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Opinion statement
Intravenous recombinant tissue plasminogen activator is the only medication approved by the US
Food and Drug Administration for treatment of acute stoke. Despite established efficacy, less than
3% of stroke patients receive treatment, and that number is even smaller for patients living in
remote locations. This is in part due to a lack of neurologists and stroke specialists in these rural
communities. The traditional model of “ship and drip” wastes crucial time, resulting in delays or
loss of treatment. In this review, we discuss strategies to overcome geographic disparities in stroke
care and improve acute treatment in remote locations. Helicopter transport from field to stroke
center is one option to rapidly deliver patients to stroke centers. However, geography, weather,
and unnecessary transport are potential drawbacks. Alternatively, “telestroke” facilitates remote
evaluation of acute stroke patients via an audiovisual link and transmission of computerized
tomography images. Despite the physical separation, stroke specialists are able to examine
patients, review brain imaging and make correct treatment decisions; transfer to a stroke center
can then be performed as appropriate. A cost-benefit analysis of telestroke is needed, although the
recent proliferation of telestroke networks suggests an economic asset to some hospital systems.

Introduction
Stroke is a common, disabling, and often fatal disease. A stroke occurs every 40 s in the
United States (US), and every 3.3 min someone dies from a stroke [1]. It is the number three
cause of death in US, surpassed only by cardiovascular disease and cancer [1]. Stroke is the
leading cause of long-term adult disability [2]. Among survivors, 15% to 30% will be
permanently disabled and 20% will still require institutional care 3 months after a stroke [3].
Together, the direct and indirect costs of stroke in the US are estimated to be $53 billion
annually and are expected to rise to over $2 trillion by 2050, with Hispanics and African-
Americans disproportionately affected [4].

Management of stroke was significantly altered in 1996 when the US Food and Drug
Administration approved intravenous (IV) tissue plasminogen activator (tPA) for use within
3 h of symptoms onset [5]. A subsequent 2008 European study showed that the
administration of tPA may be beneficial up to 4.5 h after onset of symptoms, and the
American Heart Association (AHA)/American Stroke Association (ASA) have issued a
scientific advisory supporting treatment in selected candidates [6, 7]. In spite of established
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efficacy its administration is still very limited, with only 2% to 3% of ischemic stroke
patients receiving tPA [8].

Multiple factors account for the low rate of IV tPA use [9]. The most common reason for
non-treatment is delay in hospital presentation [10]. However, for patients who arrive within
a therapeutic window, fear of hemorrhagic complications and misunderstanding of the
benefit to risk ratio prevents some emergency physicians from initiating treatment. Having
stroke experts available for consultation in the emergency setting can overcome these
hurdles.

Unfortunately, there is a significant shortage of physicians with expertise in acute stroke
treatment. In the US, there are four neurologists per 100,000 persons, responsible for the
care of approximately 800,000 acute stroke cases per year [3, 11]. In addition, there is an
uneven geographical distribution of neurologists, with some states, such as Mississippi,
having only 2 per 100,000 persons [11]. This creates a vacuum of neurologic expertise,
particularly within rural areas. Compounding this shortage, many neurologists have
discontinued their hospital privileges, prompting a crisis in call coverage [12]. The
timeliness of treatment requires the availability of neurologists or other stroke specialists 24
h a day, 7 days a week.

Approximately 21% of the US population lives in rural areas [13]. This population has a
higher risk for cardiovascular disease, including stroke, due in part to a higher incidence of
obesity, hypertension, diabetes mellitus, and smoking [14]. In addition, as a result of the
shortage of available medical personnel, treatment and follow-up for vascular risk factors is
often incomplete. These inequalities in health care extend to the emergency stroke setting
and make delivery of IV tPA unlikely. In rural areas there are fewer hospitals, requiring a
longer distance to drive for emergency care. These hospitals are often small, with less than
100 beds, and some lack 24-hour CT capabilities or have no qualified personnel to interpret
the CT. In addition, rural emergency departments (EDs) are often manned by local
community or family medicine physicians without emergency medicine residency training.
Neurologists and other stroke experts are concentrated in metropolitan areas and therefore
unavailable for emergent in-person consultation. Finally, as a result of lower ED stroke
volumes in these hospitals, staff may be less prepared to handle acute strokes when they
present within a therapeutic window [15, 16].

To evaluate regional and geographic disparities in stroke care, Kleindorfer et al. [8]
reviewed tPA treatment rates for ischemic stroke at the 4750 hospitals registered by
Medicare Provider Analysis and Review (MEDPAR). Among 495,186 ischemic strokes
over a 2-year interval in the Medicare dataset, only 11,884 were treated with tPA,
representing 2.4% of the total. Sixty percent of the hospitals (representing roughly 40% of
the US population) reported no tPA treatment. Hospitals without tPA use tended to be
smaller (less than 100 beds in size) and located in less densely populated areas in the South
and Midwest.

To increase rates of IV tPA administration and to assure a better quality of care for stroke,
the Brain Attack Coalition (BAC) laid out the recommendations for the establishment of
primary stroke centers (PSCs) [17]. In 2004, the Joint Commission started the certification
of PSCs. As of October 1, 2009, there are more than 600 PSCs across the US [18]. However,
most PSCs are located in metropolitan areas, and it has been difficult to extend the benefits
of stroke certification to rural communities. In fact, less than 25% of the US population lives
within 30 min of a PSC, and only half would be able to access a PSC within 1 h if state
boundaries are respected by ground ambulance [19].
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To improve rural stroke care and amplify rates of tPA administration, stroke systems of care
must be designed to overcome distance and bring stroke specialists and patients together,
either virtually or in person, while minimizing delays to treatment.

Treatment
• Different models of community stroke care have been implemented to deliver

quality care to people living in underserved areas [20]. The traditional model of
acute stroke management at underserved hospitals is often referred to as “ship and
drip.” In addition, helicopter transport and “telestroke” are more commonly being
integrated into systems of care to overcome geographic barriers to acute stoke
treatment.

Ship and drip
• “Ship and drip” refers to the transportation of acute stroke patients from small

hospitals that lack the expertise to administer and manage acute stroke, to larger
hospitals that have the personnel to provide IV tPA and intensive care post-tPA
management [21]. Transfer between centers may be by ground or air depending on
time and distance.

• A prospective observational study using this approach was conducted from 1998 to
2000 in London, Ontario [22]. Patients with acute stroke who were first evaluated
in a rural ED and then transferred to an academic medical center were compared
with patients who presented directly to a London ED or were inpatients at the time
of their stroke. For patients initially assessed at a community hospital, only patients
who were capable of arriving within 3 h from onset of symptoms were transferred.
A total of 82 patients were treated with IV tPA, 23 (28%) were transferred from a
community hospital, 49 (60%) presented to the stroke center ED directly, and 10
(12%) were inpatients at the time of their stroke. The transfer was by ground with
the average transfer time 89 min (46 to 138 min) over a mean distance 49 miles (11
to 80 miles). The mean time from onset of symptoms to arrival to stroke center was
123 min (76 to 168 min). A larger proportion of transferred patients (26%) were
treated beyond 3 h (189 to 203 min). Patients transferred from outside hospitals had
a significant shorter door to needle time within the London ED, 49 (21 to 81)
compared to 95 min (42 to 174) for patients who presented directly to the stroke
center ED; however this did not completely overcome the delays due to patient
transport. The rate of symptomatic hemorrhages was similar. This study showed
that it is feasible to transfer patients to facilities that are capable of administrating
IV tPA located within 80 miles. However, because delays inherent in transport of
patients decrease both the likelihood of treatment and the likelihood of a favorable
outcome from IV tPA if treatment is administered, alternative strategies for rural
stroke care are desirable [23].

• For patients ineligible for IV tPA or those that arrive at a PSC beyond the IV tPA
window, endovascular clot retrieval may also be feasible. Nedeltchev et al. [24]
described successful intra-arterial (IA) thrombolysis of patients initially evaluated
at community hospitals. However, not surprisingly, evaluation and initial imaging
at the outside facility resulted in delays to time of treatment [24].

Helicopter transfer
• One strategy to overcome delays in the “ship and drip” approach is to bypass the

rural hospital altogether and have emergency medical services (EMS) deliver the
patient directly to a stroke center. Because patients in rural communities may be
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over a hundred miles from a PSC, helicopter transfer is necessary to cover large
distances in a relatively short time. This model may be practical in areas that lack
technological infrastructure required by telemedicine, or do not have a local
hospital with a CT scanner, a requirement for tPA administration.

• As noted in the introduction, almost half of the US population resides more than 60
min from the nearest PSC. Even if ambulances cross state lines, 135.7 million
Americans will still be more than 60 min away from a primary stroke center. By
using air transportation, Albright et al. [19] estimate that this number could be
reduced by more than half, to 62.9 million.

• Silliman et al. [25] analyzed a field to stroke center helicopter transfer approach to
remote stroke care. The helicopter was available 24 h per day and the staff was
composed of a pilot, nurse, and paramedic. The staff required significant training to
recognize potential stroke patients. After identification of thrombolytic candidates,
helicopter transport was activated and the patients were transported directly to the
stroke center. Over a 3-year period, 111 field to stroke center air transports were
performed; 85 patients (76%) were diagnosed with a cerebrovascular event, and 18
patients received tPA (15 IV and 3 IA). The flight radius was between 11 and 90
miles, with an average of 29.4 miles. This study confirmed good recognition of
stroke by EMS and that helicopter transportation for acute thrombolysis in stroke is
feasible. Bypassing small, rural EDs prevented further delays from initial triage and
then transfer (“ship and drip”). However, patients with smaller deficits and those
who did not receive tPA may have been manageable closer to home. Not all
patients transported require thrombolysis or other acute treatment, and these
patients may be appropriately managed at a local, rural hospital. Bypassing the
rural hospital deprives these small hospitals of a potential revenue source from
hospitalization of transient ischemic attacks to minor strokes and requires families
to travel potential long distances to be close to their loved ones. A well-trained
EMS staff able to accurately diagnose acute stroke patients is a necessity to
minimize unnecessary air transportation. The authors noted the cost of a flight to be
$3300 plus an additional fee of $45 per mile.

• Silbergleit et al. [26] performed a cost analysis of helicopter transport as a tool to
facilitate stroke treatment. Parameters considered were the costs per additional
good outcome (minimal or no disability defined as a modified Rankin score of 0 or
1 at 90 days) and per quality-adjusted life-year (QALY). When compared to other
procedures for stroke care such as carotid endarterectomy (CEA), helicopter
transport for stroke thrombolysis appeared cost-effective ($6100 per QALY for
helicopter transfer and thrombolysis versus $4000 to $50,000 per QALY for carotid
endarterectomy). The cost per flight was $3749 and was obtained by dividing the
total cost for air medical service for 1 year by the number of flights performed at
University of Michigan.

• Leira et al. [27, 28] investigated the possibility of early recruitment into acute
stroke trials during inter-hospital helicopter transfer from remote areas. Their
studies proved that it is a feasible alternative that requires minimal research-related
training of medical staff [27, 28].

• Helicopter transport may be limited by geography and weather. The helicopter
requires a clear area, free of obstructions of 60 ft by 60 ft during daytime and 100 ft
by 100 ft at night for landing [25]. In addition, austere environmental conditions,
including rain and snowfall, may delay or prevent air travel altogether. Also, a
second method of transportation by air or ground must be available in case the
stroke center is contacted for another possible acute stroke.
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Telemedicine drip and ship
• Initial emergency assessment of stroke patients at rural hospitals including

administration of IV tPA and subsequent transfer to stroke centers has been
referred to as “drip and ship” [21]. This strategy is inherently attractive in that it
avoids the delays in IV tPA that occur during transport of a patient from a rural
emergency department to a PSC, delays which may result in loss of treatment or
mitigate the benefit of thrombolysis.

• Some centers have successfully implemented telephone-only consultation to advise
tPA administration. Frey et al. [21] demonstrated the safety of “tPA by telephone.”
From 1998 to 2002, 53 patients from community hospitals were treated by IV tPA
after phone consultation with a stroke specialist compared with 73 patients who
were treated in-person by a neurologist. The inclusion and exclusion criteria were
reviewed and recommendations for blood pressure treatment and fluid management
were done by phone. Head CT was reviewed by radiologists and not by the
consulting neurologist. Patients were transported to a stroke center from 43 “spoke”
hospitals, covering a distance of up to 277 miles from the “hub.” tPA treatment was
initiated at outside hospital and continued during flight. No complications related to
flight were encountered. Many neurologists use this approach at their own
institution, and when done together with CT interpretation by a radiologist may be
satisfactory. However, some neurologists may not feel comfortable in
administering a drug that has a small chance of a potentially fatal consequence
without first being able to examine the patient or review the CT images themselves.
In addition, telephone-only consultation makes distinguishing between a
conversion disorder and stroke or encephalopathy and aphasia impossible. The
safety and efficacy of tPA administration using a telephone system alone, without
the ability to review a head CT, is not established [29].

• To circumvent the obstacles of telephone-only consultation, Levine and Gorman
[30] described implementation of telemedicine for acute stroke care, which they
termed “telestroke.” The goal was to facilitate correct medical decision making, in
particular whether or not to administer IV tPA, despite the physical separation
between neurologist and patient. In most telestroke networks, an ED physician
initiates a call to the stroke specialist when a potential tPA candidate presents.
Using an audio-video telecommunications link, the consultant can speak with
patient and family to determine symptom onset, past history and potential
contraindications, and perform a remote neurologic examination, such as the
National Institutes of Health Stroke Scale (NIHSS). Vital signs, glucose level, other
pertinent laboratory results can be reviewed and a CT head can be assessed for
early infarct signs and hemorrhage. The risks and benefits of thrombolysis can be
discussed with the ED physician, patient, and family, and transfer to a tertiary
center facilitated following initiation of tPA. In addition, telemedicine allows for
realtime evaluation of the patient, so alterations in management can be made in the
case of worsening of symptoms, fluctuating blood pressure, or avoidance of
unnecessary administration in patients with rapidly resolving symptoms.

• Although disparate technologies have been used for telestroke, the core
requirement is a high-definition audiovisual system with pan, tilt, and zoom camera
controls. Audio may be synched with the video display or performed separately via
telephone. In addition, a CT scanner must be available at the remote site whereby
Digital Imaging and Communications in Medicine (DICOM) images can be
transferred to the consultant.
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• Studies have demonstrated that an NIHSS done during a telestroke consultation is
reproducible and accurate [31-34]. A remote NIHSS examination can be performed
with minimal assistance locally from a nurse or physician. The AHA/ASA
concluded that a remote NIHSS examination using telemedicine is comparable to
an in-person assessment [29].

• Telestroke has become increasingly adopted by tertiary stroke centers to provide
acute stroke care to patients in remote and underserved areas. The common
paradigm of telestroke is a network of hospitals with a “hub” hospital (typically a
PSC) and satellite hospitals or “spokes” that are small in size (under 100 beds),
located remotely, and lack in-house neurology consultants.

• Multiple systems in the US and worldwide have demonstrated the feasibility of
telemedicine for acute stroke assessment and treatment [35-38]. At the Medical
College of Georgia (MCG), we initiated a rural telestroke hub and spoke network
in 2003 [39, 40]. The network covers 10 small (less than 100 bed) rural hospitals
between 37 and 127 miles, and an additional 7 larger (more than 100 bed),
underserved suburban hospitals between 10 and 209 miles away from MCG. Onset
to treatment time appears to be as fast as or faster than can be achieved in person at
tertiary medical centers [41]. Because the smaller spokes lack intensive care units
and post-tPA care requires at least 24 h of intensive monitoring, patients are
typically transferred to the hub for further management (“drip and ship”).
Alternatively, larger community hospitals may have the resources to admit and
manage some post-tPA patients (“drip and keep”), requiring remote follow-up
neurologic consultation.

• The Telemedical Pilot Project for Integrative Stroke Care (TEMPiS) in southern
Bavaria compared five community hospitals with telemedical consultation for
stroke with five community hospitals with no telemedicine support and no local
stroke specialist. Remote consultation included both the acute presentation and
inpatient management of stroke patients. The in-hospital mortality and
symptomatic hemorrhage were not significantly different. Importantly, 44% of
patients at hospitals with telemedicine support had a poor outcome at 3 months
compared with 54% of patients at non-telemedicine hospitals (P<0.0001),
suggesting that early, remote involvement of a stroke specialist has a significant
benefit on long-term outcome [42].

• Moskowitz et al. [43] conducted a survey of 382 stroke specialists and 226 ED
physicians regarding the implementation of telestroke for acute care of stroke.
More than 90% of both stroke specialists and ED physicians agreed or strongly
agreed with the statements that telestroke improves diagnosis and treatment, is
superior to telephone consult, and will reduce regional disparities in stroke
treatment. The biggest concern among ED physicians was regarding the
complications of IV tPA and their management; however, they felt secure to
administer tPA under the remote supervision of a stroke specialist.

• Patients who do not improve with IV tPA could be considered for IA tPA or
mechanical clot extraction following interhospital transfer. Pfefferkorn et al. [44]
described “drip, ship and retrieve” for patients with basilar artery occlusion and
compared this to transfer of patients for IA therapy without preceding IV tPA
administration. Treatment with IV tPA was initiated at the community hospitals
under remote guidance with immediate transfer to the stroke center. Using “drip,
ship and retrieve,” 92% of basilar artery occlusions were successfully recanalized
and there was a significant increase in the proportion of independent patients when
compared to IA therapy alone.
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• Stroke trials suffer from protracted enrollment [45]. When compared with
cardiology and oncology, there are far fewer investigators and enrolling centers.
Patients living in remote locations are often not eligible for study participation for
the same reasons that they are unlikely to receive standard of care thrombolysis,
and when transported to enrolling centers they often arrive after the window for
participation has closed. Telestroke may be able to overcome some of these hurdles
by early identification of study participants, and possibly remote enrollment and
administration of an investigational agent. For example, telestroke was successfully
used to facilitate recruitment into time-sensitive acute stroke trials, including the
Minocycline to Improve Neurological Outcome in Stroke and Factor Seven for
Acute Hemorrhagic Stroke trials [46].

• Meyer et al. [47] analyzed the accuracy of telemedicine for acute stoke treatment.
Two hundred and thirty-four patients with acute stroke were randomly assigned to
a remote telemedicine or telephone consultation. The correct treatment decision
was made more frequently in the telemedicine group (98% vs. 82%; P=0.0009).
The telemedicine NIHSS was higher, a fact that may be explained by the ability of
vascular consultant to directly exam the patient. No significant difference was
found between the two groups regarding post-treatment intracerebral hemorrhages
or mortality.

• Given the expanding evidence for acute stroke treatment using telemedicine, in
2009 the AHA/ASA laid out guidelines for the use of telestroke [29]. They
recommended stroke expert consultation via telemedicine whenever local or onsite
stroke expertise is insufficient to provide round the clock coverage.

• Despite established feasibility and effectiveness, and support from both emergency
physicians and stroke specialists, many barriers to wider dissemination persist.
Licensure limits telemedicine consultations across state lines, and hospital
credentialing requires replication of paperwork. Nevertheless, teleradiology has
successful overcome the hurdles to fill a void in radiology coverage. In addition,
medicolegal concerns regarding telestroke persist among some practitioners. Most
tPA-related malpractice cases result from non-treatment [48]. By increasing the
odds of treatment, the extension of stroke expertise via telestroke to underserved
hospitals likely reduces the overall liability to the health care system, hospital, and
local physician.

• Financial sustainability is probably the biggest hurdle for telestroke. Telemedicine
systems require onsite training, technical infrastructure, and support, and
consultants may request on-call pay for coverage of a remote hospital. In addition,
although hospital reimbursement for stroke care is augmented by the Centers for
Medicare and Medicaid Services (CMS) when IV tPA is administered (to reflect
the greater resource allocation and hospital costs associated with management of
these patients), if the tPA is initiated at an outside facility (“drip and ship”) then the
higher codes are not permissible. However, under the “drip, ship and retrieve”
paradigm, hubs may profit from the higher reimbursement allocated to
endovascular stroke treatment if patients arrive within a therapeutic window for an
intervention. A comprehensive cost-benefit analysis of telestroke is needed.
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