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ABSTRACT

Introduction: Computerized interpretation of the prehospital
electrocardiogram (ECG) is increasingly being used in the
basic life support (BLS) ambulance setting to reduce delays
to treatment for patients suspected of ST segment elevation
myocardial infarction (STEMI).

Objectives: To estimate 1) predictive values of computerized
prehospital 12-lead ECG interpretation for STEMI and 2)
additional on-scene time for 12-lead ECG acquisition.
Methods: Over a 2-year period, 1,247 ECGs acquired by
primary care paramedics for suspected STEMI were col-
lected. ECGs were interpreted in real time by the GE-
Marquette 72SL ECG analysis program. Predictive values
were estimated with a bayesian latent class model incorpor-
ating the computerized ECG interpretations, consensus ECG
interpretations by study cardiologists, and hospital diagno-
sis. On-scene time was compared for ambulance-transported
patients with (n = 985) and without (n = 5,056) prehospital
ECGs who received prehospital aspirin and/or nitroglycerin.
Results: The computer’s positive and negative predictive
values for STEMI were 74.0% (95% credible interval [Crl]
69.6-75.6) and 98.1% (95% Crl 97.8-98.4), respectively. The
sensitivity and specificity were 69.2% (95% Crl 59.0-78.5) and
98.9% (95% Crl 98.1-99.4), respectively. Prehospital ECGs
were associated with a mean increase in on-scene time of
5.9 minutes (95% confidence interval 5.5-6.3).

Conclusions: The predictive values of the computerized
prehospital ECG interpretation appear to be adequate for
diversion programs that direct patients with a positive result

DT1§§

to hospitals with angioplasty facilities. The estimated 26.0%
chance that a positive interpretation is false is likely too high
for activation of a catheterization laboratory from the field.
Acquiring prehospital ECGs does not substantially increase
on-scene time in the BLS setting.

RESUME

Introduction: On a de plus en plus recours a l'interprétation
informatisée de lI'électrocardiogramme (ECG) en phase
préhospitaliére, dans les ambulances de réanimation cardi-
orespiratoire (RCR) élémentaire, afin de réduire le temps
d’attente avant le traitement chez les patients souffrant
probablement d'un infarctus du myocarde avec sus-décalage
du segment ST (IM+ST).

Objectifs: L'étude visait a évaluer: 1) les valeurs prévision-
nelles de linterprétation informatisée de I'électrocardio-
gramme (ECG) a 12 dérivations en phase préhospitaliere
dans les cas d’'IM+ST; et 2) le temps supplémentaire passé
sur place pour obtenir 'ECG a 12 dérivations.

Méthodes: Sur une période de 2 ans, 1247 ECG ont été
effectués par des ambulanciers paramédicaux en soins
primaires, dans des cas présumés d'IM+ST. Les ECG ont
été interprétés en temps réel, selon le programme d’analyse
GE-Marquette 12SL. L’estimation des valeurs prévisionnelles
reposait sur un modele de classification bayésienne a
variables latentes, auquel avaient été intégrés les interpréta-
tions informatisées de I'ECG, les interprétations consen-
suelles de I'ECG fournies par les cardiologues participant a
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I’étude et les diagnostics posés a I'hdpital. Il y a eu aussi une
comparaison du temps passé sur place chez les patients
transportés en ambulance, ayant été soumis (n = 985) ou
non soumis (n = 5056) a un ECG en phase préhospitaliere et
ayant recu de l'acide acétylsalicylique (AAS) et/ou de la
nitroglycérine en phase préhospitaliére.

Résultats: Les valeurs prévisionnelles informatisées positive
et négative de I'ECG en phase préhospitaliere a I'égard de
I'IM+ST se sont établies a 74.0% (intervalle de crédibilité [ICr]
a4 95%: 69.6-75.6) et a 98.1% (ICr a 95%: 97.8-98.4),
respectivement. La sensibilité et la spécificité ont atteint
69.2% (ICr a 95%: 59.0-78.5) et 98.9% (ICr a 95%: 98.1-99.4),
respectivement. Les ECG en phase préhospitaliere ont été
associés a une augmentation moyenne de 5.9 minutes
(intervalle de confiance a 95%: 5.5-6.3) du temps passé sur
place.

The prehospital electrocardiogram (ECG) is used to
decrease treatment delays and improve outcomes for
patients with acute ST segment elevation myocardial
infarction (STEMI)'* by alerting hospitals from the
field or by directing ambulances to angioplasty
facilities. Although 12-lead ECGs can be acquired by
primary care paramedics providing basic life support
(BLS), interpretation is a more complex issue. Our
Canadian province of Quebec (7.8 million persons) is
almost entirely served by BLS paramedics who do not
interpret ECGs. Quebec has equipped ambulances
with the GE-Marquette 12 SL ECG analysis program
(GE Medical Systems, Milwaukee, WI), one of the
most common diagnostic software programs used by
ambulance operators.’ The criteria for acquiring
prehospital ECGs are fairly broad (not only chest
pain); thus, the prevalence of STEMI is likely to be
low. The predictive values of this software—the
probabilities of a test-positive patient actually having
STEMI and of a test-negative patient not having
STEMI—in such a setting are unclear. Some studies
suggest that a substantial proportion of computer-
positive patients may not be later diagnosed with
STEMI.>*

Another issue is how long it takes to acquire a
prehospital ECG because lengthy “on-scene” time can
be unsafe and potentially outweighs the time savings
from having diagnostic information sooner. Estimates
vary from 1.2 to 7 minutes for advanced life support
(ALS) personnel, combined ALS and BLS teams, or
ambulance physicians,”> with one BLS estimate of
5 minutes in the literature.”® Our first objective was to
estimate predictive values of computerized ECG

interpretation for STEMI in the BLS setting. The
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Conclusions: Les valeurs prévisionnelles de l'interprétation
informatisée de I'ECG en phase préhospitaliere semblent
adéquates en ce qui concerne les programmes de déroute-
ment des ambulances vers les hdpitaux dotés des installa-
tions nécessaires a l'angioplastie pour les patients ayant
obtenu des résultats positifs. Par contre, le risque de fausse
interprétation positive, estimé a 26.0%, est probablement
trop élevé pour justifier la mise en action d’un laboratoire de
cathétérisme, fondée sur les données recueillies sur place.
L'obtention de I'ECG en phase préhospitaliére n’a pas pour
effet d’augmenter sensiblement le temps passé sur place
dans le contexte de la RCR.

Keywords: electrocardiogram, on-scene time, predictive value,
prehospital, ST segment elevation myocardial infarction

second objective was to estimate additional time spent
on scene.

METHODS
Study design

We collected prehospital ECG tracings acquired by
primary care paramedics and run-time data for the
period January 1, 2005, to December 31, 2006. Study
cardiologists provided retrospective consensus inter-
pretation of the tracings, and we obtained a hospital
diagnosis for each patient, whether or not the patient
was eventually admitted. We focused our test perfor-
mance analysis on predictive values because these
statistics are more interpretable and less abstract in the
field setting, where the real disease status is unknown.
Predictive values of the computerized ECG interpreta-
tion were estimated using a bayesian latent class
model."5 In bayesian analysis of a diagnostic test,
“prior” information about the test’s performance (e.g.,
from the literature) is combined with observed data to
produce a “posterior” estimate with credible intervals.
Unlike standard confidence intervals, credible intervals
allow direct statements about the probability of values
within a certain range, which is particularly useful for
policy makers.

The Appendix provides further details about our
bayesian analysis. Briefly, our model allowed for
evolution of the ST segment over time using two
latent variables representing the patient’s status in the
field and in hospital. The computerized interpreta-
tions, the consensus cardiologist interpretations, and
the hospital diagnoses were considered simultaneously,
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as three tests. There was no comparison against a gold
standard because all tests were considered imperfect.
The model also estimated STEMI prevalence in the
tested population and test sensitivity and specificity, all
of which impact predictive value. To address our
second objective, we took advantage of the fact that
during the study period, about one-third of the
ambulance fleet was equipped with ECG machines,
allowing comparison of patients with and without
ECGs. The study was approved by the institutional
ethics board at the Montreal Heart Institute. The
hospital chart data were requested according to
established quality assurance protocol and did not
require patient consent in accordance with the Loi sur
’acces aux documents des organismes publics (L.R.Q.,

c. A-2.1, a. 125).
Study setting and population

Standard 12-lead ECGs were acquired by primary care
paramedics with Zoll M Series monitor-defibrillators
in metropolitan Montreal-Laval (2.3 million persons
over 744 km’, served by one ambulance operator).
Paramedics ( = 205) received a 4-hour training
session on ECG acquisition in May—June 2003 and
occasional refresher instruction thereafter on a volun-
teer basis. Each paramedic was met every 4 months to
see if he or she had questions about the ECG protocol.
Our ECG data collection thus started 18 months after
initial training. ECGs were acquired at the patient
encounter site unless done in a stationary ambulance
for safety or privacy. Tracings were collected at the
ambulance operational centre (the first was used for
analysis, in the case of multiple testing). Although not
all ambulances were equipped with ECG machines, the
emergency call (911) operators did not dispatch
vehicles according to ECG capability.

Inclusion criteria for ECG acquisition were chest
pain of suspected cardiac origin, or anginal equivalents,
for at least 20 minutes and either 1) age 35 years or
older or 2) age 18 years or older with a history of
coronary artery disease. Anginal equivalents were
dyspnea, epigastric pain, or noncontinuous chest pain
for more than 12 hours. Exclusion criteria were
1) diminished level of consciousness (“V,” “P,” or
“U” on the AVPU [Alert, responds to Voice, responds
to Pain, Unresponsive] scale); 2) heart rate < 50 or >
150 beats/min; 3) systolic blood pressure < 100 mm
Hg; and 4) oxygen saturation < 92% on room air.
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Paramedics were instructed to acquire the ECG before
giving aspirin or sublingual nitroglycerin if possible.
For on-scene time, we selected patients who received
at least one dose of prehospital aspirin or nitroglycerin.
Comparison patients were attended in the same study
period by primary care paramedics and vehicles not
equipped with ECG machines. Only patients trans-
ported to hospital were included in our study.

Prehospital ECG interpretation

STEMI was indicated by the computer software as
“rAcute MI™*,)” with an ST segment elevation
defined as at least 0.1 mV in at least two inferior or
lateral leads and at least 0.2 mV in at least two chest
leads.’® Two study cardiologists (T.H. and V.N.)
retrospectively and independently reviewed the pre-
hospital ECGs using a standardized data entry form,
blinded to computerized interpretations and hospital
diagnoses. They were asked whether they observed
“acute ST segment elevation that would have war-
ranted immediate consideration for reperfusion ther-
apy,” reflecting the diagnostic process required by a
physician receiving a prehospital ECG from the field.
ST segment elevation was defined as at least 0.1 mV in
at least two contiguous chest leads or at least two
adjacent limb leads,” not diagnostic of benign early
repolarization, left bundle branch block, left ventricu-
lar hypertrophy, or pericarditis. Disagreement between
the cardiologists was resolved by consensus, if possible;
otherwise, a third study cardiologist (M.J.E.) indepen-
dently interpreted the ECG, and the majority (two-
thirds) interpretation was used.

Hospital diagnosis

We requested chart information from medical records
departments of the hospitals where patients were
initially received (some patients were subsequently
transferred). Hospital diagnosis was based on 1) the
discharge summary sheet if admitted; 2) the death
certificate if the patient died before admission; and
3) the emergency department (ED) notes if the patient
was transferred or discharged from the ED. Three
senior medical archivists (> 30 years of experience
each) extracted the diagnostic information, blinded
to the computerized ECG interpretations, using a
Microsoft Access database specifically designed for the
study. The archivists completed 20 hours of training
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with the study database (supervised by L.J.B.) using a
detailed manual.

Figure 1 provides details on the predefined criteria used
to assign a diagnosis of STEMI. The criteria included 1)
an increase in cardiac markers within 24 hours of ED
arrival or 2) ST segment elevation noted in the ED notes
to rule out infarctions occurring later in the hospital stay.
In cases where a patient was sent to a catheterization
laboratory within 4 hours of hospital arrival, without
mention of STEMI or ST segment elevation in the ED
notes or discharge summary, two other study cardiologists,
who were distinct from the three who read the prehospital
ECGs, retrospectively reviewed the first in-hospital ECG.
They were asked to indicate whether ischemic ST segment
elevation was definitely present, possibly present, or not
present. For STEMI to be assigned, both had to specify
“definitely” or “possibly” or one had to indicate
“definitely” and the other “possibly.”

On-scene time
On-scene time was the period between ambulance arrival

at the patient encounter site and ambulance departure for
the hospital. These time points were recorded by the

Computerized interpretation of the prehospital ECG

paramedics on the vehicle computers and were later
entered in a secure, internal database containing run
times as part of standard operations. On-scene time thus
included accessing the patient and moving him or her to
the vehicle: these times were assumed not to be system-
atically different between the patient groups. Multivariate
linear regression (on-scene time as the dependent
variable) was used to adjust for patient age, patient sex,
season (winter or not winter), and number of prehospital
medications (one of aspirin or nitroglycerin, or both).
Winter was December 1 to March 31. Outlier values (less
than 5 or more than 90 minutes) were excluded because
they were likely due to paramedic error. Patients without
time data were also excluded. SPSS Statistics software
version 17.0 (IBM, Armonk, NY) was used.

RESULTS

Predictive values

From the sample of 1,534 available prehospital ECGs,
1,247 tracings (81.3%) were analyzed (Figure 2). The

vast majority of patients presented with chest pain,
with or without accompanying symptoms (Table 1).

FOR PATIENTS ADMITTED AT FIRST HOSPITAL OR THOSE WHO DIED PRIOR TO ADMISSION:

“STEMI” on
discharge sheet/
death certificate

“AMI” on
discharge sheet/
death certificate

+“STE” on
ECG in ED
notes

“AMI” on

“AMI” on i

discharge sheet/ | or discharge sheet/

death certificate death certificate

+ thrombolysis + to cath lab
within 4 hours

given in ED
+ “STE” on initial

in-hospital ECG*

FOR TRANSFERRED PATIENTS (NOT ADMITTED AT FIRST HOSPITAL): =

“STEMI” in To cath lab at

first hospital ED second hospital

notes within 4 hours fﬁ

+ to cath lab at +“STE” on % IN ADDITION:

second hospital initial in-

within 4 hours hospital ECG* 1 cardiac markers within
24 hours, or
“STE” on ECG in ED
notes (if no blood tests)

Figure 1. Criteria for assigning a hospital ST segment elevation myocardial infarction (STEMI) diagnosis. AMI = acute

myocardial infarction; cath lab = catherization laboratory; ECG = electrocardiogram; ED = emergency department; STE = ST

segment elevation. *According to study cardiologists.
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1,534 available ECGs

34 (2.2%) exclusions:
-3-Jead ECG (n=1)
- patient aged < 18 years (n=1)
» acquired subsequent to a trauma (= 14)
- missing computer interpretation (r = 17) or no
interpretation performed (= 1)

v

» | 46 (3.0%) patients refused transport to hospital

Figure 2. Exclusions and hospital
111 (7.2%) no request made for hospital data data requests for predictive value
(due to delayed patient-hospital data linkage and analysis. ECG = electrocardio-
limited availability of archival personnel once gram.
v patient identity confirmed}

Y

1,343 (87.6%) hospital data requested

i > 9 (0.6%) hospital chart not available

1,334 (86.9%) hospital data received

87 (5.7%) missing data
- missing hospital diagnosis (z = 40)
- ECG illegible for study cardiologists (n = 47)

A 4

h 4

1,247 (81.3%) tracings in analysis

Table 1. Characteristics of patients in analysis of predictive values (N = 1,247)

Characteristic n
Mean age, yr (SD) 66.9 (15.3)
Male (%) 670 (53.7)
Prior heart disease (%)* 730 (58.5)
Principal symptom recorded by paramedics (%)
Chest pain 1,071 (85.9)
Weakness/dizziness/fainting 99 (7.9)
Shortness of breath 33 (2.6)
Abdominal pain 12 (1.0)
Palpitations/tachycardia 11 (0.9)
Other 21 (1.7)
Delay from symptom onset to prehospital ECG (min) (n = 731)
Median (10th percentile, 90th percentile) 88.0 (26.0, 339.4)
Outcome of emergency department consultation (%)
Admission to the first hospital 430 (34.5)
Death before hospital admission 8 (0.6)
Transfer to second hospital 101 (8.1)
Discharged home 708 (56.8)

ECG = electrocardiogram.
*Including unstable or stable angina, acute myocardial infarction, acute coronary syndrome, coronary artery disease, previous angioplasty or previous bypass surgery, coronary
atherosclerosis, heart ischemia, cardiac insufficiency, congestive heart failure, acute pulmonary edema, and cardiac arrest.
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The mean age of the patients was 66.9 years, and s 5 % 5 5
53.7% were male; over half (58.5%) had previous heart = g8 & & & 8
disease. For patients with data, delay from symptom “’é é é é O’,:j g
onset to prehospital ECG varied greatly (see Table 1) 3 5 o o o =
but was skewed to the left (toward shorter values). For g 8 8 8 8
113 (9.1%) patients, more than 6 hours had elapsed e
. = [Te) ™~ N Lo Lo
before the ECG. Patients were transported to 21 g z ® 8 ¥ w8 o
hospitals; 8 (38.1%) had cardiac catheterization facil- £ = g' < ﬁ :'3 %
ities. About one-third of patients were admitted at the 5 § L e v I L
L . . e N N o~ o 9
initial receiving hospital, and more than half were g 2 < 3 8 2
discharged from the ED without an admission (see £ ©
o *
Table 1). g 5§ @ I I % =
The positive predictive value (PPV) of the compu- 2 5 T T 9 2 o
. . . . 2 5 © = © o o
terized ECG interpretation was estimated as 74.0% 2 ; =~ ~ ~ ~ ©
(95% credible interval [95% Crl] 69.6-75.6) (Table 2). 0\2 IS & & o o
Thus, when the computerized interpretation was = 3 @
positive, there was a 26.0% probability that STEMI £ = s s 5 5 5
was absent (false positive rate). The negative predictive 5 08 22 § g8 & & 5 3
value (NPV) was estimated as 98.1% (95% CrI 97.8— % % %;ﬁ ° g g § § g
98.4), indicating a false negative rate of 1.9% (Table 2). & *QE) Z5% - & © o o
The prevalence of STEMI in the tested population s s 8 8 &5 8 5
. (%]
was estimated as 9.1% (95% Crl 7.0-11.6), whereas S
. .. . . . * *
the underlying sensitivity and specificity of the g |8 @ & & 3%
. . . . - ) [Te) © ™ ~ <
computerized interpretation were estimated as 69.2% s 22a I I T2 2
] £E8= © o ¥ w o
(95% CrI 59.0-78.5) and 98.9% (95% Crl 98.1-99.4), = 8838 2 5 8 &
respectively (see Table 2). 5 “%2 9 ® © o o s
e . . = ¥ @ T 2o © S
In sensitivity analyses, the estimated predictive 5 -
values changed only slightly when the proportion of 5 k=
. . . 3 3
STEMI patients with an ST segment elevation already s s 0w g
: : 2 5 & @« £
present by the time 'of the Rrehospltal ECG was £ g & 3 3 s
increased (see sensitivity analysis 1, Table 2) or the G T © 2 & = g
. . . Q2 a & F 2 g ®
accuracy of the study cardiologists and the hospital = s < £ § g |z
diagnoses was made more variable (sensitivity analysis 2). z wowo 2 339 5
. . . ] ‘S o O Z @
In 2 X 2 table analysis, the PPV estimate raised to 79.2% 2 U;) 2 8 gl
. [ o
(95% confidence interval [95% CI] 68.5-87.6) when 5 2 2 3 SX 8 2
. . . . @ S8 8 o2
comparing the computerized interpretation to the study 3 2 2 S_8oE (b3
cardiologists as a gold standard (sensitivity analysis 3). H 2 £ 382883955
g g ty analy 2 5 8 538t 8o 532
The initial interobserver agreement (kappa) for the two & s = 2 E S8 £20 8 z
.. . . = ° =
principal cardiologist readers (T.H. and V.N.) was 0.67 8 HOE s % N5 Nx | ¢ o
. . - 2% 5275 £
(95% CI 0.59-0.74). We confirmed that if the cardiol- © 5 5 S8=°£3 ?g
. . n 5 22 a a? »
ogists had used the software’s cutoff of 0.2 mV in the g g 8 3 o £ s €3 Ve
. s S 85 wk
chest leads (instead of 0.1 mV), the same group of s 5 CsifosLgibe
. . . .. o - ® =8
patients would have been identified as positive by the 2 3 %’é 2528 02 E8
. . 5 E 2252520 38
physicians. The most notable difference between the B c SSESETSESo TS
. . < B S @y ®,. 88 S5
bayesian and 2 X 2 results was the uncertainty around = 8 28 2,28 >0 2%
the estimates. Compared to the 5% variation in the % 3 25282528 T:E%
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credible intervals, the confidence intervals had a 20% E §§ §§ é § é% § §’ Qg
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On-scene time

From the sample of 1,534 patient encounters during
which a prehospital ECG was acquired, 985 patients
(64.2%) received aspirin and/or nitroglycerin and had
complete time data (Figure 3). There were 5,056
comparison patients without ECGs (see Figure 3).
The mean times for the largest groups of excluded
patients (442 [80.5% of those excluded] with pre-
hospital ECGs but no documented medications and
402 [51.2% of those excluded] without ECGs but
missing age/sex data) were very similar to the means
for the included patients in both groups (17 seconds
and 4 seconds longer, respectively). Sociodemo-
graphic and seasonal data were similar across patient
groups (Table 3). A slightly greater proportion of the
patients without ECGs had received both medica-
tions. A prehospital ECG was associated with an
adjusted 5.9 additional minutes of on-scene time (95%
CI 5.5-6.3 minutes).

DISCUSSION

Our study provides estimates of the predictive values of
computerized prehospital ECG interpretation in the
BLS setting for a commonly used software. Our
analysis of BLS on-scene time using concurrent
controls is, to our knowledge, the largest of its kind
and involved patients who were comparable in terms of
presentation because they had all received prehospital
medications for suspected acute coronary syndrome.
For settings with comparable ECG eligibility
criteria and thus similarly low STEMI prevalence,
our estimated predictive values appear adequate for the
implementation of a strategy to direct patients with a
positive computer result to hospitals with angioplasty
facilities and patients with a negative interpretation to
nonspecialized centres. The approximately 1 in 4 chance
that a positive computer result is false, however, is likely
too high for catheterization laboratory activation from
the field. Transmission of computer-positive tracings to

PATIENTS WITH ECGs PATIENTS WITHOUT ECGs
1534 with an available ECG 5841 with prehospital aspirin
and/or nitroglycerin
445 (29.0%) exclusions: " ;

- only 3-lead ECG acquired (n 408 (7.0%) exclusions:

=1) - missing age or sex data (n
- patient aged < 18 years (n= y ' = 492)
) + patient aged < 18 years (n =
- ECG acquired during 6)

transport (r=1)
- no documented prehospital

aspirin or nifroglycerin (z =

442y

104 (6.8%) missing data: 377 (6.4%) missing data:

« not iransported or missing > missing time data for on-

other time data for on-scene —— > scene time {(n = 338)

time (n =99) » pn-scene time < 5 or > 90
- on-scene time < 5 or > 90 minutes (# = 39)

minutes (# = 5)

985 (64.2%) in analysis 5,056 (86.6%) in analysis

Figure 3. Exclusions of patients for on-scene time analysis. ECG = electrocardiogram.
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Table 3. Comparison of patients in analysis of on-scene time

Mean age, yr (SD)
Male, n (%)
Patient encounter during winter,* n (%)
Prehospital medication(s) received, n (%)
Nitroglycerin only
Aspirin only
Both aspirin and nitroglycerin
On-scene time
Mean (SD)
Median (10th percentile, 90th percentile)
Minimum, maximum
Unadjusted difference in means (95% confidence interval)
Adjusted* difference in means (95% confidence interval)

ECG = electrocardiogram.

Computerized interpretation of the prehospital ECG

Patients with prehospital Patients without prehospital

ECG (n = 985) ECG (n = 5,056)
67.4 (14.6) 69.3 (14.8)
509 (51.7) 2,661 (60.7)
333 (33.8) 1,713 (33.9)
122 (12.4) 575 (11.4)
85 (8.6) 251 (5.0)
778 (79.0) 4,230 (83.6)
25.2 (7.1) 19.5 (6.4)
24.7 (17.4, 33.4) 18.8 (12.2, 27.2)
53,755 5.0, 64.5
5.8 (6.3-6.2)
5.9 (6.5-6.3)

*Adjusted for patient age, sex, season (winter or not), and prehospital medications (one or two).

physicians for overread or paramedic ECG interpreta-
tion is likely to decrease but not eliminate unnecessary
activation: false positive rates of 9 to 14%, based on
angiographic findings, have been documented for
physicians,'®>* with similar reported rates for para-
medics (8.3-18%, versus physician reading,”* and
12%, versus angiography*). Thus, we estimate that
computerized interpretation is associated with an
excess of 10 to 15% false positives. A policy maker
would have to balance the gain in PPV against the
technological, logistical, and cost implications of
other strategies.”

Policy makers also need to keep in mind that
increasingly broad prehospital ECG eligibility criteria,
incorporating more atypical STEMI presentations, will
decrease PPV and thus increase the false positive rate
of a computerized interpretation as a result of the
lower STEMI prevalence in the tested population.’ On
the other hand, very strict criteria will decrease NPV
and increase the chance that a computer-negative
result is false. Our ECG criteria were between these
extremes, including anginal equivalents of chest pain
and some atypical presentations (the latter for 14% of
our sample). Predictive values are also related to the
underlying sensitivity and specificity of the test. It
should be noted that our estimate of the sensitivity of
the computerized interpretation was moderate. The
estimated 2% chance that a negative computer result
was false is not equivalent to missing 2% of STEMI
cases overall.
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A study of 912 ambulance patients suspected of acute
coronary syndrome found a PPV of 81% and an NPV
of only 89% for the same computer software studied
here.* Using an earlier version of this software, a study
of 1,189 chest pain patients reported a PPV of 94%
and an NPV of 81% . The STEMI prevalence in both
investigations was high, at about 33 %, and both studies
used 2 X 2 tables, comparing the computer to hospital
diagnosis. A study of 161 computer-positive tracings
from ALS ambulances” in a low-prevalence setting
(5% STEMI; 95% Crl 0.7-15.3) found a PPV of only
66% (95% Crl 58-73) when compared to hospital
diagnosis.” The computer’s estimated PPV for chest
pain patients (74%) was considerably higher than for
those without chest pain (25%).* Our PPV estimate
should be considered an average across clinical
presentations; for a patient with crushing retrosternal
pain and previous angioplasty, for example, a false
positive computerized interpretation is less likely.
Finally, when we compared the computer to the
consensus study cardiologists considered a gold stan-
dard, the chance that a positive computer result was
false was still high, at about 20%.

We found that ECG acquisition by primary care
paramedics did not substantially increase on-scene
time. This is consistent with a prior BLS study, in
which the mean on-scene time was 5.0 minutes longer
(95% CI 3.6-6.4) for 77 ECG patients compared to
100 concurrent controls.” Our average additional on-
scene time is sufficiently minor compared to potential
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time savings: prehospital ECG strategies have been
associated with decreased delays from hospital arrival to
reperfusion therapy of about 30 minutes for ED
notification,* 30 to 60 minutes for catheterization
laboratory activation (with or without ED bypass),**+12
and more than 60 minutes for ambulance diversion (if
transport times are less than 30 minutes').**

Several study limitations should be noted. Our
sample may not contain some patients due to
misplaced tracings, although such losses are likely to
be random. Paramedics may have acquired ECGs from
patients who were not strictly eligible. We excluded
111 patients from the predictive values analysis for
whom we were unable to request hospital charts.
However, we do not expect results to differ for these
patients because it simply took longer to verify their
identity due to clerical factors, unrelated to clinical
status or receiving centre. Regarding the quality of the
tracings, we excluded 47 ECGs (3.1% of all available)
that were unreadable by study cardiologists; these may
contain a greater proportion of false computer-positive
results.’* Our bayesian model required prior inputs of
diagnostic performance on which subsequent analysis
depended. Sensitivity analyses, however, showed that
the results were quite robust. Since the model allowed
for imperfect tests, the effect of any misclassification of
the hospital diagnoses during chart review was
lessened. Our predictive value results are generalizable
to other settings using the same computer program
only to the extent that STEMI prevalence is similar.
Additional on-scene time could also relate to more
time spent on history taking or acquiring vital signs in
the ECG group. The speed of ECG acquisition may
relate to the level of paramedic experience and the site
(home versus a public space), but we did not collect
these data. Finally, delay associated with ECG
acquisition in our region may have reduced with even
more accumulation of paramedic experience.

CONCLUSION

Our study examined the predictive value of a com-
monly used software for the interpretation of pre-
hospital ECGs, acquired in a setting where ECG
eligibility criteria were broad and STEMI prevalence
was accordingly low. We found that the computerized
interpretation had high specificity but moderate
sensitivity. PPV was also moderate; the high computer
false positive rate may lead to excessive activation of a

102 2014;16(2)

https://doi.org/10.2310/8000.2013.131031 Published online by Cambridge University Press

catheterization laboratory. This last finding, which was
robust in our sensitivity analysis, is likely generalizable
to other jurisdictions if similar prehospital ECG
eligibility criteria are used. The acquisition of pre-
hospital ECGs does not substantially increase on-scene
time in the BLS setting.
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Appendix: Details Regarding the Analysis of Predictive
Values

A bayesian latent class model'** was constructed that
incorporated the results of all three tests (i.e.,
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computerized prehospital ECG interpretation, con-
sensus cardiologist prehospital ECG interpretation,
and hospital diagnosis), without making any compar-
isons to a gold standard. This analysis required
specification of prior distributions for the diagnostic
performance of all three tests (in terms of sensitivity
and specificity) and for the prevalence of STEMI in the
tested population. In bayesian analysis, prior informa-
tion is combined with study data to form overall
(“posterior”) estimates of parameters of interest, which
account for all inherent uncertainty, including the lack
of a gold standard reference test.

A latent class model was designed to capture the
following elements:

1. Patient status evolves over time; the clinical picture
of developing ST segment changes at the time of
the prehospital ECG can differ from that in
hospital.

2. ECG interpretation by human readers and hospital
diagnoses can be imperfect.

3. Computer and study cardiologist interpretations
were based on the same ECG data.

4. Hospital diagnoses were based on more informa-
tion than the prehospital ECG, such as physical
examination, symptoms, cardiac enzymes, subse-
quent ECGs, and diagnostic imaging.

The statistical model was structured to include two
latent variables. A latent variable represents the
unknown true status of each patient (“positive” or
“negative”) for each state of interest. The assumptions
of the model were the following:

1. None of the three tests had perfect sensitivity or
specificity.

2. Since they were both interpreting the prehospital
ECG data, the computer software and the cardiol-
ogists were measuring the true prehospital ECG
status (i.e., whether ischemic ST segment elevation
was present or absent at that time), and the true
prehospital ECG status is unknown. This was
latent variable 1.

3. Since the hospital diagnoses were based on more
data, the hospitals were measuring the true disease
status (i.e., whether acute STEMI was present or
absent at the hospital), and the true disease status is
unknown. This was latent variable 2.

4. The probability that a patient presenting with true
STEMI in an ED showed an ischemic ST segment
elevation on a prehospital ECG was 70%.%
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Table A1. Prior distributions for sensitivity and specificity of consensus cardiologist prehospital ECG interpretation and hospital

diagnosis

Cardiologist interpretation (base model)

Cardiologist interpretation, wider distributions (sensitivity analysis 2)
Hospital diagnosis (base model)

Hospital diagnosis, wider distributions (sensitivity analysis 2)

ECG = electrocardiogram.

5. The prior distributions for the sensitivities and
specificities of the cardiologists and the hospitals
for detection of ischemic ST segment elevation and
STEMI, respectively, were as specified in Table Al,
based on literature review’* and the expert
opinion, elicited before the analysis, of the three
study cardiologists who were not the principal
readers of the prehospital ECGs. For all analyses,
low-information uniform densities were used for
the prior distributions of the computer’s test
performance, whereby all values of sensitivity and
specificity were a priori equally likely.

6. The prior distribution for the underlying preva-
lence of STEMI in the tested population was
specified to be in a wide interval of 0.5 to 20%,
based on a published review of the literature.’

The prior information about the diagnostic perfor-
mance of the cardiologists and the hospitals was
expressed in the form of B distributions.” The ranges
in sensitivity and specificity were considered to be
equal-tailed 95% probability intervals, with the centre
of the range as the mean of the distribution and one-
quarter of the total range as the standard deviation.
The o and B parameters for the distributions were
calculated from these means and standard deviations
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95% range in sensitivity 95% range in specificity

0.85-0.95 0.80-0.92
0.80-0.98 0.80-0.99
0.85-0.97 0.85-0.95
0.65-0.99 0.70-0.99

using a standard formula. BayesLatentClassModels soft-
ware version 1.3 was used. This software implements a
Gibbs sampler to generate the posterior estimates; the
first 500 iterations were used as burn-in, and the last
10,000 were used for the analysis.

Sensitivity analyses were performed to examine the
impact of certain assumptions on the predictive value
results. First, we increased the probability of a patient
with true STEMI showing ST segment elevation on a
prehospital ECG from 70 to 80% based on a recent
study of serial prehospital ECGs.# Next, the prior
distributions for the diagnostic performance of the
cardiologists and the hospitals were widened, as
specified in Table Al. The wider probabilities were
chosen prior to the analysis on the basis of the expert
opinion of the three study cardiologists who were not
the principal prehospital ECG readers. These clin-
icians were asked for their opinion on the worst and
best possible diagnostic performance of each test in
order to assign a lower and an upper limit, respectively,
for each parameter. Finally, we carried out traditional
2 X 2 table analyses comparing the computerized ECG
interpretations to 1) the consensus cardiologist ECG
interpretations as a gold standard reference and 2) the
hospital diagnoses as a gold standard reference.
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