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Effect of percutaneous coronary 
intervention team prenotification 
based on real time electrocardiogram 
transmission in interhospital transfer 
of ST elevation myocardial infarction 
patients: pilot trial of Preparing 
Revascularization Effort before 
Patients’ Arrival via Regionalization 
Engagement protocol
Man Soo Jung, Yong Won Kim, Sanghun Lee, Jun Seok Seo,  
Jeong Hun Lee, Seung Chul Lee, Han Ho Do
Department of Emergency Medicine, Dongguk University Ilsan Hospital, Dongguk University College of 
Medicine, Goyang, Korea

Objective Prompt reperfusion is important for patients with ST elevation myocardial infarction 
(STEMI). However, patients often require interhospital transfer for percutaneous coronary inter-
vention (PCI) because not all hospitals can provide. The purpose of this study is to reduce the PCI 
delay using a regionalization protocol in patients with STEMI following transfer from another 
hospital lacking PCI facility.

Methods We established a revascularization protocol designated as Preparing Revascularization 
Effort before Patients’ Arrival via Regionalization Engagement (PREPARE) for the STEMI patients 
transferred from an outside regional hospital. The protocol included immediate referral accep-
tance by an emergency physician, real-time electrocardiogram sharing via mobile phone and 
early activation of the PCI team. We analyzed the differences between the PREPARE and the 
non-PREPARE groups.

Results In the PREPARE group, the median time from the first hospital visit to the ballooning 
procedure via PCI at the receiving facility (D1-to-B time) was 111.0 (interquartile range 97.0–
130.0) minutes, which was significantly shorter than in the non-PREPARE group 134.0 (inter-
quartile range 115.0–182.0) minutes. The proportion of D1-to-B time within 120 minutes was 
30.4% in the group and 60.0% in the PREPARE group, which represents a significant difference 
(P=0.004). Multivariate logistic regression analysis revealed that patient transfer via PREPARE 
protocol (odds ratio, 3.399; 95% confidence interval, 1.150–10.050, P=0.027) was related to 
adequate D1-to-B time. No statistically significant differences were found in the hospital length 
of stay or major adverse cardiac events within 4 weeks. 

Conclusion The PREPARE protocol is an effective strategy to reduce the time to revasculariza-
tion of the transferred STEMI patients.

Keywords ST elevation myocardial infarction; Percutaneous coronary intervention; Referral and 
consultation
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INTRODUCTION

Acute myocardial infarction is one of the most common causes 
of death in adults globally, and accounts for approximately 5% of 
all deaths in South Korea.1,2 Revascularization of coronary arteries 
is important to increase the survival rate of patients with myo-
cardial infarction. Especially, in patients with ST elevation myo-
cardial infarction (STEMI), the shorter the time to reperfusion, the 
higher is the patient’s survival.3 The American College of Cardiol-
ogy and the American Heart Association (AHA) guidelines recom-
mend rapid percutaneous coronary intervention (PCI) of all STEMI 
patients. In PCI-capable hospitals, the recommended door-to-
balloon time is less than 90 minutes, and in a non-PCI-capable 
hospital, the recommended time for the first door-to-balloon 
(D1-to-B) time starting from the visit at the initial referral hospi-
tal to reperfusion is less than 120 minutes.4 
 The expansion of PCI facilities by the Korean government and 
related institutions has decreased the time required for coronary 
reperfusion therapy.5-9 

 As a result, 95.7% of STEMI patients admitted to regional car-
diovascular centers during 2011 achieved PCI within 90 minutes.10 
However, more than half of STEMI patients are referred to PCI af-
ter visiting the emergency department of a non-PCI capable hos-
pital first.11 According to Kim et al.12 and Park et al.,13 60.9% of 
STEMI patients visit non-PCI capable hospitals initially and are 
subsequently transferred to hospitals with a PCI facility, and the 
D1-to-B time of 120 minutes was observed only in 29.3% of 
such STEMI cases.
 Due to growing awareness of the need to reduce the D1-to-B 
time of the referred STEMI patients significantly, efforts to further 
shorten the revascularization time of acute myocardial infarction 
patients are ongoing. The delay in D1-to-B time in South Korea is 
primarily attributed to geographical factors and the procedures 
for acceptance and admission to PCI-capable hospitals.14,15 To the 

What is already known
Remarkable shortening in intra-hospital time to reperfusion therapy in ST elevation myocardial infarction (STEMI) was 
observed in patients in South Korea over the years. However, more than half of STEMI patients are referred from outside 
hospitals because they visited non-percutaneous coronary intervention (non-PCI) capable facility first. 

What is new in the current study
An inter-hospital transfer strategy (PREPARE, Preparing Revascularization Effort before Patients’ Arrival via Regional-
ization Engagement) reduced the time required for reperfusion of STEMI patients transferred from non-PCI capable 
hospitals. It would be useful to reduce the reperfusion time in this way in facilities where the PCI team cannot be oper-
ated 24 hours a day.

best of the authors’ knowledge, no domestic localization strate-
gies or effects have been reported to overcome these limitations. 
Therefore, the authors designed a strategy known as Preparing 
Revascularization Effort before Patients’ Arrival via Regionaliza-
tion Engagement (PREPARE) to reduce the reperfusion time for 
the transfer of STEMI patients from non-PCI capable hospitals. 
This study is a pilot trial to reveal the effectiveness of reducing 
the D1-to-B time and outcomes via PREPARE protocols.

METHODS

Study design and hospital setting 
This single center retrospective observational study was conduct-
ed with STEMI patients who were referred for PCI between March 
2011 and February 2016. Patients were excluded if they had two 
or more interhospital transfers or were transferred more than 15 
km away from the hospital or used a private vehicle for transport 
or refused PCI. 
 The authors’ hospital is a tertiary university hospital located in 
Goyang, northwest of Gyeonggi province, and the PCI facility was 
always available to the team. Five hospitals equipped with PCI 
facilities were located within a 15-km radius of the hospital. Such 
hospitals are responsible for the treatment of cardiovascular emer-
gencies in nearly 2-million civilians of Goyang, Paju, and Gimpo. 
Due to the absence of PCI-capable hospitals in Paju and their lo-
cation in the northern region of South Korea, most STEMI pa-
tients are transferred to the authors’ hospital. The authors imple-
mented a PREPARE strategy to reduce the transfer time of STEMI 
patients in conjunction with an emergency medical center locat-
ed in Paju, which was located at a distance of 10 km from the 
authors’ hospital. We have not informed other institutions about 
the PREPARE strategy and therefore, they did not use the strategy 
during the study period.
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Regionalization protocol: PREPARE
The authors’ protocols for localization strategies in hospitals were 
as follows based on steps 3, 4, and 7 conforming to Bradley’s six 
guidelines to reduce PCI time.16

 First, the referral hospital emergency physician (EP1) confirms 
the results of a 12-lead electrocardiogram within 10 minutes of 
patient arrival. Second, if STEMI is suspected, the EP1 immediate-
ly contacts the emergency physician (EP2) in the authors’ hospital 
via a hot line. Third, EP1 sends electrocardiogram images to EP2 
via mobile phone short message service pending transfer request. 
Fourth, acceptance of STEMI patients is determined by EP2 im-
mediately. Fifth, after acceptance of transfer, EP2 shares the elec-
trocardiogram received with the cardiologist and determines the 
PCI team activation. Sixth, PCI teams are fully activated following 
a single contact from the emergency department. Seventh, EP1, 
EP2, and cardiologist exchange feedback based on the treatment 
results available online within 48 hours.

Study variables
Clinical data obtained from electronic medical records included 
the following parameters: age, sex, hypertension, dyslipidemia, 
current smoking, familial history, previous myocardial infarction, 
previous stroke, height, weight, initial heart rate, initial systolic 
blood pressure, Killip class, time segment of door-to-balloon, and 
outcomes. 
 The time segment from the first hospital visit to the reperfu-
sion treatment was defined as follows: Length of stay in the re-
ferring hospital (D1LOS) means patient’s stay in the first hospital. 
Interhospital transport (D1-to-D2) time is the time required for 
transport between hospitals. Door-to-balloon (D2-to-B) time in-
dicates the time taken from arrival at the referred hospital until 
reperfusion. D1-to-B time means the time taken from arrival at 
the first referral hospital until reperfusion.
 We defined on-duty time as the hours from 8 a.m. to 6 p.m. on 
weekdays when PCI team were on standby at the hospital. Other-
wise night and holiday when PCI teams were activated within 30 
minutes on-call were defined as on-call time. We defined ade-
quate D1-to-B time if the D1-to-B time was within 120 minutes 
per AHA guidelines.4 The primary outcome of our analysis was 
adequate D1-to-B time. The secondary outcome was length of 
hospital stay, intensive care unit length of stay, and incidence of 
major adverse cardiac events within 4 weeks, such as cardiac ar-
rest, recurrent myocardial infarction, or death. 
 The patients were divided into two groups. The PREPARE group 
included patients who were transferred via PREPARE protocol and 
the non-PREPARE group included patients who were transferred 
via conventional methods.

Statistical analysis
We compared the study variables of the PREPARE and the non-
PREPARE groups. Continuous variables were presented as median 
values (interquartile range) and compared by Mann-Whitney test. 
Nominal data were calculated as percentages based on the fre-
quency of occurrence and compared using chi-square or Fisher 
exact test, as appropriate. Multivariate logistic regression was 
used to correlate single variables with adequate D1-to-B time. 
The resulting odds ratios (ORs) were presented with 95% confi-
dence intervals (CIs). A two-sided P-value less than 0.05 was con-
sidered statistically significant. Analysis was performed using IBM 
SPSS Statistic ver. 24.0 (IBM Corp., Armonk, NY, USA).

Ethics statement
This study was approved by the institutional review board of Dong-
guk University Ilsan Hospital, Dongguk University (DUIH2017-11-
007). Informed consent was waived by the board.

RESULTS

Patient demographics 
During the study period, 107 STEMI patients were transferred to 
our institution for PCI from other non-capable PCI hospitals. Among 
them, six patients were excluded due to interhospital transport 
across distances greater than 15 km, two patients were excluded 
due to two or more interhospital transfers, two patients were ex-
cluded due to the use of private vehicles and not an ambulance 
for transport, and one patient was excluded because they de-
clined PCI. Finally, 96 patients were enrolled in the study (Fig. 1). 
Fifty (52.1%) and 46 (47.9%) patients were enrolled in PREPARE 
and non-PREPARE groups, respectively. The PREPARE group was 
younger (58 years [49–71] vs. 73 years [56–80], P=0.029), com-
prised a higher percentage of male patients (80% vs. 56.5%, 
0.016), and were taller (166.0 cm [161.0–171.0] vs. 163.0 cm 
[153.0–169.0], P=0.032) than those in the non-PREPARE group. 
There were no other significant differences in general character-
istics between the two groups (Table 1).

Time segment required for coronary reperfusion
In the time segment required for revasculization, the D1LOS (20.0 
[12.0–30.0] vs. 36.0 [23.0–52.0], P=0.001) and D1-to-B (111.0 
[97.0–130.0] vs. 134.0 [115.0–182.0], P<0.001), were shorter in 
the PREPARE group than in the non-PREPARE groups. Adequate 
D1-to-B time (60.0% vs. 30.4%, P=0.004) was higher in the PRE-
PARE group than in the non-PREPARE group (Table 2). 
 Multivariate logistic regression analysis revealed that on-call 
time (OR, 0.287; 95% CI, 0.102–0.805; P=0.018) was negatively 
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Fig. 1. Flow chart of the patient enrollment. STEMI, ST elevation myo-
cardial infarction; PCI, percutaneous coronary intervention; PREPARE, 
Preparing Revascularization Effort before Patients’ Arrival via Regional-
ization Engagement.

107 Interhospital transferred STEMI 
patients for PCI

6 Exclusions: more over 15 km 
interhospital transport

2 Exclusions: used private  
vehicle for transport

2 Exclusions: two or more 
interhospital transport

1 Exclusion: denied PCI

50 PREPARE 46 Non-PREPARE

96 Enrolled patients

Table 1. General characteristics

Parameter Total (n=96) Non-PREPARE group (n=46) PREPARE group (n=50) P-value

Age (yr) 64 (52–77) 73 (56–80) 58 (49–71) 0.029
Sex, male 66 (31.2) 26 (56.5) 40 (80.0) 0.016
Height (cm) 165.0 (158.0–170.5) 163.0 (153.0–169.0) 166.0 (161.0–171.0) 0.032
Weight (kg) 64.0 (57.0–72.0) 62.0 (55.0–71.0) 69.0 (60.0–75.0) 0.051
Diabetes 38 (39.6) 16 (34.8) 22 (44.0) 0.407
Hypertension 46 (47.9) 25 (54.3) 21 (42.0) 0.307
Dyslipidemia 36 (37.5) 15 (32.6) 21 (42.0) 0.402
Current smoking 53 (55.2) 22 (47.8) 31 (62.0) 0.218
Familial history of AMI 6 (6.2) 3 (6.5) 3 (6.0) 1.000
Previous myocardial infarction 3 (3.1) 1 (2.2) 2 (4.0) 1.000
Previous stroke 5 (5.2) 4 (8.7) 1 (2.0) 1.000
Initial SBP (mmHg) 130 (107–152) 127 (109–160) 131 (104–144) 0.213
Initial heart rate (beat/min) 84 (73–96) 83 (72–96) 85 (73–95) 0.897
Killip class 1 (1–3) 1 (1–3) 1 (1–3) 0.729
Arrived during on-call time 58 (60.4) 27 (58.7) 31 (62.0) 0.835

Values are presented as median (interquartile range) or number (%). 
PREPARE, Preparing Revascularization Effort before Patients’ Arrival via Regionalization Engagement; AMI, acute myocardial infarction; SBP, systolic blood pressure. 

Table 2. Comparison of time segment required for coronary reperfusion between PREPARE and non-PREPARE groups

Parameters Total (n=96) Non-PREPARE group (n=46) PREPARE group (n=50) P-value

D1LOS (min) 27.0 (15.0–43.0) 36.0 (23.0–52.0) 20.0 (12.0–30.0) 0.001
D1-to-D2 time (min) 22.0 (18.0–27.5) 22.0 (17.0–30.0) 21.0 (18.0–25.0) 0.252
D2-to-B time (min) 73.0 (59.0–86.5) 75.0 (61.0–88.0) 71.0 (55.0–79.0) 0.068
D1-to-B time (min) 124.0 (102.0–151.0) 134.0 (115.0–182.0) 111.0 (97.0–130.0) <0.001
Adequate D1-to-B time 44 (45.8) 14 (30.4) 30 (60.0) 0.004

Values are presented as median (interquartile range) or number (%). 
PREPARE, Preparing Revascularization Effort before Patients’ Arrival via Regionalization Engagement; D1LOS, length of stay in the referring hospital; D1-to-D2 time, inter-
hospital transport time; D2-to-B time, the time taken from arrival at the referred hospital until reperfusion; D1-to-B time, the time taken from arrival at the first referral 
hospital until reperfusion.

Table 3. Multivariate analysis of factors related to adequate D1-to-B 
time

Variable Odds ratio 95% CI P-value

Age (yr) 1.017 0.972–1.064 0.464

Sex, male 1.626 0.258–10.229 0.605

Height (cm) 0.958 0.858–1.107 0.455

Weight (kg) 1.058 0.992–1.127 0.085

Diabetes 0.905 0.313–2.168 0.854

Hypertension 0.969 0.286–3.285 0.960

Dyslipidemia 1.729 0.567–5.275 0.336

Current smoking 1.328 0.337–5.233 0.685

Initial SBP (mmHg) 0.987 0.970–1.004 0.121

Initial heart rate (beat/min) 1.016 0.993–1.039 0.173

Killip class 1.368 0.863–2.167 0.182

Arrived during on-call time 0.287 0.102–0.805 0.018

Transferred via PREPARE protocol 3.399 1.150–10.050 0.027

D1-to-B time, the time taken from arrival at the first referral hospital until re-
perfusion; CI, confidence interval; SBP, systolic blood pressure; PREPARE, Prepar-
ing Revascularization Effort before Patients’ Arrival via Regionalization Engage-
ment.
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Table 5. Clinical outcomes

Outcome Total (n=96) Non-PREPARE group (n=46) PREPARE group (n=50) P-value

Length of stay (day) 6.0 (5.0–8.0) 6.0 (5.0–8.0) 6.0 (5.0–8.0) 0.570

ICU length of stay (day)  2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.271

MACE within 4 weeks 21 (21.9) 11 (22.0) 10 (21.7) 1.000

Cardiac arrest 15 (15.6) 7 (14.0) 8 (17.4) 0.780

Recurrent myocardial infarction 2 (2.1) 1 (2.0) 1 (2.2) 1.000

Death 13 (13.5) 6 (12.0) 7 (15.2) 0.768

Values are presented as median (interquartile range) or number (%). 
PREPARE, Preparing Revascularization Effort before Patients’ Arrival via Regionalization Engagement; ICU, intensive care unit; MACE, major adverse cardiac event.

Table 4. Analysis of time segments required for reperfusion according to duty of percutaneous coronary intervention team

Parameter

On-duty On-call

Non-PREPARE group 
(n=20)

PREPARE group  
(n=21)

P-value
Non-PREPARE group 

(n=26)
PREPARE group  

(n=29)
P-value

D1LOS (min) 36.0 (17.0–39.5) 16.0 (12.5–31.5) 0.160 36.0 (27.0–57.0) 21.0 (13.0–28.5) 0.002

D1-to-D2 time (min) 22.0 (15.0–29.5) 23.0 (20.0–25.0) 0.834 22.0 (17.0–29.0) 20.0 (18.0–23.0) 0.304

D2-to-B time (min) 63.0 (49.5–68.5) 55.0 (47.5–65.0) 0.464 80.0 (72.0–94.5) 74.0 (69.5–86.5) 0.099

D1-to-B time (min) 119.0 (99.0–154.5) 98.0 (84.5–125.0) 0.071 146.0 (127.5–182.0) 115.0 (102.0–134.0) <0.001

Values are presented as median (interquartile range). 
PREPARE, Preparing Revascularization Effort before Patients’ Arrival via Regionalization Engagement; D1LOS, length of stay in the referring hospital; D1-to-D2 time, inter-
hospital transport time; D2-to-B time, the time taken from arrival at the referred hospital until reperfusion; D1-to-B time, the time taken from arrival at the first referral 
hospital until reperfusion.

correlated with adequate D1-to-B time, and transfer via PREPARE 
protocol (OR, 3.399; 95% CI, 1.150–10.050; P=0.027) was relat-
ed to adequate D1-to-B time (Table 3). 

Comparison of time segment between on-duty time and 
on-call time
Compared with on-call time, D1LOS (21.0 [13.0–28.5] vs. 36.0 
[27.0–57.0], P=0.002) and D1-to-B times (115.0 [102.0–134.0] 
vs. 146.0 [127.5–182.0], P<0.001) were shorter in the PREPARE 
group than in the non-PREPARE group. No significant difference 
was detected in the time to revascularization between the two 
groups with on-duty time (Table 4).

Prognosis 
There were no significant differences in clinical outcomes such as 
hospital day, duration of intensive care unit stay, major adverse 
cardiac events, events of cardiac arrest, and mortality between 
non-PREPARE and PREPARE groups (Table 5).

DISCUSSION

In STEMI patients, the hospital mortality rate was 3.0% following 
reperfusion within 90 minutes of hospital visit; However, the mor-
tality rate increased to 4.2% and 7.4% whenever the revascular-
ization time was delayed from 91 to 150 minutes and 150 min-

utes, respectively.17 Another study found that every 30 minutes of 
PCI delay from the onset of the symptoms increased the risk of 
one-year mortality by 7.5%.18  On the basis of these reports, many 
health organizations and societies have recommended rapid re-
perfusion therapy for STEMI patients, which have greatly affected 
the ability of hospitals to meet the rapid reperfusion treatment 
requirement.19-21 
 According to the current treatment data available for STEMI 
patients in South Korea, the D2-to-B times less than 90 minutes 
at the regional PCI center were 85.9% in 2008, and 95.7% in 
2011.10 Similarly, a remarkable shortening in time to reperfusion 
therapy in STEMI was observed in patients in South Korea over 
the years.
 In the case of a transferred STEMI patient, however, the results 
have not been not satisfactory. According to Korea Acute Myo-
cardial Infarction Registry (KAMIR) statistics, 60.9% of STEMI pa-
tients first visit hospitals where PCI is not available.12 A similar 
trend has been detected internationally, and in general, about 
half of STEMI patients visit hospitals initially where PCI is not avail-
able.22,23 

 The AHA recommends a D1-to-B time of less than 120 minutes 
from the initial visit to a non-PCI facility to a PCI after transfer.4  

Vora et al.24 analyzed the Acute Coronary Treatment and Inter-
vention Outcomes Network Registry-Get With the Guidelines da-
tabase containing 22,481 registered cases obtained from 1,771 
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STEMI reference centers between 2008 and 2012, and reported 
that the D1-to-B time within 120 minutes of the transfer in pa-
tients who had primary PCI was 42.6%. 
 Unfortunately, according to Park et al.,13 the D1-to-B time with-
in 120 minutes was only 29.3% among locally transferred STEMI 
patients between 2007 and 2012 in South Korea. Sim et al.25 ana-
lyzed the 2005-2011 KAMIR data and reported that the median 
D2-to-B time of the transferred STEMI patients in South Korea 
was 78 minutes at STEMI-receiving hospitals, wher eas the D1-to-B 
time within 120 minutes was only 26.1%. 
 Similar distributions were identified in this study; the D1-to-B 
time within 120 minutes was only achieved by 30.4% in the non-
PREPARE group, which was not exposed to the regionalization 
strategy. In a report analyzing KAMIR data of 8,040 domestic pa-
tients undergoing primary PCI from 2008 to 2011, Kim et al. ar-
gued that in order to reduce the total ischemic time, in addition 
to shortening the D2-to-B time at the hospital providing the treat-
ment, new strategies are needed at the pre-hospital stage.26

 In South Korea, the effects of the localization strategy to short-
en the D1-to-B time have yet to be reported. We have shown 
that the time to revascularization of the transferred STEMI pa-
tients was reduced using the PREPARE protocol, which signifi-
cantly demonstrates the effectiveness of the localization strategy 
domestically, for the first time. In this study, the D1-to-B time of 
the transferred STEMI patients using the PREPARE protocol with-
in 120 minutes was 60.0%, which was significantly different 
from the 30.4% in the non-PREPARE group. Miedema et al.27 an-
alyzed the factors underlying the extended D1-to-B time in the 
transferred patients: based on the length of stay in the referring 
hospital, interhospital transport time and door-to-balloon time in 
the referred hospital, the findings suggest that the longest and 
the most significant delay involved D1LOS. Usually in South Ko-
rea, in order to accept transfer of patients with STEMI, the cardi-
ologist of the referred hospital might be contacted for confirma-
tion, which causes delays at several stages. In particular, if a PCI-
capable hospital is not available nearby, it is a time-consuming 
process to inquire about the transfer to multiple hospitals. In this 
study, emergency physicians accepted the requested patient trans-
fer independent of cardiologist consultation in the PREPARE group. 
In addition, even if the initial diagnosis was ambiguous, the treat-
ment method was decided after accepting the transfer first and 
sharing the electrocardiogram via short message service with the 
cardiologist during patient transportation. This process ensured 
that the transfer was not unduly delayed at the referral hospital, 
and significantly shortened the length of stay by obviating the 
need to request several hospitals for acceptance. 
 In this study, the D2-to-B time with on-call activation was 80 

minutes for the non-PREPARE groups and 74 minutes for the 
PREPARE group, similar to the average time of 76 minutes re-
quired for PCI at the STEMI-receiving hospital in South Korea.6 
 Wilson et al.28 reported a 60% to 90% improvement in perfor-
mance within 120 minutes of D1-to-B time following a regional-
ization strategy at the hospitals within a radius of 80 km of the 
Carolina Medical Center. In their study, the D2-to-B time target 
in the referred hospital was 30 minutes and the performance was 
increased from 72.3% to 93.4% after the protocol was applied. 
Holmes et al.29 also reported that the D1-to-B time decreased 
from 85 to 65 minutes during on-duty time and from 98 to 74 
minutes during on-call time following the regionalization proto-
col, when D2-to-B time was 37 minutes during on-duty time and 
29 minutes during on-call time. By contrast, the average D2-to-B 
time was 76 minutes in the STEMI-receiving hospital in South 
Korea.6 The most important factor contributing delays in D2-to-B 
time in South Korea is related to difficulties having PCI teams on 
duty 24 hours a day.30 At nights or during holidays, most of the 
PCI facilities activated the PCI team on-call after patients were 
admitted even if the transferred STEMI patients visited the hospi-
tal. Although no significant reduction was seen in our study, the 
D2-to-B time, especially during on-call times, was reduced if the 
PCI team was pre-activated during patient transfer via the PRE-
PARE protocol. A further study is needed to corroborate the results 
of the PREPARE strategy reported in this study.
 This study has a few limitations. First, this study was conduct-
ed at a single institution. Therefore, the results may not represent 
the comprehensive characteristics of domestically transferred 
STEMI patients. Second, since the transfer and treatment of pa-
tients in the PREPARE group was previously requested, the Haw-
thorne effect may have been caused by the members of the re-
ferral hospital medical members. Third, since patients requested 
by a single pre-consulted hospital were included in the PREPARE 
group, the authors’ medical staff at the hospital emergency room 
distinguished patients belonging to the PREPARE and non-PRE-
PARE groups, possibly resulting in a selection bias. Fourth, the 
study was limited to patients’ prognosis under the PREPARE pro-
tocol because the number of patients was not large enough to 
verify serious outcomes such as mortality. Finally, the study used 
only the time of the first hospital visit by patients as a variable 
because it was not easy to confirm pre-hospital factors such as 
onset of chest pain or the ambulance arrival time. 
 Application of the PREPARE protocol reduced the time required 
for reperfusion of STEMI patients transferred between the hospi-
tals. Whether the standby PCI team at the hospital or on call is a 
factor determining adequate D1-to-B time needs further analysis. 



120 www.ceemjournal.org 

PREPARE protocol

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. McKay J, Mensah GA. The atlas of heart disease and stroke. 
Geneva: World Health Organization; 2004.

2. Shin HY, Lee JY, Song J, et al. Cause-of-death statistics in the 
Republic of Korea, 2014. J Korean Med Assoc 2016;59:221-
32.

3. Cannon CP, Gibson CM, Lambrew CT, et al. Relationship of 
symptom-onset-to-balloon time and door-to-balloon time 
with mortality in patients undergoing angioplasty for acute 
myocardial infarction. JAMA 2000;283:2941-7.

4. O’Connor RE, Al Ali AS, Brady WJ, et al. Part 9: acute coronary 
syndromes: 2015 American Heart Association guidelines up-
date for cardiopulmonary resuscitation and emergency car-
diovascular care. Circulation 2015;132(18 Suppl 2):S483-500.

5. Health Insurance Review and Assessment Service. Acute myo-
cardial infarction quality assessment data 2008-2011. Seoul: 
Health Insurance Review and Assessment Service; 2012.

6. Lee DH, Seo JM, Choi JH, et al. Early experience of Busan-Ul-
san regional cardiocerebrovascular center project in the treat-
ment of ST elevation myocardial infarction. Korean J Med 2013; 
85:275-84.

7. Nam YH, Cha KS, Kim JH, et al. Reduction of door-to-balloon 
time by new performance processes in patients with ST-seg-
ment elevation myocardial infarction undergoing primary per-
cutaneous coronary intervention. Angiology 2011;62:257-64.

8. Kang KW, Kim OJ, Choi SW, et al. Effect of the six sigma pro-
tocol on the time required to get STEMI patients to reperfu-
sion therapy via PTCA. J Korean Soc Emerg Med 2010;21:429-
36.

9. Choi IK, Choi HJ, Oh SB, Kang TS. Effect of establishing an 
ECG transmission system on time required for patients with 
ST-segment elevation myocardial infarction to receive reper-
fusion therapy. J Korean Soc Emerg Med 2011;22:591-8.

10. Jeong JO. Regional Cardiocerebrovascular Center Project in 
the treatment of acute myocardial infarction. Korean J Med 
2013;85:272-4.

11. Woo SH, Yun KH, Lee MR, et al. Emergency medical service 
use among patients with acute ST-segment elevation myo-
cardial infarction in Jeonbuk province. Korean J Med 2016;90: 
507-13.

12. Kim BW, Cha KS, Park MJ, et al. The impact of transferring 

patients with ST-segment elevation myocardial infarction to 
percutaneous coronary intervention-capable hospitals on clin-
ical outcomes. Cardiol J 2016;23:289-95.

13. Park JH, Ahn KO, Shin SD, et al. The first-door-to-balloon time 
delay in STEMI patients undergoing interhospital transfer. Am 
J Emerg Med 2016;34:767-71.

14. Kim JA, Jeong JO, Ahn KT, et al. Causative factors for time de-
lays in patients with acute st-segment elevation myocardial 
infarction undergoing primary percutaneous coronary inter-
vention. Korean J Med 2010;78:586-94.

15. Ahn HM, Kim H, Lee KS, et al. Hospital arrival rate within gold-
en time and factors influencing prehospital delays among pa-
tients with acute myocardial infarction. J Korean Acad Nurs 
2016;46:804-12.

16. Bradley EH, Roumanis SA, Radford MJ, et al. Achieving door-
to-balloon times that meet quality guidelines: how do suc-
cessful hospitals do it? J Am Coll Cardiol 2005;46:1236-41.

17. McNamara RL, Wang Y, Herrin J, et al. Effect of door-to-bal-
loon time on mortality in patients with ST-segment elevation 
myocardial infarction. J Am Coll Cardiol 2006;47:2180-6.

18. De Luca G, Suryapranata H, Ottervanger JP, Antman EM. Time 
delay to treatment and mortality in primary angioplasty for 
acute myocardial infarction: every minute of delay counts. 
Circulation 2004;109:1223-5.

19. Kawakami S, Tahara Y, Noguchi T, et al. Time to reperfusion in 
ST-segment elevation myocardial infarction patients with vs. 
without pre-hospital mobile telemedicine 12-lead electrocar-
diogram transmission. Circ J 2016;80:1624-33.

20. Ting HH, Rihal CS, Gersh BJ, et al. Regional systems of care to 
optimize timeliness of reperfusion therapy for ST-elevation 
myocardial infarction: the Mayo Clinic STEMI Protocol. Circu-
lation 2007;116:729-36.

21. Fordyce CB, Al-Khalidi HR, Jollis JG, et al. Association of rapid 
care process implementation on reperfusion times across mul-
tiple ST-segment-elevation myocardial infarction networks. 
Circ Cardiovasc Interv 2017;10:e004061.

22. Hinohara TT, Al-Khalidi HR, Fordyce CB, et al. Impact of re-
gional systems of care on disparities in care among female 
and Black patients presenting with ST-segment-elevation 
myocardial infarction. J Am Heart Assoc 2017;6:e007122.

23. Jollis JG, Roettig ML, Aluko AO, et al. Implementation of a 
statewide system for coronary reperfusion for ST-segment el-
evation myocardial infarction. JAMA 2007;298:2371-80.

24. Vora AN, Holmes DN, Rokos I, et al. Fibrinolysis use among 
patients requiring interhospital transfer for ST-segment ele-
vation myocardial infarction care: a report from the US Na-
tional Cardiovascular Data Registry. JAMA Intern Med 2015; 



121Clin Exp Emerg Med 2020;7(2):114-121

Man Soo Jung, et al.

175:207-15.
25. Sim DS, Jeong MH, Ahn Y, et al. Pharmacoinvasive strategy 

versus primary percutaneous coronary intervention in patients 
with ST-segment-elevation myocardial infarction: a propen-
sity score-matched analysis. Circ Cardiovasc Interv 2016;9: 
e003508.

26. Kim HK, Jeong MH, Ahn Y, et al. Relationship between time to 
treatment and mortality among patients undergoing primary 
percutaneous coronary intervention according to Korea Acute 
Myocardial Infarction Registry. J Cardiol 2017;69:377-82.

27. Miedema MD, Newell MC, Duval S, et al. Causes of delay and 
associated mortality in patients transferred with ST-segment-
elevation myocardial infarction. Circulation 2011;124:1636-
44.

28. Wilson BH, Humphrey AD, Cedarholm JC, et al. Achieving sus-

tainable first door-to-balloon times of 90 minutes for region-
al transfer ST-segment elevation myocardial infarction. JACC 
Cardiovasc Interv 2013;6:1064-71.

29. Holmes DR Jr, Bell MR, Gersh BJ, et al. Systems of care to im-
prove timeliness of reperfusion therapy for ST-segment eleva-
tion myocardial infarction during off hours: the Mayo Clinic 
STEMI protocol. JACC Cardiovasc Interv 2008;1:88-96.

30. Department of Preventive Medicine, Chung-Ang University 
College of Medicine. New strategies of national system for 
cardiocerebrovascular disease [Internet]. Cheongju: Korea Cen-
ters for Disease Control and Prevention; 2013 [cited 2019 Sep 
14]. Available from: http://www.nih.go.kr/board.es?mid=a40
801000000&bid=0050&act=view&list_no=924&tag=&nPage 
=96.

http://www.nih.go.kr/board.es?mid=a40801000000&bid=0050&act=view&list_no=924&tag=&nPage=96
http://www.nih.go.kr/board.es?mid=a40801000000&bid=0050&act=view&list_no=924&tag=&nPage=96
http://www.nih.go.kr/board.es?mid=a40801000000&bid=0050&act=view&list_no=924&tag=&nPage=96

