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Introduction: The optimal patient transportation destination of acute ischemic stroke (AIS)
patients remains uncertain. The purpose of this study was to evaluate the predictive variables that
determine stroke outcomes depending on the patient transportation destination.

Materials and Methods: We performed a retrospective study using an acute ischemic stroke
database consisting of patients, who underwent thrombectomy admitted to our institution from
November 1, 2011 through October 1, 2018.

Results: A total of 171 patients were included in the statistical analysis; 42.1% (72/171) of
patients were in the mothership group (directly admitted) and 57.9% (99/171) in the drip-and-ship
group (transferred). Multivariable logistic regression revealed the predictive factors for favorable
outcomes were driving distance (expressed in miles) between the patient’s home and a
Comprehensive Stroke Center (CSC) (OR=0.95 (0.90-0.99), p=0.035), absence of diabetes
mellitus (OR=3.60 (1.20-10.82), p=0.022), lower National Institutes of Health Stroke Scale
(NIHSS) score at admission (OR=0.91 (0.85-0.97), p=0.003), and shorter symptom onset to CSC
arrival time (expressed in hours) (OR=0.84 (0.72-0.99), p=0.038).

Conclusions: Our study revealed that shorter driving distance between patient’s home and CSC,
absence of diabetes, lower NIHSS score, and shorter onset to hospital arrival time positively
impacted the outcomes of endovascularly treated AlS patients.

Introduction

Stroke is the fifth leading cause of death in the United States [1]. Acute ischemic stroke
(AIS) accounts for 87% of all stroke types [1] and up to 12% of AIS cases are caused by a
large vessel occlusion (LVO) [2]. Mechanical thrombectomy (MT) is a highly effective
treatment option for AIS patients with LVO. In many cases, intravenous tissue-type
plasminogen activator (I'V-tPA) is administered prior to or concurrently with MT [3-5], and
the 2019 Stroke Guidelines recommend I\V-tPA if patients are eligible [3]. The purpose of
both IV-tPA and MT is to achieve successful recanalization in order to restore blood flow
and tissue perfusion. Both types of recanalization therapies are time-sensitive [4-6].

In the United States, the Joint Commission? and other certifying bodies provide eligible
stroke centers with 4 types of certification: Acute Stroke Ready Hospital (ASRH), Primary
Stroke Center (PSC), Thrombectomy-Capable Stroke Center (TSC) and Comprehensive
Stroke Center (CSC)Z. While all of them offer IV-tPA, CSCs/TSCs provide MT around the
clock. This key difference has led to two triage strategies for patients with potential LVO. In
the drip-and-ship strategy, patients are first transported to the closest ASRH/PSC for initial
evaluation and I1V-tPA treatment (if eligible). AIS patients with L\VO who are eligible for MT
are then transferred to the CSC/TSC. In the mothership strategy, Emergency Medical
Services (EMS) personnel bypass the ASRH/PSC and transport patients directly to the
nearest CSC/TSC for evaluation and treatment with IV-tPA and/or MT, if indicated. The
main disadvantage of mothership strategy is that the patients who are not eligible for MT
treatment get transported to the CSC/TSC, potentially overloading CSC/TSC with cases that

1The Joint Commission. www.jointcommission.org, Address: One Renaissance Blvd. Oakbrook Terrace, IL 60181
https://www.jointcommission.org/-/media/tjc/documents/accred-and-cert/certification/certification-by-setting/stroke/tjc-stroke-
brochure-final_web.pdf
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could have been managed by an ASRH/PSC. In addition, transporting a patient to a
CSCI/TSC might lead to delays in I'\V-tPA administration for eligible patients, although an
ASRH/PSC could be closer. However, the main disadvantage of drip-and-ship strategy is
that transfer delay may result in thrombectomy-eligible LVO patients getting a longer onset
to groin puncture time due to the long door-in-door-out times experienced at most ASRHs/
PSCs, and the transport time to a CSC/TSC, resulting in potentially worse outcomes due to
delays in MT [7]. On the other hand, non-LVOs, which may constitute roughly 88% of
stroke patients, can be adequately treated at ASRHs/PSCs, provided computed tomography
angiography (CTA) or magnetic resonance angiography (MRA) is available [2].

The purpose of this study was to evaluate the predictive variables that determine stroke
outcomes depending on the patient transportation destination. We hypothesized that patients
that underwent MT and were admitted directly at our CSC had better outcomes than those
who were transferred from a PSC to our CSC for the MT procedure. Additionally, we
hypothesized that shorter distance between the patient home and a CSC, air medical
transportation, and shorter time from symptom onset to treatment was associated with better
outcomes after MT.

Materials and Methods

Study population

Ethics approval from the local institutional review board was obtained with waiver of patient
informed consent due to the retrospective nature of this study.

This is a retrospective observational cohort study using our institution’s stroke database to
assess the clinical and imaging outcomes of AlS patients undergoing MT at our CSC. We
included all AIS patients with MT who met the following criteria: presented to our CSC
from November 1, 2011 — October 1, 2018 with the following inclusion criteria: (1) AIS
with LVO diagnosis confirmed on imaging using either CTA, MRA and/or digital
subtraction angiography (DSA), (2) mechanical thrombectomy performed, (3) admitted to
our CSC either directly or through a transfer from a PSC, (4) Symptom Onset (or last known
well) to CSC arrival Time (SOT) less than 24 hours. We excluded the following patients
from the analysis (1) if the outcome data, such as mRS at discharge was not available in the
database, and (2) SOT greater than 24 hours. Patients were categorized into two comparison
groups: (1) Mothership — AIS patients who arrived directly to the CSC, and (2) Drip-and-
Ship — AIS patients who were potential candidates for MT treatment and were transferred
from a PSC to the CSC after starting I\VV-tPA, when eligible.

Stroke Database

For this analysis we used our SHOUT (Stroke Health Qutcomes) database. This database
consists of all stroke patients presenting to our CSC from November 1, 2011 — October 1,
2018. The database contains information on patient demographics (age, sex, race/ethnicity,
patient and provider zip codes, insurance status), arrival and admission information (how
patient arrived to the CSC, directly from scene/home or transfer from PSC, ground or air
transportation), clinical information (initial NIHSS, SOT, comorbidities (prior stroke,
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hypertension, hypercholesterolemia, kidney disease, diabetes, obesity), resource utilization
(type and date of head and neck imaging and treatment), quality performance metrics (onset-
to-imaging, onset-to-puncture, onset-to-recanalization, imaging-to-puncture times), type of
mechanical thrombectomy device used and health outcomes (mRS at discharge, at 30 days,
and at 90 days, mortality information, modified Thombolysis In Cerebral Infarction (mTICI)
scores, length-of-stay (LOS), discharge disposition). Distance parameter was calculated as
the distance between the patient and provider (CSC) zip codes.

Predictor and Outcome Variables

The primary outcome was the clinical functional status assessed by the mRS score at
hospital discharge. An early favorable outcome was defined as independent ambulation
(mRS 0-3) at hospital discharge. The secondary outcome was the degree of reperfusion at
the end of the MT procedure, defined by the post thrombectomy DSA images, using the
mTICI score. Successful reperfusion was defined as substantial or complete recanalization
(mTICI 2b-3). We also studied mortality as a tertiary outcome as in-hospital and 7-day
mortality rates.

We evaluated several predictor variables to assess their association with the clinical and
imaging outcomes. The following factors were assessed: (1) patient demographic data - age,
seX, (2) clinical stroke severity — NIHSS at presentation, SOT (hours), (3) distance parameter
— distance (miles) from patient’s home to CSC, (4) post discharge information -mRS at
discharge was used as a dependent variable in the regression analysis, (5) arrival and
admission information — how patient arrived to the CSC (directly from scene/home or
transfer from PSC), (7) Comorbidities (prior stroke, hypertension, hypercholesterolemia,
kidney disease, diabetes, obesity), (8) Treatment —if I\V-tPA was given, and mTICI score, and
(9) mode of transportation — ground or air. None of the patients arrived by an airplane,
therefore air transportation option was limited to a helicopter transportation.

Statistical analysis

We performed the analysis using the mRS at discharge as the outcome metric, because this
data was the most complete in our database. Standard descriptive statistics were used,
including mean and standard deviation for continuous variables and frequency distribution
for categorical variables. For between-group comparisons the following tests were used: t-
tests for continuous variables, and y tests/ Fisher’s exact tests for categorical variables.
Statistical significance was considered for p-values < 0.05.

To determine the relative importance of the covariates on the clinical and imaging outcomes,
a multivariate logistic regression model was developed. All predictor and outcome variables
were entered in the model. Odds-ratio (OR) and their 95% confidence intervals were
reported. In this analysis, the primary outcome variable — mRS 0-3 at discharge was
modeled against predictors of interest using logistic regression. We selected the parameters
for the model based on clinical relevance. In this model, age, SOT (expressed in hours),
NIHSS score, and driving distance (expressed in miles) between the patient’s home and CSC
were regarded as continuous variables. Sex, diabetes, hypertension, obesity, transfer status,
IV-tPA, TICI score 2b/3, and air transportation were categorical variables. Confidence
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intervals and odds ratios (ORs) were derived using normal approximation based on standard
errors. The distribution of discharge mRS between groups was compared using the Mantel-
Haenszel ordinal ;(2 statistic. All analyses were performed using IBM SPSS 2019 v.1.0.0
software (IBM, Inc, Armonk, NY).

Study population

A total of 7,558 stroke patients were treated at our comprehensive stroke center from
November 1, 2011 to October 1, 2018. Of these, 57.5% (4,344/7,558), had an AlS and
4.05% of AIS patients (176/4,344) underwent MT at our comprehensive stroke center.
Among patients that underwent MT, five patients had their discharge mRS missing and 3.9%
of AIS patients (171/4,344) had discharge mRS documented. Forty-two percent (72/171) of
MT patients were in the mothership group and 57.9% (99/171) of patients were in the drip-
and-ship group. For 30-day mRS, 12.9% (22/171) patients had missing data, including
15.3% (11/72) patients in the mothership group and 11.1% (11/99) patients in the drip-and-
ship group. There were 49.1% (84/171) patients missing mRS at 90 days, including 52.8%
(38/72) patients in the mothership group and 46.5% (46/99) patients in the drip-and-ship
group. A majority of both groups were treated with 1V-tPA, including 65.3% (47/72) patients
in the mothership group, and 72.7% (72/99) patients in the drip-and-ship group (p=0.296).

The demographic and clinical characteristics of the mothership and drip-and-ship groups are
presented in Table 1. The mothership and drip-and-ship groups did not differ significantly in
terms of demographic characteristics, such as age, sex, SOT, initial NIHSS, and
comorbidities. In addition, the groups did not significantly differ according to mechanical
thrombectomy device used and process time measured (onset-to-imaging, onset-to-puncture,
onset-to-recanalization, imaging-to-puncture time). There was only one statistically
significantly different characteristic variable against the mothership and drip-and-ship
groups. It was air transportation parameter. This means that in the drip-and-ship group there
were statistically significantly more patients transported by air, than in mothership group. In
our region, if stroke patients are transported by air, these are typically interhospital transfer
patients.

Clinical and Imaging Outcomes

There was no statistically significant difference between the mothership and drip-and-ship
groups in the univariate analysis for the outcome measures (Table 2). The secondary
outcome, assessed by successful recanalization (TICI 2b-3) rates, was not significantly
different between the mothership and drip-and-ship groups. Mortality (in-hospital and 7-
day) was also similar between the two groups.

Even though clinical outcomes at discharge were better in the mothership group, with 47%
(34/72) patients achieving independent ambulation (MRS 0-3) compared with 43% (43/99)
in the drip-and-ship group, this difference was not statistically significant (unadjusted OR
0.86 (0.47-1.58); p=0.623) (Figure 1).

Air Med J. Author manuscript; available in PMC 2022 March 01.
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Subgroup analysis was performed among patients who received I1\V-tPA before MT, and
independent ambulation was achieved in 51% (24/47) of mothership patients compared to
43% (31/72) of drip-and-ship patients, although this difference was not statistically
significant (unadjusted OR 0.73 (0.35-1.52); p=0.39) (Figure 2).

In the subgroup analysis of the MT-alone patients (without prior 1\V-tPA), independent
ambulation was less common in the mothership group 40% (10/25) compared to the drip-
and-ship group 44% (12/27), although this difference was not statistically significant
(unadjusted OR 1.2 (0.40-3.62); p=0.75) (Figure 3).

Logistic Regression Analysis

For the primary outcome of independent ambulation (mRS 0-3) at discharge, logistic
regression demonstrated the following predictor variables as statistically different (Table 3):
shorter driving distance (miles) between the patient’s home and the CSC (OR=0.95 (0.90-
0.99), p=0.035), absence of diabetes mellitus (OR=3.60 (1.20-10.82), p=0.022), lower
admission NIHSS score (OR=0.91 (0.85-0.97), p=0.003), and lower SOT (hours) (OR=0.84
(0.72-0.99), p=0.038). Whether the patient was directly admitted to the CSC was not
statistically significant in the regression model (OR=0.89 (0.37-2.10), p=0.751). Likewise,
whether the patient was transported by air was not statistically significant in the regression
model (OR=1.88 (0.42-8.34), p=0.405). Thus, the first part of the original hypothesis that
mothership was associated with better outcomes than drip-and-ship was not supported by
our regression model. Although we did not see that air transportation was associated with
better outcomes, the regression model showed that shorter distance between a patient’s
home and the CSC, and shorter time between SOT and treatment was associated with better
outcomes.

Discussion

Given the continued uncertainty regarding an optimal triage strategy for AIS patients with
potential LVO, we hypothesized that the need for patient transfer in the drip-and-ship model
would result in worse clinical outcomes compared to the mothership model. Our analysis
shows that this is not the case.

Our study found that AIS patients with LVO did not have statistically different early
outcomes comparing the mothership and drip-and-ship strategies. Likewise, in the subgroup
of patients who did not receive 1\V-tPA, the outcomes of drip-and-ship patients were
improved, although not statistically significantly. Furthermore, neither triage strategy was
statistically significantly associated with better early outcomes in the regression model.

Several prior observational studies also did not find differences in functional outcomes
between mothership and drip-and-ship strategies [8—10]. When the studies did find
differences in outcomes between these two strategies, the findings were often conflicting.
Some observational studies found improved CSC processing efficiency and better outcomes
(functional independence with mRS 0-2 at 90 days) in the mothership strategy [11-13].
These studies found significant treatment delays in the drip-and-ship strategy compared to
the mothership strategy. However, in our study, no statistically significant CSC process

Air Med J. Author manuscript; available in PMC 2022 March 01.
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efficiency difference was found between mothership and drip-and-ship patients. Froehler
(2017) [13] found that patients who received MT with long interhospital transfer delays
experienced worse outcomes than those without interhospital transfer. Nevertheless, a recent
systematic review and meta-analysis [14] concluded that patients with an acute ischemic
stroke admitted directly to a comprehensive stroke center for endovascular treatment
(mothership patients) may have had better 90-day outcomes compared to drip-and-ship
patients.

Two modeling studies [15, 16] explored outcomes between drip-and-ship and mothership
strategies when PSC and CSC centers were 60 minutes or less from each other. As suggested
by Holodinsky (2017) [16], the mothership strategy was superior to drip-and-ship strategy
when transport times between PSC and CSC were short (10-30 minutes). In our regression
model, we found that shorter distance between the patient’s home and CSC increased the
odds of a favorable early outcomes. In addition, Holodinsky (2017) [16] showed that the
drip-and-ship model became the superior option when the patient was close to the PSC, and
the time between the PSC and CSC was 45 minutes or longer. Consistent with their prior
study, a third modeling study by Holodnitsky (2018) [17], found that the mothership strategy
was better only in regions close to a CSC. They demonstrated that in regions further away
from a CSC, both transport approaches resulted in equivalent outcomes. The sensitivity
analysis employed by these three modeling studies, using probabilistic modeling of stroke
care in Alberta, Canada, suggested that the mothership approach may be preferable when the
additional travel time between PSC hospitals and a CSC was <60 minutes [15-17]. In a
modeling study by Benoit (2018) [18], mothership was superior until the additional transport
time exceeded 44 minutes. The decision modeling study by Xu (2019) [19], found that in
addition to the impact of travel distance, the utilization of pre-hospital LVVO screening tools
positively impacted the efficacy of the mothership strategy for potential LVO patients.
However, if it was not possible for EMS to determine if a patient has an LVO or not, then the
drip-and-ship strategy became superior to the mothership strategy.

One important limitation of the drip-and-ship paradigm that is often overlooked is the issue
of access to MT. In a retrospective observational study, Sablot (2017) [20] found that
transfer to a distant CSC was associated with reduced access to early MT in acute stroke
patients with LVO. In a subgroup analysis, the authors noticed that in the drip-and-ship
strategy, a group of 73 patients who may have benefited from MT lost this opportunity
because by the time of CSC arrival, they were already out of the time window, or
transportation to the CSC was unavailable. At least some of these patients would have been
eligible for MT if the mothership strategy was used. Likewise, Pérez de la Ossa (2016) [21]
who divided their study region (Catalonia) into three groups, depending on transfer time to
the CSC, found that many MT-eligible patients admitted to a PSC more than 30 min away
from the CSC were not transferred for MT. Similarly, Park (2016) [9] reported fewer MT
treated patients using the drip-and-ship paradigm. Many patients were excluded from the
MT procedure after the transfer, while they may have been eligible if the first stroke center
contact had been a CSC. Detraz (2018) [22] found that the drip-and-ship patients might be
less likely to have a good outcome, not because of the MT procedure per se, but because of
limited access to it.

Air Med J. Author manuscript; available in PMC 2022 March 01.
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Our study has several important limitations. First, we used independent ambulation with
mRS 0-3 at discharge as our outcome measure because it was readily available in our
database. Nearly all studies of endovascular treatment consider a favorable outcome as
functional independence (MRS 0-2) at 90 days. By using independent ambulation at
discharge, we are focused on early stroke outcomes, instead of 90-day outcomes. Several
studies have shown early stroke outcome is a good predictor of longer-term outcome [23—
25]. Second, our sample size of 171 patients is relatively small and may have resulted in
missing statistically small differences between groups. However, the ratio of the number of
participants to the number of variables in our regression model is comparable to other
studies [26,27]. Due to access limitations to MT in clinical practice, many of the published
observational studies have a comparable or smaller number of patients [8-10,20]. Third, we
did not account for conditions potentially impacting driving times such as weather or road
conditions. Finally, between 2011 to 2018, stroke treatment practice significantly evolved
with improvements in devices, techniques, and efficiencies, and indications for treatment
have expanded up to 24 hours from last known well, resulting in many more patients
becoming eligible for MT then were previously.

Conclusions

Although there was a trend towards better outcomes in acute stroke patients with LVO in the
mothership strategy compared to the drip-and-ship strategy, there was no statistically
significant difference. Factors predicting early independent ambulation (mRS 0-3) for LVO
patients were shorter distance from a patient’s home to the CSC, absence of diabetes
mellitus, lower initial NIHSS score, and shorter symptom onset to treating hospital
presentation time.
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Figure 1.
Unadjusted clinical outcomes at discharge, overall.
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Figure 2.
Unadjusted clinical outcomes at discharge, IV-tPA + MT
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MT only patients
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Figure 3.
Unadjusted clinical outcomes at discharged, MT only.
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Demographic and Clinical Characteristics of Acute Stroke Patients With Mechanical Thrombectomy

Table 1

Characteristics Mothership (n=72) | Drip-and-Ship (n=99) | P-Value
Age <50 11.1% (8/72) 12.1% (12/99) 0.446
Age 50-80 56.9% (41/72) 64.6% (64/99)

Age >80 31.9% (23/72) 23.2% (23/99)

Age years, mean (SD) 70 (14.6) 68.7 (14.4) 0.561
SOT 0-4.5 hours 81.8% (54/66) 75.5% (74/98) 0.704
SOT >4.5-6 hours 9.1% (6/66) 12.2% (12/98)

SOT >6-24 hours 9.1% (6/66) 11.2% (11/98)

SOT, mean (SD) 3:46:30 (4:37:24) 4:26.03 (3:52:23) 0.336
NIHSS 0 0% (0/72) 1% (1/98) 0.289
NIHSS 1-4 2.8% (2/72) 0% (0/98)

NIHSS 5-9 4.2% (3/72) 6.1% (6/98)

NIHSS 10-42 93.1% (67/72) 92.9% (91/98)

Baseline NIHSS Score, mean (SD) 19.32 (6.65) 18.89 (6.62) 0.675
Female 48.6% (35/72) 43.4% (43/99) 0.502
Vascular Risk Factors

Hypertension 55.6% (40/72) 58.6% (58/99) 0.692
Diabetes 19.4% (14/72) 25.3% (25/99) 0.371
Obesity/Overweight 44.4% (32/72) 48.5% (48/99) 0.601
Hypercholesterolemia 40.3% (29/72) 39.4% (39/99) 0.907
Previous stroke 12.5% (9/72) 8.1% (8/99) 0.340
Smoking 9.7% (7/72) 15.2% (15/99) 0.295
Antiplatelet or anticoagulant Medications 54.2% (39/72) 47.5% (47/99) 0.388
Mechanical thrombectomy device

Retrievable stent 51.4% (37/72) 59.6% (59/99) 0.286
Other mechanical clot retriever device (not retrievable stent) | 8.3% (6/72) 5.1% (5/99) 0.388
Clot suction device 43.1% (31/72) 54.5% (54/99) 0.138
Process time

Onset-to-imaging, mean (SD) 2:19:43 (3:49:30) 2:26:24 (2:44:53) 0.893
Onset-to-puncture, mean (SD) 4:57:03 (4:49:35) 6:11:38 (6:22:10) 0.246
Onset-to-recanalization, mean (SD) 5:20:12 (4:21:33) 6:41:39 (6:22:11) 0.179
Imaging-to-puncture, mean (SD) 2:15:19 (3:22:40) 4:49:00 (7:06:25) 0.094
Air transportation 1.4% (1/72) 10.1% (10/99) 0.026

NIHSS - National Institutes of Health Stroke Scale
SD - standard deviation

SOT - Symptom Onset Time
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Clinical and Imaging Outcomes in Acute Stroke Patients with Mechanical Thrombectomy

Table 2

Outcomes Mothership (n=72) | Drip-and-Ship (n=99) | P-Value
mRS<=1 at discharge 25% (18/72) 20.2% (20/99) 0.456
mRS<=2 at discharge 36.1% (26/72) 29.3% (29/99) 0.346
mRS<=3 at discharge 47.2% (34/72) 43.4% (43/99) 0.623
Recanalization (TICI 2B-3) 88.5% (54/61) 87.4% (76/87) 0.831
IV-tPA 65.3% (47/72) 72.7% (72/99) 0.296
In-hospital mortality 13.9% (10/72) 17.2% (17/99) 0.561
7-day mortality 6.9% (5/72) 11.1% (11/99) 0.356

IV-tPA - Intravenous tissue-type Plasminogen Activator

mRS — modified Rankin Scale

TICI - Thrombolysis In Cerebral Infarction
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Table 3
Adjusted Odds Ratios (ORs) for Independent Ambulation (Modified Rank Scale Score of 0 to 3 at Discharge)

Outcome OR (95% CI) P-Value adjusted
Driving distance (expressed in miles) between the patient home and CSC | 0.95 (0.90-0.99) 0.035
Absence of diabetes mellitus 3.60 (1.20-10.82) | 0.022
NIHSS score at admission 0.91 (0.85-0.97) 0.003
Symptom onset to arrival time, expressed in hours 0.84 (0.72-0.99) 0.038
Air transportation 1.88 (0.42-8.34) 0.405
Mothership 0.89 (0.37-2.10) | 0.751

CSC - Comprehensive Stroke Center

NIHSS - National Institutes of Health Stroke Scale
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