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Abstract:

Introduction: Therapies that showed the pathology of left ventricular remodeling are often
associated with improved outcomes. The incidence and impact of reverse left ventricular
(LV) remodeling after percutaneous coronary intervention (PCl) is still unknown. Reverse
remodeling is associated with improved long-term prognosis in patients with acute
myocardial infarction. However, its determinants are still not fully understood. On the other
hand, due to the increasing use of PCl in the treatment of coronary artery disease, its
complications are significant, so this study was conducted with the aim of investigating the
rate of reverse remodeling after elective PCl in patients with ventricular dysfunction.
Method and material: This study was a cohort study. The invited cases were examined by
trained people after providing explanations and completing the informed consent form.
According to the vascular involvement in angiography, PCl patients were performed by a
specialist on the involved vessel. For candidate patients, PCl was performed on the day of
admission in the hospital, and echocardiography was performed. These patients had
received the same drug intervention, including aspirin and Plavix, beta-blocker and ACE-
inhibitor. The patients were hospitalized for one day and after the visit due to the absence
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of angiography complications such as re-bleeding at the angiography site and hematoma
and bruising at the site, they were discharged with medication instructions. Also, 6 months
after PCl, the patients underwent the evaluation of the above indicators by
echocardiography again. The demographic characteristics of the patients were
investigated. Also, hemoglobin, cardiac output and mitral valve insufficiency were
evaluated before and after PCI.

Results: The present study was conducted on 100 referring patients who were candidates
for PCI. Our results showed that 62 of the patients were men and 38 were women. The
average age was 62.79 for men and 62.71 for women. Patients had underlying disease of
diabetes, kidney problem (ESRD), ischemic heart disease (IHN) and high blood pressure
(HTN). The highest rate of vascular involvement among patients was related to the RCA vein.
With the increase in the number of underlying diseases, the number of involved vessels also
increased, heart rate and diastolic failure showed improvement 6 months after the
intervention, and the MR rate decreased significantly after the intervention. The findings
show that PCl has been able to increase the percentage of cardiac efficiency. It should be
noted that this increase of 6.5% (EF>5%) is completely significant (P<0.0001). In our study,
the number of people with normal left ventricular size increased after the intervention.
Conclusion: PCl with hemodynamic support may be a potential therapeutic strategy to
select patients with underlying cardiac and renal disease and reduced EF. Also, PCl is
effective in improving mitral valve failure, diastolic failure and improving heart rate and
reverse remodeling of the left ventricle.

Keyword:

Reverse left ventricular (LV) remodeling (rLVR), percutaneous coronary intervention (PCl),
coronary, Ejection Fraction (EF), Mitral regurgitation (MR)
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Introduction:

Coronary artery disease Is the most common cause of death caused by diseases, and about 50% of
men and 30% of women after the age of 40 have symptomatic coronary artery disease (1).Coronary
angiography is the standard diagnostic method for coronary artery disease, and based on its
findings, the appropriate treatment is selected for the disease, which includes: medical treatment,
percutaneous coronary intervention (PCI) and coronary artery bypass surgery.(2).PCI is one of the
increasing methods in the treatment of coronary artery disease, and with the increase in the
experience of doctors and the improvement of auxiliary medical treatments and the advancement
of technology, the number of PCI has increased by 226% in America from 1987 to 2001. The side
effects of PCI are noteworthy and important. Among its major complications are vascular
complications, which are about 0.4%, and infection is one of these complications. Although
bacteremia is uncommon after PCI, it is associated with significant complications and in fatal cases
(3).Today, this method has changed the face of providing cardiac care as a low-risk, economical
and less invasive method compared to surgery (4, 5); So that only in the United States, more than

650 thousand people undergo angioplasty and stenting procedures every year (6-8).Even in Iran,
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although exact statistics are not available, with the increasing prevalence of coronary artery disease,
a large number of patients need surgical interventions (angioplasty and coronary artery bypass
surgery) every day (9, 10).Despite rapid advances in percutaneous coronary interventions (PCI), a
certain proportion of patients with acute coronary syndrome (ACS) clinically exhibit left
ventricular (LV) dysfunction in the area supplied by the damaged coronary artery. According to
previous studies, about 20-30% of patients with ST-segment elevation myocardial infarction
(STEMI) treated with primary PCI suffer from significant myocardial damage, which leads to
unfavorable remodeling. In turn, This is consistent with an increased risk of major cardiovascular
adverse events (11, 12). The final outcome of myocardial infarction is inextricably linked with the
occurrence of long-term complications such as heart failure and malignant ventricular arrhythmias,
or indeed, poor quality of life and increased mortality. This particularly refers to anterior wall
STEMI, which is caused by acute arterial occlusion. The left anterior descending artery (LAD)
develops, causing a large state of necrosis and remodeling of the left ventricle and further systolic
and diastolic dysfunction (13, 14).Left ventricular wall reperfusion significantly increases the risk
of major cardiovascular adverse events (MACE), mortality rate. Pharmacological management of
STEMI in the form of angiotensin-converting enzyme inhibitors (ACEI), beta blockers and
receptor antagonists. Mineralocorticoids (MRA) lead to a reduction in the development of
pathological LV remodeling. Recently, the concept of reverse remodeling has been developed,
which is defined as a decrease in LV end-systolic volume (LVESV) of = 10% relative to the baseline
value (15, 16).Notably, reversible inverse reconstruction was associated with favorable response to
cardiac resynchronization therapy (CRT) and improved prognosis in patients with heart failure
(17).Most importantly, reversible reperfusion was associated with improved long-term prognosis
in patients with acute myocardial infarction. However, its determinants are still not fully
understood (18).As more patients survive and live longer after stroke, the prevalence of cardiac
injury after myocardial infarction continues to increase. The development of cardiac injury
phenotype in these patients is a complex, progressive, molecular and cellular transformation to
derives the name "ventricular remodeling". First described by Tennant and Wiggers, ventricular
remodeling involves ventricular dilatation, scar formation, and geometric changes in left
ventricular (LV) shape (eg, oval to more spherical) and partially by Neurohormones are directed
(19).The main evidence-based therapies of cardiac injury, in an effort to prevent adverse
remodeling and promote reversible remodeling, ultimately target these neurohormonal pathways
to ultimately improve outcomes in the post-myocardial infarction population. The Incidence and
impact of reversible left ventricular remodeling after percutaneous coronary intervention (PCI) is
unknown (20).In the study of Perera and colleagues in 2022, they showed that among patients
with severe left ventricular ischemic systolic dysfunction who received optimal medical treatment,
revascularization after PCI did not lead to a reduction in the mortality of patients hospitalized due
to heart failure(48).In a study by Daubert and colleagues in 2015, it was shown that left ventricular
reverse remodeling can occur after PCI at risk in patients with complex coronary artery disease and
reduced EF and is associated with improved clinical outcomes (46).In the study of Peng and his
colleagues in 2017, they showed that the development of reversible inverse reconstruction in

patients with revascularization is favorable and appropriate. More studies are necessary to evaluate
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its prognostic role in predicting side effects (50).Until now, studies on stenting in chronic coronary
heart failure patients have not shown a clear effect. Therefore, this study was conducted with the
aim of investigating the rate of reversible left ventricular dysfunction following elective PCI in

patients with ventricular dysfunction.

Materials and methods:

This study was a cohort study.Patients with ventricular dysfunction EF < 50% were candidates for
PCIL.The data collection tool related to patients' information was done using a checklist.After
providing explanations and completing the informed consent form, all the invited people were
examined by trained people based on a written program. This examination included blood pressure
measurements, tonometric indices (waist circumference, hip circumference, height and weight
according to the relevant standards). And the electrocardiogram (cardiogram of 12 leads) was
performed by a trained expert with the interpretation of cardiologists.In this study, patients were
subjected to angiography according to the changes in ECG and cardiac symptoms, including chest
pain and shortness of breath.According to the vascular involvement in angiography, PCI patients
were performed by a specialist in inversion on the involved vessel. For candidate patients for PCI,
echocardiography was performed on the day of admission to the hospital. The patients were
hospitalized for one day and after the visit due to the absence of angiography complications such
as rebleeding at the angiography site and hematoma and bruising at the site, they were discharged
with medication orders.Also, 6 months after PCI, the patients underwent the evaluation of the
above indicators by performing echocardiography again, and at the same time, through an
interview, the level of physical performance capacity of the patients was determined based on the
New York Heart Association (NYHA) criteria. The rate of reverse remodeling of patients is also
based on the reduction of left ventricular end systolic volume (LVESV) greater than or equal to
10%, as well as the reduction of left ventricular end diastolic volume greater than or equal to 20%
and the increase of left ventricular ¢jection fraction (EF) and improvement of the severity of mitral
regurgitation in the 6-month observation. In this study, a 3D echocardiography device was used.A
decrease in hemoglobin level less than 12 grams per liter in women and less than 13 grams per liter
in men was considered as anemia based on the definition of the World Health Organization.To
check the state of dehydration, the density of the urine of the patients was measured by a
refractometer device. According to the studies conducted in this case, the hydration status of the
people according to the specific gravity of the urine was divided into four groups: normal hydration
status (specific gravity <1.009), mild dehydration (1.019-1.010), moderate dehydration (1-
020/1/029), severe dehydration (specific gravity>1.029) was divided.The echocardiographic
criterion of E/E’ ratio is obtained using transmitral pulsed wave Doppler and tissue Doppler
imaging of mitral valve movements. In this ratio, E is actually the peak intensity of the initial
diastolic filling of the left ventricle and E’ is the average peak of the initial diastolic intensity. A
valve obtained from the septal and lateral parts of the mitral valve is tissue Doppler.It was expected
that In patients who have decreased left ventricular function due to vascular occlusion, after
performing PCI and establishing sufficient flow, left ventricular function will improve with

echocardiographic criteria and patient symptoms.MR severity, E/¢' ratio, IVC size, ejection
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fraction improvement and GLS were also determined by echocardiography. Known coronary heart
disease patients with various degrees of diastolic dysfunction and with left ventricular ejection
fraction (LVEF) less than 50% during echocardiography before PCI.Patients who had STEMI and
reduced EF were included in the study if 40 days had passed since diagnosis.SPSS version 24
software was used to enter and analyze the data. For quantitative data, the Kolmogorov-Smirnov
test was first performed, and if normal, paired t-tests were used to compare the mean of quantitative
variables before and after PCI, and otherwise, the Wilcoxon test was used. To compare the
qualitative data, Chi-square test or Fisher's exact test was used if needed. A significance level of less
than or equal to 0.05 (P<0.05) is considered.

Findings:

The present study was conducted on 100 patients referred to. In this study, 62 patients are men
and 38 are women. The average age was 62.79 for men and 62.71 for women.Examination of BMI
in these patients revealed that the average of this index was 24.04 in men and 22.33 in women,
and statistical analysis shows the significance of this difference between men and women in this
study (P<0.05).Examining the results of the underlying diseases among the patients showed that
22 of the patients were smokers and 43 of the patients had diabetes. 2 of the patients had kidney
problems (ESRD), 11 had ischemic heart disease (IHD) and 36 had They had high blood pressure
(HTN).Examining the patients' blood tests showed that the distribution of hemoglobin levels
before and after the intervention was not normal. The Wilcoxon test showed that there was no
significant difference between the hemoglobin levels before and after the intervention.The
examination of the heart rate (HR) showed that the distribution of HR before and after the
intervention was not normal. The Wilcoxon statistical test showed that there was a significant
difference between the HR before and after the intervention (P<0.0001).The results of mitral valve
regurgitation (MR) using the chi-squared test showed that the amount of MR decreased
significantly before and after the intervention (P<0.003).The results of diastolic dysfunction (E/E")
showed that the comparison of the two groups in the Wilcoxon statistical test was completely
significant (P<0.008). It should be noted that our data in this variable is not complete and echo
was not performed in all patients. The results of examining the size of IVC in the Wilcoxon test
showed that this variable had no significant difference before and after the intervention and was
normal and below 2 in the patients. The results of cardiac efficiency (EF) investigations in patients
before and after the intervention using the Wilcoxon test showed that the cardiac efficiency before
the intervention was lower than its value after the intervention. This finding shows that PCI has
been able to increase the percentage of cardiac efficiency. It should be noted that this increase of
5.6% (EF>5%) was completely significant (P<0.0001). The observations of the present study
showed that with the increase in the number of underlying diseases, the amount of cardiac output
decreased, which with the intervention PCI has improved this much. The results of examining the
left ventricular size (LV size) in patients before and after the intervention with the Chi-squared test
showed that the ventricular size improved after the intervention (P<0.001). This finding shows the

importance of PCI in left ventricular reverse reconstruction in patients. The results of performing

PCI on different vessels showed that LAD (32 people), RCA (44 people), LCX (18 people), OM

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2704



Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

(19 people) and D (7 people) were involved. These results show that RCA is the severity of
involvement. It has more than other vessels.The results of comparing the difference of cardiac
output (EF) in patients before and after with the type of vessel involved using one-way ANOVA
test showed that there is no significant relationship between the type of vessel and the improvement
of EF among patients.Comparison of left ventricular size (LV size) after the intervention among
different PCI vessels with one-way ANOVA test shows that the type of vessel has no significant
relationship with the size of the left ventricle after the intervention.The results of investigating the
number of involved vessels (VD) in different patients showed that 40 people had only one involved
vessel (SVD), 45 people had two involved vessels (2VD) and 14 people had 3 involved vessels
(3VD). In fact, almost half of the patients had two involved vessels. The number of underlying
diseases had a positive relationship with the number of involved vessels, and with the increase in

the number of underlying diseases, the number of involved vessels also increased.

Discussion:

The present study was conducted on 100 referring patients who were candidates for PCI. In this
study, 62 of the patients were men and 38 were women. The average age for men was 62.79 and
for women was 62.71. The underlying diseases were diabetes, kidney disease (ESRD), ischemic
heart disease (IHD), and high blood pressure (HTN). Most of them were related to diabetes, IHD,
and ESRD. In our study, an increase in the number of underlying diseases was associated with a
decrease in cardiac output. This case was improved by stenting. The patients' hemoglobin did not
change significantly during the intervention.On the other hand, the highest rate of vascular
involvement among patients was related to the RCA vein. Half of the patients had two vessels
involved in the disease. Our research showed that the underlying disease has a positive relationship
with the number of involved vessels, and with the increase in the number of underlying diseases,
the number The involved vessels also increase.Heart rate and diastolic failure improved 6 months
after the intervention, and the MR rate decreased significantly after the intervention, all of which
indicate the effect of PCI in improving mitral valve failure, diastolic failure, and reducing heart
rate.Echocardiographic imaging in patients with coronary artery disease (CAD) has shown that a
decrease in ejection fraction (EF) over time is an independent predictor of death and in-hospital
heart failure (42, 51-53).The patients of this study had a low baseline EF, and PCI increased
cardiac efficiency by 6.5% after 6 months of intervention. In this regard, it has been reported that
in high-risk patients with severe obstructive CAD, percutaneous coronary intervention ( PCI) with
hemodynamic support may be considered as an alternative treatment strategy. Several studies on
patients with symptomatic heart failure and reduced systolic function have shown that increased
EF as a result of drug or device intervention is associated with improved outcomes. It can be used
as a surrogate marker for future clinical events (54-56).The increasing number of coronary artery
disease (CAD) patients with reduced left ventricular (LV) systolic function is a major clinical
problem (57).Considering that LV systolic function is a powerful prognostic predictor in patients
with CAD, whether treatment by improving LV systolic function benefits patients or not is an
important clinical question that should be considered in time. While coronary artery bypass graft
surgery (CABG) is considered the preferred treatment for CAD patients with reduced systolic
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function, percutaneous coronary intervention (PCI) has also become a strategy of choice in CAD
patients. With reduced systolic function (58).Although PCI can improve LV function in some
cases, it is not always effective, and the types or conditions of patients who benefit from improved
LV function from revascularization by PCI remain unknown. LV functional improvement is
usually accompanied by a decrease in LV end-systolic volume. Is related, which is defined as
Reveres LV remodeling (LVRR) (56, 59).Pathological left ventricular (LV) remodeling,
characterized by increased LV volume and decreased systolic function, can occur in response to
ischemia and myocardial infarction (MI) and is associated with poor clinical outcomes (51, 60).
Several studies show that the extent of LV volume increase reflects the magnitude of primary
microvascular damage (61-63).In our study, the number of people with normal size of the left
ventricle increased after the intervention, so it can be concluded that PCI was effective in the
reverse reconstruction of the left ventricle. Another study in this regard reported that the reverse
reconstruction of the left ventricle can be PCI occurs in patients with complex coronary artery
disease and reduced EF and is associated with improved clinical outcomes (46). Interestingly, little
is known about LV remodeling after PCI in patients with LV dysfunction.The PROTECT II trial
demonstrated that percutaneous revascularization with hemodynamic support is a viable
alternative treatment strategy in symptomatic but inoperable patients with complicated CAD and
reduced EF. Reverse remodeling occurred in patients with symptomatic heart failure, lower
baseline EF, and more extensive revascularization (46).Studies on patients with severe CAD and
LV defects treated with CABG have shown that postoperative LV reverse remodeling occurs with
a mean increase in EF from 4% to 14.1% (64, 65).Recently, in the STICH trial, it was shown that
patients with the lowest preoperative EF (25%) and the largest ESV index (N90 ml/m2) were more
likely to have a greater improvement in postoperative EF than CABG (66). In addition, patients
with symptomatic heart failure were more likely to show reverse LV remodeling and subsequently
had a significant improvement in NYHA functional class compared to baseline. The results of the
Revived study in 2022 indicate that revascularization after PCI did not lead to a reduction in the
mortality of patients hospitalized due to heart failure, but it was able to improve the quality of life
in 6 and 12 months after PCI compared to the optimal treatment group. It should be noted that
this difference in recovery was reduced at 24 months (48).Overall, larger prospective studies with
longer durations are needed to evaluate the long-term sustainability and benefit of reverse LV

remodeling after high-risk PCI.

Conclusion:

PCI can have a significant effect on LV reverse remodeling, which in turn is associated with a
significant reduction in adverse clinical events. This study suggests that PCI with hemodynamic
support may be a potential therapeutic strategy to select patients with underlying heart disease and
Kidney and EF are reduced. Also, PCI is effective in improving mitral valve failure, diastolic failure

and improving heart rate and reverse left ventricular reconstruction.

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2706



10.

11.

12.

13.

Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

Referece:

Bonow RO, Mann DL, Zipes DP, Libby P. Braunwald's heart disease e-book: A textbook of
cardiovascular medicine: Elsevier Health Sciences; 2011.

Malanoski GJ, Samore MH, Pefanis A, Karchmer AW. Staphylococcus aureus catheter-associated
bacteremia: minimal effective therapy and unusual infectious complications associated with arterial
sheath catheters. Archives of Internal Medicine. 1995;155(11):1161-6.

Samore MH, Wessolossky MA, Lewis SM, Shubrooks Jr SJ, Karchmer AW. Frequency, risk
factors, and outcome for bacteremia after percutaneous transluminal coronary angioplasty. The
American journal of cardiology. 1997;79(7):873-7.

Kukla P, Dudek D, Rakowski T, Dziewierz A, Mielecki W, Szczuka K, et al. Original article
Inferior wall myocardial infarction with or without right ventricular involvement-treatment and
in-hospital course. Kardiologia Polska (Polish Heart Journal). 2006;64(6):583-8.

Saw ], Davies C, Fung A, Spinelli J], Jue J. Value of ST elevation in lead III greater than lead I in
inferior wall acute myocardial infarction for predicting in-hospital mortality and diagnosing right
ventricular infarction. American Journal of Cardiology. 2001;87(4):448-50.

Giannitsis E, Hartmann F, Wiegand U, Katus H, Richardt G. Clinical and angiographic outcome
of patients with acute inferior myocardial infarction. Zeitschrift fiir Kardiologie. 2000;89(1):28-
35.

Assali AR, Teplitsky I, Ben-Dor I, Solodky A, Brosh D, Battler A, et al. Prognostic importance of
right ventricular infarction in an acute myocardial infarction cohort referred for contemporary
percutaneous reperfusion therapy. American heart journal. 2007;153(2):231-7.

Grothoff M, Elpert C, Hoffmann J, Zachrau ], Lehmkuhl L, de Waha S, et al. Right ventricular
injury in ST-elevation myocardial infarction: risk stratification by visualization of wall motion,
edema, and delayed-enhancement cardiac magnetic resonance. Circulation: Cardiovascular
Imaging. 2012;5(1):60-8.

Berger PB, Ruocco Jr NA, Ryan TJ, Jacobs AK, Zaret BL, Wackers FJ, et al. Frequency and
significance of right ventricular dysfunction during inferior wall left ventricular myocardial
infarction treated with thrombolytic therapy (results from the Thrombolysis In Myocardial
Infarction [TIMI] II trial). The American journal of cardiology. 1993;71(13):1148-52.

Zornoff LA, Skali H, Pfeffer MA, St. John Sutton M, Rouleau JL, Lamas GA, et al. Right
ventricular dysfunction and risk of heart failure and mortality after myocardial infarction. Journal
of the American College of Cardiology. 2002;39(9):1450-5.

Wita K, Filipecki A, Szydlo K, Turski M, Tabor Z, Wrébel W, et al. Prediction of long-term
outcome after primary percutaneous coronary intervention for acute anterior myocardial
infarction. Kardiologia Polska (Polish Heart Journal). 2010;68(4):400-7.

Bolognese L, Neskovic AN, Parodi G, Cerisano G, Buonamici P, Santoro GM, et al. Left
ventricular remodeling after primary coronary angioplasty: patterns of left ventricular dilation and
long-term prognostic implications. Circulation. 2002;106(18):2351-7.

Sciagra R, Imperiale A, Antoniucci D, Migliorini A, Parodi G, Comis G, et al. Relationship of
infarct size and severity versus left ventricular ejection fraction and volumes obtained from 99mTec-

sestamibi gated single-photon emission computed tomography in patients treated with primary

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2707



14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

percutaneous coronary intervention. European Journal of Nuclear Medicine and Molecular
Imaging. 2004;31(7):969-74.

Maskali F, Franken PR, Poussier S, Tran N, Vanhove C, Boutley H, et al. Initial infarct size
predicts subsequent cardiac remodeling in the rat infarct model: an in vivo serial pinhole gated
SPECT study. Journal of nuclear medicine. 2006;47(2):337-44.

Spinelli L, Morisco C, Assante di Panzillo E, Izzo R, Trimarco B. Reverse left ventricular
remodeling after acute myocardial infarction: the prognostic impact of left ventricular global
torsion. The international journal of cardiovascular imaging. 2013;29(4):787-95.

Carrabba N, Parodi G, Valenti R, Migliorini A, Bellandi B, Antoniucci D. Prognostic value of
reverse left ventricular remodeling after primary angioplasty for STEMI. Atherosclerosis.
2012;222(1):123-8.

Chung ES, Leon AR, Tavazzi L, Sun J-P, Nihoyannopoulos P, Merlino ], et al. Results of the
Predictors of Response to CRT (PROSPECT) trial. Circulation. 2008;117(20):2608-16.

. Funaro S, La Torre G, Madonna M, Galiuto L, Scara A, Labbadia A, et al. Incidence,

determinants, and prognostic value of reverse left ventricular remodelling after primary
percutaneous coronary intervention: results of the Acute Myocardial Infarction Contrast Imaging
(AMICI) multicenter study. European heart journal. 2009;30(5):566-75.

Bhatt AS, Ambrosy AP, Velazquez EJ. Adverse remodeling and reverse remodeling after myocardial
infarction. Current cardiology reports. 2017;19(8):1-10.

Reis Filho JrdAR, Cardoso JN, Cardoso CMdR, Pereira-Barretto AC. Reverse cardiac remodeling:
a marker of better prognosis in heart failure. Arquivos brasileiros de cardiologia. 2015;104:502-6.
Abubakar I, Tillmann T, Banerjee A. Global, regional, and national age-sex specific all-cause and
cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2015;385(9963):117-71.

Corona E, Dudley JT, Butte AJ. Extreme evolutionary disparities seen in positive selection across
seven complex diseases. PloS one. 2010;5(8):¢122306.

Members WG, Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB, et al. Heart
disease and stroke statistics—2009 update: a report from the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Circulation. 2009;119(3):e21-e181.

Steg PG, Bhatt DL, Wilson PW, D’Agostino R, Ohman EM, Réther J, et al. One-year
cardiovascular event rates in outpatients with atherothrombosis. Jama. 2007;297(11):1197-206.
Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart disease and
stroke statistics—2016 update: a report from the American Heart Association. Circulation.
2016;133(4):e38-e360.

Health Udo, Services H. The health benefits of smoking cessation. A Report of the Surgeon
General, Office of Smoking and Health. 1990.

Stamler ], Vaccaro O, Neaton JD, Wentworth D, Group MRFITR. Diabetes, other risk factors,
and 12-yr cardiovascular mortality for men screened in the Multiple Risk Factor Intervention Trial.

Diabetes care. 1993;16(2):434-44.

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2708



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

Verschuren WM, Jacobs DR, Bloemberg BP, Kromhout D, Menotti A, Aravanis C, et al. Serum
total cholesterol and long-term coronary heart disease mortality in different cultures: Twenty-
five—year follow-up of the seven countries study. Jama. 1995;274(2):131-6.

MacMahon S, Peto R, Collins R, Godwin J, Cutler ], Sorlie P, et al. Blood pressure, stroke, and
coronary heart disease: part 1, prolonged differences in blood pressure: prospective observational
studies corrected for the regression dilution bias. The Lancet. 1990;335(8692):765-74.

Haffner SM. Diabetes, hyperlipidemia, and coronary artery disease. The American journal of
cardiology. 1999;83(9):17-21.

Assmann G, Schulte H. The Prospective Cardiovascular Miinster (PROCAM) study: prevalence
of hyperlipidemia in persons with hypertension and/or diabetes mellitus and the relationship to
coronary heart disease. American heart journal. 1988;116(6):1713-24.

Matsuzawa Y, Nakamura T, Shimomura I, Kotani K. Visceral fat accumulation and cardiovascular
disease. Obesity research. 1995;3(S55):645S-7S.

Steptoe A, Kivimidki M. Stress and cardiovascular disease. Nature Reviews Cardiology.
2012;9(6):360-70.

Parisi AF, Folland ED, Hartigan P. A comparison of angioplasty with medical therapy in the
treatment of single-vessel coronary artery disease. New England Journal of Medicine.
1992;326(1):10-6.

Jonas M, Reicher-Reiss H, Boyko V, Shotan A, Mandelzweig L, Goldbourt U, et al. Usefulness of
beta-blocker therapy in patients with non-insulin-dependent diabetes mellitus and coronary artery
disease. The American journal of cardiology. 1996;77(15):1273-7.

Tadamura E, Mamede M, Kubo S, Toyoda H, Yamamuro M, lida H, et al. The effect of
nitroglycerin on myocardial blood flow in various segments characterized by rest-redistribution
thallium SPECT. Journal of Nuclear Medicine. 2003;44(5):745-51.

Serruys PW, Morice M-C, Kappetein AP, Colombo A, Holmes DR, Mack MJ, et al. Percutaneous
coronary intervention versus coronary-artery bypass grafting for severe coronary artery disease.
New England journal of medicine. 2009;360(10):961-72.

Canfield J, Totary-Jain H. 40 years of percutaneous coronary intervention: history and future
directions. Journal of personalized medicine. 2018;8(4):33.

Ruel M, Verma S, Bhatt DL. What is the optimal revascularization strategy for left main coronary
stenosis? JAMA cardiology. 2017;2(10):1061-2.

Bhatt DL. Percutaneous coronary intervention in 2018. Jama. 2018;319(20):2127-8.

Bhatt DL. Timely PCI for STEMI—still the treatment of choice. Mass Medical Soc; 2013. P.
1446-7.

Cohn JN, Ferrari R, Sharpe N, Remodeling alFoC. Cardiac remodeling—concepts and clinical
implications: a consensus paper from an international forum on cardiac remodeling. Journal of the
American College of Cardiology. 2000;35(3):569-82.

Zornoff LA, Paiva SA, Duarte DR, Spadaro ]. Ventricular remodeling after myocardial infarction:
concepts and clinical implications. Arquivos brasileiros de cardiologia. 2009;92:157-64.

Sutton MGS]J, Sharpe N. Left ventricular remodeling after myocardial infarction: pathophysiology
and therapy. Circulation. 2000;101(25):2981-8.

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2709



45.

406.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

4 Se ) 53 e Ol obew i Gl (s b3 3 Gl ) g5 g8 Al e 588 i ank & bl el Lia jaeaa b Gl
A S B ke

Daubert MA, Massaro J, Liao L, Pershad A, Mulukutla S, Ohman EM, et al. High-risk
percutaneous coronary intervention is associated with reverse left ventricular remodeling and
improved outcomes in patients with coronary artery disease and reduced ejection fraction.
American heart journal. 2015;170(3):550-8.

Pfeffer MA, Braunwald E, Moy¢é LA, Basta L, Brown Jr EJ, Cuddy TE, et al. Effect of captopril
on mortality and morbidity in patients with left ventricular dysfunction after myocardial
infarction: results of the Survival and Ventricular Enlargement Trial. New England journal of
medicine. 1992;327(10):669-77.

Perera D, Clayton T, O’Kane PD, Greenwood JP, Weerackody R, Ryan M, et al. Percutaneous
revascularization for ischemic left ventricular dysfunction. New England Journal of Medicine.
2022;387(15):1351-60.

YOUSSEF A. Early predictors of left ventricular remodeling after primary percutaneous coronary
intervention. 2018.

Grabka M, Kocierz-Woznowska M, Wybraniec M, Turski M, Wita M, Wita K, et al. Left
ventricular reverse remodeling in patients with anterior wall ST-segment elevation acute
myocardial infarction treated with primary percutaneous coronary intervention. Advances in
Interventional Cardiology/Post¢py w Kardiologii Interwencyjnej. 2018;14(4):373-82.

Eaton LW, Weiss JL, Bulkley BH, Garrison JB, Weisfeldt ML. Regional cardiac dilatation after
acute myocardial infarction: recognition by two-dimensional echocardiography. New England
Journal of Medicine. 1979;300(2):57-62.

Konstam MA, Kramer DG, Patel AR, Maron MS, Udelson JE. Left ventricular remodeling in
heart failure: current concepts in clinical significance and assessment. JACC: Cardiovascular
imaging. 2011;4(1):98-108.

Saxon LA, De Marco T, Schafer J, Chatterjee K, Kumar UN, Foster E. Effects of long-term
biventricular stimulation for resynchronization on echocardiographic measures of remodeling.
Circulation. 2002;105(11):1304-10.

Wong M, Johnson G, Shabetai R, Hughes V, Bhat G, Lopez B, et al. Echocardiographic variables
as prognostic indicators and therapeutic monitors in chronic congestive heart failure. Veterans
Affairs cooperative studies V-HeFT I and II. V-HeFT VA Cooperative Studies Group. Circulation.
1993;87(6 Suppl):V165-70.

Tsutamoto T, Wada A, Maeda K, Mabuchi N, Hayashi M, Tsutsui T, et al. Effect of
spironolactone on plasma brain natriuretic peptide and left ventricular remodeling in patients with
congestive heart failure. Journal of the American College of Cardiology. 2001;37(5):1228-33.

Yu C-M, Blecker GB, Fung JW-H, Schalij MJ, Zhang Q, van der Wall EE, et al. Left ventricular
reverse remodeling but not clinical improvement predicts long-term survival after cardiac
resynchronization therapy. Circulation. 2005;112(11):1580-6.

Allman KC, Shaw LJ, Hachamovitch R, Udelson JE. Myocardial viability testing and impact of
revascularization on prognosis in patients with coronary artery disease and left ventricular

dysfunction: a meta-analysis. Journal of the American College of Cardiology. 2002;39(7):1151-8.

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2710



58.

59.

60.

61.

62.

63.

64.

65.

606.

Marjan Hajahmadi et al.

Evaluation the Rate of Reverse Remodeling After Elective PCI in Patients with Ventricular
Dysfunction

Desai NR, Bradley SM, Parzynski CS, Nallamothu BK, Chan PS, Spertus JA, et al. Appropriate
use criteria for coronary revascularization and trends in utilization, patient selection, and
appropriateness of percutaneous coronary intervention. Jama. 2015;314(19):2045-53.

Merlo M, Pyxaras SA, Pinamonti B, Barbati G, Di Lenarda A, Sinagra G. Prevalence and
prognostic significance of left ventricular reverse remodeling in dilated cardiomyopathy receiving
tailored medical treatment. Journal of the American College of Cardiology. 2011;57(13):1468-76.
McKay RG, Pfeffer MA, Pasternak RC, Markis JE, Come PC, Nakao S, et al. Left ventricular
remodeling after myocardial infarction: a corollary to infarct expansion. Circulation.
1986;74(4):693-702.

Rizzello V, Poldermans D, Boersma E, Biagini E, Schinkel AF, Krenning B, et al. Opposite
patterns of left ventricular remodeling after coronary revascularization in patients with ischemic
cardiomyopathy: role of myocardial viability. Circulation. 2004;110(16):2383-8.

Bellenger N, Yousef Z, Rajappan K, Marber M, Pennell D. Infarct zone viability influences
ventricular remodelling after late recanalisation of an occluded infarct related artery. Heart.
2005;91(4):478-83.

Giannuzzi P, Temporelli PL, Bosimini E, Gentile F, Lucci D, Maggioni AP, et al. Heterogeneity
of left ventricular remodeling after acute myocardial infarction: results of the Gruppo Italiano per
lo Studio della Sopravvivenza nell’Infarto Miocardico-3 Echo Substudy. American heart journal.
2001;141(1):131-8.

Shearn DL, Brent BN. Coronary artery bypass surgery in patients with left ventricular dysfunction.
The American journal of medicine. 1986;80(3):405-11.

Hamad MAS, Tan MES, Van Straten AH, van Zundert AA, Schénberger JP. Long-term results of
coronary artery bypass grafting in patients with left ventricular dysfunction. The Annals of thoracic
surgery. 2008;85(2):488-93.

Michler RE, Rouleau JL, Al-Khalidi HR, Bonow RO, Pellikka PA, Pohost GM, et al. Insights
from the STICH trial: change in left ventricular size after coronary artery bypass grafting with and

without surgical ventricular reconstruction. The Journal of thoracic and cardiovascular surgery.

2013;146(5):1139-45. E6.

Tob Regul Sci. ™ 2022;8(1): 2700-2711 2711



