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ABSTRACT

Objective: Timely reperfusion therapy for ST-elevation
myocardial infarction (STEMI) is an important determinant of
outcome, yet targets for time to treatment are frequently
unmet in North America. Prehospital strategies can reduce
time to reperfusion. We sought to determine the extent to
which emergency medical services (EMS) use these strate-
gies in Canada.

Methods: We carried out a cross-sectional survey in 2007 of
ground EMS operators in British Columbia, Alberta, Ontario,
Quebec and Nova Scotia. We focused on the use of 4 prehos-
pital strategies: 1) 12-lead electrocardiogram (ECG), 2) routine
expedited emergency department (ED) transfer of STEMI
patients (from a referring ED to a percutaneous coronary
intervention [PCI] centre), 3) prehospital bypass (ambulance
bypass of local EDs to transport patients directly to PCI cen-
tres) and 4) prehospital fibrinolysis.

Results: Ninety-seven ambulance operators were surveyed,
representing 15 681 paramedics serving 97% of the combined
provincial populations. Of the operators surveyed, 68% (95%
confidence interval [Cl] 59%-77%) had ambulances equipped
with 12-lead ECGs, ranging from 40% in Quebec to 100% in
Alberta and Nova Scotia. Overall, 47% (95% Cl| 46%-48%) of
paramedics were trained in ECG acquisition and 40% (95% Cl
39%-41%) were trained in ECG interpretation. Only 18% (95%
Cl 10%-25%) of operators had prehospital bypass protocols;
45% (95% Cl 35%-55%) had protocols for expedited ED trans-
fer. Prehospital fibrinolysis was available only in Alberta. All
EMS operators in British Columbia, Alberta and Nova Scotia
used at least 1 of the 4 prehospital strategies, and one-third of
operators in Ontario and Quebec used 0 of 4. In major urban

centres, at least 1 of the 3 prehospital strategies 12-lead ECG
acquisition, bypass or expedited transfer was used, but there
was considerable variation within and across provinces.
Conclusion: The implementation of widely recommended
prehospital STEMI strategies varies substantially across the
5 provinces studied, and relatively simple existing technolo-
gies, such as prehospital ECGs, are underused in many
regions. Substantial improvements in prehospital services
and better integration with hospital-based care will be neces-
sary in many regions of Canada if optimal times to reperfu-
sion, and associated outcomes, are to be achieved.

Keywords: acute myocardial infarction, reperfusion, prehos-
pital care, paramedics, emergency medicine

RESUME

Objectif : L'administration précoce d'un traitement de reper-
fusion en cas d’infarctus du myocarde avec sus-décalage du
segment ST (STEMI) est un déterminant important du devenir
du patient. Or, en Amérique du Nord, les points de repére
établis quant au temps écoulé jusqu’au traitement sont, dans
une large mesure, non respectés. Pourtant, des stratégies
préhospitaliéres peuvent réduire le délai de reperfusion. Nous
avons cherché a déterminer dans quelle mesure les services
médicaux d’'urgence (SMU) utilisent ces stratégies au Canada.
Méthode : Nous avons mené, en 2007, une enquéte transver-
sale auprés des SMU terrestres en Colombie-Britannique, en
Alberta, en Ontario, au Québec et en Nouvelle-Ecosse. Nous
avons concentré notre enquéte sur l'utilisation de 4 stratégies
préhospitaliéres : 1) électrocardiogramme (ECG) a 12 dériva-
tions; 2) transfert routinier accéléré des services d'urgence
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pour les patients victimes d'un STEMI (d’un service d'urgence
d’origine a un centre d’interventions coronariennes percu-
tanées [ICP]); 3) réorientation préhospitaliére (redirection de
I"'ambulance des services d'urgences locaux vers un centre
d’ICP); et 4) fibrinolyse préhospitaliere.

Résultats : Nous avons interrogé 97 SMU, soit 15 681 ambu-
lanciers desservant 97 % de I’ensemble des populations des
provinces. Parmi les SMU interrogés, 68 % (intervalle de con-
fiance [IC] a 95 % de 59 a 77 %) avait des ambulances
équipées d'ECG a 12 dérivations, de 40 % au Québec a 100 %
en Alberta et en Nouvelle-Ecosse. Dans I'ensemble, 47 % (IC &
95 % de 46 a 48 %) du personnel ambulancier avaient été
formé a I'acquisition d'ECG et 40 % (IC a 95 % de 39 a 41 %)
avaient recu une formation sur l'interprétation de I'ECG.
Seuls 18 % (IC a 95 % de 10 a 25 %) des SMU avaient des pro-
tocoles de réorientation préhospitaliére; 45 % (IC a 95 % de 35
a 55 %) avaient des protocoles pour le transfert accéléré de
I'urgence. La fibrinolyse préhospitaliere n’était disponible

qu’en Alberta. Tous les SMU en Colombie-Britannique, en
Alberta et en Nouvelle-Ecosse ont utilisé au moins 1 des
4 stratégies préhospitalieres, et un tiers des SMU en Ontario
et au Québec n'ont utilisé aucune des 4 stratégies. Dans les
grands centres urbains, au moins 1 stratégie (acquisition
d’ECG a 12 dérivations, réorientation ou transfert accéléré) a
été utilisée, mais nous avons noté des écarts considérables
entre les provinces et a l'intérieur de celles-ci.

Conclusion : La mise en ceuvre de stratégies préhospitaliéres
largement recommandées relatives au STEMI varie consid-
érablement dans les 5 provinces étudiées, et des techniques
relativement simples, telles que I'ECG préhospitalier, sont
sous-utilisées dans de nombreuses régions. |l faudra amé-
liorer considérablement les services préhospitaliers et mieux
les intégrer aux soins hospitaliers dans de nombreuses
régions du Canada si I'on veut atteindre un délai de reperfu-
sion optimal et améliorer le devenir des patients.

INTRODUCTION

Early reperfusion therapy for ST-elevation myocardial
infarction (STEMI) has been shown to reduce mortal-
ity.! Time to treatment remains one of the most impor-
tant predictors of STEMI outcome, regardless of
whether reperfusion is achieved with percutaneous
coronary intervention (PCI) or fibrinolysis.”* Current
American Heart Association/American College of Car-
diology (AHA/ACC) clinical practice guidelines suggest
that fibrinolytic therapy should be given within 30 min-
utes (or PCI within 90 min) of first medical contact,
such as arrival at an emergency department (ED) or
first patient interaction with paramedics following a 911
call.” Yet there is strong evidence that these targets
remain frequently unmet in Europe and North Amer-
ica, and that only modest progress has been made to
improve time to reperfusion."*"*

The AHA/ACC guidelines stress the importance of
the role of emergency medical services (EMS) in the
implementation of prehospital strategies, and encourage
the development of a systems approach to reduce reper-
fusion delays.” Prehospital 12-lead electrocardiography
(ECG) with advance hospital notification for patients
with suspected STEMI has been associated with reduced
time to reperfusion in several studies,”* and is recom-
mended as an effective approach to minimize delays.”
Other recommended strategies to meet reperfusion tar-
get times are expedited transfer of STEMI patients from
hospitals without PCI capabilities to hospitals with PCI
capabilities, and bypassing a non-PCI hospital for a PCI
hospital when EMS personnel suspect STEMI. !
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Finally, a number of clinical trials, including several from
Canada, have demonstrated the feasibility and safety of
prehospital administration of fibrinolytics to patients
with STEMI,*-? and this is recommended as an alter-
native strategy for EMS systems capable of fibrinolytic
therapy to minimize total ischemic time.*"”

The degree to which EMS operators have adopted rec-
ommended strategies to detect and facilitate treatment of
STEMI patients is unclear, despite growing evidence that
the strategies are effective in reducing reperfusion
delays.*” Current data from the United States shows that
fewer than 10% of STEMI patients transported by EMS
have a prehospital 12-lead ECG recorded.”*** We sought
to determine the extent to which Canadian EMS opera-
tors have implemented these prehospital strategies for
patients with suspected STEMI.

METHODS

We conducted a survey of EMS operators in the
provinces of British Columbia, Alberta, Ontario, Que-
bec and Nova Scotia between February and August
2007. Emergency medical services in British Columbia
and Nova Scotia are organized and administered by a
single provincial operator. In Ontario and Alberta they
are organized and administered by operators aligned
with municipalities. In Quebec operators aligned with
health regions carry out these tasks. Ambulance opera-
tors were identified by provincial collaborators with
administrative positions in EMS. Because of the large
number of independent land EMS operators in Alberta
(n = 108), most of which are small and rural, a list of
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17 operators was recommended by 2 EMS experts from
Alberta based on 3 criteria: 1) maximizing the percent-
age of the population of Alberta represented by the
EMS operators surveyed, 2) adequately reflecting the
rural/urban mix of the population and 3) providing a
reasonable number of EMS operators to survey.

We surveyed senior personnel at each EMS operator
or the base hospital (in the latter case, the respondent
answered for all the ambulance operators for whom
they were responsible). Surveys were sent via email or,
when requested, by regular mail. The study question-
naire was designed to obtain information regarding
the following: 1) the availability of 12-lead ECG equip-
ment in ambulances, 2) the training of paramedics in
12-lead ECG acquisition, interpretation and transmis-
sion, 3) protocols for expedited transfer of STEMI
patients to hospitals with PCI capability from those
without PCI, 4) protocols for prehospital bypass of a
non-PCI hospital and direct transport to a PCI hospital
when EMS personnel suspect STEMI and 5) adminis-
tration of fibrinolytics by EMS personnel.

We ensured face validity of the survey by focusing the
questions on current recommendations with respect to
STEMI strategies, ECG equipment and transport pro-
tocols.” Questionnaires were tailored for each province
to reflect minor variations in the terminology used to
describe different levels of training among paramedics.
These 2 categories were defined on the cover page of
each survey sent. The term “paramedic” in this article is
used in a general sense to refer to ambulance personnel
with either basic or advanced life support training. We
pilot tested the questionnaire among Ontario EMS
operators in 2005, and resurveyed Ontario operators
with the final version of the survey instrument. For
respondents representing EMS operators at the provin-
cial level, variations may have existed within the
province in the implementation of prehospital STEMI
strategies due to the constraints of geography, para-
medic training, medical oversight or the availability of
hospital facilities (e.g., cardiac catheterization laborato-
ries). Additional information was obtained from respon-
dents as needed in such cases. Finally, one of the investi-
gators (S.V.) checked all survey responses for
consistency, and sought clarification when necessary.
The study was approved by the research ethics board of
the Sunnybrook Health Sciences Centre.

Statistical analysis

Statistical analyses comprised frequencies, percentages
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and 95% confidence intervals (CIs). All analyses were
conducted using SAS version 9. To estimate the propor-
tion of the population covered by the EMS operators
surveyed, we used 2006 census data from Statistics
Canada.” We used the census area closest to the EMS
coverage area if they were not the same. In such cases,
we used a census area that included the municipality
covered by an EMS operator, and did not include an
adjacent municipality covered by a nonsurveyed EMS
operator, to estimate the population covered by that
EMS operator.

RESULTS

A total of 97 ambulance operators, representing 15 681
paramedics and serving approximately 97% of the pop-
ulation of the 5 provinces, were surveyed. Fourteen of
the 17 operators in Alberta (87.5%) responded to the
survey. In all other provinces, all land EMS operators
responded to the survey (100%). The only area for
which an adjacent census area had to be substituted for
an EMS coverage area was Alberta. The number and
type of operators and proportion of the population rep-
resented in each province are shown in Table 1. There
were multiple EMS operators in Alberta, Ontario and
Quebec. British Columbia and Nova Scotia each had a
single operator for the entire province.

The availability of 12-lead ECG technology (cardiac
monitor software and cables) in ambulances increased
rapidly during the last decade. The earliest reported use
of the technology by our respondents was in 1997 by a
single operator in Alberta. However, by 2007, 66 of
97 operators surveyed (68%, 95% CI 59%-77%) had
12-lead ECG equipment in ambulances. Figure 1 shows
the percentage of EMS operators reporting current
12-lead ECG capability in each province. The provincial

Table 1. Characteristics of participating emergency
medical services operators

No. of No. of Population EMS
Province operators paramedics covered, %* organization
British 1 2409 100.0 Provincial
Columbia
Alberta 14 1684 72.0 Municipal
Ontario 66 7 068 100.0 Municipal
Quebec 15 3765 99.5 Regional
Nova Scotia 1 755 100.0 Provincial
Total 97 15681 96.6
EMS = emergency medical services.
*Population source: Statistics Canada 2006.*
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EMS organization in Nova Scotia had 12-lead ECG
capability across the entire province, and in British
Columbia it was limited to 7 urban areas.

Overall, 47% (95% CI 46%-48%) of paramedics
were trained in ECG acquisition, ranging from 9%
(95% CI 8%-10%) in British Columbia to 100% in
Nova Scotia (Fig. 2). Across the 5 provinces, 40% (95%
CI 39%-41%) of paramedics had training in either
direct or automatic ECG interpretation; in Ontario,
two-thirds of these paramedics were trained in computer-
generated interpretation, whereas the other provinces
were more likely to train paramedics in direct tracing
interpretation. In Quebec, a small number (< 20) of
advanced care paramedics exists in 1 urban region.
Primary care paramedics (i.e., those who have not been
trained to interpret ECGs) serve in the rest of the
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Fig. 1. Prehospital 12-lead electrocardiogram capability (cardiac
monitor software and cables), 5 Canadian provinces, 2007.
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province. Only 19% of paramedics (95% CI 19%-20%)
routinely transmitted 12-lead ECGs to the receiving
hospital before arrival in cases of suspected STEMI
(Fig. 2), although this practice varied widely across
provinces.

Expedited transfer from the referring ED to a PCI
hospital was available in all provinces except Nova Sco-
tia, with 45% (44/97, 95% CI 35%-55%) of operators
overall using it “almost always.” Although British
Columbia’s single operator reported the use of expe-
dited transfer protocols and prehospital bypass, their
availability was limited to the Victoria area. Protocols
for prehospital bypass of a non-PCI hospital for a PCI
hospital existed among 7 (50%, 95% CI 24%-76%) of
Alberta’s respondents but remained rare among opera-
tors in Ontario, Quebec and Nova Scotia (Fig. 3). Pre-
hospital fibrinolysis protocols were used in Alberta by
7 operators (50% of respondents, 95% CI 24%-76%),
but were not reported in any other province outside of
participation in clinical trials.

Among all 5 provinces, 71 (73%, 95% CI 64%-82%)
EMS operators provided 1 or more of the 4 previously
described strategies for more timely access to reperfusion,
ranging from 67% (10/15, 95% CI 43%-91%) of opera-
tors in Quebec and 68% (45/66, 95% CI 57%—-79%) in
Ontario to 100% in British Columbia (1 operator), Alberta
(14 operators) and Nova Scotia (1 operator). Overall, all
EMS operators in Alberta, Nova Scotia and British
Columbia used at least 1 strategy (although in British
Columbia, availability of some strategies was limited to
specific geographic regions), and in Ontario and Quebec,
one-third of operators used none of the 4 strategies.

| Prehospital fibrinolysis
907 | Expedited transfer
801 [prehospital redirect to PCI centre

2 707

Total (5 British Quebec Nova Scotia

provinces)  Columbia

Alberta Ontario

Provinces

Fig. 2. Primary care and advanced care paramedics trained
in the acquisition, interpretation (direct or automatic) and
transmission of 12-lead electrocardiograms, 5 Canadian
provinces, 2007.
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Fig. 3. Prehospital fibrinolysis, expedited transfer to percuta-
neous coronary intervention (PCl) centre, or prehospital
bypass to percutaneous coronary intervention centre,
5 Canadian provinces, 2007.
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When we examined major urban centres within par-
ticipating provinces, we found that although all centres
offered at least 1 of the 3 prehospital strategies 12-lead
ECG acquisition, expedited transfer or prehospital
bypass, there was considerable variation both within
and across provinces with respect to the availability of
these services (Table 2).

DISCUSSION

In this survey of EMS operators in 5 provinces includ-
ing major urban centres, we found the implementation
of prehospital strategies to reduce time to reperfusion
for STEMI patients to be highly variable. Overall, less
than half of the paramedics were trained in 12-lead
ECG acquisition. British Columbia and Quebec lagged
behind in paramedic training for 12-lead ECG acquisi-
tion, interpretation and transmission, and only 1 opera-
tor in Ontario routinely transmitted 12-lead ECGs.
The development of prehospital reperfusion protocols
for STEMI patients has clearly been uneven across
Canada. Prehospital fibrinolysis exists only in Alberta,
where half of respondents reported providing the inter-
vention. Prehospital bypass to a PCI hospital has been
implemented to some degree in most provinces, but by
less than 1 in 5 operators. The underuse of these proven
strategies makes it likely that many Canadian STEMI
patients who are transported by EMS do not receive
timely reperfusion therapy and suffer excess morbidity
and mortality accordingly.

Despite a growing body of evidence on the key role of
EMS in the prehospital management of STEMI pa-

tients, we were unable to identify information showing

Prehospital strategies to reduce time to reperfusion

how this is being translated into practice in North
America. A biennial 200-city survey in the Journal of
Emergency Medical Services” provided information on
EMS capability in the 200 most populated US cities.
In its 2007 iteration, 92% of EMS operators who
responded reported having 12-lead ECG equipment in
their ambulances; however, the 22% response rate calls
the validity of this finding into question. To our knowl-
edge, there have been no other population-based sur-
veys of EMS operators in North America.

The prehospital strategies we studied were selected
based on evidence demonstrating their effectiveness in
improving the management and outcomes of STEMI
patients, and current practice guidelines and recom-
mendations for their use. Prehospital 12-lead ECGs
with advance hospital notification has been shown to be
feasible and associated with a reduction in mean time
from hospital arrival to fibrinolysis of 11 minutes (from
25 to 36 min).”"'""* The AHA/ACC 2007 revision of
their 2004 guidelines for STEMI care re-emphasized
the need to increase access to prehospital 12-lead
ECGs.”** Other recent studies of prehospital alert (with
early activation of the catheterization laboratory), expe-
dited transfer and prehospital bypass demonstrate
reductions in time to primary PCI***** and improved
patient outcomes.*

Our study indicates that the implementation of these
EMS strategies is variable across the 5-province study
area, which represents more than 85% of the Canadian
population. Most regions in Canada do not have an
optimal prehospital system for STEMI patients, and
close integration of prehospital and in-hospital STEMI
care is the exception, rather than the norm. Less than
half of the more than 15 000 paramedics represented by
the EMS operators we surveyed were trained in ECG

Table 2. Availability of 3 prehospital strategies in Canadian acquisition, which is the first step in building a better
urban centres: 12-lead electrocardiogram acquisition, . .
expedited transfer to percutaneous coronary intervention prehospnal system for STEMI care. Among ma]or
centre and prehospital bypass of local emergency Canadian urban centres, all with access to sophisticated
departments to percutaneous coronary intervention centre in—hospital care for acute myocardial infarction patients,
City Acquisition Transfer Bypass there is wide variability in the availability of prehospital
Victoria, BC Yes Yes Yes STEMI strategies. For example, Qgébec and Toronto
Vancouver, BC Yes No No EMS operators reported none of their ambulances were
Edmonton, AB Yes Yes Yes equipped with 12-lead ECGs, the most widely recom-
Calgary, AB Yes Yes Yes mended strategy; and none of Canada’s 3 most popu-
Toronto, ON No Yes No lated urban centres (i.e., Toronto, Montréal and Van-
Kingston, ON Yes Yes Yes couver) had protocols for routine prehospital bypass to
Ottawa, ON ves ves ves a PCI hospital during the study period. Finally, only
Montreal, QC Yes No No .
. 7 of 97 EMS operators surveyed, all of whom are in
Québec, QC No Yes No Alb had ad d fibrinolvsi h ital
Halifax, NS Yes No No verta, had adopted fibrinolysis as a prehospital reper-
fusion strategy.
CJEM  JCMU 2009; 11 (5) 477
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The gap between evidence and prehospital practice
may be even greater than that identified by this survey.
We gathered data on equipment and paramedic train-
ing, but the important question of how these translate
into actual and appropriate use is unknown. On the
other hand, our study was cross-sectional, and thus cap-
tures practice at a point in time in a rapidly evolving
field, (e.g., several jurisdictions have recently announced
plans to implement, or have recently implemented, pre-
hospital ECGs).

Our study was limited to land EMS services and
excluded air EMS operators for better interprovincial
comparability. Administrative structures of EMS vary
markedly across provinces as shown in Table 1. Re-
sponses at the provincial level for provincial EMS oper-
ators may not fully reflect the variation that exists
within a province. In Ontario, the base hospital system
has one hospital designated to monitor and ensure the
quality of land ambulance prehospital care. In these cir-
cumstances, we surveyed senior personnel at the level of
the base hospital, who answered for several operators
working in the region covered. This may at times have
resulted in inaccurate reporting. The highly decentral-
ized EMS administration structure in Alberta made it
impractical to survey all of the more than 100 EMS
operators in the province; and, given that our unit of
analysis was EMS operators, doing so would have
resulted in an overrepresentation of small and rural
EMS operators. Finally, our 5-province convenience
sample was selected for reasons of feasibility and demo-
graphic representation, but it is unclear how our find-
ings can be generalized to other regions.

Although our study identified major gaps between
recommended prehospital care for STEMI patients and
current practice in many parts of Canada, an important
unanswered question is who should be accountable for
resolving this situation. Emergency medical services are
publicly funded and are centrally or regionally coordi-
nated in most Canadian provinces. These are factors
that, in theory, offer advantages to the early and wide-
spread adoption of evidence-based technology and pro-
tocols. Despite accumulating evidence of benefits asso-
ciated with prehospital strategies to improve STEMI
care,'***#3 including improved patient outcomes,* our
results suggest that many EMS operators have yet to
implement such strategies. However, the technologies,
policies and protocols we examined require substantial
investment in equipment and training, more sophisti-
cated real-time communications and medical control,
and negotiations and formal agreements between EMS
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providers, hospital-based providers (e.g., emergency
physicians, interventional cardiologists) and health
authorities (e.g., provincial or regional), who may have
limited experience in working closely with one another.
It is only with a concerted and sustained effort by the
key stakeholders that such changes are likely to occur,
and it is hoped that the novel comparative data in this
publication will serve as a stimulus for health regions
across Canada to improve their EMS so that STEMI
care may be optimized for more patients.

Since advanced cardiac care is highly regionalized in
Canada,” one important step toward more integrated
STEMI care for more Canadians, from the 911 call to
the initiation of reperfusion therapy, would be for more
health authorities to identify the problem as a regional
priority, thus bringing all stakeholders together, provid-
ing a framework for cooperation, ensuring adequate
funding is present and monitoring outcomes. Both
Ottawa and Calgary have established such models over
periods of several years,”* but our results show there
are many other Canadian regions that lag significantly
behind. The implementation of high-quality care for
acute conditions, such as STEMI and stroke, requires
the seamless integration of medical care provided in
prehospital, acute hospital and postacute settings, and
regional health authorities are in the best position to
assume responsibility and leadership for facilitating this,
ensuring more widespread adoption of complex strate-
gies of this nature across health system domains. Wider
adoption of prehospital strategies and closer integration
with hospital-based care is likely to reduce time to
reperfusion and significantly improve outcomes for

STEMI patients throughout Canada.
CONCLUSION

The implementation of widely recommended prehospital
STEMI strategies varies substantially across the 5 provinces
studied, and relatively simple existing technologies, such as
prehospital ECGs are underused in many regions. Substantial
improvements in prehospital services and better integration
with hospital-based care will be necessary in many regions of
Canada if optimal times to reperfusion, and associated out-
comes, are to be achieved.
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