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Background: To achieve early reperfusion therapy for ST-elevation myocardial infarction (STEMI), proper and prompt patient
transportation and activation of the catheterization laboratory are required. We investigated the efficacy of prehospital 12-lead elec-
trocardiogram (ECG) acquisition and destination hospital notification in patients with STEMI.

Methods and Results: This is a systematic review of observational studies. We searched the PubMed database from inception to
March 2020. Two reviewers independently performed literature selection. The critical outcome was short-term mortality. The impor-
tant outcome was door-to-balloon (D2B) time. We used the GRADE approach to assess the certainty of the evidence. For the critical
outcome, 14 studies with 29,365 patients were included in the meta-analysis. Short-term mortality was significantly lower in the group
with prehospital 12-lead ECG acquisition and destination hospital notification than in the control group (odds ratio 0.72; 95% confi-
dence interval [Cl] 0.61-0.85; P<0.0001). For the important outcome, 10 studies with 2,947 patients were included in the meta-
analysis. D2B time was significantly shorter in the group with prehospital 12-lead ECG acquisition and destination hospital notification
than in the control group (mean difference —26.24; 95% CIl —33.46, —19.02; P<0.0001).

Conclusions: Prehospital 12-lead ECG acquisition and destination hospital notification is associated with lower short-term mortality
and shorter D2B time than no ECG acquisition or no notification among patients with suspected STEMI outside of a hospital.
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cute coronary syndrome (ACS) is a significant pub- tact to reperfusion therapy.! To achieve these targets,
A lic health problem in industrialized countries. The proper and prompt patient transportation and activation
target duration from onset to reperfusion therapy of the catheterization laboratory are required.
in patients with ST-elevation myocardial infarction Several lines of evidence suggest that obtaining a prehos-
(STEMI) is £120min, and <90 min from first medical con- pital 12-lead electrocardiogram (ECG) and notifying the
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destination hospital help reduce mortality and door-to-
balloon (D2B) time compared with no prehospital ECG in
patients with STEMI.+® However, a prehospital 12-lead
ECG is not currently widely available in Japan. Recently,
several small observational studies of prehospital 12-lead
ECG acquisition in patients with ACS were conducted in
Japan.1%12 To promote acquisition of a prehospital 12-lead
ECG in Japan, we believe that more high-quality evidence
from Japan is required. Therefore, we performed a system-
atic review investigating the impact of prehospital 12-lead
ECG acquisition and destination hospital notification on
early mortality and D2B time in patients with suspected
STEMI that included Japanese studies.

Methods

This systematic review was based on the Cochrane Handbook
for Systematic Reviews of Intervention, version 5.1.011
(https://handbook-5-1.cochrane.org/). The results are

reported in accordance with the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA)
statement.13.14

The systematic review team was organized by the Japan
Resuscitation Council (JRC) Acute Coronary Syndrome
(ACS) Task Force, which was established for the 2020 JRC
guidelines. The Task Force were organized by the Japan
Circulation Society, the Japanese Association of Acute
Medicine, and the Japanese Society of Internal Medicine.
The JRC ACS Task Force posed the clinically relevant
question to be evaluated with this systematic review.

Search Strategy and Data Sources

To guide the systematic review, the research question was
posed using the Population, Intervention, Comparator,
Outcome, Study Design and Time frame (PICOST) format
as follows: P (patients), adult patients with suspected
STEMI that occurred outside of a hospital; I (interven-
tion), prehospital 12-lead ECG acquisition and destination
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Table 1. Characteristics of Included Studies
A Mortality (% A

Author Yo Gden OO % ents eme oMt Tl Soday i
Canto et al* 1997 Prospective usS 1,388 2,895 65vs.68 69vs.59 8.5 Median only
Dhruva et al® 2007 Prospective us 1 49 b54vs.56 75vs. 66 80 vs. 146
Brown et al® 2008 Prospective us 1 48 57vs.62 80vs. 71 6.3 73 vs. 130
Diercks et al” 2009 Prospective us NCDR 7,098 61vs.62 68vs.65 8.7 Median only
Rao et al® 2010 Prospective us 3 349 60vs.60 74vs.69 1.4 60 vs. 91
Martinoni et al® 2011 Prospective Italia Multicenter 1,529 62vs.63 77 vs.75 7.0 Median only
Camp-Rogers et al®® 2011 Prospective us 1 53 58vs.55 62vs.71 49 vs. 67
Ong et al?* 2013 Prospective  Singapore 6 283 55vs.56 94 vs. 89 3.2
Horvath et al?! 2012 Prospective us 1 188 64vs.67 71vs.65 5.8 6.9 44 vs. 57
Cone et al?® 2013 Prospective us 1 85 61vs.67 68vs.62 0 37 vs. 87
Papai et al'® 2014 Prospective  Hungary 1 775 60vs.62 67 vs. 67 6.3 43 vs. 64
Quinn et al20 2014 Prospective UK 228 14,063 71vs.74 67 vs.60 6.5 11.0
Savage et al?? 2014 Prospective  Australia 1 281 62vs.61 84vs.80 4.3 40 vs. 76
Squire et al? 2014  Retrospective us 73 1,145 64vs.64 67 vs.68 7.4 60 vs. 73
Marino et al? 2016 Prospective Brazil 3 357 62vs.62 70vs. 69 18.5 203 vs. 326
Kawakami et al'® 2016 Prospective Japan 1 162 37vs.68 84vs.97 1.2 0.6 Median only
Kobayashi et al! 2016 Retrospective  Japan 1 112 61vs.56 84vs. 84 5.5 Median only
Yufu et al2 2019 Prospective Japan 1 46 71vs.66 71vs.72 70 vs. 96

AValues are shown for the intervention group vs. control group. All studies were observational. D2B time, door-to-balloon time; NCDR, National

Cardiovascular Data Registry.

hospital notification; C (Comparator), no ECG acquisition
or no notification; O (outcomes), critical outcome, defined
as short-term mortality (30-day mortality or in-hospital
mortality) from any cause, and important outcome,
defined as D2B time; S (study design), randomized control
trials (RCTs) or observational studies; T (time frame), all
studies published before March 31, 2020.

A systematic search was conducted of the PubMed data-
base for reports published from inception to March 31,
2020. A manual search was also performed to identify
additional literature. We searched for full-text manuscripts
of human studies published before March 31, 2020. We
used a combination of key terms and established a full
search strategy (Supplementary Appendix).

Study Selection

Two reviewers (T.N. and K.H.) independently screened
titles and abstracts (first screening). Next, the same 2
reviewers independently assessed the full-text reports of
potentially eligible studies for inclusion (second screening).
The 2 reviewers achieved consensus on literature selection.
Disagreements were resolved by a third reviewer (H.N.).
Studies were included if they met the following criteria: (1)
prehospital ECG acquisition and destination hospital noti-
fication was used as an intervention; (2) comparison to no
prehospital ECG acquisition or no notification was per-
formed; and (3) outcomes were defined as mortality or
D2B time. Pilot or single-arm studies and studies with
irretrievable full-text reports were excluded. We did not
restrict our analysis by country. However, we only included
studies involving human subjects.

Assessment of the Risk of Bias

Two experienced reviewers (T.N. and K.H.) independently
assessed the risk of bias of all included studies according
to the Risk of Bias Assessment tool of Review Manager,
version 5.3 (Nordic Cochrane Centre, Cochrane Collabo-

ration, Copenhagen, Denmark). Studies were categorized
as having a low, unclear, or high risk of bias in each element.
The risk of bias for each element was considered high when
bias was present and likely to affect outcomes and low
when bias was not present or present but unlikely to affect
outcomes.

Data Synthesis, Analysis

The meta-analysis was performed using Review
Manager, version 5.3. For each outcome, we calculated
odds ratios (ORs) and corresponding 95% confidence
intervals (ClIs) using a random-effects model. Statistical
heterogeneity was determined based on 2 values, which
were interpreted as follows: 0-40%, may not be important;
30-60%, moderate heterogeneity; 50-90%, substantial
heterogeneity; and 75-100%, considerable heterogeneity.!
A funnel plot was constructed to assess the potential for
publication bias.1®

Assessment of Certainty of the Evidence

We used the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach to
assess the certainty of the available evidence.!”18 The cer-
tainty of the evidence was assessed as high, moderate, low,
or very low after evaluating the risk of bias, inconsistency,
indirectness, imprecision, and publication bias. We gener-
ated an evidence profile table generated using GRADEpro
GDT (Evidence Prime, Hamilton, ON, Canada).

Results

Literature Search

The study flow diagram is presented in Figure 1. In all,
1,716 citations were identified through the database and
manual searches. There were no RCTs. After title and
abstract assessment (first screening), 145 citations were
eligible. After excluding 21 studies based on full-text
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prehospital ECG Control Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, 95% CI IV, Rand 95% CI ABCDEFG
1.2.1 prospective
Brown et al® 0 20 3 28 03% 018[0.01,364 — | 2220
Canto etal* 9 234 239 2660 52% 0.41[0.21, 0.80) I 222@
Cone et al® 0 38 0 43 Not estimable 222@
Diercks etalf 130 1941 490 5157 27.4% 0.68 [0.56, 0.84] - 222@
Horvath et al! 6 112 5 76 1.7% 0.80(0.24,2.73) —— 222@
Kawakami et al® 0 37 1125 03%  1.11[0.04,27.74] 2220
Marino et aP® 2 143 45 214 71% 0.65(0.37,1.14) - 222@
Martinoni et al® 25 475 83 1054 9.9% 0.65(0.41,1.03) == 2220
Ong etak* 5 156 4 127 15% 1.02(0.27, 3.87) I 222@
Papai etal® 16 397 32 378 B61% 0.45(0.24, 0.84) _— 2220
Quinn et i 551 11015 183 3048 30.7% 0.82(0.69, 0.98) - 222@
Rao etalt 0 108 5 241 03% 0.20(0.01, 3.62) — A dd
Savage et a2 1 63 1 218 06% 0.30 (0.04, 2.40) — 020
Subtotal (95% CI) 14739 13369 91.0%  0.72[0.64,0.81] ‘
Total events 764 101
Heterogeneity: Tau®= 0,00; Chi*= 10.46, df= 11 (P = 0.49); F= 0%
Test for overall effect: Z= 5.54 (P < 0,00001)
1.2.2 retrospective
Kobayashi et al'" 3 56 3 5 1.0%  1.00(0.19,5.18) e 22720000
Squire et aPs 66 826 19 319 80%  1.37(0.81,2.32) e 020000
Subtotal (95% CI) 882 375  9.0%  1.33[0.81,2.20] E2
Total events 69 22
Heterogeneity: Tau®*= 0,00, Chi*= 013, df=1 (P=0.72), F= 0%
Testfor overall effect Z=1.12 (P = 0.26)
Total (95% CI) 15621 13744 100.0%  0.72[0.61,0.85] ¢
Total events 833 1123
Heterogeneity: Tau*= 0,02, Chi*= 16,09, df= 13 (P = 0.24), F=19% 0 #01 011 110 160

Testfor overall effect: Z= 3.92 (P < 0.0001)

Favours renos. ital ECG] Favours [control
Testfor subgroup differences: Chi*= 5.50, df= 1 (P = 0.02), = 81.8% [prehosp ] feontrol

Figure 2. Forest plot comparing the odds ratios for the critical outcome of short-term mortality in patients with prehospital 12-lead
electrocardiogram (ECG) acquisition and hospital notification vs. controls. The risk of bias is listed as follows: A, random sequence
generation (selection bias); B, allocation concealment (selection bias); C, blinding of participants and personnel (performance
bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias); F, selective reporting
(reporting bias); and G, other bias. Studies were categorized as having a low (green), unclear (yellow), or high (red) risk of bias
in each element. Cl, confidence interval; ECG, electrocardiogram; IV, interval variable.

prehospital ECG Control Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean _ SD Total Mean SD Total Weight \'A 95% Cl_Year v, 95% CI ABCDEFG
1.3.1 prospective

Dhruva et als 80 35 20 146 77 29 40%  -66.00[-97.95,-34.05 2007 - 7222@ ®
Brown et al® 73 19 20 130 66 28 55%  -57.00[-82.83,-31.17] 2008 = 77272@ [ ]
Rao etalf 60.2 0 108 905 0 241 Not estimable 2009 222@ @®
Camp-Rogers et al®® 49 29 39 67 8 14 137% -18.00 [-28.02,-7.98] 2011 - 7222@ ®
Horvath et al®! 44 1 112 57 15 76 17.7% -13.00 [116.94,-9.06] 2012 = 222@ ®
Cone etal® 37 17 38 87 40 47 119%  -50.00[-62.65,-37.35) 2013 - 222@ ®
Papai et al® 43 19 397 64 21 378 181%  -21.00(-23.82,-18.18] 2014 - 7222@ ®
Marino et al® 203 336 90 326 238 119 0.8% -123.00[-204.53,-41.47) 2016 222@® @®
Yufu etal? 70 26 17 96 24 29 103%  -26.00(-41.13,-10.87] 2019 - 222@ ®
Subtotal (95% Cl) 841 961 81.9%  -30.71[-40.00, -21.41] ]

Heterogeneity: Tau®= 109.29; Chi*= 56.95, df= 7 (P < 0.00001); = 88%
Test for overall effect Z= 6.48 (P < 0.00001)

1.3.2 retrospective

Squire etaPs 60 22 826 73 24 319 181% -13.00 [-16.03,-9.97) 2014 " 722720000
Subtotal (95% CI) 826 319 181%  -13.00[-16.03,-9.97] |

Heterogeneity: Not applicable
Testfor overall effect: Z= 8.41 (P < 0.00001)

Total (95% CI) 1667 1280 100.0%  -26.24 [-33.46,-19.02] \
Heterogeneity: Tau?= 72.70; Chi*= 70.23, df = 8 (P < 0.00001); F = 89% i I

-200 100 0 100 200
Test for overall effect Z=7.12 (P < 0.00001) Favours [prehospital ECG] Favours [control
Testfor subgroup differences: Chi*= 12,60, df=1 (P = 0.0004), F= 921% [prenosy ' ieontiol

Figure 3. Forest plot comparing the odds ratios for the important outcome of door-to-balloon time in patients with prehospital
12-lead electrocardiogram (ECG) acquisition and hospital notification vs. controls. The risk of bias is listed as follows: A, random
sequence generation (selection bias); B, allocation concealment (selection bias); C, blinding of participants and personnel
(performance bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias); F, selective
reporting (reporting bias); and G, other bias. Studies were categorized as having a low (green), unclear (yellow), or high (red) risk
of bias in each element. Cl, confidence interval; ECG, electrocardiogram; IV, interval variable; SD, standard deviation.
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Table 2. Evidence Profile

i Study Certainty assessment . .
No. studies A - - - . — Other considerations
design Risk of bias Inconsistency Indirectness Imprecision
In-hospital outcome
15 Observational Serious Not serious Not serious Not serious All plausible residual confounding
studies would reduce the demonstrated effect
D2B time (mean)
10 Observational Serious Not serious Not serious Not serious Publication bias strongly suspected
studies All plausible residual confounding
would reduce the demonstrated effect
No. patients Effect
No. studies Prehospital  No prehospital Relative o Certainty Importance
ECG ECG (95% Cl) Absolute (95% ClI)
In-hospital outcome
15 833/15,621 1,123/13,744 OR0.72 22 fewer per 1,000 (from @200 Critical
(5.3%) (8.2%) (0.61 to 0.85) 30 to 11 fewer per 1,000) (Low)
D2B time (mean)
10 1,667 1,280 26.24 lower (from ®O000 Important
33.46 to 19.02 lower) (Very low)

Cl, confidence interval; D2B time, door-to-balloon time; ECG, electrocardiogram; OR, odds ratio.

assessment (second screening), 21 were included in qualita-
tive analysis. Finally, 18 studies were included in the meta-
analysis. Detailed characteristics of each study included
are presented in Table 1.

Critical Outcomes

For the critical outcome of short-term mortality from any
cause, 15 observational studies with 29,365 patients were
identified. The forest plot of the critical outcome with the
risk of bias is shown in Figure 2. Among 29,365 patients,
833 of 15,621 patients (5.3%) in the group with prehospital
12-lead ECG acquisition and hospital notification died,
compared with 1,123 of 13,744 patients (8.2%) in the
control group. Short-term mortality was significantly
lower in the group with prehospital 12-lead ECG acquisi-
tion and destination hospital notification than in the
control group (OR 0.72; 95% CI 0.61-0.85; P<0.0001).
There was no evidence of heterogeneity (17=19%). This set
of 15 observational studies had low likelihood of publica-
tion bias; the funnel plot had a symmetric distribution
(Supplementary Figure 1).

Important Qutcomes

For the important outcome of D2B time, 16 observational
studies were identified. However, 6 studies were excluded
because D2B time was presented as a median and inter-
quartile range. Ultimately, 10 studies with 2,947 patients
were included in the meta-analysis. The forest plot of the
important outcome with the risk of bias is shown in
Figure 3. The group with prehospital 12-lead ECG
acquisition and destination hospital notification had
significantly shorter D2B time than the control group
(mean difference —26.24; 95% CI —33.46, —19.02; P<0.0001).
Heterogeneity was suspected because > was high (89%).
This set of 10 observational studies had publication
bias; the funnel plot had an asymmetric distribution
(Supplementary Figure 2).

Certainty of the Evidence

We assessed the certainty of the evidence for each outcome.
We summarized our findings in the evidence profile table
(Table 2). For the critical outcome, namely in-hospital mor-
tality, the certainty of the evidence for the effect of prehos-
pital 12-lead ECG acquisition and destination hospital
notification was rated as low because of the serious risk of
bias. For the important outcome of D2B time, the cer-
tainty of the evidence for the effect of prehospital 12-lead
ECG acquisition and destination hospital notification was
rated as very low because of the serious risk of bias and
strong publication bias.

Discussion

This systematic review, which included studies from Japan,
demonstrated that a prehospital 12-lead ECG acquisition
and destination hospital notification strategy is associated
with significantly lower short-term mortality than no ECG
acquisition or no notification among adult patients with
suspected STEMI outside of a hospital. In addition, the
prehospital 12-lead ECG strategy was associated with a
significantly shorter D2B time.

To date, several small observational studies have reported
that prehospital 12-lead ECG acquisition and destination
hospital notification may be associated with lower mortal-
ity,471920 but this was not supported by other stud-
ies.68-1121-26 There have been no RCTs evaluating this
issue. The 2017 European Society of Cardiology (ESC)
guidelines?’ for STEMI included a Class IB recommenda-
tion to obtain a 12-lead ECG at the point of first medical
contact based on only 2 studies.?$2 Our systematic review
of 15 observational studies, which included studies con-
ducted in Japan, showed that the group with prehospital
12-lead ECG acquisition and destination hospital notifica-
tion had significantly lower odds of short-term outcomes
than the control group. Our results are consistent with the
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recommendation in the ESC guidelines.?’

For patients with STEMI, the JCS and ESC guidelines
recommended primary percutaneous coronary interven-
tion within 120 min of symptom onset and 90 min of first
contact with medical personnel.?” All studies in this sys-
tematic review, including Japanese studies, reported a
trend towards shorter D2B time in the group with prehos-
pital 12-lead ECG acquisition and destination hospital
notification than in the control group.5-6812.19.21.23.25.26.30 Qur
systematic review showed that the group with prehospital
12-lead ECG acquisition and destination hospital notifica-
tion had significantly shorter D2B time than the control
group, by 26min. Rapid initial response of the cardiac
catheterization team and laboratory via hospital notifica-
tion may have led to shorter D2B time, and possibly even
lower mortality. Although prehospital 12-lead ECG acqui-
sition is not sufficiently widespread in Japan, dissemination
of the prehospital 12-lead ECG acquisition and destination
hospital notification strategy should be considered based
on our systematic review, which included studies con-
ducted in Japan.

This study has several limitations. First, this systematic
review only included observational studies, so the certainty
of the evidence was low. However, we consider that our
results should be taken seriously because short-term mor-
tality is a critical outcome for patients with ACS. For D2B
time, the studies that were included in the analysis had
considerable heterogeneity. However, even in the studies
that were excluded from the systematic review because
only median D2B time was available, there was a trend
towards shorter D2B time in the group with prehospital
12-lead ECG acquisition and destination hospital notifica-
tion (Supplementary Table). RCTs are needed to validate
these findings in the future. Second, we extracted citations
only from the PubMed database. Finally, there was nearly
20 years between the first (1997) and most recent (2019)
studies, which may have resulted in differences in health-
care systems. Further RCTs are required to support our
findings.

Conclusions

Prehospital 12-lead ECG acquisition and destination hos-
pital notification are associated with lower short-term mor-
tality than no ECG acquisition or no notification among
patients with suspected STEMI outside of a hospital. In
addition, the prehospital 12-lead ECG and destination
hospital notification was associated with shorter D2B time.
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