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Objective: To compare the time to reperfusion between 2 referral systems,

the time-oriented transfer system with the traditional referral system.

Methods: The retrospective study of confirmed STEMI patients within 2 distinct
timeframes: May 1, 2019, to March 31, 2020, for the traditional referral system,;
and May 1, 2022, to March 31, 2023, for the time-oriented referral system.
Patients between April 1, 2020, and April 30, 2022, were excluded due to the
COVID-19 pandemic outbreak.

Results: There were 330 (42.4%) patients referred through the traditional referral
system, and 449 (57.6%) patients referred through the time-oriented referral
system. Patients in both referral systems had comparable age and sex
distributions. The Killip classification was also comparable. Patients in both
referral systems were transferred from the community hospitals within
comparable distance. The proportion of timely reperfusion was higher, and
time to reperfusion were shorter than traditional referral system with statistically
significant (median [IQR], 245 [160 - 340] and 203 [129 - 353] minutes, P < .05).

Conclusions: The new referral system can reduce total ischemic and reperfusion

time.
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Introduction

Acute ST-segment elevation myocardial infarction
(STEMI) is an emergency condition with a high risk of
death if not promptly treated with a reperfusion strategy.'
Numerous studies have highlighted the criticality of
reducing time to reperfusion in relation with lowering
mortality.”” Therefore, organizing the care of these
patients is crucial, and timely treatment is necessary.
The American College of Cardiology Foundation (ACCF)
and the American Heart Association (AHA),6 and the
European Society of Cardiology (ESC) and European
Association for Cardio-Thoracic Surgery (EACTS)’
guidelines recommend a door-to-balloon time of 120
minutes or less for STEMI patients initially arriving at
or being transported from a non-percutaneous coronary
intervention (PCI) capable hospital, as well as a door-to-
needle time of 30 minutes or less for STEMI patients who
received fibrinolytic drug. The system of care for STEMI
patients in community hospitals, including emergency and
network referral systems, plays an important role in
providing appropriate and timely treatment." However,
despite these systems, the mortality rate remains high,
and most patients still experience delayed access to
treatment. Delayed transfer of STEMI patients to the
catheterization room is associated with poor outcomes
and high mortality.” '" Shortening the treatment access
time is crucial at every stage of care for these patients.

The data transmission system is one important
factor that may help reduce the time delay for treatment. "
Time delay to reperfusion includes patient and system
delay. Patient delay refers to the time from chest pain
onset to the first medical contact (FMC) at a local
non-PCI capable hospital, while system delay includes
the delay to start fibrinolytic drugs or refer the patient to
a PCl-capable hospital for primary PCI. To reduce the
treatment access time, short and concise time intervals are
essential at every stage of care for these patients, including
from the first medical contact to electrocardiogram (ECG)
diagnosis of STEMI, initiation of fibrinolytic drugs in a

pharmaco-invasive strategy, and transfer time in a primary

PCI strategy. The method of sending treatment data by
writing letters lacks critical time-sensitive information
for each stage of treatment, which may lead to a lack of
awareness of treatment time and delays in accessing
treatment. A time-oriented transfer protocol is a transfer
protocol for referring physicians to record the time of
STEMI care at every step, from symptom onset until time
to reperfusion, ensuring that timing at every step follows
the recommendations of standard guidelines before
the patient is referred to a receiving PCI center.

This study aimed to compare the time to reperfusion
between the time-oriented transfer protocol, by sending
data via Google Forms, and the traditional method of

using written referral letters in STEMI referral systems.

|
Methods

Study Design

This retrospective cohort study was conducted at
Maharat Nakhon Ratchasima Hospital, which is responsible
for caring for STEMI patients in Nakhon Ratchasima
province. The study utilized data from the hospital’s
database, including patient registration information,
electronic medical records, and catheterization laboratory
reports for STEMI patients. The time-oriented referral
system was implemented on May 1, 2022. This system
involved a protocol where referring hospitals have to
input time-sensitive data related to STEMI patient care,
including the time of symptom onset, arrival at the FMC,
ECG recording time, diagnostic time, decision-making in
treatment strategy, fibrinolytic drug administration time
in the pharmaco-invasive strategy, and departure time

from the referring hospital.

Participants

In these pilot study, there was no sample size
calculation. This study identified all confirmed STEMI
patients within 2 distinct timeframes: May 1, 2019, to
March 31, 2020, for the traditional referral system; and
May 1, 2022, to March 31, 2023, for the time-oriented
referral system. Patients between April 1, 2020, and
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April 30, 2022, were excluded due to the COVID-19
pandemic outbreak, which could potentially interfere with
the referral system. Patients were not transferred through
the referral system, including those residing in urban areas
and those residing outside of Nakhon Ratchasima province,
were also excluded. To be eligible for inclusion in the
study, patients needed to present themselves at community
non-PCI capable hospital after the onset of symptoms and
showed evidence of acute STEMI on their 12 leads ECG,
with at least 1 mm of elevation in 2 contiguous peripheral

or precordial leads.

Ethics

This study was approved by the Institutional Review
Board of Maharat Nakhon Ratchasima Hospital, Thailand
(No. 065/2023 on June 22, 2023).

Outcomes

The primary efficacy endpoint was the time to
reperfusion, which included the time from symptom onset
to reperfusion, door-to-balloon time, and door-to-needle
time. The secondary endpoint was the clinical outcome,

including in-hospital mortality.

Statistical Analysis

Categorical variables were presented as proportions
and compared using the chi-square test or Fisher exact test.
Normally distributed continuous variables were presented
as mean and standard deviation (SD) and compared using
the Student ¢ test. Critical time intervals were presented
as median and interquartile range (IQR) and compared

using the Wilcoxon test. A multivariable binary regression

analysis was performed to adjust baseline variable to
compare the primary outcomes in the 2 groups. The clinical
endpoints were analyzed by calculating the event rates for
each study group, with a 2-sided P value of .05 considered

statistically significant.

|
Results

Among STEMI patients in this study, 330 (42.4%)
patients were referred through the traditional referral
system (mean [SD] age, 64.7 [12.0] years), and 449 (57.6%)
patients were referred through the time-oriented referral
system (mean [SD] age, 64.5 [13.0] years). The smoking
rates were also similar in both groups, with 44.8% in the
traditional referral system group and 42.4% in the time-
oriented referral system group. The rates of diabetes and
chronic kidney disease were comparable between the
2 groups, but there were fewer cases of hypertension
and dyslipidemia in the traditional referral system group.
Anterior and inferior wall myocardial infarctions were
observed equally in patients from both referral systems.
The Killip classification was the same between the 2 groups
but those who presenting with survivor post cardiac arrest
were more frequent in the traditional referral system group
(8.2% vs 2.9%, P=.001). The ischemic time delay from
symptom onset to FMC was similar in both groups, at
120 minutes. Primary PCI was performed more frequently
in the time-oriented referral system group than in the
traditional referral system group. Patients in both referral
system were transferred from the community hospitals
with the comparable distance (mean [SD], 63.0 [24.7]
and 65.2 [25.5] km, P = .23) (Table 1).

Table 1. Patient Characteristics
No. (%)
Variable Time-Oriented Refer ~ Traditional Refer P Value’
(n = 449) (n =330)
Age, mean (SD), y 64.5 (13.0) 64.7 (12.0) .83
Male 339 (75.5) 237 (71.8) 25
Smoking 201 (44.8) 140 (42.4) .52
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Table 1. Patient Characteristics (Continued)
No. (%)
Variable Time-Oriented Refer =~ Traditional Refer P Value’
(n = 449) (n =330)
Comorbidity
Diabetes mellitus 113 (25.2) 75 (22.7) 43
Hypertension 200 (44.5) 118 (35.8) .01
Dyslipidemia 90 (20.0) 43 (13.0) .01
Chronic kidney disease 22 (4.9) 19 (5.8) .60
Location of myocardial infarction
Anterior wall 201 (44.8) 153 (46.4) .66
Inferior wall 219 (48.8) 167 (50.6) .61
Killip classification
I 267 (59.5) 187 (56.7) 43
I 81 (18.0) 49 (14.8) 24
11T 33(7.4) 24 (7.3) 97
v 71 (15.8) 70 (21.2) .05
Post cardiac arrest survivor 13 (2.9) 27 (8.2) .001
Left ventricular ejection fraction, mean (SD), % 48.4 (13.9) 51.3(13.8) .03
Time delay to FMC, median (IQR), min 120 (60 - 240) 120 (60 - 223) .64
Distance from referred hospital, mean (SD), km 63.0 (24.7) 65.2 (25.5) 23
Patients referred > 60 km 201 (44.8) 154 (46.7) .60
Length of stay, median (IQR), d 212-4) 2(2-4) 1.00
Primary PCI 296 (65.9) 168 (50.9) <.001

Abbreviations: FMC, first medical contact; IQR, interquartile range; PCI, percutaneous coronary intervention; SD, standard deviation.

" The statistical significance was determined at P < .05.

The angiographic outcomes, including the culprit
vessel and thrombolysis in myocardial infarction (TIMI)
flow were comparable between the 2 groups of the referral
system, but there were more cases of triple vessel disease
(TVD) in the time-oriented referral system group than in
the traditional referral system group (Table 2).

The rates of the primary outcome, time to reperfusion,
including the total ischemic time from onset to reperfusion,
door-to-needle time, and door-to-balloon time (Table 3).

The total ischemic time was longer in the traditional
referral system group than in the time-oriented referral
system group (median [IQR], 245 [160 - 340] and
203 [129 - 353] minutes, P < .05). Both the median

door-to-balloon time and door-to-needle time were
shorter in the time-oriented referral system group than
in the traditional referral system group, with statistically
significant. The time to reperfusion, door-to-balloon time,
and door-to-needle time were determined (Figure 1).
The clinical outcome, in-hospital mortality was 9.1%
equally in both the traditional referral system group and
the time-oriented referral system group. After adjusted
baseline variables included age, sex, comorbidity, smoking,
location of myocardial infarction, number of coronary
vessel diseases, culprit vessel, and Killip classification
by multivariable binary regression model, there was no

statistically significant (Table 4).
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Table 2. Result of Coronary Angiography

No. (%)
Variable Time-Oriented Refer  Traditional Refer P Value’
(n = 449) (n =330)
Number of vessels
Single vessel disease 198 (44.3) 168 (51.1)
Double vessel disease 120 (26.8) 95 (28.8) .02
Triple vessel disease 129 (28.9) 66 (20.1)
Left main 39 (8.7) 21(6.4) 23
Culprit vessel
Left anterior descending 193 (43.0) 140 (42.4)
Right coronary artery 200 (44.5) 146 (44.2)
Left coronary circumflex 37 (8.2) 31(9.4) -
Left main 19 (4.2) 13 (3.9)
TIMI O - 1 at Ist angiography 242 (53.9) 159 (48.2) 24
Fail PCI 8(1.8) 7(2.1) 48
Abbreviations: TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention.
" The statistical significance was determined at P < .05.
Table 3. Time to Revascularization
Time-Oriented Refer Traditional Refer .
Variable (n = 449) (n = 330) P Value
Total ischemic time, median (IQR), min 203 (129 - 353) 245 (160 - 340) <.001
Time to revascularization
Door-to-needle time, median (IQR), min 20.5 (10 - 35) 40 (29 - 60) <.001
Door-to-balloon time, median (IQR), min 122.5 (90 - 156) 168 (140.5 - 216.5) <.001
Proportion of timely reperfusion
Door-to-needle time, 110/153 (71.9) 51/162 (31.5) <.001
No. of events/No. of patients (%)
Door-to-balloon time, 144/296 (48.6) 19/168 (11.3) <.001
No. of events/No. of patients (%)
Combine, No. (%) 254 (56.6) 70 (21.2) <.001

Abbreviation: IQR, interquartile range.

" The statistical significance was determined at P < .05.
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Figure 1. Time from Chest Pain Onset to Reperfusion, Door-to-Balloon Time, and Door-to-Needle Time Between

2 Referral Systems
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245 (160 - 340) vs 203 (129 - 353), P < .001

A) Chest Pain Onset to Reperfusion

168 (140.5 - 216.5) vs 122.5 (90 - 156), P < .001

B) Door-to-Balloon Time

40 (29 - 60) vs 20.5 (10 - 35), P < .001

C) Door-to-Needle Time

Table 4. In-Hospital Mortality
No. (%)
Crude RR P Adjusted RR P
Variable Time-Oriented Refer Traditional Refer . - .
(95% CI) Value (95% CI) Value
(n = 449) (n =330)
In-hospital mortality 41(9.1) 30(9.1) 1.00 (0.86-1.16) .99 0.96(0.70-1.32) .81
Cardiovascular death ~ 32(7.1) 26(7.9) 0.90(0.55-1.49) .69 1.00(037-2.67) .99

Abbreviations: CI, confidence interval; RR, relative risk.

" The statistical significance was determined at P < .05.

" Adjusted age group, sex, comorbidity, smoking, location of infarction, Killip classification, survival post cardiac arrest,

left ventricular ejection fraction, culprit lesion, number of vessel disease, left main involvement, time to first medical

contact and total ischemic time.

Discussion

The implementation of a time-oriented referral system
significantly reduced the total ischemic time and time
to reperfusion for STEMI patients transferred from
local network hospitals. This reduction was mainly
attributed to the shorter system delay within the hospital,
specifically the door-to-balloon time and door-to-
needle time. The key to this success may lie in with
well-established data recording and sending system with

a time-oriented protocol that ensures a shorter time to

reperfusion and transfer time to the referral hospital while
also facilitating early activation of the catheterization
laboratory.

Studies such as the Danish Trial in Acute Myocardial
Infarction-2 (DANAMI-2) have reported that shorter
system delays are associated with reduced absolute
mortality.” Although there was a significant reduction in
total ischemic time and time to reperfusion, this study did
not find a significant difference in the rate of in-hospital
mortality between the 2 groups that may be a small

number of populations. However, a recent study on
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in-hospital mortality reported that death rates have
remained constant despite significant improvements in
door-to-balloon time for patients receiving primary PCI
for STEMI. This suggests that additional strategies are
needed to reduce in-hospital mortality in this patient
population." Increased focus on the total healthcare
system delay may optimize the management of patients
with STEMI and be the key to further improving
survival rates. A network system approach to transfer
STEMI patients can achieve sustained over years."
Implementing a time-oriented referral system for STEMI
patients may help improve overall care and outcomes.
However, further studies are needed to explore the
potential benefits of improving patient outcomes,
cost-effectiveness, and the feasibility of implementing
such a system on a larger scale.”

When comparing our result of door-to-balloon time
with those in South Korea, median door-to-balloon time
of patients in time-oriented referral system was longer
(122.5 vs 60 minutes)."®

For future improvements in the time-oriented referral
system, online source of patient transport information
endeavors to create a mobile application. This application
will include data of patient identity, current vital signs,
timing of care in each step, laboratory data, and imaging
data (such as ECG, x-ray, and echocardiogram [ECHO]
examination) from the local hospital. Combined with
a telemedicine via a mobile phone, this will facilitate

real-time communication among physicians and include
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