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Core Tip: Stagnation in the Nephrology field has to be overcome with a new perspective. This new vision
takes lessons from the past as personalized medicine, adapts precision medicine from today’s lessons from
corona virus disease-19 and sepsis and looks into the future with the aid of the big data. Our proposal is
that cardiorenal management should be stratified according to patient phenotypes and not as an assembly
of individual targets.
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INTRODUCTION

Cardiovascular (CV) disease is a major contributor of mortality in chronic kidney disease (CKD)
patients, especially in the late stage 5 on dialysis (5D), mounting up to 58% of causes[1,2]. Aside
traditional CV risk factors (RF), as diabetes and arterial hypertension, non-traditional RF related to
kidney disease per se seem to play a pivotal role in the complex interaction between the kidney and the
heart[3]. Non-traditional RF include secondary hyperparathyroidism resulting in vascular and valvular
calcification, collectively termed as CKD-mineral and bone disorder (CKD-MBD)[4], uremia per se,
inflammation, oxidative stress and dysbiotic gut microbiota[5].

THE PROBLEM

CKD patients have long been excluded from cardiovascular clinical trials, for various reasons: (1)
Inadequate surrogate outcomes and low event rate, especially in end stage renal disease, demand a
prohibitory large sample size and an extensive follow up[6]; and (2) fear for negative results or adverse
events, since the aforementioned non-traditional risk factors are recognized as potential disease
modifiers[7]. Nephrology practice could be characterized as “low evidence” medicine, which pursues
targeting traditional RF with data originating from the general, non-CKD-population[8].

Major clinical problems, such as the choice of treatment for non-valvular atrial fibrillation in dialysis
patients, remain unsolved and clinical nephrologists “navigate through darkness” regarding therapeutic
strategy[9]. In the case of hyperphosphatemia although there is numerous scientific evidence that
“phosphate is a cardiovascular toxin”[10], there has been no randomized control trial (RCT) providing
evidence that “correction” will translate into tangible cardiovascular benefit, set the optimal timing of
intervention, the different means or the optimal serum phosphate target[11]. Yet the patients endure an
overwhelming phosphate binder pills consumption[12] with enormous economic implications for
healthcare[13].

A LIGHT IN THE TUNNEL

Sodium-glucose cotransporter-2 inhibitors (SGLT2i), initially marketed as glucose lowering drugs in
diabetes mellitus type2, are a game changer in the field of cardiorenal protection[14]. Their beneficial
effects, regarding reduction in CV morbidity and mortality and renal function preservation, have been
assessed by RCTs across CKD stages 1-3, notably with empagliflozin (EMPA REG OUTCOME)[15] and
dapagliflozin (CAPA-CKD)[16]. The unprecedented success of this novel treatment stems from the
pleiotropic effects of SGLT2i, targeting multiple intra-extrarenal pathways[17].

Another promising therapeutic tool is Mediterranean Diet (Med Diet) that has a pivotal role for
cardiorenal protection[18]. Targeting all traditional and multiple non-traditional RF of cardiovascular
morbidity and mortality along with exercise, Med Diet confers to an anti- inflammatory and anti-
oxidative metabolic profile[19]. The level of adherence has been recently linked in an observational
study with left ventricular geometry patterns in dialysis patients, a powerful independent risk factor of
CV mortality in this particularly vulnerable population[20].

In clinical practice SGLT2i are currently tested as real world experience in advanced stages of CKD
[21]. On the other hand nephrologists are still reluctant to prescribe vegetable based diets, as Med Diet,
mostly for the fear or ignorance of handling potassium and/or provoking malnutrition[22].
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A KEY IN THE PUZZLE: CKD IS AN “INFLAMMAGING” CONDITION

The only positive RCT in the field of CV protection in CKD is the CANTOS trial (Canakinumab Anti-
Inflammatory Thrombosis Outcome Study)[23], where the inhibition of the pro- inflammatory IL-18 was
more beneficial in post myocardial infarction patients with glomerular filtration rate (GFR) < 60 mL/
min/1.73 m2 The concept of “inflammaging”, introduced by Franceshi, unified all chronic degenerative
conditions, in a common pathophysiology, which could be translated as a low grade sterile chronic
inflammation resembling the natural course of ageing[24]. In observational studies IL-6 has been
described as an independent predictor of outcome in pre-dialysis[25], hemodialysis[26] and peritoneal
dialysis patients[27]. The association of inflammation and outcome seems so strong that a hypothesis
proposal was made not to include inflamed and not inflamed patients in the same cohort in an RCT,
since inflammation is powerful catalyst for other risk factors in CKD[28]. CKD patients are in a paradox
state of both immune - paralysis (driving susceptibility to infections) and immune- activation (linked to
CVD)[29].

THE SOLUTION: PRECISION AND PERSONALIZED MEDICINE

Treatment failure, targeting “traditional” RF and nontraditional RF (hyperphosphatemia, CKD- MBD
parameters) stems probably from the fact that there is no stratification management that would guide a
precision or personalized medicine. Nephrology practice seems to be in a state of involuntary blindness
as the crowd that pretends to see the clothes of the naked Emperor in Hans Christian Andersen’s tale
[30]. In order to find a solution we propose the following 4 steps: (1) Gather the wisdom of the past in
the form of personalized medicine; (2) adapt precision medicine from today’s lessons from corona virus
disease 19 (COVID-19); (3) sepsis; and (4) look into the future with the aid of the big data.

Personalized medicine negligence

Historically[31], the therapeutic practices have changed drastically from a “patient-centred” view to
those of “evidence-based” medicine. “Germ theory of disease” in the 19" century, changed the “holistic
view” perception of disease to a “specific cause for a specific disease”. The treatment approach shifted
therefore, to a narrow approach that targeted a specific cause. The patient’s role diminished from an
active contributor, through personal beliefs, adaptation and lifestyle choices, to a mere passive recipient
of the treatment. Patients became “numbers” in any given trial, which will eventually provide the
necessary information to form “therapeutic guidelines”[32]. Ironically and paradoxically, the contem-
porary nephrologist is called to manage CKD patients, who are at very high risk of cardiovascular
morbidity and mortality, with guidelines based on weak evidence[6]. As mentioned Nephrology field
lacks RCTs and the Cardiology field excludes CKD patients[7]. Furthermore, during the decision-
making process the patient is a passive recipient of the diagnostic decision[32].

Precision medicine: Lessons from COVID-19

The pandemic of COVID-19 has taught us a great example of precision medicine. First it was discovered
that patients respond differently to the “viral-intruder” and the host’s immune response, whether
regulated or dysregulated leads to a favorable or unfavorable outcome respectively[33]. Later on, two
distinct pathways were revealed[34] as well as an early biomarker for disease prediction (SUPAR-
Soluble urokinase plasminogen activator receptor)[35]. This approach led to precision guided therapy
with anakinra that showed remarkable benefit regarding respiratory failure and mortality[36].

Lessons from sepsis

In many aspects “sepsis” and “CKD” have many similarities. Both are heterogeneous syndromes with
underlying “inflammation”. Sepsis is defined as “organ dysfunction caused by a dysregulated host
response to infection”[37]. CKD is defined as kidney damage or GFR < 60 mL/min/1.73 m? for 3 mo or
more, irrespective of cause[38]. Based on this definition half of people over 75 are “labelled” as CKD,
but there is debate if they can be regarded as “same risk” for renal deterioration or CV morbidity and
mortality as younger people with the same stage of CKD[39]. At the same time CKD has a “systemic
nature”[40] affecting multiple organ pathways, on a specific epigenetic background. In parallel sepsis,
despite all the achievements in understanding its pathophysiology, is now regarded as “a multifaceted
disruption of the finely tuned immunological balance of inflammation and anti-inflammation”[41].
There is a trend to identify patient phenotypes in order to stratify an accurate management[42].

The promise of big data

The “big data” era of the last decade, a precious gift of the tremendous advances in computational
technology has helped enormously diverse medical scientific fields, in terms of diagnosis, risk
assessment and treatment, fueling precision medicine, but Nephrology field is lagging behind[43]. As an
example, multi-omics data combined with clinical and demographic data helped to generate machine -
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Table 1 Proposed Measures of prognostic enrichment

Category Parameters Evaluation method
Continuous Discrete based on trials
Laboratory eGFR CKD-EPI (mL/min/1.73 m? CKD stages 1,2,3a/b,4,5
uACR Mg albumin/ g creatinine Albuminuria stages A1,A2,A3
hs-CRP
Serum magnesium
PTH Intact PTH (pg/mL) KDIGO < 150, 150-500, > 500
pg/mL
Anemia variables Ht/Hb/TSAT/Ferritin/Hepcidin
Radiology LVMI LV mass indexed to body surface area (g/m?) Geometry types
Lateral abdominal X-ray Scale from 0-24 Leena Kaupilla Score <4 vs > 4
Aortic stiffness Pulse wave velocity carotid-femoral PWV (m/s) CF-PWV <838, 88-12,>12m/s
Clinical status Frailty Nine-point clinical frailty scale
Aortic stiffness Pulse pressure (mmHg)
Physical activity Handgrip strength
Diet Mediterranean Diet Score Panagiotakos Scale 0-24
Co-morbidities DM, CAD, PAD, stroke, COPD Charlson comorbidity index
Bones Mineral bone density (DEXA) Values from DEXA (g/cm?) Ostopenia ostoporosis

eGFR: Estimated glomerular filtration rate; uACR: Urinary albumin to creatinine ratio; PTH: Parathyroid hormone; Ht: Haematocrit; Hb: Haemoglobin;

TSAT: Transferrin saturation; LVMI: Left ventricular mass index; DM: Diabetes mellitus; CAD: Coronary artery disease; PAD: Peripheral artery disease;

COPD: Chronic obstructive pulmonary disease; CKD-EPI: Chronic kidney disease-epidemiology collaboration formula; KDIGO: Kidney Disease:

Improving Global Outcomes; CF-PWV: Carotid to femoral pulse wave velocity; DEXA: Dual energy X-ray absorptiometry.

Jaishideng®

learning models for prediction of preeclampsia[44]. Burning clinical issues regarding CKD patients,
especially in advanced stages, as treatment of vascular disease, heart failure with reduced or preserved
ejection fraction and prevention of sudden cardiac death do not have solid answers yet[8]. Big data
science from electronic health records and longitudinal follow up could be a surrogate of RCTs assisting
clinical decision[6].

PRECISION MEDICINE THROUGH PATIENT PHENOTYPES

Our hypothesis is that there could be a paradigm shift in the field of nephrology regarding patient
stratification and targeted management. In order to accomplish this transition the search for
«biomarkers» could be helpful, as in sepsis[45]. The first step of a “prognostic enrichment”, i.e., select
patients who are suspected to have high mortality, could be followed by “predictive enrichment”, i.e.,
patients who are likely to respond to a specific therapy (Figure 1). In this regard various biomarkers
could be tested alone or in combination as: (1) Those already used in clinical practice (Table 1); and (2)
the established biomarkers of cardiorenal syndrome[46] and those that could be found from multi-
omics technology (blood and/or urine samples)[47].

One example of prognostic enrichment in nephrology involves the “heat map” based on GFR levels
and albuminuria. It has been extensively validated and has a broad clinical application[48,49]. The
CORD study in hemodialysis patients showed that vascular calcification (assessed from plain lateral
abdominal X-ray), and arterial stiffness (measured by carotid-femoral pulse wave velocity) are
independent prognostic markers of adverse outcome[50].

Regarding predictive enrichment one could utilize CORD study as an implementation paradigm
(Figure 2). The authors showed that increased arterial stiffness -associated CV risk, is less pronounced at
higher levels of calcification. Also an impressive number (19% of 993 pts “non - calcifiers” i.e., with no
visible calcification deposits in lateral X-ray) was identified[51]. This implies the existence of genetic
predisposition. This heterogeneity of the dialysis patient population could be contributing to the
inconclusive results of the EVOLVE trial. In this study, lowering parathormone levels and targeting
adverse CKD-MBD parameters as serum phosphorus and vascular calcification did not produce a
statistically significant benefit in preventing CV events[52]. Another example is the interaction between
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Step 1: Selecting patients who are
expected to have a high mortality

Prognostic
enrichment

Predictive
enrichment

Step 2: Selecting patients who are
likely to respond to a specific therapy

DOI: 10.4330/wjc.v15.i3.76 Copyright ©The Author(s) 2023.

Figure 1 The path to precision medicine through patient phenotypes.

Step 2
Step 1 For clinical study: One parameter in question will be
Choose relative biomarkers from Prognostic enrichment related to the others, for example vascular calcification
in the form of discrete or continuous variables: If the outcome in question is a Major Cardiovascular
PTH Event) or mortality, additional biomarkers will be included
Serum Ca, Ph, Ca x Ph
Serum Mg
LK score

Aortic stiffness (cf PWV or PP)
Co-morbidities

Mineral bone disease

Anemia variables

Step 3
For clinical practice: Given the lack of clinical studies,
individualization is mandatory after discussion with the

patient

DOI: 10.4330/wjc.v15.i3.76 Copyright ©The Author(s) 2023.

Figure 2 Predictive enrichment. Example for clinical study and clinical practice. Clinical question: Vascular disease management in CKD-5D. Bibliography: The
calcification outcome in renal disease study[50] concluded that Leena Kauppila (LK) score > 4 and carotid femoral pulse wave velocity > 12 are predictors of mortality.
In non-calcifiers (LK < 4) aortic stiffness plays a major role. CKD-5D: Chronic kidney disease stage 5 dialysis; PWV: Pulse wave velocity; LK: Leena Kauppila score;
PTH: Parathortmone; Ca: Calcium; Ph: Phosporus; Mg: Magnesium; PP: Pulse pressure.
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two strong independent predictors of CV mortality, as serum magnesium (sMg)[53] in combination
with abdominal aortic calcification (AAC). We have shown that in peritoneal dialysis patients with AAC
in the higher tertile of the baseline distribution, sMg levels were not predictive of outcome[54].

Erythropoietin stimulating agents have revolutionized the treatment of CKD related anemia in the
last decades. Hypoxia inducible factor polyl-hydroxylase inhibitors (HIF-PHIs) promote erythropoietin
transcription and synthesis in the liver/kidney. INNO2VATE trials have proven the non-inferiority of
vadadustat compared with darbopoetin - alfa concerning the cardiovascular safety[55]. However there
are long-term safety concerns related to HIF pathway interactions involving tumor growth, diabetic
retinopathy, and or CKD progression. Till now no HIF-PHI is licensed for the treatment of CKD-anemia
within the European Union.

Considering erythropoietin use in CKD population a U-shaped effect exists[56]. The optimal
erythropoietin dose to achieve the desired level of hemoglobin (10-11.5 g/dL) for the individual patient
is not known and is almost always a matter of individual assessment. Furthermore, assays detecting
markers of inflammation (e.g., hepcidin) which would predict clinical response in anemia lack in
everyday clinical use.

CONCLUSION

In the stagnant era of effective treatment in the vulnerable population of CKD for CV morbidity and
mortality, a paradigm shift seems mandatory. It is time to search for specific “biomarkers” to identify
those at risk and even more those that would benefit from a targeted intervention. It is time to apply
precision medicine through patient phenotypes.
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Abstract

BACKGROUND

The use of biodegradable polymer drug-eluting stents (BP-DES) has been proven
to minimize restenosis and stent thrombosis. The current post-marketing
monitoring was observed at the 5-year clinical outcomes of individuals who had
been treated with FlexyRap® DES in the real world.

AIM

To assess the safety and effectiveness of FlexyRap® DES at the 5-year follow-up in
real-world settings.

METHODS

Findings from a retrospective, multi-center, observational, post-market clinical
follow-up study of patients treated with FlexyRap® DES for de novo coronary
artery disease (CAD) were reported. During the 12-mo follow-up, the primary
endpoint was target lesion failure, which was defined as the composite of
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cardiovascular death, target vessel myocardial infarction (TV-MI), and clinically driven target
lesion revascularization.

RESULTS

The data of 500 patients received with FlexyRap® DES was obtained at the completion of the
surveillance timeline of 5-year. After the implantation of FlexyRap® DES, the device success rate
was 100%. Adverse events that led to major bleeding, permanent disability, or death were not
experienced in the patients. The major adverse cardiac event rate at 12-mo, 3-year, and 5-year
follow-up was 1 (0.2%), 0 (0%), and 1 (0.2%) respectively with 0 (0%) cardiovascular death, 2 (0.4%)
TV-M], and 0 (0%) TLR compositely. Furthermore, late stent thrombosis was found in 2 (0.4%)
patients at the follow-up of 12-mo, very late stent thrombosis was observed in 2 patients (0.4%) at
3-year follow-up.

CONCLUSION
FlexyRap® DES was proved to be safe and efficacious in real-world patients with de novo CAD,
indicating a lowered rate of cardiac events and stent thrombosis at 5-year follow-up.

Key Words: Coronary artery disease; Drug-eluting stents; Percutaneous coronary intervention; Rapamycin;
Sirolimus

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Biodegradable polymer drug-eluting stents (BP-DES) have been proven to minimize restenosis
and stent thrombosis. Our study evaluates the safety and effectiveness of FlexyRap® DES at the 5-year
clinical response in real-world settings. The study proved the feasibility, safety, and efficacy of the
FlexyRap® rapamycin-eluting stent for the treatment of de novo coronary artery disease, indicating low
rates of events and stent thrombosis at 5-year follow-up.
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INTRODUCTION

Percutaneous coronary intervention (PCI) is a frequently conducted cardiac procedure aimed at
enhancing the quality of life and reducing symptoms for individuals suffering from coronary artery
disease (CAD)[1]. CAD is the leading cause of mortality across the globe[2]. Drug eluting stents,
commonly referred to as DES, are considered as the primary method of percutaneous coronary revascu-
larization for patients experiencing acute coronary syndromes and stable ischemic heart disease[3].
Recent advancements in the design of newer generation DES have centered on enhancing tissue biocom-
patibility and facilitating arterial healing. This has been achieved by incorporating innovative stent
platform materials with thinner struts, utilizing biocompatible or biodegradable polymers with
improved coatings, and implementing novel antiproliferative agents by lowering the content of drug
and precisely controlling the rate of elution[4]. The advent of DES has decreased the rates of restenosis
and become the preferred method of choice for most of the patients undergoing the procedure of PCI
[1]. These stents have become widely used across a range of anatomic and clinical aspects due to their
reduced rates of restenosis and the requirement for the repetition of the revascularization procedure[2].
The utilization of a polymer that is biodegradable has the possibility of lowering the chronic inflam-
matory response of the wall of blood vessels, facilitating the process of re-endothelialization and
reducing the likelihood of blood clots and late restenosis[5]. Biodegradable polymers are being
considered and analyzed to acquire and carry drugs. Polymers like poly lactic acid, polyglycolic acid,
and their copolymer, poly lactic-co-glycolic acid, are most prevalent as they sight characteristics to get
completely degraded and metabolized in the body[6]. It would have improved safety and performance
of DES as they deliver controlled release of anti-restenosis agent and gradual degradation of coating[7].
FlexyRap® is one such novel biodegradable rapamycin-eluting coronary stent that has been
developed by using a unique patented design of radial star, semi-opened, hybrid FlexyStar® platform,
with a lower 60 pm thickness of strut and flexible link made of L605 cobalt-chromium metal. This design
ensures the optimal delivery of the drug, radio-opacity, radial strength, biocompatibility, and vessel
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conformability. The evidence supporting the effectiveness and safety of indigenously produced drug-
eluting stents in patients with newly diagnosed coronary artery disease is limited[8]. This study aimed
to assess post-market clinical follow-up of real-world safety and efficacy of the rapamycin-eluting
FlexyRap® coronary stent system, made of biodegradable polymer, in patients with obstructive native
coronary arteries over a 5-year period.

MATERIALS AND METHODS

The FlexyRap® DES study was conducted at 5 centers with the total of 500 patients included in this
study. The study was a retrospective, single-arm, multi-center, observational, post-market clinical
follow-up conducted in 500 patients who were eligible for PCI and coronary artery bypass grafting
(CABG). The patients in whom the target lesion located within a native coronary vessel and the target
lesion diameter stenosis > 50% were included in the study. Out of a total of 613 patients assessed for
eligibility, 113 patients were excluded due to screen failure, and 500 patients were ultimately included
in the study after meeting the predefined inclusion criteria as shown in Figure 1. The study was
conducted in accordance with the declaration of Helsinki and IS0 14155:2020 GCP standards, ICH-GCP,
MEDDEYV 2.7.1 Appendix 1, MDR 2017/745 and applicable local regulatory requirements. The study
was performed with the approval of an independent ethics committee. The PCI procedures were
performed according to current standard guidelines. Clinical and angiographic data from all the
patients who were treated with FlexyRap® DES were observed in this study. The clinical follow-up was
performed at the time point of 12-mo, 3-year and 5-year after the discharge.

Device description

FlexyRap® cobalt chromium rapamycin-eluting coronary stent system consisting of a drug/polymer
coated balloon expandable stent premounted on rapid exchange percutaneous transluminal coronary
angioplasty (PTCA) balloon catheter. The stent is made from L605 cobalt chromium alloy (Co-Cr) which
consists of cobalt, chromium, tungsten, iron and nickel with its strut thickness 60 pm. The stent is laser
cut from the seamless tubing in hybrid design pattern and electro polished for ultra-smooth stent
surface. The coating is comprised of biodegradable polymer matrix that contains an active pharma-
ceutical ingredient rapamycin (sirolimus). A conformal coating of a polymer carrier with approximately
1.0 pg/mm? of rapamyecin of total stent surface area with minimal nominal drug content of 32 pg on the
smallest stent (7 mm) to maximum nominal drug content of 213 pg on the largest stent (45 mm). Stent of
48 mm in length approved by the Central Drug Standard Control Organization was also implanted in
the desired population. The stent delivery balloon catheter system is a semi-compliant polyamide
balloon, which is nominally 0.5 mm longer than the stent. The two opaque platinum-iridium markers
are nominally placed beyond the stent at each end which defines the stent location in length. Two
proximal delivery system shaft markers (90 cm and 100 cm proximal to distal tip) indicate the relative
position of delivery system to the end of appropriate guiding catheter. FlexyRap® DES is available in
various lengths (7, 10, 13, 15, 17, 20, 24, 28, 33, 38, 42, 45 and 48 mm) and diameters (2.25, 2.5, 2.75, 3.0,
3.5,4.0 and 4.5 mm).

Study procedure

Procedural anticoagulation was achieved using unfractionated heparin (at least 5000 IU or 70-100 IU/ kg
to maintain an activated clotting time of > 250s during the procedure). Aspirin (= 100 mg) and
clopidogrel (300-600 mg) or prasugrel (60 mg) were administered before or during the procedure at the
investigator’s discretion. Patients continued to take aspirin (100 mg QD) indefinitely clopidogrel (75 mg
QD) or prasugrel (60 mg) was administered for at least 6-mo after stent implantation in all patients and
for at least 12-mo in those who did not have a high risk of bleeding. In addition, glycoprotein IIB/IIIA
inhibitors were administered in certain patients at the investigator’s discretion. Biomarkers and electro-
cardiograms were recorded at different time points to assure the safety and well-being of patients.

Definitions and study endpoints

Target lesion failure (TLF) is defined as a composite of cardiovascular death, target- vessel myocardial
infarction (TV-MI), and clinically driven target lesion revascularization (CD-TLR)[9]. In the following
study the primary endpoint was the TLF where the follow-up was taken at the interval of 12-mo and the
secondary endpoints were cardiovascular death, TV-MI, clinically driven TLR, stent thrombosis (ST),
target vessel failure, target vessel revascularization where the follow-up was taken at 12-mo, 3-year, and
5-year. The composite of cardiac death, target lesion-revascularization and myocardial infarction is
defined as major adverse cardiac event (MACE). ST was also evaluated in this study which was
classified according to the definitions of the academic research consortium[10]. Device success was
defined as the successful delivery and deployment of the study stent at the intended target lesion, as
well as the successful withdrawal of the delivery system, with final in-stent residual diameter stenosis of
< 30% of all treated lesions, as determined by visual inspection or quantitative coronary angiography.
Procedural success was defined as the delivery and deployment of the study stent at the intended target
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613 patients
Patients with the target lesion located within a native coronary
vessel and the target lesion diameter stenosis > 50%

Were the enrolment criteria fulfilled?

No

113 patients were excluded
Screen failure

Yes

500 patients were included

Percutaneous transluminal coronary intervention
Acceptable candidate for coronary artery bypass grafting
Target lesion is located within a narrative coronary vessel
Target lesion diameter stenosis > 50% (Visual estimation
or on-screen measurement)

DOI: 10.4330/wjc.v15.i3.84 Copyright ©The Author(s) 2023.

Figure 1 Patient selection criteria flowchart.
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lesion, as well as the withdrawal of the delivery system, with a residual diameter stenosis of less than
30% as determined by visual inspection or quantitative coronary angiography, and no in-hospital major
adverse cardiac event (death, MI, or repeat coronary revascularization of the target lesion)[11,12].

Sample size and statistical analysis

A sample size of 500 subjects was calculated based on the primary endpoint of the study. Categorical
variables were summarized by frequency distribution for each categorical component (relative
frequencies and percentage). All the analysis were done by using statistical package for the social
sciences (SPSS) v.20. Results were reported as mean * standard deviation for continuous variables and
as number (%) for nominal variables. For changes in pre-post differences, Wilcoxon-test was used for
ordinal variables and paired t-test for continuous variables. Other variables frequency was compared
using the chi-square test or fisher’s exact test. Result was significant at P < 0.05. For time-to-event
variables, survival curves were represented using Kaplan Meier estimates.

RESULTS

Baseline demographics characteristics

Baseline demographics and clinical characteristics are summarized in Table 1. The data for 500 patients
were collected retrospectively at 12-mo, 3-year, and 5-year. The average age of the study patients was
59.30 + 11.27 years, with the majority being male (70.2%). The most frequently occurring comorbidities
were hypertension (43.4%), smoking (40.6%), diabetes mellitus (14 %), alcoholic (9.6%), and dyslipidemia
(3.4%). History of myocardial infarction was found in 54.8% followed by CAD (4.8%), PCI (4.2%) and
stroke (1.8%). Out of 500 patients, 299 (59.8%) were having stable angina and 201 (40.2%) patients with
unstable angina.

Clinical outcomes

Lesion details are mentioned in the Table 2. Total 729 lesions were identified and 730 stents were
deployed to treat the lesion. The average stent length and diameter was 26.03 + 10.86 mm and 3.06 + 0.41
mm. The device success rate were observed to be 100%.

The cardiac event rate associated with the use of FlexyRap® DES at the follow-up of 12-mo, 3-year,
and 5-year is presented in Table 3. Total 2 (0.4%) patients experienced MACE during 5-year. The MACE
rate at 12-mo, 3-year, and 5-year follow-up was 1 (0.2%), 0 (0%), and 1 (0.2%) respectively with 0 (0%)
cardiovascular death, 2 (0.4%) TV-MI and 0 (0%) TLR compositely. Furthermore, late stent thrombosis
was found in 2 (0.4%) patients at 12-mo follow-up, very late stent thrombosis was observed in 2 patients
(0.4%) at 3-year follow-up. The Kaplan-Meier method was used to conduct a time-to-event analysis,
which showed a 98.8% result (Figure 2).
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Table 1 Demographic baseline and clinical characteristics

FlexyRap®cobalt chromium rapamycin eluting coronary stent system; Number of patients, (n =

Characteristics 500)
Patient demographics
Age, yr (mean + SD) 59.30 +11.27
Male, 1 (%) 351 (70.2)
Female, n (%) 149 (29.8)
Heart rate (mean + SD) 86.36 +11.34
Systolic blood pressure (mean # SD) 133.57 + 20.88
Diastolic blood pressure (mean + SD) 83.36 £9.70
Haemoglobin (g/dL) (mean # SD) 12.64 +2.45
Platelet count (mean # SD) 205.85 +52.19
Baseline medical history, 1 (%)
Hypertension 217 (43.4)
Smoking current 203 (40.6)
Diabetes mellitus 70 (14)
Alcohol current 48 (9.6)
Dyslipidemia 17 (3.4)
Previous MI 274 (54.8)
History of CAD 24 (4.8)
Previous PCI 21 (4.2)
Previous Stroke 9 (1.8)
Baseline cardiac history, 1 (%)
Stable angina 299 (59.8)
Unstable angina 201 (40.2)
Angina class, 1 (%)
Class I 12 (2.4)
Class II 30 (6)
Class ITA 1(0.2)
Class IIB 12 (2.4)
Class IIC 6(1.2)
Class III 198 (39.6)
Class IITA 15 (3)
Class 1B 51 (10.2)
Class IIIC 37 (7.4)
Class IV 138 (27.6)
Disease vessel, n (%)
Single vessel 314 (62.8)
Double vessel 150 (30)
Triple vessel 27 (5.4)
Quadra vessel 9(1.8)
LVEF (mean * SD) 52.88 +15.46
Serum creatinine (mean + SD) 1.47 £047
Guienidenge WIC | https://www.wjgnet.com 88 March 26,2023 | Volume15 | Issue3 |
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CABG: Coronary artery bypass graft; CAD: Coronary artery disease; LVEF: Left ventricular ejection fracture; MI: Myocardial infarction; PCI: Percutaneous
coronary intervention.
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Figure 2 Time-to-event curve at up to 5-year follow-up by Kaplan-Meier method.
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DISCUSSION

In the proposed retrospective study, the FlexyRap® DES has showed exceptional positive results in the
patients with de novo obstructive native CAD including high procedural success and clinical
performance. The patient population had hypertension (43.4%), smoking (40.6%), diabetes mellitus
(14%), previous myocardial infarction (54.8%), alcoholism (9.6%), and dyslipidemia (3.4%).

As per the observed study, FlexyRap® cobalt-chromium rapamycin-eluting coronary stent system
consisting of drug/polymer coated balloon expandable stent is premounted on rapid exchange PTCA
balloon catheter. The polymers are biodegradable, biocompatible, and bioresorbable. Degradation of
these materials has been thoroughly studied and has been shown to be safely resorbed by the body after
implantation. Rapamycin belongs to a class of therapeutic agents known as macrocyclic lactone or
macrolide. It's a cytostatic drug and an immunosuppressant. Rapamycin inhibits T cell activation and
growth in response to antigenic stimuli and cytokines such as IL-3, IL-4, and IL-15 are inhibited through
a unique mechanism that differs from other immunosuppressive agents. It has been noted that a variety
of elements, including the design of the stent, thickness of its struts, antiproliferative agent used, release
dynamics of the drug, the duration of drug release, and the type of polymer, can have an impact on the
safety and effectiveness of coronary stent system[13]. The first-generation stent were constructed with
bulky stent frameworks, making their delivery quite difficult[14]. However, the newest generation
boasts thin struts and has demonstrated an 8% increase in its nominal pressure to rated burst pressure.
These latest-generation FlexyRap® DES offer improved ease of delivery and vessel conformability,
resulting in full deployment and proper placement against the vessel wall. Its design minimizes balloon
overhang, reducing the likelihood of edge dissection or injury - a typical procedural issue in PCI. The
results of the study, where procedural success was accomplished in all patients, support these claims.
Compared to bare metal stent, the first-generation DES featuring a long-lasting polymer have been
successful in lowering the rate of re-narrowing, but they have a higher incidence of late ST[15].

Also, the FlexyRap® has the advantage of not cracking, webbing, clumping, or adhering to the balloon
surface, making it a promising option for coronary applications. The finding of 100% procedural success
in this study can be attributed to these favorable product features.

Iglesias et al[16], compared the safety and effectiveness of ultrathin strut biodegradable polymer
sirolimus-eluting stents (BP-SES) with thin strut durable polymer everolimus-eluting stents in patients
experiencing acute ST-segment elevation myocardial infarction (STEMI). The results showed that 25
(4%) out of 649 patients who received (BP-SES) biodegradable polymer sirolimus-eluting stents and 36
(6%) out of 651 patients who received durable polymer everolimus-eluting stents (DP-EES) experienced
TLEF. Shetty et al[17], conducted a study illustrating the late-term clinical outcomes among patients
treated with ultrathin strut BP-SES and thin-strut DP-EES where significant differences in target vessel
MI and target lesion revascularization was observed. Out of 884 patients with BP-SES, target lesion
failure was observed in 8.2% of patients, and 13.6% of patients shown up with TLF for DP-EES out of
450 patients[17]. Dani et al[8], assessed the comparative performance of a BP-SES compared with a DP-
EES in the treatment of calcified or narrow vessel blockages. A total of 1553 patients were implanted
with BP-SES and 784 patients with DP-EES with the validation of 12-mo follow-up. TLF and TV-MI
were significantly lower in BP-SES than in DP-EES in non-small vessel lesions. In the patients with TLF,
calcified lesions and cardiac death were numerically higher in DP-EES than in BP-SES. Similarly, the
outcomes of the proposed study are comparable with the other studies where TLR was not observed in
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Table 2 Procedural characteristics

Procedural characteristics (n = 500)

Lesion details

Total number of lesions treated with FlexyRap® (1)
Total number of stents deployed (1)

Total stent per lesion (1 = 500 patients) (Total no. stent deployed (730)/Total lesion locations

(729)

Total lesion per vessel (1 = 500 patients); Total lesion locations (729)/(Sum of total No of

diseased vessel (731)

Lesion locations (729) n (%)

D1

Distal LAD

Distal LCx

Distal RCA

LAD

LCx

M

MID LAD

MID LCx

MID RCA

O Mid

OM

OM1

OM2

OM3

OMI
Osteoproximal LAD
Osteoproximal RCA
PDA

PLV

Proximal LAD
Proximal RCA
Proximal LCx
PTCA

Ramus intermedius
RCA

RCX

PLB

POM

Stent length (mean + SD)
Stent diameter (mean * SD)

Type of stenosis, 1 (%)

de novo

JBaishideng®
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90

730
730

1.001

0.997

6(0.82)
17 (2.33)
4(0.54)

16 (2.19)
279 (38.27)
98 (13.44)
1(0.13)

19 (2.6)

9 (1.23)

15 (2.05)

7 (0.96)
4(0.54)

8 (1.09)
6(0.82)
1(0.13)
1(0.13)
2(0.27)

4 (0.54)

7 (0.96)

3 (0.41)

23 (3.15)
15 (2.05)

7 (0.96)

8 (1.09)

8 (1.09)
156 (21.40)
2(0.27)
2(0.27)
1(0.13)
26.03+10.86

3.06 £ 0.41

500 (100)
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Thrombus load (n = 731), n (%)

None 519 (71)
Mild 90 (12.31)
Moderate 59 (8.07)
Severe 63 (8.62)
Lesion type [ACC/AHA classification] (1 = 731), n (%)

Type A 20 (2.73)
Type Bl 193 (26.40)
Type B2 302 (41.31)
Type C 216 (29.55)
Stent balloon inflation pressure (atm) (mean + SD) (1 = 500) 12.52+1.75
TIMI FLOW 7 (%)

II 9 (1.8)

I 491 (98.2)
% of occlusion (mean * SD) (1 = 500) 88.60 + 8.79

All values are presented in 71 (%) or mean * SD

ACC/AHA: American college of cardiology/American heart association; LAD: Left anterior descending artery; LCx-: Left circumflex; LM: Left main; OM:
Obtuse marginal artery; PDA: Patent ductus arteriosus; PLV: Posterior left ventricular artery; PTCA: Percutaneous transluminal coronary angioplasty; PLB:
Posterolateral branch; POM: Medial preoptic nucleus; RCAL Right coronary arterial ligation; RCX: Right Circumflex artery; SD: Standard deviation; TIMI:

Thrombolysis in myocardial infarction.

Table 3 Cardiac event rate, n (%)

Clinical event 12-mo (n = 500) 3-yr (n=500) 5-yr (n = 500)
TLF 0(0) 0(0) 0(0)
Cardiovascular Death 0(0) 0(0) 0(0)

TV-MI 1(02) 0 (0) 1(0.2)
Clinically-driven TLR 0(0) 0(0) 0(0)

Late ST 2(0.4) 0 (0) 0(0)

TVF 0(0) 0(0) 0(0)

TVR 0(0) 0 (0) 000

Very late ST 0(0) 2(04) 0(0)

Total MACE 1(02) 0(0) 1(0.2)

MACE: Major adverse cardiac event; TLF: Target lesion failure; TV-MI: Target vessel myocardial infarction; TLR: Target lesion revascularization; ST: Stent

thrombosis; TVF: Target vessel failure; TVR: Target vessel revascularization.

Jaishideng®

the patients and the TV-MI in 0.4% of the patients at the cumulative follow-up of 5-year demonstrating
the successful clinical outcomes of the study device.

At the end of the 5-year analysis period, cumulative cardiac events presented with 0.4% of MACE
where 0 (0%) cardiovascular death, 2 (0.4%) TV-MI, and 0 (0%) TLR was observed compositely, with
0.4% of late ST and 0.4% of very late ST. The unique configuration of the radial star segments and the
minimal thickness of the struts ensure exceptional radial stability, facilitating the smooth navigational
progress of the device through the circulatory system. Additionally, the decline in the occurrence of
cardiac incidents is likely due to the biodegradable polymer's non-inflammatory properties and optimal
drug release kinetics[17]. A decreased thickness of stent struts has been linked to a lower frequency of
ST[8]. The main benefit of the study was that it was a 5-year follow-up thus the results were sustained in
well- designed with longer follow-up duration. The positive outcomes seen in this study could be
attributed to the unique design features of the product, such as the advanced stent design utilizing a
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biodegradable polymer that offers strong radial strength, reduced overhang from the balloon, low
recoil, and consistent support. The device and procedural success rate were 100% for the patients
implanted with FlexyRap®DES. The survival probability of 98.8% was observed.

One significant drawback of this study was its observational design and examination of retrospective
data. However, this approach provides a more accurate representation of a diverse patient population,
unlike randomized trials with strict criteria for enrollment.

CONCLUSION

In conclusion, the present PMCF study offers evidence regarding the safety, and effectiveness of the
FlexyRap® rapamycin-eluting stent for treatment of de novo CAD. In the present study, FlexyRap® DES
was found to have clinical benefits in treating patients with CAD in a real-world setting.

ARTICLE HIGHLIGHTS

Research background
Drug-eluting stents manufactured with biodegradable polymers (BP-DES) effectively reduce restenosis
and the risk of stent thrombosis.

Research motivation
The motivation of the present study is focused on the safety and effectiveness from the stent eluting
rapamycin for treating the de novo coronary artery disease (CAD).

Research objectives

Our study evaluates the safety and effectiveness of FlexyRap® DES at the 5-year clinical response in real-
world settings. The outcome of the study proved to be viable, safe, and efficacious results of the
FlexyRap®, rapamycin-eluting stent for treating de novo CAD, indicating low rates of events and ST at 5-
year follow-up.

Research methods

Findings from a retrospective, multi-center, observational, post-market clinical follow-up study of
individuals treated with FlexyRap® DES for de novo CAD. During the 12-mo follow-up, the primary
endpoint was to determine the rate of target lesion failure (TLF). TLF was established as the culmination
of three events: Death caused by cardiovascular issues, a myocardial infarction in the target vessel, and
the requirement for revascularization of the target lesion due to clinical findings.

Research results

The major adverse cardiac event rate at 12-mo, 3-year, and 5-year follow-up was 1 (0.2%), 0 (0%) and 1
(0.2%) respectively with 0 (0%) cardiovascular death, 2 (0.4%) TV-MI and 0 (0%) TLR compositely.
Furthermore, late stent thrombosis was found in 2 (0.4%) patients at the follow-up of 12-mo, very late
stent thrombosis was observed in 2 patients (0.4%) at 3-year follow-up.

Research conclusions

In conclusion, this PMCF study investigated the preliminary indications of the feasibility, safety, and
effectiveness of using the FlexyRap® rapamycin-eluting stent for treating de novo lesion in CAD. In the
present study, FlexyRap® DES was found to have clinical benefits in treating patients with CAD in a
real-world setting.

Research perspectives
To improve the inner luminal diameter and decrease the likelihood of repeat blockages in the treatment
of de novo lesions in the native coronary arteries.
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Abstract

BACKGROUND

Atrioventricular block requiring permanent pacemaker (PPM) implantation is an
important complication of transcatheter aortic valve replacement (TAVR).
Application of machine learning could potentially be used to predict pre-
procedural risk for PPM.

AIM
To apply machine learning to be used to predict pre-procedural risk for PPM.

METHODS
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A retrospective study of 1200 patients who underwent TAVR (January 2014-December 2017) was
performed. 964 patients without prior PPM were included for a 30-d analysis and 657 patients
without PPM requirement through 30 d were included for a 1-year analysis. After the exclusion of
variables with near-zero variance or = 50% missing data, 167 variables were included in the
random forest gradient boosting algorithm (GBM) optimized using 5-fold cross-validations
repeated 10 times. The receiver operator curve (ROC) for the GBM model and PPM risk score
models were calculated to predict the risk of PPM at 30 d and 1 year.

RESULTS

Of 964 patients included in the 30-d analysis without prior PPM, 19.6% required PPM post-TAVR.
The mean age of patients was 80.9 £ 8.7 years. 42.1 % were female. Of 657 patients included in the
1-year analysis, the mean age of the patients was 80.7 + 8.2. Of those, 42.6% of patients were female
and 26.7% required PPM at 1-year post-TAVR. The area under ROC to predict 30-d and 1-year risk
of PPM for the GBM model (0.66 and 0.72) was superior to that of the PPM risk score (0.55 and
0.54) with a P value < 0.001.

CONCLUSION
The GBM model has good discrimination and calibration in identifying patients at high risk of
PPM post-TAVR.

Key Words: Transcatheter aortic valve replacement; Permanent pacemaker implantation; Machine learning

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Atrioventricular block requiring permanent pacemaker (PPM) implantation is an important
complication of transcatheter aortic valve replacement. Application of machine learning could potentially
be used to predict pre-procedural risk for PPM. Machine learning was used to predict patients who are at
risk of developing conduction abnormalities requiring PPM at 30 d and 1 year. Our random forest machine
learning model using machine learning outperforms PPM risk score model in its predictive value. Brachio-
cephalic to annulus distance to height ratio is the highest weighted predictor of PPM implantation at both
30-d and 1-year, which has not been previously described in the literature.

Citation: Agasthi P, Ashraf H, Pujari SH, Girardo M, Tseng A, Mookadam F, Venepally N, Buras MR, Abraham
B, Khetarpal BK, Allam M, MD SKM, Eleid MF, Greason KL, Beohar N, Sweeney J, Fortuin D, Holmes DRI,
Arsanjani R. Prediction of permanent pacemaker implantation after transcatheter aortic valve replacement: The
role of machine learning. World J Cardiol 2023; 15(3): 95-105

URL: https://www.wjgnet.com/1949-8462/full/v15/i3/95.htm

DOI: https://dx.doi.org/10.4330/wjc.v15.i3.95

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is increasingly being used in preference to surgical
aortic valve replacement (SAVR) in patients with aortic stenosis[1-3]. The most common complication of
TAVR remains the development of atrioventricular conduction abnormalities, requiring permanent
pacemaker (PPM) implantation, despite the use of improved implant performance and newer
generation valves[4-12]. PPM is associated with increased length of hospital stay and mortality[13].
Additionally, advanced conduction defects requiring PPM implantation have been demonstrated to lead
to worse functional capacity and clinical outcomes in patients with aortic stenosis[1-4]. The PPM
requirement rate in TAVR is two to five-fold higher than in SAVR[15,16]. Certain baseline characteristics
such as age, gender, pre-existing atrioventricular block, right bundle branch block, left bundle branch
block[17,18], and size of the left ventricular outflow tract (LVOT), as well as procedure-related factors
such as implantation depth have been shown to be associated with PPM requirement risk. Previous
studies that evaluated risk factors associated with PPM requirement used data for older-generation
valves and included only a limited number of variables, thus limiting their predictive potential[11,13,19,
20]. Consequently, it is very important to risk stratify patients for potential need of PPM implantation
post-procedure. Artificial intelligence (AI) refers broadly to analytical algorithms that iteratively learn
from data, enabling machines to find hidden insights without the need for explicit programming where
to look[21-24]. Machine learning (ML) is a computer science sector that uses computer algorithms to
identify patterns with a multitude of variables in large datasets and thereby anticipates various data-
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based outcomes[25]. In this study, we used supervised ML with the gradient boosting machine learning
model (GBM) to predict pre-procedural risk for PPM post-TAVR at 30 d and 1 year.

MATERIALS AND METHODS

We performed a retrospective study on all patients with severe symptomatic aortic stenosis who
underwent TAVR at the Mayo Clinic hospitals in Rochester, MN, Phoenix, AZ, and Jacksonville, FL
between January 1, 2012, and December 30, 2017. The Mayo Clinic Institutional Review Board (IRB)
approved the study protocol and research authorization to utilize medical information for clinical
research was provided by the patients. A retrospective chart review of the electronic health record was
used to collect baseline data, and clinical coordinators were contacted for information on follow-up
visits. We identified 285 clinical variables for potential inclusion into the ML algorithm.

Out of 1200 patients, 236 individuals with prior pacemakers were excluded. The remaining 964
patients were included in the 30-d PPM risk prediction analysis. We first eliminated all variables with >
50% missing and near-zero variance, where variables with near-zero variance have one unique value or
the majority of the data is comprised within a single category. The GBM algorithm handles missing data
internally by treating “missing” as its own category. This left 147 out of 285 variables to be included in
the model. These variables were used to predict the risk of pacemakers 30 d post-TAVR using the GBM
model. The model was optimized using 5-fold cross-validation repeated 10 times to get the highest
prediction accuracy. Among the 964 patients without prior PPM who have undergone TAVR, 189
patients required PPM implantation by 30 d, 116 patients were deceased by 1 year, and 2 patients were
lost to follow-up, leaving 657 patients who were included in the final analysis to predict the need for
PPM at 1 year. There were 287 variables initially, but all variables with 250% missing or near-zero
variance were eliminated leaving a total of 163 variables. Patient recruitment is summarized in Figure 1.

Clinical variables, comorbidities, and procedural factors were obtained from chart review. Definitions
conformed to those provided by the Transcatheter Valve Therapy (TVT) Registry[26]. Echocardio-
graphic variables were collected using standard ultrasound scanners. Comprehensive Doppler and 2-
Dimensional Transthoracic Echocardiogram (TTE) were performed prior to the procedure. TTE images
were acquired and interpreted according to the European Association of Echocardiography and
American Society of Echocardiography guidelines. Multi-detector computed tomography (MDCT) was
performed a month before the treatment. The size of the aortic annulus was determined pre-procedure.

Statistical analysis

The study population data set (n = 964 and n = 657) for 30 d and 1 year, respectively, had low event
rates. Due to a small percentage of events, the entire data set was used in the modeling phase and was
not broken into a test and train cohort. The caret R package was used to fit a GBM model from the gbm®
R package using 5-fold cross-validation repeated 10 times. Model hyperparameters, specified prior to
fitting the model, are tunable variables that control the chosen model’s learning process. The hyperpara-
meters tuned were the interaction depth, number of trees, and shrinkage. The minimum number of
observations required at each node was fixed at 20. Figures 2 and 4 include the top 20 variables that
indicate which have the highest predictive power in classifying those with events and those without
events. The study population for PPM risk was limited to those that had a trans-femoral or trans-apical
approach. The PPM risk score developed by Vejpongsa et al[20] uses 6 factors. Each factor had points
associated that collapsed into a three-group score (low, moderate, or high risk). Tuning of hyperpara-
meters optimizes the target metric, that metric being the area under the receiver operating characteristic
curve (AUC). AUC is a numeric metric that measures how well the model can distinguish between
patients with PPM and those without PPM.

The predicted probabilities that were generated on each fold were stacked, which was repeated 10
times for each patient. The model took the average of the predicted probabilities of all 10 repeats; the
average predicted probabilities for each patient were then used to compute the final AUC. The pROC R
package was used to produce the ROC curves along with the 95%CI for the AUC (Figures 3 and 5).
Variable importance is determined by calculating the relative influence of each variable included in the
model. The variable importance plot provides a ranked list of the most significant variables in
descending order.

The caret R package was used to fit a logistic regression using 5-fold cross-validation repeated 10
times. Similar to the GBM model, this process also used 5-fold cross-validation repeated 10 times, where
the predicted probabilities for each fold were stacked and then averaged over all 10 repeats for each
patient. The average predicted probabilities of PPM risk for each patient were used to produce the final
AUC. Categorical and ordinal variables were compared either with the chi-square or Fisher exact tests
and are expressed as numbers and percentages. Continuous variables were compared with the t-test
and expressed as mean * SD. Pearson’s x*test and Analysis of Variance were used to assess the baseline
differences. A P < 0.05 was considered significant. R software version 3.4.1 (Foundation of Statistical
Computing, Vienna, Austria) was used to run the analysis. Baseline characteristics, echocardiographic
variables, EKG variables, and MDCT variables for 30 d and 1-year analysis are shown in the Supple-
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Patients with prior pacemaker Patients included in the analysis to predict need
implantation - 236 for permanent pacemaker at 30 d - 964

Y
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Patients requiring a permanent Patients without a need for permanent
pacemaker at 30 d post- TAVR - 189 pacemaker at 30 d post TAVR - 775
Y Y

Patients who were deceased Patients lost to Patients included in the analysis to predict need
within 1 year of TAVR - 116 follow-up - 2 for permanent pacemaker at 1 year - 657

, l

Patients requiring a permanent pacemaker Patients without a need for permanent
at 1-year post TAVR- 176 pacemaker at 1-year post TAVR - 481
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Figure 1 Flowchart depicting patient recruitment for the analysis transcatheter aortic valve replacement-transcatheter aortic valve
replacement. TAVR: Transcatheter aortic valve replacement.
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mentary material. Marlene Girardo and Matthew Buras are the statisticians who ran the analysis and are
also authors of the paper.

RESULTS

30-d analysis

The mean age of the patients was 80.9 + 8.7. 42.1% of patients were female and 19.6% (n = 189) required
PPM at 30 d post-TAVR. 68.8% of the entire patient cohort had a balloon-expandable valve. Patients
requiring PPM post-TAVR had higher proportions of prior percutaneous coronary interventions, aspirin
use, trans-femoral access, self-expandable valve use, and New York Heart Association heart failure class
II/IV as compared to those who did not require PPM post-TAVR. Other baseline differences between
the two groups can be seen in the Supplementary material. Using our GBM machine learning algorithm,
a scoring model using the 20 highest weighted predictors of PPM requirement post-TAVR was
generated. The highest weighted characteristic was a higher brachiocephalic artery to annulus distance
to patient height ratio, followed by right bundle branch block (RBBB), higher brachiocephalic to aortic
annulus distance, high pre-operative risk, and the use of self-expanding valves (as opposed to balloon
expandable valves). Figure 2 shows the full list with the relative weights of the twenty variables. The
area under ROC to predict the need for PPM at 30 d for the GBM model was 0.66 (95%CI: 0.61-0.70) vs
0.55 (95%CI: 0.49-0.60) for the PPM risk score model (P < 0.001). The comparison of the ROC curves of
both models is shown in Figure 3.

1-year analysis

The mean age of the patients was 80.7 + 8.2. 42.6% of patients were female and 26.7% (n = 176) required
PPM at 1-year post-TAVR. 67.6% of the entire patient cohort had a balloon-expandable valve. Patients
requiring PPM at 1-year post-TAVR had higher proportions of prior aortic valve intervention, aspirin
use, severe mitral stenosis, elevated filling pressures, and percutaneous transfemoral access compared
to those who did not require PPM at 1 year. Other baseline differences can be seen in the Supplementary
material. Based on the GBM machine learning algorithm, a scoring model using the 20 highest weighted
predictors of PPM dependency at 1-year post-TAVR was generated. The five highest weighted
predictors were higher brachiocephalic artery to annulus distance to height ratio, higher mitral valve
diastolic mean gradient, RBBB, higher LVOT diameter, and higher distance of right coronary artery to
basal ring (mm). Figure 4 shows all twenty variables with the highest weightage. The area under ROC to
predict the need for PPM at 1 year for the GBM model was 0.72 (95%ClI: 0.67-0.76) vs 0.54 (95%ClI: 0.49-
0.60) for the PPM risk score model (P value < 0.001). The comparison of the ROC curves of both models
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Figure 3 Receiver operator curves of the gradient boosting model and permanent pacemaker risk score model to predict the need for a
permanent pacemaker at 30 d. GBM: Gradient boosting model; PPM: Permanent pacemaker model.
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Figure 4 Variables with the highest importance in the gradient boosting model to predict the need for a permanent pacemaker at 1 year.

Jaishideng®

is shown in Figure 5.

DISCUSSION

Given the clinical relevance of conduction abnormalities necessitating PPM, we sought to develop a risk
assessment tool to predict PPM implantation in patients post-TAVR using machine learning (ML). ML
seeks to mimic the thought process, learning capacity, and storage of knowledge of humans[28]. Its
techniques have been in use in cardiovascular medicine, but our study is the first to predict the risk of
PPM implantation in patients post-TAVR. This study demonstrates that ML could be used to accurately
predict the requirement of PPM at 1-year post-TAVR with a high level of discriminatory ability. The
GBM model had a modest level of discriminatory ability to predict the requirement of PPM at 30 d.
Arteriovenous conduction disturbances are well-known post-TAVR. The most common conduction
abnormalities post-TAVR are left bundle branch block (LBBB) and complete heart block[30,31]. Multiple
mechanistic reasons for these abnormalities have been theorized, and the most popular one is that the
spatial proximity of the cardiac conduction system to the calcified aortic valve[32,33], as well as the
underlying conduction disease prevalence in this elderly group[34], predisposes it to damage during the
TAVR procedure. Many patients require placement of PPM post-TAVR, with an incidence of 10%-15%
commonly cited in the literature, with substantial variability based on the specific TAVR valve used[4].
Conduction abnormalities are clinically relevant as these patients have a higher incidence of subsequent
hospitalizations, less improvement in LV function and functional status after TAVR, and possibly even
higher mortality, though there is conflicting evidence regarding the latter and long-term prognosis[11,
13,30,35].

The rate of PPM implantation post-TAVR in our study was 19.6% at 30 d and 26.7% at 1 year, which
is similar to previous trials[8,36-39]. Pre-existing conduction abnormalities such as RBBB, LBBB, and 1st-
degree AV block were significantly associated with post-TAVR PPM implantation, and these are
consistent with the previous studies[12,13]. Trans-femoral access was also significantly correlated with
the PPM rate, which has also been described as a risk factor in a prior registry[13]. Another variable that
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Figure 5 Receiver operator curves curves of gradient boosting model and permanent pacemaker risk score model predicting the need for
a permanent pacemaker at 1 year. GBM: Gradient boosting model; PPM: Permanent pacemaker model.
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strongly associates with the PPM rate was self-expanding valves which are also known through prior
studies[12,13]. High rates (13.3%-17%) of implantation with the Edwards Sapien 3 valve have previously
been demonstrated which was also consistent with our study[19,36,40]. Brachiocephalic artery to aortic
valve annulus distance to height ratio was the highest weighted predictor for PPM implantation post-
TAVR at both one month and one year. As far as we are aware, we are the first to describe this variable
as a predictor for PPM requirement, let alone as the highest weight predictor. It is not clear why it is
associated with conduction abnormalities requiring PPM. We suspect that the longer distance of the
ascending aorta proximal to the origin of the brachiocephalic artery allows for the TAVR valve to hug
the outer curve of the aorta more, thus exerting more force on the right/non-cusp side where the
conduction system lies. This needs to be confirmed in other studies.

Overall, the model used for the 30-d and 1-year predictors yielded a very similar set of variables. The
main difference was the presence of mitral valve diastolic mean gradient on echo which was the second
highest weighted predictor for PPM at 1 year but was not present in the 30-d predictive model. Whether
it is the gradient itself that is associated with conduction abnormalities or the mitral annular calcification
that is presumably associated with such gradients and would be expected in such populations with
calcific aortic stenosis is unclear. The mitral valve and annular calcification were not one of our echocar-
diographic parameters that were included in the study, so further studies need to be completed. The
subsequent evaluation of whether mitral valve or annular calcification is associated with conduction
abnormalities independent of AS and TAVR is an obvious corollary. The comparison of our predictive
model with the PPM risk score developed by Vejpongsa et al[20] which uses 6 variables for scoring,
demonstrates the enhanced prognostic capability of our model (Figures 3 and 5). Other risk score
models for PPM requirement post-TAVR that have been described are the Emory Risk Score developed
by Kiani et al[19] and the risk score developed by Maeno et al[41]. We were unable to compare our
model with these risk score models due to a lack of complete variables, including the history of syncope
in the Emory risk score, and membranous septum (MS) length in the risk score. Some of the limitations
of this study need to be noted. Firstly, the model is complex, and therefore its use may be limited in
clinical practice. Additionally, given the large number of demographic information and clinical
variables included in this model, these variables may not always be present. Nevertheless, we feel that
the prognosticating ability of the model overcomes this limitation and that with the increasing use of
electronic medical records, most data is available. Secondly, this was primarily a feasibility study and is
retrospective in nature, which restricts our ability for defining causal associations. There is a need for
prospective validation with an external cohort. Thirdly, we did not include a few variables in our model
that have been included in other risk scores for PPM implantation, such as a history of syncope or distal
landing zone calcium burden, as these variables were not present in enough of our cohort to include.
Thus, there is a potential for change in the analysis with the inclusion of such variables. Lastly, the study
included primarily referred patients in three high-volume tertiary care centers, and thus are likely
higher risk and more complex than the average TAVR patient.
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CONCLUSION

Machine learning was used to predict patients who are at risk of developing conduction abnormalities
requiring PPM at 30 d and 1 year. Our GBM model using machine learning outperforms the PPM risk
score model in its predictive value. Brachiocephalic to annulus distance to height ratio is the highest
weighted predictor of PPM implantation at both 30 d and 1 year, which has not been previously
described in the literature.

ARTICLE HIGHLIGHTS

Research background

For aortic stenosis, it is a fact that transcatheter aortic valve replacement use has greatly increased
relative to surgical replacement with the most common complications of the procedure including
atrioventricular conduction abnormalities development and permanent pacemaker requirement (PPM).
Hence, it is essential to risk stratify patients for potential need of PPM implantation post-procedure. We
used artificial intelligence to predict pre-procedural risk for pacemaker placement post-transcatheter
aortic valve replacement at 30 d and 1 year.

Research motivation

Previous studies that evaluated risk factors associated with permanent pacemaker requirement used
data for older-generation valves and also included only a limited number of variables and hence,
limiting their predictive potential. Artificial intelligence does a remarkable job of predicting variables via
machine learning and the same has been used in our study.

Research objectives

To predict pre-procedural risk for permanent pacemaker post-transcatheter aortic valve replacement
(TAVR) at 30 d and 1 year.

Research methods

We performed a retrospective study on patients with severe symptomatic aortic stenosis who
underwent transcatheter aortic valve replacement (TAVR). Gradient boosting machine learning model
has been used for predicting probabilities.

Research results

For 30-d analysis, higher brachiocephalic artery to annulus distance to patient height ratio was the
highest weighted characteristic that predicted PPM placement post- TAVR. Also for 1-year analysis,
higher brachiocephalic artery to annulus distance to patient height ratio was the highest weighted
characteristic that predicted PPM placement post- TAVR.

Research conclusions

Brachiocephalic to annulus distance to height ratio is the highest weighted predictor of PPM
implantation in the study both at 30 d and 1 year and it was not been previously described in the
literature.

Research perspectives
We sought to develop and have developed a risk assessment tool to predict PPM implantation post-
TAVR using machine learning.
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Abstract

BACKGROUND

Myocardial ischemia and ST-elevation myocardial infarction (STEMI) increase QT
dispersion (QTD) and corrected QT dispersion (QTcD), and are also associated
with ventricular arrhythmia.

AIM

To evaluate the effects of reperfusion strategy [primary percutaneous coronary
intervention (PPCI) or fibrinolytic therapy] on QTD and QTcD in STEMI patients
and assess the impact of the chosen strategy on the occurrence of in-hospital
arrhythmia.

METHODS

This prospective, observational, multicenter study included 240 patients admitted
with STEMI who were treated with either PPCI (group I) or fibrinolytic therapy
(group II). QTD and QTcD were measured on admission and 24 hr after
reperfusion, and patients were observed to detect in-hospital arrhythmia.

RESULTS

There were significant reductions in QTD and QTcD from admission to 24 hr in
both group I and group II patients. QTD and QTcD were found to be shorter in
group I patients at 24 hr than those in group II (53 + 19 msec vs 60 + 18 msec, P =
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0.005 and 60 + 21 msec vs 69+22 msec, P = 0.003, respectively). The occurrence of in-hospital
arrhythmia was significantly more frequent in group II than in group I (25 patients, 20.8% vs 8
patients, 6.7%, P = 0.001). Furthermore, QTD and QTcD were higher in patients with in-hospital
arrhythmia than those without (P = 0.001 and P = 0.02, respectively).

CONCLUSION

In STEMI patients, PPCI and fibrinolytic therapy effectively reduced QTD and QTcD, with a
higher observed reduction using PPCI. PPCI was associated with a lower incidence of in-hospital
arrhythmia than fibrinolytic therapy. In addition, QTD and QTcD were shorter in patients not
experiencing in-hospital arrhythmia than those with arrhythmia.

Key Words: Arrhythmia; QT dispersion; ST-segment elevation myocardial infarction; Reperfusion; Primary
percutaneous coronary intervention; Fibrinolytic therapy

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We evaluated the effect of a reperfusion strategy on QT dispersion (QTD) and corrected QT
dispersion (QTcD) in patients with ST-segment elevation myocardial infarction. Primary percutaneous
coronary intervention was found to be superior in the reduction of QTD and QTcD and associated with a
lower incidence of in-hospital arrhythmias when compared to fibrinolytic therapy. In addition, QTD and
QTcD were shorter in patients not experiencing in-hospital arrhythmia than those with arrhythmia.

Citation: Abdelmegid MAKF, Bakr MM, Shams-Eddin H, Youssef AA, Abdel-Galeel A. Effect of reperfusion
strategy on QT dispersion in patients with acute myocardial infarction: Impact on in-hospital arrhythmia. World J
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INTRODUCTION

Arrhythmia is a major cause of death in ST-elevation myocardial infarction (STEMI) patients, especially
in the early in-hospital period[1]. Many studies have shown that dispersion of repolarization is the most
common trigger and the main substrate for the occurrence of lethal arrhythmia in patients with STEMI
[1-3]. QT dispersion (QTD), the difference between maximal and minimal QT interval calculated on a
standard 12-lead electrocardiogram (ECG), measures the heterogeneity of myocardial repolarization[4].
It has previously been discovered that QT interval and QTD are increased in cases of acute ischemia and
STEMI[5]. These variations may reflect the changing patterns of underlying recovery of ventricular
excitability, which is profoundly disturbed at the earliest phase of acute myocardial infarction (MI)[6].
Moreover, QTD prolongation has been reported as a predictor of arrhythmia in patients with STEMI[7].

Although primary percutaneous coronary intervention (PPCI) is the treatment of choice when
managing STEMI patients, fibrinolytic therapy is still an important reperfusion strategy in settings
where primary PCI cannot be offered at the appropriate time[8]. Reperfusion of the infarct-related
artery, either by fibrinolytic therapy or PPCI, could homogenize the duration of the ventricular action
potential, thereby reducing the QTD. However, there are conflicting data about the effects of both
perfusion therapy modes with respect to their abilities to reduce QTD in patients with STEMI.
Moreover, there are inadequate data relating to the effects of these reperfusion strategies on incidence of
in-hospital arrhythmias.

Here, we evaluate the QTD and corrected QT dispersion (QTcD) in patients presenting with STEMI
by comparing those treated with PPCI with those receiving fibrinolytic therapy. In addition, the impacts
of these treatment modalities on in-hospital incidence of arrhythmia are compared.

MATERIALS AND METHODS
Study population

This was a prospective, observational, multicenter study that included 240 consecutive patients with
first acute STEMI who were treated with either fibrinolytic therapy or PPCI. Patients with STEMI who
received either fibrinolytic therapy with successful fibrinolysis or PPCI with final thrombolysis in
myocardial infarction (TIMI) flow grade III were included. This study was conducted at 4 centers. PPCI-
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treated patients were recruited and treated at Assiut University Heart Hospital (a center with resources
to perform this procedure at any time), and the fibrinolytic therapy-treated patients were recruited and
treated at Sohag Heart & GIT Center, Assiut Police Hospital, and Qena General Hospital.

The STEMI diagnosis in each case was made using the 4" universal definition of MI, which is based
on typical electrocardiographic changes alongside clinical symptoms associated with elevation of
cardiac biomarkers[9]. Patients were included if they had chest pain for more than 30 min, ST-segment
elevation in at least 2 contiguous ECG leads, and hospital admission within 12 hr of onset of chest pain.
Successful fibrinolysis was defined as the presence of at least 2 of the following criteria: (1)
Disappearance of chest pain within 90 min of starting the fibrinolytic infusion; (2) resolution of ST-
segment elevation (in the ECG lead with maximum ST-elevation at baseline) by more than 50% after
starting fibrinolytic infusion; or (3) abrupt initial increase in cardiac enzyme levels within the first 24 hr
following onset of symptoms[10].

Exclusion criteria were non-ST elevation myocardial infarction, prior history of MI or surgical
revascularization, absence of sinus rhythm, presence of bundle branch block or any other inter-
ventricular conduction abnormality, ventricular pacing rhythm, pre-excitation on ECG, electrolyte
abnormalities, use of medications that affect the QT interval (e.g., antiarrhythmic, antidepressant, and
antipsychotic drugs), and cases in which the QT interval could not be measured in at least 8 ECG leads.
Patients with unsuccessful reperfusion after thrombolytic therapy and those not achieving TIMI-III flow
within the infarct-related artery during PPCI were also excluded.

Study design

Patients were classified into 2 groups based on the reperfusion strategy used. Group I (120 patients)
were treated with PPCI and group II (120 patients) received fibrinolytic therapy (1.5 million units of
streptokinase given intravenously over 30-60 min).

The 12-lead ECG was recorded at a paper speed of 25 mm/sec. and 10 mm/mV gain standardization.
ECG measurements were taken on admission and 24 hr after the reperfusion with either of the two
strategies using an ECG machine (EC3T 01 RD/1, MONITOR, Russia). Heart rate, QT interval, and
corrected QT (QTc) interval for each ECG lead were calculated automatically using built-in software
(ArMaSoft-12-Cardio software, MONITOR, Russia) using Bazett’s formula[11]. QT and QTc dispersions
were defined as the differences between the maximum and minimum QT and QTc intervals,
respectively, in a given ECG lead. Delta (A) was defined as the difference in ECG measurement
parameters before treatment and 24 hr after reperfusion. For example, A QT interval was defined as the
QT interval before treatment minus the QT interval 24 hr after reperfusion. ECG data were included
where there were adequate measurements using at least 8 leads total with at least 4 precordial leads. All
ECGs were in sinus rhythm.

The study endpoint was designated as the occurrence of arrhythmia during admission. Examples of
arrhythmias considered included frequent premature ventricular ectopic beat, non-sustained ventricular
tachycardia, sustained ventricular tachycardia, ventricular fibrillation, and atrial fibrillation. The study
population was further classified into 2 more groups according to the incidence of in-hospital
arrhythmia. These groups comprised an in-hospital arrhythmia group whose arrhythmias were
recorded and a group who did not experience arrhythmia during admission (and therefore had no
recorded arrhythmia events).

Sample size calculation
Sample size calculation was carried out using G Power 3 software. The calculated minimum sample of
adult patients presenting with STEMI was 238. This calculation was made based on a 2-group 1:1 design
[Group I (n = 119): treated with PPCI and Group II (n = 119): treated with fibrinolytic therapy] and
would have 85% power to detect an absolute difference of 35% in the mean QTD, at a 1-sided
significance level of 0.05.

Ethical considerations

This study was approved by the Committee of Medical Ethics of the Faculty of Medicine, Assiut
University (IRB No. 17101454), and complies with the Declaration of Helsinki. Written informed consent
was obtained from all participants. The authors are accountable for all aspects of the work, including
full data access, integrity of the data, and the accuracy of the data analysis. They ensure that questions
related to the accuracy or integrity of any part of the work have been appropriately investigated and
resolved.

Statistical analysis

Continuous variables with normal distribution were expressed as mean + standard deviation (SD) and
those without normal distribution as median (interquartile range). Normality of the continuous
variables was checked with the Kolmogorov-Smirnov test. Categorical variables were expressed as
frequency and percentage (%). Continuous variables were compared using an unpaired student's f-test
for normally distributed data and Mann-Whitney test for non-normally distributed data. Comparisons
of ECG data before and after reperfusion therapy were conducted using paired t-tests. Chi-Square tests

WJC | https://www.wjgnet.com 108 March 26,2023 | Volume15 | Issue3 |



Jaishideng®

Abdelmegid MAF et al. Ventricular arrhythmia in acute MI patients

or Fisher exact tests were used when appropriate to compare categorical variables. A P value of < 0.05
was considered statistically significant, with all reported P values being 2-tailed. All statistical analyses
were performed using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, United
States).

RESULTS

Table 1 shows similar baseline clinical characteristics of both groups of the study population. Moreover,
there were no significant differences between the groups with respect to the location of MI and the time
from chest pain onset to the start of the reperfusion (Table 1).

Regardless of the chosen perfusion strategy, there was a significant reduction in QTD and QTcD from
admission to 24 hr after reperfusion. This reduction in both QTD and QTcD was due to a significant
increase in the minimum QT interval (A = - 15.9 + 42.4 msec) with a concomitant decrease in maximum
QT interval (A = 8.5 + 47.8 msec) for the QTD and an increase in the minimum QTc interval (A =-22.4 +
44.5 msec) alongside a concomitant decrease in QTc interval (A = 5.1 + 47.8 msec) for the latter
measurement (Table 2).

From admission to 24 hr, both QTD and QTcD decreased significantly in both groups I and II
(Table 3). Following reperfusion (24 hr later), the QTD and QTcD of patients in group I were
significantly shorter than those in group II (P = 0.005 and P = 0.003, respectively). Moreover, A changes
in both QTD and QTcD were significantly higher in group I compared with group II (37.6 £ 17.1 msec vs
11.3 £ 7.9 msec, P < 0.001 for the former and 43.6 + 13.6 msec vs 11.4 + 8.0 msec, P < 0.001 for the latter)

Table 3).

( The il)lcidence of in-hospital arrhythmia was significantly lower in group I (8 patients, 6.7%) than in
group II (25 patients, 20.8%), P = 0.001. Different types of recorded arrhythmia observed in both groups
are illustrated in Figure 1. Patients who did not experience in-hospital arrhythmia had significantly
reduced QTD and QTcD values compared to those who did experience in-hospital arrhythmia
regardless of the perfusion strategy used (Table 4). Furthermore, the A changes of both QTD and QTcD
were significantly higher in patients who did not experience in-hospital arrhythmia (25.9 + 18.3 msec
and 28.7 + 20.1 msec, respectively; P = 0.003) than patients who experienced in-hospital arrhythmias
(14.8 +18.9 msec and 19.8 + 14.5 msec, respectively; P = 0.016) (Table 4).

DISCUSSION

It is well known that QTd has a prognostic role for stratifying MI patients who are at higher risk of
arrhythmic events. In a recent large meta-analysis of 22 trials, an improved QTd after acute MI was
associated with lower risk of associated serious arrhythmia. However, no prognostic role was found
with respect to all-cause mortality or sudden cardiac death in such a patient population[12].

The current study provides further evidence supporting the beneficial impact of reperfusion therapy
on decreasing both QTD and QTcD in the setting of STEMI. Moreover, to our knowledge, our study is
the first to calculate QT and QTc intervals automatically using a software program that eliminates
human bias of manual measurement. We showed that reperfusion therapy decreases QTD and QTcD in
patients with STEMI regardless of reperfusion strategy. Also, our study demonstrated that PPCI had a
more favorable effect on reducing QTD and QTcD (measured 24 hr after treatment) when compared to
fibrinolytic therapy. Moreover, we showed that restoration of coronary reperfusion using PPCI had a
greater impact in reducing the incidence of in-hospital arrhythmias than fibrinolytic therapy. In
addition, QTD and QTcD were shorter in patients without in-hospital arrhythmia than in those with
arrhythmia recorded during admission.

In the setting of acute coronary syndrome, evidence suggests that there are electrophysiological
alterations in action potentials, causing repolarization dispersion between normal and ischemic fibers
and between the epicardium and endocardium. This leads to repolarization delays in regions influenced
by acute ischemia, thus causing QT and QTc prolongation[5,13-15]. The present study included STEMI
patients with achievement of TIMI flow grade III in group I and successful fibrinolysis in group II.
Establishing the patency of the infarct-related artery, either by fibrinolytic therapy or PPCI, could
reduce regional myocardial ischemia and homogenize the ventricular action potential, thereby reducing
the QTD and QTcD. This theory is supported by studies finding that TIMI flow grades II and III were
associated with far lower QTD and QTcD values as compared to TIMI flow grades 0 and I[16,17]. Thus,
the degree of QTD and QTcD reduction depends on the reperfusion status of the infarcted artery. The
results of PPCI in STEMI patients are superior to fibrinolytic therapy with respect to reestablishing
infarct-related artery patency. The present study supports this assumption, as our results revealed that
PPCI more significantly reduced QTD and QTcD intervals than fibrinolytic therapy in STEMI patients.

The mechanism of QT prolongation and QTD in the setting of MI is attributed to the elevation in
extracellular potassium level, acidosis, and anoxia. These conditions also cause reductions in membrane
excitability, shortening of action potential duration, and prolongation of recovery of excitability
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Table 1 Patient characteristics

Characteristic Group I, n =120 patients Group Il, n = 120 patients P value
Age in yr 57.9+9.6 59.1+10.7 0.38
Male sex 96 (80) 93 (77.5) 0.64
Smoking 49 (40.8) 58 (48.3) 0.24
Hypertension 35(29.2) 43 (35.8) 0.27
Diabetes mellitus 38 (31.7) 40 (33.3) 0.78
CKD 4(3.3) 7 (5.8) 0.35
Family history of CAD 15 (12.5) 21 (17.5) 0.28
Dyslipidemia 61 (50.8) 49 (40.8) 0.12
Location of MI: Anterior MI non-anterior MI 72 (60) 48 (40) 61 (50.8) 59 (49.2) 0.15
Time from chest pain onset to reperfusion in hr 4.04+£1.96 439+2.79 0.29

Data are expressed in form of mean + SD or frequency (%). CAD: Coronary artery disease; CKD: Chronic kidney disease; MI: Myocardial infarction; SD:

Standard deviation.

Table 2 Heart rate and QT interval before and after reperfusion, all patients

Parameter Before reperfusion, n = 240 patients  After reperfusion, n = 240 patients A P value
Heart rate in beat/ min 78.6 £16.2 80.5+15.7 -1.8+£16.9 0.09
Maximum QT in msec 407.1+43.0 398.7 +45.2 8.5+47.8 0.007
Minimum QT in msec 3254417 3413 £43.7 159 £42.4 <0.001
QTD in msec 81.8+21.9 57.3+18.9 2444187 <0.001
Maximum QTc in msec 461.2 +42.5 456.1 +38.9 51+47.8 0.10
Minimum QTec in msec 368.5+37.6 390.0 £36.4 224+445 <0.001
QTcD in msec 92.7£26.1 65.2%22.6 275%19.6 <0.001

Data are expressed in form of mean # SD. QTc: Corrected QT; QTD: QT dispersion; QTcD: Corrected QT dispersion; A: Delta is change in variables before

and 24 hr after the reperfusion strategy.
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following an action potential[18]. The prolonged QT and QTD have been linked to the occurrence of
arrhythmia in patients with congenital long QT syndrome and with drug-induced torsades des pointes
[19,20]. Therefore, MI associated with increased dispersion of cardiac repolarization could lead to the
occurrence of arrhythmia[7]. Opening of the infarct-related artery results in perfusion of the infarcted
area and consequently washing off of the excess extracellular potassium leading to correction of tissue
anoxia and acidosis. This leads to improvement in membrane excitability and recovery of excitability
following an action potential, ameliorating repolarization abnormalities and decreasing QTD.
Consequently, the occurrence of arrhythmia is less likely. Our results support this mechanism, as the
data presented here revealed that patients without in-hospital arrhythmia had shorter QTD and QTcD
intervals with higher A than those with arrhythmia.

Lopes et al[21] studied the effect of thrombolytic therapy on QTD in patients with STEMI, and
showed that QTD was significantly shorter in patients with STEMI who underwent successful
thrombolysis (Table 5). On the other hand, they found that QTD did not correlate with ventricular
arrhythmia; however, QTD was higher in patients with ventricular arrhythmia than those without. This
conclusion is undermined by the study design (retrospective) and the inclusion of patients with
unsuccessful thrombolysis who had high post-procedure QTD. Furthermore, this study measured QT
values manually, which introduces the possibility of measurement bias. In line with the present study,
Ornek et al[22] and Mulay et al[23] not only found that thrombolytic therapy reduces QTD significantly
in STEMI patients in the 1st wk of admission, but also that patients with ventricular arrhythmia had
higher QTcD values than patients without arrhythmia (Table 5).

In concurrence with our study, Pan et al[24] demonstrated that QTcD measured before PPCI was
significantly longer than 24 hr after PPCI administration. Furthermore, they showed that the absolute
QTcD change after PPCI was an independent predictor of the development of major cardiovascular
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Table 3 Heart rate and QT interval before and after reperfusion, group I vs group Il

Group |, n =120 patients Group Il, n = 120 patients P value
Parameter
Before After A Before After A P1 P2 P3 P4 P5
Heart rate in 81.0+157 827+164 -1.7+ 762+163 782+148 -20+149 034 0.14 0.02 0.02 0.87
beat/min 18.9
Maximum QT in 411.7 +384 3920+ 19.7 + 402.6+46.9 4053+ 28+443 <0001 049 0.10 0.02 <0.001
msec 441 48.8 45.6
Minimum QT in  3202+34.6 3381+ -179+  330.6+474 3446+ 2140 + <0.001  0.001 0.06 0.25 0.48
msec 39.0 34.4 48.0 413
QTD in msec 9154206 53.9+19.1 37.6+ 7204185 60.7+181 113479 <0.001 <0001 <0001  0.005 <0.001
17.1
Maximum QTcin 4743 +459 4538+ 206 + 44814341 4584+ 4104 + <0.001  0.002 <0.001 035 <0.001
msec 38.1 53.1 39.7 35.8
Minimum QTcin 3699 +432 393.0+ -231+ 36714311 3889+ 218+ <0001  <0.001 056 0.38 0.82
msec 321 51.7 40.3 36.2
QTcD in msec 10444221 60.8+21.6 43.6+ 809+244  69.6+228 114+80 <0.001 <0001 <0001  0.003 <0.001
13.6

Data are expressed in form of mean + SD. P1: P value comparing before and after PPCI in group I. P2: P value comparing before and after thrombolytic

therapy in group II. P3: P value comparing group I and group II before reperfusion strategy. P4: P value comparing group I and group II after reperfusion
strategy. P5: P value comparing group I and group II regarding delta change. QTc: Corrected QT; QTD: QT dispersion; QTcD: Corrected QT dispersion; A:
Change in variables before and 24 hr after reperfusion; SD: Standard deviation.

Table 4 QT and corrected QT dispersion before and after reperfusion in patients with or without in-hospital arrhythmia

In-hospital arrhythmia group, n =

No in-hospital arrhythmia group,

Parameter 33 patients n = 207 patients Pvalue
Before After A Before After A P1 P2 P3 P4 P5
QTD in msec 821+193  673+227 148+ 81.7+223  558+17.7 259+ <0001 <0001 091 0.001 0.003
189 183
QTcDinmsec  940+253  742+249 198+ 9254262  63.7+219 287+ <0001 <0001 075 0.03 0.02
145 20.1

Data are expressed in form of mean * SD. P1: P value comparing before and after reperfusion strategy in in-hospital arrhythmia group. P2: P value

comparing before and after reperfusion strategy in no in-hospital arrhythmia group. P3: P value comparing in-hospital arrhythmia group and no in-
hospital arrhythmia group before reperfusion strategy. P4: P value comparing in-hospital arrhythmia group and no in-hospital arrhythmia group after
reperfusion strategy. P5: P value comparing in-hospital arrhythmia group and no in-hospital arrhythmia group regarding delta change. QTD: QT
dispersion; QTcD: Corrected QT dispersion; A: Change in variables before and 24 hr after reperfusion; SD: Standard deviation.
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events at 1 year (Table 5). Hamza et al[25] reported that PPCI was effective in reducing QTc and QTD
after 24 h, although the study showed no effect on these arrhythmogenic indices 90 min after successful
revascularization with PPCI (Table 5). However, it should be emphasized that they did not monitor
patients for the occurrence of arrhythmia.

In contrast to our results, other studies have shown that thrombolytic therapy decreased QTD over
time, but without statistical significance. Studies have also shown a decrease in QTD 24 hr after PPCI
treatment; however, this decline was also not significant[26,27] (Table 5). Oni Heris et al[26]'s study
included patients with successful or unsuccessful thrombolysis who had high QTD following treatment,
which would have affected the results of the QTD measured. Additionally, this study compared time
points at 1 hr before thrombolytic therapy and 4 d later. Babapour et al[27]’s study was retrospective in
design and included all patients with PPCI, irrespective of the final TIMI results. In this study, TIMI 0
and I had a higher value of QTD and QTcD than TIMI II and III, affecting the final results. Our
prospective study included patients with successful fibrinolysis or PPCI with final TIMI flow grade III
[17]. Moreover, our ECG parameters were computed automatically, thus reducing potential bias and
variability.

Few studies have compared the effects of PPCI and fibrinolytic therapy on ventricular repolarization
ECG parameters. However, previous attempts to explore the impact of these treatments on the incidence
of in-hospital arrhythmia have been deficient. In agreement with our findings, Cavusoglu et al[28]
showed that PPCI was associated with more significant decreases in QTD and QTcD as compared to
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Table 5 Studies addressing repolarization changes following reperfusion in ST-segment elevation myocardial infarction

Stud Time to Reduction of QTD and . :

Ref. Study type y . . In-hospital arrhythmia Remarks

population evaluation QTcD

Lopes et al Retrospective Thrombolytic (n 4 d Sig. after 4 d QTD not correlated with CA after 48 h;

[21], 2006 =154) arrhythmia Reduction in QTD is a
predictor of coronary
reperfusion

Orneketal  Prospective  Thrombolytic(n 7 d Sig. after 7 d QTD correlated with arrhythmia Use 24-h Holter

[22], 2014 =20) monitor

Mulay etal ~ Prospective ~ STEMI (2 =100) 24 hr On NA Sig. high QTD in patients with Sig. higher QTD on

[23], 2004 Normal (n=100) discharge ventricular arrhythmias compared — admission, at 24 h, and

to those without at discharge than
normal subjects

Pan et al[24], Prospective  PPCI (n = 81) 24h Sig. after 24 h NA QTcD change was an

2011 independent predictor
of MACE at 1 yr

Hamzaetal  Retrospective PPCI (n = 54) 90 min 24 hr  Not sig after 90 min Sig. NA

[25], 2014 after 24 h

Oni Heris et Prospective ~ Thrombolytic (n  1hr4d Not sig. after 1 hr Not sig. NA

al[26], 2014 =160) after4d

Babapour et  Retrospective PPCI (1 = 77) 24h Not sig. after 24 hr NA

al[27], 2018

Cavusoglu et Prospective ~ PPCI (n = 21) 24h Sig. in PPCI group Sig.in  NA

al[28], 2001 Thrombolytic (1 thrombolytic group Sig. in

=21) PPCI compared with
thrombolytic
Georgeetal  Prospective ~ PPCI (n = 25) 24h Sig. in PPCI group Not NA
[29], 2015 Thrombolytic (n sig. in thrombolytic group
=25) Sig. in PPCI compared
with thrombolytic

Valizadeh et Prospective ~ PPCI (n = 70) 24h Sig. in PPCI group Not QTD mean in patients with

al[30], 2020 Thrombolytic (n sig. in thrombolytic group arrhythmia was reduced before
=115) Not sig. in PPCI compared and after treatment with a

with thrombolytic

significant reduction after PPCI as

compared to thrombolysis

CA: Coronary angiogram; MACE: Major adverse cardiovascular event; NA: Not applicable; PPCI: Primary percutaneous coronary intervention; Ref.:
Reference; Sig.: Significant; STEMI: ST-elevation myocardial infarction.

thrombolytic therapy (Table 5). Similarly, George et al[29] found that PPCI was superior in reducing
QTD and QTcD in patients with STEMI as compared to thrombolytic therapy. However, these reports
included only a small number of patients, were single-center studies, measured ECG parameters
manually, and did not observe patients for arrhythmia. On the other hand, Valizadeh et al[30] observed
that no significant decreases were seen in QTD and QTcD values in the PPCI group compared to the
thrombolytic group, but QTD values in the PPCI group showed a greater reduction after treatment
(Table 5). Unlike ours, this was a single-center study and used PPCI or fibrinolytic drugs based on the
patient's clinical status. This also raises the possibility of bias in patient assignment to either group, and
obviously, PPCI improves survival and decreases complications whatever the patient clinical status.
Moreover, this study included all patients who received thrombolysis whether successful or not, and
who underwent PPCI regardless of the final TIMI flow. Furthermore, QT values were manually
measured, again raising the possibility of bias and error, which the authors themselves stated as a
limitation. Nonetheless, they found that mean QTD values in patients with arrhythmia were lower
before and after treatment, with a significant reduction after PPCI group as compared to the
thrombolytic group, similar to our results.

The present study indeed also has some limitations. Our sample size was relatively small, even
though it was powered sufficiently to identify the pre-specified endpoints. Still, the findings need to be
endorsed by further studies in larger cohorts. Additionally, various medications can affect the QT
interval; however, these could not be standardized at the time of patient enrolment. Finally, long-term
observation for arrhythmia development in these patients was not performed, and therefore our
findings are only applicable to the acute phase of STEML
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Figure 1 Types of arrhythmia in group | and group Il. Overall incidence of in-hospital arrhythmia was significantly lower in group I than in group Il. PVC:
PolyVinyl chloride; VT: Ventriculartachycardia; VF: Ventricularfibrillation.
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CONCLUSION

We demonstrated that reperfusion with PPCI or fibrinolytic therapy was effective in reducing QTD and
QTcD in STEMI patients. Reperfusion with PPCI was associated with shorter QTD and QTcD than
thrombolytic therapy 24 hr after reperfusion. Moreover, PPCI was associated with a lower incidence of
in-hospital arrhythmia than fibrinolytic therapy. Additionally, patients with in-hospital arrhythmia had
a higher QTD and QTcD than patients without arrhythmia. Therefore, QTD and QTcD measurements in
STEMI patients are important arrhythmogenic parameters that respond to reperfusion therapy.

ARTICLE HIGHLIGHTS

Research background

ST-elevation myocardial infarction (STEMI) increases QT dispersion (QTD) and corrected QT dispersion
(QTcD), and is also associated with ventricular arrhythmia. Fibrinolytic therapy or primary
percutaneous coronary intervention (PPCI) was used as the reperfusion strategy in acute STEMI
patients.

Research motivation

Cardiac arrhythmia in the setting of acute myocardial infarction (MI) has serious impact on patient
morbidity and mortality. Every effort should be made to prevent post-MI arrhythmia and to predict its
occurrence as early as possible.

Research objectives
To compare the impact of revascularization with fibrinolysis or PPCI in STEMI patients on cardiac
electrical stability, as indicated by QTD and QTcD measurements.

Research methods

Two groups of patients were treated for acute STEMI; 1 group of patients were treated with fibrinolysis,
and the other group of patients were treated with PPCI. QTD and QTcD were measured at baseline and
at 24 hr following successful reperfusion. We compared these measures between the two groups and
observed all patients for incidence of arrhythmia during hospital admission.

Research results

There were significant reductions in QTD and QTcD at 24 hr in both study groups. QTD and QTcD were
found to be shorter in group I at 24 hr than in group II. Moreover, the incidence of in-hospital
arrhythmia was significantly higher in group II as compared to group I.

Research conclusions
In STEMI patients, both PPCI and fibrinolytic therapy effectively reduced QTD and QTcD, with a more
significant reduction observed after PPCI. Furthermore, PPCI was associated with a lower incidence of
in-hospital arrhythmia.
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Research perspectives
PPCI was superior to fibrinolytic therapy with respect to the electrical stability of the heart.
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