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Objective This study aimed to evaluate the association between prehospital recognition of acute 
myocardial infarction (AMI) and length of stay (LOS) in the emergency department (ED) of emer-
gency medical service (EMS)-transported AMI patients.

Methods A multicenter retrospective observational study was conducted using prehospital and 
hospital data from three tertiary emergency departments. Patients diagnosed with AMI between 
January 2015 and December 2018 were enrolled. Study groups were categorized according to 
prehospital recognition and prehospital 12-lead electrocardiography (ECG) into three groups 
based on an EMS cardiovascular registry: group A, no prehospital recognition (reference group); 
group B, prehospital recognition without 12-lead ECG; and group C, prehospital recognition with 
12-lead ECG. The primary outcome was an ED LOS of less than 4 hours.

Results Among 1,237 study participants, 722 (58.4%) were in group A, 325 (26.3%) were in 
group B, and 190 (15.4%) were in group C. Multivariable logistic regression showed that groups 
B and C had a higher likelihood of a short ED LOS (adjusted odds ratio [95% confidence inter-
val]: group B, 1.64 [1.21–2.22] and group C, 1.88 [1.30–2.71]) than group A. There was no signif-
icant difference in ED LOS according to whether prehospital 12-lead ECG was conducted.

Conclusion Prehospital recognition of AMI by EMS personnel, with or without 12-lead ECG, was 
associated with a short ED LOS.
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What is already known
Emergency department length of stay affects clinical outcomes in patients with 
acute myocardial infarction. Emergency medical service providers can recog-
nize potential acute myocardial infarction in the prehospital phase.

What is new in the current study
Prehospital recognition of acute myocardial infarction by emergency medical 
service providers is associated with a short length of stay in the emergency de-
partment.
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INTRODUCTION

Acute myocardial infarction (AMI), including both ST elevation 
myocardial infarction (STEMI) and non-STEMI, is a common car-
diac emergency condition and is associated with a high risk of 
serious morbidities and mortality.1 Although the incidence of AMI 
has decreased significantly in recent decades,2 AMI is still a major 
global health burden, with AMI associated with an increased num-
ber of years with disability.3 In Korea, AMI is the second leading 
cause of death, with 60 deaths due to AMI among every 100,000 
people.4 AMI has also been demonstrated to have a high econo
mic cost.5

  Shortening the time delay in diagnosis and treatment of AMI 
is crucial for achieving optimal clinical outcomes.6,7 The American 
College of Cardiology and American Heart Association proposed 
an ideal time window for intervention in STEMI patients,8 and 
recommended that suspected AMI patients receive emergency 
medical service (EMS) to shorten the time delay.9 The length of 
stay (LOS) in the emergency department (ED), as an index of time 
delay, was found to be associated with clinical outcomes in time-
sensitive conditions, including AMI.10,11 ED routine issues, includ-
ing diagnostic difficulties, have been demonstrated to contribute 
to in-hospital delays.12

  EMS management of AMI is important because early assess-
ment, treatment, and expedited communication with the receiv-
ing hospital are associated with improved patient outcomes.13 The 
ED bypass program based on early recognition of AMI by EMS 
was demonstrated to have a significant association with survival 
outcome in a STEMI cohort.14 Additionally, Bright et al.15 reported 
high accuracy among EMS personnel in the prehospital diagnosis 
of AMI. Prehospital 12-lead electrocardiography (ECG) by EMS 
personnel is strongly recommended and implemented worldwide.16 
Hutchison et al.17 reported that the time to intervention was greatly 
decreased with clinical pathway activation based on prehospital 
12-lead ECG findings. Prehospital 12-lead ECG was also found to 
help the ED achieve the ideal time window for intervention and 
was therefore associated with a lower mortality rate in AMI pa-
tients.18

  The effect of prehospital recognition on the ED process has not 
been well evaluated for patients with AMI. We hypothesized that 
prehospital recognition of AMI would reduce the ED LOS and that 
prehospital 12-lead ECG would strengthen this association. The 
purpose of this study was therefore to evaluate the association 
between prehospital recognition with or without 12-lead ECG 
and ED LOS in EMS-transported AMI patients.

METHODS

Ethical statements
This study complies with the Declaration of Helsinki, and its pro-
tocol was approved by the Institutional Review Board of Seoul 
National University Hospital (No. 2006-004-1128). The Institu-
tional Review Board waived the requirement for informed con-
sent due to the retrospective nature of the study.

Study design and data source
This study was a cross-sectional, retrospective, observational study 
based on an integrated database including data from three aca-
demic tertiary emergency departments from January 2015 to De-
cember 2018. Data were obtained from three sources: EMS am-
bulance run-sheets, EMS cardiovascular registry, and hospital ad-
ministrative databases. EMS time variables, chief complaints, and 
vital signs measured at the scene are collected by EMS personnel 
on an EMS run-sheet for all EMS-transported patients. The EMS 
cardiovascular registry contains information about past medical 
history, prehospital sublingual nitroglycerine administration, 12-
lead ECG at the scene, prenotification of the receiving hospital, 
and presumed acute cardiovascular disease for highly suspicious 
cases. Hospital administrative databases contain information about 
the clinical course, including the time of visit, physiologic status 
at triage, diagnosis at the ED or hospital discharge, time of ad-
mission or discharge, and status at discharge. We integrated data 
from the three sources using a common deidentified key to pro-
duce a comprehensive clinical dataset.

Study setting
The Korean EMS, which is a public health service, is operated by 
the National Fire Agency and includes 17 provincial headquarters 
with approximately 200 fire stations, 1,000 EMS agencies, and 
8,400 EMS personnel. Ambulances assigned to regional EMS agen-
cies are dispatched for emergency calls. Korean EMS personnel 
have certification levels ranging from basic to intermediate, in-
cluding intravenous fluid administration and advanced airway 
management under direct medical oversight by doctors. A 6-month 
curriculum is provided to all EMS providers at the Fire Service Acad-
emy, with a minimum of 1 month of first aid practice including 
12-lead ECG interpretation in the field. Act 119 regarding the res-
cue and EMS mandates that patient information be input into 
structured sheets (EMS run-sheets) by EMS personnel immedi-
ately after transportation.19 An additional cardiovascular registry 
needs to be filled out if a patient complains of chest pain, respi-
ratory difficulty, or syncope, or if acute cardiovascular disease is 
suspected by EMS personnel. EMS personnel are instructed to per-
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form 12-lead ECG if an ECG device is available, and the patient is 
suspected of having acute cardiovascular disease and to transport 
the patient to the nearest at least level 2 ED. Sublingual nitro-
glycerin can be attempted at most three times per 5-minute in-
tervals under direct medical oversight if no contraindications are 
present.
  In Korea, EDs are categorized into three levels by the Ministry 
of Health and Welfare: level 1 EDs (n=36), where 24/7 emergen-
cy care for critically ill emergency patients is provided by emer-
gency physicians; level 2 EDs (n=119), where emergency physi-
cians provide high-acuity emergency care for emergency patients; 
and level 3 EDs (n=261), where general physicians provide low-
acuity emergency care for patients. All EDs in Korea undergo an 
annual nationwide functional performance evaluation by the Min-
istry of Health and Welfare. Level 1 and 2 EDs have a cardiology 
intervention team, which is headed by an emergency physician, 
and general acute cardiac care is performed following interna-
tional standard guidelines. Emergency physicians are responsible 
for making critical decisions for patient care.20,21

  After EMS personnel deliver on-scene clinical information to 
the triage nurse at the entrance of the ED, all patients are assessed 
and categorized into one of five levels according to the urgency 
of emergency medical care. Patients suspected of AMI undergo 
urgent ECG, and the emergency physician can directly notify the 
on-call intervention team regarding suspected STEMI (STEMI criti-
cal pathway). Otherwise, after full evaluation, including cardiac 
biomarker tests, an assigned emergency physician will consult an 
on-duty cardiologist regarding hospitalization. Since ED care per-
formance for AMI patients is evaluated by the government, re-
ducing the ED LOS is strongly recommended.

Study population
EMS-assessed and transported adult nontraumatic AMI patients 
seen from January 2015 to December 2018 who were admitted 
following their ED visit were enrolled. We excluded patients trans-
ported between hospitals, patients with cardiac arrest, discharged 
patients, and patients with missing outcomes. Patients were iden-
tified according to International Statistical Classification of Dis-
eases 10th Revision (ICD-10) diagnostic codes of I-210 and I-219, 
which indicate AMI. The ED administrative database has two types 
of primary diagnostic codes: the final diagnostic codes at ED dis-
charge and at hospital discharge. A patient was considered posi-
tive for AMI if a confirmative diagnostic code was found at any 
point in the discharge record. Coronary angiography reports were 
not taken into consideration to confirm diagnosis, as the goal of 
this study was to evaluate the association between prehospital 
recognition of AMI and ED LOS.

Outcome measures
The primary outcome was the ED LOS, defined as the time inter-
val from ED arrival to ED departure due to admission to the floor; 
this was collected from the hospital administrative database. Four 
hours was defined as a short ED LOS as this time interval has been 
used as the target in previous studies.22,23 Inpatient (IP) LOS, which 
is a clinical outcome indicator,24 was used as the secondary out-
come, and the median value was selected for reference. Survival 
to discharge, which was evaluated at the point of hospital dis-
charge and collected from the administrative database, was ad-
ditionally used as the tertiary outcome.

Variables and measurements
The main exposures were prehospital recognition of acute cardio-
vascular disease by EMS personnel (prehospital recognition) and 
prehospital 12-lead ECG. Prehospital recognition was defined as 
positive if EMS personnel entered the patient with presumed acute 
cardiovascular disease into the cardiovascular registry. Whether 
12-lead ECG was conducted at the scene was assessed in the same 
way. The study population was categorized into three groups: group 
A, no prehospital recognition (reference group); group B, prehos-
pital recognition without 12-lead ECG; and group C, prehospital 
recognition with prehospital 12-lead ECG.
  The following demographic and clinical data were collected 
and categorized: age (under 49, 50–59, 60–69, 70–79, and over 
80 years old), sex, ED visit time (morning, evening, or night), week-
end presentation, season of the ED visit, chief complaint (chest 
pain, atypical coronary symptoms, including dyspnea, syncope, 
palpitation, epigastric pain, and chest burning), past heart disease 
history, prehospital shock status (systolic blood pressure under 90 
mmHg), prehospital abnormal heart rate (heart rate over 100 beats/ 
min and under 60 beats/min), prehospital alertness, ST-segment 
abnormality in prehospital 12-lead ECG, prehospital sublingual 
nitroglycerin administration, receiving hospital notification before 
ED arrival, shock status at ED triage, abnormal heart rate at ED 
triage, direct transport to the angiography room with confirma-
tion of ST-segment elevation in the initial ECG examination (STE-
MI critical pathway), and intensive care unit (ICU) admission (in-
cluding coronary unit). Median imputation was conducted for miss-
ing values for age and vital signs, which occurred in less than 20% 
of the study population.

Statistical analysis
A descriptive analysis was performed to analyze the distributions 
of the demographic and clinical data of the study population. Chi-
squared tests for categorical variables and Wilcoxon rank-sum 
tests for continuous variables were used. To determine the associ-
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ations between prehospital recognition with and without 12-lead 
ECG and outcomes, adjusted odds ratios (AORs) with 95% confi-
dence intervals (CIs) were calculated using a multivariable logistic 
regression analysis with group A as the reference. We adjusted for 
age group, sex, past medical history of heart disease, chief com-
plaint of chest pain and atypical coronary symptoms, prehospital 
shock, prehospital alertness, and time, weekend, and season of the 
ED visit. To determine the effectiveness of 12-lead ECG on prehos-
pital recognition, AORs and 95% CIs were recalculated with the 
aforementioned regression model with group B as a reference.
  To evaluate changes in effect size according to the character-
istics of the patients, sensitivity analyses were performed. Since 
one of the main variables affecting ED LOS is severity, the sub-
group of patients admitted to the ICU was extracted, and the same 
statistical analyses were performed. We also conducted additional 
subgroup analysis for non-STEMI patients considering that the 
STEMI critical pathway could significantly affect the results. All 
statistical analyses were performed using SAS ver. 9.4 (SAS Insti-
tute Inc., Cary, NC, USA).

RESULTS

Demographic findings
Among 4,988 patients diagnosed with AMI from January 2015 to 
December 2018, 1,237 patients were included in the final analy-

sis. We excluded 22 injured patients, five pediatric patients, 388 
patients with symptoms occurring for more than a week, 3,114 
non-EMS users, 87 patients transported between hospitals, 89 
patients with out-of-hospital and in-hospital cardiac arrest, and 
56 patients with no outcome data at discharge (Fig. 1).
  Table 1 presents demographic and clinical data according to 
study group. Patients in group C were more likely to be male and 
less likely to visit the ED at night (11 PM–7 AM) or in the summer. 
Patients in group A had lower proportions of typical coronary symp-
toms, past medical history of heart disease, prehospital alertness, 
prehospital sublingual nitroglycerin administration, and prenotifi-
cation of the receiving hospital. Group A had a lower proportion 
of STEMI critical pathway patients than groups B and C: 12.0% 
in group A, 25.2% in group B, and 29.5% in group C. The main 
outcomes showed significant differences according to study 
group: the percentages of patients with a short ED LOS and short 
IP LOS were 41.7% and 40.0% in group A, 57.8% and 52.3% in 
group B, and 60.5% and 58.4% in group C, respectively (Table 1).

Main analysis
In multivariable logistic regression analysis, statistically signifi-
cant differences in ED LOS were found for groups B and C com-
pared to group A (ED LOS less than 4 hours, AOR [95% CI]: 1.64 
[1.21–2.22] in group B and 1.88 [1.30–2.71] in group C). There 
was no significant difference in IP LOS or survival to discharge (IP 

Fig. 1. Patient flow. AMI, acute myocardial infarction; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; DNR, do not resuscitate; 
IHCA, in-hospital cardiac arrest; ED, emergency department; ECG, electrocardiography.

4,988 Diagnosed as AMI
(January 2015–December 2018)

1,459 EMS assessed,  
acute-onset adult AMI

1,237 Final enrollment

722 Group A  
Prehospital recognition -  
Prehospital 12-lead ECG -

325 Group B  
Prehospital recognition +  
Prehospital 12-lead ECG -

190 Group C  
Prehospital recognition +  
Prehospital 12-lead ECG +

    22 Injuries
      5 Pediatrics 
  388 Onset to present >7 days
3,114 Non-EMS users

87 Interhospital transports
85 OHCA
  4 DNR, IHCA
19 ED discharges
27 Missing outcomes
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LOS less than 4 days, AOR [95% CI]: 1.02 [0.75–1.37] in group B 
and 1.25 [0.87–1.79] in group C; survival to discharge, AOR [95% 

CI]: 1.14 (0.60–2.14) in group B and 1.20 [0.55–2.62] in group C) 
(Table 2). In multivariable linear regression analysis for ED LOS, 

Table 1. Demographics and clinical findings according to study group

Characteristic Total
Group

P-value
A B C

Total 1,237 (100) 722 (58.4) 325 (26.3) 190 (15.4)

Age (yr) 71 (61–78) 73 (62–80) 68 (59–76) 68 (58–76) <0.01

Age group (yr) 0.04

   ≤49 37 (3.0) 17 (2.4) 10 (3.1) 10 (5.3)

   50–59 384 (31.0) 204 (28.3) 117 (36.0) 63 (33.2)

   60–69 563 (45.5) 325 (45.0) 147 (45.2) 91 (47.9)

   70–79 215 (17.4) 149 (20.6) 41 (12.6) 25 (13.2)

   ≥80 38 (3.1) 27 (3.7) 10 (3.1) 1 (0.5)

Male sex 855 (69.1) 480 (66.5) 228 (70.2) 147 (77.4) 0.02

ED visit time <0.01

   7 AM–3 PM 526 (42.5) 313 (43.4) 128 (39.4) 85 (44.7)

   3 PM–11 PM 393 (31.8) 225 (31.2) 98 (30.2) 70 (36.8)

   11 PM–7 AM 318 (25.7) 184 (25.5) 99 (30.5) 35 (18.4)

Weekend 343 (27.7) 202 (28.0) 88 (27.1) 53 (27.9) 0.52

Season <0.01

   Spring 302 (24.4) 172 (23.8) 92 (28.3) 38 (20.0)

   Summer 288 (23.3) 173 (24.0) 74 (22.8) 41 (21.6)

   Autumn 335 (27.1) 185 (25.6) 84 (25.8) 66 (34.7)

   Winter 312 (25.2) 192 (26.6) 75 (23.1) 45 (23.7)

Chief complaint <0.01

   Chest pain 731 (59.1) 295 (40.9) 276 (84.9) 160 (84.2)

   Atypical coronary symptom 253 (20.5) 199 (27.6) 32 (9.8) 22 (11.6)

Past heart disease history 443 (35.8) 211 (29.2) 139 (42.8) 93 (48.9) <0.01

Prehospital variable

   Hypotension (<90 mmHg) 74 (6.0) 35 (4.8) 26 (8.0) 13 (6.8) 0.33

   Abnormal heart rate <0.01

      Bradycardia (<60 beats/min) 137 (11.1) 67 (9.3) 42 (12.9) 28 (14.7)

      Tachycardia (>100 beats/min) 308 (24.9) 204 (28.3) 69 (21.2) 35 (18.4)

   Alertness 1,164 (94.1) 665 (92.1) 312 (96.0) 187 (98.4) <0.01

   EMS 12-lead ECG with ST change 114 (9.2) 9 (1.2) 0 (0) 105 (55.3) <0.01

   Nitroglycerin 94 (7.6) 15 (2.1) 46 (14.2) 33 (17.4) <0.01

   Notification of receiving hospital 454 (36.7) 153 (21.2) 162 (49.8) 139 (73.2) <0.01

ED variable

   Hypotension at ED triage (<90 mmHg) 76 (6.1) 55 (7.6) 15 (4.6) 6 (3.2) <0.01

   Abnormal heart rate at ED triage 0.06

      Bradycardia (<60 beats/min) 247 (20.0) 126 (17.5) 82 (25.2) 39 (20.5)

      Tachycardia (>100 beats/min) 214 (17.3) 150 (20.8) 42 (12.9) 22 (11.6)

   STEMI critical pathway 225 (18.2) 87 (12.0) 82 (25.2) 56 (29.5) <0.01

   ED LOS (hr) 4.3 (1.2–8.4) 5.1 (1.7–9.4) 2.5 (0.9–7.3) 1.8 (0.9–6.6) <0.01

   Hospital LOS (day) 4.4 (2.9–8.5) 5.0 (3.0–10.4) 4.0 (2.7–6.6) 3.9 (2.8–5.9) <0.01

Main outcome

   ED LOS (<4 hr) 604 (48.8) 301 (41.7) 188 (57.8) 115 (60.5) <0.01

   Inpatient LOS (<4 day) 570 (46.1) 289 (40.0) 170 (52.3) 111 (58.4) <0.01

Clinical outcome

   Intensive care unit admission 542 (43.8) 288 (39.9) 151 (46.5) 103 (54.2) <0.01

   Survival to discharge 1,135 (91.8) 645 (89.3) 309 (95.1) 181 (95.3) <0.01

Values are presented as number (%) or median (interquartile range).
ED, emergency department; EMS, emergency medical service; ECG, electrocardiography; STEMI, ST elevation myocardial infarction; LOS, length of stay.  
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the coefficient for regression of the study group (reference, group 
A) was calculated to be -1.782 (P<0.01).
  In sensitivity analysis for patients admitted to the ICU, similar 
and statistically significant associations were found (ED LOS less 
than 4 hours, AOR [95% CI]: 1.85 [1.15–2.97] in group B and 1.77 
[1.02–3.06] in group C) (Table 3). A similar trend was demonstrat-
ed for non-STEMI patients (ED LOS less than 4 hours, AOR [95% 
CI]: 1.46 [1.03–2.06] in group B and 1.55 [1.02–2.37] in group C) 
(Table 4).

DISCUSSION

In EMS-transported AMI patients admitted to the ED, prehospital 
recognition was found to be associated with a short ED LOS. There 
was no statistically significant difference according to prehospital 
12-lead ECG. IP LOS and survival to discharge had no significant 
association with prehospital recognition with or without 12-lead 
ECG. The same trends were sustained and statistically significant 
in patients admitted to the ICU and in non-STEMI patients. Care-
ful prehospital evaluation for AMI by EMS personnel should be 

Table 2. Univariable and multivariable logistic regression by prehospital recognition with or without 12-lead electrocardiography

Outcome No. (%)
Univariable analysis Multivariable analysisa)

OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

ED LOS <4 hr

   Group A 301 (41.7) 1.00 1.00 NA

   Group B 188 (57.8) 1.92 (1.47–2.50) 1.64 (1.21–2.22) 1.00

   Group C 115 (60.5) 2.15 (1.55–2.97) 1.88 (1.30–2.71) 1.14 (0.78–1.68)

Inpatient LOS <4 day

   Group A 289 (40.0) 1.00 1.00 NA

   Group B 170 (52.3) 1.64 (1.26–2.14) 1.02 (0.75–1.37) 1.00

   Group C 111 (58.4) 2.11 (1.52–2.91) 1.25 (0.87–1.79) 1.23 (0.84–1.79)

Survival to discharge

   Group A 645 (89.3) 1.00 1.00 NA

   Group B 309 (95.1) 2.31 (1.32–4.02) 1.14 (0.60–2.14) 1.00

   Group C 181 (95.3) 2.40 (1.18–4.88) 1.20 (0.55–2.62) 1.05 (0.44–2.51)

The number of patients for groups A, B, and C were 722, 325, and 190, respectively. The multivariable model was adjusted for age group, sex, past heart disease history, 
chief complaint, prehospital shock, prehospital alertness, time of visit, weekend, and season.
OR, odds ratio; CI, confidence interval; ED, emergency department; LOS, length of stay; NA, not applicable.
a)ORs were calculated with the same models with different references.

Table 3. Univariable and multivariable logistic regression by prehospital recognition with or without 12-lead electrocardiography in patients admitted to 
the intensive care unit

Outcome No. (%)
Univariable analysis Multivariable analysisa)

OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

ED LOS <4 hr

   Group A 147 (51.0) 1.00 1.00 NA

   Group B 104 (68.9) 2.12 (1.40–3.21) 1.85 (1.15–2.97) 1.00

   Group C 69 (67.0) 1.95 (1.22–3.12) 1.77 (1.02–3.06) 0.96 (0.54–1.70)

Inpatient LOS <4 day

   Group A 111 (38.5) 1.00 1.00 NA

   Group B 67 (44.4) 1.27 (0.85–1.90) 0.95 (0.60–1.50) 1.00

   Group C 56 (54.4) 1.90 (1.21–2.99) 1.35 (0.80–2.28) 1.42 (0.83–2.41)

Survival to discharge

   Group A 253 (87.8) 1.00 1.00 NA

   Group B 141 (93.4) 0.51 (0.25–1.07) 0.85 (0.36–2.00) 1.00

   Group C 97 (94.2) 0.45 (0.18–1.10) 0.83 (0.29–2.38) 0.97 (0.31–3.03)

The number of patients for groups A, B, and C were 288, 151, and 103, respectively. The multivariable model was adjusted for age group, sex, past heart disease history, chief 
complaint, prehospital shock, prehospital alertness, time of visit, weekend, and season.
OR, odds ratio; CI, confidence interval; ED, emergency department; LOS, length of stay; NA, not applicable.
a)ORs were calculated with the same models with different references.
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emphasized to improve the clinical course of these patients.
  Prehospital recognition of AMI is associated with a higher prob-
ability of notification of the receiving hospital. This should ideally 
result in activation of the AMI practice process in the hospital, 
which could shorten ED LOS. We found that there were more AMI 
patients with a short ED LOS (under 4 hours) when the hospital 
received notification of an AMI during the prehospital phase, even 
after excluding STEMI cases, then when no prenotification was 
received (42.1% vs 35.0%, respectively).
  In the prehospital phase of AMI, patients present with more 
pronounced symptoms, and recognition of these symptoms can 
optimize patient assessment and triage.25 With sufficient experi-
ence and focused education, EMS personnel can identify high-
risk features that indicate the possibility of acute cardiovascular 
disease.26 A detailed history taken at the scene can provide mean-
ingful information to ED staff, who can use this information to 
direct the assessments performed, thus accelerating the clinical 
process. However, the delivery of misleading information may in-
terfere with the direction of the assessments performed and thus 
the clinical course of the patient. Considering that communica-
tion barriers extend ED LOS, the first impression of EMS person-
nel can influence ED staff.27

  Additionally, the presence or absence of a sublingual nitroglyc-
erin effect on chest pain is an important diagnostic predictor.28 
EMS personnel can evaluate this effect more clearly at the scene 
when chest pain has not yet subsided, as chest pain often impro
ves spontaneously and changes to ambiguous symptoms at ED 
arrival. In such situations, ED LOS can be prolonged, as the appli-

cation of proper diagnostic algorithms to reach the right diagno-
sis is limited.29 In the prehospital recognition group, the number 
of sublingual nitroglycerin administrations was seven to eight 
times higher than in the other groups (Table 1).
  In this study, prehospital recognition of AMI by EMS personnel 
was documented in the official registry. There is no detailed pro-
tocol about when EMS personnel should consider the patient to 
have suspected acute cardiovascular disease, but typical questions 
should be asked to complete the cardiovascular registry questions, 
such as the location and intensity of pain, whether the pain is ra-
diating, and aggravating and relieving factors. The National Fire 
Agency provides a routine continuing education course for EMS 
personnel, including information on the presentations of acute 
critical illnesses such as AMI. EMS personnel are likely able to 
differentiate the possibility of AMI on the basis of complaints, 
past medical history, and vital signs. Sixty percent of the total 
patients had chest pain, but 40% of them were not recognized as 
having acute cardiovascular disease (Table 1), so we hypothesize 
that unmeasured factors affected EMS personnel assessments. 
Recognition of the overlooked AMI population is crucial to im-
prove the clinical process.
  ED LOS has been considered an indicator of the ED care pro-
cess in previous studies.30-32 Unlike cardiac arrest or trauma, in 
which prehospital resuscitation determines the status of patients 
at the ED entrance level, the role of EMS personnel in STEMI usu-
ally focuses on 12-lead electrocardiogram interpretation and ED 
bypass.8 Considering that overcrowding and limited resources are 
major challenges to ED AMI diagnostic performance,33 detailed 

Table 4. Univariable and multivariable logistic regression by prehospital recognition with or without 12-lead electrocardiography in non-ST-elevation 
myocardial infarction patients

Outcome No. (%)
Univariable analysis Multivariable analysisa)

OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

ED LOS <4 hr

   Group A 214 (33.7) 1.00 1.00 NA

   Group B 106 (43.6) 1.52 (1.13–2.06) 1.46 (1.03–2.06) 1.00

   Group C 59 (44.0) 1.55 (1.06–2.26) 1.55 (1.02–2.37) 1.07 (0.68–1.66)

Inpatient LOS <4 day

   Group A 249 (39.2) 1.00 1.00 NA

   Group B 132 (54.3) 1.84 (1.37–2.49) 1.12 (0.80–1.57) 1.00

   Group C 73 (54.5) 1.86 (1.27–2.70) 1.07 (0.70–1.63) 0.95 (0.61–1.49)

Survival to discharge

   Group A 564 (88.8) 1.00 1.00 NA

   Group B 229 (94.2) 2.06 (1.14–3.73) 1.05 (0.53–2.09) 1.00

   Group C 126 (94.0) 1.98 (0.93–4.22) 0.98 (0.42–2.29) 0.93 (0.36–2.37)

The number of patients for groups A, B, and C were 635, 243, and 134, respectively. The multivariable model was adjusted for age group, sex, past heart disease history, 
chief complaint, prehospital shock, prehospital alertness, time of visit, weekend, and season.
OR, odds ratio; CI, confidence interval; ED, emergency department; LOS, length of stay; NA, not applicable.
a)ORs were calculated with the same models with different references.
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and accurate prehospital assessments are helpful from the begin-
ning of ED care. Additionally, prenotification of receiving hospi-
tals affects the ED care process. In the study group with prehos-
pital recognition, a higher proportion of the patients’ hospitals 
were notified before ED arrival, even when no 12-lead ECG re-
sults were available.
  Condition severity has been demonstrated to be associated with 
ED LOS.34 Sensitivity analysis of patients admitted to the ICU was 
performed to correct for unmeasured biases, such as a delay in 
admission based on nonmedical issues. Similar trends with statis-
tical significance were found regarding the outcomes of patients 
admitted to the ICU and non-STEMI patients. Therefore, we high-
ly recommend that EMS personnel assess the probability of AMI 
at the scene, especially in patients with indications of high condi-
tion severity, even without evidence of STEMI.
  Our results indicate that prehospital EMS assessment could be 
beneficial for the ED care process, but the effect of prehospital 
recognition on shortening ED LOS is not clear. The effects of im-
plementation of more sensitive EMS tools to screen patients with 
suspected AMI and analyses of the effects of these tools on the 
ED care process are needed. Considering that over half of AMIs 
were not recognized at the prehospital level, the creation and use 
of advanced patient-assessment protocols at the scene could have 
clinical benefits.
  This study had several limitations. First, prehospital recognition 
was dependent on individual experience or competency. There 
was no standardized EMS protocol to evaluate patients with sus-
pected AMI based on the patient’s history, which is a significant 
limitation. Second, we could not confirm whether prehospital in-
formation was actually delivered to ED physicians. Although ED 
triage nurses write a triage note containing information provided 
by EMS personnel, it is entirely up to the physician as to whether 
they refer to this note or not. Next, information on the time of 
diagnosis, time to first 12-lead ECG at the ED, or time to consult 
cardiologist would provide more accurate information on the ef-
fect of prehospital recognition, but this information was not avail-
able in the databases. As ED LOS is a surrogate marker, we ad-
justed for factors affecting the ED LOS as much as possible. How-
ever, there were also unadjusted confounders such as administra-
tive delays and preparation time in the ward or ICU. We included 
time and season of ED visit in the main analysis to adjust for vari-
ation, but variation remains a significant limitation of the study. 
However, when further sensitivity analysis excluding extremely 
delayed cases (10, 12, and 15 hours) was conducted, we observed 
the same trends (Supplementary Table 1). Fourth, even though 
chief complaints and vital signs were adjusted for, detailed condi-
tion severity or characteristics were not analyzed. Generally, the 

ED LOS of patients with minor AMI or late presenters is prolonged 
due to ambiguous histories. Furthermore, we could not evaluate 
this association in the STEMI cohort as the majority of these pa-
tients stayed in the ED for less than 4 hours. We hypothesized 
that shortening of ED LOS would affect the treatment outcomes 
of AMI, which would shorten IP LOS and increase survival. There 
was no significant association between prehospital recognition 
and IP LOS and survival, suggesting that a delay in the ED might 
be tolerated in non-severe patients. Fifth, individual variations in 
practice could affect the results, such as physicians who always 
check for cardiovascular disease, cardiologists who respond quick-
ly, and physicians who tend to skip performing laboratory tests in 
patients without certain needs. Compliance with hospitalization 
may also have affected our findings. Since the design of this study 
was observational, unmeasured biases may have been present. 
Last, the results of this study cannot be generalized because this 
study was conducted using data from three academic tertiary emer-
gency departments and a basic-to-intermediate service level EMS 
system.
  In summary, prehospital recognition of AMI by EMS personnel 
was found to be associated with a short ED LOS in EMS-trans-
ported AMI patients. Focused assessment at the scene can im-
prove the clinical outcomes of AMI patients by decreasing their 
ED LOS.

SUPPLEMENTARY MATERIAL

Supplementary Table 1. Multivariable logistic regression by pre-
hospital recognition with or without 12-lead electrocardiography 
excluding the extremely delayed cases
Supplementary material is available at https://doi.org/10.15441/
ceem.22.330.
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Supplementary Table 1. Multivariable logistic regression by prehospital recognition with or without 12-lead electrocardiography excluding the ex-
tremely delayed cases

Outcome
Adjusted odds ratio (95% confidence interval)

≤15 Hr ≤12 Hr ≤10 Hr

ED LOS <4 hr

   Group A 1.00 1.00 1.00

   Group B 1.57 (1.14–2.16) 1.51 (1.09–2.10) 1.61 (1.14–2.27)

   Group C 1.70 (1.16–2.49) 1.74 (1.19–2.59) 1.85 (1.22–2.79)

Inpatient LOS <4 day

   Group A 1.00 1.00 1.00

   Group B 1.02 (0.75–1.39) 1.05 (0.77–1.45) 1.06 (0.76–1.46)

   Group C 1.20 (0.83–1.74) 1.21 (0.83–1.77) 1.33 (0.91–1.96)

Survival to discharge

   Group A 1.00 1.00 1.00

   Group B 0.99 (0.52–1.89) 0.89 (0.46–1.74) 0.86 (0.44–1.68)

   Group C 1.23 (0.54–2.80) 1.23 (0.51–2.98) 1.23 (0.51-2.99)

The multivariable model was adjusted for age group, sex, past heart disease history, chief complaint, prehospital shock, prehospital alertness, time of visit, weekend, and 
season.
ED, emergency department; LOS, length of stay.


