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Aims: To study the incidence, clinical and angiographic characteristics, management and outcomes of
coronary artery perforation (CAP) during percutaneous coronary intervention (PCI) at a high volume
center in South-east Asia.
Methods: Data from patients who had CAP during PCI from January 2016 to December 2019 at our center
were collected. Clinical features, angiographic and procedural characteristics, their management and
outcomes were analyzed retrospectively.
Results: A total of 40,696 patients underwent PCI during the study period and the incidence of CAP was
0.13% (n ¼ 51). Mean age was 60.0 ± 10.8 years and 69% were males. CAP cases involved complex type B2/
C lesions in 73%, calciﬁed lesions in 58%, and chronic total occlusions in 25%. Majority of patients presented as acute coronary syndrome (65%) and STEMI was the most frequent indication for PCI (33%).
Most of the CAPs were Ellis type II (33%) and III (55%). CAP most frequently occurred during post dilation
(n ¼ 20) and wire manipulation (n ¼ 17). Majority were treated by prolonged balloon inﬂation (53%) and
covered stents (33%). Pericardiocentesis was required in 19 patients to alleviate tamponade. In one patient coil embolisation was done and two patients required bail-out emergency cardiac surgery. Periprocedural myocardial infarction occurred in 6% and in-hospital mortality was 10%. All-cause mortality
accrued to 14% at 30 days and 16% at 6 months.
Conclusion: Although incidence of CAP in contemporary interventional practice remains low, the
morbidity and mortality are considerable. Early recognition and management strategies tailored to the
severity of perforation play a key role in achieving better outcomes.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Coronary artery perforation (CAP) is a rare but potentially lifethreatening complication of percutaneous coronary intervention
(PCI). The reported incidence of CAP is 0.1e0.71% with a mortality
ranging from 7 to 17%.1e8 The management of CAP if often challenging and in high grade perforations, emergency surgery has
been the standard treatment. In recent times, with the advances in

interventional devices like covered stents and microcoils, most of
the cases are now being efﬁciently managed percutaneously. Data
on CAP in Indian population is limited to small case series and
anecdotal reports so far. Therefore, the objective of the present
study was to report our experience with CAP over a 4-year period
with respect to incidence, clinical and angiographic characteristics,
management strategies and outcome at one of the largest cardiac
care centers in South-east Asia.
2. Methods
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This study was a retrospective analysis of the PCI data from our
center between January 2016 and December 2019. During this
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period, patients who had CAP during PCI were identiﬁed by
angiographic review. Clinical, angiographic and procedural characteristics, management of CAP and outcome were analyzed. CAPs
were categorized using Ellis classiﬁcation into types I, II, III and III
CS (cavity spilling) as well as modiﬁed Ellis classiﬁcation by
EuroPCR team into types I, II, III, IV and V.9,10 Lesion type was
classiﬁed according to the ACC/AHA classiﬁcation and angiographic
characteristics of lesions such as calciﬁcation, tortuosity, chronic
total occlusion and lesion length were registered.11 Adverse
inehospital events including acute stent thrombosis (ST), reinfarction, need for urgent coronary artery bypass grafting (CABG)
and death were recorded.12,13 All patients were followed up for
6 months at regular intervals with hospital outpatient visits or
telephone interviews. Those with evidence of moderate/severe
ischemia on noninvasive tests underwent further angiographic
evaluation. Long term outcomes in terms of ST, in-stent restenosis
(ISR), target vessel revascularization (TVR), target lesion revascularization (TLR), myocardial infarction (MI), and death from any
cause were registered. Major adverse cardiac event (MACE) was
deﬁned as a combination of all cause mortality, MI, TLR, TVR, and
need for CABG. The study conformed to widely accepted ethical
principles guiding human research (such as the Declaration of
Helsinki) and was approved by a local ethics committee.

3. Results
During the study period, a total of 40,696 patients underwent
PCI, of which 51 (0.13%) were complicated by CAP. The baseline
clinical and procedural characteristics are shown in Table 1 and
Table 2.

Table 1
Baseline clinical characteristics of the CAP patients.
Patient characteristics

Result (n ¼ 51)

Mean age, years
Male sex
Known IHD
Prior MI
Prior CABG
Prior PCI
Cardiovascular risk factors
Diabetes mellitus
Hypertension
Dyslipidemia
Current smoker
Family h/o coronary artery disease
Renal dysfunction (creatinine>200umol/l)
Ejection fraction
Multivessel disease
Indication for PCI
STEMI
NSTEMI
Stable angina
Ischemic heart failure
Thrombolysis within 24 h
Urgent/emergency procedure
Antiplatelet therapy
Clopidogrel
Prasugrel
Ticagrelor
Glycoprotein IIB/IIIA inhibitor
Proportion of DES usage

60.0 ± 10.8
35 (69)
2 (4)
3 (6)
3 (6)
28 (55)
23 (45)
24 (47)
26 (51)
9 (18)
3 (6)
48.2 ± 6.8
25 (49)
17 (33)
16 (31)
12 (24)
4 (8)
15 (29)
5 (10)
22 (43)
7 (14)
12 (24)
2 (4)
34 (67)

CABG¼ Coronary Artery Bypass Graft; IHD¼ Ischemic Heart Disease;
MI ¼ Myocardial Infarction; NSTEMI¼ Non ST Elevation Myocardial Infarction PCI¼
Percutaneous Coronary Intervention; STEMI¼ ST Elevation Myocardial Infarction.
Data presented as absolute numbers and percentages or mean ± SD.
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Table 2
Procedural characteristics of the CAP patients.
Result (n ¼ 51)
Treated Vessel
Left main
Left anterior descending
Diagonal
Ramus
Circumﬂex
Right coronary artery
Saphenous vein graft
Lesion location
Ostial
Proximal
Mid
Distal
Lesion complexity and vessel morphology
A
B1
B2
C
Lesion length >20 mm
Vessel size
Mean (mm)
<2.5 mm
Moderate/severe calciﬁcation
Signiﬁcant tortuosity >90
Chronic total occlusion
Instent restenosis
Perforation severity (Ellis classiﬁcation)
I
II
III
III CS
Perforation severity (EuroPCR classiﬁcation)
I
II
III
IV
V

0
17 (33)
3 (6)
1 (2)
11 (22)
18 (35)
1 (2)
1 (2)
22 (43)
30 (59)
5 (10)
6 (12)
8 (16)
11 (22)
26 (51)
34 (67)
2.8 ± 0.5
14 (27)
30 (58)
16 (31)
13 (25)
0
9 (18)
17 (33)
24 (47)
1 (2)
5 (10)
16 (31)
24 (47)
1 (2)
5 (10)

CS¼ Cavity spilling.
Data presented as absolute numbers and percentages or mean ± SD.

3.1. Baseline clinical and procedural characteristics
Mean age of the patients was 60.0 ± 10.8 years and males
constituted 69%. The proportion of patients with an acute coronary
syndrome (ACS) background was 65% of which, 17 cases presented
with ST elevation myocardial infarction (STEMI) and 16 with non
ST-elevation myocardial infarction (NSTEMI). CAP occurred during
primary PCI and rescue PCI in 2 and 3 patients respectively. Cardiovascular risk factors such as diabetes, smoking and hypertension
were present in 55%, 51% and 45% respectively. Renal dysfunction
was observed in 6% of patients and multi vessel disease was
observed in 49%. Treated lesions were classiﬁed as ACC/AHA type
B2 or C in 73%, and angiographic calciﬁcations were present in 58%
of patients. Overall, 25% of the CAP cases involved chronic total
occlusions (CTO). Mean vessel diameter was 2.8 ± 0.5 mm and
small vessels were involved in 27% of CAP cases. Diffuse disease was
present in 67% and signiﬁcant tortuosity was present in 31% of
patients. Among the 51 patients in whom CAP was recognized
angiographically, most CAPs were Ellis type II (33%) and III (55%).
CAP most frequently occurred during post dilation (39%). Guidewire manipulation, predilation, stent deployment and rotablation
attributed to CAP in 33%, 14%, 12% and 2% respectively (Graph 1).
Majority of the patients were on dual antiplatelet therapy including
aspirin and clopidogrel (43%). Ticagrelor and prasugrel usage was
seen in 12 and 7 patients each. In addition, 2 patients received
glycoprotein IIb/IIIa inhibitor (GPI) tiroﬁban.
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Graph 1. Mechanisms responsible for CAP.

3.2. Management of CAP
Of 51 cases of CAP, treatment was conservative in twelve. Prolonged balloon inﬂation was done in majority of type II (50%) and
type III CAP (63%) at low pressures of 4e6 atm for an average
duration of 10 min. In all hemodynamically unstable patients,
insertion of a pericardial drain to relieve tamponade was promptly
performed (37%). Covered stent implantation was required to seal
the perforation in 67% of type III CAP. Treatment was multimodal in
20 cases (39%). Most of the distal wire-tip perforations (EuroPCR
type V) were managed conservatively except one case where
microcoil embolization of the diagonal artery was performed. Out
of the 51 cases, only 2 cases were referred for emergency surgery.
3.3. Clinical outcomes
The outcomes of CAP in our patients varied considerably with
the type of perforation. Patients who sustained type I or II CAP had
an overall good prognosis, with 5% in-hospital mortality and 9% had
cardiac tamponade. In contrast, patients with type III perforations
had 14% in-hospital mortality, and 66.6% of them had cardiac
tamponade. Overall, in-hospital mortality of patients complicated
with CAP was 10% and periprocedural myocardial infarction
occurred in 6% of the patients including one case of acute ST. On
follow up of CAP patients, 47% remained asymptomatic at 6
months. 6 patients underwent TVR, 2 underwent TLR while 1 patient underwent CABG in the follow up period. We had one patient
with early ST and one patient with late ST. All cause mortality was
14% and 16% at 30 days and at 6 months respectively. Seven patients
were lost to follow up (Table 3). Among 51 CAP cases, right coronary
artery (RCA) was the most common vessel involved and contributed to majority of type III CAP (42%) with two fatal outcomes. CAP
of left anterior descending (LAD) artery had the highest procedural

success rate of 76%. We had one case each involving saphenous vein
graft (SVG) and ramus and both were fatal. Distal type V CAP predominantly occurred in the diagonal artery (3/5) and none had
adverse outcomes.
4. Discussion
4.1. Incidence and mortality rate
The present study represents the real-world experience of CAP
complicating routine PCI at a high volume tertiary center in the
contemporary DES era. A total of 40,696 balloon angioplasties were

Table 3
Immediate and long term outcomes of the CAP patients.
Result (n ¼ 51)
In-hospital events
Reinfarction
Sidebranch occlusion
Acute stent thrombosis
Death
Long term outcome during follow-up period (n ¼ 44)
Unstable angina (CCS IV)
Stable angina (CCS I-III)
Asymptomatic (CCS 0)
Myocardial infarction
Stent thrombosis
Target lesion revascularization
Target vessel revascularization
Need for CABG
All cause mortality
At 30-days
At 6 months

2
6
1
5

(4)
(12)
(2)
(10)

3
8
24 (47)
2 (4)
1 (2)
2 (4)
6 (12)
1 (2)
7 (14)
8 (16)

CABG¼ Coronary Artery Bypass Graft; CCS¼ Canadian Cardiovascular society.
Data presented as absolute numbers and percentages.
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Table 4
Type of perforation, treatment modalities and procedural outcomes of CAP with respect to the vessel involved.
Vessel
involved

EURO PCR type of CAP
I

II

III

IV

V

Conservative Prolonged balloon
inﬂation

Pericardiocentesis Covered
stent

Coilng Emergency
surgery

Successful Abandoned Mortality

LAD (n ¼ 17)
RCA (n ¼ 18)
LCX (n ¼ 11)
Diagonal
(n ¼ 3)
SVG (n ¼ 1)
Ramus
(n ¼ 1)
Total

2
3
0
0

7
5
4
0

7
10
5
0

0
0
1
0

1
0
1
3

4
4
3
1

10
9
8
1

7
7
4
0

6
7
2
0

0
0
0
1

1
1
0
0

13
11
8
2

3
5
3
1

1
2
0
0

0
0

0
0

1
1

0
0

0
0

0
0

0
1

0
1

1
1

0
0

0
0

0
0

0
0

1
1

24
(47)

1
5
14 (27)
(2) (10)

27 (53)

19 (37)

17 (33)

1 (2)

2 (4)

34 (67)

12 (24)

5 (10)

5
16
(10) (31)

Treatment modality

Procedural outcome

LAD ¼ Left Anterior Descending; LCX ¼ Left Circumﬂex; RCA ¼ Right Coronary Artery; SVG¼ Saphenous vein graft.
Data presented as absolute numbers and percentages.

done in our institute during this period, and CAP were observed in
0.13% (n ¼ 51) with in-hospital mortality rate of 10% (n ¼ 5),
comparable to that of previous registries (Table 5).
4.2. Procedural characteristics
The independent predictors of CAP reported so far are age, female gender, angiographic complex lesions, CTO, calciﬁcation, and
use of cutting balloon or rotational atherectomy.2,3,6,8,9,15 In our
cohort, CAP occurred more frequently in complex lesions (type B2/
C), calciﬁed vessels and CTO interventions. RCA was the most
frequent artery associated with CAP, consistent with previous
studies.3,15 The inherent long course and tortuosity of the vessel is
probably the reason for increased risk of CAP in RCA interventions.
In addition, CAPs of RCA had lesser procedural success compared to
that of LAD and LCX in our cohort.Table 4
Interestingly, the most common mechanism responsible for CAP
in the present study was post dilation (39%), and guidewire
advancement was the second most common mechanism (33%).
Unlike previous registries in which guidewire advancement was
the commonest cause for perforation, the higher incidence of CAP
during post dilation in the present study is a reﬂection of the
signiﬁcantly high number of calciﬁc lesions treated in our cohort
(58%). The tendency to postdilate resistant lesions aggressively at
higher pressures may have resulted in CAP. A large analysis from
the British database observed that the use of cutting balloon avoided inadvertent post dilation and was indeed protective against
perforation in their patient subset.3 In the context of overall lesser

use of atheroablative devices at our center, suboptimal lesion
preparation is the most possible explanation for high likelihood of
CAP during post dilation in our cohort. In addition, two patients in
our cohort had CAP due to balloon: artery ratio >1.2 and in one
patient pinhole rupture of post dilation balloon was responsible for
CAP.
In the current era of interventional practice, it is proven beyond
doubt that intravascular imaging like optical coherence tomography (OCT) and intravascular ultrasound (IVUS) provide clear
knowledge of lesion characteristics and the extent of calciﬁcation
which helps in the selection of appropriate atheroablative methods
either rotablation or cutting balloon prior to stenting as well as
stent optimization, thus contributing to superior outcomes in
complex interventions. These imaging modalities were however,
underutilized in our study as they were introduced almost towards
the end of the study period at our center. Therefore, imaging may
also play a signiﬁcant role in the reduction of incidence of CAP in
the future and needs further assessment.
Our data revealed a relatively lesser incidence of guidewire
induced perforations which can be explained by the fact that most
of the lesions were attempted with non hydrophilic workhorse
guidewires in our institute and the use of hydrophilic wires was
uncommon. A recent study by Lemmert et al. reported an overall
incidence of CAP in 0.71% of cases and wire induced perforations
contributed to 61.5% of them. However, it is important to note that
non-workhorse guidewires were used in majority (74.5%) of their
cases.8

Table 5
Comparison of our study with previous published series of CAP.
Author

No. of cases

Period of study

Incidence

Grade II and
above (incidence [%])

Mortality

Risk factors
for perforation

Ellis et al 199410
Gruberg et al 200014
Dippel et al 20012
Gunning et al 20025
Fasseas et al 20046
Javaid et al 20064
Shimony et al 200916

12,900
30,746
6214
6245
16,298
38,559
9568

1990e1991
1990e1999
1995e1999
1995e2001
1990e2001
1996e2005
2001e2008

62
88
36
52
95
72
57

(0.5%)
(0.29%)
(0.58%)
(0.8%)
(0.58%)
(0.19%)
(0.59%)

47 (0.4%)
Not reported
36 (0.58%)
Not reported
78 (0.48%)
58 (0.15%)
50 (0.52%)

41%
10%
11.1%
11.5%
7.4%
17%
7%

Ben-Gal et al 201017
Kinniard et al 20163

13,466
527,121

2004e2008
2006e2013

33 (0.25%)
1762 (0.33%)

26 (0.19%)
Not reported

12%
8%

Lemmert et al 20178
Our study

21,212
40,696

2005e2016
2016e2019

150 (0.71%)
51 (0.13%)

101 (0.47%)
42 (0.10%)

8%
10%

Women, age
Women, atheroablative devices
Atheroablative devices, heart failure
Not tested
Atheroablative devices, women, type C lesion, CABG
Not tested
Age, hypertension, CTO, calciﬁcation,
CABG, ACS, RCA, femoral approach
Not tested
Age, female sex, CTO, atherectomy, r
enal impairment, previous MI, RCA, LMCA
Complex lesions (type B2/C), CTO, nonworkhorse guidewires
Complex lesions (type B2/C), calciﬁcation, CTO, ACS, RCA

ACS ¼ Acute Coronary Syndrome; CTO¼Chronic Total Occlusion; LMCA ¼ Left Main Coronory Artery; MI ¼ Myocardial Infarction; RCA ¼ Right Coronary Artery.
Data presented as absolute numbers and percentages.
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Table 6
Details of the fatal perforation cases.
Age Sex Vessel Clinical
syndrome

Lysis/GPI within
24 h

Device responsible Treatment

Perforation
sealed

Cause of death
Multiorgan
failure
Cardiogenic
shock
Multiorgan
failure
Cardiogenic
shock
Multiorgan
failure

1 63

F

RCA

Unstable angina No

Guidewire

Pericardiocentesis þ balloon inﬂation

Yes

2 78

M

LAD

Stable angina

Pericardiocentesis þ balloon inﬂation

No

3 55

M

SVG

Unstable angina No

Postdilation
balloon
Stent

Pericardiocentesis þ covered stent

Yes

4 38

F

RCA

STEMI

Stent

Pericardiocentesis þ balloon inﬂation

No

5 45

M

Ramus Unstable angina No

Postdilation
balloon

Pericardiocentesis þ balloon inﬂation þ covered
stent

No

No

No

GPI ¼ Glycoprotein inhibitors; LAD ¼ Left Anterior Descending; LCX ¼ Left Circumﬂex; RCA ¼ Right Coronary Artery; SVG¼ Saphenous vein graft; STEMI¼ ST Elevation
Myocardial Infarction.

4.3. Management protocol
All CAP cases of Ellis type I and majority of type II without signiﬁcant coronary extravasation were managed conservatively with
close patient monitoring and serial echocardiography in the ﬁrst
24 h (27%). Immediate prolonged balloon inﬂation was done in 53%
of our CAP cases and balloon inﬂation alone was sufﬁcient to seal
the perforation in majority of Ellis type I and II CAP (88%). Two cases
of type II CAP required pericardiocentesis in addition to prolonged
balloon inﬂation. Overall, the incidence of cardiac tamponade
requiring acute pericardiocentesis in our patients was 37% and 17
out of 19 cases were type III CAP. Compared to our data, clinical
tamponade occurred in 48%,8 28.6%17 and 14%3 in large contemporary registries and was somewhat proportionate to the prevalence of CTO in each cohort (31.3%,8 28.6%17 and 18%3), which is
reﬂective of a less aggressive approach to CTOs in our center.
The treatment protocol for large perforations (Ellis type III) at
our center, in general, was initial stabilization with pericardial drain
insertion and low pressure balloon tamponade of the perforated
vessel followed by covered stent insertion. In a previous analysis,
covered stent insertion was performed in 46.4% of type III CAPs,
compared to 67% in the present study. This is in correlation with the
fact that 32.1% of CAPs were within small vessels in their analysis
compared to 14% in ours.17 However, the success rate of covered
stents in achieving hemostasis was remarkably high in both the
analyses.
Unfortunately PTFE-covered stents are known to be bulky and
difﬁcult to deliver, particularly in tortuous and calciﬁed vessels. In
our series, out of the ﬁve fatalities the operator was unable to
deliver covered stent to the perforated segment (mid RCA) in one
patient. Advent of novel pericardial-covered stent (Over and Under®) with improved deliverability and safety proﬁle has inﬂuenced the procedural outcomes in other parts of the world, and are
now available in a variety of sizes.18,19 The use of autologous veincovered stents has been reported in some studies, but harvesting
the graft and mounting onto a metallic stent appear to be timeconsuming and therefore not a feasible option in extremely urgent cases.20 Another major concern of covered stents is the associated risk of ST and a recent study of CAP over a 19-year period
mentioned that patients with covered stent insertion have a 10-fold
higher risk of ST at 5 years warranting close follow up of these
patients.21 The incidence of ST in our analysis was however
considerably low at 4%, in the context of covered stent deployment
in 33% of our patients.
Reversal of heparin is not a common practice at our institute as
routine administration of protamine is considered unsafe and can
be detrimental. The authors of a retrospective analysis from UK
were also of a similar opinion that one has to weigh the beneﬁt of

reversal of heparin with the risk of acute vessel thrombosis and
anaphylaxis in each individual case and use protamine cautiously.22
Although protamine was administered in two out of 51 cases in our
cohort, the outcomes did not differ much compared to a previous
study where protamine was considered mandatory if heparin or
glycoprotein inhibitors had been administered.17
Most of the distal perforations (type V) were managed conservatively in our study except one patient treated by microcoil
embolization. Majority of wire-exit perforations were induced by
hydrophilic wire advancement in CTOs in previous case series.23,24
In our study, CTO was noted in 38% of guidewire induced perforations and hydrophilic guidewires were responsible for 3 out of 5
wire-exit perforations.
There has been tremendous advancement in the treatment of
distal perforations in the recent years, microcoil embolization being
one of the most feasible and frequently used methods for treatment
of distal perforaions.25e27 The size of the coil should be 1.5 times
the targeted vessel caliber as a coil that is too big may dislodge in
the proximal segment of the artery and one too small may embolize
distally. These coils may be delivered through the guide catheter or
more precisely to the distal segment through microcatheter. Our
experience with coil embolisation was however limited to just one
case.
Other embolization materials like microspheres, clotted blood
from the patient, thrombin, two component ﬁbrin-glue, collagen,
transcatheter subcutaneous tissue delivery, cyanoacrylate liquid
glue, denatured alcohol, or polyvinyl alcohol particles and use of a
local drug delivery catheter have been described in anecdotal reports and their safety needs to be veriﬁed in large studies.28e37
Major advantages of using autologous blood clots and fat are easy
availability, no cost and biocompatibility issues, and will get lysed
automatically later. These blood clots are usually mixed with
contrast media or saline, and then injected to the particular site.
Main drawback of using embolic materials is that they result in
permanent occlusion of the vessel beyond the site of deployment
and subsequent infarction. Additionally, foreign body reaction to
absorbable gelatin sponge has been noted leading to granulomatous arteritis and coronary occlusion. Gelatin sponge had a stronger
reaction when compared to microcoils.38

4.4. Outcome
A large proportion (65%) of our CAP patients presented with
ACS. 29% had been thrombolysed and the in-hospital MACE and
mortality was 27% and 10% respectively, comparable to other CAP
studies.3,8,15 Importantly, periprocedural MI was much lower
compared to a previous registry (34% vs 6%), a likely reﬂection of
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the judicious use of protamine and continuation of dual antiplatelet
drugs in majority of our patients owing to their ACS background.8
Ellis type III perforation had the poorest prognosis and
contributed to high mortality and morbidity in our study which is
in line with the recent literature on outcomes of CAP.3,8,17 Covered
stents, undoubtedly, had the highest potential to seal large perforations (88.2%) and their availability in the catheterization laboratory was the major reason for most of the patients managed
effectively without the need of emergency cardiac surgery in the
current study. CAP cases requiring surgical intervention in our
cohort was remarkably low (4%) when compared to other cohorts
where 5.3% and 3.7% of patients underwent bail-out CABG.8,17 In
most of our fatal CAPs, the major contributor of death was multiorgan dysfunction as a result of prolonged hypotension, and in two
of them massive bleeding from perforated vessel despite covered
stent insertion was the cause of mortality (Table 6).

5. Study limitations
The present study has some limitations: 1) it was a retrospective
study with inherent limitations; 2) our experience of CAP related to
atheroablative devices was limited due to the overall lesser usage of
these devices at our center; 3) invasive imaging such as IVUS and
OCT were not routinely performed at our center during the study
period; 4) angiographic follow up was not done in all patients,
however they were clinically followed up on a regular basis.

6. Conclusion
CAP is a major complication of PCI with signiﬁcant morbidity
and mortality. The incidence of CAP is similar to previously published studies. The present study reﬂects the contemporary practices and is concordant with the fact that most of the CAPs can be
efﬁciently managed by percutaneous interventions. Prolonged low
-pressure balloon inﬂation is sufﬁcient to seal most of the mild
perforations without cardiac tamponade whereas in the event of a
high-grade perforation, covered stent has proven to be the most
useful, lifesaving device in current interventional practice. The
bulky proﬁle and inherent risk of thrombogenicity with covered
stents is a major setback. Advancement in covered stent technology
and novel therapeutic options for distal CAPs may facilitate higher
success rates in the treatment of perforation in future and requires
further studies.

7. Impact on daily practice
The present study is reﬂective of the contemporary incidence,
management trends and outcomes of CAP in the real world setting.
Although CAP remains a rare complication, grade III CAP are still
associated with a signiﬁcant risk of mortality and poor acute and
long term prognosis. Therefore, a structured approach and thorough knowledge of the latest treatment options available is
necessary to tackle this major complication.
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