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BACKGROUND Implantable cardioverter-defibrillator (ICD) implantation to prevent sudden cardiac death (SCD) in

post-myocardial infarction (MI) patients varies by geography but remains low in many regions despite guideline

recommendations.

OBJECTIVES This study aimed to characterize the care pathway of post-MI patients and understand barriers to referral

for further SCD risk stratification and management in patients meeting referral criteria.

METHODS This prospective, nonrandomized, multi-nation study included patients $18 years of age, with an acute

MI #30 days and left ventricular ejection fraction <50% #14 days post-MI. The primary endpoint was defined as the

physician’s decision to refer a patient for SCD stratification and management.

RESULTS In total, 1,491 post-MI patients were enrolled (60.2 � 12.0 years of age, 82.4% male). During the study,

26.7% (n ¼ 398) of patients met criteria for further SCD risk stratification; however, only 59.3% of those meeting

criteria (n ¼ 236; 95% CI: 54.4%-64.0%) were referred for a visit. Of patients referred for SCD risk stratification and

management, 94.9% (n ¼ 224) attended the visit of which 56.7% (n ¼127; 95% CI: 50.1%-63.0%) met ICD indication

criteria. Of patients who met ICD indication criteria, 14.2% (n ¼ 18) were implanted.

CONCLUSIONS We found that w40% of patients meeting criteria were not referred for further SCD risk stratification

and management and w85% of patients who met ICD indications did not receive a guideline-directed ICD. Physician and

patient reasons for refusing referral to SCD risk stratification and management or ICD implant varied by geography

suggesting that improvement will require both physician- and patient-focused approaches. (Improve Sudden Cardiac

Arrest [SCA] Bridge Study; NCT03715790) (JACC: Asia 2022;2:559–571) © 2022 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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T he burden of sudden cardiac death
(SCD) varies by geography but
remains a leading cause of death

worldwide.1 Multiple clinical trials have
provided evidence that implantable
cardioverter-defibrillators (ICDs) can reduce
mortality in patients at risk of SCD including
post–myocardial infarction (MI) patients
with reduced left ventricular ejection frac-
tion (LVEF).2-9 Evidence from these and
other studies has led to current clinical prac-
tice guidelines recommending ICD use for
prevention of SCD in post-MI patients with
LVEF #40%; however, use remains low in
many countries.10,11

Low ICD use despite guideline recom-

mendations and mortality benefit suggests that
barriers in the care pathway exist. Potential barriers
include cost, especially in regions with few health
care reimbursement options12,13; limited physician
awareness of guidelines thereby limiting referrals to
cardiovascular specialty services14,15; and limited
patient understanding of ICD benefits.13 Although
some efforts have been made to improve guideline-
based ICD adoption, more efforts are needed to
understand why ICD utilization remains low in
certain geographies, especially in the post-MI
setting.9

The Improve Sudden Cardiac Arrest (SCA) Bridge
study assessed the real-world care pathway for
post-MI patients and the associated barriers to
appropriate referrals for SCD risk stratification and
management in regions known to have low ICD
therapy adoption rates. Understanding the current
standard of practice for post-MI patients will enable
the development of more effective care pathways to
improve patient outcomes and mitigate SCD risk
through adherence to medical guidelines.

METHODS

STUDY DESIGN, PLANNED ENROLLMENTS, AND

ELIGIBILITY. The Improve SCA Bridge study
(NCT03715790) was a prospective, nonrandomized,
multi-site, global, post-market study conducted in
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regions where ICD use in clinically indicated patients
is low. A total of 6 protocol-defined regions were part
of the study: 1) Mainland China; 2) Indian subconti-
nent (ISC), including India and Bangladesh; 3) South
Korea; 4) Middle East, Africa, Central Asia, and
Turkey (MEACAT), including Egypt, Pakistan, Saudi
Arabia, South Africa, and Tunisia; 5) South East Asia
(SEA), including Brunei, Indonesia, Malaysia, The
Philippines, Singapore, and Thailand; and 6) Taiwan
(a full list of participating centers and investigators
can be found in Supplemental Table 1).

Upon study initiation, investigators and site clin-
ical personnel (study coordinators, nurses, etc) were
provided with informational study materials that
addressed when patients should be referred for
further SCD risk stratification and management ac-
cording to guidelines with a strong emphasis on LVEF
measurement. Investigators were encouraged to
adhere to guidelines and recommend patients with
criteria for further SCD risk stratification and
management visits. Patient informational materials
addressing the risk of SCD post-MI and potential
mitigation strategies were also made available. All
provided study and patient materials were based on
the European Society of Cardiology guidelines.11

Patient inclusion criteria were: 1) age 18 years and
older (and met age requirements per local law); 2) an
acute MI ST-segment elevation myocardial infarction
or non–ST-segment elevation myocardial infarction
#30 days before enrollment; and 3) LVEF <50%
measured #14 days post-MI. The protocol strongly
recommended following the European Society of
Cardiology guidelines for acuteMI definition.11,16 More
information regarding the inclusion criteria and a
complete overview of the exclusion criteria are
reported in Supplemental Table 2.

Follow-up visits occurred at 3, 6, and 12 months
and were performed in-person or by phone by study
investigators due to the COVID-19 pandemic. LVEF
was assessed at the 3-month follow-up, as a study
protocol requirement, and at the 6- and 12-month
follow-up exams per standard practice. If at 3-, 6-,
or 12-month follow-up the patient had an LVEF #40%
or met one of the referral criteria associated with a
higher risk of SCA (ie, sustained ventricular
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FIGURE 1 Study Cohort Flow Chart

Points at which patients were exited or continued through the study are shown along with a breakdown of when patients met referral criteria

and were referred for sudden cardiac death (SCD) risk stratification and management as well as when patients met implantable cardioverter-

defibrillator (ICD)/cardiac resynchronization therapy–defibrillator (CRT-D) implant criteria and were implanted with a device. “Lost to fol-

low-up” means the patients were not able to be followed up any longer due to lost contact with the patient. “Missed visit” means that a

patient continued in the study but missed a specific visit. “Missed patients were exited” means that a patient missed the last visit of the

study and was therefore exited at that timepoint because there were no more visits to complete after that. *Single patient could meet referral

criteria for SCD risk stratification and management at multiple visits. †Single patient could be referred for SCD risk stratification and man-

agement at multiple visits. ‡2 patients were recorded as having completed SCD risk stratification and management visits but not as having

been referred. §1 patient was recorded as having met indication criteria at multiple visits. ¶1 patient had an implant recorded at study exit.
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tachycardia, cardiac or unexplained syncope, clini-
cally significant palpitations, new-onset bundle
branch block, conduction abnormalities, or symp-
tomatic bradycardia), the patient could be referred for
SCD risk stratification and management based on the
investigator’s discretion. If patients were not
referred, the reason was collected, and referral status
was assessed at subsequent visits. During subsequent
study follow-up visits, the patients who were not
referred previously could be referred at any time if
they met referral criteria.

If the patient was referred and met the ICD/cardiac
resynchronization therapy-defibrillator (CRT-D)
implant indication (possible reasons for indication
detailed in Supplemental Table 3 as defined by the
American Heart Association/American College of
Cardiology/Heart Rhythm Society guidelines10), any
brand or model of market released ICD/CRT-D could

https://doi.org/10.1016/j.jacasi.2022.06.006


TABLE 1 Baseline Patient Characteristics by Region

Mainland China
(n ¼ 394)

ISC
(n ¼ 347)

South Korea
(n ¼ 237)

Taiwan
(n ¼ 120)

MEACAT
(n ¼ 197)

SEA
(n ¼ 196)

Overall
(N ¼ 1,491)

Age, y 63.0 � 11.5 56.4 � 11.2 64.5 � 12.1 63.0 � 11.1 57.8 � 12.0 56.8 � 11.3 60.2 � 12.0

Male 302 (76.6) 291 (83.9) 195 (82.3) 99 (82.5) 167 (84.8) 174 (88.8) 1,228 (82.4)

STEMI 257 (65.2) 236 (68.0) 147 (62.0) 68 (56.7) 132 (67.0) 145 (74.0) 985 (66.1)

LVEF 41.3 � 6.1 39.5 � 5.7 40.2 � 7.8 40.6 � 8.1 38.3 � 5.9 37.7 � 7.7 39.8 � 6.8

Time from index MI to hospital
admission, days

Mean � SD 2.1 � 3.4 0.9 � 1.7 0.5 � 1.3 0.3 � 0.6 0.4 � 1.1 0.4 � 0.7 1.0 � 2.2

Median 1.0 0.0 0.0 0.0 0.0 0.0 0.0

Min to Max -9 to 17 -1 to 11 0 - 10 0 - 4 0 - 10 0 - 4 -9 to 17

Diabetes
Type 1
Type 2

146 (37.1)
0

146 (37.1)

153 (44.1)
19 (5.5)

134 (38.6)

76 (32.1)
5 (2.1)

71 (30.0)

50 (41.7)
1 (0.8)

49 (40.8)

80 (40.6)
8 (4.1)
73 (37.1)

59 (30.1)
1 (0.5)

58 (29.6)

564 (37.8)
34 (2.3)
531 (35.6)

Hypertension 207 (52.5) 148 (42.7) 131 (55.3) 74 (61.7) 87 (44.2) 95 (48.5) 742 (49.8)

Values are mean � SD or n (%).

ISC¼ India subcontinent; LVEF¼ left ventricular ejection fraction, MEACAT¼Middle East, Africa, Central Asia, and Turkey; MI¼myocardial infarction; SEA¼ South East Asia;
STEMI ¼ ST-segment elevated myocardial infarction.
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be implanted. Reasons for implant refusal were
collected. At subsequent visits, patients were asked
whether there was a change in their device status.

STUDY OBJECTIVES AND ENDPOINTS. The primary
objective of the study was to characterize, at the
regional level, the proportion of post-acute MI pa-
tients who were referred for SCD risk stratification
and management. The primary endpoint was defined
as the physician’s decision to refer a patient for SCD
stratification and management.

Secondary objectives and related endpoints of the
study, at the regional level, were to characterize:
1) the proportion of patients indicated for an ICD/
CRT-D within 12 months post-MI; 2) the proportion
indicated patients who received an ICD/CRT-D within
12 months post-MI; 3) the referral and implant refusal
rationale of patients having met referral criteria, but
not referred and/or patients having an ICD/CRT-D
indication but who refused implant; and 4) the pro-
portion of patients who experienced cardiovascular
mortality.

STATISTICAL CONSIDERATIONS. Statistical analyses
were performed within each region and for 3-, 6-, and
12-month follow-up visits. Specifically, we computed
the proportion and Wilson score 95% CI of post-MI
patients who were referred for SCD risk stratification
and management and of patients who were indicated
for an ICD/CRT-D. A logistic regression model was
fitted across all regions to estimate the odds of being
referred for SCD risk stratification and management.
The odds were estimated depending on region,
follow-up visit, referral occurrence during COVID-19,
age, sex, having received a MI treatment (coronary
artery bypass surgery or percutaneous coronary
intervention), ST-segment elevation myocardial
infarction diagnosis, time from index MI to hospital
admission, LVEF at baseline, and referral physician
specialty.

Reasons for having refused SCD risk stratification
and management referral or ICD/CRT-D implant in
indicated patients were summarized by means of
proportions. Mortality experienced during the study
period was summarized overall and as SCD or non-
SCD for each region by means of proportions.

The time-to-event plot and cumulative incidence
plots were computed using Kaplan-Meier estimates
for the survival function and, when provided, the
log-log transformation for its corresponding
95% CIs. Analyses were provided using SAS 9.4 (SAS
Institute).

ETHICS STATEMENTS. The study was conducted in
compliance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee at
each participating site before enrollment.

RESULTS

In total, 1,491 post-MI patients were enrolled. Of
these, 1,170 had a 3-month visit, 916 had a 6-month
visit, and 887 had a 12-month visit (shown region-
ally in Supplemental Figure 1). Further, 381 (25.5%)
were exited from the study at the 3-month visit
because of LVEF $50%, 88 (5.9%) died, 75 (5.0%)
were lost to follow-up, 48 (3.2%) withdrew from the
study, 9 (0.6%) were exited from the study due to
sponsor request, and 2 (0.1%) were exited from the
study due to physician decision (Figure 1).

https://doi.org/10.1016/j.jacasi.2022.06.006


J A C C : A S I A , V O L . 2 , N O . 5 , 2 0 2 2 Zhang et al
O C T O B E R 2 0 2 2 : 5 5 9 – 5 7 1 Primary Results From Improve SCA Bridge

563
BASELINE CHARACTERISTICS. Across all regions, the
average age of the patients enrolled in the study was
60.2 � 12.0 years, 82.4% were males, 35.6% had type 2
diabetes, and 49.8% had hypertension (Table 1).

Overall, 66.1% of enrolled patients with baseline
data were patients with ST-segment elevation
myocardial infarction, particularly in SEA, where ST-
segment elevation myocardial infarction patients
accounted for 74.0% of total enrollments (Table 1).
Index MI was mostly treated with balloon angioplasty
(detailed index MI information in Supplemental
Table 4). Across all regions, most patients were
admitted to hospital within 24 hours from index MI,
except in Mainland China, where the average time
from index MI to admission was 2.1 � 3.4 days
(Table 1).

SCD RISK STRATIFICATION AND MANAGEMENT.

During the follow-up period, 26.7% of patients met
referral criteria for SCD risk stratification and man-
agement at the 3-month visit and follow-up LVEF
measure (incidence of patients meeting each criterion
shown in Supplemental Figure 2). This proportion
was higher in MEACAT (n ¼ 85 of 197, 43.1%), ISC
(n ¼ 108 of 347, 31.1%), and SEA (n ¼ 62 of 196, 31.6%)
compared to Mainland China (n ¼ 74 of 394, 19.0%),
South Korea (n ¼ 48 of 237, 20.2%), and Taiwan
(n ¼ 20 of 120, 16.7%) (Figure 2A).

The proportion of patients referred for an SCD
risk stratification and management visit overall was
59.3% (n ¼ 236 of 398; 95% CI: 54.4%-64.0%) and
was highest in Mainland China (n ¼ 67 of 75, 89.3%;
95% CI: 80.3%-94.5%), high in ISC (n ¼ 67 of 108,
62.0%; 95% CI: 52.6%-70.6%), Taiwan (n ¼ 13 of 20,
65%; 95% CI: 43.3%-81.9%), and MEACAT (n ¼ 61 of
85, 71.7%; 95% CI: 61.4%-80.2%), lower in South
Korea (n ¼ 18 of 48, 37.5%; 95% CI: 25.2%-51.6%),
and lowest in SEA (n ¼ 10 of 62, 16.1%; 95% CI:
9.0%-27.2%) (Figure 2B). After having adjusted for
the confounding effect of all other factors shown in
Table 2 as compared to Mainland China, patients
were significantly less likely to be referred if they
were from SEA (odds ratio [OR]: 0.01; 95% CI: 0.00-
0.05), South Korea (OR: 0.29; 95% CI: 0.10-0.91),
and ISC (OR: 0.36; 95% CI: 0.14-0.91). Finally, the
chance of being referred was, respectively, 89%
(P < 0.0001) and 92% (P ¼ 0.002) lower if patients
were referred by an interventional cardiologist or a
non-interventional cardiologist as compared to an
electrophysiologist (Table 2). Of the patients
referred to an SCD risk stratification and manage-
ment visit, between 89% and 100% had the visit in
all regions, except in SEA, where this proportion
was 60%.
The top reasons for the lack of a referral to an SCD
risk stratification and management visit are listed in
Table 3 with a full list in Supplemental Table 5. The
most common reasons were different for each region.
In Mainland China, it was patients deciding a referral
was not necessary (n ¼ 11, 64.7%). In ISC, it was pa-
tients being asymptomatic (n ¼ 39, 90.7%). In South
Korea and SEA, it was physician preference to
continue with medication (n ¼ 25, 62.5% and n ¼ 16,
22.5% respectively). In Taiwan, it was that the
patients did not meet the national health insurance
criteria (n ¼ 3, 42.9%). The reasons and diversity of
reasons varied by geography.

DEVICE INDICATION AND IMPLANT. Of patients who
had an SCD risk stratification and management visit,
56.7% (n ¼ 127 of 224; 95% CI: 50.1%-63.0%) met
ICD/CRT-D indication criteria with most patients
meeting criteria in ISC (n ¼ 48 of 67, 71.6%;
95% CI: 59.9%-81.0%), MEACAT (n ¼ 36 of 60, 60%;
95% CI: 47.3%-71.4%), and SEA (n ¼ 4 of 6, 66.7%;
95% CI: 30.0%-90.3%). A smaller percentage of
patients met criteria in Taiwan (n ¼ 6 of 13, 46.2%;
95% CI: 23.2%-70.8%), South Korea (n ¼ 7 of 16, 43.7%;
95% CI: 23.1%-66.8%), and Mainland China (n ¼ 26 of
62, 41.9%; 95% CI: 30.5%-54.3%) (Figure 2C).

A total of 18 patients were implanted during the
study period, with no implants occurring in SEA and 1
implant occurring in ISC and Taiwan (Figure 2D).
Overall, within 1 year from enrollment, 14.2% of
patients indicated for an ICD/CRT-D were implanted.
In all regions, most of the implants occurred within
4 months of enrollment (Figure 3).

The most common reasons for device implant
refusal despite indication are listed in Table 4 with a
full list in Supplemental Table 6. Again, refusal rea-
sons varied by geography. In Mainland China and ISC,
the most common reason was that the patient was
unable to pay for the device (n ¼ 16, 39.0% and n ¼ 41,
85.4%, respectively); in Taiwan it was that the
patients did not want to incur risks associated with
implantation (n ¼ 6, 35.3%); in MEACAT it was tied
between patients not wanting to incur risks associ-
ated with implantation (n ¼ 22, 59.5%) and patients
not believing in the benefit of ICD/CRT-D (n ¼ 22,
59.5%); and in SEA it was that patients did not believe
in the benefit of ICD/CRT-D (n ¼ 3, 60%). There were
no implant refusal reasons provided for patients in
South Korea.

CARDIOVASCULAR MORTALITY. Cardiovascular mortality
occurred for a total of 51 patients (3.4% of enrolled
patients), of whom 39 (76.5%) experienced SCD and 12
(23.5%) experienced non-SCD. None of the patients
enrolled in Taiwan experienced cardiovascular

https://doi.org/10.1016/j.jacasi.2022.06.006
https://doi.org/10.1016/j.jacasi.2022.06.006
https://doi.org/10.1016/j.jacasi.2022.06.006
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FIGURE 2 Patient Referral, Device Indication, and Implant

Continued on the next page
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TABLE 2 Odds of Being Referred for a SCD Risk Stratification and Management Visit

OR (95% CI) P Value

Region

Mainland China Reference

ISC 0.36 (0.14-0.93) 0.0351

South Korea 0.29 (0.10-0.91) 0.0332

Taiwan 1.05 (0.32-3.44) 0.9326

SEA 0.01 (0.00-0.05) <0.0001

MEACAT 0.68 (0.25-1.87) 0.4535

Referral during COVID-19

No Reference

Yes 1.45 (0.80-2.63) 0.2177

Sex

Male Reference

Female 1.86 (0.91-3.81) 0.0906

Age, 5 y increase 0.96 (0.86-1.07) 0.4237

STEMI

No Reference

Yes 1.29 (0.77-2.18) 0.3327

MI treatment (CABG or PCI)

No Reference

Yes 0.77 (0.41-1.42) 0.3968

Time from index MI to hospital admission, 1-day increase 1.13 (0.97-1.31) 0.1204

LVEF at baseline, 1% increase 1.03 (0.99-1.06) 0.1546

Specialty of referral physician

Electrophysiologist Reference

Interventional cardiologist 0.11 (0.06-0.20) <0.0001

Noninterventional cardiologist 0.08 (0.01-0.39) 0.0021

Both electrophysiologist and interventional cardiologist 0.37 (0.12-1.14) 0.0838

Other 2.48 (0.56-10.99) 0.2324

CABG ¼ coronary artery bypass graft; LVEF ¼ left ventricular ejection fraction; OR ¼ odds ratio;
PCI ¼ percutaneous coronary intervention; SCD ¼ sudden cardiac death; other abbreviations as in Table 1.
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mortality, whereas the highest proportion of cardio-
vascular mortality was experienced in SEA, with 13
cardiovascular deaths (6.6% of the patients enrolled
in this region), of which 10 (76.9%) were SCD and 3
(23.1%) were non-SCD. In the other 4 regions, most of
the cardiovascular deaths were SCD, except in MEA-
CAT which had a slightly higher proportion of non-
SCD (Figure 4).

DISCUSSION

The Improve SCA Bridge study was a prospective,
observational, multi-national study that examined the
current care pathway for post-MI patients in regions
known to have low ICD use with several important
findings. First, 26.7% of post-MI patients met the
criteria associated with a higher risk of SCD and of
those patients 59.3% were referred for an SCD risk
stratification and management visit. Second, of risk-
stratified patients, 56.7% were indicated for ICD/
CRT-D; of these, 14.2% were implanted during the
study with most of the implants occurring within
4 months from enrollment (Central Illustration).
Finally, most cardiovascular patient deaths (n ¼ 39
of 51, 76.5%) that occurred during the study were due
to SCD.

The referral rate for patients who met further SCD
risk stratification and management criteria varied
depending on the region, suggesting that barriers to
referral are strongest in SEA (16%) and South Korea
(37.5%), less pronounced in ISC (62%), Taiwan (65%),
and MEACAT (71.7%), and least pronounced in
Mainland China (89%) (Figure 2). Patients were also
much less likely to be referred if they were being
treated by an interventional or non-interventional
cardiologist (89% and 92%, respectively) as opposed
to an electrophysiologist. LVEF at baseline was
surprisingly not found to be a predictor of referral.
However, patients were more likely to be referred at
the 3-month visit than at the 6- or 12-month visit,
likely because the clearest cases for referral, patients
with a low LVEF 3-months post-MI, would have
FIGURE 2 Continued

(A) The percentage of patients that met referral criteria at any point duri

error bars represent the 95% CI. Overall 26.7%, Mainland China 19.0%,

Middle East, Africa, Central Asia, Turkey (MEACAT) 43.1%, and South Eas

stratification and management criteria, the percent referred for SCD risk

(C) Of the 224 patients who had an SCD risk stratification and managem

overall and by geography. Overall 56.7%, Mainland China 41.9%, ISC 71.

66.7%. (D) Of the 127 patients who met ICD/CRT-D referral criteria, the

shown: Overall 14.2%, Mainland China 34.6%, ISC 2.1%, South Korea 57.

in Figure 1.
already been referred at the 3-month visit. Further,
only 38.9% of patients with LVEF #25% were referred
to an SCD risk stratification and management visit
leaving 61.1% of high-risk patients without a referral
(Supplemental Table 7).

Common barriers to patient referral included
physician preference to continue with medication
and the patient deeming the referral not necessary;
however, the most prominent barrier varied by re-
gion. Physician preference to continue with
ng the study are shown overall and in each geographical region. The

India subcontinent (ISC) 31.1%, South Korea 20.3%, Taiwan 16.7%,

t Asia (SEA) 31.6%. (B) Of the 398 patients who met further SCD risk

stratification and management is shown overall and by geography.

ent visit, the percent who met an ICD/CRT-D indication is shown

6%, South Korea 43.8%, Taiwan 46.2%, MEACAT 60.0%, and SEA

percentage of ICD/CRT-D implants in each geographical region are

1%, Taiwan 16.7%, MEACAT 8.3%, and SEA 0.0%. Abbreviations as
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TABLE 3 Common Reasons for Refusal of Further SCD Risk Stratification and Management

Mainland China ISC South Korea Taiwan MEACAT SEA Overall

The patient was not referred by the physician (n ¼ 17) (n ¼ 43) (n ¼ 40) (n ¼ 7) (n ¼ 42) (n ¼ 71) (N ¼ 220)a

The patient was asymptomatic 0 39 (90.7) 1 (2.5) 0 1 (2.4) 1 (1.4) 42 (19.1)

The patient was clinically stable 0 2 (4.7) 0 0 0 10 (14.1) 12 (5.5)

Financial reasons 0 1 (2.3) 0 0 0 4 (5.6) 5 (2.3)

The patient deemed referral not necessary 11 (64.7) 0 5 (12.5) 2 (28.6) 2 (4.8) 1 (1.4) 21 (9.5)

Physician decision to continue observation and
postpone referral

1 (5.9) 0 3 (7.5) 0 6 (14.3) 11 (15.5) 21 (9.5)

The physician preferred continuing with medication 2 (11.8) 1 (2.3) 25 (62.5) 2 (28.6) 29 (69.0) 16 (22.5) 75 (34.1)

Improved symptoms 0 0 0 0 0 5 (7.0) 5 (2.3)

Other 3 (17.6) 0 6 (15.0) 0 4 (9.5) 10 (14.1) 23 (10.5)

The patient refused referral (n ¼ 12) (n ¼ 0) (n ¼ 5) (n ¼ 4) (n ¼ 3) (n ¼ 2) (N ¼ 26)a

The patient was unwilling to change doctor 9 (75.0) 0 3 (60.0) 3 (75.0) 0 1 (50.0) 16 (61.5)

Other 3 (25.0) 0 2 (40.0) 1 (25.0) 3 (100) 1 (50.0) 10 (38.5)

Values are n (%). aMultiple reasons for refusal could be reported for a single patient and some patients did not have a reason for refusal listed.

Abbreviations as in Table 1.
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medication was most pronounced in South Korea
(62.5%) and MEACAT (69.0%), suggesting that this
could be a particularly impactful target for effecting
change. To our knowledge, this is the first study
examining the rates of referral to SCD risk stratifica-
tion and management and reasons for non-referral in
post-MI patients from these regions.

A large gap remains in the number of patients
receiving an ICD for the prevention of SCD in the
studied regions vs those meeting guideline recom-
mendations for ICD therapy. In this study, more
than 40% of risk-stratified patients in Mainland
China, South Korea, and Taiwan met ICD/CRT-D
indication criteria, whereas between 60% and 70%
of patients met indication criteria in ISC, MEACAT,
and SEA. However, only 18 of 127 (14.2%) indicated
patients were implanted across all regions. ICD use
in indicated patients has been previously reported
to vary across Asia from 1.5% in Indonesia to 17.9%
in Mainland China to 52% in Japan.17 Similar to our
study, a recent report from the ASIAN-HF (Asian
Sudden Cardiac Death in Heart Failure) registry
showed rates of ICD use to be w12% in Asia
compared to w24% in Europe and 30% to 50% in
the United States.7,17-21

This study found that common barriers to ICD/
CRT-D implantation, despite guideline indication,
included patients not wanting the risk associated
with implant (Mainland China, Taiwan, and MEA-
CAT), patients not believing in the benefit of ICT/
CRT-D (Mainland China, Taiwan, MEACAT, and
SEA), and patients being unable (Mainland China and
ISC) or unwilling (Mainland China) to pay for the
device. Previous reports also showed that barriers
limiting ICD use included reimbursement for device
therapy, the health care financing system, lack of
health care provider awareness regarding ICD
benefits, patient socioeconomic status, and patient
lack of awareness of the therapy and its benefits.13,17

Together, this evidence suggests that barriers limiting
ICD/CRT-D use are often related to cost and patient or
physician awareness of ICD/CRT-D benefits.

The cost effectiveness of ICDs has been established
previously in Western countries, and a recent analysis
from Taiwan further supported ICD therapy cost-
effectives in primary prevention patients region-
ally.22 Concerning the issue of patient awareness, a
previous survey of 2,000 ICD nonrecipients in Asia
found that a significant proportion of patients were
unaware of the benefits (32.6%) and lacked informa-
tion to decide (22.1%) on device therapy.17 Further,
previous studies have suggested that physician
awareness on the indications for ICD therapy is
low.14,15 Our own data suggest that a greater oppor-
tunity may exist through targeting education
regarding guideline recommendations for SCD pre-
vention in post-MI patients to investigators in the
interventional and non-interventional cardiologist
specialty.

In this study, informational materials were made
available to investigators and patients before site
enrollment, suggesting that the real-life barriers to
adoption of guideline-directed ICD therapy may be
even more complicated and difficult to overcome
than previously thought. Recently, Khan et al23 re-
ported successfully using 3 strategies at the King’s
College Hospital in London to improve evidence-
based ICD programing. Briefly described, they first
introduced institutional guidelines, circulated edu-
cation materials, and encouraged compliance.



FIGURE 3 Incidence of Device Implant Over Time

The incidence of device implant is shown over time (A) overall and (B) for each geographical region. Abbreviations as in Figure 2.
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Second, they kept printed summaries of the guide-
lines displayed prominently in applicable areas.
Finally, they implemented monthly audit reports on
guideline compliance which were circulated via email
and displayed in applicable areas. These strategies
could easily be applied at hospitals and clinics for
improving guideline adherence for SCD prevention
in post-MI patients. Another possible strategy, in
areas where available, is using tags in electronic
health records. In any case, more comprehensive,
sustained quality improvement efforts may be
necessary to increase guideline adherence in these
regions to reduce SCD.

The results from this study suggest that focusing
interventional efforts in the care pathways at
different stages in different regions may be the



TABLE 4 Reasons for ICD/CRT-D Implant Refusal in Indicated Patients

Mainland China
(n ¼ 41)

ISC
(n ¼ 48)

South Korea
(n ¼ 0)

Taiwan
(n ¼ 17)

MEACAT
(n ¼ 37)

SEA
(n ¼ 5)

Overall
(N ¼ 148)a

Patient does not want risk associated with implant 12 (29.3) 0 0 6 (35.3) 22 (59.5) 0 40 (27.0)

Patient does not believe in benefit of ICD/CRT-D 8 (19.5) 0 0 3 (17.6) 22 (59.5) 3 (60.0) 36 (24.3)

Patient unable to pay for device 16 (39.0) 41 (85.4) 0 5 (29.4) 0 0 62 (41.9)

Patient unwilling to pay for device 7 (17.1) 0 0 1 (5.9) 0 0 8 (5.4)

Other 0 7 (14.6) 0 2 (11.8) 6 (16.2) 2 (40.0) 17 (11.5)

Values are n (%). aMultiple reasons for refusal could be reported for a single patient and some patients did not have a reason for refusal listed.

CRT-D ¼ cardiac resynchronization therapy–defibrillator; ICD ¼ implantable cardioverter-defibrillator; other abbreviations as in Table 1.
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most impactful approach. For instance, in Mainland
China, focusing interventional efforts later in the post-
MI patient care pathway in ICD/CRT-D–indicated pa-
tients may make the most sense. In South Korea,
interventional strategies that target improving patient
referral for SCD risk stratification and management
may be more successful, whereas in Taiwan, ISC,
MEACAT, and SEA, focusing interventional efforts at
all stages may be required. Additional studies will be
needed to determine the best interventional strategies
for each region and what impact those strategies will
have on reducing SCD risk and improving guideline-
directed ICD/CRT-D therapy adoption. Overall, a sig-
nificant portion of post-MI patients are still at risk of
SCD and improvements to the care pathway can
improve outcomes.
STUDY LIMITATIONS. This study had several limi-
tations that should be considered when applying
the findings to other populations. This study was
observational in nature and patients were enrolled
prospectively based on prespecified enrollment
criteria; however, patient characteristics vary be-
tween the populations being compared as no
FIGURE 4 Mortality in Post-MI Patients by Geography

The percentage of sudden cardiac death (blue) and non-sudden cardiac d

study period. Abbreviations as in Figure 2.
randomization or matching occurred. Analysis into
how baseline characteristics impact different
outcome measures (eg, ICD referral and implant
rates), further analyses into mortality, and analyses
on how reimbursement policies impact rates of
referral and ICD implant are beyond the scope of
the current analysis.

Additionally, a portion of this study occurred dur-
ing the COVID-19 pandemic which may have
impacted patient follow-up and the standard clinical
care pathway. Our current analysis did not show a
significant impact (P ¼ 0.22) when comparing
whether SCD risk stratification referral occurred
before or during the COVID-19 pandemic.

Finally, reasons for ICD implant device refusal
were not collected in South Korea and therefore could
not be analyzed or discussed.

CONCLUSIONS

The results from this study show that many post-MI
patients at risk of SCD are not getting referred for
further SCD risk stratification or receiving guideline-
eath (red) mortality are shown overall and by geography during the



CENTRAL ILLUSTRATION Patient Movement Through the Post–Myocardial Infarction Care Pathway

In Care Path Appropriately Exited Care Path Exited Care Path With SCD Risk

Implanted With ICD/CRT-D
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Indicated for ICD/CRT-D

Attended Risk Stratification Visit

Referred for SCD Risk Stratification

Met Referral Criteria

Zhang S, et al. JACC: Asia. 2022;2(5):559–571.

Of the total patients who met referral criteria for further sudden cardiac death (SCD) risk stratification and management, the percent of patients that

continued in the care path (blue), appropriately exited the care path (gray) or exited the care path while still at risk of SCD (red) are shown at each step of

the care pathway. CRT-D ¼ cardiac resynchronization therapy–defibrillator; ICD ¼ implantable cardioverter-defibrillator.
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directed ICDs. This suggests that opportunities exist
for broad quality improvement efforts around the
post-MI care pathway in the geographies included
in this study. Physician and patient education on
device risks and benefits may improve guideline
adherence in indicated patients; however, optimal
strategies to improve adherence will likely vary
regionally.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Post-MI

patients are at an increased risk for SCD. ICDs can reduce

mortality in post-MI patients with reduced LVEF. How-

ever, ICD therapy adoption rates vary regionally and are

particularly low in geographies underrepresented in clin-

ical trials related to tachycardia and ICD therapy. More

efforts are needed to understand why guideline-directed

ICD use remains low in certain geographies, especially in

post-MI patients at risk of SCD. The current study char-

acterizes the care pathway of post-acute MI patients in 6

regions historically underrepresented in ICD trials. The

observation of both referral rates to further SCD risk

stratification and management and rates of ICD implant in

indicated post-MI patients provides insight into where at-

risk patients are most likely to fall out of the care

pathway. Additionally, the collection of reasons for

refusal to SCD risk stratification and management referral

or ICD implant emphasizes why patients are not

continuing through the care pathway. Taken together,

this information can be used to develop targeted strate-

gies to improve post-MI patient care through better

guideline adherence for SCD prevention.

TRANSLATIONAL OUTLOOK: Many post-MI patients

at risk of SCD do not receive guideline-directed ICDs in

part due to low referral rates of SCD risk stratification and

management in the geographies included in this study.

The results from this study suggest that improvements in

referral to SCD risk stratification and management and

better adherence to guidelines are necessary. However,

optimal strategies to realize these improvements will

likely vary by region.
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