0.006; P=0.048.

Supplementary Figure 4. Meta-regression analysis for differences of age. 
Coefficient: –0.051 (95% confidence interval, –0.125 to 0.002); SE, 0.004; 
P=0.179.

Supplementary Figure 6. Forest plot showing association of organizational paradigm with mortality at 3 months. M-H, Mantel-Haenszel; CI, confidence in-
terval.

Supplementary Figure 3. Meta-regression analysis for differences of on-
set-to-groin time (OGT) means between study level groups. Coefficient: 
–0.001 (95% confidence interval, –0.007 to 0.005); SE, 0.003; P=0.9.

Supplementary Figure 5. Meta-regression analysis for differences of clini-
cal severity. Coefficient: –0.007 (95% confidence interval, –0.001 to 0.003); 
SE, 0.005; P=0.176. NIHSS, National Institutes of Health Stroke Scale.
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Supplementary Figure 7. Forest plot showing association of organizational paradigm with recanalization. M-H, Mantel-Haenszel; CI, confidence interval.

Supplementary Figure 8. Combinatorial analysis showing distribution of 
effect size and heterogeneity. The distribution of log odds ratio is in consis-
tently in favor of mothership versus drip & ship paradigm for the primary 
outcome considered (good functional outcome, modified Rankin Scale 0–2).
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Supplementary Figure 9. Forest plot for symptomatic intracerebral haemorrhage. M-H, Mantel-Haenszel; CI, confidence interval.

Supplementary Table 1. Leave-one out sensitivity analysis

Study OR (95% CI) tau2 I2

Adams et al. (2019)10 1.43 (1.28–1.59) 0.000 0.00

Cappelen-Smith et al. (2016)19 1.35 (1.18–1.55) 0.018 24.82

Feil et al. (2020)11 1.32 (1.14–1.54) 0.026 30.08

Froehler et al. (2017)17 1.33 (1.13–1.56) 0.032 32.67

Gerschenfeld et al. (2017)21 1.4 (1.24–1.58) 0.005 8.39

Hiyama et al. (2016)22 1.36 (1.19–1.55) 0.016 22.64

Jayaraman et al. (2020)12 1.33 (1.15–1.54) 0.024 29.52

Kim et al. (2016)18 1.32 (1.13–1.54) 0.028 31.67

Mourand et al. (2019)14 1.35 (1.17–1.55) 0.022 27.91

Park et al. (2016)23 1.35 (1.17–1.55) 0.020 25.87

Park et al. (2016)24 1.31 (1.16–1.48) 0.000 0.00

Pfaff et al. (2017)16 1.38 (1.22–1.57) 0.011 16.24

Prothmann et al. (2017)26 1.33 (1.16–1.53) 0.019 25.70

Rinaldo et al. (2017)25 1.35 (1.17–1.55) 0.020 26.31

Saver et al. (2015)15 1.33 (1.16–1.53) 0.021 26.75

van Veenendaal et al. (2018)27 1.33 (1.15–1.53) 0.022 28.14

Weber et al. (2016)20 1.33 (1.14–1.55) 0.028 31.72

Weisenburger-Lile et al. (2019)13 1.33 (1.13–1.56) 0.032 32.62


