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ABSTRACT
Background Mechanical thrombectomy (MT) is a time- 
sensitive emergency procedure for patients who had 
ischaemic stroke leading to improved health outcomes. 
Health systems need to ensure that MT is delivered to 
as many patients as quickly as possible. Using decision 
modelling, we aimed to evaluate the cost- effectiveness 
of secondary transfer by helicopter emergency medical 
services (HEMS) compared with ground emergency 
medical services (GEMS) of rural patients eligible for MT 
in England.
Methods The model consisted of (1) a short- run 
decision tree with two branches, representing secondary 
transfer transportation strategies and (2) a long- run 
Markov model for a theoretical population of rural 
patients with a confirmed ischaemic stroke. Strategies 
were compared by lifetime costs: quality- adjusted life 
years (QALYs), incremental cost per QALY gained and 
net monetary benefit. Sensitivity and scenario analyses 
explored uncertainty around parameter values.
Results We used the base case of early- presenting (<6 
hours to arterial puncture) patient aged 75 years who 
had stroke to compare HEMS and GEMS. This produced 
an incremental cost- effectiveness ratio (ICER) of £28 027 
when a 60 min reduction in travel time was assumed. 
Scenario analyses showed the importance of the 
reduction in travel time and futile transfers in lowering 
ICERs. For late presenting (>6 hours to arterial puncture), 
ground transportation is the dominant strategy.
Conclusion Our model indicates that using HEMS to 
transfer patients who had stroke eligible for MT from 
remote hospitals in England may be cost- effective 
when: travel time is reduced by at least 60 min 
compared with GEMS, and a £30 000/QALY threshold 
is used for decision- making. However, several other 
logistic considerations may impact on the use of air 
transportation.

INTRODUCTION
Mechanical thrombectomy (MT) is an endovas-
cular procedure that significantly improves func-
tional outcomes for patients who had ischaemic 
stroke caused by large artery occlusion by physically 
removing clot from the blocked artery in the brain.1 
Delivery of MT involves a complex care interven-
tion and pathway including specialist angiographic 
suites, a trained and experienced acute stroke and 
neuroendovascular teams with anaesthetic, critical 

care and preferably neurosurgical support. Recent 
research suggests that around 10% of patients who 
had stroke admitted to hospital in the UK would 
benefit from MT.2 It is a highly cost- effective treat-
ment when used either alone or in conjunction 
with intravenous thrombolysis.3 The effectiveness 
of both treatments is extremely time- dependent, 
with efficient emergency transportation deemed a 
critically important factor for achieving better long- 
term outcomes for patients.4 Currently, only urban- 
based neuroscience centres in England can deliver 
MT services, creating potential inequity of provi-
sion for rural patients—especially in areas with low 
population density that preclude a local thrombec-
tomy service ever being economically viable.

To improve equity of access for eligible rural 
patients served by smaller hospitals, the use of aero-
nautical transportation for secondary (interhospital) 
transfer has been proposed.5 Empirical research 
comparing the use of Air Ambulance (incorporating 
helicopter emergency medical services (HEMS)) 
with ground emergency medical services (GEMS) 
for secondary transfer of patients who had stroke 
has identified a variety of logistical, geographical 
and regulatory factors.6–8 The current international 
debate regarding the optimal paradigm for acute 

Key messages

What is already known on this subject
 ► Mechanical thrombectomy is a proven highly 
cost- effective procedure.

 ► Air transport has been used successfully 
for rural patients who had stroke eligible 
for mechanical thrombectomy in various 
jurisdictions.

What this study adds
 ► This modelling study indicated that secondary 
transfer of early- presenting rural patients 
who had stroke eligible for mechanical 
thrombectomy by air is an economically 
viable strategy if the time saved was 60 min 
and a £30 000/QALY threshold is used for 
decision- making.

 ► For late presenters, the value argument 
is less contentious as air transport is not 
cost- effective.
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(emergency) stroke services includes HEMS transportation.9 
From an NHS perspective, there is currently a need for the 
majority of regions in England to undertake secondary transfer 
by GEMS (ie, neuroscience centres take eligible patients with 
MT after initial assessment in a hyperacute stroke unit known as 
the drip- and- ship paradigm).

Given the under provision of neurointerventional teams and 
the geographically uneven distribution of neuroscience centres, 
NHS commissioners are beholden to examine service delivery 
options for providing MT, particularly those from remote loca-
tions.10 For many health systems such as the NHS, any newly 
proposed service delivery is accompanied by evidence of cost- 
effectiveness. This study aimed to evaluate whether secondary 
transfer (ie, drip- and- ship) by HEMS offers a cost- effective 
delivery option compared with GEMS using a decision analytic 
model for eligible rural patients who had stroke in England based 
on receiving optimal advanced imaging and treatment, prior to 
secondary transfer.

METHODS
Relevant NHS population
An ‘unavoidably small and remote’ hospital is defined by the 
NHS in England as a hospital serving a population of ≤2 00 000 
people who are domiciled more than 60 min travel by road from 
the nearest (major acute) hospital.11 We chose these hospitals, 
as they will never become MT centres—given that 1000–1200 
ischaemic stroke admissions per annum (or a catchment popula-
tion of ~1 000 000) is the likely minimum throughput required 
to sustain a stand- alone 24/7 MT centre’s experience and perfor-
mance in England.12 Entry into our model is based on patients 
already having a confirmed large artery occlusion ischaemic 
stroke after brain CT and (arch through brain) CT angiography 
examinations, treated with intravenous thrombolysis (where 
indicated) and deemed eligible for secondary transfer for MT.

The average age in the UK for someone to have a stroke is 72 
years for men and 78 years for women, according to Sentinel 
Stroke National Audit Programme (SSNAP) data.13 To demar-
cate MT- eligible patients based on time, we stratify into early 
and late presenters. In our base- case analysis, we define early 
presenters as patients receiving an arterial puncture within 360 
min from the time of onset of stroke. This cut- off point was 
identified from a meta- analysis of five randomised trials.14 15 We 
defined late presenters as those who had arterial puncture after 
360 min. Working backwards from puncture time there is a need 
to account for inevitable travel time from initial emergency call 
to reach remote hospital (assumed ≥150 min) and subsequent 
door- in to door- out at remote hospital (assumed ~60 min) and 
door- to- puncture time at MT centre (assumed ~30 min). There-
fore, we focus simulation modelling on puncture time between 
240 and 360 min.

Model structure and data sources
The economic model comprised a decision analytical model 
with two components: (1) a ‘short- run’ decision tree with 
two branches, representing secondary transfer transportation 
strategy (HEMS vs GEMS) and (2) a long- run Markov model 
with 3- month cycle length. The decision tree modelled the acute 
phase (up to 3 months) and the Markov model captured the life-
time health outcomes, incorporating the probability of a stroke 
reoccurrence. Health outcome states in stroke research typi-
cally use the modified Rankin Scale (mRS)16 that measures the 
degree of in/dependence in daily activities after a stroke. Thus, 
patients who had stroke with mRS levels 0, 1 or 2 at 90- day 

poststroke are considered to be functionally independent (no 
symptoms or slight disability). Those with mRS level 3, 4 or 5 
are considered dependent and have moderate to severe disability 
(mRS 6=deceased). On entering the Markov model, the health 
outcome probability of a patient was based on trial evidence that 
a relatively linear relationship exists between time to reperfu-
sion and 90- day mRS outcome.15 Transition probabilities after 
1 year from one health state (mRS) to another and 90- day mRS 
outcome probabilities from intravenous thrombolysis treatment 
are taken from a previous economic evaluation.17

To estimate the effect of a reduction in travel time, the results 
of an academic collaboration of seven randomised controlled 
trials was used for early presenters,14 15 whereas for late 
presenters, the DAWN trial provided the point estimate prob-
ability values of mRS scores and 90- day mortality.18 Influenced 
by recent geographical modelling12 and our estimates in change 
in travel time (mode change in travel time in rural England), 
our base- case analysis assumed a 60 min time to arterial punc-
ture reduction for HEMS (to 300 min) compared with GEMS 
(360 min). We also account for the number of patients eligible, 
probabilities of receiving MT backed by advanced imaging and 
not receiving MT because of spontaneous recanalisation based 
on previous research by this group.2 The annual mortality rate 
of patients who had stroke is 2.3 times19 than that of the age- 
adjusted, UK population without stroke.20 We further differen-
tiate by independent and dependent health state.

For complete cost details, see online supplemental appendix. 
Briefly, we adopted an NHS perspective and reported 2017–
2018 prices using a Bank of England inflation calculator. A 
microcosting study from five UK neuroscience centres provided 
the 24- hour procedural costs of MT (Balami, personal commu-
nication). The cost in each mRS health state was derived from a 
previous UK study3 with prices inflated to 2018 values. Depart-
ment of Health national schedule of reference costs (GEMS) 
and a survey of HEMS providers including Great North Air 
Ambulance service provided figures on transportation costs. The 
discount rate (3.5% per annum) accounted for future outcomes 
being valued less than present outcomes was applied. For specific 
rural hospitals that this model could apply to, ground- based travel 
time was calculated by Google maps and reduction in travel time 
by HEMS was assumed for illustration and discussion.

Outcome measure
Effectiveness was measured in quality- adjusted life Years (QALYs) 
gained from provision of MT using either transportation strategy. 
In the model, utility values were assigned to mRS outcome states 
of patients who had stroke21 and the QALY outcome of an indi-
vidual is the time spent in each state multiplied by the utility of 
each state.

Patient and public involvement
DB is a patient representative, part if the research team. DB was 
involved in all stages of the research process.

Data analysis strategy
In the base- case analysis on early presenters, deterministic 
analysis (point estimates) of parameter values are used in the 
cost- effectiveness (utility) decision model. Probabilistic sensi-
tivity analysis to characterise the uncertainty around the param-
eter values was conducted. All of the model parameters were 
jointly varied through credible ranges of values. Using Monte 
Carlo simulation, parameter values are randomly drawn from 
the assigned probability distributions and run 1000 times. 
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A cost- effectiveness acceptability curve was produced repre-
senting the probability that HEMS transfer will be cost- effective 
compared with GEMS transfer at a range of willingness- to- pay 
thresholds. We investigated alternative scenario analyses, such 
as alternative time- to- treatment intervals and reduction in travel 
time by 15 min increments. One- way sensitivity analysis of eligi-
bility for MT explored the impact of alternate time horizons 
(eg, 1–20 years). A secondary analysis of late presenters was also 
conducted.

Typically, the National Institute for Health and Care Excel-
lence (NICE) recommends an intervention such as a service, 
technology or drug for use in the NHS if the incremental cost- 
effectiveness ratio (ICER)—a measure of the additional cost per 
additional unit of health gained by a proposed intervention over 
current standard of care—is in the range of £20 000 to £30 000 
per QALY gained. Total costs and QALYs were modelled for 
both HEMS and GEMS to estimate the incremental cost per 
QALY gained. CHEERS checklist of reporting of economic eval-
uation was used. All analyses were carried out in TreeAge Pro 
Healthcare 2020 R1.1 (Morrisontown, New Jersey, USA). This 
was a modelling study using secondary data sources without 
personal identifiable data and deemed not to require ethical 
review.

RESULTS
We identified 10 small and remote hospitals in England that serve 
a combined population of approximately 2 million (see online 
supplemental appendix tables S1, S2). We estimated that up to 
a maximum of 501 early- presenting patients who had stroke 
per annum would clinically benefit from MT after secondary 
transfer using HEMS compared with GEMS (see online supple-
mental appendix table S3).

Model results
We based our analysis on the assumption that the mean age of 
patients was 75 years. To reflect heterogeneity of patients who 
had stroke, we assumed that age was normally distributed (age 
range: 60 to 92 years). Baseline estimates of decision tree param-
eters and the range for all probabilistic sensitivity analyses are 
provided in online supplemental appendix table S4. Similarly, 
estimates of Markov model parameters and the range for all 
probabilistic sensitivity analyses are shown in online supple-
mental appendix table S5.

In our base- case analysis, for a reduction in the time to reper-
fusion by 60 min in an early- presenting patient (360 to 300 
min), secondary transfer by HEMS for MT was associated with a 
higher probability of living independently at 90 days than GEMS 

Figure 1 Simplified structure of lifetime economic model with decision tree of transport options along with base- case values for first 3 months (L) 
and lifetime Markov model of health states. CTA, CT angiography; GEMS, ground emergency medical services; HEMS, helicopter emergency medical 
services; IV- tPA, intraveneous thrombolysis; LVO, large vessel occulsion; mRS, modified Rankin Scale; MT, mechanical thrombectomy.

Table 1 Mean lifetime cost- effectiveness analysis (base- case analysis of 1000 early presenter patients aged 75 years)

HEMS Ground- based ambulance

Mean 
cost (SE)

Mean
QALYs 
gained 
(SE)

Mean
cost
(SE)

Mean
QALYs 
gained
(SE)

Incremental
cost
(95% CI)

Incremental QALYs 
gained
(95% CI)

Incremental 
cost/QALY 
gained (ICER)

Incremental 
NMB
@20K/QALY

Incremental 
NMB
@30K/QALY

Deterministic
analysis

£60 132
(£7)

4.37
(0.00)

£56 328
(£6)

4.24
(0.00)

£3804
(£3800 to £3810)

0.14
(0.14 to 0.14)

£27 850 −£1073 +£294

Probabilistic analysis £60 743
(£319)

4.40
(0.03)

£56 959
(£308)

4.27
(0.03)

£3785
(£3700 to £3870)

0.14
(0.13 to 0.15)

£28 027 −£1084 +£266

Incremental NMB is calculated by first assuming a WTP (£20 000 or £30 000/QALY gained), then converting health benefits (QALYs) into the common metric of GBP. The cost 
associated with each transport strategy is then subtracted, resulting in the net benefit of each strategy expressed in the monetary units. The difference between the two is the 
incremental NMB, negative values favour GEMS and positive values favour HEMS. NMB = (E * WTP) – C.
Costs are rounded to nearest whole number. QALYs are rounded to second decimal place.
C, cost; E, effectiveness; GBP, Pound sterling; GEMS, ground emergency medical services; HEMS, helicopter emergency medical services ; ICER, incremental cost- effectiveness 
ratio; NMB, net monetary benefit; QALYs, quality- adjusted life years; WTP, willingness- to- pay threshold.
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(0.57 vs 0.53, respectively)—see figure 1. The base- case deter-
ministic and probabilistic results are presented in table 1. In deci-
sion analysis, the results of the probabilistic sensitivity analyses 
are more authoritative. Over a lifetime horizon, using HEMS 
as a secondary transportation strategy that enables patients to 
receive MT 60 min earlier results in greater QALYs gained (0.14) 
but is more costly (£3785). The ICER is £28 027 per QALY 
gained. The incremental net monetary benefit of the HEMS 
strategy is £266 for a threshold of £30 000 per QALY gained 
and favours the GEMS strategy for the lower bound of the NICE 
threshold (see online supplemental appendix figure S1 for the 
cost- effectiveness plane).

The cost- effectiveness acceptability curve (figure 2) shows the 
probability of HEMS being cost- effective for different levels of 
willingness- to- pay thresholds, compared with GEMS. At £30 
000 per QALY threshold, the HEMS strategy had 62.9% proba-
bility of being cost- effective.

Sensitivity and scenario analyses
Using the base- case values, the benefits of the HEMS strategy 
accrue over time increments with a 5- year time horizon for the 

benefit of HEMS transportation strategy for early presenters 
to be achieved (online supplemental appendix table S6). The 
results are highly sensitive to the proportion of patients in each 
strategy who are in the dependent state at 90 days, whom have 
increased annual medical costs to the NHS (first year costs in 
dependent state £22 706 and £8056 per annum in subsequent 
years).

When we altered the time of arterial puncture and reduc-
tions in travel time, ICERs are higher (see table 2 and online 
supplemental appendix table S7). This shows that a reduction 
of at least 60 min is required for the use of HEMS to be consid-
ered cost- effective at the upper threshold. The scenario (using 
base- case values) where those transferred are eligible for MT by 
HEMS but not by GEMS due to transport time saved, the ICER 
is £11,679/QALY gained. This assumes that those who travel 
by GEMS have the same 90- day outcome as those treated with 
thrombolysis.

Varying the proportion of patients eligible for thrombectomy 
captures the effect on the ICER if interhospital transfer was 
futile (table 3). Essentially, the probability that transfer results 
in thrombectomy occurring is important to the viability of 

Figure 2 Cost- effectiveness acceptability curve for early presenters by transportation strategy. GEMS, ground emergency medical services; HEMS, 
helicopter emergency medical services; QALY, quality- adjusted life years.

Table 2 Scenario analysis for early presenters based on travel time difference

HEMS vs GEMS Air (pInd; pDep; pDead) GBA (pInd; pDep; pDead) ICER % CE at £20k/QALY

Travel time (mins) 60 min difference

300 vs 360 0.57; 0.36; 0.07 0.53; 0.39; 0.08 £28 027 14.8 62.9

270 vs 330 0.59; 0.35; 0.06 0.53; 0.39; 0.08 £26 318 17.4 70.6

240 vs 300 0.61; 0.33; 0.06 0.57; 0.36; 0.07 £27 415 18.7 64.7

180 vs 240 0.64; 0.30; 0.06 0.61; 0.33; 0.06 £41 370 14.1 26.2

Travel time (min) 45 min difference

315 vs 360 0.56; 0.37; 0.07 0.53; 0.39; 0.08 £37 545 8.3 25.4

285 vs 330 0.58; 0.35; 0.07 0.55; 0.37; 0.08 £35 266 9.4 27.7

255 vs 300 0.60; 0.34; 0.06 0.57; 0.36; 0.07 £34 864 10.8 29.1

195 vs 240 0.63; 0.31; 0.06 0.61; 0.33; 0.06 £58 414 8.8 16.6

CE, cost- effective; GBA, ground- based ambulance; GEMS, ground emergency medical services; HEMS, helicopter emergency medical services; ICER, incremental cost- effectiveness 
ratio; QALY, quality- adjusted life year.
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providing the HEMS service for eligible rural patients who had 
stroke.

The linear assumption of time- to- reperfusion and 90- day mRS 
score for early presenters cannot be applied to late presenters. 
Instead, for late presenters we used results from the more recent 
DAWN trial18 which suggested that clinical benefits of MT could 
occur up to 24 hours from onset of stroke. The probability of 
90- day independence is 0.38, 0.48 for dependence and 0.14 
for death.22 We assumed that the probability of independence 
increased by two percentage points and dependence decreased 
by two percentage points if transferred by HEMS. However, this 
is a very much smaller number of patients than early presenter 
category comprising only approximately 12% of the total 
number eligible for MT.2 Unsurprisingly, given that there is not 
the same relationship between time of onset and outcome in late 
presenters with a favourable imaging profile (and thus eligible 
for MT), model results indicated that HEMS is dominated by 
GEMS for late presenters (online supplemental appendix table 
S9). For late presenters, HEMS is not cost- effective at any 
acceptable cost- effectiveness threshold to NHS commissioners 
(online supplemental appendix figures S2,3).

DISCUSSION
Using the most relevant data, we show the range of cost- 
effectiveness metrics for consideration of secondary transfer by 
HEMS from small and remote English hospitals to MT- enabled 
neuroscience centres, available to NHS commissioners. In our 
base- case analysis, we consider a reduction of 60 min travel 
time with an ICER of £28 027. Using the standard NICE cost- 
effectiveness threshold (£20–£30 000 per QALY), this would 
suggest that at the lower bound that the service would not be 
cost- effective but would be within the upper bound. Our sensi-
tivity analysis showed that at least 60 min reduction in travel time 
is the minimum necessary for HEMS transportation to repre-
sent value- for- money at NICE’s upper bound of willingness- 
to- pay thresholds (£30 000 per QALY). In the scenario of late 
presenters, using land transport for secondary transfer domi-
nated. In lieu of real- world evidence or a randomised controlled 
trial, these analyses may be informative to decision- making 
regarding the optimal service configuration for MT in England, 

while addressing the critical issue of equity of access in smaller 
populations more remote from existing (and indeed any future) 
MT- enabled neuroscience centres.

Empirical international studies show a mixed picture of using 
HEMS for secondary transfer of patients who had stroke.6–9 23 
In our modelling study, we only consider the drip- and- ship para-
digm. In Alberta, Canada, a Health Technology Optimisation 
Analysis, incorporating cost- effectiveness analysis, reported the 
‘optimal strategy’ as a combination of paradigms (ie, mother-
ship—direct transfer to MT centre, drip- and- ship), transport 
modes (ie, by ground, by flight) and treatment metric options 
(ie, minimum time to thrombolysis, minimum time to throm-
bectomy) from a clinical outcomes and health system perspec-
tive.9 Research incorporating such factors in England would 
be advantageous; however, modelling this is far more complex 
as there are 24 existing MT- enabled neuroscience centres in 
England compared with only two in Alberta. Based on latest 
SSNAP data, currently ~1200 MT procedures were delivered in 
2018/2019 throughout the UK with the overwhelming majority 
in England.10 Out of the estimated 8000 patients eligible for MT 
in England, cost- effectiveness of HEMS provision pertains to 
a relatively small number of patients (maximum n≃500). The 
optimal configuration will always involve a trade- off between 
minimising time to treatment and sustaining local service 
provision.12

Our modelling work is predicated by the assumption that air 
transfer will reduce transport time. We then link these hypo-
thetical time savings by HEMS to cost- effectiveness based on 
expected 90- day outcome. However, delays occur using either 
mode of transport.8 Again, empirical evidence of using HEMS in 
the NHS service would be beneficial for commissioners to make 
informed decisions about the potential benefit of secondary 
transfers for MT. The absence of underpinning HEMS efficiency 
evidence is a limitation of our modelling work. Our research 
premise was based on the NHS definition of remote hospitals. 
However, there are additional English hospitals which do not 
fully meet the NHS England definition of ‘small and remote’ but 
are 60–90 min away from a neuroscience centre via GEMS where 
these findings might also apply, particularly if circumstances and 
population size preclude the development of a viable local MT 

Table 3 One- way sensitivity analysis of eligibility for MT

Eligibility
for
MT

Helicopter emergency medical 
services

Ground emergency
medical services

Incremental cost
(95% CI)

Incremental QALYs 
gained
(95% CI)

Incremental 
cost/QALY 
gained (ICER)

% CE at
£20k/QALY

% CE at
£30k/QALY

Mean
cost
(SE)

Mean
QALYs gained (SE)

Mean
cost
(SE)

Mean
QALYs gained 
(SE)

0.4 £56 042
(£314)

3.76
(0.03)

£53 284
(£308)

3.75
(0.03)

£2759
(£2710 to £2800)

0.01
(0.01 to 0.02)

£291 127 3.3 10.5

0.5 £56 897
(£314)

3.88
(0.03)

£53 952
(£308)

3.85
(0.03)

£2945
(£2890 to £3000)

0.03
(0.03 to 0.03)

£91 167 4.3 14.6

0.6 £57 752
(£315)

3.99
(0.03)

£54 620
(£307)

3.94
(0.03)

£3132
(£3070 to £3190)

0.06
(0.05 to 0.07)

£56 801 5.1 20.2

0.7 £58 606
(£316)

4.11
(0.03)

£55 288
(£307)

4.03
(0.03)

£3318
(£3250 to £3380)

0.08
(0.07 to 0.09)

£42 562 7.4 27.4

0.8 £59 461
(£317)

4.23
(0.03)

£55 956
(£307)

4.13
(0.03)

£3505
(£3430 to £3580)

0.10
(0.09 to 0.11)

£34 773 9.7 37.5

0.9 £60 316
(£318)

4.34
(0.03)

£56 625
(£307)

4.22
(0.03)

£3691
(£3610 to £3770)

0.12
(0.11 to 0.13)

£29 860 12.9 55.1

1.0 £61 171
(£320)

4.46
(0.03)

£57 293
(£308)

4.31
(0.03)

£3898
(£3790 to £3970)

0.15
(0.14 to 0.16)

£26 479 18.2 68.9

CE, cost- effective; ICER, incremental cost- effectiveness ratio; MT, mechanical thrombectomy; QALY, quality- adjusted life year.
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centre. Alternatively, the concept of bringing the stroke treatment 
to the patient referred to as the drip- and- drive model piloted in 
Germany involves the neurointerventionist being driven by road 
to the local hospital.24 However, this requires substantial capital 
(angiographic equipment) and supporting staff investment in the 
local hospitals plus appreciably larger neurointerventional teams 
than either a drip- and- ship or mothership model24 and is not 
currently realistic in England.

Reducing futile secondary transfer is imperative. Our base- case 
model employed a strict eligibility criterion based on advanced 
imaging in rural hospitals. Our sensitivity analysis showed that 
90% of patients need to receive thrombectomy for the HEMS 
transportation strategy to be considered cost- effective. In reality, 
even among patients initially deemed good candidates for EVT 
at the rural hospital, the possibility of futile transfer, either 
due to worsening infarct or opening of the vessel by alteplase, 
exists. Also, not all patients with potential thrombectomy will be 
eligible for flight because of individual characteristics. However, 
concerns around the potential detrimental impact of HEMS on 
a patient’s clinical status have not been substantiated.6 Never-
theless, HEMS has some intrinsic limitations due to operational 
aeronautical factors.5 HEMS is more vulnerable to weather 
conditions, aircraft availability and have more restrictive opera-
tional hours (10 to 16 hours a day in good weather) than GEMS. 
An independent report to the Department of Health from 2003 
highlighted that unavailability in English services due to weather 
was approximately 2% of normal flying time.25 Another factor 
that NHS commissioners will need to consider is the governance 
of air ambulance, as many are charities and not all are under 
direct NHS deployment.

For the 10 small and remote hospitals across England that this 
analysis applies to, we assumed time savings by the predomi-
nantly charity- funded HEMS providers. Based on the practical 
and logistical considerations outlined, we feel that contracting 
on a fee- for- service basis, rather than capital investment, would 
likely be more appealing to NHS commissioners concerned 
about budget impact and affordability.

CONCLUSION
Helicopter transportation, especially for rural patients, may 
have a role to play in the national service configuration of stroke 
services in England. This role should build on the current system 
to improve effectiveness and outcomes for patients who had 
stroke irrespective of treatment they receive.

Twitter Diarmuid Coughlan @D6Coughlan

Acknowledgements We express our thanks to Clare Bowes for administrate work 
and Mehdi Javanbakht for assistance with the study design.

Contributors PW, GAF, PM and DF conceived the presented idea. DC carried out 
the analysis with input from SR, DC, PM, DF and HL. DC, PM and PW drafted the 
manuscript and all coauthors contributed to the final version. DC is responsible for 
the overall content as guarantor.

Funding Department of Health and Social Care, National Institute for Health 
Research. Programme Grants for Applied Research. Grant/Award Number: RP- 
PG-1211–20012.

Disclaimer The views expressed are those of the author(s) and not necessarily 
those of the NHS, the National Institute for Health Research (NIHR) or the 
Department of Health.

Competing interests This paper summarises independent research funded 
by the NIHR under its Programme Grant for Applied Research Programme 
(RP- PG-1211-20012). PW is the co- principal investigator for two randomised 
thrombectomy trials (PISTE and STABILISE) in acute stroke. Start- up phase of 
PISTE was mainly funded by the Stroke Association but was also part- funded by 
unrestricted educational grants from Covidien (now Medtronic) and Codman who 
manufacture stroke thrombectomy devices. STABILISE is part- funded by Microvention 

grant to Newcastle University. PW has undertaken consultancy work for Stryker, 
Codman and Microvention who manufacture stroke thrombectomy devices. GAF’s 
previous institution has received research grants from Boehringer Ingelheim 
(manufacturer of alteplase), and honoraria from Lundbeck for stroke- related 
activities. GAF has also received personal remuneration for educational and advisory 
work from Boehringer Ingelheim and Lundbeck.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to the 
Methods section for further details.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All 
data relevant to the study are included in the article or uploaded as supplementary 
information.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Diarmuid Coughlan http:// orcid. org/ 0000- 0002- 5348- 3750
Hannah Lumley http:// orcid. org/ 0000- 0003- 1480- 0001

REFERENCES
 1 Balami JS, Sutherland BA, Edmunds LD, et al. A systematic review and meta- analysis 

of randomized controlled trials of endovascular thrombectomy compared with best 
medical treatment for acute ischemic stroke. Int J Stroke 2015;10:1168–78.

 2 McMeekin P, White P, James MA, et al. Estimating the number of UK stroke patients 
eligible for endovascular thrombectomy. Eur Stroke J 2017;2:319–26.

 3 Ganesalingam J, Pizzo E, Morris S, et al. Cost- Utility analysis of mechanical 
thrombectomy using stent Retrievers in acute ischemic stroke. Stroke 
2015;46:2591–8.

 4 Froehler MT, Saver JL, Zaidat OO, et al. Interhospital transfer before thrombectomy 
is associated with delayed treatment and worse outcome in the STRATIS registry 
(systematic evaluation of patients treated with Neurothrombectomy devices for acute 
ischemic stroke). Circulation 2017;136:2311–21.

 5 Leira EC, Stilley JD, Schnell T, et al. Helicopter transportation in the era of 
thrombectomy: the next frontier for acute stroke treatment and research. Eur Stroke J 
2016;1:171–9.

 6 Olson MD, Rabinstein AA. Does helicopter emergency medical service transfer offer 
benefit to patients with stroke? Stroke 2012;43:878–80.

 7 Regenhardt RW, Mecca AP, Flavin SA, et al. Delays in the air or ground transfer of 
patients for endovascular thrombectomy. Stroke 2018;49:1419–25.

 8 Hesselfeldt R, Gyllenborg J, Steinmetz J, et al. Is air transport of stroke patients faster 
than ground transport? A prospective controlled observational study. Emerg Med J 
2014;31:268–72.

 9 Yan C, Zheng Y, Hill MD, et al. Health technology optimization analysis: conceptual 
approach and illustrative application. MDM Policy Pract 2018;3:238146831877480.

 10 Ford G, James MA, White PW. Introduction – mechanical thrombectomy for acute 
ischaemic stroke: an implementation guide for the UK. Oxford academic health 
science network. Available: https://www. oxfordahsn. org/ wp- content/ uploads/ 2019/ 
07/ Mechanical- Thrombectomy- for- Ischaemic- Stroke- August- 2019. pdf [Accessed 19 
Aug 2019].

 11 Smyth C, Lorrimer S, Chaplin M. Advisory Committee on Resource Allocation (acra-
2015- 18A: Unavoidable smallness due to remoteness - identifying remote hospitals. 
Available at. Available: https://www. england. nhs. uk/ wp- content/ uploads/ 2016/ 04/ 
acra- 2015- 18A- unavoidable- smallness- upd. pdf [Accessed 16th Apr 2019].

 12 Allen M, Pearn K, James M, et al. Maximising access to thrombectomy services for 
stroke in England: a modelling study. Eur Stroke J 2019;4:39–49.

 13 Stroke association. State of the nation: stroke statistics, 2018. Available: https://www. 
stroke. org. uk/ system/ files/ sotn_ 2018. pdf [Accessed 7th May 2019].

 14 Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after 
large- vessel ischaemic stroke: a meta- analysis of individual patient data from five 
randomised trials. Lancet 2016;387:1723–31.

 15 Saver JL, Goyal M, van der Lugt A, et al. Time to treatment with endovascular 
thrombectomy and outcomes from ischemic stroke: a meta- analysis. JAMA 
2016;316:1279–89.

 16 Broderick JP, Adeoye O, Elm J. Evolution of the modified Rankin scale and its use in 
future stroke trials. Stroke 2017;48:2007–12.

 17 Davis S, Holmes M, Simpson E, et al. Alteplase for the treatment of acute ischaemic 
stroke (review of technology appraisal 122): a single technology appraisal. ScHARR, 
the University of Sheffield 2012.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2019-209039 on 10 N
ovem

ber 2020. D
ow

nloaded from
 

https://twitter.com/D6Coughlan
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5348-3750
http://orcid.org/0000-0003-1480-0001
http://dx.doi.org/10.1111/ijs.12618
http://dx.doi.org/10.1177/2396987317733343
http://dx.doi.org/10.1161/STROKEAHA.115.009396
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.028920
http://dx.doi.org/10.1177/2396987316658994
http://dx.doi.org/10.1161/STROKEAHA.111.640987
http://dx.doi.org/10.1161/STROKEAHA.118.020618
http://dx.doi.org/10.1136/emermed-2012-202270
http://dx.doi.org/10.1177/2381468318774804
https://www.oxfordahsn.org/wp-content/uploads/2019/07/Mechanical-Thrombectomy-for-Ischaemic-Stroke-August-2019.pdf
https://www.oxfordahsn.org/wp-content/uploads/2019/07/Mechanical-Thrombectomy-for-Ischaemic-Stroke-August-2019.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/04/acra-2015-18A-unavoidable-smallness-upd.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/04/acra-2015-18A-unavoidable-smallness-upd.pdf
http://dx.doi.org/10.1177/2396987318785421
https://www.stroke.org.uk/system/files/sotn_2018.pdf
https://www.stroke.org.uk/system/files/sotn_2018.pdf
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
http://dx.doi.org/10.1001/jama.2016.13647
http://dx.doi.org/10.1161/STROKEAHA.117.017866
http://emj.bmj.com/


7Coughlan D, et al. Emerg Med J 2020;0:1–7. doi:10.1136/emermed-2019-209039

Original research

 18 Alberts MJ, Ollenschleger MD, Nouh A. Dawn of a new era for stroke treatment: 
implications of the dawn study for acute stroke care and stroke systems of care. 
Circulation 2018;137:1767–9.

 19 National Institute for Health and Care Excellence (NICE). Alteplase for treating acute 
ischaemic stroke [TA264]. Available: https://www. nice. org. uk/ guidance/ ta264/ chapter/ 
3- The- manufacturers- submission [Accessed 1st Apr 2019].

 20 Office for National Statistics (ONS). National life tables, UK statistical bulletins, 2018. 
Available: https://www. ons. gov. uk/ peop lepo pula tion andc ommunity/ birt hsde aths 
andm arriages/ lifeexpectancies/ bulletins/ nati onal life tabl esun ited kingdom/ 2015to2017 
[Accessed 16th Apr 2019].

 21 Sandercock P, Berge E, Dennis M, et al. A systematic review of the effectiveness, 
cost- effectiveness and barriers to implementation of thrombolytic and neuroprotective 
therapy for acute ischaemic stroke in the NHS. Health Technol Assess 2002;6:1–112.

 22 Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 hours after stroke 
with a mismatch between deficit and infarct. N Engl J Med 2018;378:11–21.

 23 Mommsen P, Bradt N, Zeckey C, et al. Comparison of helicopter and ground 
emergency medical service: a retrospective analysis of a German rescue helicopter 
base. Technol Health Care 2012;20:49–56.

 24 Brekenfeld C, Goebell E, Schmidt H, et al. ’Drip- and- drive’: shipping the 
neurointerventionalist to provide mechanical thrombectomy in primary stroke centers. 
J Neurointerv Surg 2018;10:932–6.

 25 Nicholl J, Turner J, Stevens K, et al. A review of the costs and benefits of helicopter 
emergency ambulance services in England and Wales - Final report to the Department 
of Health. Medical Care Research Unit, University of Sheffield, 2003. Available: https://
www. sheffield. ac. uk/ polopoly_ fs/ 1. 44101!/ file/ MCRU- HEASrev- 2003. pdf [Accessed 
16th Apr 2019].

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2019-209039 on 10 N
ovem

ber 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1161/CIRCULATIONAHA.118.033579
https://www.nice.org.uk/guidance/ta264/chapter/3-The-manufacturers-submission
https://www.nice.org.uk/guidance/ta264/chapter/3-The-manufacturers-submission
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/nationallifetablesunitedkingdom/2015to2017
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/nationallifetablesunitedkingdom/2015to2017
http://dx.doi.org/10.3310/hta6260
http://dx.doi.org/10.1056/NEJMoa1706442
http://dx.doi.org/10.3233/THC-2011-0655
http://dx.doi.org/10.1136/neurintsurg-2017-013634
https://www.sheffield.ac.uk/polopoly_fs/1.44101!/file/MCRU-HEASrev-2003.pdf
https://www.sheffield.ac.uk/polopoly_fs/1.44101!/file/MCRU-HEASrev-2003.pdf
http://emj.bmj.com/


1 

 

 

 

Supplemental Appendix 

 

Table S1: Rural NHS hospitals and their populations 

 

Table S2: Remote hospitals, nearest neuroscience centre, travel distance and time, air ambulance service 

 

Table S3: Estimated number of stroke patients and potential costs and health effects implications for air 

ambulance in rural England 

 

Table S4: Model parameters for decision-tree and range of values for sensitivity analysis 

 

Table S5: Model parameters for Markov model and range of values for sensitivity analysis  

 

Table S6: Time horizons probabilistic sensitivity analysis for early presenters  

 

Table S7: Scenario analysis for early presenters 

 

Table S8a: Scenario analysis for late presenters based on DAWN trial eligibility  

 

Table S8b: Parameters’ point estimate for late presenters 

 

Figure S1: Monte Carlo simulations of incremental cost per QALY gained from mechanical thrombectomy 

within a cohort of 1,000 patients using a Willingness-To-Pay (WTP) threshold of A) £ 20,000 per QALY 

gained and B) £30,000 per QALY gained for early-presenters. 

 

Figure S2: Monte Carlo simulations of incremental cost per QALY gained from mechanical thrombectomy 

within a cohort of 1,000 patients for late presenters  

 

Figure S3: Cost-effectiveness acceptability curve for late presenters by transportation strategy 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2019-209039–7.:10 2020;Emerg Med J, et al. Coughlan D



2 

 

 

 

Table S1: Rural NHS hospitals and their populations 

Hospital Location Total population Proportion Remote Remote Population 

St Mary's Hospital Isle of Wight 138,393 1 138,393 

North Devon District Hospital Barnstaple, North Devon 169,852 0.810 137,580 

Furness General Hospital Barrow, Cumbria 111,207 0.617 68,615 

Pilgrim Hospital Boston, Lincolnshire 190,677 0.268 51,101 

Hereford County Hospital Hereford, Herefordshire 182,303 0.236 43,024 

Cumberland Infirmary Carlisle, Cumbria 178,338 0.213 37,986 

Scarborough General Hospital Scarborough, North Yorkshire 194,103 0.105 20,381 

Dorset County Hospital Dorchester, Dorset 162,271 0.042 6,815 

Royal Shrewsbury Hospital Shrewsbury, Shropshire 199,154 0.024 4,780 

* Royal Cornwall Hospital Truro, Cornwall 420,000 0.01 4,200 

  

1,946,298 
 

512,875 

*Includes Isle of Scilly  

Data source: Smyth C, Lorrimer S and Chaplin M. (2016)  
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Table S2: Remote hospitals, nearest neuroscience centre, travel distance and time, air ambulance service 

 

Hospital Location 

Nearest 

neuroscience centre 

Distance 

(miles) 

Ground Emergency  

Medical Services 

 Travel Time (Mins) 

Helicopter Emergency 

Medical Service 

St Mary's Hospital Isle of Wright Southampton 17.0 

 

128 Hampshire & Isle of Wight 

North Devon District Hospital Barnstaple, Devon Plymouth 59.6 

 

113 Devon 

Furness General Hospital Barrow, Cumbria Preston 134.0 

 

155 North West Air Ambulance 

Pilgrim Hospital Boston, Lincolnshire Nottingham 60.3 

 

107 

Lincolnshire & 

Nottinghamshire 

Hereford County Hospital Hereford, Herefordshire Birmingham 57.8 

 

95 Midlands 

Cumberland Infirmary Carlisle, Cumbria 

Newcastle-upon-

Tyne 59.7 

 

80 Great North Air Ambulance 

Scarborough General Hospital Scarborough, Yorkshire Hull 45.8 

 

102 Yorkshire 

Dorset County Hospital Dorchester, Dorset Southampton 57.3 

 

83 Dorset & Somerset 

Royal Shrewsbury Hospital Shrewsbury, Shropshire Stoke-on-Trent 41.5 

 

71 Midlands 

 

Royal Cornwall Hospital Truro, Cornwall Plymouth 54.7 

 

99 Cornwall 

 

Data Source: Ambulance travel distances and times calculated from Google Maps. This approach was deemed reasonable by previous research by team members 

that suggested that ambulances in urban areas were able to exceed general traffic speed, whereas, the opposite effect was seen in suburban and rural road 

networks (McMeekin et al. 2014). 
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Table S3: Estimated number of stroke patients and potential costs and health effects implications for air ambulance in rural England 

Hospital 

No. of Stroke 

Patients 

No. of Early 

Presenters 

Hypothetical Change in  

Travel Time by Air (Mins) 

Mean Cost Savings 

(95% CI) 

Mean QALYs 

(95% CI) 

St Mary's Hospital 302 38 

 

-90 

-£30,458 

(-£244,479, £167,373) 

4  

(0, 11) 

North Devon District Hospital 425 53 

 

-60 

-£34,974 

(-£247,921, £171,028) 

4  

(0, 12) 

Furness General Hospital 219 29 

 

-60 

-£20,862 

(-£213,713, £156,117) 

3 

(0, 8) 

Pilgrim Hospital 523 66 

 

-90 

-£50,244 

(-£314,467, £193,994) 

6 

(0, 17) 

Hereford County Hospital 518 66 

 

-60 

-£36,682 

(-£252,585, £167,275) 

5 

(0, 13) 

Cumberland Infirmary 410 52 

 

-30 

-£24,750 

(-£193,220, £129,426) 

3 

(0, 9) 

Scarborough General Hospital 250 32 

 

-60 

-£22,544 

(-£219,912, £157,472) 

3 

(0, 10) 

Dorset County Hospital 407 52 

 

-45 

-£25,145 

(-£211,643, £150,287) 

3 

(0, 11) 

Royal Shrewsbury Hospital 64 8 

 

-15 

-£27,923 

(-£151,294, £84,338) 

2 

(0, 7) 

Royal Cornwall Hospital 828 105 

 

-60 

-£61,493 

(-£319,867, £201,647) 

7 

(1, 17) 
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Data source: Number of stroke patients per rural hospital from SSNAP data. Estimated number of early presenters eligible for mechanical thrombectomy based on 

McMeekin et al. 2017. The hypothetical change in travel time is based on best possible conditions and a readily available helicopter emergency medical services at 

rural hospital. This does not take account of a myriad of factors that could affect ability to transport patient such as bad weather, normal working hours and 

medical consideration such as fear of flying or weight/size. Estimated change in travel time with resulting mean cost savings and QALYs are based on discrete 

event simulation available from McMeekin et al. 2019.  
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Table S4: Model parameters for decision-tree and range of values for sensitivity analysis 

Parameter Point 

Estimate 

Probability 

Distribution 

Function 

Source 

Decision tree       

Eligibility for MT after advanced 

imaging 

0.95 Beta McMeekin et al. 2017 

Received MT after transfer 0.95 Beta McMeekin et al. 2017 

Cost of HEMS £2,900 Gamma Great North Air Ambulance (GNAA) 

Cost of GEMS £252 Gamma NHS Reference Costs 2017-18 

(Code: ASS02) 

MT by HEMS:     

mRS 0-2 (IV-tPA + MT) 0.57 Conditional beta  Extrapolated Saver et al. 2016 

mRS 3-5 (IV-tPA + MT) 0.36 Conditional beta  Extrapolated Saver et al. 2016 

mRS 6 (IV-tPA + MT) 0.08 Conditional beta  Extrapolated Saver et al. 2016 

MT by GEMS:     

mRS 0-2 (IV-tPA + MT) 0.53 Conditional beta  Extrapolated Saver et al. 2016 

mRS 3-5 (IV-tPA + MT) 0.39 Conditional beta  Extrapolated Saver et al. 2016 

mRS 6 (IV-tPA + MT) 0.10 Conditional beta  Extrapolated Saver et al. 2016 

IV-tPA only:       

mRS 0-2 (IV-tPA only) 0.26 Conditional beta  Ganesalingam et al. 2015 

mRS 3-5 (IV-tPA only) 0.55 Conditional beta  Ganesalingam et al. 2015 

mRS 6 (IV-tPA only) 0.19 Conditional beta  Ganesalingam et al. 2015 
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Table S5: Model parameters for Markov model and range of values for sensitivity analysis  

Parameter Point 

Estimate 

Probability 

Distribution 

Function 

Source 

Year 1       

From independent (mRS 0-2) to:     

mRS 0-2 0.955 Conditional beta  Davis et al. 2012  

mRS 3-5 0.024 Conditional beta  Davis et al. 2012   

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.008 Conditional beta  Davis et al. 2012 

From dependent (mRS 3-5) to:     

mRS 0-2 0.029 Conditional beta  Davis et al. 2012 

mRS 3-5 0.919 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.039 Conditional beta  Davis et al. 2012 

After Year 1       

From independent (mRS 0-2) to:     

mRS 0-2 0.979 Conditional beta  Davis et al. 2012 

mRS 3-5 0 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.008 Conditional beta  Davis et al. 2012 

From dependent (mRS 3-5) to:     

mRS 0-2 0 Conditional beta  Davis et al. 2012 

mRS 3-5 0.948 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.039 Conditional beta  Davis et al. 2012 

Recurrent stroke to:       

(IV-tPA + Throm) mRS 0-2 0.867 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) mRS 3-5 0.104 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) recurrent stroke 0 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) dead 0.029 Conditional beta  Davis et al. 2012 

(IV-tPA alone) mRS 0-2 0.834 Conditional beta  Davis et al. 2012 

(IV-tPA alone) mRS 3-5 0.137 Conditional beta  Davis et al. 2012 

(IV-tPA alone) recurrent stroke 0 Conditional beta  Davis et al. 2012 

(IV-tPA alone) dead 0.029 Conditional beta  Davis et al. 2012 

Health Utilities       

Independent 0.74 Beta Sandercock et al. 2002 

Dependent 0.38 Beta Sandercock et al. 2002 
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Recurrent stroke 0.34 Beta Sandercock et al. 2002 

Costs   
 

  

IV-tPA (Drug & 24-hr care) £2,339.34 Gamma BNF  2018 & Davis et al. 2012 

Thrombectomy (24-hour) £8,479.27 Gamma Balami et al. 2018 

First 3 months:   
 

  

Independent £7,773.00 Gamma Ganesalingam et al. 2015 

Dependent £16,632.70 Gamma Ganesalingam et al. 2015 

Fatal £10,658.07 Gamma Ganesalingam et al. 2015 

Ongoing per 3 months:   
 

  

Independent £748.53 Gamma Youman et al 2003 

Dependent £2,014.12 Gamma Youman et al 2003 

Recurrent Stroke    

 Average NHS stroke patient £13,935.53 Gamma Xu et al.2017  

Mortality Factor    

Independent  1.16 - Davis et al. 2012, Ganesalingam et 

al. 2015 

Dependent  5.65 - Davis et al. 2012, Ganesalingam et 

al. 2015 

 

 

Note: NHS costs were valued at 2017-2018 prices using a Bank of England inflation calculator. 
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Table S6: Time horizons probabilistic sensitivity analysis for early presenters  

 

Time 

Horizon  

Helicopter 

Emergency 

Medical Service 

Ground 

Emergency  

Medical 

Services 

Incremental Cost 

(95% CI) 

Incremental 

QALYs gained 

(95% CI) 

Incremental 

Cost/QALY 

gained 

(ICER) 

% CE 

at 

£20K/QALY 

% CE  

at  

£30K/QALY 

 Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

1-year £26,765 

(£41) 

0.64 

(0.00) 

£24,325 

(£41) 

0.63 

(0.00) 

£2,440 

(£2,380, £2,500) 

0.02 

(0.02, 0.02) 

£139,306 0.0 0.0 

3-year £35,433 

(£53) 

1.53 

(0.00) 

£32,679 

(£53) 

1.49 

(0.00) 

£2,743 

(£2,680, £2,800) 

0.04 

(0.04, 0.04) 

£65,803 0.1 2.8 

5-year £42,375 

(£79) 

2.27 

(0.01) 

£39,374 

(£78) 

2.21 

(0.01) 

£3,000 

(£2,940, £3,060) 

0.06 

(0.06, 0.07) 

£47,910 1.2 11.1 

10-year £53,580 

(£175) 

3.51 

(0.00) 

£50,130 

(£170) 

3.40 

(0.01) 

£3,450 

(£3,380, £3,520) 

0.10 

(0.09, 0.11) 

£34,066 7.9 34.4 

15-year £58,547 

(£256) 

4.10 

(0.02) 

£54,873 

(£248) 

3.98 

(0.02) 

£3,674 

(£3,590, £3,760) 

0.12 

(0.11, 0.13) 

£29,961 12.2 54.4 

20-year £60,242 

(£300) 

4.33 

(0.03) 

£56,484 

(£289) 

4.20 

(0.03) 

£3,758 

(£3,670, £3,840) 

0.13 

(0.12, 0.14) 

£28,533        14.1 61.3 
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Table S7: Scenario analysis for early presenters  

 

Travel Time 

(Mins) 30 minutes difference 

 

HEMS vs GEMS HEMS (pInd; pDep; pDead) 

 

GEMS (pInd; pDep; pDead) ICER 

% CE at 

£20k/QALY 

% CE at 

£30k/QALY 

330 vs 360 0.55;0.37;0.08 

 

0.53;0.39;0.08 £70,876 5.0 12.8 

300 vs 330 0.57;0.36;0.07 

 

0.55;0.37;0.08 £52,939 6.2 15.5 

270 vs 300 0.59;0.35;0.06 

 

0.57;0.36;0.07 £52,629 7.1 16.1 

210 vs 240 0.62;0.32;0.06 

 

0.61;0.33;0.06 £151,866 6.7 12.4 

 

 

Travel Time 

(Mins) 15 minutes difference 

 

HEMS vs GEMS HEMS (pInd; pDep; pDead) 

 

 

GEMS (pInd; pDep; pDead) ICER 

% CE at 

£20k/QALY 

 

% CE at 

£30k/QALY 

345 vs 360 0.54;0.38;0.08 

 

0.53;0.39;0.08 £158,896 2.9 8.4 

315 vs 330 0.56;0.37;0.07 

 

0.55;0.37;0.08 £85,862 4.2 10.4 

285 vs 300 0.58;0.35;0.07 

 

0.57;0.36;0.07 £155,374 4.8 10.8 

225 vs 240 0.62;0.33;0.05 

 

0.61;0.33;0.06 £83,744 6.7 14.0 
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Table S8a: Scenario analysis for late presenters based on DAWN trial eligibility  

 HEMS GEMS  

 Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Incremental Cost 

(95% CI) 

 

Incremental 

QALYs 

gained 

(95% CI) 

Incremental 

Cost /QALY 

gained 

(ICER) 

Incremental 

Net 

Monetary 

Benefit 

Deterministic 

Analysis 

£54,632 

(£6) 

3.41 

(0.00) 

£51,217 

(£5) 

3.42 

(0.00) 

£3,416 

(£3,411, £3,421) 

-0.01 

(-0.01, -0.01) 

Dominated - 

Probabilistic 

Analysis 

£55,000 

(£316) 

3.41 

(0.03) 

£51,536 

(£310) 

3.42 

(0.03) 

£3,463 

(£3,378, £3,548) 

-0.01 

(-0.01, -0.01) 

Dominated - 

 

 

Table 8b: Parameters’ point estimate for late presenters 

Parameter Point Estimate Probability Distribution Function Source 

Eligibility for MT after advanced imaging 0.50 Beta Expert opinion 

Received MT after transfer 0.50 Beta Expert opinion 

MT by HEMS:     

mRS 0-2 (IV-tPA + MT) 0.40 Conditional beta  Albers et at. 2018 (DAWN trial) 

mRS 3-5 (IV-tPA + MT) 0.46 Conditional beta  Albers et at. 2018 (DAWN trial) 

MT by GEMS:    

mRS 0-2 (IV-tPA + MT) 0.38 Conditional beta  Albers et at. 2018 (DAWN trial) 

mRS 3-5 (IV-tPA + MT) 0.48 Conditional beta  Albers et at. 2018 (DAWN trial) 
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Figure S2: Monte Carlo simulations of incremental cost per QALY gained from mechanical thrombectomy within a cohort of 1,000 patients using a Willingness-To-

Pay (WTP) threshold of £50,000 per QALY gained for late-presenters. Also included is the 95% credible region of the ICER using the confidence ellipse method. 
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Figure S3: Cost-effectiveness acceptability curve for late presenters by transportation strategy 

HEMS 

GEMS 
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Table S1: Rural NHS hospitals and their populations 

Hospital Location Total population Proportion Remote Remote Population 

St Mary's Hospital Isle of Wight 138,393 1 138,393 

North Devon District Hospital Barnstaple, North Devon 169,852 0.810 137,580 

Furness General Hospital Barrow, Cumbria 111,207 0.617 68,615 

Pilgrim Hospital Boston, Lincolnshire 190,677 0.268 51,101 

Hereford County Hospital Hereford, Herefordshire 182,303 0.236 43,024 

Cumberland Infirmary Carlisle, Cumbria 178,338 0.213 37,986 

Scarborough General Hospital Scarborough, North Yorkshire 194,103 0.105 20,381 

Dorset County Hospital Dorchester, Dorset 162,271 0.042 6,815 

Royal Shrewsbury Hospital Shrewsbury, Shropshire 199,154 0.024 4,780 

* Royal Cornwall Hospital Truro, Cornwall 420,000 0.01 4,200 

  

1,946,298 
 

512,875 

*Includes Isle of Scilly  

Data source: Smyth C, Lorrimer S and Chaplin M. (2016)  
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Table S2: Remote hospitals, nearest neuroscience centre, travel distance and time, air ambulance service 

 

Hospital Location 

Nearest 

neuroscience centre 

Distance 

(miles) 

Ground Emergency  

Medical Services 

 Travel Time (Mins) 

Helicopter Emergency 

Medical Service 

St Mary's Hospital Isle of Wright Southampton 17.0 

 

128 Hampshire & Isle of Wight 

North Devon District Hospital Barnstaple, Devon Plymouth 59.6 

 

113 Devon 

Furness General Hospital Barrow, Cumbria Preston 134.0 

 

155 North West Air Ambulance 

Pilgrim Hospital Boston, Lincolnshire Nottingham 60.3 

 

107 

Lincolnshire & 

Nottinghamshire 

Hereford County Hospital Hereford, Herefordshire Birmingham 57.8 

 

95 Midlands 

Cumberland Infirmary Carlisle, Cumbria 

Newcastle-upon-

Tyne 59.7 

 

80 Great North Air Ambulance 

Scarborough General Hospital Scarborough, Yorkshire Hull 45.8 

 

102 Yorkshire 

Dorset County Hospital Dorchester, Dorset Southampton 57.3 

 

83 Dorset & Somerset 

Royal Shrewsbury Hospital Shrewsbury, Shropshire Stoke-on-Trent 41.5 

 

71 Midlands 

 

Royal Cornwall Hospital Truro, Cornwall Plymouth 54.7 

 

99 Cornwall 

 

Data Source: Ambulance travel distances and times calculated from Google Maps. This approach was deemed reasonable by previous research by team members 

that suggested that ambulances in urban areas were able to exceed general traffic speed, whereas, the opposite effect was seen in suburban and rural road 

networks (McMeekin et al. 2014). 
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Table S3: Estimated number of stroke patients and potential costs and health effects implications for air ambulance in rural England 

Hospital 

No. of Stroke 

Patients 

No. of Early 

Presenters 

Hypothetical Change in  

Travel Time by Air (Mins) 

Mean Cost Savings 

(95% CI) 

Mean QALYs 

(95% CI) 

St Mary's Hospital 302 38 

 

-90 

-£30,458 

(-£244,479, £167,373) 

4  

(0, 11) 

North Devon District Hospital 425 53 

 

-60 

-£34,974 

(-£247,921, £171,028) 

4  

(0, 12) 

Furness General Hospital 219 29 

 

-60 

-£20,862 

(-£213,713, £156,117) 

3 

(0, 8) 

Pilgrim Hospital 523 66 

 

-90 

-£50,244 

(-£314,467, £193,994) 

6 

(0, 17) 

Hereford County Hospital 518 66 

 

-60 

-£36,682 

(-£252,585, £167,275) 

5 

(0, 13) 

Cumberland Infirmary 410 52 

 

-30 

-£24,750 

(-£193,220, £129,426) 

3 

(0, 9) 

Scarborough General Hospital 250 32 

 

-60 

-£22,544 

(-£219,912, £157,472) 

3 

(0, 10) 

Dorset County Hospital 407 52 

 

-45 

-£25,145 

(-£211,643, £150,287) 

3 

(0, 11) 

Royal Shrewsbury Hospital 64 8 

 

-15 

-£27,923 

(-£151,294, £84,338) 

2 

(0, 7) 

Royal Cornwall Hospital 828 105 

 

-60 

-£61,493 

(-£319,867, £201,647) 

7 

(1, 17) 
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Data source: Number of stroke patients per rural hospital from SSNAP data. Estimated number of early presenters eligible for mechanical thrombectomy based on 

McMeekin et al. 2017. The hypothetical change in travel time is based on best possible conditions and a readily available helicopter emergency medical services at 

rural hospital. This does not take account of a myriad of factors that could affect ability to transport patient such as bad weather, normal working hours and 

medical consideration such as fear of flying or weight/size. Estimated change in travel time with resulting mean cost savings and QALYs are based on discrete 

event simulation available from McMeekin et al. 2019.  
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Table S4: Model parameters for decision-tree and range of values for sensitivity analysis 

Parameter Point 

Estimate 

Probability 

Distribution 

Function 

Source 

Decision tree       

Eligibility for MT after advanced 

imaging 

0.95 Beta McMeekin et al. 2017 

Received MT after transfer 0.95 Beta McMeekin et al. 2017 

Cost of HEMS £2,900 Gamma Great North Air Ambulance (GNAA) 

Cost of GEMS £252 Gamma NHS Reference Costs 2017-18 

(Code: ASS02) 

MT by HEMS:     

mRS 0-2 (IV-tPA + MT) 0.57 Conditional beta  Extrapolated Saver et al. 2016 

mRS 3-5 (IV-tPA + MT) 0.36 Conditional beta  Extrapolated Saver et al. 2016 

mRS 6 (IV-tPA + MT) 0.08 Conditional beta  Extrapolated Saver et al. 2016 

MT by GEMS:     

mRS 0-2 (IV-tPA + MT) 0.53 Conditional beta  Extrapolated Saver et al. 2016 

mRS 3-5 (IV-tPA + MT) 0.39 Conditional beta  Extrapolated Saver et al. 2016 

mRS 6 (IV-tPA + MT) 0.10 Conditional beta  Extrapolated Saver et al. 2016 

IV-tPA only:       

mRS 0-2 (IV-tPA only) 0.26 Conditional beta  Ganesalingam et al. 2015 

mRS 3-5 (IV-tPA only) 0.55 Conditional beta  Ganesalingam et al. 2015 

mRS 6 (IV-tPA only) 0.19 Conditional beta  Ganesalingam et al. 2015 
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Table S5: Model parameters for Markov model and range of values for sensitivity analysis  

Parameter Point 

Estimate 

Probability 

Distribution 

Function 

Source 

Year 1       

From independent (mRS 0-2) to:     

mRS 0-2 0.955 Conditional beta  Davis et al. 2012  

mRS 3-5 0.024 Conditional beta  Davis et al. 2012   

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.008 Conditional beta  Davis et al. 2012 

From dependent (mRS 3-5) to:     

mRS 0-2 0.029 Conditional beta  Davis et al. 2012 

mRS 3-5 0.919 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.039 Conditional beta  Davis et al. 2012 

After Year 1       

From independent (mRS 0-2) to:     

mRS 0-2 0.979 Conditional beta  Davis et al. 2012 

mRS 3-5 0 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.008 Conditional beta  Davis et al. 2012 

From dependent (mRS 3-5) to:     

mRS 0-2 0 Conditional beta  Davis et al. 2012 

mRS 3-5 0.948 Conditional beta  Davis et al. 2012 

Recurrent stroke 0.013 Conditional beta  Davis et al. 2012 

Dead 0.039 Conditional beta  Davis et al. 2012 

Recurrent stroke to:       

(IV-tPA + Throm) mRS 0-2 0.867 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) mRS 3-5 0.104 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) recurrent stroke 0 Conditional beta  Davis et al. 2012 

(IV-tPA + Throm) dead 0.029 Conditional beta  Davis et al. 2012 

(IV-tPA alone) mRS 0-2 0.834 Conditional beta  Davis et al. 2012 

(IV-tPA alone) mRS 3-5 0.137 Conditional beta  Davis et al. 2012 

(IV-tPA alone) recurrent stroke 0 Conditional beta  Davis et al. 2012 

(IV-tPA alone) dead 0.029 Conditional beta  Davis et al. 2012 

Health Utilities       

Independent 0.74 Beta Sandercock et al. 2002 

Dependent 0.38 Beta Sandercock et al. 2002 
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Recurrent stroke 0.34 Beta Sandercock et al. 2002 

Costs   
 

  

IV-tPA (Drug & 24-hr care) £2,339.34 Gamma BNF  2018 & Davis et al. 2012 

Thrombectomy (24-hour) £8,479.27 Gamma Balami et al. 2018 

First 3 months:   
 

  

Independent £7,773.00 Gamma Ganesalingam et al. 2015 

Dependent £16,632.70 Gamma Ganesalingam et al. 2015 

Fatal £10,658.07 Gamma Ganesalingam et al. 2015 

Ongoing per 3 months:   
 

  

Independent £748.53 Gamma Youman et al 2003 

Dependent £2,014.12 Gamma Youman et al 2003 

Recurrent Stroke    

 Average NHS stroke patient £13,935.53 Gamma Xu et al.2017  

Mortality Factor    

Independent  1.16 - Davis et al. 2012, Ganesalingam et 

al. 2015 

Dependent  5.65 - Davis et al. 2012, Ganesalingam et 

al. 2015 

 

 

Note: NHS costs were valued at 2017-2018 prices using a Bank of England inflation calculator. 
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Table S6: Time horizons probabilistic sensitivity analysis for early presenters  

 

Time 

Horizon  

Helicopter 

Emergency 

Medical Service 

Ground 

Emergency  

Medical 

Services 

Incremental Cost 

(95% CI) 

Incremental 

QALYs gained 

(95% CI) 

Incremental 

Cost/QALY 

gained 

(ICER) 

% CE 

at 

£20K/QALY 

% CE  

at  

£30K/QALY 

 Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

1-year £26,765 

(£41) 

0.64 

(0.00) 

£24,325 

(£41) 

0.63 

(0.00) 

£2,440 

(£2,380, £2,500) 

0.02 

(0.02, 0.02) 

£139,306 0.0 0.0 

3-year £35,433 

(£53) 

1.53 

(0.00) 

£32,679 

(£53) 

1.49 

(0.00) 

£2,743 

(£2,680, £2,800) 

0.04 

(0.04, 0.04) 

£65,803 0.1 2.8 

5-year £42,375 

(£79) 

2.27 

(0.01) 

£39,374 

(£78) 

2.21 

(0.01) 

£3,000 

(£2,940, £3,060) 

0.06 

(0.06, 0.07) 

£47,910 1.2 11.1 

10-year £53,580 

(£175) 

3.51 

(0.00) 

£50,130 

(£170) 

3.40 

(0.01) 

£3,450 

(£3,380, £3,520) 

0.10 

(0.09, 0.11) 

£34,066 7.9 34.4 

15-year £58,547 

(£256) 

4.10 

(0.02) 

£54,873 

(£248) 

3.98 

(0.02) 

£3,674 

(£3,590, £3,760) 

0.12 

(0.11, 0.13) 

£29,961 12.2 54.4 

20-year £60,242 

(£300) 

4.33 

(0.03) 

£56,484 

(£289) 

4.20 

(0.03) 

£3,758 

(£3,670, £3,840) 

0.13 

(0.12, 0.14) 

£28,533        14.1 61.3 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2019-209039–7.:10 2020;Emerg Med J, et al. Coughlan D



10 

 

Table S7: Scenario analysis for early presenters  

 

Travel Time 

(Mins) 30 minutes difference 

 

HEMS vs GEMS HEMS (pInd; pDep; pDead) 

 

GEMS (pInd; pDep; pDead) ICER 

% CE at 

£20k/QALY 

% CE at 

£30k/QALY 

330 vs 360 0.55;0.37;0.08 

 

0.53;0.39;0.08 £70,876 5.0 12.8 

300 vs 330 0.57;0.36;0.07 

 

0.55;0.37;0.08 £52,939 6.2 15.5 

270 vs 300 0.59;0.35;0.06 

 

0.57;0.36;0.07 £52,629 7.1 16.1 

210 vs 240 0.62;0.32;0.06 

 

0.61;0.33;0.06 £151,866 6.7 12.4 

 

 

Travel Time 

(Mins) 15 minutes difference 

 

HEMS vs GEMS HEMS (pInd; pDep; pDead) 

 

 

GEMS (pInd; pDep; pDead) ICER 

% CE at 

£20k/QALY 

 

% CE at 

£30k/QALY 

345 vs 360 0.54;0.38;0.08 

 

0.53;0.39;0.08 £158,896 2.9 8.4 

315 vs 330 0.56;0.37;0.07 

 

0.55;0.37;0.08 £85,862 4.2 10.4 

285 vs 300 0.58;0.35;0.07 

 

0.57;0.36;0.07 £155,374 4.8 10.8 

225 vs 240 0.62;0.33;0.05 

 

0.61;0.33;0.06 £83,744 6.7 14.0 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2019-209039–7.:10 2020;Emerg Med J, et al. Coughlan D



11 

 

 

Table S8a: Scenario analysis for late presenters based on DAWN trial eligibility  

 HEMS GEMS  

 Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Mean 

Cost 

(SE) 

Mean 

QALYs 

gained 

(SE) 

Incremental Cost 

(95% CI) 

 

Incremental 

QALYs 

gained 

(95% CI) 

Incremental 

Cost /QALY 

gained 

(ICER) 

Incremental 

Net 

Monetary 

Benefit 

Deterministic 

Analysis 

£54,632 

(£6) 

3.41 

(0.00) 

£51,217 

(£5) 

3.42 

(0.00) 

£3,416 

(£3,411, £3,421) 

-0.01 

(-0.01, -0.01) 

Dominated - 

Probabilistic 

Analysis 

£55,000 

(£316) 

3.41 

(0.03) 

£51,536 

(£310) 

3.42 

(0.03) 

£3,463 

(£3,378, £3,548) 

-0.01 

(-0.01, -0.01) 

Dominated - 

 

 

Table 8b: Parameters’ point estimate for late presenters 

Parameter Point Estimate Probability Distribution Function Source 

Eligibility for MT after advanced imaging 0.50 Beta Expert opinion 

Received MT after transfer 0.50 Beta Expert opinion 

MT by HEMS:     

mRS 0-2 (IV-tPA + MT) 0.40 Conditional beta  Albers et at. 2018 (DAWN trial) 

mRS 3-5 (IV-tPA + MT) 0.46 Conditional beta  Albers et at. 2018 (DAWN trial) 

MT by GEMS:    

mRS 0-2 (IV-tPA + MT) 0.38 Conditional beta  Albers et at. 2018 (DAWN trial) 

mRS 3-5 (IV-tPA + MT) 0.48 Conditional beta  Albers et at. 2018 (DAWN trial) 
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Figure S2: Monte Carlo simulations of incremental cost per QALY gained from mechanical thrombectomy within a cohort of 1,000 patients using a Willingness-To-

Pay (WTP) threshold of £50,000 per QALY gained for late-presenters. Also included is the 95% credible region of the ICER using the confidence ellipse method. 
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Figure S3: Cost-effectiveness acceptability curve for late presenters by transportation strategy 

HEMS 

GEMS 
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