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Background: Reducing total ischemic time is important in achieving better outcome in ST-segment eleva-
tion myocardial infarction (STEMI). Although the onset-to-door (OTD) time accounts for a large portion
of the total ischemic time, factors affecting prolongation of the OTD time are not established.
Purpose: The purpose of this study was to determine the impact of transport pathways on OTD time in
patients with STEMIL.
Methods and subjects: We retrospectively studied 416 STEMI patients who were divided into 4 groups
according to their transport pathways; Group 1 (n=41): self-transportation to percutaneous coronary
intervention (PCI) facility; Group 2 (n=215): emergency medical service (EMS) transportation to PCI
facility; Group 3 (n=103): self-transportation to non-PCl facility; and Group 4 (n=57): EMS transportation
to non-PClI facility. OTD time was compared among the 4 groups.
Essential results: Median OTD time for all groups combined was 113 (63-228.8) min [Group 1, 145
(70-256.5); Group 2, 71 (49-108); Group 3, 260 (142-433); and Group 4, 184 (130-256) min]. OTD time
for EMS users (Groups 2 and 4) was 138 min shorter than non-EMS users (Groups 1 and 3). Inter-hospital
transportation (Groups 3 and 4) prolonged OTD by a median of 132 min compared with direct transporta-
tion to PCI facility (Groups 1 and 2). Older age, history of myocardial infarction, prior PCI, shock at onset,
high Killip classification, and high GRACE Risk Score were significantly more frequent in EMS users.
Principal conclusions: Self-transportation without EMS and inter-hospital transportation were significant
factors causing prolongation of the OTD time. Approximately 35% of STEMI patients did not use EMS and
21% of patients were transported to non-PCI facilities even though they called EMS. Awareness in the
community as well as among medical professionals to reduce total ischemic time of STEMI is necessary;
this involves educating the general public and EMS crews.

© 2013 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Keywords:

Coronary artery disease
Emergency care

Fatal cardiology
Myocardial infarction
Treatment

Introduction

ST-segment elevation myocardial infarction (STEMI) is a life-
threatening disease necessitating immediate revascularization,
since one third of patients die within the first 24 h after the onset
of symptoms. Notably, STEMI has fatal complications within the
first 1-2 h of onset [1,2]. Prompt restoration of the coronary flow
has a valuable role in reduction of the size of infarcted tissue in
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the myocardium and improvement in patient mortality [3-10].
Therefore, primary percutaneous coronary intervention (PCI) in
acute coronary syndrome is recommended to be performed within
90 min between entering the door of PCI facilities and balloon
inflation (DTB) [2].

The time from symptom onset to door of PCI facility (OTD) is
noteworthy since the OTD time accounts for the greatest percent-
age of total ischemic duration [11,12]. A decrease in OTD time may
be key to prevent sudden death in the acute phase or improvement
of medium or long-term mortality by shortening the total ischemic
time.

STEMI patients who experience acute symptoms visit a PCI facil-
ity through various transport pathways. Patients may visit a PCI
facility directly by themselves or with an ambulance; alternatively,
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they may arrive at a PCI facility indirectly after first arriving at anon-
PCI facility. Differences in the transit time between these routes to
a PCI facility have a major impact on OTD [13-16].

In this study we determined the impact of the transport path-
ways on the OTD time in STEMI patients.

Materials and methods
Study population and study protocol

We retrospectively studied the medical records of 416 con-
secutive STEMI patients, who visited Tokai University School of
Medicine within 24 h of the onset of symptoms from December
2005 to March 2011. Patients who developed onset symptoms of
STEMI in the hospital were excluded from this study.

A total of 416 patients were enrolled. Patients were divided into
4 groups according to their transport pathways from onset of symp-
toms to the PCI facility at Tokai University School of Medicine,
a tertiary hospital performing primary PCI: Group 1 (self to PCI),
patients who transported themselves to the PCI facility directly;
Group 2 (EMS to PCI), patients who were transported to the PCI
facility directly by ambulance or helicopter emergency medical
service (EMS); Group 3 (self to non-PCI), patients who transported
themselves to a referral hospital without a PCI facility, from where
they were transported to the PCI facility through inter-hospital
transportation; and Group 4 (EMS to non-PCI), patients who were
transported to a referral hospital by EMS, and then they were
transported to the PClI facility through inter-hospital transportation
(Fig. 1). The impact of the time difference in transport pathways,
which is derived from EMS use or inter-hospital transportation, on
OTD was assessed by comparing OTD and onset to first medical
contact (OTF) among the 4 groups.

Definitions

Among patients who visited non-PCl facilities or PCI facilities
due to acute onset and presented with electrocardiogram findings

FMC
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N
Contact
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Fig. 1. The pathways to PCI facility. Group 1: Patients who themselves visited a PCI
facility directly. Group 2: Patients who called the EMS, and then they were trans-
ported to PCI facility directly by EMS. Group 3: Patients who themselves visited
a referral hospital by, and then they were transported to PCI facility through the
inter-hospital transportation. Group 4: Patients who were transported to a referral
hospital by EMS, and then they were transported to a PCI facility through the inter-
hospital transportation. PCl, percutaneous coronary intervention; OTF, onset to first
medical contact; FMC, first medical contact; EMS, emergency medical service.

consistent with STEM], i.e. persistent ST-segment elevation > 1 mm
in two contiguous leads, or new or presumed new left bundle
branch block. Those with confirmed STEMI by emergency coronary
angiography were enrolled [17].

All enrolled patients were evaluated for the time-points of
“Onset”, “FMC”, “Arrival at first-visit-hospital”, and “Arrival at PCI
facility door”. “Onset” was defined as the time-point when patients
experienced acute symptoms of STEMI. “FMC” was defined as the
time of first contact with any medical staff including EMS crews,
this being the time of arrival at PCI facility in Group 1, the time
of contact with EMS in Groups 2 and 4, and the time of arrival at
the referral hospital in Group 3. “Arrival at first-visit-hospital” was
defined as the time of arrival at the first-visit-hospital, PCI facil-
ity, or non-PClI facility (referral facility). The first-visit-hospital is
the PCI facility in Groups 1 and 2, and the non-PClI facility (refer-
ral facility) in Groups 3 and 4. “Arrival at PCI facility door” was
defined as the time of arrival at the PCI facility. Each of the follow-
ing time intervals was calculated from the time records. “OTF” is the
interval between “onset” and “FMC”. “OTD” is the interval between
symptom onset and arrival at the PCI facility door (Fig. 1).

Statistical analysis

Numerical factors with skewed distribution are shown as
median (interquartile range). Wilcoxon rank-sum test was used to
determine statistically significant differences in clinical parameters
between two different groups. Kruskal-Wallis one-way analysis
of variance was used to compare more than three groups. If
Kruskal-Wallis one-way analysis of variance showed a significant
difference, differences between individual groups were estimated
using Steel-Dwass multiple comparison. Fisher’s exact test was
applied to determine the difference between categorical variables.

Stepwise regression analysis was used in multivariable analysis.
For selection of variables, a forward stepwise selection procedure
was adopted in stepwise regression analysis to identify factors
associated with OTD. The variable entered in the stepwise model
was the variable that had the smallest p-value>0.2. The anal-
ysis was stopped when no more variables could be justifiably
entered from the stepwise model. Independent variable with mul-
ticollinearity for which the variance inflation factor was more than
10 between either variable was excluded. If the variance inflation
factor between 2 or more independent variables was more than 10,
these were regarded as multicollinear variables, and only one vari-
able among them was used in stepwise regression analysis as the
representative variable. OTD with skewed distribution was trans-
formed into normally distributed model by raising to the 0.2th
power.

A value of p<0.05 was considered statistically significant. All
statistical calculations were performed using JMP version 9 (SAS
Institute, Inc., Cary, NC, USA).

Results

The percentage of enrolled patients in each group was as fol-
lows: Group 1, 9.9%; Group 2, 51.7%; Group 3, 24.8%; and Group 4,
13.7% (Fig. 2). Usage of EMS (Groups 2 and 4) accounted for 65.4%
of the total, and patients who were transported from the referral
hospital (Groups 3 and 4) accounted for 38.5%.

Baseline characteristics and clinical status on arrival at PCI facil-
ities of all 416 enrolled patients are shown in Tables 1 and 2,
respectively. Median age was 66 (57-76) years and 79.1% of patients
were male. The differences between groups were shownin age, dys-
lipidemia, renal function, and brain natriuretic peptide on arrival.
More critical patients with shock, high Killip classification, and high
GRACE score were frequent in EMS users (Groups 2 and 4).
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PCI Facility Non PCI Facility
Group 1 Group 3 =144 (34.6%
Self Transporters n=41 (9.9%) n=103 (24.8%) Lo
EMS Transporters Group 2 Group 4 n=272 (65.4%)
n=215 (51.7%) n=57 (13.7%)
n=256 (61.5%) n=160 (38.5%)
Fig. 2. Contingency table by transportation pathways. PCI, percutaneous coronary intervention.
Table 1
Baseline characteristics.
All Group 1 Group 2 Group 3 Group 4 p-Value
(n=416) Self to PCI EMS to PCI Self to non-PCI EMS to non-PCI
(n=41) (n=215) (n=103) (n=57)
Age (years) 66(57-76) 65(56-73) 66(59-76) 64(52-74) 70(61.5-81.5) 0.009
Male (n) 329(79.1%) 33(80.5%) 173(80.5%) 79(76.7%) 44(77.2%) 0.855
Height (cm) 164(157-168.1) 165(159-169) 164(157.2-168) 165(157-170) 162.5 (155.4-167.5) 0.495
Weight (kg) 63(55-72) 62.6 (54.8-71.5) 64(55.5-71) 64(55-74) 59 (50-65) 0.040
Current smoking (n) 274(65.9%) 27(65.9%) 147 (68.4%) 66 (64.1%) 34(59.6%) 0.934
DM (n) 156(37.5%) 19(46.4%) 78(36.3%) 38(36.9%) 21(36.8%) 0.285
Diet 91(21.9%) 15(36.6%) 41(19.1%) 19(18.4%) 16(28.1%) 0.210
Medication 43(10.3%) 2(4.9%) 25(11.6%) 13(12.6%) 3(5.3%)
Insulin 22(5.3%) 2(4.9%) 12(5.6%) 6(5.8%) 2(3.5%)
Dyslipidemia (1) 294(70.7%) 34(82.9%) 159(74.0%) 74(71.84%) 27(47.4%) <0.001
Hypertension (n) 338(81.3%) 35(85.4%) 174(80.9%) 83(80.6%) 46(80.7%) 0.916
Family history of MI (1) 65(15.6%) 7(17.1%) 33(15.4%) 18(17.5%) 7(12.3%) 0.843
old Ml (n) 48(11.5%) 1(2.4%) 33(15.4%) 4(3.9%) 10(15.7%) 0.049
Prior PCI (n) 48(11.5%) 3(7.3%) 28(11.6%) 4(3.9%) 4(7.0%) 0.055
Prior CABG (1) 2(0.5%) 0 2(0.9%) 0 0 0.598
Prior stroke (1) 52(12.5%) 5(12.2%) 22(10.2%) 14(13.6%) 11(19.3%) 0.316
Hemodialysis (1) 10(2.40%) 1(2.4%) 4(1.9%) 2(1.9%) 3(5.3%) 0.664
DM 5(1.2%) 1(2.4%) 2(0.9%) 1(0.9%) 1(1.8%) 0.721
Non-DM 5(1.2%) 0 2(0.9%) 1(0.9%) 2(1.8%)
Hemoglobin (mg/dL) 143 (12.9-15.7) 14.6 (13.1-16.1) 144 (12.9-15.7) 144 (13.3-15.8) 13.7 (12-14.8) 0.050
Total cholesterol (mg/dL) 189(160-222.3) 200.5(175.3-230.8)  184(159-219) 195.5 (161-225.3) 178(157-206) 0.089
Triglyceride (mg/dL) 87(53-145) 120(91-161) 86(51-155) 81 5 (54.5-137.3) 65(46-106) 0.001
Serum Cr (mg/dL) 0.9(0.7-1.1) 0.8 (0.7-1) 0.9(0.8-1.2) 8(0.7-1.0) 0.8(0.7-1.4) 0.009
eGFR (ml/min/1.73 m2) 64.6 (50.0-79.2) 66.8 (52.9-85.8) 61.4(47.5-74.7) 70 0(59.4-81.5) 65.4 (35.5-81.3) 0.004
BNP (pg/ml) 73(24.6-232) 89.6 (23.4-337) 52.5(18.1-178.7) 107.6 (32.8-235.9) 89.9 (30.8-423) 0.006

EMS, emergency medical service; PCI, percutaneous coronary intervention; DM, diabetes mellitus; MI, myocardial infarction; CABG,

eGFR, estimated glomerular filtration

rate; BNP, brain natriuretic peptide.

coronary artery bypass grafting;

Table 2
Clinical status on arrival.
All Group 1 Group 2 Group 3 Group 4 p-Value
(n=416) Self to PCI EMS to PCI Self to non-PCI EMS to non-PCI
(n=41) (n=215) (n=103) (n=57)
Symptom at onset (n)
Chest pain 348(83.7%) 38(92.7%) ]68 (78.1%) 98(95.1%) 44(77.2%) <0.001
Syncope/disturbed consciousness 24(5.8%) 0 21(9.8%) 1(0.9%) 2(3.5%) 0.003
Dyspnea 22(5.3%) 2(4.9%) 13(6.1%) 0 7(12.28%) 0.009
Nausea/vomiting 16(3.8%) 1(2.4%) 10(4.7%) 3(2.9%) 2(3.5%) 0.836
Cardiopulmonary arrest 8(1.9%) 0 (2 8%) 0 2(3.5%) 0.218
Others 1(0.2%) 0 0 1(1.75%) 0.236
Systolic blood pressure (mmHg) 130(108.3-150)  142(120.5-162.5) 124(100-150) 138(120-160) 130(108.5-146.5) <0.001
Diastolic blood pressure (mmHg) 80(60-90) 84(71-98) 72(52-90) 80(70-94) 74(59.5-90) <0.001
Shock on arrival (n) 81(19.5%) 4(9.8%) 54(25.1%) 10(9.7%) 13(22.8%) 0.004
Heart rate (beats/min) 76(61-92) 79(64.5-93) 71(56-89) 80(70-92) 82(68.5-100.5) 0.003
Killip classification (n)
Killip I 197 (47.4%) 27(65.9%) 95(44.2%) 60(58.3%) 15(26.3%) <0.001
Killip I1 96(23.1%) 8(19.5%) 45(20.9%) 28(27.2%) 15(26.3%)
Killip 11 42(10.1%) 2(4.9%) 21(9.8%) 5(4.9%) 14 (24.6%)
Killip IV 81(19.5%) 4(9.8%) 54(25.1%) 10(9.7%) 13(22.8%)
GRACE Risk Score 165(132.3-203) 145(123.5-167.5) 170(144-209) 150(123-182) 200(163-235) <0.001

EMS, emergency medical service; PCI,

percutaneous coronary intervention.
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Fig. 3. Time from symptom onset to PCI facility door among the 4 groups. Comparison of time from symptom onset to PCI facility door (OTD) among the 4 groups is presented.
Median time from onset to first medical contact (OTF) was 60.0 min, and mean OTF was 127.6 min. Median time of onset to door (OTD) was 113.5 min and mean time was
186.5 min. Patients who achieved OTF within 30 min accounted for 28.8% of the total, within 60 min 57.4%, and within 90 min 62.7%. Group 2 had significantly shorter OTD
than the other 3 groups (p<0.01). Groups 1 and 4 had significantly shorter OTD time than Group 3 (p <0.01), but there were no significant differences between Groups 1 and
4. *“Stay in Referral Facility” in Group 4 includes the transportation time of first medical contact to referral facility.

Overall for all groups combined, median and mean OTF were
60.0(28.3-150) and 127.6 min, respectively, and median and mean
OTD were 113.5(63-228.8) and 186.5 min, respectively. A compar-
ison of OTD and the components of OTD among the 4 groups are
demonstrated in Fig. 3. The percentage of OTF relative to OTD in
Groups 1 (self to PCI), 2 (EMS to PCI), 3 (self to non-PCl), and 4
(EMS to non-PCI) was 100%, 56.7%, 62.5%, and 34.7%, respectively.
Group 2 had the shortest OTD time compared with the other groups
(p<0.01), and Groups 1 and 4 had shorter OTD time than Group
3 (p<0.01). The difference between Groups 1 and 4 was not sta-
tistically significant. This similarity is regarded as inter-hospital
transportation offset the EMS advantage in reducing the time delay
of transit to PCL

Fig. 4 shows a comparison of OTF and OTD among the 4 groups.
Groups 2 and 4 had shorter OTF than Groups 1 and 3 [38 (17-72)
and 60 (34-114)min, respectively, vs. 145 (70-256.5) and 135

* * *
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(55-290) min, respectively; p<0.01 for both]. Group 2 had the
shortest OTD compared with the other 3 groups [71 (49-108) min
vs. 145 (70-256.5) [Group 1] vs. 260 (142-433) [Groups 3],and 184
(130-256) min [Group 4]; p<0.01, respectively].

OTF time of EMS users (Groups 2 and 4) was significantly shorter
(98.5min) than self-transporters (Groups 1 and 3) (41.5min vs.
140 min; p<0.01, Fig. 5). OTD time was also significantly shorter
in these groups (84.5min vs. 222.5min, p<0.01). EMS users had
138 min shorter OTD than self-transporters. For patients with inter-
hospital transportation (Groups 3 and 4) median OTD time was 207
(130.8-349.5) min and for direct transportation patients (Groups 1
and 2) it was 75.5 (51.3-135)min (p<0.01), a median OTD time
delay of approximately 132 min. Table 3 shows a comparison of
baseline characteristics between EMS users and self-transporters.
Older age, history of myocardial infarction, and prior PCI were
significantly more frequent in EMS users. At onset of symptoms,

* * *
145 mins 71 mins 260 mins 184 mins
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600 : : -
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1 i
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0 T T T
Group 1 Group 2 Group 3 Group 4
Self to PCI EMS to PCI  Self to non-PCI EMS to non-PCI
* P<0.01

Fig. 4. Comparison of OTF and OTD among the 4 Groups. Left panel shows a comparison of onset to first medical contact (OTF) among the 4 groups. Groups 2 and 4,
i.e. EMS users, had shorter OTF time than Groups 1 and 3, i.e. the self-transporters. There were no significant differences between Groups 2 and 4, or between Groups 1 and 3.
Although the order of increase in symptom onset to PCI facility door (OTD) of the groups was similar to the order of increase in OTF of the groups (Group 3 > Group 1> Group
4> Group 2), inter-hospital transportation caused a significant delay in OTD compared with direct transportation (right panel). Thus, inter-hospital transportation resulted
in Group 2 having the shortest OTD, and Group 3 the longest OTD. PCI, percutaneous coronary intervention; EMS, emergency medical service.
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Fig. 5. Comparison of OTF and OTD in EMS users or non-EMS users with and without inter-hospital transportation. The left upper panel shows a comparison of onset to
first medical contact (OTF) time between self-transporters (Groups 1 and 3) and EMS users (Groups 2 and 4). EMS users had on 98.5 min shorter OTF than self-transporters
and the difference was statistically significant. Similarly, onset to door (OTD) was on 138 min shorter in EMS users and the difference was statistically significant (left lower
panel). The right upper panel shows a comparison of OTF time between direct transporters and inter-hospital transporters. Direct transporters had 51.5 min shorter OTF than
inter-hospital transporters and the difference was statistically significant. Similarly, OTD was 131.5 min shorter in direct transporters and the difference was statistically

significant (right lower panel). EMS, emergency medical service.

syncope and disturbed consciousness were significantly more fre-
quent in EMS users, while chest pain was significantly more
frequent in non-EMS users. Patients with severe symptoms such
as shock at onset, high Killip classification, and high GRACE Risk
Score were significantly more frequent in EMS users.

Table 4 shows the comparison of EMS users between trans-
portation to PCI facility (Group 2) and non-PCI facility (Group
4). This comparison could not show the factors that EMS crews
used to judge that STEMI patients were transported to a non-PCI
facility.

Stepwise regression analysis was performed to extract the
clinical factors associated with OTD. Gender, age, prior PCI,
hemodialysis, syncope/disturbed consciousness at onset, car-
diopulmonary arrest at onset, and shock on arrival were included
as independent variables. Prior PCI (8 —0.138, 95%CI —42.7 to —8.4,
p<0.01), syncope/disturbed consciousness at onset (8 —0.190,
95%Cl —65.9 to —21.7, p<0.01), cardiopulmonary arrest at onset
(B —0.100, 95%CI —76.3 to —1.9, p=0.03), and shock on arrival (8
—0.113,95%CI —28.6 to —2.0, p=0.02) were extracted as contribut-
ing factors to OTD.

Thirty days all-cause mortality was 8.9% of all 414 patients [4.9%
(Group 1), 13.0% (Group 2), 1.9% (Group 3), and 8.8% (Group 4);
p<0.01, respectively].

Discussion

This study suggested two factors that were significant in causing
delay in OTD time in patients with STEMI. One was patient self-
transportation without EMS use and the other was transportation
to a non-PCl facility. This suggests that EMS transportation may lose
its advantage of saving time by transporting to a non-PClI facility,
not to a PCI facility.

The American College of Cardiologists/American Heart Associa-
tion guidelines recommend that DTB for primary PCI should be less
than 90 min in STEMI [2]. In fact, however, the OTD time accounts
for the greater proportion of the total ischemic time rather than DTB
time [11,18], and sudden cardiac death due to myocardial infarc-
tion frequently occurs in the first 1-2 h after the onset of symptoms.
Therefore, shortening the OTD time is the most important factor
to reduce total ischemic time and to improve mortality of STEMI
patients. We need to eliminate the causes of delay in OTD time.

Our data showed the possibility that the EMS transporta-
tion made OTD time significantly shorter. EMS users had similar
characteristics as reported in previous studies, such as high pro-
portion of older age and a more critical condition (higher Killip
scores, low blood pressure, shock, and higher GRACE risk scores)
than self-transporters [14,15,19,20]. Patients with possible critical
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Table 3
Comparison between EMS use and patient-self transportation.
EMS use Patient-self transportation p-Value
(n=272) (n=144)
Age (years) 67(59-77) 65(54-74) 0.009
Male (n) 217(79.8%) 102(70.8%) 0.051
Old MI (n) 43(15.8%) 5(3.5%) <0.001
Prior PCI (n) 32(11.8%) 7(4.9%) 0.022
Prior CABG (n) 2(0.7%) 0 0.546
Prior stroke (n) 33(12.1%) 19(13.2%) 0.757
Hemodialysis (n) 7(2.6%) 3(2.1%) 1.0
BNP (pg/ml) 59.1 (21.6-206) 101.2 (32.1-245.9) 0.674
Symptom at onset (1)
Chest pain 212(77.9%) 136(94.4%) <0.001
Syncope/disturbed consciousness 23(8.5%) 1(0.7%) 0.001
Dyspnea 20(7.4%) 2(1.4%) 0.010
Nausea/vomiting 12(4.4%) 4(2.8%) 0.410
Cardiopulmonary arrest 8(2.9%) 0 0.055
Systolic blood pressure (mmHg) 126.5(100-149.5) 140(120-160) <0.001
Diastolic blood pressure (mmHg) 72(56-90) 80(70-95.5) <0.001
Shock on arrival (n) 67(24.6%) 14(9.7%) <0.001
Heart rate (beats/min) 75(58-91) 80(68-92) 0.050
Killip classification (n)
Killip I 110(40.4%) 87(60.4%) <0.001
Killip Il 60(22.1%) 36(25.0%)
Killip 111 35(12.9%) 7(4.9%)
Killip IV 67(24.6%) 14(9.7%)
GRACE Risk Score 176(146-219) 147(123.3-179) <0.001

EMS, emergency medical service; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; BNP, brain natriuretic peptide.

symptoms, such as syncope, disturbed consciousness and dyspnea
were frequently transported by EMS probably because bystanders
can recognize the critical situation of these patients. By contrast,
patients with chest pain as the initial symptom had a tendency not
to call EMS. This may indicate that people in general are not aware
of life-saving effects of prompt reperfusion in STEMI. On the other
hand, patients with chest pain who had experienced prior myocar-
dial infarction or prior PCI frequently used EMS. This suggests that
these patients are likely to have knowledge of STEMI because of
the prior experience of PCI. Education of the public about the natu-
ral course of STEMI and the role of primary PCI may be important.
While some reports showed that males have a higher rate of EMS

use, our data did not show a significant gender difference in EMS
use [19,21].

Patients who were transported to the PCI facility through
inter-hospital transportation who visited a non-PCI facility as the
first-visit-hospital (Groups 3 and 4), had 132 min of delay in the
OTD time compared with patients who visited a PCI facility first
(Groups 1 and 2) [20,22]. Moreover, Group 4 patients who were
transported to non-PClI facilities despite calling EMS had a similar
OTD time to Group 1 with self-transportation. This result suggests
the possibility that EMS transportation to non-PClI facility loses the
advantage of saving time by EMS. Thus, transport by EMS directly
to a PCI facility (Group 2) is regarded as an ideal pre-hospital

Table 4
Comparison between EMS users.
Group 2 Group 4 p-Value
EMS to PCI EMS to non-PCI
(n=215) (n=57)
Age (years) 66(59-76) 70(61.5-81.5) 0.1268
Male (n) 173(80.5%) 44(77.2%) 0.5479
Prior PCI (n) 28(11.6%) 4(7.0%) 0.2761
Prior CABG (n) 2(0.9%) 0 1.0000
Prior stroke (n) 22(10.2%) 11(19.3%) 0.5486
Hemodialysis (1) 4(1.9%) 3(5.3%) 0.0728
Symptom at onset (n)
Chest pain 168(78.1%) 44(77.2%) 0.1574
Syncope/disturbed consciousness 21(9.8%) 2(3.5%)
Dyspnea 13(6.1%) 7(12.3%)
Nausea/vomiting 10(4.7%) 2(3.5%)
Cardiopulmonary arrest 6(2.8%) 2(3.5%)
Others 0 1(1.8%)
Systolic blood pressure (mmHg) 124(100-150) 130(108.5-146.5) 0.6074
Diastolic blood pressure (mmHg) 72(52-90) 74(59.5-90) 0.8466
Shock on arrival (n) 54(25.1%) 13(22.8%) 0.8052
Heart rate (beats/min) 71(56-89) 82(68.5-100.5) 0.0644
Killip classification (n)
Killip I 95(44.2%) 15(26.3%) 0.5763
Killip II 45(20.9%) 15(26.3%)
Killip 111 21(9.8%) 14(24.6%)
Killip IV 54(25.1%) 13(22.8%)
GRACE Risk Score 170(144-209) 200(163-235) 0.1318

EMS, emergency medical service; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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transportation. However, Group 2 comprised only 51.7% of the total
because 34.6% of STEMI patients (Groups 1 and 3) did not use EMS
and 21.0% of patients were transported to non-PCI facilities even
though they called EMS. These results suggest the possibility that
education aimed at reduction of these errors in judgment can have
a major impact on improvement in OTD time and has a possibility
to reduce the rate of sudden cardiac death. The target population of
this education is not only the general public but also all pre-hospital
providers.

Of note, prior studies have shown controversial results on the
relationship between OTD and STEMI patients’ mortality. Some
studies failed to show an improvement in mortality despite the
shorter OTD time [4-6,14,22,23]. There is a critical bias that
EMS users would be more critical patients than non-EMS users
[4,14,22,24-27]. The other reason is that OTD time does not always
reflect total ischemic time. In some cases, occluded culprit arter-
ies may spontaneously and repeatedly recanalize and re-occlude
with changing severity of symptoms. Thus, the time from symp-
tom onset to reperfusion is not equal to the actual ischemic time.
Furthermore, it is difficult to identify with certainty the time of
symptom onset in patients with floating symptoms [4,5]. Despite
these prior paradoxical data, efforts to shorten the total ischemic
time for STEMI patients could improve overall mortality rate. To
achieve more promptand accurate triage, various novel approaches
such as pre-hospital electrocardiogram or pre-hospital troponin T
testing have been attempted and their effects reported [28-35].

There are major limitations with this study as this is a retrospec-
tive study. Since this study did not include patients with sudden
death caused by myocardial infarction before being confirmed by
emergency coronary angiography, it might cause a gap with the
real world. This study did not include the data about individual
social background, personal physicians, or family structure. These
factors might contribute to OTD. Though the initial treatment in a
non-PCI facility is thought to contribute to OTD, the present study
did not include these data. Thirty day mortality was higher in EMS
users with short OTD. The reason might come from the fact that
critical patients have shorter OTD and high frequency of EMS use.
However, it was difficult to exclude these biases statistically. The
present study is underpowered to draw the superiority of shorter
OTD because of the small sample size of 30 days death. The present
study did not include non-STEMI or unstable angina. These diseases
have different characteristics from STEMI in respect to symptom
onset or clinical course. If the present study had included these
diseases, it might have led to different results.

In conclusion, this study suggested that EMS use makes OTD
time shorter and inter-hospital transport makes it longer. Attempts
should be made to educate the general public to call the EMS
immediately when they observe the suspected symptoms of acute
coronary syndrome in a patient, and educate EMS crews to exercise
proper judgment in transporting the patients to a PCI facility.
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