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CLINICIAN’S CAPSULE

What is known about the topic?

Air-medical transport of cardiac patients is common; how-

ever, there is little evidence to guide selection of patients

at low risk for clinical deterioration during flight.

What did this study ask?

Can a consensus-derived screening tool identify low risk

cardiac patients who can be transported safely with pri-

mary care flight paramedics (PCP(f)).

What did this study find?

In patients identified as low risk and transported by PCP

(f), adverse events are rare at 0.3%.

Why does this study matter to clinicians?

Cardiac patients screened as low risk by this tool can be

transported safely with PCP(f) crews, potentially leading

to resource and cost savings to health care systems.

ABSTRACT

Objectives: We aimed to determine the rate of adverse events

during interfacility transport of cardiac patients identified as

low risk by a consensus-derived screening tool and trans-

ported by primary care flight paramedics (PCP(f)).

Methods: We conducted a health records review of adult

patients diagnosed with a cardiac condition who were identi-

fied as low risk by the screening tool and transported by PCP

(f). We excluded patients transported by an advanced care

crew, those accompanied by a clinical escort from hospital,

and those transported from a scene call, by rotary wing or

ground vehicle. We recorded patient and transportation para-

meters using a piloted-standardized collection tool. We

defined adverse events during transport a priori. We report

descriptive statistics using mean (standard deviation),

[range], (percentage).

Results: We included 400 patients: mean age 66.9 years old,

66.5%male. Mean transport duration was 136.2 (74.9) minutes.

Most common comorbidities were hypertension (50.3%) and

coronary artery disease (39.5%). Most transports originated

out of Northern Ontario and were for cardiac catheterization

(61.8%) or coronary artery bypass grafting (26.8%). Overall,

the adverse event rate was low (0.3%), with no serious event

such as cardiac arrest, death, or airway intervention.

Conclusions: A screening tool can identify cardiac patients at

low risk for clinical deterioration during air-medical transport.

We believe patients screened with this tool can be transported

safely by a PCP(f) crew, leading to potentially significant

resource savings.

RÉSUMÉ

Objectif: L’étude visait à déterminer le taux d’événement indé-

sirable survenant durant le transport, entre établissements, de

patients cardiaques jugés à faible risque à l’aide d’un outil de

sélection élaboré par consensus, et accompagnés de paramé-

dicaux – soins primaires (PSP), navigants.

Méthode: L’étude consistait en un examen des dossiers méd-

icaux d’adultes chez qui avait été posé un diagnostic de trou-

bles cardiaques et qui avaient été jugés à faible risque

d’après l’outil de sélection, et transportés en compagnie de

PSP. Ont été exclus les patients transportés par une équipe

de soins avancés, ceux accompagnés d’une équipe clinique

de l’hôpital et ceux transportés depuis le lieu de l’événement,

par aéronef à voilure tournante ou par véhicule terrestre. Les

paramètres relatifs aux patients et au transport ont été enregis-

trés à l’aide d’un formulaire de collecte de données uniforme,

mis à l’essai. Les événements indésirables survenant en cours

de vol ont été établis a priori. Les valeurs, calculées à l’aide de

statistiques descriptives, sont exprimées sous forme de moy-

enne (écart type), [plage], (pourcentage).
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Résultats: Ont été inclus dans l’étude 400 patients : l’âge

moyen était de 66,9 ans et il y avait 66,5% d’hommes. La

durée moyenne de transport s’élevait à 136,2 minutes (74,9).

Les affections concomitantes les plus fréquentes étaient l’hy-

pertension (50,3%) et une coronaropathie (39,5%). La plupart

des transports étaient en provenance du Nord de l’Ontario et

avaient été effectués pour un cathétérisme cardiaque (61,8%)

ou un pontage coronarien (26,8%). Dans l’ensemble, le taux

d’événement indésirable était faible (0,3%), et aucun événe-

ment grave tel qu’un arrêt cardiaque, la mort ou une interven-

tion de maintien de la perméabilité des voies respiratoires n’a

été enregistré.

Conclusions: Il est possible de repérer, à l’aide d’un outil de

sélection, les patients cardiaques jugés à faible risque d’une

détérioration de l’état clinique durant le transport médical

par voie aérienne. L’équipe est d’avis que les patients ainsi

sélectionnés peuvent être transportés sans danger, en com-

pagnie d’une équipe de PSP, navigants, d’où le potentiel d’éco-

nomies importantes sur le plan des ressources.

Keywords: Screening tool, cardiac, primary care paramedic,

air-medical transport, adverse event, prehospital care

INTRODUCTION

Regionalized cardiac care has been shown to result in
improved patient outcomes.1,2 These patients often
require transport to tertiary care centers for definitive
management, which can include reperfusion therapy,
valve replacement, or pacemaker insertion.3 Air-medical
services are often used for transport of these patients,
given the large distances that may be required to access
these centers.4 This transport, however, is not without
risk, and selection of the level of expertise of air-medical
crew for these patients can present a challenge.5

Cardiac patients, especially those with acute coronary
syndrome (ACS), are at risk for clinical deterioration
during flight.6 Adverse event (AE) rates from 5.6% to
41.0% for these patients have been reported in the litera-
ture.7,8 Moreover, transport from remote locations using
fixed wing aircraft has been independently associated
with a risk of AEs.9 In Ontario, it has been reported
that 88.5% of patients with ACS are transported by
crews composed of either two advanced care flight para-
medics (ACP(f)) or critical care flight paramedics (CCP
(f)).7 However, for low risk cardiac patients (e.g.,
non-ST segment elevation myocardial infarction await-
ing angiography), the incidence of AEs is not well
described, and the optimal crew configuration is unclear.
Recently, it has been reported that a crew composed of a
single PCP(f) providing basic life support skill can trans-
port safely low acuity patients by means of air-medical
transport.10 This is advantageous for rural communities
where there are often challenges retaining qualified
medical personnel, and definitive care would be
accessed more quickly if a single primary care provider
was sent versus waiting to coordinate two advanced care
providers.

To date, there is a gap in the literature to guide air-
medical services in selecting cardiac patients at low risk
for AEs during flight. Identification of these patients
may allow for transport with PCP(f) crews with potential
for significant resource and cost savings. In 2012, Ornge
(the air ambulance service in Ontario, Canada) imple-
mented a consensus-derived screening tool to select for
stable low risk cardiac patients.
The primaryobjective of this studywas to determine the

incidence of AEs in cardiac patients selected for transport
with this screening tool and transported by a PCP(f) crew.

METHODS

Study design

We conducted a health records review of cardiac patients
transported by Ornge PCP(f) crews since implementa-
tion of the screening tool on January 1, 2012, until
December 31, 2017.

Study setting

Ontario is the second largest province in Canada, with a
landmass of 1.1 million km2 or 424,600 miles2. The
health care system is publicly funded and services a
population of approximately 14 million people. Estab-
lished in 2006, Ornge is a nonprofit company that is
responsible for the provision of air ambulance and crit-
ical care land ambulance services for the province.
Ornge conducts more than 20,000 transports annually,
using rotary wing, fixed wing, and ground resources.
Approximately 6% of the transport volume is for scene
calls, with the remainder being interfacility transports.11
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Northern Ontario constitutes 87% of the land area of
the province but contains less than 7% of the population.
Ornge coordinates transport services to these rural areas
mostly through contracted standing agreement carriers.
These carriers use fixed-wing aircraft and PCP(f) crews
to service transports.
Flight paramedics are the sole providers of medical care

during air ambulance transport. There are three levels of
flight paramedics in Ontario, including PCP(f), ACP(f),
and CCP(f). PCP(f) level of care is consistent with
basic life support, and includes the provision of basicmed-
ications, semi-automatic external defibrillation, insertion
of supraglottic airways (King LT™), and obtaining and
interpreting 12-lead electrocardiograms. ACP(f) crews
provide care at an advanced life support (ALS) level,
while CCP(f) crews represent the highest designation
and can perform rapid sequence intubation, mechanical
ventilation, use of inotropes and vasopressors, and admin-
istration of fibrinolytic agents. To be qualified for air-
medical transport inOntario, paramedics must pass a gov-
ernment issued Aeromedical Theory Course and are then
designated a flight paramedic.
Medical oversight is provided by Transport Medicine

Physicians (TMP), who provide full-time online medical
control. Flight paramedics provide care using standard
orders and medical directives developed by the Ornge
Medical Advisory Committee and can patch to TMPs
for advice when the level of care exceeds these directives.
TMPs have an active role in determining the mode of
transportation and level of care required for transport
based on the patient’s condition.

Screening tool

To assist with identifying low risk cardiac patients, a
screening tool was developed at Ornge in 2012 through
consensus between TMPs and cardiologists (Figure 1).
The tool is completed by the sending physician and all
criteria must be met in order for the patient to be classi-
fied as “low risk” and transported by PCP(f). If any of the
criteria are not satisfied, the sending physician must con-
sult the TMP, who would then use their clinical discre-
tion to determine the appropriate level of care for the
patient. The screening tool was not previously tested
or validated before its use.

Population

Ornge electronic patient care records (ePCRs) were
reviewed to identify potentially eligible patients. Patients

were included if the low risk cardiac screening tool was
applied, transport was provided by PCP(f) level of care,
a cardiac-related diagnosis was established (ICD10 range
I20–I25; I30–I50), age≥ 18 years old, and transport was
by fixed-wing. Patients were excluded if they were <18
years old, transport was by ACP(f) or CCP(f) level of
care, they were accompanied by hospital-based staff, or
transport was from a scene call or by rotary wing or
ground vehicles. This study was approved by the Ottawa
Health Science Network Research Ethics Board.

Case identification and data collection

Our case identification strategy used Flight Vector™
dispatch software to identify all transports where the
low risk cardiac screening tool was applied and transport
was provided with PCP(f) level of care. Scanned copies
of the completed screening tool by the sending physician
were obtained from this software.
Ornge uses ePCRs for most of its patient documenta-

tion; however, contracted service agreement carriers use
paper ambulance call records. These records were
obtained, deidentified, and scanned into electronic cop-
ies. Information was abstracted from the ambulance call
records using a standardized, piloted data collection
form by a single trained data extractor. A second reviewer
abstracted data from a random 10% of patient records,
with any disagreements discussed until resolution. All
abstracted data collection forms were subsequently
entered into a spreadsheet (Microsoft Excel; Microsoft
Corporation, Redmond, WA, USA) for further analysis.

Outcome measures

Our primary outcome was AEs that occurred during
patient transport.We used the Institute ofMedicine def-
inition of AE, described as, “unintended physical injury
resulting from or contributed to by medical care (includ-
ing the absence of indicated medical treatment), that
requires additional monitoring, treatment, or hospital-
ization, or that results in death.”12 To identify our pri-
mary outcome of AEs, we used a two-step process.
First, study investigators created a list of AE triggers
derived by group consensus, which we defined as events
that have been flagged to represent potential AEs. Our
AE triggers included: TMP patch call, hypotension (sys-
tolic blood pressure < 90 or mean arterial pressure < 65),
bradycardia (heart rate < 50), tachycardia (HR > 100),
decreased level of consciousness (Glasgow Coma Scale
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[GCS] < 15 or decrease in GCS from baseline), ACP(f)/
CCP(f) intercept during transport for higher level of
care, nitroglycerin administration, chest pain, hypox-
emia (oxygen saturation < 90%), arrythmias (supraven-
tricular tachycardia, ventricular tachycardia, atrial
fibrillation with rapid ventricular response), high grade
atrioventricular block (Mobitz type 2 or third degree),
and cardiac arrest. The clinical narratives surrounding
these AE trigger events were reviewed by committee of
two TMPs external to the study (including one external
to Ornge) and blinded to study outcomes to determine
which satisfied our Institute of Medicine definition of a
true AE. A third TMP was used if consensus could not
be reached by unanimous agreement. Secondary out-
comes included patient and transport characteristics.

Data analysis

We used simple descriptive statistics and report means
with standard deviations. Interrater reliability was deter-
mined using the Cohen’s kappa statistic.

Sample size

The sample size for this health record review was deter-
mined by the number of patients selected for PCP(f)
transport by the low risk cardiac screening tool during
the 6-year study period, starting when the screening
tool was first used.

RESULTS

During the 6-year study period from January 1, 2012, to
December 31, 2017, PCP(f) crews transported 402 car-
diac patients selected as low risk by the screening tool. Of
these, 2 patients were excluded due to missing data, leav-
ing 400 patients included in the study (Figure 2).
Patient and transfer characteristics are depicted in

Table 1. Overall, 66.5% of patients were male. Most
patients had cardiac risk factors, with hypertension
being the most common (50.3%), followed by coronary
artery disease (39.5%). The most common reason for

Figure 1. Ornge low risk cardiac screening tool.
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transport was for cardiac catheterization (61.8%), fol-
lowed by coronary artery bypass grafting (26.8%),
valve replacement (4.3%), and repatriation (3.5%).
Themean transport duration was 136.2 (74.9) minutes

(Table 2). Dispatch priority of patients, described here in
decreasing level of acuity, was assigned as “Prompt”
(12.3%), “Scheduled” (78.3%), and “Deferrable”
(9.5%). Most patient transports occurred in Northern
Ontario, with the most common sending locations
being Thunder Bay (37.5%), Kenora (23.5%), Sioux
Lookout (9.8%), and Fort Frances (7.3%).
Of the 400 patient transports, 89 AE triggers were

identified (Table 3). The most common was bradycardia
(n = 24), patch call (n = 16), hypoxemia (n = 14), chest
pain (n = 12), tachycardia (n = 10), and hypotension
(n = 8). There were no cases of ventricular tachycardia,
high degree atrioventricular block, cardiac arrest, or
death. There was very good interrater agreement (K =
0.83) for identification of AE triggers.
The 89 AE triggers were reviewed by a committee of

twoTMPs external to the study to determinewhich trig-
ger events constituted true clinically important AEs.
This committee used the Institute of Medicine defin-
ition of AE defined previously herein. After review of
the 89 AE triggers, the consensus committee identified
only one clinically important AE, with an overall AE
rate of 0.3% overall. A narrative of the AE is as follows.
The patient was being transported for an implantable
cardioverter-defibrillator device. During transport, the
PCP(f) crew documented an “extreme tachycardia”

alarm on their monitor, with no intervention performed.
The patient subsequently had a 2-minute syncopal epi-
sode while unloading the aircraft.
In addition, we identified a subgroup of 10.5% of

patients who did not pass the screening tool (i.e., patient
high risk); however, transport was approved by PCP(f)
by the TMP. In these higher risk patients, 40.5% of
them were identified to have an AE trigger, compared
with 15.7% of patients who passed the screening tool
and were deemed low risk. The patient identified to
have the true AE was screened as high risk by the tool
but transported by PCP(f).

DISCUSSION

In this health records review, we determined the frequency
ofAEs in lowrisk cardiacpatients selected forPCP(f) trans-
port by a screening tool.We found the incidence of AEs to
be very low (0.3% overall), with no serious events such as
cardiac arrest, death, or airway intervention. Based on
these results, we suggest that a consensus-derived screening
tool used by Ornge can reliably select for low risk cardiac
patients who can be transported safely by PCP(f) crews.

Figure 2. Study flow diagram.

Table 1. Patient and transfer characteristics (n = 400)

Characteristics Descriptive statistic

Age mean (SD) [range] 66.9 (11.7) [29–91]
Sex
Male n (%) 266 (66.5)

Comorbidities n (%)
Hypertension 201 (50.3)
Coronary artery disease 158 (39.5)
Diabetes 157 (39.3)
Dyslipidemia 88 (22)
Congestive heart failure 44 (11)
Smoker 41 (10.3)
Atrial fibrillation 33 (8.3)
Chronic kidney disease 27 (6.8)
Family history 7 (1.2)

Reason for transfer n (%)
Catheterization 247 (61.8)
Coronary artery bypass graft 107 (26.8)
Valve replacement 17 (4.3)
Repatriation 14 (3.5)
Pacemaker 3 (0.8)
Cardiac MRI 1 (0.3)
Ablation 1 (0.3)

SD = standard deviation; MRI =magnetic resonance imaging.
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In our study, we looked specifically at AEs in a sub-
group of low-risk cardiac patients selected by a screening
tool. A previous study looking at patients with ACS or
cardiogenic shock transported by air ambulance in
Ontario identified an AE rate of 5.6% among 2,258
transfers.7 This, however, was across all levels of para-
medic crew skills (PCP(f), ACP(f), and CCP(f)), and
did not involve the use of a screening tool to preselect
patients. In their subgroup of patients transported by
PCP(f) only, there was an AE rate of 0.3% which is con-
sistent with our study results. A large study of 3,767
transports of ST-elevation myocardial infarction
(STEMI) patients by Youngquist et al. found a rate of
clinical decompensation of 4.8%.13 They found that pre-
transport cardiac arrest or requirement for a critical ALS
intervention were the two most important predictors of
AE during transport. Kaplan et al. found that 12% of
acute myocardial infarction (AMI) patients transported
by air had complications requiring treatment; however,
no death occurred.14 Bellinger et al. studied patients
with AMI transported after thrombolytic therapy and
found in-flight complications to be rare, with transient
hypotension responding to fluid boluses the most com-
mon complication.15 In contrast, Schneider et al. found
that serious AEs occurred in 41% of air-medical trans-
ports of patients with myocardial infarction or unstable
angina, with events including arrythmia, chest pain,
hypotension, and cardiac arrest.8 This difference in AE
rates is likely due to the significant heterogeneity

between illness severity reported in the literature, selec-
tion bias, as well as differences in AE definitions in pre-
hospital literature.
The clinical performance of this low risk cardiac

screening tool developed and used by Ornge was never
previously reported. Other scoring systems, such as the
prehospital National Early Warning Score, have been
implemented in prehospital medicine and found to pre-
dict patient mortality within 1 day of emergency medical
services dispatch with good diagnostic accuracy, but are
not specific to patients with cardiac disease.16 A study
by Tien et al. found that a single PCP(f) crew configur-
ation could transport safely low acuity patients by air
ambulance with a medical deterioration rate of 0.6%.10

However, this study included all patient presentations
andwas not specific to thosewith cardiac disease. Finally,
Mitchell et al. demonstrated the safety of a PCP-initiated
STEMI bypass program.5 However, this study involved
ground ambulances and short mean transport times.

LIMITATIONS

This study is subject to some limitations. First, we
encountered two instances of missing patient care
records; however, this represented only 0.5% of eligible
cases and was unlikely to influence our results. Second,
the study was likely subject to reporting bias in the docu-
mentation of AEs by paramedics; however, any serious
AEs are unlikely to have beenmissed given their required
care. Third, due to resource constraints, we were unable

Table 2. Transport characteristics

Characteristics
Descriptive Statistic (n =
400)

Transport duration in minutes, mean
(SD)

136.2 (74.9)

Dispatch priority n (%)
Prompt 49 (12.3)
Scheduled 313 (78.3)
Deferrable 38 (9.5)

Sending base n (%)
Thunder Bay 150 (37.5)
Kenora 94 (23.5)
Sioux Lookout 39 (9.8)
Fort Frances 39 (7.3)
Dryden 38 (9.5)
Marathon 20 (5)
Other 20 (7.5)

SD = standard deviation.

Table 3. AE triggers

AE trigger
Descriptive statistic
N = 89 (% of all 400 patients)

Bradycardia 24 (6)
Patch call 16 (4)
Hypoxemia 14 (3.5)
Chest pain 12 (3)
Tachycardia 10 (2.5)
Hypotension 8 (2)
Nitroglycerin Administration 4 (1)
Atrial fibrillation 1 (0.3)
Ventricular tachycardia 0 (0)
High degree AV block 0 (0)
Cardiac arrest 0 (0)
Death 0 (0)

AV = atrioventricular.
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to compare the AE rate with cases where the screening
tool identified the patient as high risk and where trans-
port was provided by ACP(f)/CCP(f) crews. Fourth,
our selection criteria were only able to identify cases
where the screening tool was used and transport was pro-
vided PCP(f); we did not look at cases where only TMP
judgment was used to send patients PCP(f), which may
have had a different incidence of AEs.

CONCLUSION

A screening tool can identify cardiac patients at low risk
for clinical deterioration during air-medical transport,
with an AE rate of 0.3%. In 400 transports over a
6-year period, no serious event such as airway interven-
tion, cardiac arrest, or death occurred. We believe
patients screened with this tool can be transported safely
with PCP(f) crews. Future research should look at pro-
spective validation and refinement of the tool, and evalu-
ate potential savings in resource usage.
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Department of Emergency Medicine, University of Ottawa.
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