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ABSTRACT

Objective: Limited evidence supports primary care paramedic
(PCP) direct transport of ST-segment elevation myocardial
infarction (STEMI) patients for percutaneous coronary
intervention (PCI). The goal of this study was to evaluate an
urban-based PCP STEMI bypass guideline.

Methods: We reviewed consecutive Toronto Paramedic
Services call reports between April 7, 2015, and May 31,
2016, regarding STEMI patients identified by PCPs. The
primary outcome was patient assignment (stable versus
unstable) according to guideline criteria. Secondary out-
comes were the proportion of PCP-transported patients who
had an indication for an advanced care intervention (ACl) or
who received an AClI when PCPs rendezvoused with an
advanced care paramedic (ACP). Lastly, we reviewed pre-
hospital outcomes of cardiac arrest patients and calculated
the difference in transport intervals between direct PCP
bypass and a PCl-centre and predicted transport interval to
the closest emergency department (ED).

Results: Of 361 patients, 232 were PCP transports and 129
were ACP-rendezvous transports. There was a significant
difference in the distribution of stable and unstable patients
between PCPs and ACPs (p<0.001). For PCP patients, 21/232
(9.1%) had indications for an ACI, whereas 34/129 (26.4%)
ACP patients received an ACI. Eleven patients experienced
cardiac arrest; 10 were successfully resuscitated (5 of these by
PCPs). The median difference between direct PCP bypass and
a PCl-centre versus transport to the closest ED was 5.53 min-
utes (IQR=6.71).

Conclusions: We found a significant difference in the
distribution of stable and unstable patients and fewer patients
with indications for an ACI in PCP patients. This PCP STEMI
bypass guideline appears feasible.

RESUME

Contexte: || existe peu de données étayant le transport direct,
par les ambulanciers paramédicaux - soins primaires (PSP),
de patients ayant subi un infarctus du myocarde avec

sus-décalage du segment ST (STEMI) vers un centre en vue
d'une intervention coronarienne percutanée (ICP).

Objectif: L'étude visait a évaluer une directive sur le transport
direct, par les PSP, de patients ayant subi un STEMI vers un
centre d’'ICP, en milieu urbain.

Méthode: Nous avons passé en revue tous les rapports
d'appels consécutifs, recus par les Toronto Paramedic
Services, entre le 7 avril 2015 et le 31 mai 2016, sur des
patients ayant subi un STEMI reconnu par les PSP. Le
principal critére d’évaluation était I'état du patient (stable
ou instable) selon les criteres de la directive. Le critere
secondaire, lui, consistait en la proportion de patients
transportés par les PSP et ayant une indication d’intervention
en soins avancés (ISA) ou ayant subi une ISA au lieu de
rencontre avec l'ambulancier paramédical - soins avancés
(PSA). Enfin, nous avons examiné les résultats des arréts
cardiaques en phase préhospitaliere, et calculé les écarts
de temps entre le transport direct de patients, par les
PSP, vers un centre d'ICP et le temps prévu de transport
de patients vers le service des urgences (SU) le plus pres.
Résultats: Sur 361 patients, 232 ont été transportés par
des PSP et 129, transportés vers un lieu de rencontre
avec un PSA. Il y avait un écart significatif dans la répartition
des patients stables et des patients instables entre les PSP et
les PSA (p<0,001). Parmi les patients transportés par les
PSP, 21/232 (9,1 %) avaient une indication d'ISA contre
34/129 (26,4 %) pour les patients transportés par les PSA et
soumis a une ISA. Par ailleurs, 11 patients ont fait un arrét
cardiaque et 10 ont été réanimés, dont 5 par les PSP. L'écart
médian du temps écoulé entre le transport direct de
patients, par les PSP, vers un centre d’'ICP et le transport
de patients vers le SU le plus pres était de 5,53 minutes (écart
interquartile =6,71).

Conclusions: Un écart significatif a été relevé dans la
répartition des patients stables et des patients instables, et il
y avait moins de patients ayant une indication d'ISA chez les
patients transportés par les PSP. La directive sur le transport
direct, par les PSP, de patients ayant subi un STEMI vers un
centre spécialisé semble donc applicable.
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INTRODUCTION

ST-elevated myocardial infarction (STEMI) manage-
ment guidelines favour percutaneous coronary inter-
vention (PCI) over other forms of reperfusion therapy
such as fibrinolysis, especially when PCI can be per-
formed in a timely fashion.”” As a result, prehospital
systems”* have developed whereby paramedics trans-
port STEMI patients directly to PCI centres, often
bypassing emergency departments (ED) of non-PCI
hospitals.>

Published guidelines provide little advice regarding
the scope of practice required by prehospital care pro-
viders to perform a STEMI bypass. The American
Heart Association has stated that “providers should be
trained to respond to cardiovascular emergencies,
including ACS [acute coronary syndrome] and its acute
complications.”” This suggests that the scope of prac-
tice should include full advanced cardiac life support
(ACLYS) skills. Ultimately, these guidelines pertain to
the safety of prehospital transport of STEMI patients
where safety may be considered from the patient
perspective as low risk of acute complications and, from
a paramedic perspective, as being able to manage
complications that do occur.

Recent reports have suggested that hemodynamically
stable STEMI patients infrequently require advanced
care interventions (ACI) and that primary care para-
medic (PCP) transport of these patients may be safe.*°
To add to the evidence, we evaluated a STEMI
bypass guideline authorizing PCPs to perform a
STEMI bypass for hemodynamically stable patients
complemented by a consideration for advanced care
paramedic (ACP) rendezvous/transport for hemodyna-
mically unstable patients. Our objectives were to 1)
assess PCP assignment of patients to PCP transport
versus ACP-rendezvous according to stable versus
unstable criteria, respectively, 2) compare the propor-
tion of patients transported by PCPs having indications
for an ACI with the proportion of patients receiving an
ACI after ACP-rendezvous, 3) describe clinical aspects
of patients who experienced cardiac arrest, and 4)
compare transport intervals incurred by a PCP STEMI
bypass, with or without ACP-rendezvous, with PCP
transport intervals to the nearest ED.
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METHODS
Study setting and STEMI bypass guideline

Toronto Paramedic Services responds to approximately
300,000 incidents annually and services 3.5 million
citizens in a geographic area of 650km?. It comprises
approximately 1,100 paramedics (75% PCPs and 25%
ACPs). Of the 14 local hospitals, 6 are PCI centres. The
range of distances from a non-PCI centre to its closest
PCI centre is 0.1km to 15.2 km.

PCPs had been previously trained in 12-lead elec-
trocardiogram (ECQG) acquisition and STEMI recog-
nition using manual, aided by computer, interpretation.
The PCP STEMI bypass guideline was developed by a
consensus working group of paramedics, emergency
medical dispatchers, and the base hospital medical
director. This guideline was implemented in April 2015
following a 3.5-hour paramedic training program. The
guideline identified three groups of patients: 1) stable
(normal vital signs); 2) unstable (heart rate<50 or
> 120, systolic blood pressure < 80 mm Hg, or requires
ventilation); and 3) diversion (unmanageable airway, or
cardiac arrest with a non-shockable rhythm or no
return of spontaneous circulation [ROSC], despite two
defibrillations). PCPs were authorized to transport
stable patients directly to the PCI centre or, for
unstable patients, to inform dispatch to request an en
route ACP-rendezvous, whereby dispatch advised a
rendezvous location depending on the proximity of the
ACP and PCP crews. PCPs were also authorized to
request a rendezvous if they were uncertain of the
appropriate course of action. If a rendezvous was not
possible, the PCP continued transport to the PCI
centre. Patients meeting diversion criteria were to be
transported to the closest ED whether or not the
receiving hospital had a PCI centre. Study approval was
granted by the Sunnybrook Health Sciences Centre
Research Ethics Board.

Identification of cases

STEMI cases were identified using a three-step
approach. Firstly, the Toronto dispatch database was
queried from April 7, 2015, through May 31, 2016, for
all cases that cited “STEMI” as the main reason for
transport. Secondly, all identified electronic patient care
reports (ePCRs) were queried for a “STEMI positive”
notation. Thirdly, we identified all ePCRs with an
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e ACUTE MI™* statement from the GE/Mar-
quette 12-SL software in the Zoll E-series defibrillator/
cardiac monitors (ZOLL Medical, Chelmsford, MA).

We then excluded all cases where a PCP was not the
first paramedic to make patient contact. We also
excluded cases where ACPs arrived at the patient’s
pickup address within 5 minutes of initial PCP arrival,
assuming that PCPs would not have had adequate time
to perform an initial assessment, acquire a 12-lead
ECG, and arrange for an ACP rendezvous. Lastly, we
excluded cases with a known “do not resuscitate”
(DNR) order or a “STEMI positive” ECG interpreta-
tion occurring only after ACP arrival. The remaining
PCP ePCRs were screened to ensure that at least one of
the following conditions was documented:

1) The ECG was compatible with STEMI

2) The patient was being transported as a “CODE
STEMI”

3) Actions provided indicating the patient was STEMI
positive (e.g., a notation regarding patient transport
to a PCI centre)

Demographics and identification of advanced care
interventions or cardiac arrest

Patient demographic and clinical data were abstracted
from ePCRs using standardized abstraction forms.

In cases of ACP-rendezvous, we recorded perfor-
mance of any of the following ACIs outside the scope of
practice of our PCPs: intravenous saline bolus; admin-
istration of atropine, dopamine, epinephrine, or amio-
darone; intubation; synchronized cardioversion; and
transcutaneous pacing. Cardiac arrest cases were
reviewed to describe the clinical course, interventions
performed, and prehospital outcome. Because defi-
brillation is within the scope of practice of PCPs, it was
not considered an ACIL. The ePCRs were reviewed to
determine whether an ACI was performed (in the case
of an ACP-rendezvous) or whether there was an indi-
cation for an ACI during PCP-only transport, based on
current medical directives.

Transport intervals
Actual and predicted transport intervals were recorded
for each patient. Actual transport intervals were deter-

mined from dispatch data that recorded departure time
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from the pickup address and arrival time at the desti-
nation. Predicted transport intervals were derived using
mapping software (Patient Distribution System Esti-
mated Transport Time Software) used by Toronto
Paramedic Services emergency medical dispatchers.
Actual transport intervals for patients transported
directly by PCPs to the PCI centre included bypass of
any hospital ED that was not a PCI centre. Actual
transport intervals where an ACP-rendezvous occurred
included the time required for rendezvous as well as
bypass of a non-PCI centre(s). Actual transport intervals
for diverted patients were defined as the time of
departure from the pickup address to arrival at the
closest ED.

Data analysis

Patient demographic and clinical characteristics are
reported using descriptive statistics. Patient clinical
status (stable v. unstable) and type of transporting
paramedic crew (PCP v. ACP) were compared using the
chi-square test. Transport intervals were described
using medians and interquartile ranges (IQRs). All
analyses were performed using SAS (Version 9.4, SAS
Institute, Cary, NC).

RESULTS

Of the 726 cases initially identified, we obtained a final
cohort of 361 cases (Table 1). Median patient age was
65 years; 72% were male. Median age and proportion
(male) were similar between patients transported by
PCPs compared to ACPs (data are not shown). In all,
64.3% (232/361) of patients were transported directly
by PCPs, and 35.7% (129/361) were transported via an
ACP-rendezvous (Table 2). No diversion cases were
identified. PCP guideline implementation resulted in a
significant difference in the distribution of stable and
unstable patients between PCPs and ACPs (x*:
p<0.001). This appears to be mainly related to the
difference in the proportion of stable patients with PCP
transport compared to ACP transport (176/242; 72.7%
versus 66/242; 27.2%, respectively).

Of the 232 PCP transport cases, 21 (9.1%) patients
met indications for one or more AClIs (Table 3). Two of
the 21 patients received a normal saline bolus because
they were transported by PCPs with additional skills in
intravenous insertion and saline administration. In the
remaining 19 patients, there were 27 indications for an
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Table 1. Consort table of STEMI cases

Cases from dispatch Cases Cases
database removed remaining
726
4 722
198 524
99 425
Cases reviewed 10 415
30 385
10 375
4 371
10 361
Final data set 361

Primary care paramedic STEMI bypass

Reason for removal

Cases from April 7, 2015, through May 31, 2016
No ePCRs available for these cases (missing data)
ACP-only cases removed
ACPs arrived first or<5 minutes after PCP arrival
PCP noted patient was STEMI negative
ACP arrived before patient determined STEMI positive
by PCP
Call not related to STEMI
Blank ePCRs
“Other reasons”
— Other EMS service transport
— Combined stroke and STEMI patient
- DNR
— Online medical direction dictated transport
destination

ACP =advanced care paramedic; DNR =do not resuscitate; EMS =emergency medical services; ePCR = electronic patient care report; PCP = primary care

paramedic; STEMI=ST-segment elevation myocardial infarction.

Table 2. PCP and ACP-rendezvous transport according to
stable and unstable criteria

Unstable
Stable criteria criteria” p-value
n n (%) n (%)
All 361 242 (66.9%) 119 (33.1%)
PCP transport 232 176 (75.9%) 56 (24.1%)
ACP- 129 66 (50.8%) 63 (49.2%) <0.001

rendezvous

ACP =advanced care paramedic; PCP =primary care paramedic.
"Heart rate <50 or >120 or systolic blood pressure <80 mm Hg, or requires ventilation.

ACI beyond the scope of practice of a PCP. The most
frequent indications for an ACI were for a normal saline
bolus (n=14) and atropine (n=7). Of the 129 ACP-
rendezvous cases, there were 34 (26.4%) patients on
whom 48 ACIs were performed. The most frequent
AClIs performed were normal saline bolus (n=29) and
dopamine (n=9). The median volume of intravenous
normal saline infused was 300ml (range 100-900 ml;
TQR =300 ml).

Eleven patients (3%) had a witnessed cardiac arrest
under the care of paramedics. The initial rhythm was
ventricular fibrillation/ventricular tachycardia (VF/VT)
in eight patients, pulseless electrical activity (PEA) in
two patients, and asystole in one patient. All eight
patients with a VF/VT cardiac arrest met stable criteria
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prior to cardiac arrest. Five patients experienced cardiac
arrest in the presence of PCPs (all VE/VT). Four of the
11 patients experienced cardiac arrest at the receiving
hospital before transfer of care occurred, including 1
who had a cardiac arrest in the elevator. Three of these
four patients were managed by PCPs, and all achieved
ROSC after either one or two shocks. PCPs also
managed and obtained a ROSC in two additional cases
prior to a ACP-rendezvous. The two PEA and single
asystole patients met unstable criteria prior to a cardiac
arrest and experienced an arrest initially in the presence
of ACPs. ROSC was achieved in the PEA patients while
the asystole patient remained in asystole throughout the
resuscitation that included two doses of epinephrine.
There were no indications for ACIs or diversion in any
PCP-managed cardiac arrest.

For the 42 PCP transports where the closest hospital
was also the PCI centre, the median actual transport
interval was 3.64 minutes (IQR =3.67) compared to the
median predicted transport interval of 2.89 minutes
(IQR =4.33) (Table 4), suggesting that the predicted
transport intervals are a reasonable estimate of actual
transport intervals. Among 190 patients transported by
PCPs where a non-PCI hospital was bypassed, actual
and predicted transport intervals from the pickup
address to the PCI centre were available for 185
patients. The median actual transport interval to the
PCI centre was 10.73 minutes IQR =7.48), and the
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median predicted transport interval to the closest non-
PCI ED was 5.56 minutes (IQR =3.80). The median
difference in transport intervals between direct PCP
bypass and a PCl-centre versus predicted transport
interval to the closest ED was 5.53 minutes
(IQR=6.71).

For the 16 ACP-rendezvous patients whose closest
hospital was the PCI centre, the median actual trans-
port interval was 5.52 minutes (IQR=2.14), and the
median predicted transport interval to the PCI centre,
not accounting for ACP-rendezvous, was 4.00 minutes
(IQR =4.66). The median difference in the additional
transport time incurred by ACP-rendezvous was
1.70 minutes (IQR=2.91). Among the 113 patients
who had an ACP-rendezvous and where a local
non-PCI hospital was bypassed, the median actual
transport interval to the PCI centre was 14.62 minutes

Table 3. ACIs performed by an ACP versus indication for an
ACI that could not be administered by a PCP”

ACP-rendezvous PCP transport

N performed N indications

Medication or (34 of 129 (19" of 232
intervention patients) patients)
All 48 27
Saline bolus 29 14
Atropine 5 7
Dopamine 9 1
Epinephrine 2 0
Amiodarone 0 2
Intubation 2 0
Cardioversion 0 3
Transcutaneous pacing 1 0

ACl=advanced care intervention; ACP =advanced care paramedic; PCP = primary care
paramedic.

“More than one intervention can apply to a single patient.

"Two additional patients received an intravenous saline bolus by PCPs who had skills in
intravenous insertion.

(IQR =8.60). The median predicted transport interval
to the closest non-PCI ED was 6.30 (IQR=4.26) not
accounting for ACP-rendezvous. The median differ-
ence in the additional transport time incurred by a
combined PCP bypass with an ACP-rendezvous was
7.49 minutes (IQR =8.94).

DISCUSSION

Mitigating the risk of death in a patient experiencing a
STEMI largely relies on decreasing the total ischemic
time.!" Over the past decade, this has led to the
development of integrated STEMI bypass systems of
care, which have demonstrated process improve-
ments”®!? and have been reported to be associated with
a reduction in mortality."?

It is obvious that the efficient and safe transport of
STEMI patients requires the expertise of prehospital
care providers and emergency medical dispatchers.
With respect to prehospital care providers, little is
known about what expertise is required. Most STEMI
bypass programs rely on ACPs, in keeping with the
American Heart Association guidelines.” However, this
can hinder the development of STEMI bypass pro-
grams in communities with no ACPs or create resource
stresses in emergency medical services (EMS) systems
with a limited number of ACPs.

In September 2015, the Cardiac Care Network of
Ontario proposed a STEMI bypass guideline for both
PCPs and ACPs'* that has been adopted into the pro-
vincial Basic Life Support Patient Care Standards to be
implemented in 2017. However, there is a paucity of
evidence to support PCP STEMI bypass guidelines.
In 2012, Cantor et al.” reported their experience with
PCP STEMI bypass in 134 hemodynamically stable
patients with a median transport interval of 43 minutes.

Table 4. Actual and predicted transport interval from scene departure to arrival at a PCI centre or the closest ED

Median actual transport interval to

Median predicted transport interval

Crew type Closest hospital PCI centre in minutes (IQR) to closest ED in minutes (IQR) N
PCP PCI centre 3.64 (3.67 2.89 (4.33) 42
PCP Non-PCl centre 10.73 (7.48)" 5.56 (3.80)" 185
ACP-rendezvous PCI centre 5.52 (2.14)" 4.00 (4.66)" 16
ACP-rendezvous  Non-PCl centre 14.62 (8.60)* 6.30 (4.26) 113

ACP =advanced care paramedic; ED =emergency department; IQR =interquartile range;

PCl =percutaneous coronary intervention; PCP = primary care paramedic.

"The median of the case-by-case difference was 5.53 minutes (IQR=6.71).
"The median of the case-by-base difference was 1.70 minutes (IQR=2.91).
*The median of the case-by-case difference was 7.49 minutes (IQR =8.94).
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Only one patient had an indication for an acute care
intervention. Unfortunately, patients who were diverted
during transport to a closer hospital because of acute
complications were not reported.

Ryan et al.'” demonstrated that, in the absence of a
PCP STEMI bypass guideline, the performance of
ACIs by ACPs occurred in fewer than 10% of 342
STEMI patients. The most frequent intervention was
administration of morphine for chest pain. Eight (2.3%)
patients experienced cardiac arrest of whom six pre-
sented with VE/VT. Lastly, Ross et al.® reported that,
in 89 PCP STEMI cases transported to the nearest
hospital, the ischemic time could have been decreased
by an estimated 50 minutes with direct transport to a
PCI centre while only incurring a 7-minute increase in
the transport interval. Three (3.3%) patients experi-
enced prehospital cardiac arrest, all characterized by
VE/VT.

In the present study, we describe our experience with
the implementation of a PCP STEMI bypass guideline
that included provisions for an ACP-rendezvous for
hemodynamically unstable patients. PCPs followed the
STEMI bypass guideline because there was a significant
difference in the distribution of stable and unstable
patients between PCPs and ACPs, respectively. Overall,
the majority of stable patients were transported by
PCPs, whereas the transport of unstable patients was
evenly distributed between PCPs and ACPs. Impor-
tantly, patients with an ACP-rendezvous were more
likely to receive an ACI than PCP patients who met
indications for an ACI (26.2% versus 9.1%, respec-
tively). Our results cannot be equated with PCP com-
pliance with the guidelines, because several patients met
unstable criteria where an ACP-rendezvous was
requested but was not operationally feasible prior to the
PCP arriving at the ED of the PCI centre. Doc-
umentation of these requests was inconsistent and
therefore not included in our results.

Despite 9.1% of PCP patients meeting indications
for an ACI, no diversion occurred. Of note, the
majority (29/48) of the ACIs performed by ACPs were a
saline bolus, which may be within the scope of practice
of PCPs. Of the 66 stable patients who were trans-
ported via an ACP-rendezvous (see Table 2), only seven
ACIs were performed in a total of six patients. Six of the
AClIs were a saline bolus.

Eleven of 361 patients (3.0%) experienced a sudden
cardiac arrest. Reports suggest that this is predictable in
2% to 5% of cases,>'*'>'® most being stable prior to
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the arrest and presenting with VF. In our study, all
patients with VF were resuscitated with one to three
shocks, and none required intubation or other ACI.
PCPs were successful in resuscitating all cardiac arrest
cases that they encountered. Given the unpredictable
nature of the onset of cardiac arrest (i.e., 8 of the 11
cardiac arrest events occurred in stable patients), con-
sideration should be given to the prophylactic applica-
tion of defibrillation pads to all STEMI patients to
minimize the time to first shock if a shockable rhythm
occurs.'”

Our findings verify that additional transport time
incurred by a STEMI bypass is relatively short com-
pared to transporting STEMI patients to the closest
hospital with the need for subsequent interfacility
transfer. Typically, the latter approach adds about
50 minutes.*'""*'® In our setting, the median addi-
tional transport time incurred by a direct PCP bypass to
a PCl-centre was 5.53 minutes (IQR=6.71). Our
results also suggest that the median additional time
incurred by providing an ACP-rendezvous compared to
direct PCP bypass is low (7.49 v. 5.53 minutes) when
considering hemodynamically unstable patients who are
more likely to receive an ACI or experience cardiac
arrest characterized by an initial rhythm of PEA or
asystole. Overall, our observations provide additional
evidence supporting the safety of PCP transport of
hemodynamically stable STEMI patients.

LIMITATIONS

Our experience pertains to an urban setting with short
transport intervals where PCPs were trained in 12-lead
ECG interpretation and follow a specific guideline. In
rural settings with longer transport intervals, the pro-
portion of patients meeting an indication for an ACI
may be higher as would be the proportion of patients
experiencing a cardiac arrest. Further study using
methodology similar to the preliminary report by
Cantor’ is required to assess the safety of a PCP
STEMI bypass in rural settings. Of particular note,
Tanguay'® has recently described a system facilitating
paramedic STEMI bypass in suburban and rural set-
tings with a mean distance from the PCI centre of
50.9km. Although the scope of practice of the para-
medics was not described nor were the indications/
performance of ACIs during transport reported, it
serves as a model where the prehospital clinical course
of patients could be assessed.'®
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We were not able to discern what led to unstable
cases being transported by PCPs and stable cases being
transported by ACPs. This information would be
important for planning and evaluating changes to the
guideline used by paramedics.

We did not report the proportion of false positive
CODE STEMI activations nor the hospital outcome of
our patients because our aim was to reflect upon the
experience of paramedics working in the prehospital
setting where a definitive diagnosis is not always pos-
sible. If one were to compare EMS systems with higher
or lower false-positive rates than a particular reference
rate, the proportion of patients meeting indications for
an ACI or experiencing a cardiac arrest is likely to be
lower or higher, respectively.

CONCLUSIONS

Implementation of the PCP STEMI bypass guideline
resulted in a significant difference in the distribution of
stable versus unstable patients between PCP versus
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