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Revascularization of coronary
chronic total occlusion in patients
with end stage renal disease
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Chronic total occlusion (CTO) was frequently observed during coronary angiography. Successful
revascularization of chronic total occlusion showed controversial result on long-term survival in
previous studies. There is scarce report about long-term outcome of successful recanalization of

CTO in patients with end stage renal disease (ESRD) receiving renal replacement therapy. This is a
retrospective study conducted in two tertiary medical centers (Taipei and Taichung Veterans General
hospitals) in Taiwan. From January 2005 to December 2016, a total of 47,784 patients received
coronary angiography in these centers. Among them, 216 patients with ESRD who were found to have
CTO lesions during coronary angiography received revascularization. Revascularization was succeeded
in 163 patients (75%). Patients were followed up for three years. Successful revascularization was
associated with lesser major adverse cardiovascular event (MACE) at 3 year (hazard ratio (HR) 0.518,
95% confidence interval (Cl) 0.332-0.810, p=0.004), better survival at 3 years (HR 0.502, 95% CI
0.314-0.800, p=0.004) and improved cardiovascular death (HR 0.449, 95% Cl 0.223-0.902, p=0.025).
In multivariate analysis, successful revascularization remained independent predictor of three-years
MACE (HR 0.588, 95% CI 0.369-0.939, p=0.026) irrespective of age, gender, serum hemoglobin level,
co-morbidities such as peripheral arterial disease and diabetes mellitus and medications such as beta
blocker and statin. In patients on renal replacement therapy, successful recanalization of chronic total
occlusion reduced MACE at 3 years compared to those failed.
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Abbreviations

CTO Chronic total occlusion
ESRD End stage renal disease
HR Hazard ratio

CI Confidence interval

CKD Chronic kidney disease
RRT Renal replacement therapy

PCI Percutaneous coronary intervention
TIMI Thrombolysis in myocardial infarction
eGFR Estimated glomerular filtration rate
CABG  Coronary artery bypass graft

Ccv Cardiovascular

MI Myocardial infarct

Patients with chronic kidney disease (CKD) account for as high as 15-20% of general population'. There were
3587 per million people in Taiwan who were in end stage renal disease (ESRD) and required renal replacement
therapy (RRT) either by hemodialysis or peritoneal dialysis by the year of 20182 According to the United
States renal data system, Taiwan had the highest prevalence of patients with ESRD on RRT in the world as
RRT was imbursed by national insurance system. CKD is a well-known risk factor for coronary artery disease,
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myocardial infarction, heart failure, stroke, and peripheral arterial disease®. Co-morbidities such as coronary
artery disease and heart failure increased mortality in patients with ESRD*. Besides, cardiovascular related
mortality was the most common cause of death in patients with renal disease. However, adjusted all-cause
mortality of ESRD receiving hemodialysis decreased from 192.9 per thousand patient-year in 2009 to 164.6 per
thousand patient-year in 2018. The decline is even more prominent in patients on peritoneal dialysis’. It may
be related to the improvement in RRT and partly from better treatment of cardiovascular morbidity. Optimal
medical therapy with antiplatelet, statin, beta blocker and angiotensin converting enzyme inhibitors decreased
mortality in patients with coronary artery disease after revascularization with either coronary artery bypass graft
or percutaneous coronary intervention (PCI)®. Successful revascularization of chronic total occlusion (CTO)
showed survival benefit in patients with CKD compared to failed PCI although there is increased risk of contrast
induced nephropathy’. However, the impact of CTO PCI in patients with ESRD receiving RRT was not well
known. Therefore, we investigated long-term outcome of patients with ESRD according to revascularization
status of CTO lesion.

Materials and methods

Study population

It is a retrospective study that enrolled the patients receiving coronary catheterization at Taipei and Taichung
Veterans General hospitals, two tertiary referral medical centers, in Taiwan. Patients received coronary
angiography under the indications of acute coronary syndrome, unstable angina, or before cardiac surgery. We
included the patients with both end stage renal disease who receiving regular renal replacement therapy with
either hemodialysis or peritoneal dialysis and CTO lesions who received PCI for CTO in this study. CTO lesion
is defined as the presence of thrombolysis in myocardial infarction (TIMI) flow 0 within an occluded coronary
arterial segment of estimated duration of more than three months. ESRD is estimated glomerular filtration rate
(eGFR) less than 15 ml/min/1.73m? present for more than 3 months duration® and patient is receiving RRT,
either hemodialysis or peritoneal dialysis, due to electrolyte, acid-base abnormalities, unable to control volume
status, poor nutritional status refractory to dietary intervention, cognitive impairment or pruritus’. The patients
on hemodialysis received RRT thrice every week at dialysis clinic and those on peritoneal dialysis received RRT
every day. CTO PCI was performed due to (1) angina refractory to optimal medical therapy or (2) exercise
induced myocardial ischemia. Successful revascularization is defined as restoration of antegrade coronary
flow (TIMI 3) in the previously occluded segment with <50% of residual stenosis. Patients who didn’t receive
revascularization for CTO lesion or referred for coronary artery bypass graft surgery (CABG) were excluded.
Patient’s clinical characteristics, laboratory results, echocardiography, coronary angiography, PCI report, in-
hospital treatments, and outpatient department record were extracted from web based electronic medical system
of the hospitals.

Coronary angiography and PCl procedure

Coronary angiography is performed via radial or femoral artery. It was carefully evaluated by experienced
interventionist to identify the characteristics of CTO lesion and collateral channels. According to interventionist’s
preference and patient’s vascular condition, intervention was attempted by uni or bidirectional approaches
(bi-radial or radial and femoral or bi-femoral). Activated clotting time >300 s was maintained throughout the
intervention using unfractionated heparin. Depending on CTO character, interventionist may attempt primary
antegrade (wire escalation, parallel wire, intravascular ultrasound guided parallel wire technique) or retrograde
technique (kissing wire or reverse controlled antegrade and retrograde tracking technique). Procedure may stop
if operation time was more than 3 h without any progress, or radiation dose exceeds 5 Gy.

Dual antiplatelet therapy was prescribed one day or on the day before PCI procedure or immediately after
intervention. Prescribed medications were aspirin 100 mg/day after 300 mg loading dose and clopidogrel (75 mg/
day after 300 or 600 mg loading dose) if not on long-term medication. Dual antiplatelet therapy is maintained
for at least 6 months unless there were side effects such as bleeding. After that, single antiplatelet therapy either
aspirin or clopidogrel was maintained life-long. Other medications for coronary artery disease such as statin,
beta blockers, calcium channel blockers, or nitrate were prescribed accordingly.

Clinical outcomes

Primary endpoints were major adverse cardiovascular event (MACE) (composite of all-cause mortality,
cardiovascular mortality and non-fatal myocardial infarct), all-cause mortality, cardiovascular (CV) mortality,
non-fatal myocardial infarct (MI) at 3 years. CV mortality was any death with definite cardiovascular cause or
any death that was not apparently related to non-CV cause. Non-fatal MI is defined as the presence of typical
symptoms of myocardial ischemia, new persistent ST elevation or transient ST segment elevation, depression or
T wave inversion with increase or decrease of high sensitivity troponin T or I*°. Periprocedural MI was excluded
from this definition of MI. For clinical outcomes, admission and outpatient clinic records were extracted from
two hospitals’ web-based electronic medical systems. If patients were loss of follow up in these two hospitals,
research coordinators contacted them in telephone interviews. This study was approved by institutional review
boards at Taipei and Taichung Veterans General Hospitals. (Protocol code No. 2019-12-013CC). This conduction
of this study were in accordance with the Declaration of Helsinki.

Statistical analysis

Data were presented as percentages and mean +standard deviation accordingly. Categorical variables were
compared between two groups with Chi-square test and continuous variables with Student’s t-test respectively.
Event-free survival was calculated with log-rank test by Kaplan-Meier method. Cox proportional hazard
methods were used to estimate clinical outcomes such as MACE, all-cause mortality, CV mortality and non-
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fatal MI. Variables with p value of <0.05 in univariate analysis were included in multivariate analysis. A p value
of <0.05 was considered as statistically significance. SPSS version 24 software (IBM, New York, USA) was used
for statistical analysis.

Results

From January 2005 to December 2016, a total of 47,784 patients received coronary angiography at two centers.
Among them, 266 patients with ESRD receiving RRT were found to have CTO lesion. 10 patients who underwent
CABG and 40 patients on medical therapy were excluded from our study. Flowchart of patients’ enrollment
was shown in (Fig. 1). Mean age of entire population was 71+13 years old. 174 (81%) patients were male.
Co-morbidities were common in study population whereas 88%, 61% and 39% of patients had hypertension,
diabetes mellitus and heart failure respectively. Most common location of CTO was right coronary artery (52%).

Table 1 illustrated the comparison of baseline characteristics of ESRD patients whose revascularization
of CTO was succeeded and failed. There was no significant difference in age, gender, co-morbidities such as
hypertension, diabetes mellitus, hyperlipidemia, heart failure, atrial fibrillation, serum hemoglobin level and left
ventricular ejection fraction between two groups. There was higher prevalence of peripheral arterial disease in
patients with failed CTO PCI (14 vs. 28%, P value=0.020).

Severity of coronary artery disease is not statistically different between two groups as well as CTO location.
Primary antegrade approach was attempted more in failed revascularization group although not statistically
significance (50 vs. 69%, P value=0.200). (Table 2) The incidences of clinical events were listed in (Table 3).
At three years follow up, MACE and all-cause mortality was significantly higher in patients who failed
revascularization compared to those with successful revascularization (36 vs. 55%, P=0.003 and 31 vs. 51%,
P=0.008, respectively). Failure to revascularization was also associated with significantly higher cardiovascular
mortality than successful revascularization group (12 vs. 25%, P value=0.030) although there was no difference
in non-fatal myocardial infarct between two groups (6 vs. 9%, P value=0.533). Kaplan-Meier survival curve
revealed successful revascularization had lesser MACE at three-years compared to those who failed (Log-
rank test P value=0.003). (Fig. 2) Successful revascularization reduced MACE at three years follow up (hazard
ratio (HR) 0.518; 95% confidence interval (CI) 0.332-0.810, p=0.004). In multivariate analysis, successful
revascularization was associated with all-cause survival benefit (HR 0.588, 95% CI 0.369-0.939, p=0.026) after
controlling possible confounding variables (age, gender, serum hemoglobin at time of coronary angiography,
co-morbidities such as peripheral arterial disease and diabetes mellitus, long-term medications (beta blocker
and statin) (Table 4).

Table 5 shows summary of periprocedural complications. Incidence of ventricular tachycardia, in-hospital
pulmonary edema, shock during intervention necessitating intra-aortic balloon pump and extracorporeal
membrane oxygenation, coronary artery perforation leading to cardiac tamponade, emergent referral for
coronary artery bypass surgery were higher in failed to revascularization group although not statistically
significant. Cardiogenic shock and in hospital mortality happened more frequently in failure group (3 vs. 12%,
P=0.027 and 2 vs. 13%, P=0.002, respectively).

In subgroup analysis, patients younger than 75 years old, male gender, co-morbidities such as hypertension,
diabetes mellitus, patients without abnormal lipid profile, heart failure, and peripheral arterial disease showed
survival benefit in successful revascularization group although interaction P value were not significant. (Fig. 3)

All patients undergoing coronary angiography
(2005 -2016) (n=47784)

Excluded patients withoutend stage
renal disease (n = 47518)

Patients with end stage renal disease and CTO
lesion (n = 266)

Excluded [n=50)
*  UnderwentCABG (n=10)
*  Maedical tharapy (n =40)

Patientsreceived PO (n=216)

Patients with successful CTOPCI [n = 163) Patientswith failed CTOPO [n=53)

Fig. 1. Flow diagram of patients with chronic total occlusion diagnosed during coronary angiography.
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Success (n=163) | Fail (n=53) | P value

Age, years 71+12 70+ 14 0.576
Male gender, % | 136 (83) 39 (74) 0.157
HT, % 142 (87) 47 (89) 1.000
DM, % 99 (61) 32 (60) 1.000
Dyslipidemia, % | 56 (34) 21 (40) 0.512
Prior stroke, % | 24 (15) 7 (13) 1.000
Prior CABG, % | 16 (10) 5(9) 1.000
HE % 63 (39) 23 (43) 0.628
AE, % 12 (12) 5(18) 0.528
PAD, % 22 (14) 15 (28) 0.020
Smoking, %

LDL, U/L 86+35 86+35 0.992
Hb, g/dl 10.5+1.8 10.3+1.5 0.450
LVEE % 45+13 40+14 0.060
Medications

Statin 45 (28) 15 (28) 1.000
ARB 32 (20) 15 (28) 0.186
Beta blocker 65 (40) 16 (30) 0.253

Table 1. Baseline characteristics of patients with end stage renal disease who received CTO PCI. HT
hypertension, DM diabetes mellitus, CABG coronary artery bypass graft, HF heart failure, AF atrial fibrillation,
PAD peripheral arterial disease, LDL low density lipoprotein, Hb hemoglobin.

‘ Success (n=163) ‘ Fail (n=53) ‘ Pvalue
CAD, %
SVD 80 (50) 24 (47) 0.750
DVD 38 (24) 7 (14) 0.169
TVD 42 (26) 20 (39) 0.081
CTO location, %
LAD 59 (36) 19 (36) 1.000
LCX 45 (28) 20 (38) 0.171
RCA 82 (50) 30 (57) 0.435
Approach 0.200
Primary antegrade | 58 (50) 25 (69)
Primary retrograde | 34 (29) 7 (19)
Bilateral approach | 21 (18) 4(11)

Table 2. Angiographic and procedural characteristics of patients with end stage renal disease who received
CTO PCI. CAD coronary artery disease, SVD single vessel disease, DVD double vessel disease, TVD triple
vessel disease, CTO chronic total occlusion, LAD left anterior descending artery, LCX left circumflex artery,
RCA right coronary artery, ARB angiotensin receptor blocker.

Success (n=163) | Fail (n=53) | P value
MACE, % 58 (36) 29 (55) 0.003
All-cause mortality, % 51(31) 27 (51) 0.008
Cardiovascular mortality, % 20 (12) 13 (25) 0.030
Nonfatal myocardial infarct, % | 10 (6) 5(9) 0.533

Table 3. 3-years clinical outcomes of patients with end stage renal disease according to revascularization
status.
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Log Rank P value = 0.003
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0 365 730 1095

Days since revascularization

Fig. 2. Kaplan-Meier survival curve for 3-years MACE according to revascularization status.

Discussion

This study, to our knowledge, was the first study to compare successful CTO PCI and failed CTO PCI in patients
with ESRD. The result of this study showed that successful revascularization of coronary CTO lesion was
associated with three-years MACE in patients with end stage renal disease. The results remained the same after
controlling age, gender, co-morbidities (peripheral arterial disease), long term medications (beta blockers and
statin).

Various observational studies showed successful revascularization of CTO lesion improved long-term
survival (HR 0.72; 95% CI 0.62-0.83, P value <0.001) especially when complete revascularization was achieved
(HR 0.70; 95% CI 0.56-0.87; P=0.002).!512 However, randomized controlled trial (DECISION CTO trial)
failed to demonstrate improvement in major adverse cardiovascular events in successful revascularization
group compared to optimal medical management (HR 1.03; 95% CI 0.77-1.37, P=0.86). One of the important
limitations in this trial was that there was high crossover rate (20%) from no CTO PCI to CTO PCI group.
Besides, there was high percentage (25%) of patients with relatively low risk of future cardiovascular events'.
It may be difficult to reflect in patients with various co-morbidities and complex vascular conditions. Long-
term outcome of CTO revascularization in patients with diabetes mellitus is reported to be associated with
better survival compared to those without diabetes mellitus'®. So, the benefit of revascularization may be more
prominent in patients with more cardiovascular risk factors.

Taiwan had the highest prevalence rate of ESRD compared to other countries. The prevalence increased from
1322 to 2288 per million populations in the year of 2007 to the year of 2011 based on National Dialysis Registry of
Taiwan Society of Nephrology. Diabetes mellitus, chronic glomerulonephritis and hypertension accounted three
most common underlying causes for end stage renal disease in 2007'°. Survival rates after initiation of dialysis at
60 months was 53.6% and cardiovascular death remains the most common cause of death in patients with end
stage renal disease in Taiwan'>!¢. The most common cause of death in normal renal function was cancer (38.1%)
while more patients die from cardiovascular disease when renal function declines (43.7% in patients with eGFR
15-29.9 ml/min).!” CKD shares traditional risk factors such as diabetes mellitus, hypertension and dyslipidemia
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Univariate analysis | P value | Multivariate analysis | P value
Success vs. fail | 0.518 (0.332-0.810) | 0.004 0.588 (0.369-0.939) 0.026
Age 1.026 (1.008-1.045) | 0.004 1.032 (1.012-1.052) 0.002
Gender 0.685 (0.419-1.119) | 0.131 | 1.015 (0.590-1.745) | 0.957
Hb 0.875 (0.767-0.998) | 0.047 0.889 (0.781-1.013) 0.077
Prior stroke 0.655 (0.328-1.306) | 0.229
PAD 2.369 (1.469-3.821) | 0.001 2.353 (1.381-4.010) 0.002
HT 1.000 (0.531-1.882) | 1.000
DM 1.889 (1.180-3.024) | 0.008 1.852 (1.132-3.030) 0.014
Hyperlipidemia | 0.910 (0.584-1.416) | 0.675
AF 1.372 (0.645-2.915) | 0.411
Prior CABG 0.748 (0.346-1.621) | 0.462
HF 1.494 (0.980-2.278) | 0.062
Beta blocker 0.632 (0.399-1.000) | 0.050 0.782 (0.481-1.273) 0.323
ARB 0.829 (0.488-1.408) | 0.487
Statin 0.548 (0.323-0.931) | 0.026 0.539 (0.309-0.939) 0.029

Table 4. Univariate and multivariate analysis of 3-years MACE in patients with end stage renal disease who
received CTO PCIL. Hb hemoglobin, PAD peripheral arterial disease, HT hypertension, DM diabetes mellitus,
CABG coronary artery bypass graft, HF heart failure.

Success (n=163) | Fail (n=53) | P value
VT 2(1) 2(4) 0.249
New AF 2(1) 0(0) 1.000
Emergent CABG 0(0) 2(4) 0.058
Emergent ECMO 2(1) 1(2) 0.568
Emergent IABP 4(3) 3(6) 0.364
In-hospital pulmonary edema | 1 (1) 2(4) 0.147
Cardiogenic shock 5(3) 6(12) 0.027
Cardiac tamponade 3(2) 3(6) 0.156
Pseudoaneurysm 3(2) 0(0) 1.000
Hematoma 8(5) 3(6) 0.731
In hospital mortality 3(2) 7 (13) 0.002

Table 5. Periprocedural complications. VT ventricular tachycardia, AF atrial fibrillation, CABG coronary
artery bypass graft, ECMO extracorporeal membrane oxygenation, IABP intra-aortic balloon pump.

with coronary artery disease'®. Explanations of high prevalence and better survival of ESRD in recent years are
because of improve in dialysis care and treatment of co-morbidities such as diabetes mellitus, hypertension and
coronary artery disease from both recent advancement in medications and devices!*-2!.

CKD increased major adverse cardiac and cerebrovascular events in patients with CTO lesion?2. Successful
revascularization of CTO lesion improved all-cause mortality in different stages of renal function?>?:.
Nevertheless, revascularization increased risk of contrast induced acute kidney injury and future requirements for
RRT despite overall net survival benefit?. There was scarce report about long-term outcome of revascularization
of CTO lesion in patients on dialysis. This study fills the gap that successful revascularization of CTO in patients
on dialysis improved long-term outcome.

There was higher prevalence of co-morbidities such as hypertension, type 2 diabetes mellitus, peripheral
arterial disease, left ventricular dysfunction in patients with CKD compared to those with normal renal
function?®. These co-morbidities lead to revascularization procedure more complex and higher periprocedural
morbidities. Moreover, prominent arterial calcification which is due to abnormal phosphate metabolism in
patients with ESRD results in higher Japanese CTO score?”?8. It increases technical difficulties and requires
advanced devices such as microcatheter and rotablation for revascularization. So, procedural success rate of
CTO PCI also decreased with declining renal function®. It may be one of the reasons behind the relatively low
procedural success rate (75%) in our study.

Stain users with low-density lipoprotein < 100 mg/dl had significant reduction in risk of major adverse cardiac
and cerebrovascular events in patients with CKD compared to those with low-density lipoprotein > 100 mg/dl.%
In patients on dialysis with peripheral arterial disease and dyslipidemia, statin therapy reduced all-cause death,
adverse limb outcome and amputation (HR: 0.85; 95% CI 0.73-0.99, P=0.04)*. Baigent C et al. reported that
there is trend towards reduction of major atherosclerotic events in patients on dialysis receiving simvastatin plus
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Age <75
Age >= 75

Male
Female
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no HT

DM
No DM

Hyperlipidemia
No hyperlipidemia

HF
No HF

PAD
no PAD

LAD CTO
Non-LAD CTO

| o 1 0.467 (0.241 - 0.903)

: o | 0.526 (0.271 - 1.021)

b o { 0.549 (0.316 - 0.954)

= o : 0.415 (0.164 - 1.047)
| o | 0.505 (0.305 - 0.837)

= o | 0.472(0.136 - 1.635)
| o | 0.458 (0.262 - 0.801)

} o | 0.582 (0.249 - 1.359)

| o | 0.543 (0.240 - 1.228)

= o { 0.473 (0.268 - 0.836)

| o i 0.621 (0.312 - 1.237)

| o | 0.418 (0.221 - 0.791)

% o ! 0.508 (0.220 - 1.176)

: o : 0.589 (0.330 - 1.052)

: o | 0.672 (0.296 - 1.526)

[ o : 0.435 (0.245 - 0.771)

0.0

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Successful PCI Failed PCI

Fig. 3. Subgroup analysis of patients with end stage renal disease who received CTO PCI.

ezetimibe compared to placebo at 5 years follow up although not statistically significance. In our study, statin
users were also associated with better all-cause survival compared to those without.

There were several limitations in this study. Firstly, this is a retrospective observational study. Secondly,
treatment option via either revascularization or medical therapy was decided by interventionist, cardiovascular
surgeon and patient’s preference. There may be selection bias. Thirdly, although Taipei and Taichung Veterans
General hospital are tertiary referral medical centers, the experience in CTO revascularization was varied among
interventionists so there may be different in success rate and periprocedural complications. However, there are
well-experienced CTO interventionists in both centers mentoring every CTO procedure. It is a real world study
so that the result may be able to reflect to our daily practice. Fourthly, all patients enrolled in our study were
Taiwanese. Therefore, our results may not be similar across different races as cardiovascular risk factors are not
the same. Fifth, the duration of renal replacement therapy either hemodialysis or peritoneal dialysis at the time
of revascularization is not known.

Conclusion

Our results showed that revascularization of CTO in patients with end stage renal disease may improve long-
term MACE compared to those who failed. Our study extended survival benefit of CTO PCI from patients with
chronic kidney disease to those with ESRD.
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