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Outcomes and Issues of ‘Drip and Go’ as 
an Inter-Hospital Cooperation System in 
Mechanical Thrombectomy for Acute  
Ischemic Stroke
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and Toshihiko Wakabayashi

Objective: Mechanical thrombectomy in acute ischemic stroke (AIS) has become popular in recent years. Our affiliated 
institutes without neuro-endovascular specialists call our department to come to assist and perform thrombectomy (Drip 
and Go). In this study, the effectiveness of this inter-hospital cooperative system was evaluated.
Methods: Between January 2016 and December 2018, “Drip and Go” was performed in a total of 29 patients (20 males, 
average age of 75 years) from four hospitals located within a 1-hour drive, that frequently called for AIS assistance. The 
background and outcomes of such cases were then retrospectively collected and evaluated.
Results: The median National Institutes of Health Stroke Scale (NIHSS) and diffusion-weighed image-Alberta Stroke 
Programme Early CT Score (DWI-ASPECTS) were 19 and 7, respectively. Gro in puncture was performed in 27 patients 
(93%) within 6 h of onset. Good reperfusion (thrombolysis in cerebral infarction [TICI] 2b/3) was obtained in 24 patients 
(82%) with only one patient exhibiting hemorrhagic complication. A total of 12 patients (41%) had a modified Rankin 
Scale (mRS) score of 0–3 after 90 days or at the time of discharge. Univariate analysis identified a DWI-ASPECTS of 7 
or higher as the only significant factor associated with a good neurological prognosis (P <0.05). Neurological prognosis 
was the most favorable at the furthest hospital where patients had a good DWI-ASPECTS.
Conclusion: By employing a 1-hour arrival time window and proper patient selection, the “Drip and Go” inter-hospital 
cooperative system can be an alternative approach for covering areas where no neuro-endovascular specialists are 
available for AIS.
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Introduction

Mechanical thrombectomy for acute ischemic stroke (AIS) 
has become routine in Japan following improvements in 
recanalization rates thereafter.1,2) Previous studies have 
indicated that treatment outcomes depend on the interval 
between onset and recanalization.3,4) The establishment of 

a medical cooperative system or in-hospital system for AIS 
management helps to shorten the time.5,6) Several studies 
have compared “Mothership,” herein patients who may be 
indicated for mechanical thrombectomy are directly trans-
ported to a comprehensive stroke center (CSC), with “Drip 
and Ship,” wherein those who should be indicated for 
mechanical thrombectomy are transported after initial 
treatment.7–9) A recent meta-analysis reported that func-
tional independence was better in the Mothership group, 
whereas there were no significant differences in recanaliza-
tion rate, incidence of hemorrhage, or mortality rate.10) 
Recently, CSCs and thrombectomy-capable stroke centers 
(TSCs) have gradually emerged across Japan, although 
they have yet to be established in each secondary medical 
area. Furthermore, issues regarding manpower, hospital 
beds, and patient transportation remain. Considering that 
specialists in neuroendovascular treatment are not sta-
tioned in all core hospitals within a secondary medical 
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area, patients are transported to peripheral core hospitals 
employing such specialists using the “Mothership” and 
“Drip and Ship” systems among our affiliated institutions. 
On the other hand, such specialists went to other hospitals 
for mechanical thrombectomy (“Drip and Go”) from 2014 
based on requests to our department from institutions in 
areas where transportation was difficult. Following the 
widespread recognition of the usefulness of mechanical 
thrombectomy, the number of treatment sessions has rap-
idly increased since 2018. Therefore, the current study 
sought to investigate treatment outcome and future issues 
of “Drip and Go,” an inter-hospital cooperative system, 
although they may be markedly influenced by the stroke 
emergency system of each medical institution.

Materials and Methods

Between January 2016 and December 2018, 57 patients 
underwent mechanical thrombectomy at our department. 
Many of our affiliated institutions that lack specialists in neu-
roendovascular treatment have adopted the “Mothership” 
system for patients with AIS/large vessel occlusion (LVO). 
Overall, 29 patients from four institutions that adopted the 
“Drip and Go” system and continuously requested support 
were analyzed, excluding 28 in-university patients/those sup-
ported in the absence of full-time endovascular treatment 
specialists/those irregularly supported at institutions adopt-
ing the “Drip and Ship” system. Patient background data are 
summarized in Fig. 1. Devices, such as sheaths and guiding 
catheters, were installed at the affiliated hospitals, if possible, 
to save time. Physicians in charge of stroke at each affiliated 
hospital were responsible for initial treatment and tissue plas-
minogen activator (tPA) administration. Concerning the indi-
cation of mechanical thrombectomy, they consulted our 
department. A 24-hour system was adopted, with one or two 
neuroendovascular treatment specialists belonging to our 
department visiting the hospital for treatment by car or other 
means of transportation. Regarding procedures, a combined 
technique using a stent retriever (SR) and aspiration catheter 
was primarily selected. However, an SR or direct aspiration 
first pass technique (ADAPT) alone was used according to 
individual patients. As for the indication of treatment, we 
complied with an interval of ≤6 hours from onset without 
establishing age or Alberta Stroke Programme Early CT 
Score (ASPECTS) limits to make flexible relationships with 
several medical institutions. This was an observational study, 
and its protocol was approved by the ethics review boards of 
our hospital and each affiliated institution.

Data on the patient background (age/sex/medical history/
modified Rankin Scale [mRS] score), details of stroke (site 
of occlusion/presence of tPA administration/National Insti-
tutes of Health Stroke Scale [NIHSS] score/computed 
tomography [CT]/magnetic resonance imaging [MRI]), 
treated site, treatment procedure/results, workflow time, and 
procedure-associated complications/mRS score after 90 days 
or on discharge as outcomes were retrospectively collected. 
Results were expressed as mean (standard deviation) or 
median (interquartile range). Values were then compared, 
establishing a cutoff NIHSS score as 26, at which tPA should 
be carefully administered based on the guidelines for the 
adequate use of tPA in Japan. Concerning workflow time, the 
cutoff value of the puncture-to-reperfusion time (P2R) was 
established as 60 minutes according to the guidelines recom-
mended by the Society of Neurointerventional Surgery 
(SNIS).11) The cutoff value of the onset-to-puncture time 
(O2P) was established as approximately 270/438 minutes, 
which is associated with the mRS score and functional prog-
nosis according to previous studies.12,13) The chi-square test 
was used for data comparison. All statistical analyses were 
performed using EZR (R graphical user interface; Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
with a P value of 0.05 indicating statistical significance.

Results

The current study included four affiliated general hospitals 
that had ≥400 beds (Hospitals A to D). Their positional 
relationships on a broad-area map around our university 
and the time required to arrive by car are presented in 
Fig. 2. The arrival time was determined using Google Maps, 
but it was similar to the actual time required. Hospital A is 
located in another prefecture and requires approximately 
60 minutes of travel by car. On the other hand, Hospital D 
is located in Nagoya City, with favorable access, and it can 
be reached in approximately 20 minutes. Hospitals B and C 
are located in the suburbs of this prefecture, and approxi-
mately 40–50 minutes are required until arrival. Concern-
ing the patient background, the mean age was 75 years, the 
subjects included 20 males (69%), the median NIHSS 
score was 19 (16–24), and the diffusion-weighted image 
image-ASPECTS (DWI-ASPECTS) was 7 (5–9). More-
over, 90% of the subjects exhibited affected anterior circu-
lation, while 60% of the patients received tPA. In 27 
patients (93%), puncture was performed within 6 hours 
after onset, with 24 patients (83%) achieving favorable 
recanalization. The mRS score after 90 days (or on discharge) 
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score of 22. Anterior circulation proximal areas (ICA/M1/
M2) were affected in 90% of occluded blood vessels.

Interval until mechanical thrombectomy with the 
“Drip and Go” system and results of treatment
The workflow time and results of mechanical thrombec-
tomy are presented in Table 2. As our team was responsi-
ble for treatment, the devices used in individual patients 
differed, but a combined technique using aspiration cathe-
ter and SR was adopted in 80% of the subjects. The mean 
O2P and D2P in Hospitals A and B, which were remote 
from our hospital, with no device installed, were approxi-
mately 290 and 210 min, respectively, being prolonged. On 

was ≤2 in 6 patients (21%), but it was ≤3 in 12 (41%). The 
pre-onset mRS score deteriorated by ≤2 points in 11 
patients (38%).

Differences in the patient background among the 
hospitals
Table 1 summarized the clinical characteristics of the 29 
patients who underwent mechanical thrombectomy. In Hos-
pital D, there were a slightly higher proportion of elderly 
patients than the other hospitals. Treatment was performed 
even for low ASPECTS patients (median: 5). Overall, the 
median NIHSS score was 19, with Hospital B having a 
median score of 14 and Hospitals A and D having a median 

Fig. 1  Breakdown of AIS cases in which mechanical thrombectomy was performed within the 
period. AIS: acute ischemic stroke

Fig. 2  Map showing the location of each hospital and the time required.
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results demonstrated that the DWI-ASPECTS was better 
associated with a favorable neurological prognosis more 
than time-related factors when the inter-hospital transfer 
time was ≤1 h, although the interval until recanalization 
increased for hospitals located farther away. Similarly, the 
transportation time may not be important even when adopt-
ing the “Mothership” system involving patient transporta-
tion to TSCs. In this system, treatment can be completed at 
the core hospital of an area and it is not necessary to trans-
port stroke patients with symptoms to a distant medical 
institution, reducing patients’ and their families’ physical/
mental stress, which is advantageous. On the other hand, in 
the “Mothership” system in which patients are transported 
to TSCs or CSCs, the emergency-room (ER) and angiogra-
phy-room staff are skilled at emergency mechanical throm-
bectomy, shortening the pre- and post-thrombectomy time 
and improving the nerve function prognosis through 
high-quality perioperative management.10,15–17)

Treatment results in our series
The basic procedure, utilized herein involved a combined 
technique with an aspiration catheter and SR in 80% of the 
subjects, with a median procedure time (P2R) of 68 min. 
TICI 2b or higher recanalization was achieved in 24 
patients (83%), among whom 14 (48%) achieved first-pass 
recanalization. Recently, a trial involving the use of an SR 
suggested the usefulness of first-pass effect (FPE)-mediated 
recanalization. Such recanalization accounted for 51%–
68%. In our series, a similar result was also obtained and 
there may have been no technical problem due to a low 
incidence of complications. A sub-analysis of the STRA-
TIS registry revealed that the FPE was significantly more 
potent in the 40-mm Solitaire group.18) We also adopted a 
strategy to use a long SR. Furthermore, the nerve function 
prognosis in our series was poor considering that five 
patients had a preoperative mRS score ≥3 and 10 patients 
with a low DWI-ASPECTS (≤6) were included. However, 
when focusing on a group that meets the Grade A criteria  
recommended in the guidelines for the adequate use of 
devices for mechanical thrombectomy in Japan1) (n = 17; 
anterior circulation, DWI-ASPECTS: ≥7, pre-onset mRS 
score: 0 or 1), the mRS score was 0 to 2 in 6 patients (35%), 
and it was 0 to 3 in 12 (71%); the results were better than 
those of the HERMES.12)

Influence of the inter-hospital transfer time
As the number of “Drip and Go” patients has gradually 
increased, we retrospectively analyzed the treatment 

the other hand, devices were installed in Hospital C, to 
which the distance is similar to that to Hospital B, with a 
10-minutes difference; therefore, the O2P and D2P were 
approximately 60 minutes shorter than for Hospital B. The 
mean P2R was approximately 100 minutes for Hospital A, 
which is located in another prefecture, and is furthest from 
our hospital, considering that it had the longest interval 
until devices arrived. The mean P2R was similar among 
Hospitals B, C, and D. The median number of passes was 
2. Thrombolysis in cerebral infarction (TICI) 2b or higher 
recanalization was achieved in 24 patients (83%), among 
whom 14 (48%) achieved, first-pass recanalization was 
achieved. At each institution, recanalization was achieved 
in ≥70% of the patients. Hemorrhagic complication related 
to the procedure was observed in only one patient (3%).

Factors associated with the neurological prognosis
This study analyzed the influence of background factors, 
such as age/NIHSS score/pre-onset mRS score, and work-
flow time on the postoperative mRS score. The indication 
for treatment was herein determined based on the interval 
from onset without strictly considering imaging findings. 
Therefore, this study conducted univariate analysis to 
determine patients who achieved favorable results (i.e., 
those with an mRS score of 0–3), with the results being 
presented in Table 3. The NIHSS score was approximately 
26, with no significant difference. Univariate analysis iden-
tified a DWI-ASPECTS of ≥7 a factor significantly associ-
ated with good prognosis. Considering the limited number 
of patients, multivariate analysis could not be performed. 
Comparing the results among the four institutions showed 
that Hospital A had a high proportion of patients with 
favorable results (mRS 0–3: 67%), whereas Hospital D, 
which is the closest to our hospital, had relatively poor 
results (mRS 0–3: 22%).

Discussion

In 2016, the results of randomized controlled trials (RCTs), 
including the MRCLEAN,14) and meta-analyses, such as the 
HERMES,12) were published. Since then, the number of 
consultations on mechanical thrombectomy for LVO and 
treatment requests from affiliated institutions where spe-
cialists in neuroendovascular treatment are absent has 
increased. This study retrospectively analyzed patients who 
underwent mechanical thrombectomy at four institutions 
that previously requested us for treatment using the “Drip 
and Go” system between 2016 and 2018. Overall, our 
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assumption that some may be reversed through prompt 
recanalization due to the short distance, which may explain 
the marked difference from Hospital A.

As presented in Table 3, univariate analysis also 
demonstrated that the DWI-ASPECTS the most markedly 
influenced the prognosis. In the guidelines for the adequate 
use of devices for percutaneous transluminal mechanical 
thrombectomy (3rd version, March 2018) in Japan, this 
procedure is strongly recommended for patients with a 
DWI-ASPECTS of ≥7 as Grade A. This is consistent with 
the results of our series. Therefore, currently, when adopt-
ing the “Drip and Go” system in our department, the indi-
cation of treatment is carefully reviewed for patients with a 
DWI-ASPECTS of ≤6, emphasizing the DWI-ASPECTS 
rather than the distance from our hospital. Until coopera-
tion/manpower for acute-phase AIS treatment per second-
ary medical area is sufficiently arranged, we will continue 
the “Drip and Go” inter-hospital cooperation system through 
adequate patient selection.

Several studies that compared trip treatment by a mobile 
stroke team, termed “Trip and Treat” or “Drip and Drive” 
systems, with direct transportation,19–21) which are similar 

results and significance, considering that it should be 
switched to the “Drip and Ship (or Mothership)” system 
considering the individual circumstances. 

We expected that the treatment results at Hospital A, 
which is located in another prefecture, and requires approx-
imately 60 minutes of travel, would to be worse than those 
at Hospital D, which is located within the city and is a mere 
20 minutes by car. However, actual results were contrary to 
our expectation. Concerning the interval until recanaliza-
tion, in Hospital D, there was a shorter mean onset-to- 
recanalization time (ORT) (229 minutes) than the other 
institutions given that devices were already equipped and 
endovascular treatment specialists arrived promptly, as 
reflected by the geographic circumstances. On the other 
hand, Hospital A had the longest distance from our hospital 
and insufficiently equipped devices, resulting in a mean ORT 
of 393 minutes. Although both hospitals had similar median 
NIHSS scores (i.e., 22), Hospital D also treated patients 
with a low DWI-ASPECTS, leading to a lower proportion 
of patients with a favorable mRS score than that at Hospi-
tal A. At Hospital D, treatment was increasingly indicated 
even for patients with a low DWI-ASPECTS on the 

Table 1  Baseline clinical characteristics of “Drip and Go” patients at each hospital

 
All cases  
(n = 29)

A Hosp.  
(n = 6)

B Hops.  
(n = 7)

C Hosp. (n = 
7)

D Hosp.  
(n = 9)

Demographics

  Age, years, mean (SD) 75 (9) 78 (6) 74 (6) 70 (8) 80 (11)

  Sex (male), n (%) 20 (69)   4 (67) 5 (71) 5 (71) 6 (67)

  Atrial fibrillation, n (%) 21 (72)   5 (83) 5 (71) 6 (86) 5 (56)

  Hypertension , n (%) 19 (66)   5 (83) 5 (71) 4 (57) 5 (56)

  Dyslipidemia , n (%) 11 (38)   1 (17) 3 (43) 5 (71) 2 (22)

  Diabetes mellitus , n (%)   7 (24) 0 3 (43) 2 (29) 1 (11)

Clinical and imaging features

  IV-tPA, n (%) 17 (59)   4 (67) 5 (71) 3 (43) 5 (56)

  Baseline mRS, median (IQR)   0 (0–1)     1 (0–1)   1 (0–2)   0 (0–1) 0 (0–0)

  Poor baseline mRS, ≥3, n (%)   5 (17) 0 2 (29) 1 (14) 2 (22)

  NIHSS, median (IQR)     19 (16–24)     22 (19–26)   14 (11–20)   19 (18–22)   22 (18–26)

  DWI-ASPECTS, median (IQR)   7 (5–9)     8 (7–9)   7 (6–9)   8 (5–10)   5 (4–6)

Occlusion site, n (%)

  ICA 12 (41)   2 (33) 4 (57) 2 (29) 3 (33)

  M1 11 (38)   3 (50) 3 (43) 3 (43) 3 (33)

  M2   3 (10)   1 (17) 0 0 2 (22)

  VA/BA   3 (10) 0 0 2 (29) 1 (11)

DWI-ASPECTS: diffusion-weighed image-Alberta Stroke Programme Early CT Score; IV-tPA: intravenous tissue plasminogen activator; mRS: 
modified Rankin Scale; NIHSS: National Institute of Health Stroke Scale
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prompt/close cooperation. Indeed, in 2019, minimum 
devices for mechanical thrombectomy were equipped in 
Hospital A and devices/aspiration pumps were installed in 
primary cooperative institutions for the “Drip and Go” sys-
tem. In addition, we recommended that preparations for 
puncture be made before the specialists arrive. Currently, 
our department has established no cooperation with remote 
hospitals requiring a transfer time of ≥60 minutes from our 
hospital. In such cases, the “Drip and Ship/Mothership” 
systems are recommended, as previously conducted.

Limitations of the “Drip and Go” system and this 
study
One limitations of the present study are that among the 
patients referred to our department for consultation, phy-
sicians in charge of stroke at the affiliated hospitals con-
sidered the possibility of mechanical thrombectomy 
indication; there was a selection bias. In addition, this 
was a retrospective observation study with low data reli-
ability and a limited number of patients for statistical 
analysis. In the future, patients in 2019 will be addition-
ally analyzed to extract issues. Furthermore, a support 
system to provide prompt, high-quality treatment should 
be established by sharing information with the physicians 
and staff belonging to the affiliated hospitals, and holding 
study meetings.

to our own reported that physician trip thrombectomy 
group had significantly shorter imaging to puncture time 
than patient transfer group within 50- to 60-km areas and 
urban areas. The furthest hospital included in the current 
study was also located approximately 60-km away, requir-
ing approximately 1 hour for transfer by car. Osanai et al. 
established an inter-hospital cooperation system involving 
1-hour drive areas in Hokkaido (drive and retrieve method), 
wherein trip thrombectomy by neuroendovascular treat-
ment specialists was performed, reported median ORT of 
229 minutes and a median D2P of 80 minutes. They 
reported that many patients with AIS were covered in a 
short time, leading to favorable results.22) This may have 
resulted from efforts to shorten the interval until thrombec-
tomy as much as possible at respective medical institutions 
participating in the cooperative system in Hokkaido. 
According to previous studies, a short interval until punc-
ture significantly increases the rate of patients with favor-
able recanalization23) and the functional prognosis reduces 
with a delay in the timing of puncture13,24); the interval until 
puncture is an important prognostic factor. 

One limitation of the current series was that the median 
D2P was approximately 180 min, causing a time loss. In the 
future, educational activities for each medical institution 
and a critical workflow must be arranged to shorten the time 
taken until mechanical thrombectomy is performed through 

Table 2  Summary of the procedural features, workflow time, and neurological outcome at each hospital
All cases  
(n = 29)

A Hosp.  
(n = 6)

B Hops.  
(n = 7)

C Hosp.  
(n = 7)

D Hosp.  
(n = 9)

Device stand-by None None Yes Yes

Procedural features

  Combined (SR + Aspiration), n (%)   23 (79)     6 (100)     7 (100) 2 (28) 8 (89)

  O2P, min, mean (SD) 259 (90) 288 (40) 296 (88) 235 (102) 221 (87)

  D2P, min, mean (SD) 186 (79) 222 (52) 210 (80) 156 (93) 170 (65)

  P2R, min, mean (SD)   68 (35) 104 (50)   59 (17) 61 (25) 58 (20)

  ORT, min, mean (SD)   313 (119) 393 (73)   354 (128) 312 (101) 229 (123)

  Final mTICI 2b+3, n (%)   24 (83)   5 (83)   6 (86) 5 (71) 8 (89)

  Number of passes, median (IQR)     2 (1-2)    2 (1-2)    1 (1-2)   2 (2-3)   1 (1-2)

  First-pass recanalization, n (%)   14 (48)   3 (50)   4 (57) 2 (29) 5 (56)

  Hemorrhagic complication, n (%)   1 (3)   1 (17) 0 0 0

Outcomes (at 90 day, or discharge)

  mRS ≥2, n(%)   6 (21)   3 (50)   1 (14) 1 (14) 1 (11)

  mRS ≥3, n(%)   12 (41)   4 (67)   3 (43) 3 (43) 2 (22)

  mRS deterioration, 2 or less, n (%)   11 (38)   4 (67)   3 (43) 2 (29) 2 (22)

D2P: door-to-puncture time; mRS: modified Rankin Scale; O2P: onset-to-puncture time; ORT: onset-to-reperfusion time; P2R: punc-
ture-to-reperfusion time; SR: stent retreiver 
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