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Abstract

Background: In STEMI patients, the presence of CTO in
non-1RA has been associated with worse prognosis and adverse
outcomes in many studies, whether in the short term or long
term. This has been thought to be due to many factors includ-
ing more major comorbiditiesin CTO patients, higher ischemic
burden, and the “ double Jeopardy theory”.

Aim of Sudy: The aim of our study isto evaluate theinci-
dence of in-hospital MACE in patients presenting with STEMI
and CTO in non-IRA.

Patients and Methods: We analyzed 111 patients (52 pa-
tientswith CTO in non-IRA and 59 without CTO in non-IRA)
to compare their clinical outcomesin Ain Shams University
Hospitals.

Although it was not found to be statistically significant,
we did find that the incidence of In-hospital MACE is higher
in cases with CTO in non-1RA in comparison to cases with-
out CTO in non-1RA including single vessel disease patients
and multi-vessel disease patients. Acute Pulmonary Edema and
Cardiogenic Shock were found to be significantly higher in cas-
eswith CTO in non-IRA. 50% of cases with CTO developed
MACE; and 100% of the CTO cases that developed MACE had
reduced ejection fraction.

Results: This study showed that the majority of patients
were males, smokers, hypertensive, and that all the involved
patients in the study were dyslipidemic. In the majority of the
cases the culprit was LAD as they mostly presented with An-
terior STEMI.

Conclusion: In patients presenting with STEMI, acute pul-
monary oedema and cardiogenic shock incidence was signifi-
cantly higher in cases undergoing primary PCl with CTO in
non-1RA compared to cases without CTO in non-IRA (either
single vessel disease patients and multi-vessel disease). In-hos-
pital MACE incidence was still higher yet not statistically sig-
nificant in patients with CTO in non-IRA.
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Introduction

ST elevation myocardia infarction (STEMI) is
caused by total thrombotic coronary artery occlu-
sion. Patients presenting with STEMI require rap-
id diagnosis and emergent revascul arization to the
acutely occluded coronary artery (ie, culprit artery).
This strategy is to reduce the risk of death and the
extent of permanent myocardial injury associated
with M1 [1].

Primary percutaneous coronary intervention
(PCI) refersto taking a patient presenting with
STEMI directly to the cardiac catheterization labo-
ratory to undergo mechanical revascularization us-
ing balloon angioplasty and coronary stents aiming
at restoring epicardia infarct-related artery patency
and achieving microvascular reperfusion as early as
possible. PCl when performed within 120 minutes
and ideally within 90 minutes, is the optimum ther-
apy for patients presenting with Acute Ml [2]. How-
ever, subgroups of patients continue to have high
morbidity and mortality rates due to major adverse
Cardiovascular events (MACE).

Previous observational studies have shown that
approximately 40%—60% of patients with acute
STEMI have multivessel diseases (MVD). A con-
current chronic total occlusion (CTO) in anon-IRA
isincidentally found in about 8%—15% of patients
with STEMI. The presence of concurrent CTO in
non-1RA can impose a higher short- and long-term
risk of MACE in these patients following successful
PCI due to the “double jeopardy” [3,4].

Chronic total occlusion (CTO) isacomplete or
nearly complete blockage of one or more coronary
arteries. The blockage, typically present for at least
three months, is caused by a buildup of plague with-
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in acoronary artery. In CTO the occluding throm-
bus becomes organized and fibrotic. CTO refersto
coronary luminal diameter stenosis with resultant
TIMI grade flow O or 1 as evaluated by coronary
angiography. In such, there is no or faint antegrade
or retrograde flow due to collaterals[5].

The presence of CTO in patients presenting with
ACS especialy STEMI is associated with increased
morbidity and mortality as showed in the HORI-
ZONS AMI tria. The mechanisms underlying the
increased mortality (especialy late) in patients with
MVD and a CTO are mostly multifactorial. Patients
with aCTO in anon-IRA had a higher prevalence of
cardiovascular risk factors and co-morbidities com-
pared with SVD patients and MV D patients without
aCTO. To the best of our knowledge thereis no
national data evaluating the trend and outcomes of
AMI patients who have a CTO of thenon-IRA. In
the present study we are going to address wheth-
er the presence of CTO in non-IRA augments the
in-hospital risk of MACE in STEMI patients treated
with successful PCI [6].

Patients and M ethods

This prospective observational study was con-
ducted in the Cardiology Department, Ain Shams
University Hospitals during the period from No-
vember 2022 to August 2023 to study the incidence
of In-hospital MACE in STEMI patients presented
with CTO in non-IRA. Our study included 111 di-
vided into 2 Groups. Group A: 52 consecutive Pa-
tients undergoing primary PCI for Acute MI with
concurrent CTO of anon-IRA as the study group
and Group B: 59 consecutive patients undergoing
primary PCI for Acute MI without concurrent CTO
of any vessel and well matching baseline clinical
characteristics to the study group as the control

group.

Theinclusion criteria were: Patients who are
above 18 years old and below 80 years old, who ful-
filled STEMI diagnosis, and have CTO in non-IRA.
While the Exclusion Criteria were: Patients with
acute M1 in extremes of ages (below 18 or above 80
years of age), patients with failed primary PCI for
the IRA, orpatients undergoing PCI for CTO of a
non-IRA during the same setting.

The following data was collected fromfiles
for all the enrolled patients: Patient demograph-
ics:Age, sex, cardiovascular risk factors (Diabe-
tes mellitus, Hypertension, Dydlipidemia), family
history, history of ischemic heart disease, ECG at
presentation and as well as before discharge. Predis-
charge Echocardiography: To assess overall func-
tionsand RSWMA and Clinical in-hospital course:
Patients were followed-up during their hospital stay
for the development of MACE which we defined in
our study as the development of heart failure, Acute

pulmonary edema, arrhythmia, cardiogenic shock,
and or death.

Results

Our study showed that the majority of patients
were males, smokers, hypertensive, and that all the
involved patients in the study were dyslipidemic. In
the majority of the cases the culprit was LAD as
they mostly presented with Anterior STEMI. It was
aso evident that in the CTO cases, more than 50%
of them the CTO was in the RCA. In most of the
cases there was ECG resolution post PCI and that
most patients devel oped Heart Failure with reduced
Ejection Fraction. Our study showed that only 40%
of the cases developed In-hospital MACE, mostly
in the form of acute pulmonary edema(APO) and
Cardiogenic Shock. Baseline demographic data and
in-hospital MACE areillustrated in Tables (1,2) re-
spectively.

Our study revealed there was no statistically
significant difference between cases with and with-
out CTO regarding the demographic data except
for DM. Diabetes was found higher in cases with
CTO than cases without CTO with p-value=0.004.
There was a statistically significant difference be-
tween both groupsin pain to door duration, cardiac
enzymes, heart rate, and number of affected vessels,
all of whichwerefound higher in cases with CTO.
Also, there was a statistically significant difference
between both groups with respect to ECG resolu-
tion being more common in cases without CTO
with a p-value=0.0. In addition, there was a statis-
tically significant difference regarding the Ejection
Fraction being significantly lower in cases with
CTO with a p-value=0.001. Comparison between
demographic criteria and post PClI ECG and echo-
cardiographic data between the 2 study groups are
illustrated in Tables (3,4) respectively.

There was no statistically significant difference
between cases with and without CTO regarding oc-
currence of arrhythmias and mortality as most cases
didn’t develop either one. While there was a statis-
tically significant difference between both groups
regarding Acute pulmonary edema and Cardiogenic
Shock which was found higher in cases with CTO
than cases without CTO.

As awhole cases with in-hospital MACE were
higher in the CTO group in comparison to the Non-
CTO group including single vessel disease and mul-
tivessel disease patients with a percentage of 50%
of the CTO group developed MACE while only
around 30% of either the single vessdl patients or
the multivessel patients developed MACE; How-
ever, it was not found to be statistically significant.
In-hospital MACE incidence in cases with CTO and
without CTO (single vessel and multivessel) isil-
lustrated in Table (5) and Figs. (1,2).
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Table (1): Demographic data and characteristics of the studied
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Table (3): Comparison between cases with and without CTO

patients. regarding demographic data and characteristics of
the studied patients.
Total no. = 111
oano Non CTO cTo Tt p g
Sex: No. =59 No. =52 vaue vaue %
Female 22 (19.8%) Sex:
Male 89 (80.29%) Female 14(23.7%) 8(154%) 1211* 0271 NS
_ Male 45(76.3%) 44 (84.6%)
Age (years):
Mean £ SD 54.83+12.03 Age (years):
Range 28-86 Mean+ SD  53.44+13.73 56.40+9.65 —1.299¢ 0.197 NS
. Range 28-86 39-80
Smoking:
No 34 (30.6%) Smoking:
Yes 77 (69.4%) No 16 (27.1%) 18(34.6%) 0.731* 0.393 NS
Yes 43(72.9%) 34 (65.4%)
Diabetes: ]
No 65 (58.6%) Diabetes:
Yes 46 (41.4%) No 42 (71.2%) 23(44.2%) 8.276* 0.004 HS
Yes 17 (28.8%) 29 (55.8%)
Hypertension: H tensi
No 54 (48.6% ypertension:
Ves 57 §51 40/3 No 32(54.2%) 22(42.3%) 1575* 0210 NS
' Yes 27 (45.8%) 30 (57.7%)
Dysl;\ﬁ) demia: 0(0.0% Dydlipidemia:
° (0.0%) 0(0.0% 0(0.0% - - -
Yes 111 (100.0%) no (0.0%) ~ 0(00%)
’ Yes 59 (100.0%) 52 (100.0%)
i 83 (74.8% ISHD:
0 (74.8%) No 46(78.0%) 37(712%) 0.680¢ 0410 NS
Yes 28 (25.2%) Yes 13(220%) 15 (28.8%)
Family history: Family history:
No 67 (60.4%) No 38(64.4%) 29(558%) 0.862* 0353 NS
Yes 44(39.6%) Yes 21(35.6%) 23 (44.2%)
p-value >0.05: Non significant. *: Chi-square test.

Table (2): In-hospital MACE among the studied patients.

Total no. =111

Acute pulmonary edema:

No 87 (78.4%)

Yes 24 (21.6%)
Cardiogenic shock:

No 92 (82.9%)

Yes 19 (17.1%)
Arrhythmia:

No 96 (86.5%)

AF/SVT 3(2.7%)

VTIVF 11 (9.9%)

Heart block 1(0.9%)
Mortality:

No 108 (97.3%)

Yes 3(2.7%)
In-hospital MACE:

No 66 (59.5%)

Yes 45 (40.5%)

p-value <0.05: Significant.
p-value <0.01: Highly significant.

*: Independent t-test.

Table (4): Comparison between cases with and without CTO
regarding ECG resolution after CA and ECHO.

Non CTO CTO Test P

No. =59 No. =52 value vaue Sig.
ECG resolution
after CA:
No 7(11.9%) 29(55.8%) 24.313* 0.000 HS
Yes 52 (88.1%) 23 (44.2%)
Echo: EF:
Mean+ SD  42.37+7.29 36.04+10.15 3.809¢ 0.000 HS
Range 25-65 15-69
Preserved 9(15.3%) 7(13.5%) 14.778* 0.001 HS
Moderate 22 (37.3%) 4(7.7%)
Reduced 28 (47.5%) 41 (78.8%)
Echo RSWMA:
Apex 29(49.2%) 36(69.2%) 4.592* 0032 S
Inferior 31(52.5%) 42(80.8%) 9.781* 0.002 HS
Anterior 29(49.2%) 26(50.0%) 0.008* 0929 NS
Lateral 31(52.5%) 34(654%) 1.878* 0.171 NS
Posterior 25(42.4%) 34(65.4%) 5878 0015 S
Apica 29(49.2%) 29(55.8%) 0.485* 0.486 NS
segments

p-value >0.05: Non significant.
p-value <0.05: Significant.
p-value <0.01: Highly significant.

*: Chi-square test.
*: Independent t-test.
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Table (5): Comparison between cases with CTO and without CTO (single vessel and multivessel) regard-
ing acute pulmonary edema, cardiogenic shock, arrhythmia, mortality and in-hospital MACE.

Non CTO

Non CTO

. . CTO Test p- !
srll\?(lje;/e;?sel mullt\llgl e:v;e;sel s No. =52 value value Sg.
Acute pulmonary edema:
No 33 (89.2%) 20 (90.9%) 34 (65.4%) 9.771* 0008 HS
Yes 4(10.8%) 2(9.1%) 18 (34.6%)
Cardiogenic shock:
No 33 (89.2%) 21 (95.5%) 38 (73.1%) 7.012* 0030 S
Yes 4(10.8%) 1 (4.5%) 14 (26.9%)
Arrhythmia:
No 32 (86.5%) 18 (81.8%) 46 (88.5%) 6.410* 0379 NS
AF/ISVT 0(0.0%) 1 (4.5%) 2(3.8%)
VTIVF 5 (13.5%) 2(9.1%) 4(7.7%)
Heart block 0(0.0%) 1 (4.5%) 0 (0.0%)
Mortality:
No 37 (100.0%) 22 (100.0%) 49 (94.2%) 3498 0174 NS
Yes 0(0.0%) 0(0.0%) 3(5.8%)
In-hospital MACE:
No 25 (67.6%) 15 (68.2%) 26 (50.0%) 3.634* 0163 NS
Yes 12 (32.4%) 7 (31.8%) 26 (50.0%)
p-value >0.05: Non significant. p-value <0.01: Highly significant.
p-value <0.05: Significant. *: Chi-square test.
40 Acute pulmonary edema 30 Cardiogenic shock
35 34.6% 26.9%
25
30
25 20
X 20 £ 15
15 108% 10 10.8%
- 9.1%
10 d 5 45%
5 |_|
0 T T
Non CTO Non CTO CTO Non CTO Non CTO CTO
singlevessel  multiple vessels singlevessel  multiple vessels

Fig. (1): Comparison between CTO cases and cases without
CTO: Single vessel disease and multivessel disease
regarding incidence of APO.

Discussion

Our study showed that patients presenting with
STEMI, acute pulmonary oedema and cardiogenic
shock incidence was significantly higher in cas-
es undergoing primary PCI with CTO in non-IRA
compared to cases without CTO in non-IRA (either
single vessel disease patients and multi-vessel dis-
ease). In-hospital MACE incidence was still higher
yet not statistically significant in patientswith CTO
in non-1RA.

Other studies have shown that the presence of
CTO itself isarisk factor to develop in hospital
MACE. Theories as to why the presence of CTO
in non-IRA in STEMI patients is associated with

Fig. (2): Comparison between CTO cases and cases without
CTO: Single vessel disease and multivessel disease
regarding incidence of Cardiogenic Shock.

adverse outcomes are multifactorial. One of the
theoriesisthat CTO patients tend to have more
co-morbidities and more risk factors than patients
without CTO leading to a higher ischemic burden
[6,7]. Another theory isthe “ double Jeopardy” the-
ory which claimsthat if collaterals arise from the
IRA supplying the myocardium of the CTO artery,
abrupt occlusion of the IRA would lead to not only
infarction of the distal myocardium but also the col-
laterally supplied myocardium of the CTO. Also,
patients with CTO tend to present with more severe
presentations causing them to be more likely to de-
velop adverse outcomes. All these are possible ex-
planations[8].
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Our study has provided outcomes similar to
those of other studies. It has shown that patients
with Diabetes were more likely to have CTO. This
may be due to the correlation between diabetes and
the progression of atherosclerosis or the possibility
of silent ischemia. Cases with CTO were found to
have longer pain to door time, higher levels of en-
zymes, and number of vessels affected. They were
less likely to experience ECG resolution suggesting
suboptimal revascularization and were more likely
to have impaired g ection fraction suggesting great-
er ischemic burden as seen in previous research
done on the subject.

In cases without CTO in non-1RA, diabetics
were three times more likely to develop in-Hospi-
tal MACE mostly due to having advanced coronary
artery disease thus higher likelihood of MVD even
in the absence of CTO. In-addition cases who didn’t
experience ECG resolution had a higher chance of
developing in-hospital MACE.

In caseswith CTO in non-IRA, cases with a
blood pressure lower than 100/60 and heart rate
higher than 80 were more likely to develop In-Hos-
pital MACE and that 100% of the CTO cases who
developed MACE had reduced Ejection Fraction
suggesting larger areas of myocardial ischemia.
Also, cases with segmental wall motion abnormal-
itiesmainly in the inferior wall werelesslikely to
develop MACE suggesting that possibly cases with
CTO RCA had less severe outcomes.

Finally, concerning the focal point of our study,
a comparison between cases with CTO in non-IRA
and cases without CTO in non-IRA regarding the
development of in-hospital MACE. We found cases
with CTO were significantly more likely to devel-
op APO and Cardiogenic shock than cases without
CTO. As atotal,we noticed that the incidence of
In-hospital MACE was higher in the CTO group in
comparison to the Non-CTO group including single
vessel disease and multivessel disease patients. Half
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of the CTO group developed MACE while only
around 30% of either the single vessel disease pa-
tients or the multivessel disease patients developed
MACE.
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