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BACKGROUND: Coronary perforation is a life-threatening complication of acute percutaneous coronary intervention (PCI) for
chronic total occlusions (CTO), but data on midterm outcomes are limited.

METHODS AND RESULTS: Data from LATAM (Latin American)-CTO Registry (57 centers; 9 countries) were analyzed. We assessed the
risk of 30-day, 1-year major adverse cardiac events of coronary perforation using time-to-event and weighted composite end point
analysis having CTO PCI without perforation as comparators. Additionally, we studied the independent predictors of perforation in
these patients. Of 2054 patients who underwent CTO PCI between 2015 and 2018, the median Multicenter CTO Registry in Japan
and Prospective Global Registry for the Study of Chronic Total Occlusion Intervention-Chronic total occlusions scores were 2.0 (1.0—
3.0) and 1.0 (0.0-2.0), respectively. The perforation rate was 3.7 %, of which 55% were Ellis class 1. After 1-year coronary perforation
had higher major adverse cardiac events rates (24.9% versus 13.3%; P<0.01). Using weighted composite end point, perforation
was associated with increased bleeding and ischemic events at 6 months (P=0.04) and 1 year (P<0.01). We found as independ-
ent predictors associated with coronary perforation during CTO PCI: maximum activated clotting time (P<0.01), Multicenter CTO
Registry in Japan score >2 (P=0.05), antegrade knuckle wire (P=0.04), and right coronary artery CTO PCI (P=0.05).

CONCLUSIONS: Coronary perforation was infrequent and associated with anatomical and procedural complexity, resulting in
higher risk of hemorrhagic and ischemic events. Landmark and weighted analysis showed a sustained burden of major events
between 6 months and 1 year follow-up.

Key Words: acute myocardial infarction ® chronic total occlusion ® coronary perforation ® percutaneous coronary intervention ® target
vessel revascularization

in daily practice, being present in up to one-third

of patients who undergo coronary angiography.’-?
Successful CTO recanalization is associated with im-
proved ventricular function, a lower incidence of cardio-
vascular events, and improved cardiopulmonary exercise
capacity and quality of life compared to optimal medical
therapy.®® Although percutaneous coronary intervention

Chronic total occlusions (CTO) are a frequent finding

(PCI) for CTO is among the most challenging procedures
in interventional cardiology, success rates are increasing
due to the development of dedicated equipment, tech-
niques, and growing expertise among surgeons.
Nevertheless, CTO PCI remains associated with
higher complication rates than complex non-CTO
PCI.° Coronary perforation is one of the most feared
complications, with an incidence ranging from 1.4%
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CLINICAL PERSPECTIVE

What Is New?

e Forthe first time an analysis was made in a Latin
America Registry regarding clinical impact and
midterm outcomes of perforations in patients
underwent chronic total occlusion percutane-
ous coronary intervention.

e Using a weight composite end point and a land-
mark analysis, we observed worse outcomes at
6 months and at 1 year in the perforation group
patients.

What Are the Clinical Implications?

e Coronary perforations during chronic total oc-
clusion percutaneous coronary intervention are
far from be considered a benign event, carrying
a legacy of worse outcomes.

e Perforation in this group of patients showed
worse clinical impact (more bleeding and more
ischemic events) on short and midterm follow
up, moreover, a strong association with higher
anatomical complexity lesion and more aggres-
sive techniques.

Nonstandard Abbreviations and Acronyms
ACT activated clotting time

CTO chronic total occlusion

J-CTO Multicenter CTO Registry in Japan
LATAM Latin American

MACE major adverse cardiovascular events
RCA right coronary artery

TVR target vessel revascularization

WCE weighted composite endpoint

to 11.7% in contemporary multicenter registries.'0-12
However, despite being a well-known risk factor for
short-term adverse events after CTO PCI, there is lit-
tle data about the influence of coronary perforation on
longer-term outcomes. We sought to assess predic-
tors and clinical impact of coronary perforation during
CTO PCI using time-to-event and weighted composite
end point (WCE) analysis.

METHODS
Data Availability

Because of the sensitive nature of the data col-
lected for this study, requests to access the data set
from qualified researchers trained in human subject
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confidentiality protocols may be sent to Heart Institute
(InCor), Universidade de Séao Paulo (USP), SP, Brazil at
carlosacamposi@gmail.com.

Study Population

The LATAM (Latin American)-CTO registry is an ongo-
ing international initiative to collect data on patients
who undergo CTO PCI in Latin America. The registry
has been previously described in detail.”® Patients in-
cluded in the present analysis were treated at one of the
57 participating centers in Brazil, Argentina, Ecuador,
Mexico, Chile, Puerto Rico, Costa Rica, Peru, and
Colombia. The inclusion criteria were age >18 years,
with at least one CTO PCI attempt. There were no spe-
cific requirements regarding CTO PCI volume.

Data Collection

The investigators input CTO PCI data to an online plat-
form available via research electronic data capture
(REDCap), a secure, open access web application
developed by Vanderbilt University that meets inter-
national standards and Brazilian National Agency for
Sanitary Surveillance requirements. All investigators
received standardized instructions for data entry in
REDCap, and clinical, procedural, and angiographic
information. Post-procedural clinical outcomes were
also collected in the platform. The study was approved
by the institutional review board or ethics committee at
each participating institution. Because of retrospective
enrolment, written informed consent from the patients
was waived.

Definitions

CTO was defined as an occlusion in a major coronary
artery present for at least 3 months based on clinical or
angiographic features, such as previous imaging. CTO
PCI was considered technically successful with <80%
residual stenosis and thrombolysis in myocardial in-
farction (M) flow 3 without significant side branch oc-
clusions. A significant branch supplied the left ventricle
and was >1.5 mm in diameter.'®

Standard definitions from the LATAM-CTO regis-
try were used for other clinical, angiographic, proce-
dural, and postoperative details,”® including J-CTO
(Multicenter CTO Registry in Japan)'* and PROGRESS
(Prospective Global Registry for the Study of Chronic
Total Occlusion Intervention) -CTO' scores.

Coronary perforations were classified according to
Ellis et al."® Ellis class | is defined as “a crater extending
outside the lumen only in the absence of linear staining
angiographically suggestive of dissection”; Ellis class
Il involves “pericardial or myocardial blush without a
>1-mm exit hole” and Ellis class Ill is considered “frank
streaming of contrast through a >1-mm exit hole.”
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Outcomes

Periprocedural Mlwas classified according to Society
for Cardiovascular Angiography and Interventions'
criteria’® as occurring within 72 hours of PCI with
a CK-MB >10x upper limit normal or CK-MB >5x
upper limit normal with new pathologic Q-waves in
>2 contiguous leads (or new persistent left bundle-
branch block). Regarding troponin C, the Society
for Cardiovascular Angiography and Interventions
considers troponin C >70x upper limit normal or
troponin C >35x with new pathologic Q-waves in
>2 contiguous leads (or new persistent left bundle-
branch block) to be a perioperative myocardial in-
jury. Spontaneous MI was defined as the rise and/
or fall of cardiac biomarkers (CK-MB or troponin)
>72 hours after PCI, in addition to: ECG changes
compatible with ischemia, the development of path-
ological Q-waves, angiographically documented
graft or native coronary occlusion, or imaging evi-
dence of a new loss of viable myocardium or a new
segmental wall motion abnormality. Major bleeding
was defined as a drop >3 g/dL of serum hemoglobin
or the need for a blood transfusion as both have
demonstrated to be independent predictors of ad-
verse events.'920

Major adverse cardiovascular events (MACE) were
defined as a composite of death, myocardial infarction,
and target vessel revascularization (TVR). Procedural
success was defined as technical success without
in-hospital events, such as death, MI, stroke, or tam-
ponade requiring pericardiocentesis or surgery, as well
as recurrent symptoms requiring urgent target vessel
revascularization with PCI or coronary artery bypass
graft surgery.

We also assessed the impact of coronary perfo-
ration with WCE analysis.?"?? In this scoring system,
the subject-score is reduced multiplicatively, beginning
with a score of 1. A composite of 5 events was consid-
ered, with each component assigned a weight based
on previous studies: death (1), shock (0.5), Ml (0.38),
major bleeding (0.3), and target vessel revasculariza-
tion (0.25), with a maximum weight of 1 per patient.?'-2*
In this case, the summary measure was interpreted
as the hazard ratio (HR) for health-state adjusted life
years. The analysis was based on a modified life table
and a Wilcoxon test.”

Data Analysis

Continuous variables were expressed as median (in-
terquartile range) and were compared with a Mann-
Whitney test. Categorical data were presented as
frequencies and were compared using the chi-square
test. All tests were 2-sided. The 30-day outcomes were
compared using odds ratio (OR) estimate. Long-term
outcomes were compared between patients with and
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without coronary perforation during CTO PCI. Survival
curves were derived from Kaplan-Meier estimates and
compared using log-rank tests. Multivariable analyses
were conducted with a Cox regression model for the
occurrence of coronary perforation, using all variables
shown in Table 1 and Table 2. The set of variables with a
P-value <0.10 (any LAD territory CTO, any right coronary
artery [RCA] territory CTO, severe tortuosity, proximal
cap ambiguity, blunt stump at proximal cap, diseased
reentry zone, JCTO score, Retrograde Instrumentation,
Maximal activated clotting time [ACT], and knuckle wire)
in the univariate regression analyses was included in
the multivariable regression analyses. Forward selec-
tion was used, and the entry and stay criteria were set
to 0.05. The data were analyzed using SPSS Statistics
(version 23.0.0; IBM, Armonk, NY, USA).

RESULTS

Population

A total of 2054 CTO PCI patients were enrolled in the
LATAM registry between January 2015 and October
2019 and were included in the present analysis.
Table 1 depicts the baseline clinical characteristics.
The mean age was 64 years (57.0-72.0), 78% were
male, 37.5% were diabetic, and 11.7% had heart fail-
ure. Use of clopidogrel before the procedure was
more common in the perforation group (98.1% versus
88.4%, P=0.02).

Table 2 shows the procedural characteristics of the
study population. The RCA was the most commonly
treated vessel (42.3%). Severe calcification was pres-
ent in 17.8%, severe tortuosity in 48.4%, proximal cap
ambiguity in 32.5%, and blunt stump in 47.8%. The
median J-CTO score was 2 (1.0-3.0). Overall proce-
dural success was 83.1%.

Coronary perforation occurred in 76 patients (3.7%);
42 (55%) were classified as Ellis class |, 18 (24%) as Ellis
class Il, and 16 (21%) as Ellis class Ill. Coronary per-
foration occurred more frequently during CTO PCI of
RCA (55.3% versus 41%, P=0.02). Proximal cap ambi-
guity (566.3% versus 30.7%, P<0.01), blunt stump (62%
versus 46.4%, P=0.01), and diseased reentry zone
(41.7% versus 29.8%, P=0.04) were more common in
patients with than without perforation. J-CTO scores
were higher in patients with perforation (2 [1.75-3] ver-
sus 2 [1-3], P<0.01), but PROGRESS-CTO scores (1
[0-2] versus 1 [0-2], P=0.76) did not differ between
groups.

Regarding procedural strategy, retrograde instru-
mentation (35.1% versus 14.7%, P<0.01), septal in-
strumentation (26.3% versus 11.5%, P<0.01), and
microcatheterization of collateral vessels (34.2% versus
13.9%, P<0.01) were more frequent in the perforation
group. Any dissection re-entry strategy was associated
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Table 1. Baseline Clinical Characteristics
Overall No perforation Perforation
n=2054 n=1978 n=76 P value

Medical history
Male, n (%) 1606 (78.0) 1552 (78.5) 54 (71.1) 0.16
Age, y, median median (IQR) 64.0 (57.0-72.0) 64.0 (57.0-72.0) 64.0 (59.0-74.0) 0.40
BMI, kg/m? (IQR) 27.6 (25.2-30.1) 27.7 (256.3-30.2) 27.3 (24.9-29.4) 0.28
Diabetes, n (%) 774 (37.5) 742 (37.9) 32 (42.1) 0.47
Dyslipidemia, n (%) 1483 (71.7) 1428 (73.0) 55 (73.3) 1.00
Hypertension, n (%) 1780 (86.2) 1713 (87.4) 67 (88.2) 1.00
Current smoker, n (%) 373 (18.0) 362 (18.6) 11 (14.5) 0.45
Previous PCI, n (%) 927 (44.9) 889 (48.2) 38 (53.5) 0.40
Previous stroke, n (%) 69 (3.3 66 (3.6) 3(4.2) 0.74
Previous CABG, n (%) 288 (13.9) 274 (14.8) 14 (19.7) 0.24
PVD, n (%) 195 (9.3) 184 (10.0) 11 (15,.5) 0.16
Previous MI, n (%) 838 (40.6) 805 (43.8) 33 (46.5) 0.72
Heart failure, n (%) 232 (11.7) 222 (12.1) 10 (14.1) 0.58
Renal failure, n (%) 155 (7.4) 151 (8.2) 4 (5.6) 0.65
Ischemic burden>10%, n (%) 656 (32.0) 631 (31.9) 25 (32.9) 0.90

Anginal class, n (%) 0.30
il 936 (63.1) 904 (64.2) 32 (50.8)
/v 535 (36.3) 504 (35.8) 31 (49.2)

NYHA class, n (%) 0.46
Asymptomatic 1245 (62.9) 1212 (63.4) 43 (58.9)
/1 561 (28.3) 540 (28.2) 21 (28.8)
/v 169 (8.6) 160 (8.4) 9(12.3)

Medications
ASA, n (%) 1923 (93.3) 1853 (93.3) 70 (92.1) 0.63
Clopidogrel, n (%) 1340 (90.1) 1287 (88.4) 53 (98.1) 0.02
Ticagrelor, n (%) 126 (8.5) 125 (8.6) 1(1.9) 0.08
Prasugrel, n (%) 43 (2.9 43 (3.0) 0(0.0) 0.40
Coumarin derivatives, n (%) 17 (0.9) 16 (0.8) 1(1.3) 0.48
NOAGC, n (%) 32 (1.5) 32 (1.6) 0(0.0) 0.63
Beta-blockers, n (%) 1499 (73.2) 1443 (73.0) 56 (73.7) 1.0
Statins, n (%) 1806 (88.1) 1738 (87.9) 68 (89.5) 0.86
ACEL, n (%) 680 (33.1) 657 (33.2) 23 (30.3) 0.62
ARB, n (%) 838 (40.6) 800 (40.4) 38 (50.0) 0.10

ACEI indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; BMI, body mass index; CABG,
coronary artery bypass graft; IQR, interquartile range; MI, myocardial infarction; NOAC, novel oral anticoagulants; NYHA, New York Heart Association; PCI,
percutaneous coronary intervention; and PVD, peripheral vascular disease.

with a higher rate of perforation, including antegrade
dissection with a knuckle wire technique (26.7% versus
10.4%, P<0.01) and retrograde dissection re-entry tech-
niques (4.3% versus 0.3%, P<0.01).

The perforation group had longer procedure times
(140 [86-214] versus 85 [55-130] minutes, P<0.01), a
greater contrast volume (310 [210-400] versus 230
[160-300] mL, P<0.01), and a higher ACT values (352
[307-400] versus 330 [300-363] seconds, P<0.01)
during the procedures. Procedural success was
less common in the perforation group (62.6% versus
85.3%, P<0.01).
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Predictors of Coronary Perforation

The independent predictors of coronary perforation
are shown in Table 3. A: maximum ACT (OR, 1.003; ClI
95% 1.001-1.005; P<0.01), J-CTO score >2 (OR, 2.98;
Cl 95% 1.015-8.78; P=0.05), antegrade knuckle wire
(OR, 212; Cl 95% 1.046-4.3; P=0.04) and RCA CTO
PCI (OR, 2.004; Cl 95%. 1.016-3.95; P=0.05).

Outcomes
At 1 month of follow-up, the perforation group had
a higher frequency of hemorrhagic-related events
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Table 2. Procedural Characteristics

Overall No perforation Perforation
n=2054 n=1978 n=76 P value
Anatomic characteristics
Left main CTO, n (%) 12 (0.5) 12 (0.6) 0(0.0) 1.00
Any LAD territory CTO, n (%) 714 (34.7) 696 (35.6) 18 (23.7) 0.04
LAD prox./mid, n (%) 670 (32.6) 653 (33.4) 17 (22.4) 0.05
Any circ. Territory CTO, (%) 451 (21.9) 435(22.2) 16 (21.1) 0.88
Any RCA territory CTO, (%) 843 (42.3) 801 (41.0) 42 (55.3) 0.02
Severe tortuosity, n (%) 944 (48.4) 902 (47.5) 42 (69.2) 0.07
Severe calcification, n (%) 350 (17.8) 335 (17.6) 15 (20.8) 0.67
Proximal cap ambiguity, n (%) 623 (32.5) 583 (30.7) 40 (56.3) <0.01
Bifurcation CTO, n (%) 610 (31.6) 590 (32.8) 20 (29.4) 0.60
In-stent CTO, n (%) 237 (11.5) 230 (12.0) 7(9.9) 0.41
Blunt stump at proximal cap, n (%) 921 (47.8) 877 (46.4) 44 (62.0) 0.01
Diseased reentry zone, n (%) 592 (31.8) 562 (29.8) 30 (41.7) 0.04
JCTO score, median (IQR) 2 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.75-3.0) <0.01
Progress score, median (IQR) 1(0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.76
Procedural strategy
AWE as initial strategy, n (%) 1717 (90.5) 1656 (91.3) 61 (87.1) 0.28
ADR as initial strategy, n (%) 48 (2.3) 47 (2.6) 1(1.4) 1.0
RWE as initial strategy, n (%) 110 (6.3) 105 (5.8) 5(7.1) 0.60
RDR as initial strategy, n (%) 9(0.5) 6 (0.3 3(4.3) <0.01
Retrograde instrumentation, n (%) 311 (156.1) 285 (14.7) 26 (35.1) <0.01
Septal instrumentation, n (%) 248 (12.0) 228 (11.5) 20 (26.9) <0.01
Epicardial instrumentation, n (%) 51 (2.5) 48 (2.4) 3(3.9 0.43
Retrograde instrumentation trough graft, n (%) 27 (1.3) 23(1.2) 4 (5.9) 0.02
IVUS guidance, n (%) 334 (19.2) 322 (19.5) 12 (18.8) 1.00
Microcatheter use through collateral channels 300 (14.6) 274 (13.9) 26 (34.2) <0.01
Rotational atherectomy 67 (3.2 66 (4.0) 1(1.6) 0.51
Antegrade knuckle wire, n (%) 221 (10.7) 201 (10.4) 20 (26.7) <0.01
Retrograde knuckle wire, n (%) 92 (4.5) 80 (4.0) 12 (156.8) 0.06
Procedural duration, min (IQR) 85 (55.0, 130.0) 85.0 (65.0-130.0) 140.0 (86.25-213.8) <0.01
Contrast media, mL (IQR) 240 (168, 300) 230.0 (160.0-300.0) 310.0 (210.0-400.0) <0.01
Radiation dose (Air Kerma) 2571.7 (1386.2-4500.0) 1179.5 (652-2262.5) 1632.7 (823.7-2807.0) 0.10
Radiation dose (DAP) 107 227.0 12 613.3 7719.0 0.30
(21 007.0-245 619.0) (113.5-984 36.5) (120.1-199 067.0)
Maximal ACT, seconds 367 (330-450) 330.8 (300.0-363.0) 352.5 (307.0-400.0) <0.01
lib/IIA usage 33 (1.6) 32 (1.7) 1(1.4) 1.00
Procedural results
Procedural success, n (%) 1707 (83.1) 1667 (85.3) 40 (52.6) <0.01
Final dissection, n (%) 156 (7.6) 141 (7.2%) 15 (20.3) <0.01
Donor artery thrombosis, n (%) 14 (0.8) 13(0.7) 1(1.3) 0.41
Donor artery dissection, n (%) 27 (1.3) 24 (1.2) 3(3.9) 0.07
Lateral branch occlusion, n (%) 75(3.8) 72 (3.7) 3@ 0.75
Transvenous pacing, n (%) 9(0.5) 9(0.5) 0(0.0 1.00

ACT indicates activated clotting time; ADR, antegrade dissection re-entry; AWE, antegrade wire escalation; CTO, chronic total occlusion; DAP, dose area
product; IQR, interquartile range; IVUS, intravascular ultrasound; LAD, left anterior descending; JCTO, Japanese CTO; RCA, right coronary artery; RDR,
retrograde dissection re-entry; and RWE, retrograde wire escalation.

(Figure 1), as well as hemoglobin drop >3 g/dL (OR, tamponade occurredin 13.2% of the perforation group
4.65; 95% Cl 1.96 —11.02, P<0.01) and blood transfu-  (OR, 42.64; 95% Cl 15.74-115.5; P<0.01) (Figure 1).
sion (OR, 7.96; 95% CI 3.11-20.35; P<0.01). Cardiac ~ There was no significant difference in intrahospital
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Table 3. Independent Predictors of Coronary Perforation
OR
(95% ClI) P value
Maximum ACT 1.008 (1.001-1.005) 0.002
J-CTO score>2 2.986 (1.015-8.783) 0.047
Antegrade knuckle wire 2124 (1.046-4.311) 0.037
RCA CTO PCI 2.004 (1.016-3.950) 0.045

ACT indicates activated clotting time; CTO, chronic total occlusion; J-
CTO, Japanese CTO; PCI, percutaneous coronary intervention; and RCA,
right coronary artery.

mortality between groups (OR, 0.93; 95% Cl 0.13-
6.91, P=0.94).
Figure 2 shows clinical events during the year of fol-
low-up. There was a marked increase in MACE in
the perforation group (24.9 versus 13.3%; P<0.01)
(Figure 2, lower panel). This could be partially explained
by a higher incidence of TVR in the perforation group
at 1 year (4.6% versus 12.1%, P=0.01) and a trend to-
ward higher Ml in the perforation group (4.1% versus
9.9%, P=0.06). All-cause mortality was 2 times higher
in the perforation group, but without reaching statisti-
cal significance (3.0% versus 1.5%, HR, 1.99; 95% ClI
0.28-14.40; P=0.48). A landmark analysis performed
between 30 days and 1 year showed that coronary
perforation led to a sustained increase in MACE (17.2%
versus 9.2%; P<0.01; Figure 2, lower panel). Again, Ml
and TVR were responsible for this higher event rate.
WCE analysis also showed the consequences of
coronary perforation (Table 4). Considering only major
events (all-cause mortality, MI, TVR, shock, and major
bleeding), coronary perforation was associated with
adverse outcomes. The difference was evident at
6 months and 1 year of follow-up.

DISCUSSION

The main findings of this study can be summarized as
follows: in the LATAM-CTO registry, (1) coronary perfo-
ration occurred in 3.7% of the patients and was more
frequently Ellis class | (55%); (2) had more complex

Coronary Perforation During CTO Recanalization

anatomical features (JCTO score), in RCA CTO PCI,
was more frequent when knuckle wire was used and
with higher ACT values; (3) led to more bleeding events
in short term follow-up; and (4) involved a higher risk
of major clinical events in time-to-event and WCE
analysis.

Coronary perforation is a feared but relatively com-
mon complication of CTO PCI. Its incidence ranges
from 1.4% to 11.7% in multicenter registries'®-1225-27
and is four times more frequent in CTO PCI than non-
CTO PCI.926 |n the LATAM-CTO registry, we observed
coronary perforation in 3.7% of the cases. Most perfo-
rations in this study were Ellis class | (55%).

Although previous studies have found that almost
half of coronary perforations do not result in adverse
outcomes,?® our findings clearly demonstrate that
coronary perforation is associated with poor short
and mid-term outcomes. In the first 30 days, patients
with this complication experienced more bleeding re-
lated events (cardiogenic shock, cardiac tamponade,
transfusion, and major bleeding) (Figure 1). Between
30 days and 1 year, coronary perforation impacted
ischemic events (Ml and TVR; Figure 2, upper panel).
Furthermore, according to WCE analysis (MACE plus
major bleeding and shock), the negative effects of per-
foration were evident after 6 months of follow-up.

The higher rates of clinical events in the perforation
group can be explained by procedure-related events
(bleeding, tamponade, and shock), lower procedural
success, and incomplete revascularization (Figure 1
and Table 2). Indeed, bleeding associated with PCI
procedures has been associated with a higher risk
of mid-term target vessel revascularization and MI.2°
Incomplete revascularization has also been shown to
result in a higher rate of MACE.3%8! Interestingly, in
addition to 1-year outcomes, we found that patients
with coronary perforation continued to be at risk after
the acute phase, both in landmark (Figure 2) and WCE
analysis (Table 4).

Of note, this is the first time that WCE analysis
has been used to assess the clinical impact of cor-
onary perforation in terms of major (ischemic and

Patients without Perfuration Patients with Perfuration OR
Death 28/1978 (1.4%) 1/76 (1.3%)
Periprocedural Ml 45/1978 (2.3%) 3/76 (3.9%)
Stroke 4/1978 (0.2%) 0/76 (0%)
Cardiogenic Shock 26/1978 (1.3%) 5/76 (6.6%)
Cardiac Tamponade 7/1978 (0.4%) 10/76 (13.2%)
Transfusion 21/1978 (1.1%) 6/76 (7.9%)
Retroperitoneal beeding 10/1978 (0.5%) 0/76 (0%)
Hemoglobin drop>3g/dL 41/1104 (3.7%) 7/46 (15.2%)

95% Cl P
0.93 0.13-6.91 0.94
1.76 0.53-5.81 0.35 T
0.96 0.95-0.97 1.00 1
520 1.97-1415  <0.01

4264 15.74-115.50 <0.01
796  3.11-2035 <0.01
0.96 0.95-0.97 1.00

<0.01 -

465 1.96-11.02

01 1 10 100 1000

Figure 1. Association of coronary perforation and clinical events at 1 month of follow-up.

Ml indicates myocardial infarction; and OR, odds ratio.
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ol
§40 [
530 —
: P <0.01 (Log-rank Test
bo (tog ) 8% i MACE Components between 30 days and 1-year Follow-up
i : No Perforation Perforation P
(Log-rank Test)
All-cause Death 1.6% 1.5% 0.33
MI 1.5% 4.7% 0.02
TVR 5.5% 19.4% 0.02
50 -
40—
3 30F
s P <0.01 (Log-rank Test) 24.9%
Q MACE Components at 1-year Follow-up
= 201 No Perforation Perforation P
i 13.3% (Log-rank Test)
10 All-cause Death 3.0% 1.5% 0.48
Ml 4.7% 9.9% 0.06
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Figure 2.

Impact of coronary perforation in 1-year clinical events.

MACE indicates major adverse cardiac events (death, myocardial infarction, target vessel revascularization); MI, myocardial infarction;

and TVR, target vessel revascularization.

hemorrhagic) events. This reaffirms that patients with
coronary perforation are at risk of major events in the
long term. WCE adds further additional discriminative
power through weighting the components of a com-
posite end point.2"?? |t also allows the incorporation
of multiple end points per patient. Traditional time-to-
event analysis considers only the first event, and the
outcomes are typically counted in a nonhierarchical
order. For instance, if repeated revascularization oc-
curs before death, only the first event will affect the
Kaplan-Meier survival curve.?® Importantly, the event
weights used in the present study have been previ-
ously validated.?'-24

In our analysis, only angiographic and procedural
characteristics could discriminate between the perfora-
tion and non-perforation groups. Neither comorbidities,

Table 4. Estimates of Survival Free From Weighted
Composite Endpoints

No perforation Perforation
n=1978 n=76 A P value
Death, MI, TVR, major bleeding, and shock
30d 97.4% 98.1% +0.7% 0.32
180d | 97.1% 95.7% +1.4% 0.04
1y 95.4% 90.5% +4.9% <0.01

Mlindicates myocardialinfarction; and TVR, target vessel revascularization.

nor ischemic burden, nor symptoms, nor previous
medication could identify patients who were more
prone to perforation during CTO PCI. However, pre-
vious studies have shown that older patients, women,
those who have undergone previous coronary artery
bypass graft surgery and/or PCI, and those with diabe-
tes are at higher risk of perforation.’>?¢ A more recent
model developed to predict perforation in CTO PCI
found only 2 independently associated clinical char-
acteristics: age (OR, 1.3 per 5-year increase [95% ClI
1.1-1.5], P<0.01) and ejection fraction (OR, 1.2 per 10%
decrease [95% ClI 1.1-1.5], P<0.01).3? The remaining
independent predictors were procedural related: prior
coronary artery bypass graft surgery (OR, 2.0 [95% CI
1.2-3.3], P<0.01), occlusion length (OR, 1.2 per 10 mm
increase [95% CI 1.1-1.3], P<0.01), and heavy calcifica-
tion (OR, 1.7 [95% CI 1.0-2.7], P=0.04).%2

Several angiographic risk factors were associated
with perforation in our analysis: RCA as the CTO PCI
target vessel, proximal cap ambiguity or blunt stump,
and a diseased reentry zone. Coronary perforation has
been commonly associated with RCA as the PCI tar-
get vessel. In our analysis, RCA was the target vessel
in 55.3% of the CTO cases. In line with our findings,
a dedicated core laboratory analysis from the OPEN-
CTO registry showed that the majority (69.6%) of cor-
onary perforations were in the RCA.?8 J-CTO scores,
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which summarize greater anatomical complexity, were
also higher in perforation cases.

Procedural characteristics, such as retrograde in-
strumentation, microcatheterization of collateral ves-
sels, retrograde dissection re-entry as an initial strategy,
septal instrumentation, and antegrade dissection with
a knuckle wire technique were also strongly associ-
ated with coronary perforation. In agreement with
our findings, a smaller study demonstrated that both
retrograde instrumentation and antegrade dissection
reentry were independent predictors of coronary per-
foration.?” Finally, patients with perforation had longer
procedures, received a higher contrast volume, had
longer ACT values during the procedure, and had a
lower PCI success rate.

We found that perforation is strongly associated
with more complex anatomy, as well as more aggres-
sive CTO techniques. Based on the greater patient
complexity in contemporary CTO PCI, advanced tech-
niques are essential for success. Since more aggres-
sive techniques are strongly associated with a higher
perforation rate, the aggressiveness of the approach
must match the experience of the surgeon, and tools
to manage this complication, such as coils, covered
stents, and pericardiocentesis kits, must be readily
available.

The association between higher ACT values and in-
creased risk of perforation deserves closer attention.
A pooled analysis of 6 randomized trials of non-CTO
PCI% (5216 patients) revealed that an ACT between
325 and 350 seconds was associated with fewer
ischemic events, whereas higher values were associ-
ated with increased bleeding. However, more recent
reports did not confirm the latter finding.34%® The re-
sults of our analysis may provide some explanations:
(1) perforations are related to longer procedures,
which require more heparin to maintain a target ACT
of 300-350 seconds. Heparin reloading is frequently
performed with random doses, despite metabolization
differences among individuals; (2) CTO PCI demands
more aggressive guidewire manipulation, and guide-
wire micro-perforation is expected in more complex
cases. These micro-perforations mostly go unnoticed,
although they may become relevant when ACT values
are high. Data regarding bleeding and ACT must still
be confirmed in other studies in this new era of more
complex procedures.

Limitations

Our study must be analyzed in light of certain limita-
tions, the first of which is the observational nature of
the study. Although our findings are only hypothesis-
generating, real-world data always provide regional
trends and insights regarding CTO PCI. Second,
the registry is not core laboratory adjudicated. All
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angiographic characteristics are site-reported, and
angiographic appraisal could differ between centers.
However, there is a clear relationship between ana-
tomical complexity and coronary perforation, which
demonstrates at least a fair angiographic description
by the LATAM-CTO registry investigators, reflecting
clinical practice. The sustained (after 30 days) risk of
patients with perforation may be explained by other
factors and not only by the complication itself. It is
quite plausible that the higher events rates is explained
by a higher atherosclerotic burden (higher anatomi-
cal complexity) and the higher TVR rates are related
with re-attempts (coronary perforation was strongly
associated with unsuccessful CTO PCI). On the other
hand, we would like to highlight that patients with cor-
onary perforation had more cardiogenic shock, major
bleeding, transfusions. It has been shown that these
peri-procedural events have a major impact on long-
term follow-up.36-%7

CONCLUSIONS

In this multicenter real-world study, coronary perfo-
ration in CTO PCI was infrequent and was related to
greater anatomical complexity. Despite similar clinical
characteristics, patients with coronary perforation had
an increased risk of both hemorrhagic and ischemic
events. Landmark and WCE analysis showed a sus-
tained burden of major events after 30 days and 1 year
of follow-up.
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