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, Abstract—Background: As per American Heart Associ-
ation/American College of Cardiology guidelines, the delay
between first medical contact and balloon inflation should
not exceed 90 min for primary percutaneous coronary inter-
vention (PCI). In North America, few prehospital systems
have been developed to grant rural populations timely ac-
cess to PCI. Objectives: The objective of the present study
was to evaluate the ability of an ST-segment elevation
myocardial infarction (STEMI) system serving suburban
and rural populations to achieve the recommended 90-min
interval benchmark for PCI. Methods: A prehospital tele-
medicine program was implemented in a rural and subur-
ban region of the Quebec province. Three patient groups
with STEMI were created according to trajectory: 1) pa-
tients already en route to a PCI center, 2) patients initially
directed to the nearest hospital who were subsequently di-
verted to a PCI center during transport, and 3) patients
directed to the nearest hospital without transfer for PCI.
Time intervals were compared across groups. Results: Of
the 208 patients diagnosedwith STEMI, 14.9%were already
on their way to a hospital with PCI capabilities, 75.0% were
rerouted to a PCI center, and 10.1% were directed to the
nearest local hospital. All patients but one arrived at the
PCI center within the 60-min prehospital care interval,
considering an additional 30 min for balloon inflation at
the PCI center. Conclusion: This study demonstrated that
a regionalized prehospital system for STEMI patients
could achieve the recommended 90-min interval bench-
mark for PCI, while giving timely access to PCI to rural
populations that would not otherwise have access to this
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INTRODUCTION

The majority of patients with ST-segment elevation
myocardial infarction (STEMI) receive greater benefit
from rapid reperfusion by primary percutaneous coronary
intervention (PCI) than from fibrinolytic therapy (1).
However, fibrinolysis is an adequate alternative for pa-
tients who do not have timely access to PCI (2). The
American College of Cardiology/American Heart Asso-
ciation recommends a maximum delay of 90-min be-
tween first medical contact (FMC) and balloon inflation
for primary PCI (3). Longer delays were associated
with increased readmission due to congestive heart fail-
ure, acute myocardial infarction, and mortality (2,4,5).
Indeed, timely access to reperfusion seems to be more
significant than is treatment strategy in determining
outcome.

The development of a coordinated and integrated sys-
tem of care is designed to permit timely access to
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catheterization facilities, allowing patients to receive
appropriate care within the recommended timeframes.
The 90-min interval (also known as ‘‘system delay’’) in-
cludes two distinct periods: 1) prehospital delay: the in-
terval between FMC and arrival at the PCI center, and
2) door-to-balloon (D2B) interval: the interval between
arrival at the PCI center and inflation of the balloon in
the catheterization laboratory. The following variables
have been demonstrated to reduce D2B delay with
respect to prehospital intervals: improvement of preho-
spital care protocols, with prehospital diagnosis of
STEMI by electrocardiogram (ECG) recording and inter-
pretation during ambulance transport; prehospital activa-
tion of cardiac catheterization laboratory; direct referral
to PCI center without interhospital transfers; and emer-
gency department (ED) bypass at the PCI center (6–13).

By reducing prehospital system delays, new and inte-
grative approaches to STEMI patient care can improve
access to PCI in rural populations that would not other-
wise have timely access. The objective of the present
study was to evaluate whether or not an integrated
regional STEMI system serving suburban and rural pop-
ulations could achieve the 90-min delay benchmark for
PCI.

MATERIALS AND METHODS

We conducted this study in the Chaudière-Appalaches re-
gion of the province of Quebec (139 municipalities,
15,070 km2). This region represents approximately 5%
of the population of the province, including 403,000
residents in rural (42%) and semi-urban (58%) areas.
The area is serviced by four EDs without PCI capabilities,
an Emergency Medical Services (EMS) system
comprising 46 ambulances and one central agency, and
two PCI centers in adjacent regions (Quebec City and
Sherbrooke). Prior to 2006, all patients with suspected
acute myocardial infarction were systematically trans-
ported to the nearest ED. Only patients with STEMI
within recommended PCI timeframes were subsequently
transferred to a PCI facility.

In 2006, a telemedicine platform calledUnité de coor-
dination clinique de soins préhospitaliers d’urgence
(UCCSPU), affiliated with an academic hospital, was
created to improve coordination of EMS patient care in
the prehospital setting of our area. This unit permits: 1)
acquisition and continuous monitoring of patient medical
data during ambulance transportation by telemedicine fa-
cilities, 2) direct medical supervision by emergency phy-
sicians in the academic hospital, 3) to act as an
intermediate between paramedics and the receiving hos-
pitals to improve the efficiency of care delivery. Accord-
ing to these objectives, a telemedicine program was
implemented for patients with STEMI: ambulances
were equipped with laptops, cell phones, and the neces-
sary equipment for real-time automated ECGs and vital
sign transmissions. All patients evaluated by paramedics
with chest pain suggestive of cardiac ischemia who met
protocol criteria received chewable aspirin and sublin-
gual nitroglycerin, and had 12-lead ECGs prior to and
during ambulance transport. Ambulances were not
stopped during ECG acquisition. Real-time ECGs and vi-
tal signs information were transmitted by modem every
2 min at the UCCSPU. Trained nurses at the UCCSPU
collected medical information and interpreted ECGs ac-
cording to clinical protocols developed by emergency
physicians. Abnormal ECGs were immediately inter-
preted by physicians for STEMI confirmation (a require-
ment for acceptance at a PCI facility). A diagnosis of
STEMI was made if one of the following criteria were
met: a) at least 2 mm in two or more contiguous deriva-
tions in precordial leads, or b) ST-segment elevation of
at least 1 mm in two contiguous peripheral derivations.

Exclusion criteria for direct transfer to PCI were the
following: 1) severe terminal disease (i.e., patients
receiving palliative care for neoplasia, terminal renal
insufficiency, or severe respiratory insufficiency), 2) he-
modynamic instability, 3) left bundle-branch block, 4)
chest pain or related symptoms lasting more than 12 h,
and 5) more than 60-min delay between first positive
ECG and catheterization laboratory. For each eligible pa-
tient with confirmed STEMI, nurses at the UCCSPU initi-
ated the STEMI bypass protocol and communicated
directly with the cardiologist at the catheterization labo-
ratory. In rare cases, cardiologists refused patients for
logistical reasons (e.g., number of STEMI patients ex-
ceeded catheterization laboratory capacity). Patients
with exclusion criteria were directed to the nearest hospi-
tal and were evaluated by an emergency physician for
risks and benefits of reperfusion treatment: those STEMI
patients were offered fibrinolysis, or transfer for PCI, or
no treatment at all. All paramedic calls to UCCSPU
were recorded for quality-monitoring purposes.

We created a prospective database at the UCCSPU; it
contained patients’ demographic and medical informa-
tion as well as transportation time. The study sample
included STEMI patients between August 1, 2006 and
October 20, 2012. We abstracted travel times from the
database at a 911 emergency communication center. We
calculated three prehospital intervals between 911 call
and arrival at the PCI center or local hospital; 1) time be-
tween 911 call and paramedics’ arrival on scene, 2) time
between paramedics’ arrival and first positive ECG for
STEMI, and 3) time between positive ECG and arrival
at the PCI center or local hospital. D2B interval was pre-
viously estimated at 32 min for direct transradial inter-
vention in the main PCI center (Quebec City, 99% of
transfers for PCI) (14). We considered, therefore, a 60-
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min prehospital delay for direct access to a PCI center to
fit within the recommended time of 90 min. To evaluate
the ability of this program to achieve a prehospital delay
of 60 min, we calculated FMC at the time that STEMI
was diagnosed by ECG. With the use of continuous
automatized ECG, we calculated that the delay between
first ECG and first positive STEMI ECG was for patients
with change in ECG profile during transportation. We
used Google Maps to calculate the distance between pa-
tients’ location and PCI center or local hospital. The
Centre de santé et de services sociaux Alphonse-
Desjardins ethics committee approved the study protocol.

We present descriptive statistics of dichotomous vari-
ables as percentages; continuous parameters are pre-
sented as means and ranges. We created three groups
according to patient trajectory: 1) patients already head-
ing toward a PCI center when positive STEMI occurred,
2) patients initially directed to the nearest hospital and
subsequently rerouted to a PCI center during transport af-
ter STEMI diagnosis, and 3) patients directed to a local
hospital without transfer for PCI. We used Scheffé’s
test to compare time intervals and distance travelled
across groups. We conducted comparisons of categorical
variables using Fisher’s exact test. We considered a bilat-
eral p-value <0.05 statistically significant. We performed
all statistical analyses with SAS (version 9.2; SAS Insti-
tute Inc., Cary, NC).
Table 1. Characteristics of Participants and Time Intervals During

Characteristics

Gender (%)
Male
Female

Age (years)
Anterior myocardial infarction (%)
Dysrhythmia (% yes)

Ventricular fibrillation
Complete auriculoventricular block
Torsade de pointes, ventricular tachycardia and extrasystole
Bradycardia

Heart rate (beats/min)
Systolic pressure (mm Hg)
Diastolic pressure (mm Hg)
Time from 911 call to arrival of paramedics (min)
Time from arrival of paramedics to first ECG (min)
Time from 911 call to first ECG (min)
First positive ECG (%)
Subsequent positive ECG (%)
Time between first ECG and first positive ECG (min)
Already directed to PCI (%)
Transfer for PCI (%)
No transfer for PCI (%)
Distance to PCI center (km)
Time from positive ECG to hospital arrival (min)
Time from 911 call to hospital arrival (min)

ECG = electrocardiogram; PCI = percutaneous coronary intervention.
* Median.
† Interquartile range.
RESULTS

During the study period, 633 patients were diagnosed
with STEMI. The study sample included all STEMI pa-
tients with information on time and distance travelled
(Table 1, n = 208). The majority of patients were male
(76.0%), and median age was 61.5 years (interquartile
range = 18.5). The majority of patients (88.5%) were
diagnosed with STEMI at the first recorded ECG,
whereas a minority (11.5%) of patients developed STEMI
in subsequent ECGs. The mean time for change in ECG
profile from negative to positive was 10 min (SD = 8).
Of the 208 patients diagnosed with field diagnosis of
STEMI, 31 (14.9%) were already on the way to a hospital
with a PCI laboratory, and 156 (75.0%) were rerouted to a
PCI center. The remaining 21 (10.1%) were directed to
the nearest local hospital due to an estimated transport
time >60 min or because they met exclusion criteria for
the study. Baseline characteristics of the complete sample
of STEMI patients (n = 633) were similar to the charac-
teristics of STEMI patients included in this study
(n = 208), except that in the complete sample, fewer pa-
tients were already heading toward a PCI center (8.0%)
or redirected (59%) to a PCI center.

Table 2 indicates time intervals for the three trajec-
tory groups. In comparison to the other two groups, pa-
tients already heading toward a hospital with PCI
Prehospital Transportation

n % Mean 6 SD Range

158 76.0
50 24.0

208 61.5 6 18.5*,† 33–91
38 18.3
71 34.1
11 5.3
4 1.9

14 6.7
15 7.2

185 74 6 20 30–155
183 127 6 25 78–210
179 66 6 31 0–140
206 13 6 7 1–37
206 15 6 6 3–39
208 28 6 9 10–64
184 88.5
24 11.5
25 10 6 8 2–30
31 14.9

156 75.0
21 10.1

208 50.9 6 33.1 7.9–162.0
208 27 6 14 1–65
208 56 6 18 21–103



Table 2. Time Intervals According to Transfer Protocols

Transportation Characteristics

Already Directed
for PCI Mean

(95% CI)
Transfer for PCI
Mean (95% CI)

No Transfer
for PCI Mean
(95% CI) p-Value

Number of cases 31 156 21
Distance to PCI center (km) 32.4 (24.4–41.1)* 46.8 (42.3–50.9)† 106.4 (98.4–120.6) <0.001
Time from 911 call to arrival of paramedics (min) 12 (9–15) 13 (12–15) 12 (8–16) 0.49
Time from arrival of paramedics to first ECG (min) 15 (13–17) 15 (14–16) 16 (13–18) 0.94
Time from positive ECG to hospital arrival (min) 18 (14–22) 29 (27–31)‡ 21 (14–28) <0.001
Time from 911 call to hospital arrival (min) 48 (42–54) 59 (56–61)§ 51 (41–60) 0.038

ECG = electrocardiogram; PCI = percutaneous coronary intervention.
* Statistically significant from the other two groups.
† Statistically significant from the other two groups.
‡ Statistically significant from the other two groups.
§ Statistically significant from patients that were already directed to PCI.
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facilities had a significantly shorter mean travel distance
(mean = 32.4 km, max = 110 km). Patients who were re-
directed when STEMI occurred also had a significantly
shorter travel distance (mean = 46.2 km, max = 113 km)
than did patients who were not transferred for PCI
(mean = 106.4 km, max = 162 km). Delay between
911 call and paramedic arrival, as well as time between
paramedic arrival and ECG, were comparable across the
three groups. However, in comparison to the other two
groups, patients redirected to PCI laboratory had a
significantly greater mean interval between positive
STEMI on ECG and hospital arrival (mean = 29 min,
max = 65 min, p < 0.001). Time from 911 call to hospi-
tal arrival was also significantly longer (mean = 59 min,
max = 103 min, p = 0.038) for this group in comparison
to patients already headed toward a hospital with a PCI
laboratory. The longer intervals for the redirected group
were partially attributable to the bypass of the nearest
hospital. Every patient except one (required ambulance
stopping for defibrillation) arrived at the PCI center
within the 60-min prehospital care interval, and all pa-
tients arrived at the hospital alive.

DISCUSSION

In North American rural communities, long transport
times create challenges in access to PCI for STEMI pa-
tients. Nevertheless, we demonstrated that patient access
to PCI within a 60-min prehospital standard is possible in
a regionalized PCI system, and should be encouraged. To
the best of our knowledge, this is the first report on the
potential of this unique prehospital-telemedicine system
designed to improve timely access to PCI for rural
patients.

Remarkably, ground ambulance transport for patients
located over 110 km from a PCI center achieved timely
access. In the Chaudiere-Appalaches region, as well as
in the province of Quebec, helicopter transfer is not avail-
able. Implementation of several evidence-based strate-
gies helped reach that goal, including multiple
prehospital ECGs; rerouting patients to the closest PCI
center without interhospital transfer; activation of cathe-
terization laboratory during ambulance transport; and ED
bypass at PCI centers.

Inconsistent definitions of FMC, and interchangeable
use of the terms ‘‘D2B time’’ and ‘‘first medical
contact-to-balloon time’’ limited comparisons of preho-
spital delay across studies. In our study, we defined
FMC as time of STEMI diagnosis. The regional STEMI
system was designed to achieve the benchmark of a
90-min interval between STEMI diagnosis and balloon
inflation; this interval allows for a 60-min ambulance
transport and 30 min for D2B inflation. Cheskes et al.
defined first medical contact as the moment that para-
medics arrived at the scene (15). Using this definition,
their system achieved a (median) 70-min interval be-
tween FMC and balloon inflation, for a median travel dis-
tance of 16.1 km and a maximum distance of 49.2 km.
Other studies have used a more conservative operational
definition, defining FMC as the moment that the 911 call
was received (16,17). A Danish study reported that
median FMC to balloon interval was 93 min in a rural
region for a maximum 100 km transport distance (17).

Complete and adequate evaluation of data on long-
term impact of prehospital delays on patient health and
mortality is not possible until researchers agree on type
of delay and definition of FMC (4,18). Terkelsen et al.
proposed a nomenclature of delays that would track
STEMI patients from symptom onset to balloon
inflation: patient delay, followed by prehospital system
delay, followed by D2B delay (4). As per Terkelsen
et al., patient delay is defined as the period between
symptom onset and FMC, and should not be included in
prehospital delay for two primary reasons (4). First, the
precise interval cannot be determined because many pa-
tients cannot accurately recall time of symptom onset.
Second, the delay is not attributable to system delay per
se. As per Terkelsen et al., the interval for prehospital
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delay should begin at receipt of 911 call because this var-
iable is highly reliable, and because efforts to decrease
time for any of the steps between 911 call and arrival at
the PCI center could therefore have a measurable positive
impact on overall delay (4). In our study, if we considered
FMC as receipt of 911 call and an additional 30 min for
D2B delay, patients who had already been heading to-
ward a PCI center would have had a median total of
78 min from FMC to balloon inflation; patients who
were redirected to a PCI center would have had an 89-
min delay. Using these criteria, our system would have
met the 90-min benchmark for 81.0% of patients who
were already heading toward a PCI center, and for
53.3% of rerouted patients. Recently, the American Col-
lege of Cardiology Foundation/American Heart Associa-
tion Task Force on Practice Guidelines (ACCF/AHA)
extended the recommended delay for primary PCI for pa-
tients with STEMI requiring interhospital transfer to
120 min (3). This change was the result of excellent out-
comes for such patients (19–21). Using the extended
recommended delay for FMC-to-balloon inflation,
96.8% of patients in the current study who were directed
to a PCI center would have met the new guideline.

A recent large American study of 96,738 admissions
for PCI revealed that significant improvement of D2B
time (<90 min) was not associated with reduced mortality
over 30 days (22). This finding reinforces the need to
focus on additional aspects of the delay prior to reperfu-
sion, namely, the prehospital delay. A variety of intervals
for the prehospital phase have been proposed, each de-
signed to achieve the 90-min ACCF/AHA benchmark
(15,16). Studnek et al. demonstrated that the following
intervals promoted achievement of the 90-min bench-
mark: #11 min between reception of 911 call and para-
medic on scene, on-scene time #15 min, and #30 min
between departure from the scene and arrival at cardiac
catheterization laboratory table (16). Although we did
not record the exact same time intervals as Studnek
et al., we achieved a mean paramedic response time
very close to 11 min in each group (16). Cheskes et al.
also suggested a 60-min prehospital delay between para-
medic on scene and arrival at the PCI center, using similar
prehospital strategies (15). In our two groups of patients
who were directed to a PCI center, 100% of patients orig-
inally directed to a PCI center achieved a 60-min preho-
spital delay; all but one patient in the rerouted group
achieved this time interval. Although they were heading
toward a PCI center, patients in our first trajectory group
clearly benefited from the regionalized STEMI system’s
prehospital diagnosis, activation of catheterization
laboratory during ambulance transport, and ED bypass
at the PCI center.

In our study sample, 10% of the STEMI patients went
to the nearest ED. The vast majority of these patients met
the time exclusion criteria for PCI transport. Reperfusion
therapy by fibrinolysis could then be offered to the
STEMI patient by the local emergency physician. In an
ongoing study, we are looking at the treatment those
STEMI patients were offered in the ED.

There was significant difference between the group
that was transferred for PCI and the other two groups in
the time intervals from ECG to hospital arrival with p
value <0.001. The patients of the ‘‘Already directed for
PCI’’ group lived closer to the PCI center, whereas the pa-
tients in the ‘‘No transfer for PCI’’ group lived near their
local hospital, but distant from the PCI centers. The pa-
tients from the ‘‘Transfer to PCI’’ group lived at an inter-
mediate distance, allowing them to be rerouted in
<60 min.

Results from our telemedicine program support the
use of continuous ECG transmission during ambulance
transport: nearly 12% of patients demonstrated changes
in ECG that corresponded to STEMI criteria. Among pa-
tients with signs of myocardial ischemia, three previous
studies demonstrated that serial ECGs identified up to
16% of additional STEMI cases (23–25). In our study,
the mean interval between first ECG and first ECG with
STEMI was 10 min, with a maximum interval of
30 min. Therefore, our study demonstrates that
automatized continuous ECGs performed every 2 min
permits identification of new STEMI cases during
transport, and rapid rerouting of ambulances toward
PCI centers. This difference may have a tremendous
impact on outcomes for patients living in rural areas.

Limitations

Several limitations of this study must be acknowledged.
First, we had limited human and financial resources for
this project, and complete time interval data were ob-
tained for 208/633 cases. Although recruitment bias
cannot be excluded, complete data were obtained for
the first 208 consecutive STEMI patients from August
2006 to February 2009, minimizing selection bias. More-
over, characteristics of the complete sample of STEMI
patients (n = 633) were similar to the characteristics of
STEMI patients included in this study (n = 208). Second,
although the possibility of missed STEMIs on ECG by
the system is impossible to exclude, emergency medical
technicians had the obligation to transmit every ECG
they produced, as per protocol. Every ECGwith question-
able STEMIs was reviewed by an emergency physician.
Third, we did not have access to data on D2B inflation
timeframes in the framework of this study.Wewere there-
fore unable to measure the complete interval from first
medical contact to balloon inflation for each STEMI
case. Furthermore, we did not have information concern-
ing specific outcomes such as congestive heart failure,



662 A. Tanguay et al.
readmissions, and mortality. However, Lambert et al.
have previously demonstrated that 68% of patients in
the Quebec STEMI registry received PCI in a delay of
<90 min, and that delayed reperfusion was significantly
related to 30-day mortality and to readmission for acute
myocardial infarction or heart failure 1 year later (2).
Finally, the two primary factors associated with delay
for reperfusion were patient transfer from a non-PCI cen-
ter to a PCI center, and arrival at the hospital without the
use of an ambulance. All but one of the patients in the cur-
rent study arrived at a PCI center within the 60-min pre-
hospital delay, without interhospital transfer and with
ambulance transport; we can therefore conclude that the
regionalized prehospital STEMI system evaluated here
probably increases patient access to PCI within ACCF/
AHA time guidelines.

CONCLUSIONS

The present study demonstrates that the development of a
regionalized prehospital STEMI system consistently
achieved the recommended 90-min interval benchmark
for PCI, while increasing the catchment area around a
large-volume PCI center. Use of continuous automatized
ECG has proven to be effective in identifying additional
cases of STEMI during ambulance transport, permitting
prompt redirection of patients to a PCI center where
possible. Above all, the implementation of this program
granted timely access to PCI to rural populations that
would not otherwise have access to this treatment.
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ARTICLE SUMMARY

1. Why is this topic important?
In North America, few prehospital systems have been

developed to grant rural populations timely access to pri-
mary percutaneous coronary intervention (PCI).
2. What does this study attempt to show?

This study evaluates, in a rural North American setting,
the ability of a telemedicine prehospital ST-segment
elevation myocardial infarction (STEMI) system serving
suburban and rural populations to achieve the recommen-
ded 90-min interval benchmark for PCI.
3. What are the key findings?

A regionalized prehospital system for STEMI patients
can achieve the recommended 90-min interval benchmark
for PCI.
4. How is patient care impacted?

The implementation of a regionalized prehospital sys-
tem for STEMI patients granted timely access to PCI to
rural populations that would not otherwise have access
to this treatment.


	Rural Patient Access to Primary Percutaneous Coronary Intervention Centers is Improved by a Novel Integrated Telemedicine P ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Limitations

	Conclusions
	References


