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Background: Type 4C myocardial infarction (MI) is a special type of myocardial infarction related to
restenosis without thrombosis. There is a lack of relevant data on this new classification of acute MI (AMI).
This study set out to examine the prognosis and treatment of type 4C MI in patients with non-ST-segment
elevation MI (NSTEMI).

Methods: With reference to the NSTEMI cohort study database, we enrolled 1,032 cases of type 1 MI and
42 cases of type 4C MI from the period January 01, 2018 to August 31, 2018. All cases were followed up
for 1 year. The outcome was major cardiovascular adverse events (including all-cause deaths, nonfatal MI,
heart failure necessitating hospitalization, uncontrollable angina pectoris, and revascularization of the target
vessels). Risk ratios (RR) were calculated using the generalized linear model. Cox multivariate analysis was
performed to analyze the prognostic effects of drug-coated balloon (DCB) angioplasty or drug-eluting stent
(DES) implantation in patients with type 4C ML

Results: Compared with type 1 MI, type 4C MI was associated with a higher incidence of major adverse
cardiovascular events (MACEs) [21.43% vs. 5.14%; adjusted RR: 3.725, 95% confidence interval (CI): 1.937-
7.164]. Type 4C MI also showed a higher 1-year mortality rate than type 1 MI (7.14% vs. 1.55%; unadjusted
RR: 4.607, 95% CI: 1.395-15.212). However, after adjusting for covariates, no statistical difference was
noted (adjusted RR: 2.515, 95% CI: 0.768-8.233). Multiple adjustments to the Cox multivariate models
revealed that neither DCB nor DES affected the clinical outcomes.

Conclusions: Type 4C MI has a poorer prognosis than type 1 MI. DCB angioplasty and DES implantation
show similar efficacy in the treatment of type 4C MI.
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Introduction

Acute myocardial infarction (AMI) is rising in incidence,
which has increased the global burden of disease, and the
demand for prevention and treatment services is continuing
to grow (1). The definition and classification of AMI aid
doctors in the medical process, and the condition can usually
be classified into 5 types based on its pathogenesis (2). The
Fourth Universal Definition of Myocardial Infarction,
published in 2018, proposed type 4C myocardial infarction
(MI), which is related to restenosis without other criminal
lesions or thrombotic causes on the basis of the original
classification (3). The Fourth Universal Definition of
Myocardial Infarction can not only guide individualized
treatment of patients with the disease, but it also provides
ideas for interdisciplinary diagnosis and treatment (4).
Diagnosing type 4C MI is challenging, and no research
report has characterized its population characteristics,
morbidity, or prognosis (5). Restenosis AMI usually presents
as non-ST-segment elevation MI (NSTEMI) (6,7). Stent
stenosis triples the mortality rate of patients with NSTEMI.
However, stent restenosis without MI is not associated with
an increased risk of death (8). The clinical prognosis of AMI
caused by in-stent restenosis (ISR) has also been reported to
be worse than that of angina pectoris, with a 4-fold increase
in the incidence of major adverse cardiovascular events
(MACESs) at 6 months after intervention (9). Therefore,
type 4C MI may have a poor prognosis, but there is a lack
of relevant data on this new classification of AMI. Further,
no study so far has assessed whether the outcomes of next-
generation drug-eluting stent (DES) implantation and drug-
coated balloon (DCB) angioplasty differ in patients with
type 4C ML

The clinical characteristics and prognosis of type 4C MI, as
a non-thrombotic, restenosis-related MI, remain unclear. In
this first-of-its-kind study, we aimed to elucidate the clinical
characteristics and prognosis of type 4C MI by comparing
type 4C and type 1 MI, and comparing the therapeutic effects
of DCB angioplasty and DES implantation in patients with
the condition. We present the following article in accordance
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-2587).

Methods
Data sources and participants

The data in this study were obtained from the database of
“Acute Myocardial Infarction in Tianjin” (TAMI), which
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is a multicenter, real-world cohort study (Clinical Trials
Registration: NCT03600259). Data from continuously
included patients with AMI from January 1, 2018 to August
31, 2018 were collected for our analysis. Data included
patients’ baseline characteristics, treatment, and follow-up
information.

All cases were reclassified by 2 senior cardiologists
(J.X. and M.G.) with reference to the Fourth Universal
Definition of Myocardial Infarction. In cases of dispute
between the 2 experts, the diagnosis was classified through
discussion with a third cardiologist (Figures S1-S3). In the
initial review, no cases of type 4C MI were found among
patients with STEMI; thus, type 1 and type 4C MI were
compared in patients with NSTEMI.

The following inclusion criteria were used to select
participants for the study: (I) patients meeting the
diagnostic criteria for type 1 or 4C MI, as per the Fourth
Universal Definition of Myocardial Infarction (3); and (II)
age >18 years. The exclusion criteria were as follows: (I)
patients who did not undergo coronary angiography; (1)
unwillingness to cooperate with the treatment regime; and
(III) pregnant or lactating women. Signed informed consent
was obtained from all participants. The study protocol met
the requirements of and was approved by the Tianjin Chest
Hospital Ethics Committee (approval No. 2018KY-010-01).
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

Treatment

All patients received the best possible medication,
invasive examination, and treatment based on the relevant
guidelines (10). Invasive examinations and treatment were
delivered by experienced high-caliber physicians working
in cooperation with professional assistants, in strict
accordance with the operating procedures.

The patients were routinely prescribed 300 mg aspirin
and 300 mg clopidogrel sulfate (or 180 mg ticagrelor) for
antiplatelet aggregation. During the operation, heparin
calcium was used for anticoagulation, and the activated
clotting time (ACT) was measured at >300 s. Coronary
angiography was carried out to determine the target lesion
and the degree of vascular stenosis. The balloon was
inserted along the guidewire, and the DES was inserted
after pre-dilation at the lesion site; post-dilation of the
balloon was selected based on the dilation of the stent. For
lesions with ISR, a second-generation DES was implanted
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or DCB dilatation was applied. The major reason for
using a DCB was that the target lesion was confined to
the original stent and did not involve the coronary artery
outside the stent.

Clinical outcomes and follow-up

Commencing from the day of hospitalization, the patients
were followed up for 1 year via telephone, home visits,
outpatient reviews, and other relevant procedures. The main
clinical outcome was MACEs, including all-cause death,
non-fatal MI, heart failure requiring hospitalization, angina
beyond drug control, and revascularization of the target
vessels. In all cases, MI was diagnosed with reference to the
Fourth Universal Definition of Myocardial Infarction (3).
Heart failure was diagnosed with reference to European
Heart Association’s guidelines for the diagnosis and
treatment of heart failure (11). Uncontrollable angina was
defined as the onset of angina after receipt of the maximum
tolerable dose of beta blockers and nitrates. Target lesion
revascularization referred to revascularization (percutaneous
coronary intervention or coronary surgery) performed for
recurrent stenosis of the target lesion segments (12).

Statistical analyses

SPSS 25.0 software (IBM Corporation) was employed for
data analysis. The 2 observation cohorts were the type 1 MI
group and the type 4C MI group. Under the condition of
normal distribution, measurement data were expressed as
the mean + standard deviation (SD) and the t test was used;
otherwise, they were expressed as median (interquartile
range), and the Wilcoxon signed-rank test was used.
Enumeration data were presented as percentages (%), and
the Chi-square test or Fisher’s exact test was adopted for
comparisons between the 2 groups.

The incidence of MACEs was calculated, and Kaplan-
Meier survival curves were drawn to analyze the prognosis
of patients with type 4C MI. The risk ratios (RR) for
the incidences of clinical events were calculated using
the generalized linear model, adjusted for the Global
Registry of Acute Coronary Events (GRACE) Score
(which was calculated based on age, creatinine levels, heart
rate, systolic blood pressure, Killip grade, pre-hospital
cardiac arrest, elevation of myocardial injury markers, and
electrocardiogram ST segment changes), diabetes, history
of MI, history of stroke , left ventricular ejection fraction
(LVEF), and N-terminal pro-brain natriuretic peptide (N'T-
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proBNP) levels . The Cox proportional hazard regression
model was employed to analyze the relationship between
the vascular interventional therapy strategy (DCB or DES)
and MACE events in the type 4C MI cohort. Receiver
operating characteristic (ROC) curve analyses were
conducted to test the predictive ability of prognostic factors,
with their predictive power indicated by the area under the
ROC curve (AUC). P<0.05 indicated statistical significance.

Results
Baseline characteristics

A total of 1,074 patients were included in this study,
including 42 patients with type 4C MI and 1,032 patients
with type 1 MI. The rate of type 4C MI in patients with
AMI was about 1.02% (Figure S1). Comparison of the
baseline data between the 2 groups revealed that the
incidence of stroke and history of MI and percutaneous
coronary intervention were higher in the type 4C MI group
than the type 1 MI group. In both groups, the LVEF value
was lower than that in type 1 MI group (P<0.05). Other
variables including age and sex showed no statistically
significant difference between the 2 groups (1able 1).

Clinical outcomes

After 1 year of follow-up, the incidence of MACEs was
significantly higher in the type 4C MI group than in the
type 1 MI group [21.43% wvs. 5.14%, adjusted RR: 3.725,
95% confidence interval (CI): 1.937-7.164], whereas all-
cause mortality was higher in the former group, albeit
there was no statistical difference after correction (7.14%
vs. 1.55%, adjusted RR: 2.515, 95% CI: 0.768-8.233).
No statistical difference was noted in the incidence of
uncontrollable angina pectoris or non-fatal MI after
correction. Heart failure and target lesion revascularization
were higher in incidence in patients with type 4C MI
than in patients with type 1 MI, with the difference being
statistically significant (Table 2). Kaplan-Meier survival
curve analysis revealed significant differences in MACEs
and all-cause deaths between the 2 groups at the beginning
of the follow-up period (P<0.05; Figure I).

Comparison of treatment methods

DES and DCB were associated with similar MACE rates
in the type 4C MI cohort (16.7% vs. 28.6%, P=0.433).
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Table 1 Comparison of the baseline data of the study participants
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Variable MI-4C (n=42) MI-1 (n=1,032) P value
Age (year, mean + SD) 65.64+12.28 62.98+10.85 0.121
Sex, male, n (%) 27 (64.3) 752 (72.9) 0.222
Smoking, n (%) 21 (50.0) 632 (61.3) 0.141
Drinking, n (%) 8(19.0) 297 (28.8) 0.170
Family history of coronary heart disease, n (%) 2(4.8) 108 (10.5) 0.231
Diabetes, n (%) 17 (40.5) 337 (32.7) 0.291
Hypertension, n (%) 27 (64.3) 685 (66.4) 0.779
Stroke, n (%) 15 (35.7) 215 (20.8) 0.021*
History of MI, n (%) 26 (61.9) 140 (13.6) 0.000*
PCI history, n (%) 42 (100.0) 130 (12.6) 0.000*
CABG history, n (%) 1(2.4) 49 (4.7) 0.475
Heart rate (bpm, mean = SD) 71.07+12.21 72.59+14.28 0.498
Contractile pressure (mmHg, mean + SD) 139.81+24.08 134.10+20.89 0.085
GRACE score (mean + SD) 129.80+34.41 122.63+32.30 0.170
GRACE hazard stratification, n (%) 0.494

Low 11 (26.2) 361 (35.0)

Medium 18 (42.9) 400 (38.8)

High 13 (31.0) 13 (31.0)
TC (mmol/L, mean + SD) 4.42+1.03 4.56+1.05 0.417
LDL (mmol/L, mean + SD) 3.03+0.95 3.07+0.95 0.812
NT-proBNP (pg/mL, mean + SD) 782.15 (330.13, 1,744.0) 778.55 (330.95, 1,732.08) 0.949
Hs-TNT (pug/L, mean + SD) 0.34 (0.22, 0.75) 0.55 (0.24, 1.23) 0.061
Creatinine (mmol/L, mean + SD) 85.03+25.61 81.86+23.03 0.397
Killip classification, n (%) 0.231

| 39 (92.9) 922 (89.3)

I 2(4.8) 95 (9.2)

1] 0(0.0) 12 (1.2)

v 1(2.4) 3(0.3)
LVEF (%, mean = SD) 49.80+10.34 52.79+8.83 0.035*
Treatment modality, n (%) 0.189

No revascularization 4 (9.5) 180 (17.4)

PCl <24 h 4 (9.5 54 (5.2)

PCl of 24-72 h 27 (64.3) 688 (66.7)

PCI>72 h 6 (14.3) 105 (10.2)

CABG 1(2.4) 5(0.5)

*P<0.05. MI-4C, type 4C myocardial infarction; MI-1, type 1 myocardial infarction; MI, myocardial infarction; TC, total cholesterol; LDL,
low-density lipoprotein; NT-proBNP, N-terminal pro-brain natriuretic peptide; hs-TNT, hypersensitive troponin T, LVEF, left ventricular
ejection fraction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Table 2 Comparison of the clinical outcomes between the 2 groups
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Variable MI-4C, n (%) MI-1, n (%) RR (95% Cl) Correction RR (95% Cl)
MACE 9(21.43) 53 (5.14) 4.173 (2.208-7.882) 3.725 (1.937-7.164)
All-cause death 3(7.14) 16 (1.55) 4.607 (1.395-15.212) 2.515 (0.768-8.233)
Uncontrolled angina pectoris 2 (4.76) 22 (2.13) 2.234 (0.543-9.195) 2.812 (0.671-11.781)
Heart failure requiring hospitalization 2 (4.76) 11 (1.07) 4.468 (1.022-19.535) 4.407 (1.254-15.492)
Nonfatal myocardial infarction 2 (4.76) 7 (0.68) 7.020 (1.503-32.800) 4.978 (0.948-26.141)
Revascularization of target vessels 1(2.38) 1(0.10) 24.571 (1.561-386.624) 28.768 (3.858-214.521)

Correction factors: GRACE score, diabetes, history of myocardial infarction, stroke, left ventricular ejection fraction, N-terminal pro-brain
natriuretic peptide; MI-4C, type 4C myocardial infarction; MI-1, type 1 myocardial infarction; MACE, major adverse cardiovascular event.

The Cox proportional risk review model revealed that the
selection of DES or DCB did not influence the occurrence
of MACEs and that an increased level of N'T-proBNP was an
independent risk factor for MACEs within 1 year (Table 3).
As shown in Figure 2, NT-proBNP exhibited a good
predictive performance (AUC: 0.779; 95% CI: 0.573-0.986,
P=0.016).

Discussion

In a population of patients with NSTEMI who underwent
coronary angiography, we re-classified type 4C MI cases
with reference to the Fourth Universal Definition of
Myocardial Infarction. We observed that the 1-year rates
of MACEs and all-cause mortality were significantly higher
with type 4C MI than with type 1 MI, with the former
being more closely associated with target revascularization
and heart failure. Moreover, the use of second-generation
DES or DCB dilation treatment did not have any effect on
the clinical prognosis, whereas increased NT-proBNP was
found to act as a predictor of poor prognosis of type 4C MI.

To date, only a few studies have focused on the uniform
definition of type 4C MIL. A past retrospective study of 89
cases of AMI caused by ISR reported that the incidence and
mortality of MACEs during the 6-month follow-up reached
21.6% and 13.8%, respectively, which were far greater
than the rates in the type 4C MI cohort in this study (9).
Notably, patients with AMI due to thrombotic causes were
not excluded from previous study; hence, cases in the cohort
were not strictly type 4C MI, rather the results suggested a
poor prognosis for ISR-related AMI.

Our study revealed that type 4C MI is associated with a
history of MI or stroke, and entails a low ejection fraction,
which could further complicate the condition of patients
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with this type of MI, affecting their clinical outcomes . The
application of a generalized linear model is required to
correct for factors that may affect the prognosis. Further,
we confirmed that type 4C MI has a worse prognosis than
type 1 MI, and carries a high risk of heart failure and target
lesion revascularization events. It also has independent
effects on adverse cardiac events, with MACEs occurring
in at least 20% of patients within the 1-year follow-up.
Multivariate COX regression analysis found that elevated
NT-proBNP is a risk factor for poor prognosis of type 4C
ML This may be related to more hospitalizations for heart
failure after discharge.

Although there are several treatments available for
ISR, the most effective strategy has yet to be established.
Intracavitary imaging examination can help to clarify the
pathogenesis of ISR and guide the treatment regimen (13-15).
For cases of restenosis caused by stent underexpansion, poor
adhesion, or stent rupture, balloon angioplasty or stent re-
implantation is usually the treatment of choice. However, in
most cases, ISR occurs due to severe neointimal hyperplasia,
with a high percentage of recurrent target vessels being
affected after balloon angioplasty alone (16,17). At present,
the best treatment option for ISR is the new generation of
DESs or DCB dilatation. However, second-generation DES
implantation may be superior to DCB dilatation (18,19), with
the advantages and disadvantages of these 2 treatment options
potentially being related to the original stent type (20).
Previous studies have mostly focused on patients with
angina, but a few studies have applied DCBs in patients with
AMI. The “DEB-AMI” study (21) demonstrated that DES
implantation is superior to DCB angioplasty in patients with
STEMI . However, a single-center retrospective study (22)
reported that DES implantation and DCB angioplasty had
comparable efficacy in patients with ISR-related AMI, with
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Figure 1 Major adverse cardiovascular events (MACEs) and Kaplan-Meier survival curve of all-cause mortality.

no statistical difference in the incidence of MACEs within
1 year (37.5% vs. 27.5%, P=0.474). In contrast with the
results of these studies, the observed study population had
ISR without thrombotic factors. After multiple adjustments
to the correction model, no significant difference was noted
in the therapeutic effects of the DES and DCB procedures.
Despite the lack of randomized controlled trials on AMI,
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when combined with the current clinical evidence, our
findings suggest that both DESs and DCBs are safe and
reliable treatment options.

We have identified the following limitations to this
study. First, the diagnosis of the study population were re-
classified retrospectively. Although we set up an expert

group to reclassify the types of MI, there is a probability
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Figure 2 Receiver operating characteristic (ROC) curve analysis of
N-terminal pro-brain natriuretic peptide (NT-proBNP).

Table 3 Relationship between DES implantation/DCB angioplasty
and 1-year MACE:s in the type 4C myocardial infarction cohort

Model  Variable and hazard ratio P value
Model' DCB HR: 1.802 (95% ClI: 0.450-7.210) 0.405
Model” DCB HR: 1.555 (95% Cl: 0.370-6.544) 0.547
Age HR: 1.011 (95% CI: 0.945-1.083) 0.745
Male HR: 0.417 (95% CI: 0.084-2.071) 0.285
Model® DCB HR: 1.550 (95% Cl: 0.366-6.564) 0.552
Age HR: 1.011 (95% CI: 0.939-1.087) 0.777
Male HR: 0.417 (95% CI: 0.084-2.070) 0.284
GRACE HR: 1.0006 (95% CI: 0.981-1.021) 0.951
Model* DCB HR: 3.615 (95% Cl: 0.502-26.028) 0.202
Age HR: 0.983 (95% CI: 0.878-1.101) 0.769
Male HR: 0.348 (95% CI: 0.027-4.426) 0.416
GRACE HR: 0.998 (95% ClI: 0.956-1.042) 0.925

Diabetes HR: 0.168 (95% Cl: 0.011-2.542) 0.198
LVEF HR: 1.046 (95% CI: 0.921-1.188) 0.487
LDL HR: 1.319 (95% CI: 0.553-3.149) 0.532

NT-proBNP HR: 1.0004
(95% Cl: 1.0001-1.0008)

0.014*

*P<0.05. ', uncorrected for other factors; ?, corrected for
age and sex; 8, corrected for age, sex, and GRACE score; 4
corrected for age, sex, GRACE score, diabetes, LVEF, LDL, and
NT-proBNP. DES, drug-eluting stent, DCB, drug-coated balloon;
GRACE, Global Registry of Acute Coronary Events Score; LVEF,
left ventricular ejection fraction; LDL, low-density lipoprotein;
NT-proBNP, N-terminal pro-brain natriuretic peptide.

that population classification errors occurred. However, to
avoid bias in the classification, the expert group was blinded
to the treatment outcomes, follow-up, and other related
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details. Second, due to the low incidence of type 4C MI and
the small number of included cases, there is a possibility of
bias in the NSTEMI population. Thirdly, this study was
not a randomized controlled study and it included a small
sample size, which introduced the possibility of deviations
in the evaluation of the effects of DCB angioplasty and
DES implantation. To minimize interference from other
factors, multiple corrections have be made for the variables
that may affect the final outcome.

Conclusions

In summary, this study has shown that patients with type
4C MI have a poor prognosis and that the identification of
high-risk patients with AMI may facilitate the development
of preventive treatment regimens and improve prognosis.
DCB angioplasty and DES implantation both appear to be
effective treatment approaches for type 4C ML
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Supplementary

4137 cases of AMI with complete data
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2232 patients with STEMI 1905 patients with NSTEMI
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342 type 2 Ml
1921 underwent coronary 1505 underwent coronary 0 type 3 MI
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53 type 5 Ml
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1672 type 1 Ml 0 type 4c MI 1032 type 1 Ml 42 type 4¢c MI
Y Y

1074 included in the study

Figure S1 Screening flowchart. AMI, acute myocardial infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-

ST-segment elevation myocardial infarction; MI, myocardial infarction.
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Based on coronary
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Figure S2 Flow chart for diagnosis of type 4c myocardial infarction.
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Figure S3 Case.
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