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Abstract
Background In Thailand, due to limited availability
of percutaneous coronary intervention (PCI)-capable
hospitals, a number of patients with ST-elevation
myocardial infarction (STEMI) after fibrinolytic therapy
underwent the delayed coronary intervention (24 hours to
2 weeks). Existing tool such as the Global Registry of Acute
Coronary Event (GRACE) to define patients at high risk of
cardiovascular outcomes has been used widely, except for
patients who had the delayed coronary intervention. We,
therefore, evaluated the cardiovascular outcomes of STEMI
patients who underwent the delayed coronary intervention.
Methods We retrospectively analysed the data from the
PCI-capable hospital (Maharaj Nakorn Chiang Mai Hospital)
STEMI registry during the period 2007–2012. Patients
who received fibrinolytic treatment (SK) and underwent
the delayed coronary intervention were included. The
outcomes of the study were 30-day and 6-month
composite cardiovascular outcomes (including death, re-
hospitalised with acute coronary syndrome, re-hospitalised
with heart failure and stroke).
Results Of all 341 patients included, 229 (67.2%)
patients were in the low GRACE score group (<126 points)
and 112 (32.8%) patients in the intermediate-high GRACE
score group (≥126 points). At 30 days, the composite
cardiovascular outcome occurred in 2.2% (n=5) in the low
GRACE score group and 11.6% (n=13) in the intermediate-
high GRACE score group (p value=0.001). At 6 months,
the composite cardiovascular outcomes occurred in 3.9%
(n=9) in the low GRACE score group and 13.4% (n=15) in
the intermediate-high GRACE score group (p value=0.003).
The area under the receiver operating characteristic curve
of GRACE score for 6-month composite cardiovascular
outcomes was 0.746 (95% CI 0.698 to 0.793).
Conclusion Intermediate-high GRACE risk STEMI
patients after fibrinolytic therapy in limited PCI-capable
hospital who underwent the delayed coronary intervention
increased 30-day and 6-month cardiovascular outcomes
compared with the low GRACE risk patients. In limited
available PCI-capable hospital, GRACE risk score can
be helpful in guiding the cardiologists to select a proper

Key messages
What is already known about this subject?
►► The delayed coronary intervention in intermediate-

high Global Registry of Acute Coronary Event
(GRACE) risk ST-
elevation myocardial infarction
(STEMI) patients after successful fibrinolytic therapy
in non-
percutaneous coronary intervention (PCI)-
capable hospital has been shown to be worsening
cardiovascular outcome compared with low GRACE
risk score patients. However, the cardiovascular outcomes of the patients who underwent the delayed
coronary intervention in limited PCI-capable hospital
are still uncertain.

What does this study add?
►► The delayed coronary intervention (24 hours to 2

weeks) in intermediate-
high GRACE risk STEMI
patients in PCI-capable hospital has increased the
rate of cardiovascular outcomes compared with low
GRACE risk STEMI patients as same as in non-PCI-
capable hospital.

How might this impact on clinical practice?
►► Intermediate-high GRACE risk STEMI patients after

successful fibrinolytic therapy in limited available
PCI-capable hospital should undergo an early coronary intervention. GRACE risk score may be helpful
and guided cardiologists to select the proper time
for coronary intervention in post-fibrinolytic STEMI
patients in limited available PCI-capable hospital
situation.

time for coronary intervention in post-fibrinolytic STEMI
patients.

Introduction
Primary percutaneous coronary intervention
(PPCI) is also known as the gold standard in
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Figure 1 Geographic distribution of PCI-capable hospital in
the Northern Thailand according to the period of time.

reperfusion treatment of ST-elevation myocardial infarction (STEMI) patients. The limitation of the numbers
and availability PCI-
capable hospitals in the Northern
Thailand, fibrinolytic therapy, streptokinase (SK), is still
the first modality for reperfusion treatment in this situation. Several guidelines recommend to perform an early
routine coronary angiogram (CAG) or early coronary
intervention (3-24 hours) in this group of the patients.1–5
However, the availability of PCI-capable hospitals (24/7)
and limited resources (human resources) in some developing countries, including Thailand, the early routine
coronary intervention after fibrinolytic treatment was not
always feasible.
In the Northern Thailand, only one PCI-capable centre
(Maharaj Nakorn Chiang Mai Hospital) was available to
support eight upper provinces during the period 2007–
2012 (figure 1). Referral mean among this geographic
mountainous area is time consumed to Maharaj Nakorn
Chiang Mai hospital (figure 1). Moreover, having only
few interventional cardiologists and 24/7 PCI-
capable
hospitals, primary PCI and early coronary intervention
after fibrinolytic treatment were very difficult to perform.
Rescue PCI or primary PCI is a treatment for patients
who have unsuccessful fibrinolytic therapy or presented
with cardiogenic shock. The combination strategy of lytic
therapy followed by coronary intervention is appropriate
for STEMI patients in this area. As a result, most of the
STEMI patients in the Northern Thailand received fibrinolytic therapy and underwent delayed coronary intervention (more than 24 hours after fibrinolytic therapy)
and some of them received elective PCI or long delayed
intervention or elective PCI (more than 2 weeks).
The data of Thailand Registry in Acute Coronary
Syndrome (TRACS) demonstrated a low rate of cardiac
intervention during index admission and referral centres
for an early coronary intervention were also limited.6
Existing tool such as the Global Registry of Acute Coronary Event (GRACE) to define patients at high risk of
cardiovascular outcomes has been used widely, except
for patients who had the delayed coronary intervention. Previous study demonstrated the worsening cardiovascular outcomes in the intermediate-
high GRACE
risk patients who underwent the delayed coronary
2

Methods
Study design and population
It was a retrospective cohort study. The data from
Maharaj Nakorn Chiang Mai Hospital (PCI-
capable
hospital) STEMI registry during the period 2007–2012
were analysed. The post-
fibrinolytic therapy STEMI
patients who underwent a delayed coronary intervention
(24 hours to 2 weeks) were included in our study.
The exclusion criteria included the patients who failed
fibrinolytic therapy (decreased in elevation of ST-segment
<50% at 90 min), performed an early coronary intervention (<24 hours), underwent very long delayed coronary
intervention (>2 weeks), the patients who refused for
further interventions after fibrinolytic therapy, underwent PPCI or rescue PCI and previous history of coronary-
artery bypass surgery. The study flow diagram is shown in
figure 2.
The data were collected including the baseline demographics data, medical history, presentation symptoms,
baseline GRACE score, time to coronary intervention,
angiographic data, procedural performed and clinical
cardiovascular outcomes. In patients who did not visit
the hospital, the telephone calls by a research team were
made to evaluate the clinical outcomes.
Definitions
The STEMI was defined as the presence of at least 0.1 mV
ST-
segment elevation or new or presumably new left
bundle branch block with elevation of cardiac enzymes.
Successful fibrinolytic treatment was defined as the ST-segment decrease in elevation more than 50% at 90 min
after fibrinolytic treatment. Delayed coronary intervention means CAG or PCI performed during 24 hours to
2 weeks after successful fibrinolytic therapy. The GRACE
score was composed of medical history, findings at initial
presentation and findings during hospitalisation (0–258
points). The patients were stratified into low GRACE risk
score group (GRACE <126) and intermediate-high risk
score group (GRACE ≥126).7 Culprit vessel PCI means
PCI to culprit vessel lesion only. The multi-vessel PCI
means PCI ≥1 non-culprit vessel lesions.
Outcomes measurement
The outcomes of the study were 30-day and 6-
month
composite cardiovascular outcome including death,
re-hospitalisation with acute coronary syndrome (ACS),
Chotechuang Y, et al. Open Heart 2020;7:e001133. doi:10.1136/openhrt-2019-001133
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intervention in non-PCI-capable centre.7 However, some
of the STEMI patients in PCI-capable centre also underwent a delayed coronary intervention after fibrinolytic
therapy but no data demonstrate the cardiovascular
outcomes in this group of patients.
The objectives of the study were to evaluate the cardiovascular outcomes in the STEMI patients who underwent
a delayed coronary intervention after fibrinolytic treatment and the usefulness of GRACE score to predict the
cardiovascular outcomes in limited PCI-capable hospital
situation.

Interventional cardiology

Clinical characteristics

Low GRACE
score group
(n=229)

Intermediate-
high GRACE
score group
(n=112)
P value

Age (years), mean±SD

57.4±9.1

68.3±8.7

<0.001

Male

135 (59.0)

65 (58.0)

0.907

Time from symptoms onset
to fibrinolytic therapy, median
(hours) (IQR: 25th, 75th
percentile)

2.8 (IQR: 2,4.0)

2.9 (IQR: 2,4.6)

0.571

Time from fibrinolysis to
5.5 (IQR:2.9,9.1)
coronary intervention, median
(days) (IQR: 25th, 75th
percentile)

6.2 (IQR: 3.1,10.3)

0.625

LVEF (%)

54.5±11.1

53.1±12.9

GRACE score, mean±SD

100.1±17.7

142.2±14.3

Gender, (%)

Figure 2 Study flow diagram. CAG, coronary angiogram;
PCI, percutaneous coronary intervention; PPCI, primary
percutaneous coronary intervention; STEMI, ST-elevation
myocardial infarction; NSTE-ACS, non ST-segment elevation
acute coronary syndromes or acute coronary syndromes
without ST-segment elevation.

0.306
<0.001

re-hospitalisation with heart failure (HF) and stroke at
30-day and 6-month composite cardiovascular outcome.

Medical conditions, n (%)
 Smoking

145 (63.8)

62 (55.4)

0.151

Statistical analysis
Baseline characteristics and angiographic data were
presented as mean±SD or median and IQR. The categorical data were presented as numbers and percentages. Differences in continuous variables were analysed
with the Student’s t test or Wilcoxon’s rank-sum test. The
categorical variables were analysed with χ2 test or Fisher’s exact test. P value<0.05 was set for statistically significance. Composite clinical cardiovascular outcomes were
presented as numbers and percentages. The composite
outcome was analysed using time-to-event analysis and
illustrated with Kaplan-Meier curve, HR and 95% CI.
The usefulness of GRACE score on predictive clinical
outcomes was predicted using logistic regression analysis
and the area under the receiver operating characteristics
curve (AuROC) was also calculated. All statistical analyses
were conducted using Stata V.13.1 (Stata Corporation).
The sample size was estimated based on our earlier
study7 with the OR 3.2 of the 6-month composite cardiovascular outcome between intermediate-
high GRACE
group versus the low GRACE group in non-PCI-capable
centre. To achieve a power of 90%, with a type-1 error
probability of 5% (two-sided), allowable estimated error
(margin error) of 5%, 340 patients were needed in this
study.

 Hypertension

103 (45.0)

57 (50.9)

0.355

 Diabetes

48 (20.9)

17 (15.2)

0.241

 Dyslipidaemia

104 (45.8)

32 (28.6)

0.002

 Smoking

145 (63.8)

62 (55.4)

0.155

 Chronic kidney disease

11 (4.8)

10 (9.0)

0.151

 Prior PCI

2 (0.9)

6 (5.4)

0.017

 Aspirin

229 (100)

112 (100)

NA

 Clopidogrel

220 (96.1)

107 (95.5)

0.779

 Low molecular weight
heparin

209 (91.7)

103 (92.0)

0.554

 ACEI/ARB

167 (72.9)

88 (78.6)

0.260

 Beta-blocker

144 (62.8)

72 (64.2)

0.801

Results
Baseline demographics
Of 1832 STEMI patients, 1007 patients were candidates
for fibrinolytic therapy. Nine hundred and five patients
received fibrinolytic therapy and 780 patients had
successful reperfusion therapy with SK, and 341 patients
underwent the delayed coronary intervention, as shown
in figure 2. Two hundred and twenty-nine patients were
in low GRACE risk score group and 112 patients were
intermediate-high GRACE risk score group. All of the
Chotechuang Y, et al. Open Heart 2020;7:e001133. doi:10.1136/openhrt-2019-001133

Medications, n (%)

Data presented as n (%) or mean±SD or median (IQR).
ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers; GRACE, Global Registry for Acute Coronary
Events; LVEF, left ventricular ejection fraction; NA, not applicable; PCI,
percutaneous coronary intervention.

patients were completely followed up at 6 months in both
groups. The baseline clinical characteristics are shown
in table 1. The median time from fibrinolytic therapy to
coronary intervention in low GRACE risk score group
was 5.5 days (IQR, 2.9 to 9.1) and 6.2 days (IQR,3.1 to
10.3) in intermediate-high GRACE risk score group (p
value=0.625).
Angiographic and procedural details
Angiographic and procedural details are presented in
table 2. No different in infarct-
related artery in both
groups. Double vessel disease and triple vessel disease
were presented in 48.5% and 66.1% in low GRACE
risk score group and intermediate-
high GRACE risk
score group, respectively. Sixty-
six percent (n=152) of
the patients in low GRACE risk score group and 63.4%
(n=71) of the patients in intermediate-high GRACE risk
3
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Table 1 Baseline demographics according to GRACE risk
score (n=341)

Open Heart

Low GRACE
Angiographic data and score group
procedural details
(n=229)

Intermediate-
high GRACE
score group
(n=112)

Table 3 Clinical cardiovascular outcomes at 30 days and 6
months of follow-up (n=341)

P value

Clinical outcomes

Intermediate-
Low GRACE high GRACE
score group score group
(n=229)
(n=112)
P value

0.414

In-hospital mortality, n (%)

1 (0.4)

2 (1.8)

0.252

 Non-anterior

129 (56.3)

69 (61.6)

In-hospital stroke, n (%)

0 (0)

0 (0)

NA

 Anterior

100 (43.7)

43 (38.4)

At 30 days

Infarct-related artery, n (%)

Angiographic findings, n (%)
 Normal or mild disease
 Single vessel disease

 Composite CV outcomes

5 (2.2)

13 (11.6)

0.001

13 (5.7)

4 (3.5)

0.597

 Re-hospitalised with ACS

3 (1.3)

1 (0.9)

0.601

105 (45.8)

34 (30.4)

0.007

 Re-hospitalised with HF

1 (0.4)

9 (8.0)

<0.001

 Double vessel disease

59 (25.8)

33 (29.5)

0.516

 Stroke

0 (0)

1 (0.9)

0.328

 Triple vessel disease

52 (22.7)

41 (36.6)

0.009

 CV death

1 (0.4)

2 (1.8)

0.252

 Non-CV death

0 (0)

0 (0)

NA

0 (0)

0 (0)

NA

Procedural performed
 CAG without PCI, n (%)

77 (33.6)

41 (36.6)

0.628

 Loss to follow-up

  
Medical treatment

61 (79.2)

24 (58.5)

0.03

At 6 months (cumulative)

  
CABG

16 (20.8)

17 (41.5)

0.03

 Composite CV outcomes*†

9 (3.9)

15 (13.4)

0.003

 PCI, n (%)

152 (66.4)

71 (63.4)

0.628

 Re-hospitalised with ACS

6 (2.6)

1 (0.9)

0.433

  Culprit vessel PCI

137 (90.1)

65 (91.5)

0.811

 Re-hospitalised with HF

2 (0.8)

10 (8.9)

  Multi-vessel PCI

15 (9.9)

6 (8.5)

0.811

 Stroke

0 (0)

2 (1.8)

0.107

 CV death

1 (0.4)

2 (1.8)

0.252

 Procedural details, n (%)
  
POBA

8 (5.2)

  Thrombus aspiration

0 (0)

10 (14.0)

0.033

 Non-CV death

0 (0)

0 (0)

NA

3 (4.2)

0.031

 Loss to follow-up

0 (0)

0 (0)

NA

Data presented as n (%).
*Crude hazard ratio for 6-month composite CV outcome was 5.02
(95% CI 2.47 to 10.20, p<0.001).
†Adjusted HR for 6-month composite CV outcome (adjusted by
dyslipidaemia, angiographic findings and PCI performed) was 4.79
(95%CI 2.28 to 10.04, p<0.001).
ACS, acute coronary syndrome; CV, cardiovascular; GRACE, Global
Registry for Acute Coronary Events; HF, heart failure; NA, not
applicable.

  Bare metal stent

45 (29.6)

12 (17.1)

0.068

  Drug eluting stent

101 (66.9)

52 (74.3)

0.347

Data presented as n (%).
CABG, coronary artery bypass graft; CAG, coronary angiography;
GRACE, Global Registry for Acute Coronary Events; PCI,
percutaneous coronary intervention; POBA, plain old balloon
angioplasty.

score group underwent PCI (p value=0.628), while 33.6%
of the patients in the low GRACE risk score group (n=71)
and 36.6% (n=41) of the patients in the intermediate-
high GRACE risk score group performed only CAG (p
value=0.628). Culprit vessel PCI was performed in 90.1%
(n=137) of the patients in the low GRACE score group
and 91.5% (n=65) of the patients in the intermediate-
high GRACE risk score group (p -value=0.811). Among
the patients who underwent PCI, 66.9% (n=101) of
the patients in the low GRACE risk score group and
72.4% (n=52) of the patients in the intermediate-high
GRACE risk score group received drug-eluting stent (p
value=0.347).
30-day and 6-month cardiovascular outcomes
At 30 days, the composite cardiovascular outcome occurred
in five patients (2.2%) in the low GRACE risk score
group and 13 patients (11.6%) in the intermediate-high
GRACE risk score group (p value=0.001). At 6 months,
the composite cardiovascular outcome occurred in nine
patients (3.9%) in low GRACE risk score group and 15
patients (13.4%) in the intermediate-
high GRACE risk
group (p value=0.003) (table 3). The in-hospital mortality
4

<0.001

occurred in one patient (0.4%) and two patients (1.8%) in
the low and intermediate-high GRACE risk score groups,
respectively (p value=0.252). Rate of re-hospitalised with
HF at 1 and 6 months was higher in the intermediate-high
GRACE risk score group compared with the low GRACE
group (8.0% vs 0.4%, p value<0.001% and 8.9% vs 0.8%,
p value<0.001, respectively). The composite cardiovascular
outcome at 6 months was higher in the intermediate-high
GRACE group compared with the low GRACE group (OR:
5.69, 95% CI: 2.69 to 12.07; p<0.001).
GRACE score and cardiovascular outcomes
The cumulative of a composite cardiovascular outcome was
higher in the intermediate-high GRACE risk score group
compared with the low GRACE risk score group (crude
hazard ratio 5.02, 95% CI 2.47 to 10.20, p<0.001), as shown
in figure 3. After adjusted by dyslipidaemia, angiographic
findings and PCI performed, adjusted HR of GRACE risk
score group for 6-month composite cardiovascular outcome
was 4.79 (95%CI 2.28 to 10.04, p<0.001). The usefulness
of GRACE score for a 6-month composite cardiovascular
outcome was represented with the AuROC. The AuROC
was 0.746 (95% CI 0.69 to 0.79), as shown in figure 4.
Chotechuang Y, et al. Open Heart 2020;7:e001133. doi:10.1136/openhrt-2019-001133
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Table 2 Angiographic data and procedural performed
(n=341)
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Discussion
Several randomised trials and meta-analysis have shown
that early routine post-thrombolytic angiography and PCI
reduced the rates of re-infarction and recurrent ischaemia
compared with ischemia-guided strategy.8 9 Although early
coronary intervention (3–24 hours) after fibrinolytic treatment is recommended by several practice guidelines,1–5
timely CAG or PCI is not widely available in countries with
limited PCI-capable hospitals, especially in the Northern
Thailand. Many studies such as SIAM-
III (Southwest
German Interventional Study in Acute Myocardial infarction study group),10 TRANSFER-AMI (the Trial of Routine
ANgioplasty and Stenting after Fibrinolysis to Enhance
Reperfusion in Acute Myocardial Infarction),11 NORDISTEMI (the NORwegian study on DIstrict treatment of
ST elevation myocardial infarction),12 and CARESS-AMI
(the combined Abciximab REteplase Stent Study in Acute
Myocardial Infarction)13 revealed the worse cardiovascular
outcomes in STEMI patients who underwent the delayed
coronary intervention after thrombolytic therapy.
The GRACE risk score has shown to be a good risk stratification score in population with STEMI and NSTE-ACS (non
ST-segment elevation acute coronary syndromes or acute
coronary syndromes without ST-
segment elevation).14–18
The validation and the usefulness of GRACE score in

Figure 4 The area under the receiver operating
characteristics curve (AuROC) for the performance of GRACE
score in predicting 6-month composite cardiovascular
outcomes.
Chotechuang Y, et al. Open Heart 2020;7:e001133. doi:10.1136/openhrt-2019-001133

Conclusion
Our study showed the light of the usefulness of the
GRACE risk score to guide cardiologists in limited PCI-
capable hospitals to an early coronary intervention in post-
fibrinolytic STEMI patients as similar as in non-PCI-capable
hospitals. The intermediate-high GRACE risk score in
5
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Figure 3 Kaplan-Meier curve for 6-month cumulative
composite cardiovascular outcomes according to GRACE
groups.

stratified STEMI patients for an early invasive management
was shown in several studies, AuROC was 0.81 (95%CI 0.800.82).19 20 Previous data in non-PCI capable hospital, risk
stratification was necessary for the clinicians and cardiologists to guide judgement and selection of an early invasive strategy.7 However, it is unclear in limited PCI-capable
hospitals.From this study, the GRACE risk score seemed to
have a better performance (AUC=0.746, 95%CI 0.70-0.79)
in predicting 6-month composite cardiovascular outcomes
in a setting of limited PCI-capable center and underwent
the delayed coronary intervention than non-PCI capable
hospital (AUC=0.641, 95%CI 0.52-0.76).7A GRACE risk
score explained a 74.6% probability in predicting 6-month
composite cardiovascular outcome based on the receiver
operating characteristic (ROC) analysis. Therefore, in the
limited PCIcapable hospitals, the GRACE risk score may
be helpful to classify the STEMI patients for the early vs
delayed coronary intervention after fibrinolytic therapy.
The data from subgroup analysis of TRANSFER-
AMI
showed better outcomes of early coronary intervention
only in patient with a low-intermediate GRACE risk score
(<155), while the early invasive strategy was associated with
worst outcome in high-risk patients (≥155).21 In our study,
the stratified GRACE risk score group was different from
the subgroup analysis of TRANSFER-AMI. From this study,
GRACE risk score may help cardiologists in finding the
best strategy to achieve and maintain myocardial reperfusion after administration of ﬁbrinolytic therapy.21 Similar
to our study, the delayed coronary intervention in limited
PCI-capable facilities may be associated with the worst clinical outcomes at 30 days and 6 months when compared with
the patients with low GRACE risk score (11.6% vs 2.2% at
30 days, p value=0.001% and 13.4% vs 3.9% at 6 months, p
value=0.003). Therefore, the patients with the intermediate-
high GRACE risk score in PCI-
capable hospital should
perform an early coronary intervention after fibrinolytic
therapy, especially on index admission and can be a guide
for the limited PCI-capable hospital situation.
The in-
hospital mortality and 6-
month mortality of
our study were lower than those of the previous registry
(TRACS) because of differences in patient demographics
data, the presentation and number of patients receiving
PCI during admission index (in-hospital mortality 5.3% vs
0.9% and 6-month mortality 12.1% vs 0.9%).6 7
There are some limitations in our study. Our study was a
retrospective cohort study. A large number of patients were
excluded due to limitation of coronary intervention within
2 weeks after fibrinolytic therapy. The mortality was lower
than that in the earlier study because of small number of
patients with high GRACE risk included in our study.
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STEMI patients who underwent the delayed coronary
intervention after fibrinolytic therapy in PCI-capable hospitals increased the rate of short/long-term cardiovascular
outcomes compared with low GRACE risk patients.

