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Background and Purpose—Methods to increase recruitment into acute stroke trials are needed. The purposes of this study
were to evaluate the safety and acceptability of initiating acute stroke trials during early helicopter evacuation and to
test an intervention to facilitate informed consent.

Methods—A randomized, controlled trial was done with patients with acute stroke who were transferred by helicopter to
the University of Iowa Hospitals and Clinics from February 2007 to January 2008. The intervention to be evaluated was
the use of fax and a telephone call to the patient/surrogate ahead of helicopter arrival at the outside emergency
department. The aim was to improve the rate of subsequent consent (primary outcome) for a pilot trial of a potentially
beneficial, low-risk medical intervention (ranitidine) to prevent aspiration pneumonitis. Consenting eligible patients
received the infusion during the flight to University of Iowa Hospitals and Clinics.

Results—One hundred patients were enrolled. Consent rate was 54% in the intervention group and 50% in the control
group (P�0.69). However, the consent rate was higher (69%) when prearrival communications between the
coinvestigator and potential subjects were successful (P�0.04). This approach resulted in an average gain of 59 minutes
as compared with initiating recruitment on arrival to University of Iowa Hospitals and Clinics.

Conclusions—Enrollment into stroke intervention trials is feasible during helicopter transportation from a community
hospital emergency department to a tertiary stroke center. This underused resource may improve trial efficiency by
enabling and expediting participation of remote populations currently excluded from research. Consent rates might be
further improved by communication strategies that are more successful in reaching patients at outside emergency
departments. (Stroke. 2009;40:895-901.)
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Progress in acute stroke management depends on the
completion of clinical trials testing interventions applicable

to large numbers of patients.1,2 The efficiency of recruiting
patients in acute stroke trials needs to be improved.3 Participa-
tion in research protocols is particularly problematic for the 25%
of Americans living in nonurban areas4 or those who are distant
from research centers.5 These patients often arrive to a commu-
nity hospital before being transferred for further care. By the
time they arrive at a research tertiary care center, it may be either
too late to qualify for a research protocol6 or enrollment is
delayed. A differential recruitment of patients based on their
place of residence could challenge the fairness of a trial7 as well
as future generalization of those results.5,8 Strategies are needed
to enable earlier access to trials for those patients living at long
distances from a stroke center.

We previously proposed extending acute research to re-
mote patients by enrolling them at the local hospital emer-
gency department (ED) by tertiary hospital-based air medical
personnel functioning as coinvestigators.9 We intended to test
the feasibility and safety of this approach by conducting an
acute stroke pilot trial through the early interhospital helicop-
ter transfer of patients with ischemic stroke and intracranial
hemorrhage from local EDs to the tertiary stroke center.
Specifically, we hypothesized that a strategy of establishing
advanced contact between a coinvestigator and the subject/
surrogate before the helicopter arrived might help compen-
sate for the short time of personal interaction for obtaining
informed consent available at the outside ED. As a vehicle to
test our hypothesis, we used a 2-stage trial in which we tested
an advanced notification strategy aiming to improve informed
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consent for a subsequent pilot trial of a low-risk medical
intervention. We chose a single dose of intravenous ranitidine
as a safe intervention with a plausible effect in preventing
aspiration pneumonia and chemical pneumonitis (APCP) by
raising the stomach pH at early stages.10 APCP is a serious
complication that triples the risk of dying after stroke.11

Because ranitidine is administered in a way consistent to most
stroke therapies, it was the best compromise among safety,
ethics, and future generalizability for this model trial. We
named that vehicle trial AIRDOC (Antacids In Flight Reduce
Disability and Overcome Complications).

Methods
Study Type
This was a double randomized, controlled trial of an advanced
contact intervention to facilitate subsequent informed consent for a
low-risk pharmacological intervention (Figure 1).

Objectives
The primary objectives were (1) to test whether a strategy of advanced
patient or surrogate notification would promote patient participation in
stroke intervention trials performed during air medical transport; and (2)
to test whether an intervention trial could be safely implemented during
early helicopter evacuation of patients with either acute ischemic or
hemorrhagic stroke using flight crews as coinvestigators. A secondary
objective was to compare the rates of APCP during hospitalization
between the ranitidine and placebo groups.

Study Setting and Organization
The study was performed during the helicopter transfer of patients
with either acute ischemic stroke or intracranial hemorrhage between
local hospital EDs located in several communities in Iowa and the
tertiary stroke center at the University of Iowa Hospitals and Clinics
(UIHC). All flights were done by the University of Iowa AirCare
(AC), a University of Iowa-operated air ambulance service that
transports patients to UIHC. The service consists of 2 different crews
based in Iowa City and Waterloo, Iowa. Both AC crews are notified
of the nature of their missions once they are airborne in order to
avoid introducing disease biases in the aeronautical decision process.
All 17 AC flight nurses and a flight physician became coinvestiga-

tors in this project. The coinvestigators are named in the Appendix.
They all received certifications in the ethical aspects of research and
the National Institutes of Health Stroke Scale (NIHSS), and they
attended a half-day study initiation session that included rationale,
safety aspects, study aims, and trial procedures. A notifying letter
regarding the research procedures was mailed to all the ED directors
in range of AC before starting the trial. This study was approved by
the University of Iowa Institutional Review Board. The Institutional
Review Board ruled that consent could be obtained at local sites by
AC personnel because the potential subjects were considered to be
patients of the UIHC.

Study Subjects
Subjects included all consecutive patients between February 2007
and January 2008 with a presumed ischemic stroke or intracranial
hemorrhage for whom an air medical transfer to UIHC was requested
through AC. Patients were diagnosed as having a possible stroke by
the outside ED physician who requested transfer based on the
available clinical, laboratory, and imaging data.

First-Stage Randomization
Subjects were randomized (1:1) to receive either the “advance
notification” intervention or control during the outbound flight to
pick up the patient. The flight nurse coinvestigator randomized the
subject by opening a closed envelope stored in the aircraft. Random-
ization was done in blocks of 6 for each AC crew independently.

Communication Intervention
The intervention “advance notification” was an early information
strategy aimed to facilitate subsequent informed consent. “Advanced
notification” consisted of 2 complementary interventions: a fax with
the informed consent documents and a telephone call. The informed
consent documents used were approved by the University of Iowa
Institutional Review Board. These documents were faxed from the
LifeCom (a division of Air Methods Corporation) dispatch center to
the patient or surrogate waiting at the outside ED at the request of the
airborne outbound coinvestigator so the patient and surrogate could
review the written materials in advance of the air crew arrival. The
telephone call was made by the outbound investigator in-flight
through the helicopter’s 800-MHz radio land phone system to the
outside ED ahead of the helicopter crew’s arrival. In that call, the
coinvestigator requested communication with the patient or his or her
surrogate. The investigator introduced him- or herself to the patient/

Figure 1. Outline of the trial.
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surrogate and then followed a script that included introduction,
purpose, a brief description of the study, and information that the
consent had been faxed to their location. Subjects assigned to “no
advance notification” did not receive the fax or phone call. Both
“advance notification” and control groups were subsequently ap-
proached for informed consent for AIRDOC in person on arrival to
the outside ED. Patients and surrogates in the intervention group
were asked whether they actually received the intended fax/phone
call.

Primary Outcome Measure
The main primary outcome measure was the proportion of patients
who signed informed consent for the AIRDOC study. The null
hypothesis was that there would be no differences in the rate of
signing informed consent between the 2 groups.

Screening for AIRDOC
Those patients who signed informed consent were subsequently
screened for AIRDOC. The screening process included a review of
available records and a neurological assessment using the NIHSS by
the flight nurse coinvestigator. Inclusion criteria for AIRDOC
included (1) age �18 years; (2) presumed ischemic stroke or
intracranial hemorrhage �12 hours old; (3) NIHSS score �1 point;
(4) negative pregnancy test (women �50 years); (5) patient had
already been considered for recombinant tissue plasminogen activa-
tor; (6) intubation to protect the airway if appropriate; and (7)
prestroke modified Rankin Scale score 0 to 1. Exclusion criteria
included: (1) time onset uncertain or �12 hours; (2) transferred
specifically to receive recombinant tissue plasminogen activator at
UIHC; (3) nonstroke etiology; (4) temperature �37.8°C; (5) systolic
blood pressure �100 mm Hg; (6) allergy to ranitidine; (7) white
blood cell count �10 000; (8) blood glucose �60 or �300 mg/dL;
(9) current need for antibiotics; (10) terminal illness or expected
survival �3 months; and (11) prisoner or institutionalized individual.

Second-Stage Randomization and Pharmacological
Intervention (AIRDOC)
Those consenting patients found to be eligible for AIRDOC were
randomized 1:1 to receive either a 250-mL intravenous infusion of
50 mg ranitidine or a similarly looking normal saline. Investigators
and subjects were both blinded to the treatment assignment by the
Pharmacy Department at UIHC using a block randomization of 12 by
the AC team. The study kits containing drug infusion bags were
stored at each AC headquarters and carried on every helicopter
mission in anticipation of a possible randomization. The study drug
infusion was initiated at the outside hospital and continued during the
inbound flight to UIHC.

AIRDOC Outcomes
Time spent in the consent/screening process and the difference
between times of starting consent at outside ED and time of arrival
at UIHC were recorded. Reasons for not obtaining consent and
adverse effects or complications of the study medication were
documented and also recorded by flight nurses. Nurse coinvestiga-
tors from the Stroke Service at UIHC invited all subjects approached
for consent at the outside ED to participate in a survey about their
experience. Those subjects who gave consent were also followed for
outcomes during their hospitalization at UIHC. The presence of
APCP by Fine’s criteria,12 final diagnosis, subtype of stroke,13 and
the presence of misrandomizations and disposition at discharge were
recorded. Disposition and Barthel Index at 3 months were obtained
through a phone call.

Safety Monitoring
A specialist in infectious diseases at the University of Iowa (Patricia
L. Winokur, MD) was the safety monitor. She periodically reviewed
the records for the safety of the subjects.

Statistical Analyses
The intention-to-treat methodology was used in the primary outcome
analysis. Fisher exact test was used to compare the rates between the
control and intervention groups. Using the rate of successful in-
formed consent in the TOAST study,14 we estimated that 40% of the
approached subjects/surrogates would give consent. We calculated
that 100 subjects/surrogates (50 per group) would have to be
randomized to detect a benefit of the intervention of a 30% increase
in the consent rate with 80% power using a 2-sided 5% level test of
significance. The secondary (AIRDOC) outcome, rate of APCP, was
compared with Fisher exact test. All statistical analyses were
performed using SAS Version 9.1 (SAS Institute Inc, Cary, NC).

Results
Figure 2 shows the results of the first randomization testing
the effectiveness of an advanced notification strategy in
promoting subsequent signed informed consent.

One hundred patients were randomized: 50 to advanced
notification and 50 to no advanced notification (Figure 2).
Ninety-four potential subjects were subsequently approached in
person for the AIRDOC study at the outside ED. The 6 patients
lost to follow-up included 3 cases in which the flight was aborted
(2 for operational reasons, one due to symptoms being resolved),
2 cases in which the investigator stopped the study procedures
on ED arrival after realizing obvious ineligibility (one subject
was �18 years, one due to obvious nonstroke symptoms), and
one case in which the coinvestigator opened the randomization
envelope before realizing there was no study medication on
board. Among patients assigned to the advance notification, the
fax and phone call were successful in reaching its destination in
43 (86%) and 31 (62%) cases, respectively. Reasons for failure
were technical for the radio phone (noise in the communication)
and logistic (ED did not deliver the fax on time). The total
number of patients signing informed consent was 52 (52%).
Consent was obtained in 27 (54%) patients in the intervention
group and in 25 (50%) patients in the control group (P�0.69). A
post hoc analysis, however, showed that among those 29 patients
who actually received both the phone and fax intervention, the
consent rate was higher (69%) than among those not exposed to
both fax and phone call (45%, P�0.03). The consent rate was
68% among those patients who actually received a phone call as
compared with 46% among those who did not receive it
(P�0.04). The consent rate was 53% among those patients who
actually received a fax as compared with 52% among those who
did not receive it (P�0.87).

Those 52 patients who gave consent for AIRDOC had a mean
age of 63.9 years (SD, 13.3). Fifty-six percent were male, and
their mean and median NIHSS scores were 5.9 and 2 points,
respectively. The final diagnoses were large artery atherosclero-
sis stroke (8), cardioembolism (7), lacunar stroke (3), ischemic
unknown (4), spontaneous intracerebral hemorrhage (7), subarach-
noid hemorrhage (5), transient ischemic attack (4), venous throm-
bosis (one), traumatic intracerebral hemorrhage (5), and “other”(8;
brain tumor, Bell’s palsy, migraine, myocardial infarction, hypona-
tremia, transient global amnesia, uncertain, missing). Current regu-
lations prohibit data collection in nonconsented patients.

Reasons for not obtaining informed consent at the outside
ED were surrogate refusal (n�15), patient refusal (n�10),
insufficient time (n�8), relative not located (n�7), aborting
consent process due to obvious ineligibility (n�5), flight
aborted (n�2), and opposition from a local neurologist in a
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patient with a brain herniation (n�1). None of the outside ED
physicians involved were opposed to the study or interfered
with the coinvestigators’ consent and screening functions.
The total average time spent at the outside ED by the air
crews, including patient care activities, was 27 minutes (SD,
5.9). Average time spent specifically in the consent/screening
process was 14.6 minutes (SD, 9.08). The average time
“gained” through this new research mechanism (difference
between the time of starting consent at an outside ED and the
time of arrival at UIHC) was 59 minutes (SD, 16.5). This
calculation does not take into account the additional time
delay that would occur on arrival to the tertiary center to the
start of a consent process, so we are likely underestimating
the time gained through this mechanism.

Figure 3 shows the results for the secondary randomization
testing the feasibility of initiating stroke trials at the outside
ED during interhospital transfer. Twenty-seven of those
consenting patients (52%) were subsequently found eligible
in the screening process to be randomized to AIRDOC. Of
those, 5 were ultimately considered to be misrandomizations.
In one case, the investigator mistakenly opened the seal of the
study kit despite acknowledging ineligibility due to symp-
toms beyond 12 hours, although the patient did not receive
the infusion. The other 4 patients were noted to have
exclusion criteria by the investigator (3 had symptoms be-

yond 12 hours and one had a NIHSS score of 0) but received
study infusions in-flight. All these misrandomizations occurred
in the first half of the study. No side effects or complications
attributable to ranitidine were noted. There was no difference in
the rate of APCP between the ranitidine and placebo groups
(P�0.29). The final diagnoses after hospitalization of those 27
patients were ischemic stroke/transient ischemic attack (18),
intracranial hemorrhage (4), and other (5; traumatic hemorrhage,
Bell’s palsy, uncertain transient ischemic attack, complicated
migraine, transient global amnesia).

Supplemental Table I, available online at http://stroke.
ahajournals.org, shows the results of a survey done on arrival to
UIHC that asked patients or surrogates questions about the
AIRDOC recruitment process and perceptions about the trial.
Most patients had a positive impression of the process, although
they stressed the importance of having face-to-face interaction
when being approached for studies. No barriers to this research
were identified at the outside EDs.

Discussion
We succeeded in implementing an acute stroke intervention
trial during helicopter interhospital transport of patients with
stroke from EDs in community hospitals to a regional
comprehensive stroke center. Despite the time pressures,
flight personnel were able to incorporate all the necessary

Figure 2. Results of the first randomiza-
tion testing the effectiveness of advanced
notification in promoting subsequent
signed informed consent.
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clinical trial procedures and obtain informed consent at rates
comparable to traditional hospital-based stroke trials14 with-
out compromising the flight mission or generating opposition
from physicians or staff at local EDs. Considerable time was
gained. This strategy expands the potential reach of clinical
research centers, and it is particularly important for patients
living in remote or rural areas.

We envision that future stroke trials could include a cadre
of air medical transportation personnel as coinvestigators,
particularly in those centers with a dispersed population. This
strategy has the potential to improve the recruitment effi-
ciency of the clinical trial.3 Because a fraction of subjects will
be treated through a “real-life” remote scenario based on a
local ED diagnosis, it also may permit generalization of the
trial results to most clinical settings. In addition, it may allow
the design of smaller (and more feasible) trials because the
magnitude of the efficacy of a stroke interventions is time-
dependent,15 so expediting patient participation might result
in a smaller sample size requirement.2 In addition to improv-
ing the efficiency and applicability of ongoing stroke trials,
this approach would permit testing ancillary care interven-
tions that are specifically applied during the helicopter flight.9

The relevance of this proposed mechanism is supported by
the fact that 500 000 helicopter medical missions are flown
each year in the United States.16,17 Although the breakdown

by specific diagnoses is not available, we performed a survey
among directors of Air Medical Transportation Services in
March 2008 and estimated that ischemic and hemorrhagic
stroke missions comprise 12% (95% CI, 5 to 19) of this total
number (Ahmed A, Leira EC, unpublished data).

This approach also meets the current goal of ethical
research that protects patient safety, including the use of
standard written informed consent forms. At the same time, it
avoids other issues related to research such as waiving18 or
deferring19 consent in patients deemed incompetent. Because
the legal transfer of care for these patients takes place when
the flight crew arrives at the outside ED, our approach
requires only approval of one Institutional Review Board,
therefore avoiding the hurdle of requiring regulatory over-
sight from multiple institutions. This strategy involves a
handful of specialized tertiary hospital-based flight personnel,
which simplifies the training and certification procedures and
lessens the variability in performance throughout the steps of
a trial. Because these coinvestigators are exposed to many
patients in their capture area, they are more likely to become
experienced with the study procedures, which may increase
the quality of the data as well as maintain enthusiasm for the
trial among investigators.

We were pleased that the absolute rate of informed consent
was high considering the novelty of this environment. It was

Figure 3. Results of the second random-
ization testing the feasibility of initiating
stroke trials during interhospital transfer.
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comparable to that achieved in the tertiary care center-based
TOAST trial.14 Our tactic of using the “downtime” of the
outbound flight to inform the patient or subject by fax and
phone about the ongoing study showed promise. It may
reduce the rush of signing forms for a study by allowing more
time for the subject and surrogate to consider participation.
Unfortunately, such primary intervention did not improve the
rate of signed informed consent in an intention-to-treat
analysis. A secondary target population analysis suggests that
those negative results were likely due to the large number of
subjects in the intention-to-treat group who failed to receive
the intended intervention. The phone call seemed more
helpful than the fax in promoting consent but was often
unsuccessful due to noise. Our experience shows that tech-
nical hurdles need to be addressed. Surveyed patients and
surrogates generally did not object to the advanced notifica-
tion and found it useful. This experience suggests promise for
using more sophisticated advance communication strategies
with better compliance during the outbound flight, which
should be tested prospectively.

Prehospital stroke trials conducted by paramedics have
been a successful initiative to accelerate research in large
metropolitan areas.19 Implementation of such a strategy in
dispersed remote populations20 may be difficult. Rural first
responders or paramedics are often volunteers and have less
training and exposure to stroke cases compared with their
urban counterparts.21,22 It would be an overwhelming task to
maintain the necessary skills and certifications to be success-
ful coinvestigators for a large and dispersed workforce. The
interhospital strategy we are proposing occurs in a different
setting than prehospital trials but provides the first opportu-
nity of intervention in dispersed areas with minimal logistical
burden and reasonable safety. Unlike the prehospital ap-
proach, the interhospital setting would allow recruitment in a
broader number of research protocols because patients will
already have a CT scan, basic laboratory tests, and a prelim-
inary diagnosis by an outside physician.9

The dispersion of resources would also be a barrier for
research at those multiple small hospitals that do not have
enough volume of patients to be proficient in performing a
stroke trial.23 Certifying every ED physician in the catchment
area of a comprehensive center also faces large logistical and
regulatory hurdles. Telemedicine-assisted24 clinical trials
could be an option for small hospitals ED, but potential
barriers such as liability and lack of a personally obtained
written informed consent would have to be addressed.25

We are aware of the constraints of application of this
research. Although we used a consent form that stated all the
possible risks of ranitidine, including life-threatening reac-
tions, it could be argued that the rate of informed consent
would have been lower for interventions with a higher risk
profile. Another limitation is the procedural mistakes that
occurred. These few mistakes were not surprising when we
consider that flight personnel were new to clinical research
and that they underwent only a single initial training session.
Such issues can be overcome with training. Our observation
that errors occurred in the first half of the study suggests a
learning curve from the point of the investigators. Other
limitations are the reliability of the stroke diagnosis from the

outside ED physicians26 and a potential bias toward request-
ing helicopter transfer for more severe strokes.9 It is realistic
to expect that patients with stroke mimics might be admitted
into ischemic or hemorrhagic study protocols conducted
through this setting. Our ischemic stroke mimic rates were
comparable to previous series of patients considered for acute
treatment.27 Current “ship and drip” systems that treat remote
patients28 often rely on local ED ischemic stroke diagnosis,
which inevitably results in the treatment of a number of
stroke mimics.27 Similarly, enrolling a few stroke mimics
through this approach is also a methodological strength,
because it reproduces a “real-world” scenario that will permit
generalization of future results to remote settings where the
intervention is administered based on the outside ED
diagnosis.8

In summary, we found that the helicopter interhospital
transportation setting is a potentially valuable, underused
resource that might enable and expedite participation in acute
stroke trials for remote populations currently excluded from
research. This approach, which may significantly improve
stroke clinical trials efficiency and fairness, might be extrap-
olated to other acute time-dependent emergencies that can be
diagnosed at smaller hospital EDs.

Appendix
List of Coinvestigators
AC1 (Iowa City): T. Toycen, M. Kiger, P. Doser, D. Miller, J.
Lipcamon, K. Dillard, M. Dillard, R. Ogren, S. Schultz, and A.
Ahmed. AC2 (Waterloo): C. Niemeyer, C. Ratchford, A. Schott, D.
Bagenstos, L. Burrage, M. Farmer, and K. Baerenwald.
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