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Background: We sought to examine the effect of patient age on the outcomes of
percutaneous coronary intervention (PCI) of chronic total occlusions (CTO). Methods:
We examined clinical and angiographic data as well as outcomes of 1,216 CTO PCls
performed in 1,195 patients divided into three age groups (<65, 65-75, and >75 years
old). Results: Increasing age was associated with higher prevalence of prior stroke (7.6%
Vs 12.6% vs 17.2% for <65, 65-75, and >75 years old respectively, p<0.001) and prior
coronary artery bypass graft surgery (25.2% vs 39.8% vs 45.5%, p<0.001), but lower
prevalence of current smoking (36.4% vs 25.7% vs 14.6%, p<0.001). Older patients were
also more likely to have hypertension (88.1% vs 88.7% vs 94.0%, p=0.042) and have
moderately or severely calcified lesions (48.4% vs 59.8% vs 75.0%, p<0.001). Technical
success rate was similar in all age groups (91.1% vs 90.7% vs 85.7%, p=0.054), but a
higher incidence of major adverse cardiac events (MACE) was noted in the >75 years old
group (0.9% vs 3.0% vs 5.1%, p=0.002), largely due to higher rate of cardiac tamponade
requiring pericardiocentesis (0% vs 0.7% vs 2.2%, p=0.004). Procedure time, contrast
volume and air kerma radiation dose did not differ significantly between the three groups.
Conclusion: CTO PCI can be performed with high success rates among older patients,

but may carry higher risk for complications in this patient group.
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CHAPTER I

I. INTRODUCTION

Chronic total occlusions (CTO) of a coronary artery are present in approximately one
third of patients who undergo diagnostic angiography with estimates ranging between18% to
52% (1-3). Even though CTOs are present in a considerable number of patients in everyday
clinical practice, there is no clear consensus on optimal treatment strategies. Medical and
surgical revascularizations were generally considered the accepted treatment options (4), until a
few years ago when percutaneous coronary intervention (PCI) was introduced as an alternative
approach for managing this problem. Many critics of this procedure argue that symptoms in CTO
patients can easily be controlled with medications and are skeptical about the impact of CTO PCI
on quality of life and patient survival (5). On the contrary, several observational studies have
shown that successful CTO PCI is associated with symptom relief, decreased need for coronary
artery bypass graft surgery (CABG), improvement in long-term survival and left ventricular
function as compared with unsuccessful CTO PCI (6-11). Furthermore, recent technological
advances alongside with increased clinical expertise and skills have significantly improved the
procedural outcomes of CTO PCI (12-15).

CTO PCl is currently infrequently performed in the United States (16). Even fewer CTO
PCls are performed on older individuals, even though elderly patients constitute a substantial

proportion of patients who are referred for PCI (17). The elderly is a rapidly growing segment of



the population and they account for the highest proportions of hospitalizations and mortality for
myocardial infarction (MI) and coronary heart disease (CHD) (18). Therefore, there is an
expanding clinical need for optimizing treatments of the elderly, which requires solid scientific
evidence for making good treatment decisions (19). Understanding how age impacts the benefits

and risks of CTO PCI in older patients would be of great clinical value.



CHAPTER II

Il. BACKGROUND AND LITERATURE REVIEW

Heart disease is the leading cause of death in both sexes and most ethnic groups in the
United States (20). Coronary artery disease is the most common form of heart disease,
accounting for 370,000 deaths each year (20). Coronary artery disease results in accumulation of
atherosclerotic plaques in the tunica intima of affected blood vessels (21). Atherosclerotic
changes can progressively narrow the coronary artery lumen and impair anterograde myocardial
blood flow. In the most severe cases, complete blockage of the coronary arteries occurs, resulting
in total coronary occlusion.

Definition

The term CTO has been used loosely in various reports making comparison of different
studies difficult (22). As a result, a consensus document was published in 2005 in which a
unified definition for CTOs was proposed (23). This definition is based on three criteria: the
degree of lumen narrowing, antegrade blood flow grade, and age of the occlusion (23). CTOs are
characterized by significant atherosclerotic vessel narrowing with lumen compromise that results
in either 1) complete interruption of antegrade blood flow as assessed by coronary arteriography
(Thrombolysis in Myocardial Infarction [TIMI] grade 0 flow), also known as “true” total
occlusions, or ii) with minimal contrast penetration through the lesion without distal vessel

opacification (TIMI grade 1 flow), frequently referred to as “functional” total occlusions (23).



While the distinction between TIMI grade 0 and 1 is clearly described in the definition, the
distinction in the literature has been rather blurry (22).

Ascertaining the last criteria, i.e., duration of coronary occlusion, is difficult in the
absence of serial angiograms (23). In cases where serial angiograms are not available, the
duration can be estimated from the available clinical information that is related to the history of
acute coronary event or a sudden change in symptoms (22, 23). In general, total coronary
occlusion greater than 3 months duration is considered to be chronic occlusion (23).

Prevalence

The prevalence of CTO is frequently estimated from the number of patients who undergo
coronary angiography. Patients with CTO who are asymptomatic or mildly symptomatic may be
less likely to undergo angiography and, therefore, are not included in this estimation making it
difficult to capture the true prevalence of CTO in the general population (23). Nevertheless, CTO
prevalence among patients who undergo coronary angiography varies widely. In 1993, Kahn et
al identified a CTO in 35% of patients out of the 287 patients presenting with suspected or
known heart disease (1). In a 2012 multicenter study conducted by Fefer et al., at least one CTO
was present in 2,360 patients out of 14,439 examined, making the overall prevalence of CTO
18.2% among patients with coronary artery disease and 14.7% among all patients who
underwent diagnostic coronary angiography (3). Christofferson et al. examined 8,004
consecutive patients who underwent cardiac catheterization between 1990 and 2000 at the
Veterans Administration Hospital in Seattle, Washington. Of the 3,087 patients who had
significant coronary artery disease and no previous coronary artery bypass graft surgery
(CABGQG), a totally occluded artery was present in 1,612 (52%) patients (2). A similar study

examined 1,699 consecutive patients who had undergone diagnostic angiography from 2011 to



2012 at the Veterans Affairs tertiary referral hospital in Dallas (24). The study revealed a 31%
prevalence of coronary CTO among patients without CABG, vs 89% among patients with prior

CABG.

Pathology

The hallmark of CTO is the presence of atherosclerotic plaque that forms a platform for
the formation of thrombus, which in turn triggers the occlusive process (25). In the initial phase,
thrombotic lesions are predominantly populated by erythrocytes and platelets that are embedded
in a fibrin mesh (26). Subsequent invasion of the lesion by inflammatory cells is accompanied by
formation of a proteoglycan-enriched extracellular matrix and myofibroblast infiltration into the
thrombotic occlusion (27). The composition of the CTOs changes with further aging of the
lesion, progressing from soft to hard plaque (28). Hard plaques are characterized by
accumulation of calcium and collagen (24). Even though prominent accumulation of fibrocalcific
material is noted at both proximal and distal ends of CTOs, significantly more accumulation is
found at the proximal end (27).

Inflammation precedes neovascularization (27) and it is an important contributor of
pathologic angiogenesis in CTOs (29). Srivatsa et al. reported that the extent of
neovascularization correlated with the degree of inflammation (28). They also observed greater
capillary formation in the adventitia of CTOs of less than one year duration. On the other hand,
bridging collaterals with rich neovascularization were reported more frequently in CTOs older
than one year (30). Other investigators have also found that the process of neovascularization can
lead to the formation of micro-channels with an average diameter of 200 um (28). These micro-
channels can extend from the proximal to the distal lumen but mostly lead into the adventitia,

small side branches, or vaso vasorum, which negatively affects the advancement of a guide wire



through the obstruction and predispose to the development of complications (28,31,32). Contrary
to prior reports, current studies affirm the occurrence of these micro-channels as very rare (33).

As the CTO lesion ages, it typically undergoes negative remodeling (32). The negative
remodeling process is characterized by the replacement of soft plaque with fibrous tissue, mainly
in the middle section of the occlusion (34). This process leads to artery vessel shrinkage, which
is mostly observed in CTOs with duration of greater than 3 months. Negative remodeling is a
frequent pathology (35) and it is one of the major determinants of luminal narrowing in the
atherosclerotic human coronary artery (36).

Clinical manifestations

Ten to fifteen percent of CTO patients who are referred for PCI are asymptomatic (37).
The majority of patients are referred for angiography because of anginal symptoms or significant
ischemia on noninvasive ischemia testing (37). After examining 2,002 patients presenting with
stable angina pectoris, Werner et al. reported that anginal symptoms were similar in CTO and
non-CTO patients but congestive heart failure was more prevalent in the first group (38). In
addition, ischemia was more common and severe in the CTO group (38). It is less likely for CTO
patient to present with an acute coronary syndrome caused by the CTO itself (37).

Patients who have CTO on diagnostic angiography are older when compared with non
CTO patients (mean age of 66 + 11 years versus 64 + 12 years respectively) (3). The majority of
patients affected with CTO are men, who represent as many as 80% of patients with CAD and a
CTO (3). Female patients who undergo CTO PCI tend to be older and have more comorbid
conditions, such as hypertension and diabetes, when compared to their male counterparts (39).

Multi-vessel coronary disease is seen less often in women in whom the left anterior descending



coronary artery is more commonly involved (39). As compared with men, CTOs in women are
less likely to have bridging collaterals or blunt stump and have shorter CTO length (39).

Among patients who have a single CTO, the occlusion is mostly located in the right
coronary artery (47%) followed by left anterior descending artery (20%) and left circumflex
artery (16%) (3). Occlusions in more than one coronary artery were observed in 17% (3). As
compared with patients who did not have CTOs, CTO patients have higher prevalence of
diabetes mellitus, hypertension, hyperlipidemia, heart failure and peripheral artery disease (3).
They were also more likely to have multi-vessel disease, lower ejection fraction and prior
myocardial infarction (2, 3).

Treatment

The treatment of CTO patients is determined on an individual basis. Clinical factors, such
as the severity of ischemia, the presence of other symptoms and concomitant coronary artery
disease, are factored in when considering treatment for CTO patients (37). The risk benefit
analysis also encompasses angiographic and technical considerations (40). Revascularization
strategies are generally designed for those patients who remain symptomatic and have a large
burden of ischemia despite optimal medical therapy (37). On a consensus document published in
2005, Stone et al. outlined three general conditions that warrant PCI interventions when the CTO
represents the only significant lesion in the coronary tree. These conditions are: (1) The occluded
vessel is responsible for the patient’s symptoms (PCI may also be considered in selected cases of
silent ischemia if a large myocardial territory at risk is demonstrable); (2) the myocardial
territory supplanted by the occluded artery is viable; and (3) the likelihood of success is
moderate to high (>60%), with an anticipated major complication rate of death <1% and

myocardial infarction <5% (40).



Three major categories of CTO crossing techniques are currently in use: antegrade wire
escalation, antegrade dissection-reentry, and the retrograde approach. The most commonly used
CTO crossing technique is antegrade wire escalation (41) that involves advancement of a micro
catheter to the proximal CTO cap, followed by crossing attempts using various guidewires. The
antegrade dissection/re-entry uses the sub-intimal space to pass the guidewire into the distal true
lumen. This technique (especially extensive antegrade dissection/re-entry) is currently used less
frequently due to concerns about higher rates of restenosis and re-occlusion (42). The retrograde
approach involves advancement of a guidewire in a coronary segment distal to the occlusion via
bypass grafts or collateral vessels (43). Crossing using the retrograde approach can sometimes be
easier because the distal cap is softer and more frequently tapered, but the retrograde approach
may be associated with increased procedural risk (35). The hybrid approach utilizes all the above
techniques and is found to be safe and effective (44).

Benefits of CTO PCI
There are several benefits associated with CTO PCI. These include:
Improve anginal symptoms

Joyal et al. identified 13 observational studies that compared outcomes of successful
versus failed CTO PCI in a total of 7,288 patients followed up for an average time of 6 years.
These studies demonstrated significant reduction in residual/recurrent anginal symptoms in
patients with successful recanalization of CTOs (8). In the Total Occlusion Angioplasty Study —
Societé Italiana di Cardiologia Invasiva (TOAST-GISE) study, CTO PCI success was associated
with 88% angina-free survival in comparison to 75% angina-free survival in CTO PCI failure

cases at 12 months follow-up (p = 0.008) (9).



Improve left ventricular function
Improvement in global and regional left ventricular function has been demonstrated in
successful CTO PCI as long as long term patency of the target vessels is maintained and the

perfused myocardium is viable (45).

Improve survival

Suero et al. compared long-term survival between patients with and without a CTO
among 2007 consecutive patients undergoing PCI of a non-acute coronary occlusion. The CTO
and matched non-CTO patients had a similar in-hospital risk for major adverse cardiac event
(MACE) and 10-year survival. Successful CTO recanalization was associated with an improved
10-year survival (10). In another study, Aziz et al. reported that successful revascularization of
CTOs by PCI and coronary stenting was associated with improved survival and reduced need for
CABG as compared with patients in whom CTO PCI failed (46).

Predictors of success/failure for CTO PCI

The duration of coronary occlusion is considered a strong predictor of PCI failure (4). In
an earlier study, Bell et al. recorded a high success rate of 93.3% for occlusions between 8 and
30 days in contrast to the 64.4% success rate for occlusions with greater than 90 days (47). Other
earlier studies have also confirmed this inverse relationship between duration of occlusion and
success at revascularization with PCI (48-50).

Tapered morphology is another characteristic of CTO that was shown to have a favorable
outcome with PCI. It was identified as an independent predictor of procedural success in 905
consecutive patients who had angioplasty from 1980 and 1989 in one institute (51). Tapered

morphology was associated with 88% success rate in comparison to the 59% success rate in its



absence (p = 0.01). Similarly, Maiello et al. identified tapered morphology as one of the
variables that affected procedural success rate (52).

Earlier reports have identified the presence of bridging collateral as predictor of failure in
CTO revascularization (50-52). Recent investigations have revealed that success rate may not be
inversely correlated with bridging collaterals (9, 53). It is suggested that advances in guidewire
technology have increased the success rates in occlusions with bridging collaterals to the point
where CTOs should no longer be disqualified for PCI revascularization for this reason only (40).
According to expert operators in Japan, severe tortuosity and calcification are the most important
predictors of failed CTO recanalization in contemporary practice (54).

The presence of side branch (50-52) at the point of occlusion is another factor that has
been reported as predictors of procedural failures. Higher success rate was reported in the
absence of a side branch.

Outcome of CTO PCI

Patel et al. conducted a meta-analysis of 65 studies published between 2000 and 2011
reporting procedural complications of CTO PCI (55). These studies reported outcomes on 18,061
patients who underwent CTO PCI of 18,941 target vessels. The overall angiographic success rate
ranged between 41.2% and 100% with pooled estimate of 77% (95% ClI: 74.3% to 79.6%).
Major adverse cardiovascular event (MACE) was reported in 15,718 patients ranging from 0% to
19.4% with pooled estimate of 3.1% (95% CI: 2.4% to 3.7%). The most commonly observed
complications were perforation (2.9%, 95% CI: 2.2% to 3.6%) and contrast nephropathy (3.8%,
95% CI: 2.4% to 5.3%) on the other hand emergent CABG, stroke and radiation injury were the
least common complications with rates of 0.1%, <0.01%, and <0.01%, respectively. Compared

with successful procedures, unsuccessful procedures had significantly higher rates of death
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(1.5% vs. 0.4%), stroke (0.4% vs. 0.07%), perforation (10.7% vs. 3.7%), and tamponade (1.7%
vs. 0%).

Christakopoulos et al. analyzed 25 observational studies published from 1990 to 2014
that reported on the clinical outcomes of patients who underwent CTO PCI (56). Out of the
29,315 CTO PCI procedures performed on 28,486 patients, 20,778 were successful and 8,537
were unsuccessful. Procedural success was 71% (range 51% to 87%). After a mean follow up
period of 3.11 years, compared with unsuccessful CTO PCI, successful CTO PCI was associated
with lower mortality (OR 0.52, 95% CI: 0.43 to 0.63), less residual angina (OR 0.38, 95% CI:
0.24 t0 0.60), lower risk of stroke (OR 0.72, 95 CI: 0.60 to 0.88), less need for CABG (OR 0.18
95% CI: 0.14 to 0.22), lower risk for MACE (OR 0.55, 95% CI: 0.43 to 0.71). Successful CTO
PCl is associated with improved clinical outcomes regardless of the revascularization technique
used (balloon angioplasty, bare metal stent, or drug eluting stent).

Outcome of CTO PCI in the elderly

Few studies have attempted to compare the procedural and long-term outcomes of CTO
PCI in older and younger patients (19). Tanaka et al. conducted a single centered observational
study to analyze and compare the safety and efficacy of CTO PCI between patients aged > 75
years and those aged <75 years (57). In a retrospective analysis that included 300 patients (217 in
the younger group, 67 patients over 75 years), he found no statistically significant difference in
procedural success rate between the elderly and the younger patients. Successful PCI was also
associated with significant improvements in cardiovascular death rates and was a significant
predictor of cardiac survival in older patients (57). Another multinational study evaluated the
procedural success rates and long-term clinical outcome of successful versus failed CTO

revascularization in patients > 75 years (58). Of the 1,791 patients who underwent CTO PCI, a
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total of 213 patients were > 75 years-old. Procedural success among older patients was similar
with that achieved in younger patients. Older patients with successful PCI had significantly
lower risk for major adverse cardiac events (MACE [all-cause mortality, M1 and need for
CABG]) and the reduction in MACE was significantly greater as compared with younger

patients.
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SPECIFIC OBJECTIVES

The primary objectives of this project are to:
1. Determine the technical and in-hospital outcomes of patients in three age categories
(< 65 years, > 65 years and < 75 years, > 75 years)
2. Compare the technical and in-hospital outcomes of patients > 75 years with the

younger age groups (< 65 years, > 65 years and < 75 years)

SIGNIFICANCE OF THE STUDY

As the aging population expands, more and more elderly patients with CTO are likely to
be referred and considered for PCI in daily practice. However, the risks and benefits of CTO PCI
among elderly patients have received limited study. Advanced age may be associated with higher
lesion complexity and higher risk patient characteristics that may affect both the short and long-
term outcomes of CTO PCI. Doing more research in this area will help narrow the knowledge
gap and assist practitioners in making better treatment decisions in this complex and high-risk,

yet continually growing group of patients.
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MATERIALS AND METHODS

This practicum project consisted of a retrospective review of medical records of all
consecutive patients who underwent CTO PCI and were entered into the Prospective Global
Registry for the Study of Chronic Total Occlusion Intervention (PROGRESS CTO) registry. The
goal of this multicenter, investigator-initiated registry is to collect information on treatment
strategies and outcomes of consecutive patients undergoing CTO PCI among various
participating centers (59). The registry receives and catalogs datasets with pre-specified
definitions from participating hospitals in the United States. Datasets pertaining to patient
characteristics, clinical features, angiographic and procedural details and in-hospital outcomes
are being collected and entered into the registry since January 2012. For collecting and
managing its dataset, the registry uses REDCap, which is a self-managed, secure, web-based tool
that is designed to support data collection strategies for research purposes (60). This study
utilized data from the following 11 CTO PCI centers: VA North Texas Health Care System,
Dallas, Texas; Piedmont Heart Institute, Atlanta Georgia; VA San Diego Healthcare System, San
Diego, California; Massachusetts General Hospital, Boston, Massachusetts; Columbia
University, New York, New York; Henry Ford Hospital, Detroit, Michigan; Peace Health St.
Joseph Medical Center, Bellingham, Washington; Torrance Memorial Center, Torrance,
California; St. Luke's Health System's Mid-America Heart Institute, Kansas City, Missouri;
Medical Center of the Rockies, Loveland, Colorado, and Appleton Cardiology, Appleton,

Wisconsin.
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All patients who met the inclusion and exclusion criteria and were entered in the registry
from January 2012 to September 2015 were included in the study. Patient information pertaining
to demographic features, medical history, clinical presentation, coronary angiographic data,
procedural characteristics and in-hospital outcomes were exported from REDCap into JMP
software version 11 (SAS Institute, Cary, North Carolina) for analysis (See below for list and
definition of variables). Prior to data analysis, the following inclusion and exclusion criteria were
used for identifying patients that satisfy the criteria for enrollment in this study.

Inclusion criteria

e All patients who underwent CTO PCI from January 2012 to September 2015 at

participating centers

Exclusion criteria

e Patients with missing date of birth

e Patients with missing record of technical success

Variable list and definition
Clinical variables

The following clinical variables were examined: age, sex, ethnicity, current smoking,
hypertension, diabetes mellitus, dyslipidemia, prior heart failure, prior Ml, prior CABG, prior
PCI, prior stroke, peripheral artery disease, left ventricular ejection fraction, baseline creatinine,

body mass index, angina (stable, unstable, silent ischemia).
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Angiographic variables
The following angiographic variables were examined: CTO vessel, CTO length,
moderate/severe calcification, moderate/severe tortuosity, prior failed CTO PCI, bridging
collaterals, interventional collaterals, proximal cap ambiguity, blunt stump, CTO age, vessel

diameter, J-CTO (Multicenter CTO Registry of Japan) score.

Procedural variables

The following procedural variables were examined: Technical success, procedural
success, successful approach (antegrade wiring, antegrade dissection and re-entry, retrograde),
stenting, fluoroscopic time, contrast volume, air kerma radiation dose, total procedural time,
death, myocardial infarction, emergency PCI on target vessel, emergency CABG, cardiac

tamponade, stroke, in-hospital MACE.

Definitions

e CTO is defined as a total coronary artery occlusion of at least 3 month duration with
thrombolysis in myocardial infarction (TIMI) grade 0 flow (23).

e Estimation of occlusion duration is based on first onset of anginal symptoms, prior
history of myocardial infarction in the target vessel territory, or comparison with a prior
angiogram (15).

e Assessment of calcification is done by angiography and graded as mild (spots), moderate
(involving <50% of the reference lesion diameter) and severe (involving >50% of the

reference lesion diameter) (61).
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Moderate proximal vessel tortuosity is defined as the presence of at least 2 bends >70
degrees or 1 bend >90 degrees and severe tortuosity as 2 bends >90 degrees or 1 bend
>120 degrees in the CTO vessel (61).

Interventional collaterals refers to the presence of collateral channels that can be accessed
and crossed using a wire and micro-catheter safely, that enter the distal vessel remote
from the distal cap and facilitate retrograde wire escalation or retrograde dissection re-
entry strategies (62).

An ambiguous proximal cap refers to one where there are multiple branches, often
collaterals, a flush occlusion and uncertainty as to the initial vessel course (62).

J-CTO score utilizes 5 independent predictors: 1) calcification 2) bend >45° in the CTO
segment 3) blunt proximal cap 4) length of occluded segment >20 mm 5) previously
failed attempt (63). The CTO case complexity is stratified as easy (J-CTO score = 0),
intermediate (score = 1), difficult (score = 2) and very difficult (scores = 3-5).

CTO PCI technical success is defined as successful CTO revascularization with
achievement of <30% residual diameter stenosis within the treated segment and
restoration of TIMI grade 3 antegrade flow (23).

CTO PCI procedural success is defined as technical success without in-hospital MACE
(23).

In-hospital MACE includes any of the following adverse events prior to hospital
discharge: death from any cause, Q-wave myocardial infarction, recurrent angina
requiring urgent repeat target vessel revascularization with PCI or CABG, tamponade

requiring pericardiocentesis or surgery, or stroke (23).
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e Q-wave Ml is defined as cardiac enzymes (creatinine kinase) elevation of more than 3
times the normal value with development of Q-wave following the PCI (54).
e Urgent revascularization is defined as target vessel repeat PCI within 24 h or urgent
CABG (54).
e Stroke is defined as ischemic or hemorrhagic stroke occurring during the patient
hospitalization (64).
Sampling method and sample size
A convenient sampling method was used to enroll all consecutive patients with CTO PCI
within the time period of January 2012 to September 2015. A total of 1,195 patients who
satisfied the inclusion and exclusion criteria were included. Forty-five variables (see above for
list of variables) were used to do statistical analyses that were useful in answering the primary
objective of the study.
Statistical analysis
Data was first examined for inconsistencies and errors and later analyzed using JMP 11
software (SAS Institute, Cary, North Carolina). The variable age was recoded into three different
age categories as follows: < 65 years, > 65 years and < 75 years, > 75 years. Initially the data
was summarized using descriptive statistics. Continuous variables were presented as mean +
standard deviation and compared using student t statistics when the data is normally distributed
or Wilcoxon rank-sum test was used for variables with skewed distribution. Categorical variables
were presented as percentages and compared using chi square test or Fisher’s exact test when the
expected value in each cell is less than 5. Clinical characteristics, angiographic features,
procedural findings and in-hospital outcomes were compared between the three age groups. All

results with p < 0.05 were considered to be statistically significant.
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Ethical clearance
IRB approval was obtained from the IRB at the UNT Health Science Center; additionally
approvals were obtained from the coordinating center’s IRB at University of Texas

Southwestern, as well as the respective IRBs at the participating centers.
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RESULTS

During the study period, a total of 1,195 consecutive patients who underwent CTO PCI
and satisfied the inclusion and exclusion criteria were included in the study. The baseline clinical
characteristics of the study population are listed in Table 1. The mean age of the total population
was 66x10 years and most of the study participants were men (86.1%, 86.9%, 77.2% for < 65
years, > 65 years and < 75 years, > 75 years respectively). Increasing age was associated with
high prevalence of prior stroke (7.6% vs 12.6% vs 17.2%, p<0.001) and hypertension (88.1% vs
88.7% vs 94.0%, p=0.042) although history of previous MI and heart failure was not
significantly different between age groups. As compared with the younger age groups, the
elderly (=75 years) were more likely to have previous CABG (25.2% vs 39.8% vs 45.5%,
p<0.001) but were less likely to have had a previous PCI, diabetes mellitus and peripheral
arterial disease. Elderly patients are also less likely to be current smokers. Even though a higher
proportion of the elderly had hyperlipidemia, this was not found to be statistically significantly

different when compared with the other age groups.
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Table 1 Baseline clinical characteristics of the study patients

Variable (%) Age <65 Age >65 and <75 Age >75 p
(Years) (Years) (Years)
Clinical Characteristics n=541 n=421 n=233
Age (years)* 56.7+6.7 69+2.9 79.6+£3.7 0.001
Men 86.1 86.9 77.2 0.002
Hypertension 88.1 88.7 94 0.042
Hyperlipidemia 93.1 93.8 97.4 0.056
Diabetes Mellitus 46.2 46.2 41.8 0.489
Smoking 36.4 25.7 14.6 0.001
Heart failure 27.1 28.8 30.4 0.623
History of Ml 41.9 42.3 43.7 0.898
History of CABG 25.2 39.8 45,5 0.001
History of stroke 7.6 12.6 17.2 0.001
Prior PCI 63.9 60.6 62.2 0.571
Peripheral arterial 13.3 18.7 17.2 0.066
disease

CABG, coronary artery bypass graft surgery; MI, myocardial infarction; PCI,
percutaneous coronary intervention. * Values are mean * standard deviation
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The angiographic characteristics of the three age groups are listed in Table 2. Most CTOs
were located in the right coronary artery with no significant difference in the distribution of the
treated target vessels between the age groups. However, elderly patients were more likely to have
moderate/severe calcification (48.4% vs 59.8% vs 75%, p<0.001) and have interventional
collaterals (58.6% vs 60% vs 71.3%, p=0.014) when compared with their younger counterparts.
There was no significant difference between the three age groups regarding CTO length,
moderate/severe tortuosity, proximal cap ambiguity, prior CTO PCI failure, in-stent restenosis,

and J-CTO score.
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Table 2 Angiographic characteristics of the study lesions according to age group

Variable Age <65 Age >65 Age >75 p
and <75
Clinical Characteristics (%) (Years) (Years) (Years)
n=550 n=429 n=237
CTO Target vessel
RCA 60.4 54.2 53.6
LCX 17.8 23.9 19.1 0.067
LAD 21.9 21.9 97.4
CTO length (mm)* 30 (20-50) 30 (20-50) 30 (20-40) 0.691
Interventional collaterals 58.6 60 71.3 0.014
Moderate/Severe calcification 48.4 59.8 75 0.001
Moderate/Severe tortuosity 36.6 36.7 32.2 0.487
Proximal gap ambiguity 29.8 31.4 28.7 0.812
Prior CTO PCI failure 18.5 17.1 17.4 0.844
In-stent restenosis 14.8 16 12.9 0.578
J-CTO score* 2.4+1.3 2.6+1.16 2.6x+1.15 0.060

CTO, chronic total occlusion; LAD, left anterior descending artery; LCX, left
circumflex artery; PCI percutaneous coronary intervention; RCA, right coronary

artery. *Values are mean + standard deviation or median (interquartile range).
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The overall technical and procedural success rate was 89.9% and 88.5%, respectively
(Table 3). Technical success rate was similar in all age groups (91.1% vs 90.7% vs 85.7%,
p=0.054), however procedural success rate was lower in the elderly when compared to the
younger age groups (90.6% vs 88.8% vs 82.3%, p=0.008; Table 3, Figure 1). The overall in-
hospital MACE rate was 2.5% with significantly higher rates observed in the elderly as
compared with the other age groups (0.9% vs 3.0% vs 5.1%, p=0.002). The occurrence of death,
MI, stroke and the performance of emergency CABG or PCI were comparable in all age groups
but a significantly higher proportion of the elderly had emergency pericardiocentesis when
compared with the younger age groups (0% vs 0.7% vs 2.2%, p=0.004). No significant
difference was observed in procedure time, contrast volume and air kerma fluoroscopy dose

between the three age groups.
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Table 3 Procedural characteristics and outcomes according to age group

Variable (%) Age <65 Age >65 Age >75 p
and <75
(Years) (Years) (Years)
Contrast Volume (ml)* 260 270 250 0.306
(197.5-363)  (200-364) (190-350)
Air Kerma Fluoroscopy 3.4 3.5 3.2 0.443
Dose (Gray)* (2-5.3) (2.2-5.6) (1.8-5.4)
Procedure Time (min)* 126 127 130 0.298
(81-184) (91-193) (85.8-196.8)
Technical Success 91.1 90.7 85.7 0.054
Procedural Success 90.6 88.8 82.8 0.008
In-hospital MACE 0.9 3.0 5.1 0.002
Death 0.2 0.2 1.3 0.072
Myocardial Infarction 0.4 14 2.2 0.065
Stroke 0.2 0.5 0.4 0.714
Emergency Re-PClI 04 0.5 0 0.591
Emergency CABG - - - -
Emergency 0 0.7 2.2 0.004

Pericardiocentesis

CABG, coronary artery bypass graft surgery; MACE, major adverse cardiovascular
events; MI, myocardial infarction; PCI, percutaneous coronary intervention. * Values

are median (interquartile range).
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Figure 1 Comparison of technical, procedural and MACE rate between three age groups
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DISCUSSION

The result of our study demonstrated that CTO PCI can be performed successfully in
most elderly patients, however procedural success is lower as compared with younger patients
and the incidence of MACE is higher.

Elderly patients are more likely to have extensive CAD and complex coronary lesions
(65, 66). This condition is further complicated by the presence of multiple comorbidities such as
hypertension, diabetes, stroke and peripheral artery diseases, all of which identified as
independent determinants of death in elderly patients undergoing PCI (67-69). Indeed, low
success rate and high rate of complication were associated in elderly patients undergoing PCI
prior to the stenting era (70-72). The advent of drug eluting stents, advances in PCI technology
and antithrombotic medications have drastically improved the outcome of PClI in the elderly (73-
77). Success rate ranging from 69% to 77% were reported from centers that opened CTOs in
elderly patients with high level of comorbidities (78-80). Our technical success rate of 85.7% in
patients aged >75 years is higher than the above reports and is comparable to the success rate in
younger age groups (91.1% vs 90.7% vs 85.7% for < 65 years, > 65 years and < 75 years, > 75
years respectively, p=0.054). Reports from two single institutions in Japan and France showed
similar success rate in the elderly and younger age groups (Japan, 78.2% vs 74.3% for <75 and
>75 respectively, p=0.41; France, 79% vs 77% for <75 and >75, respectively, p=0.66) however,

lower success rate were recorded for the >75 age group when compared to our result (79, 80).
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The higher success rates reported from our registry may be related to participation of more
experienced high volume operators in the centers included in our study.

In-hospital mortality has significantly improved in the elderly who undergo PCI. Up to
19% of octogenarians experienced in-hospital death in the 1980’s (81), however, mortality
rapidly declined to 2-10% during subsequent years (68, 82, 83). A temporal trend analysis done
by Singh et al. documented a significant downtrend in PCI related in-hospital mortality between
2001 and 2006 with the greatest reduction seen in the elderly (84). In-hospital mortality rates
varying from 1.1 to 4.6 (69, 85-88) were recorded despite higher prevalence of comorbid and
angiographic risks (84). Our in-hospital mortality rate of 1.3% is in line with the above finding
and comparable to the younger age groups (0.5% vs 0.5% vs 1.3%, p< 0.072) even though our
elderly patients were more likely to be hypertensive, to have prior stroke and CABG as well as
have moderately and/or severely calcified lesions.

Previous reports show comparatively higher rate of in-hospital MACE in elderly patients
when compared to younger age groups (68, 89-94). This finding was found to be true despite
differences in defining MACE and age categories in different publications. In our study, MACE
(comprising of death, M, stroke, emergency PCI, emergency CABG and emergency
pericardiocentesis) progressively increased as age increased and the difference in MACE rate
between the age groups is found to be statistically significant (0.9% vs 3.0% vs 5.1%, p=0.002).
Recent report from the German Arbeitsgemeinschaft Leitende Kardiologische Krankenhausarzte
(ALKK) registry indicated an overall significantly higher MACE rate in patients >75 years
undergoing elective PCI (0.6% vs 0.9% for <75 and >75 respectively) (95). The higher risk for

MACE among older patients in our registry (5.1%) was in part driven by higher risk for
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emergency pericardiocentesis, suggesting that CTO PCI in the elderly may be associated with

higher risk for coronary perforation.
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LIMITATIONS OF THE STUDY

This is a retrospective study and selection bias might affect the final outcome of elderly
patients included in this study. Furthermore, the registry collected data only on in-hospital
outcome of patients included in the registry and we are not able to evaluate long-term outcomes.
Inter-observer differences in interpreting clinical and angiographic variables might lead to
variability in outcome interpretation and might have affected our analysis. There was no

independent adjudication of angiographic findings and clinical outcomes.

CONCLUSION

Our data shows that CTO PCI can be performed with high success rates among elderly
patients, but procedural success is lower than what can be achieved in younger patients, whereas
the risk for MACE is higher. This information will be useful when discussing the risk/benefit

ratio among elderly patients who are potential candidates for CTO PCI.
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CHAPTER IlI

1. INTERNSHIP EXPERIENCE

My internship site was at the Dallas Veterans Affairs (VA) Medical Center, VA North
Texas Health Care System. Dr. Emmanouil Brilakis is the Director of Cardiac Catheterization
Laboratories at VA North Texas Health Care System, and Professor of Medicine at University of
Texas Southwestern Medical School. Dr. Brilakis is Principal Investigator of an active clinical
trial group and his areas of interest include chronic total occlusions, prevention and treatment of
saphenous vein graft disease, antiplatelet treatment optimization post coronary stenting and
radiation safety in the catheterization laboratory. The team consists of six research coordinators,
one research assistant, three research fellows, and one team leader (Dr. Bavana Rangan). They
are currently participating in >25 clinical trials, which include Industry Sponsored, VA funded
and Investigator-Initiated single and multicenter trials.

During my internship, | had hands on practical experience in the following key areas of
clinical research:

e Screening, recruiting and enrolling study participants

e Obtaining informed consent

e Collecting and documenting clinical research data

e Interviewing study participants, taking vital signs and performing ECG

¢ Handling and dispensing of study medication

e Scheduling follow up visits and procedures

31



e Collecting, labeling, processing, storage or shipment of clinical specimens

e Entering data in EDC and ensuring accuracy of data

e Generating and resolving queries

e Maintaining databases

e Compiling pre-study files

e Creating and maintaining study files

e Creating and maintaining regulatory and IRB binders

e Preparing documents for initial and continuing IRB submission

e Preparing modification to protocol change form

e AE and SAE reporting

e Completing and submission of safety report to IRB

e Communicating with IRB and sponsors

e Study initiation, completion and monitoring visits

e Maintaining study master list

e Maintaining study personnel list

e Maintaining ECG and angiography core lab database

e Insuring the accurate completion of informed consent before submission to RCO

e Reviewing and comprehending protocol including proceedings, timelines and

inclusion and exclusion criteria

e Budgeting clinical trial

In addition to the above skills, | have also developed working knowledge in the following
areas:

e Proposal development
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e Data analysis

e Abstract, thesis and manuscript writing

Additionally, working with diverse group of people from different background and
experience has helped me to develop my interpersonal skills and gave me ample opportunity to
learn from an environment rich in knowledge and expertise.

Finally, as part of my internship experience, | submitted and was accepted to present in
poster format, the abstract of my study results at the American College of Cardiology 65th
Annual Scientific Session, Chicago, IL on April 2, 2016. The accepted abstract will also be

published in the Journal of the American College of Cardiology April 2016 edition.
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