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Ellis grade III coronary artery perforations (G3-CAP) remain a life-threatening complica-
tion of percutaneous coronary intervention (PCI), with high morbidity and mortality and
lack of consensus regarding optimal treatment strategies. We reviewed all PCIs performed
in 10 European centers from 1993 to 2019 recording all G3-CAP along with management
strategies, in-hospital and long-term outcome according to Device-related perforations
(DP) and Guidewire-related perforations (WP). Among 106,592 PCI (including 7,773
chronic total occlusions), G3-CAP occurred in 311 patients (0.29%). DP occurred in 194
cases (62.4%), more commonly in proximal segments (73.2%) and frequently secondary
to balloon dilatation (66.0%). WP arose in 117 patients (37.6%) with chronic total occlu-
sions guidewires involved in 61.3% of cases. Overall sealing success rate was 90.7% and
usually required multiple maneuvers (80.4%). The most commonly adopted strategies to
obtain hemostasis were prolonged balloon inflation (73.2%) with covered stent implanta-
tion (64.4%) in the DP group, and prolonged balloon inflation (53.8%) with coil emboliza-
tion (41%) in the WP group. Procedural or in-hospital events arose in 38.2% of cases:
mortality was higher after DP (7.2% vs 2.6%, p = 0.05) and acute stent thrombosis 3-fold
higher (3.1% vs 0.9%, p = 0.19). At clinical follow-up, median 2 years, a major cardiovas-
cular event occurred in one-third of cases (all-cause mortality 8.2% and 7.1% respectively,
without differences between groups). In conclusion, although rare and despite improved
rates of adequate perforation sealing G3-CAP cause significant adverse events. DP and
WP result in different patterns of G3-CAP and management strategies should be based on
this classification. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;143:37
−45)
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Ellis grade 3 coronary artery perforation (G3-CAP) or
coronary rupture is the most severe form of perforation and
a rare but life-threatening complication of percutaneous
coronary intervention (PCI).1,2 The overall incidence of
coronary perforation ranges from 0.1% to 3.0%.3−6 How-
ever, most studies do not define the perforation grade or
provide data on therapeutic maneuvers attempted to resolve
the perforation. The largest experience focusing on G3-
CAP was a 2-center study which included only 56 patients7:
authors reported a high mortality rate (18% intraprocedural
and in-hospital mortality; 15% long term mortality) and
major adverse cardiac event (MACE) up to 55% during
hospitalization, in line with previous reports.8−11 Although
rare, the incidence of perforation has not decreased over
time,3,7,8,11,12 reflecting the increased complexity of PCI
including chronic total occlusion (CTO) and extensive use
of novel guidewires and devices.6 The optimal management
of G3-CAP is extensively debated and a lack of consensus
on its optimal management persists13 Contemporary
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registries1,12,14−16 based on national PCI and including
large cohorts of patients reported several clinical and proce-
dural predictors of CP and a worse short and long-term out-
come compared to an uncomplicated PCI. However, these
studies did not specifically define the perforation grade
(including together all CP despite their increasing severity)
and provided limited data on the coronary equipment caus-
ing perforation or the subsequent therapeutic strategy to
treat it. In light of these limitations, our registry included
only G3-CAP reporting the procedural characteristics, the
management strategies and the acute and long-term out-
comes according to the underlying mechanism of perfora-
tion, differentiating among guidewire and device-related
perforations (DP).
Methods

Data from 10 European institutions (9 Italian, 1 Spanish,
see Appendix) participating in the G3-CAP registry
between 1998 and 2018 were retrospectively collected. All
patients who had a CAP as a complication of PCI were ini-
tially selected. All procedural angiograms were reviewed
by 2 experienced interventional cardiologists in a core-lab
analysis to identify cases of G3-CAP as defined by the Ellis
criteria2: grade I, II or IV (cavity-spilling) were excluded.
Baseline clinical, angiographic and procedural characteris-
tics, DP or wires-related perforations (WP), immediate
management, acute and long-term outcomes were retro-
spectively entered in a dedicated online database (http://
www.cardiogroup.org/GIII-CAP). The therapeutic strategy
following G3-CAP was chosen by the operator. Long-term
follow-up was obtained during office visits or by phone
contact. The research was conducted according to the Local
Research Ethic Committee regulations.

G3-CAP or coronary rupture was defined by the Ellis cri-
teria as extravasation of blood through a frank (1mm) perfo-
ration (but not into a heart chamber or coronary sinus - Ellis
IV).2 WP was defined as perforation following distal
advancement of a guidewire out of the vessel architecture
Figure 1. Left Panel: Grade III Device related perforation (DP) occurred after

(LAD). Right Panel: Grade III wire related perforation (WP) occurred after distal
(Figure 1, left panel); DP was defined as blood extravasa-
tion following the correct (e.g., expansion of a non-compli-
ant balloon) or incorrect (e.g. balloon advancement over
the guidewire tip) use of a coronary angioplasty device
(Figure 1, right panel). Successful treatment of G3-CAP
was defined as the absence of angiographic evidence of
contrast extravasation or clinical or echocardiographic signs
of cardiac tamponade at the end of the procedure. Peripro-
cedural myocardial infarction was defined according to the
Fourth Universal Definition of MI.17 Target lesion revascu-
larization (TLR), Target vessel revascularization (TVR)
and Stent thrombosis (ST) were defined using the Academic
Research Consortium definitions.18 MACE was defined as a
combination of all-cause mortality, MI, TLR, TVR, and
need for coronary artery bypass graft (CABG). Adverse
procedural and in-hospital events were defined as the need
for cardiopulmonary resuscitation, in-hospital MI, TLR,
urgent CABG/surgical repair, and death. The long-term pri-
mary end points were defined as death from any cause,
TVR, TLR, CABG and MACE at any time during the in-
hospital stay or at follow-up. The secondary endpoint was
the incidence of ST.19

Student’s t test or Mann-Whitney test were used for
quantitative variables, expressed as mean and standard
deviation or median and interquartile range as appropriate.
Fisher’s exact test or chi-squared test were used for qualita-
tive variables, reported as frequencies and percentages.
Multiple logistic regression analysis was performed includ-
ing the entire sample using a back-ward stepwise logistic
regression model and likelihood ratio, including the varia-
bles with p <0.1 in the univariate analysis performed
among patients with and without in-hospital events and
those judged to be of clinical importance from previously
published literature. Variables included in the model were:
age, left ventricular ejection fraction, gender, ST-elevation
myocardial infarction at presentation, DP (vs WP) atherec-
tomy use, perforation in a small vessel (<2.5 mm), presence
of tortuous vessels, glycoprotein IIb/IIIa inhibitors use.
Results were expressed as an odds ratio (OR) and 95%
postdilatation of a Drug Eluting Stent in distal Left Anterior Descending

migration of a rotawire fragment in distal LAD.

http://www.cardiogroup.org/GIII-CAP
http://www.cardiogroup.org/GIII-CAP
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Outcome of Guidewire and Device Related Grade III Coronary Perforations 39
confidence interval (95% CI). Long-term survival curves
for each group were plotted with the Kaplan−Meier
method, and comparisons were performed with the log-rank
test. All statistical tests were 2-sided. Results were consid-
ered significant if p was <0.05. Statistical analyses were
performed using SPSS Version 24 (IBM Corp Armonk,
New York) and Graph Pad Prism 6 (GraphPad Software
Inc, California).
Results

From 106,592 PCI procedures (including 7,773 CTO
PCIs) we identified 311 patients with G3-CAP, giving an
overall incidence of 0.29%, ranging from 0.15% (1998 to
2000) to 0.33% (2016 to 2018, see Figures 2, panel A and
Figure 3). Patients’ baseline clinical demographics are
shown in Table 1. Amongst them, 194 G3-CAP (62.4%)
were caused by a device (DP group), while 117 G3-CAP
(37.6%) were related to guidewire manipulation (WP
group). Hypertension was more common in the WP group
(83.8 vs 73.1%, p = 0.02) with no other significant differen-
ces in baseline clinical characteristics between the 2
groups.

Baseline lesion characteristics are outlined in Table 2.
Overall, 89% of lesions were complex with no differences
between DP and WP (p = 0.39). In the CTO-PCI subgroup,
WPs were most prevalent (37.6% vs 22.3% in DP group, p
< 0.01). More than half of DPs were caused by balloons
Figure 2. Study flow chart (panel A) and Kaplan−Meier curves (panels B, C, a

grade 3 Device Perforation (DP) versus Wire Perforation (WP). (C) TLR free surv

(DP) versus Wire Perforation (WP). (D) Survival (mortality) at long follow-up in

ration (WP).
dilatations occurring during predilation (47.5%) or postdila-
tion (52.5% of cases). WPs were mainly related to non-
workhorse or CTO dedicated guidewires (61.3%; n = 74/
117) mainly polymer jacket coated (n = 57) and tapered
(n = 28) wires (Table 3).

The treatment of G3-CAP is outlined in Table 4. Follow-
ing G3-CAP, pericardiocentesis for cardiac tamponade was
required in half of cases, similar in both groups, while
emergent intra-aortic balloon pump was used more com-
monly in the DP group (12.4% vs 6.0% in WP group, p=
0.049). The overall success rate in sealing G3-CAPs was
90.7% with no differences between groups and usually
required multiple maneuvers (80.4%). Emergency CABG
or surgical repair were rarely undertaken (6.7% DP and
3.4% WP group, p = 0.17) with low success rates in both
groups.

Combined procedural and in-hospital events were 38.2%
(42.3% in DP vs 31.6% in WP; p = 0.06, Table 5). Cardio-
pulmonary resuscitation was required more frequently in
the DP group (13.9%) than the WP group (4.3%; p < 0.01).
ST immediately post stent deployment occurred in 7
patients (2.2%; 5 cases after covered stent [CS] implanta-
tion). Of note, 5 of these 7 patients received heparin rever-
sal. Intraprocedural mortality was 5.5% for the study
population, significantly higher in DP (7.2% vs 2.6%,
p = 0.05). During in-hospital follow-up, 9% of patients
required pericardial drainage as a second procedure (sepa-
rate from the index), more commonly in the WP group
nd D) (B)MACE free survival at long follow-up in patients experienced a

ival at long follow-up in patients experienced a grade 3 Device Perforation

patients experienced a grade 3 Device Perforation (DP) versus Wire Perfo-



Figure 3. Incidence, treatment and in-hospital MACE of grade 3 Coronary Perforations from 1998 to 2018. Graph showing number of cases of grade III coro-

nary perforation (orange), number of cases of successfully treated (green), and combined in-hospital and procedural major adverse event rates over each 3-

year period from 1998 to 2018. Figures in white boxes represent total number of percutaneous coronary intervention procedures performed within each

period. MACE: major adverse cardiac event. Blue line shows per period incidence of perforation among the overall number of PCI performed within each

period. (Color version of figure is available online.)
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(13.7% vs 6.2%, p = 0.04). The overall in-hospital mortality
was 6.1%, nonsignificantly higher in the DP group (7.2% vs
4.3%, p = 0.18). At multivariate logistic regression, female
sex (OR 7.18 [95% CI 2.16 to 23.80]; p = 0.001) and glyco-
protein IIb-IIIa inhibitors use (OR 8.94 [95% CI 2.01 to
39.66]; p = 0.004) were independent predictors of in-hospi-
tal adverse events.

Long-term follow-up was available in 87% of the cohort
(median 2.0 years [IQR 0.8 to 3.6], angiographic follow-up
in approximately 30%. The overall mortality rate during
follow-up was 8.2% with no significant differences among
groups (Figure 2, panels B, C, and D). Definite ST occurred
in 5 patients (2.0%), all treated with CS implantation
Table 1

Baseline clinical characteristics

Variable All (n = 311) Device perfor

Age (years) 70.5 § 10.7 70.9

Men 233, 74.9% 144,

Ejection fraction (%) 52 § 9 52

Prior CAD 163, 53.1% 97/,

Prior PCI 134, 43.6% 81, 4

Prior CABG 32, 10.4% 20, 1

Cardiovascular risk factors

Family history of CAD 79, 25.5% 49, 2

Hypertension 239, 77.1% 141,

Hypercholesterolemia 179, 57.7% 111,

Smoke (current/former) 112, 36.1% 67, 3

Diabetes mellitus 106, 33.2% 63, 3

Clinical presentation

Stable angina pectoris 175, 56.3% 110,

Acute coronary syndrome 136, 43.7% 84, 4

Multivessel coronary disease 249, 80.1% 153,

eGFR <30 mL/min 15, 5.6% 10,

CABG = coronary artery by-pass graft; CAD = coronary artery disease; eG

intervention.

All values are numbers and percentages or mean and standard deviation.
following a DP. Overall, MACE occurred in one-third of
cases (Table 6).

A subgroup of 32 patients (10.2%) had history of previ-
ous CABG. Graft perforations accounted for 2.6% of cases
(n = 8, 2 arterial grafts and 6 vein grafts) and procedural
pericardiocentesis was necessary for 5 patients (15.6%),
while in-hospital pericardial drainage for only 1 patient.
Death and MACE rates at follow-up were 21.8% (7/32
patients) and 25.0% (8/32 patients) respectively.
Discussion

To our knowledge this is the largest multicenter registry
focusing on G3-CAP. The main findings of this study are: (1)
ation (n = 194) Wire perforation (n = 117) p value

§ 10.6 69.9 § 11 0.40

74.2% 89, 76.1% 0.41

§ 9 51 § 10 0.68

50.8% 66, 56.9% 0.18

2.4% 53, 45.7% 0.33

0.5% 12, 10.3% 0.57

5.4% 30, 25.6% 0.53

73.1% 98, 83.8% 0.02

57.5% 68, 58.1% 0.51

4.5% 41, 39.3% 0.35

2.6% 34, 36.8% 0.48

56.7% 65, 55.6% 0.47

3.3% 51, 43.6% 0.50

78.9% 96, 82.1% 0.30

5.7% 5, 5.3% 0.57

FR = estimated glomerular filtration rate; PCI = percutaneous coronary
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Table 2

Lesion characteristics

Variable All (n = 311) Device perforation (n = 194) Wire perforation (n = 117) p value

Native vessel perforation 303, 97.4% 188, 96.9% 115, 98.3% 0.36

Left Main 7, 2.3% 6, 3.1% 1, 0.9% 0.19

Left Anterior Descending 140, 45% 96, 49.5% 44, 37.6% 0.08

Diagonal 16, 6.2% 3, 1.5% 13, 11.3% 0.03

Septal 7, 2.3% 1, 0.5% 6, 5.2% 0.03

Left circumflex 58, 18.6% 37, 19.1% 21, 17.9% 0.46

Marginal 12, 3.9% 7, 3.6% 5, 4.3% 0.85

Right 91, 29.3% 48, 24.7% 43, 36.8% 0.02

Posterior Descending Artery 6, 1.9% 1, 0.5% 5, 4.3% 0.04

Posterolateral branch 28, 9.1% 10, 5.2% 18, 15.7% <0.01
Ramus Intermedius 7, 2.3% 5, 2.6% 2, 1.7s% 0.41

Graft perforation 8, 2.6% 6, 3.1% 2, 1.7% 0.37

LIMA/RIMA graft 2, 0.64% 2, 1.0% 0 N/A

SVG 6, 1.9% 4, 2.1% 2, 1.7% 0.37

Lesion and vessel morphology 0.50

Type A 5, 1.6% 4, 2.1% 1, 0.9% 0.33

Type B1 14, 4.5% 10, 5.2% 4, 3.4%

Type B2 90, 28.9% 67, 34.5% 23, 19.6%

Type C 202, 65% 113, 58.2% 89, 76.1%

Moderate/severe calcium 132, 42.4% 84, 43.3% 48, 41.0% 0.39

Small vessel < 2.5 mm 92, 29.6% 42, 21.6% 50, 42.7% <0.01
Bifurcation 80, 25.7% 50, 25.8% 30, 25.6% 0.65

Tortuous vessels 72, 23.2% 47, 24.2% 25, 21.4% 0.33

CTO 87, 28.1% 43, 22.3% 44, 37.6% <0.01
- J-CTO score 1.76 § 1.4 2.0 § 1.6 1.5§ 1.3 0.14

CTO = chronic total occlusion; LIMA = left internal mammary artery; RIMA = right internal mammary artery; SVG = saphenous vein graft.

All values are numbers and percentages or mean and standard deviation.
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G3-CAP rates increased over time but treatment became
more effective; (2) DP and WP produce different patterns of
G3-CAP and management strategies should be based on this
classification: balloons were the leading cause of DP while
WPs were usually due to CTO wires; prolonged balloon
Table 3

Procedural characteristics and equipment causing perforation

Variable Device perf

Glycoprotein IIb/IIIa inhibitors 14

Unfractioned heparin 186

Device causing rupture

Semi-compliant balloon 49

Non-compliant balloon 79

Cutting balloon 5

Stent 43

Rotational atherectomy 10

Directional atherectomy 2

Microcatheter 5

Guideliner 1

IVUS/OCT

Wire causing rupture

Workhorse guidewires

Non-workhorse/CTO guidewires*

- Tip load >3gr
- Polymer-jacketed

- Tapered

- Extra support

- Tip load > 3gr, polymer-jacketed

- Tip load > 3gr, non-tapered, non-polymer -jacketed

IVUS = intravascular ultrasound; OCT = optical coherence tomography.

All values are numbers and percentages.
inflation with CS implantation and prolonged balloon inflation
with coil embolization were the most feasible and commonly
adopted hemostatic strategies in DP and WP, respectively; (3)
Hard event rates -including mortality and ST- remain high in
the short- and long-term especially in DP.
oration (n = 194) Wire perforation (n = 117) p value

, 7.2% 12, 10.3% 0.23

, 95.9% 115, 98.3% 0.20

, 25.3% − −
, 40.7% − −
, 2.6% − −
, 22.2% − −
, 5.2% − −
, 1.0% − −
, 2.0% − −
, 0.5% − −
0

− 43, 38.7% −
−
−
−
−
−
−
−

68, 61.3%

16

57

28

7

8

8

−
−
−
−
−
−
−



Table 4

Treatment of grade III coronary perforation

Variable All (n = 311) Device perforation (n = 194) Wire perforation (n = 117) p value

Treatment of rupture

Pericardiocentesis 155, 49.8% 101, 52.1% 52, 44.4% 0.36

Emergency IABP 31, 10.0% 24, 12.4% 7, 6.0% 0.049

Heparin reversal 114, 36.7% 73, 37.6% 41, 35.0% 0.37

Successful 71, 62.3% 47, 64.3% 24, 58.5% 0.54

Prolonged balloon inflation 205, 65.9% 142, 73.2% 63, 53.8% <0.01
Successful 15, 7.3% 4, 2.8% 11, 17.5% 0.03

Non covered stent implantation 32, 10.2% 27, 14.4% 4, 3.4% 0.03

Successful 7, 21.9% 6, 22.2% 1, 25.0% 0.33

Covered stent implantation 150, 48.2% 125, 64.4% 25, 21.4% <0.01
Successful 131, 84% 109, 87.2% 22, 88% 0.37

Ping pong technique 18, 5.8% 16, 8.2% 2, 1.7% 0.01

Successful 17, 94% 15, 93.4% 2, 100% 0.50

Coil embolization 58, 18.6% 10, 5.2% 48, 41.0% <0.01
Successful 54, 77.1% 8, 80% 46, 95.8% <0.01

Glue embolization 0 0 0 N/A

Fat embolization 1, 0.3% 0 1, 0.9% 0.38

Successful 1, 100% 0 1, 100% 0.06

Surgical repair of perforation 17, 5.5% 13, 6.7% 4, 3.4% 0.17

Successful 8, 47.1% 6, 46.1% 2, 50% 0.28

Other maneuver 7, 2.5% 6, 3.5% 1, 0.9% 0.17

Successful 5, 71.4% 5, 83.3% 0, 0.0% 0.28

Multiple maneuvers used 250, 80.4 % 159, 82% 91, 77.8% 0.06

Overall successful of maneuvers 282, 90.7% 176, 90.7% 106, 90.6% 0.56

IABP = intra-aortic balloon pump.

All values are numbers and percentages.
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G3-CAP remains a challenging situation for interven-
tional cardiologists. The incidence appears to increase over
time in our study, probably due to a more complex disease
such as calcific, tortuous, multivessel disease or CTOs
being routinely treated, even in older and frail patients in
current clinical practice. All recently published registries
support this nonsignificant trend of a progressive increase
in G3-CAPs over time.1,12,15,16,22 Approximately 30% of
perforations in our registry involved CTO procedures.
Table 5

Procedural and in-hospital complications

Variable All (n = 311) Devic

Procedural complications

TIMI flow 0-1 (end of procedure) 106, 34.1%

Residual dissection 21, 6.8%

Residual thrombosis 19, 6.1%

Residual stenosis > 30 42, 13.5%

Cardiopulmonary resuscitation 32, 10.3%

Death 17, 5.5%

In-hospital events

Acute stent thrombosis 7, 2.2%

CABG 3, 1%

Pericardial drainage* 28, 9.0%

MI (including PMI) 88, 28.3%

TLR 9, 2.9%

Overall in-hospital mortality 19, 6.1%

Combined procedural and in-hospital events 119, 38.2%

CABG = coronary artery by-pass graft; MI = myocardial infarction; PMI = p

infarction; TLR = target lesion revascularization.

All values are numbers and percentages.

* Pericardial drainage occurred during PCI where not count as “in-hospital.”
Spread of CTO expertise among the interventional commu-
nity, with the hybrid algorithm being widely adopted to
increase success rates23 may explain this perforation rate.
Furthermore, CTO techniques are increasingly imple-
mented in everyday practice to resolve common complica-
tions20 or to treat complex high-risk patients,21

developments in operator skills and device therapy have
increased the feasibility of attempting more complex (and
higher risk) interventions. However, the same improvement
e perforation (n = 194) Wire perforation (n = 117) p value

53, 27.3% 53, 45.3% <0.01
15, 7.7% 6, 5.1% 0.26

15, 7.7% 4, 3.4% 0.09

26, 13.5% 16, 13.7% 0.49

27, 13.9% 5, 4.3% <0.01
14, 7.2% 3, 2.6% 0.05

6, 3.1% 1, 0.9% 0.19

2, 1.0% 1, 0.9% 0.67

12, 6.2% 16, 13.7% 0.03

58, 29.9% 30, 25.6% 0.17

8, 4.1% 1, 0.9% 0.11

14, 7.2% 5, 4.3% 0.18

82, 42.3% 37, 31.6% 0.06

eriprocedural myocardial infarction; TIMI = thrombolysis in myocardial
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Table 6

Long-term outcome during follow-up

All255/311 (96) Device perforation153/194 (97) Wire perforation102/117 (95) p value

Follow-up time, years (median [IQR]) 2.0 [0.8-3.6] 3.4 [1.8-8.2] 2.4 [1.6-5.1] 0.84

Death 21, 8.3% 14, 9.3% 7, 6.8% 0.32

Cardiovascular death 11, 4.6% 7, 5.0% 4, 4.0% 0.49

Target Lesion Revascularization 18, 7.1% 12, 7.8% 6, 5.9% 0.37

Target Vessel Revascularization 22, 8.7% 14, 9.2% 8, 7.9% 0.45

Stent thrombosis (subacute/late/very late) 5, 2.0% 5, 3.3% 0, 0.0% 0.08

Coronary Artery By-pass Graft 5, 2.0% 2, 1.3% 3, 2.9% 0.32

Major Adverse Cardiac Event 71, 27.8% 47, 30.7% 24, 23.5% 0.95
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in devices and techniques made improve and simplify the
treatment of complications such as coronary perforations,
which appear to translate into a reduction of in-hospital
MACE over time with a higher rate of successful sealing of
the perforation (Figure 3). As a matter of fact, in contrast
with previous studies, our registry meticulously analyzed
the specific cause of G3-CAP which represents a unique
aspect of our study.

Prolonged balloon inflation was the initial strategy in a
large percentage of patients in both groups, with subsequent
treatment strategies differing between the WP and DP
groups. CS implantation was more commonly used to
obtain hemostasis in DP patients, while coil embolization
was the treatment strategy in almost half of WP cases, with
successful deployment in 95% of cases.

Current flow-charts13,24 for CAP treatment suggest
prompt reversal of anticoagulation with protamine
Figure 4. Flow-chart of grade III coronary artery perforation treatment. *Coagula

and after removal all the equipment from the coronary artery. CS = covered stent.
administration as the first line therapeutic option to treat G1
and G2 CAP, after removal of all the intracoronary equip-
ment, along with prolonged balloon inflation. Conversely,
in patients with G3-CAP protamine use and its timing still
remain a matter of debate: indeed, it may predispose to ST
especially in the setting of CS stent deployment. In previous
studies intraprocedural ST was described in up-to 4.7% of
cases and subacute/late and very late ST in 5% to 23.8%.25
−28 In our registry we found an overall ST rate of approxi-
mately 4%. However, our findings are limited to the previ-
ous generation of polytetrafluoroethylene CS while newer
single-layered device29,30 showed favorable efficacy espe-
cially with regard to thrombotic events.31

Emergency intra-aortic balloon pump and cardiopulmo-
nary resuscitation were more frequently required in the DP
group, likely due to the abrupt hemodynamic instability
after a proximal-segment perforation leading to cardiac
tion reversal is indicated as a final step after achieving adequate hemostasis
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tamponade whereas. Otherwise, late in-hospital events were
more common in the WP group, mainly driven by a higher
need for pericardial drainage, due to pericardial tamponade
probably caused by the incomplete sealing of the distal per-
foration leading to continuous spillage into the pericardial
cavity. This has been previously reported,32 and stresses the
importance of a close surveillance of these patients in the
intensive care unit.33 Of note, in the WP group, 41 patients
(48%) underwent coil implantation and of those only 2
required in-hospital pericardial drainage.

As previously described,34 we found that CABG-related
G3-CAP, even if uncommon, were associated with high
risk of death and MACE at follow-up. Our study also con-
firms that post-CABG patients are at equal risk for tampo-
nade compared to non-CABG patients, refuting the
misleading concept of “protection” associated with previ-
ous pericardiotomy.

Potential strategies to minimize pericardial effusion dif-
fers between DP and WP (Figure 4) including the use of a
dual catheter approach (“ping-pong technique”)21 to enable
rapid CS implantation minimizing the risk of pericardial
tamponade and the Balloon-Microcatheter-Technique35 to
allow coil embolizations in the DP site during a controlled
occlusion of the targed vessel. Both techniques demonstrate
a very high success rate in our registry.

Despite the overall high success rate of 1 or more
maneuvers to obtain hemostasis (>90% of patients), in-hos-
pital and long term mortality remained high (6.4% and
8.3%), in line with previously reported studies.7,8 Finally,
female sex resulted linked to a worse in-hospital prognosis
after a G3-CAP, in line with contemporary national-bases
CP registries12,15,16,22 and other studies36 focusing on sex-
based differences in complications rate and outcome after
PCI.

The main limitation of this study is its retrospective
nature, with all the inherent bias. Given the emergency set-
ting of a potentially fatal G3-CAP, some specific informa-
tion may be lost (eg. timing of hepatin reversal). Finally,
although the mortality rate was numerically higher in DP,
the present registry was not conceived and powered to
assess differences in short and long term outcome in DP
vs WP.
Conclusions

Although G3-CAP remains a rare complication of PCI,
its incidence has been steadily rising over time, likely due
to the increasing patient and lesion complexity in current
clinical practice. We noted an improvement in the rates of
adequate perforation sealing over time. DP and WP produce
different patterns of G3-CAP and management strategies
should be based on this classification. All interventional
cardiology laboratories must be adequately equipped, and
its staff trained, to deal with this challenging situation.
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