
C L I N I C A L  R E S E A R C H
CORONARY  INTERVENT IONS

2051

EuroIntervention 2
0
1
8

;1
3

:2
0

51-2
0

5
9  published online 

 S
eptem

b
er 2

0
17

 
D

O
I: 1

0
.4

2
4

4
/E

IJ-D
-1

7
-0

0
3

3
8

© Europa Digital & Publishing 2018. All rights reserved.

*Corresponding author: Division of Cardiology and Angiology II, University Heart Center Freiburg - Bad Krozingen, 
Suedring 15, 79189 Bad Krozingen, Germany. E-mail: toma.aurel@gmail.com

Clinical implications of periprocedural myocardial injury in 
patients undergoing percutaneous coronary intervention for 
chronic total occlusion: role of antegrade and retrograde 
crossing techniques

Aurel Toma1*, MD; Barbara E. Stähli2, MD; Cathérine Gebhard1, MD; Michael Gick1, MD; 
Jan Minners1, MD, PhD; Kambis Mashayekhi1, MD; Alexandre Avran3, MD; 
Miroslaw Ferenc1, MD; Heinz Joachim Buettner1, MD; Franz-Josef Neumann1, MD

1. Division of Cardiology and Angiology II, University Heart Center Freiburg - Bad Krozingen, Bad Krozingen, Germany; 
2. Department of Cardiology, Charité Berlin - University Medicine, Campus Benjamin Franklin, Berlin, Germany; 
3. Department of Cardiology, Clinique de Marignane, Marignane, France

A. Toma and B.E. Stähli contributed equally to this manuscript.

Abstract
Aims: Periprocedural myocardial injury (PMI) is frequently observed after percutaneous coronary interven-
tions (PCI) for chronic total occlusion (CTO). We aimed to investigate the prognostic impact of PMI with 
the antegrade as compared to the retrograde crossing technique.

Methods and results: A total of 1,909 patients undergoing CTO PCI were stratified according to the pres-
ence/absence of PMI (elevation of cardiac troponin T [cTnT] >5x99th percentile of normal), and divided 
according to tertiles of the difference between peak and baseline cTnT within 24 hours (∆cTnT). The pri-
mary endpoint was all-cause mortality at a median follow-up of 3.1 (interquartile range 3.0-4.4) years. 
PMI occurred in 19.4% and 25.4% after antegrade (n=1,447) and retrograde (n=462) procedures (p<0.001). 
PMI was significantly associated with mortality after antegrade (adjusted HR 1.39, 95% CI: 1.02-1.88, 
p=0.04), but not retrograde CTO PCI (adjusted HR 0.93, 95% CI: 0.53-1.63, p=0.80, pint=0.02). With the 
antegrade, but not with the retrograde approach, mortality also increased with tertiles of ∆cTnT (T1: 11.0%, 
T2: 18.6%, T3: 21.6%, log-rank p<0.001).

Conclusions: Periprocedural myocardial injury was significantly associated with all-cause mortality fol-
lowing antegrade, but not retrograde CTO PCI. Hence, the higher risk of PMI following retrograde proce-
dures did not translate into worse survival.
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Abbreviations
CI confidence interval
cTnT cardiac troponin T
CTO chronic total occlusion
HR hazard ratio
OR odds ratio
PCI percutaneous coronary intervention
PMI periprocedural myocardial infarction
SD standard deviation

Introduction
Chronic total occlusions (CTO) are frequently encountered in 
patients with significant coronary artery disease1,2. Although the 
development of novel devices and the advances in procedural 
techniques in recent years, along with accumulating operator 
experience, have substantially increased procedural success rates 
in this particularly challenging patient subset, technical complex-
ity and complication rates remain higher as compared to percuta-
neous coronary intervention (PCI) in non-occluded vessels3.

Some degree of myocardial injury, mostly caused by side branch 
occlusion or distal embolisation and mirrored by cardiac biomarker 
release, is frequently observed after coronary revascularisation pro-
cedures. Also, minor asymptomatic increases of cardiac biomarker 
levels have been associated with worse clinical outcomes4,5. In those 
undergoing CTO PCI, periprocedural myocardial infarction (PMI) is 
reported to occur in about 10% of patients6,7, with an increased pre-
valence observed with the retrograde as compared to the antegrade 
crossing technique6,8-10. However, the clinical relevance of PMI fol-
lowing CTO PCI is the subject of controversial debate6,11,12. Data 
in this patient subset are scarce and mostly limited to rather small 
patient cohorts and short-term follow-up. Further, whether PMI dif-
ferentially affects outcomes following antegrade as compared to ret-
rograde procedures is still uncertain.

The aim of this study was therefore to assess the clinical sig-
nificance of PMI in patients undergoing CTO PCI comparing ante-
grade versus retrograde crossing techniques.

Methods
STUDY DESIGN
We interrogated our clinical database, enrolling patients undergo-
ing elective PCI at our institution for inclusion in the CTO regis-
try13-15. A total of 1,909 stable patients who underwent elective PCI 
for at least one CTO between January 2005 and December 2013, 
who had baseline and post-procedural troponin levels available, and 
who survived to hospital discharge without cardiac tamponade or 
need for coronary artery bypass grafting, were included in this analy-
sis (Figure 1). All information derived from the standardised follow-
up protocol, hospital admission records, the referring physician, or 
from the outpatient clinic is entered into our clinical database. Blood 
samples were collected at baseline, as well as at 6, 8, and 24 hours 
after the procedure. All procedures were performed by highly expe-
rienced CTO operators. The decision to perform CTO PCI was based 
on angina symptoms and/or the presence of viable myocardium 

(on cardiac magnetic resonance imaging) or inducible ischaemia 
(on stress echocardiography or myocardial perfusion scintigraphy). 
Informed consent was obtained from each patient and the study was 
approved by our institution’s ethics committee. The study conforms 
to the ethical guidelines of the 1975 Declaration of Helsinki.

Patients were stratified according to the presence/absence of 
PMI16, and were further divided into tertiles (T1, T2, T3) based on 
the difference between peak conventional (2005-2009, n=1,017) 
or high-sensitivity cardiac troponin T (2010-2013, n=891) values 
within 24 hours and the baseline values (∆cTnT)17.

DEFINITIONS
Chronic total occlusion was defined as total occlusion of a coro-
nary artery (Thrombolysis In Myocardial Infarction [TIMI] flow 
grade 0) of ≥3 months18. Occlusion duration was estimated based 
on the onset of angina symptoms, known myocardial infarction in 
the territory of the occluded vessel, and comparison with previous 
angiograms if available. Procedural success was defined as suc-
cessful CTO recanalisation with antegrade blood flow (TIMI flow 
grade 3) and residual diameter stenosis of ≤30% by visual assess-
ment on coronary angiogram. Periprocedural myocardial injury 
was defined as elevation of cTnT values >5x99th percentile URL 
according to the third universal definition of myocardial infarc-
tion16. The primary endpoint was all-cause mortality.

STATISTICAL ANALYSIS
Continuous variables are expressed as mean±standard deviation (SD) 
or median (interquartile range), and categorical variables reported as 
numbers (%). The Kolmogorov-Smirnov test was used to test for 
normality of distribution. Continuous variables were tested for dif-
ferences with the unpaired Student’s t-test or the Mann-Whitney U 
test, and categorical variables with the Pearson’s χ² or the Fisher’s 
exact test. Survival curves for time-to-event variables were gener-
ated with the Kaplan-Meier method, and the log-rank test was used 
to provide a formal statistical assessment of the differences between 

Patients with at least one CTO
N=2,272

9 In-hospital deaths

270 ACS

10 Cardiac tamponade

27 No baseline troponin values

49 Follow-up troponin values unavailable

Patients undergoing elective CTO PCI
N=1,958

Antegrade CTO PCI
N=1,447

Retrograde CTO PCI
N=462

2 Stent thrombosis
2 Tamponade
1 Septic shock
2 Pulmonary embolism
2 Pulseless electrical 
activity

Figure 1. Study flow chart. ACS: acute coronary syndrome; 
CTO: chronic total occlusion; PCI: percutaneous coronary 
intervention
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groups. Univariable and multivariable logistic regression and Cox 
proportional hazards models were utilised to determine independent 
predictors of the outcome variables. The following preselected vari-
ables known to be associated with outcomes following CTO PCI 
were included in the multivariable models: age, diabetes, prior myo-
cardial infarction, prior coronary artery bypass grafting, left ventri-
cular systolic dysfunction (left ventricular ejection fraction <40%), 
estimated glomerular filtration rate (Cockcroft Gault formula), mul-
tivessel disease, moderate/severe calcifications, and procedural suc-
cess. The Cox proportional hazards regression test of interaction 
(presence/absence of PMI status by antegrade/retrograde procedure 
status) was used to investigate differential effects of periprocedural 
myocardial injury by the crossing technique. A two-sided p-value of 
<0.05 was considered statistically significant. All statistical analyses 
were performed using the Statistical Package for Social Sciences 
(SPSS), Version 21 (IBM Corp., Armonk, NY, USA).

Results
PATIENT AND PROCEDURAL CHARACTERISTICS
Median age was 66 (57-73) years (83.8% male). Baseline char-
acteristics according to the crossing technique and the presence/
absence of PMI are given in Table 1. Antegrade and retrograde 
procedures were performed in 1,447 (75.8%) and 462 (24.2%) 
patients, respectively. The use of the retrograde approach increased 
significantly during the course of the registry (2005-2007: 
27 [5.8%], 2008-2010: 91 [19.7%], 2011-2013: 344 [74.5%]) as 
compared to the antegrade approach (2005-2007: 583 [40.3%], 
2008-2010: 395 [27.3%], 2011-2013: 469 [32.4%]; p<0.001).

Procedural success was achieved in 82.0% and 89.6% of patients 
in the antegrade and retrograde groups (p<0.001), and in 84.1% 
and 83.5% of patients with and without PMI (p=0.46) (Table 2).

PERIPROCEDURAL MYOCARDIAL INJURY
Periprocedural myocardial injury occurred in 19.4% and 44.2% of 
patients after antegrade and retrograde CTO PCI (p<0.001), and 
in 25.4% and 24.9% of successful and unsuccessful procedures 
(p=0.89). The degree of post-procedural cTnT increase according 
to the crossing technique is displayed in Figure 2.

In the antegrade group, multivessel disease (odds ratio [OR] 2.39, 
95% CI: 1.68-3.38, p<0.001), age (OR 1.02, 95% CI: 1.01-1.03, 
p=0.002), and lower body mass index (OR 0.97, 95% CI: 0.95-1.00, 
p=0.03) emerged as independent predictors of an increased troponin 

Table 1. Baseline characteristics.

Antegrade (n=1,447) Retrograde (n=462) p-value PMI (n=484) No PMI (n=1,425) p-value
Age, years 67 [58-74]; n=1,447 65 [55-71]; n=462 <0.001 68 [59-75]; n=484 65 [57-72]; n=1,425 <0.001

Female gender 254/1,447 (17.6) 55/469 (11.9) 0.004 75/484 (15.5) 234/1,425 (16.4) 0.35

Body mass index,  
kg/m2

27.5 [25.1-30.1]; 
n=1,447

28.0 [25.3-30.8]; 
n=462 0.04 27.7 [25.2-30.1]; 

n=484
27.6 [25.1-30.4]; 

n=1,425 0.52

Diabetes mellitus 427/1,447 (29.5) 138/462 (29.9) 0.91 145/484 (30.0) 420/1,425 (29.5) 0.44

Current smoking 276/1,447 (19.1) 103/462 (22.3) 0.14 99/484 (20.5) 280/1,425 (19.6) 0.37

Dyslipidaemia 1,255/1,447 (86.7) 395/462 (85.5) 0.53 411/484 (84.9) 1,239/1,425 (86.9) 0.15

Hypertension 1,192/1,447 (82.4) 384/462 (83.1) 0.78 408/484 (84.3) 1,168/1,425 (82.0) 0.14

Family history of CAD 518/1,447 (35.8) 198/462 (42.9) 0.007 173/484 (35.7) 543/1,425 (38.1) 0.19

Prior myocardial 
infarction 321/1,447 (22.2) 148/462 (32.0) <0.001 149/484 (30.8) 320/1,425 (22.5) <0.001

Prior PCI 191/1,447 (13.2) 110/462 (23.8) <0.001 117/484 (24.2) 184/1,425 (12.9) <0.001

Prior CABG 167/1,447 (11.5) 115/462 (24.9) <0.001 94/484 (19.4) 188/1,425 (13.2) 0.001

LVEF <40% 247/1,447 (17.1) 81/462 (17.5) 0.83 98/484 (20.2) 230/1,425 (16.1) 0.02

eGFR (Cockcroft),  
ml/min

86 [65-108]; 
n=1,447

88 [67-112];  
n=462 0.07 80 [60-100];  

n=484
89 [67-112]; 

n=1,425 <0.001

Values are given as mean and standard deviation or number and percentage. CABG: coronary artery bypass grafting; CAD: coronary artery disease; 
eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary intervention; PMI: periprocedural 
myocardial infarction
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Figure 2. Degree of cardiac troponin T (cTnT) increase after 
percutaneous coronary intervention (PCI) for chronic total occlusion 
(CTO). Percentages of patients are shown in the total patient cohort 
as well as divided according to the crossing technique (antegrade 
and retrograde).
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release (∆cTnT T3). In the retrograde group, moderate to severe 
calcifications (OR 2.00, 95% CI: 1.10-3.51, p=0.023) and fluoro-
scopy time (OR 1.04, 95% CI: 1.03-1.05, p<0.001) independently 
predicted an increased troponin release (∆cTnT T3).

LONG-TERM CLINICAL OUTCOMES
Median follow-up was 3.1 (interquartile range 3.0-4.4) years. All-
cause mortality was 17.0% and 12.8% in the antegrade and ret-
rograde groups (adjusted HR 0.87, 95% CI: 0.65-1.17, p=0.35). 
In the entire cohort, PMI emerged as an independent predictor 
of mortality (unadjusted hazard ratio [HR] 1.70, 95% CI: 1.31-
2.20, p<0.0001; adjusted HR 1.31, 95% CI: 1.03-1.70, p=0.047).

In the antegrade group, all-cause mortality was higher in patients 
with PMI as compared to those without (21.8% vs. 15.9%, log-
rank p<0.001), but no significant differences were observed in the 
retrograde group (11.8% vs. 13.6%, log-rank p=0.79) (Figure 3). 
Periprocedural myocardial injury was identified as an independ-
ent predictor of all-cause mortality after antegrade (adjusted HR 
1.39, 95% CI: 1.02-1.88, p=0.04), but not retrograde procedures 
(adjusted HR 0.93, 95% CI: 0.53-1.63, p=0.80). There was a signi-
ficant interaction of antegrade/retrograde procedure status and 
PMI status on all-cause mortality (interaction p=0.02) (Figure 4). 
Similar results were obtained when including only patients with 
successful CTO recanalisation in the analysis (antegrade CTO 

Table 2. Procedural characteristics.

Antegrade  
(n=1,447)

Retrograde  
(n=462)

p-value
PMI  

(n=484)
No PMI  

(n=1,425)
p-value

Lesion characteristics
CTO target 
vessel

LM 9/1,447 (0.6) 6/462 (1.3)

<0.001

5/484 (1.0) 10/1,425 (0.7)

0.32
LAD 422/1,447 (29.2) 107/462 (23.2) 129/484 (26.7) 400/1,425 (28.1)

LCX 427/1,447 (29.5) 55/462 (11.9) 11/484 (22.9) 371/1,425 (26.0)

RCA 589/1,447 (40.7) 294/462 (63.6) 239/484 (49.4) 644/1,425 (45.2)

Multivessel disease 1,199/1,447 (82.9) 358/462 (77.5) 0.01 428/484 (88.4) 1,129/1,425 (79.2) <0.001

Moderate/severe calcifications 782/1,447 (54.0) 279/462 (60.4) 0.02 312/484 (64.5) 749/1,425 (52.6) <0.001

CTO length >20 mm 1,044/1,447 (72.1) 404/462 (87.4) <0.001 388/484 (80.2) 1,060/1,425 (74.4) 0.01

J-CTO score 2 [1-3] 3 [2-4] <0.001 3 [2-4] 2 [1-3] <0.001

J-CTO 
classification

Easy (0) 144/1,447 (10.0) 8/462 (1.7) <0.001 32/484 (6.6) 120/1,425 (8.4) 0.12

Intermediate (1) 402/1,447 (27.8) 37/462 (8.0) <0.001 75/484 (15.5) 364/1,425 (25.5) <0.001

Difficult (2) 424/1,447 (29.3) 99/462 (21.4) <0.001 123/484 (25.4) 400/1,425 (28.1) 0.14

Very difficult (≥3) 477/1,447 (33.0) 317/462 (68.6) <0.001 254/484 (52.5) 540/1,425 (37.9) <0.001

Procedural characteristics 
Procedural success 1,186/1,447 (82.0) 414/462 (89.6) <0.001 407/484 (84.1) 1,193/1,425 (83.7) 0.46

Final 
crossing 
technique

Kissing wires 245 (53.0) 93 (38.0) 152 (62.0) 0.005

Reverse CART 23 (5.0) 11 (47.8) 12 (52.2) 0.83

Retrograde true to 
true 55 (11.9) 36 (65.5) 19 (34.5) 0.001

Antegrade success after 
retrograde failure 103 (22.3) 45 (43.7) 58 (56.3) 0.50

PMI 280/1,447 (19.4) 204/462 (44.2) <0.001 – –

Total stent length in CTO vessel, 
mm 53 [30-80] 88 [56-114] <0.001 76 [43-110] 56 [32-84] <0.001

Total stent length in CTO 
segment, mm 30 [16-44] 46 [28-69] <0.001 38 [23-58] 32 [18-48] <0.001

Contrast volume, ml 260 [200-370] 380 [278-500] <0.001 350 [240-500] 270 [200-380] <0.001

Fluoroscopy time, min 22 [14-36] 53 [32-83] <0.001 44 [21-70] 24 [14-39] <0.001

Kerma area product, cGy*cm2 7,655 
[4,773-12,220]

15,056 
[8,587-25,321] <0.001 14,550 

[7,990-25,136]
7,732 

[4,800-12,380] <0.001

Procedural complication
Vascular access-site 
complications 5/1,447 (0.3) 0/462 (0) 0.251 1/484 (0.2) 4/1,425 (0.3) 0.63

Bleeding requiring transfusion 9/1,447 (0.6) 2/462 (0.4) 0.480 5/484 (1.0) 6/1,425 (0.4) 0.12

Stroke or TIA 1/1,447 (0.1) 0/462 (0) 0.758 0/484 (0) 1/1,425 (0.1) 0.75

Aortic dissection 1/1,447 (0.1) 1/462 (0.2) 0.426 1/484 (0.2) 1/1,425 (0.1) 0.44

Values are given as mean and standard deviation or number and percentage. CART: controlled antegrade and retrograde subintimal tracking; 
CTO: chronic total occlusion; LAD: left anterior descending coronary artery; LCX: left circumflex coronary artery; LM: left main coronary artery; 
PMI: periprocedural myocardial infarction; RCA: right coronary artery; Retrograde true to true: externalisation technique; TIA: transient 
ischaemic attack



2055

EuroIntervention 2
0
1
8

;1
3

:2
0

51-2
0

5
9

Myocardial injury following CTO PCI

PCI: adjusted HR 1.43, 95% CI: 1.00-2.04, p=0.047, and retro-
grade CTO PCI: adjusted HR 1.00, 95% CI: 0.54-1.85, p=0.98, 
interaction p=0.05) (Figure 4). These results were confirmed 
when excluding the initial experience (2005 to 2007) from the 
analyses (antegrade CTO PCI: adjusted HR 1.94, 95% CI: 1.31-
2.86, p<0.001, and retrograde CTO PCI: adjusted HR 0.93, 95% 
CI: 0.53-1.66, p=0.81, interaction p<0.001).

In the antegrade group, all-cause mortality increased with 
higher ∆cTnT tertiles (T1: 11.0%, T2: 18.6%, T3: 21.6%, log-
rank p<0.001), but the level of troponin release did not affect all-
cause mortality in the retrograde group (T1: 14.2%, T2: 9.9%, 
T3: 14.2%, log-rank p=0.51) (Figure 5). In multivariate analysis, 
belonging to the highest troponin tertile (∆cTnT: T3 vs. T1) signi-
ficantly predicted all-cause mortality after antegrade CTO PCI 
(adjusted HR 1.72, 95% CI: 1.23-2.41, p=0.001) (Figure 4). When 
including continuous ∆cTnT values in the multivariate model, 
increased troponin release was independently associated with all-
cause mortality after antegrade CTO PCI (adjusted HR 1.42, 95% 
CI: 1.08-1.88, p=0.01). Neither belonging to the highest troponin 
tertile (∆cTnT: T3 vs. T1, adjusted HR 1.01, 95% CI: 0.54-1.87, 
p=0.98) (Figure 4) nor continuous ∆cTnT values (adjusted HR 
0.77, 95% CI: 0.33-1.75, p=0.53) was associated with all-cause 
mortality after retrograde CTO PCI.

Procedural success was linked with survival benefit in the ante-
grade group (HR 0.54, 95% CI: 0.41-0.72, p<0.001; adjusted HR 
0.71, 95% CI: 0.53-0.94, p=0.02), and tended to reduce mortality 
in the retrograde group (HR 0.42, 95% CI: 0.22-0.81, p=0.009; 
adjusted HR 0.52, 95% CI: 0.27-1.02, p=0.057). Procedural suc-
cess was associated with reduced all-cause mortality in patients 
without PMI (n=1,425; HR 0.52, 95% CI: 0.38-0.70, p<0.001; 
adjusted HR 0.67, 95% CI: 0.50-0.91, p=0.01), but not in those 

with PMI (n=484; HR 0.52, 95% CI: 0.31-0.86, p=0.01; adjusted 
HR 0.69, 95% CI: 0.41-1.16, p=0.16).

Discussion
This study shows that the impact of PMI on outcomes after CTO 
PCI differs significantly according to the crossing technique. 
Although PMI was observed more frequently after retrograde CTO 
recanalisation, we could not detect a significant association with 
survival. On the contrary, with the antegrade approach, the occur-
rence of PMI and troponin elevations were strongly associated 
with all-cause mortality during a median follow-up of 3.1 years. 
After antegrade CTO recanalisation, the risk of death increased 
in a stepwise fashion with a higher troponin release, with a 50% 
increased risk in the third as compared to the first biomarker ter-
tile. These findings suggest a differential clinical relevance of 
periprocedural cardiac biomarker elevations in antegrade and ret-
rograde procedures.

MYOCARDIAL DAMAGE FOLLOWING ANTEGRADE AND 
RETROGRADE CTO PCI
Retrograde procedures were increasingly performed during the 
course of the registry. Periprocedural myocardial injury follow-
ing PCI is mostly caused by side branch occlusion or distal embo-
lisation19,20. In this patient cohort, troponin elevations signifying 
periprocedural myocardial damage were 2.3-fold higher following 
retrograde as compared to antegrade crossing techniques. The higher 
amount of PMI observed after retrograde procedures is consistent 
with previously reported data6,8-10. The increased risk of myocardial 
damage mostly attributed to the retrograde approach may be due to 
the more calcified lesions and an overall increased procedural com-
plexity encountered in these patients8,21. In addition, the increased 
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Figure 3. Kaplan-Meier estimates for all-cause mortality in patients after antegrade and retrograde percutaneous coronary intervention (PCI) 
for chronic total occlusion (CTO) stratified according to the presence or absence of periprocedural myocardial injury. A) Antegrade patient 
cohort. B) Retrograde patient cohort.
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Total patient cohort 1.70 (1.31-2.20) <0.001 1.31 (1.03-1.70)

Antegrade 2.10 (1.56-2.83) <0.001 1.39 (1.02-1.88)

Retrograde 1.10 (0.63-1.83) 0.787 0.93 (0.53-1.64)

Patients with successful CTO PCI 1.76 (1.30-2.37) <0.001 1.33 (0.98-1.80)

Antegrade 2.18 (1.54-3.09) <0.001 1.43 (1.02-2.04)

Retrograde 1.10 (0.62-1.97) 0.745 1.00 (0.54-1.85)

All-cause death Unadjusted hazard ratio p-value Adjusted hazard ratio p-value p interaction
 (95% CI)  (95% CI)

T2 vs. T1 

Antegrade 1.91 (1.36-2.68) <0.001 1.32 (0.93-1.88)

Retrograde 0.79 (0.41-1.53) 0.489 0.88 (0.44-1.79)

T3 vs. T1 

Antegrade 2.45 (1.76-3.41) <0.001 1.72 (1.23-2.41)

Retrograde 1.12 (0.62-2.02) 0.716 1.01 (0.54-1.87)
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Figure 4. Forest plot showing hazard ratios for all-cause mortality associated with periprocedural myocardial damage stratified for antegrade 
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chronic total occlusion; PMI: periprocedural myocardial injury
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periprocedural ischaemic burden in retrograde interventions has pre-
viously been related to the obstruction of major collateral channels 
causing myocardial ischaemia of the collateral territory, particularly 
with septal dilatation or the use of microcatheters9,22.

MYOCARDIAL DAMAGE AND LONG-TERM MORTALITY 
FOLLOWING ANTEGRADE AND RETROGRADE CTO PCI
In this study, patients were dichotomised according to the pres-
ence or absence of PMI as defined by cTnT elevations according 
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to the third universal definition of myocardial infarction and given 
the high myocardial tissue specificity and clinical sensitivity of 
this biomarker16. Further, patients were divided into tertiles of bio-
marker release, and continuous levels of troponin elevations were 
included in the multivariate models. This approach allowed assess-
ment of the impact of different degrees of biomarker elevations on 
outcomes irrespective of arbitrarily defined threshold values23. As 
only patients with elective CTO recanalisation procedures were 
included in this registry, the cardiac biomarker increase is assumed 
to be solely related to the procedure itself and not overlaid by an 
acute coronary syndrome event as in other studies. Indeed, other 
registries investigating periprocedural myocardial injury in CTO 
PCI included up to one third of patients with acute coronary syn-
dromes6,12. Similar to previously reported data in patients under-
going PCI4,5,24, the association between PMI and worse outcomes 
has been shown in CTO PCI irrespective of the crossing tech-
nique6. In our patient cohort, there was a proportional relationship 
between the extent of biomarker release and the risk of adverse 
outcomes after antegrade CTO recanalisation. Although the extent 
of periprocedural myocardial damage was higher after retrograde 
CTO PCI, this increase did not translate into worse clinical out-
comes in this patient subset. This observation underlines the safety 
and efficacy of retrograde crossing strategies in selected patients. 
The association between the amount of myocardial damage after 
antegrade interventions and long-term mortality is of particular 
interest, and outlines the importance of minimising damage to the 
distal vessel territory in these patients.

We can only speculate about the pathophysiological mecha-
nisms underlying the observation that PMI has a prognostic 
impact in antegrade, but not retrograde procedures. First, as ele-
vated biomarker levels were not linked to adverse events in retro-
grade interventions, the high procedural success rates associated 
with a reduced size of the ischaemic area and a reduced severity of 
ischaemia seem to outweigh the increased periprocedural ischae-
mic burden observed in the retrograde cohort. Second, the distal 
vessel territory of the coronary artery may be particularly sensi-
tive to side branch occlusion and distal embolisation when treated 
by the antegrade approach, as wire passage in these patients may 
cause more downstream dissection to the important vessel periph-
ery. Side branch occlusion and distal embolisation may, however, 
be less relevant in retrograde procedures as mostly septal branches 
are affected, possibly leaving the distal vessel territory of the CTO 
coronary artery intact. Third, prolonged myocardial ischaemia 
due to obstruction of collateral channels and microcatheter/wire 
passage might enhance troponin release without causing struc-
tural damage, as has been described previously25. Accordingly, 
duration of fluoroscopy time was associated with an increased 
troponin release in patients undergoing retrograde but not ante-
grade CTO recanalisation. Fourth, collateral channels observed in 
patients selected for retrograde procedures may allow the myo-
cardium to recover and maintain viability after the intervention26. 
However, pathophysiological mechanisms linking myocardial 
injury to adverse events need to be elucidated, and future clinical 

trials are needed to investigate the benefits of adjunct pharmaco-
logical treatments in the reduction of myocardial injury following 
CTO PCI.

As procedural success was independently associated with sur-
vival benefit in patients without PMI, but not in those with PMI, 
these findings suggest that procedural success translates into 
improved survival in selected subgroups of CTO patients only. 
Comparisons between groups may, however, be limited by the 
lower number of patients in the PMI group, and future studies are 
needed to address this issue fully.

Study limitations
This study comprising long-term follow-up of a large CTO PCI 
patient cohort has some limitations that need to be addressed. 
First, the study is limited by its retrospective, single-centre obser-
vational design. However, comprehensive clinical and procedural 
data were available, and baseline and post-procedural troponin 
levels systematically measured in all patients. Second, unmeas-
ured variables not taken into account in the multivariate models 
may have affected the results, and differences in the degree of 
myocardial injury and mortality rates between groups may have 
had an influence. Third, biomarker analyses included both conven-
tional and high-sensitivity troponin assays, and imaging evidence 
of new loss of viable myocardium or regional wall motion abnor-
malities was not available in this patient cohort. Further, the lower 
number of patients in the retrograde cohort reduces the statistical 
power for this subset.

Conclusions
This study reports the association between PMI and long-term 
mortality following antegrade, but not retrograde CTO recanal-
isation, and underlines the clinical relevance of only minor bio-
marker elevations in comparison to more unusual high-level 
increases. Future large-scale randomised trials are needed to con-
firm these results, and attempts to minimise myocardial damage 
after CTO PCI are to be encouraged, particularly when antegrade 
crossing strategies are applied.

Impact on daily practice
As the higher risk of periprocedural myocardial damage fol-
lowing retrograde procedures does not translate into worse 
clinical outcomes, these findings underline the safety of the 
retrograde approach in clinical practice.
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