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KEY TEACHING POINTS

� We present a case of redo pulmonary vein isolation
complicated by perforation of the left atrium with a
multipolar mapping catheter during
electroanatomical mapping at the inferior base of
the left atrial appendage (LAA). The cause of the
acute cardiac tamponade as demonstrated during
surgical repair was a tear in the LAA that might have
Introduction
Atrial fibrillation (AF) recurrence is not uncommon after
pulmonary vein isolation (PVI) and redo radiofrequency
ablation is recommended to maintain sinus rhythm.1 During
catheter ablation of AF, cardiac perforation is the most
commonly recognized complication. Literature about cardiac
perforation during high-resolution mapping with a multipolar
catheter (PentaRay) before PVI is limited. We present a case
of a redo PVI procedure complicated by PentaRay catheter
perforation at the base of the left atrial appendage (LAA).
been facilitated by a local lesion from previous
ablation.

� The advent of multipolar mapping catheters has
greatly increased the speed of obtaining 3-
dimensional maps. Their flexible splines are
generally not prone to exert extensive pressure on
the myocardium. However, advancing the catheter
out of a long sheath in close proximity to the atrial
wall may cause the catheter to act “like a spear”;
therefore, it is safer to advance the catheter to the
tip of the sheath and then withdraw the sheath to
expose the catheter.

� Electroanatomical mapping and image integration
allow precise catheter visualization during
electrophysiology studies. However, single
projections may be misleading. Therefore, catheter
position should always be ascertained using
different view angles.
Case report
A 62-year-old male patient with a history of hypertension and
type 2 diabetes was admitted to our electrophysiology lab for
his third PVI and second cavotricuspid isthmus (CTI) abla-
tion owing to recurrent paroxysmal AF and typical atrial
flutter. Eighteen months later, he developed atypical flutter
and returned for another ablation procedure. The previous
PVIs had been performed 12 years and 8 years earlier, respec-
tively. CTI ablation had been performed 11 years before.
Eight years before, the patient suffered from cardiogenic
shock owing to tachycardia-induced cardiomyopathy as a
result of recurrent AF and atrial flutter.

During the procedure, a decapolar catheter was placed in
the coronary sinus followed by an uneventful transseptal
puncture (transseptal needle, Brockenbrough BRX XS;
long steerable sheath with guidewire, Agilis medium curve,
Abbott). A multipolar catheter (PentaRay; BiosenseWebster,
Diamond Bar, CA) and a steerable sheath (Agilis medium
curl, Abbott, IL, USA) were used to create an electroanatom-
ical map using the CARTO (Biosense Webster) electroana-
tomical mapping system. Shortly after the mapping
procedure was started, the patient’s blood pressure decreased
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to 70/40mm Hg, and heart rate increased to 110 beats per
minute. The oxygen saturation was 100% on 3L oxygen
per nasal cannula. Bedside echocardiography and fluoros-
copy revealed pericardial effusion (PE) with echocardio-
graphic signs of cardiac tamponade. After withdrawal of
the multipolar catheter from the left to the right atrium, an
emergent pericardiocentesis was performed. Although auto-
transfusion of the hemorrhagic effusion of more than
1000mL was immediately performed, the patient’s hemody-
namics kept deteriorating. Immediate review of the catheter
en access article
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Figure 1 Three-dimensional (3D) reconstruction of a computed tomography (CT) scan for left atrium-pulmonary vein (LA-PV). A: The 3D reconstruction of
CT scan for LA-PV displayed in posteroanterior (PA) projection. The inferior veins are located in a posterior position at the LA wall and show a common antrum
and narrow lumen diameter. Note the multipolar catheter perforated through the inferior basal left atrial appendage (LAA) (white arrow). B: Voltage amplitude
mapmerged with CT of the left atrium. Note the perforated multipolar catheter was outside of the anatomy (white arrow).C: CT image of the LA-PV and LAA in
anteroposterior (AP) projection demonstrating the multipolar catheter in line with the left inferior pulmonary vein, leading to a visual illusion by single projection,
which was illustrated by video review, see Supplemental Video: 3D electroanatomical mapping of LA-PV merged with CT in left anterior oblique (LAO) pro-
jection. Note that the multipolar catheter is visible anterior to the left inferior pulmonary vein. CS 5 coronary sinus catheter.
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movement on the CARTO system revealed that the spines of
the multipolar catheter had perforated the lateral left atrial
(LA) wall at the basal edge of the LAA (Figure 1 and Supple-
mental Video). Withdrawal of the multipolar catheter from
the pericardial space resulted in the deterioration of cardiac
tamponade. Thus, a heart team including electrophysiolo-
gists, interventional cardiologists, cardiac surgeons, and an-
esthesiologists decided to proceed with open heart surgery.
Inspection of the heart revealed very thin myocardium at
the LA wall with a tear at the base of the LAA that could
be treated successfully by direct suture. On the second day af-
ter the operation, echocardiography showed no signs of fluid
reaccumulation. Owing to the paroxysmal AF, anticoagulant
treatment was reinitiated under continuous hemodynamic
monitoring. The patient was discharged after a 2-week hospi-
talization. At 3-month follow-up, echocardiography showed
no signs of recurred PE.

Discussion
We present a case of redo PVI complicated by perforation of
the left atrium with a multipolar mapping catheter during
electroanatomical mapping at the inferior base of the LAA,
which has not been reported in previous literature. The
advent of multipolar mapping catheters has greatly increased
the speed of obtaining 3-dimensional maps during AF cath-
eter ablation and has been associated with a small risk of
complications. Only a rare complication is reported regarding
the entrapment of the mapping catheter in a mechanical pros-
thesis in mitral position.2,3 The present case is the first report
of a multipolar PentaRay catheter penetrating the LAA, re-
sulting in pericardial tamponade and the need for surgical su-
ture.

Potential mechanisms for catheter-related cardiac tampo-
nade as a complication of PVI include ablation-induced local
ulcer rupture or small pericardial hemorrhage associated with
intense postoperative anticoagulation. Local rupture occurs
predominantly in thin myocardium, and the most frequent
cause of direct cardiac tamponade encountered after AF abla-
tion is a thin posterior LA wall.4

However, LAA perforation is not uncommon in LAA oc-
clusion procedures. In the PROTECTAF (Percutaneous
Closure of the Left Atrial Appendage with Warfarin Therapy
to Prevent Stroke in Patients with Atrial Fibrillation) trial and
the PREVAIL (Prospective Randomised Evaluation of the



Guan et al Cardiac Perforation of Multipolar Mapping Catheter 617
Watchman LAA Occlusion Device in Patients with Atrial
Fibrillation) trial, the incidence of PE with the Watchman de-
vice for LAA occlusion was 4.8% and 1.9%, respectively,
with 1.3%–1.6% of patients requiring surgical repair.5,6

While there is sufficient literature to report complications
during device placement, there are no guidelines or protocols
to recommend how to manage them. However, it is highly
desirable to avoid the risk of urgent surgical repair with
concomitant sternotomy. A double wire to the subxiphoid
pericardial channel, with double site drainage and continuous
aspiration, may allow a “seal” on the source of bleeding,
which could be achieved in a series of patients.7 However,
in our case, despite effective pericardial drainage, the
bleeding progressed. Consideration was taken by the surgeon
to manage the perforation with either a WATCHMAN (Bos-
ton Scientific, Marlborough, MA) device or an AtriClip (At-
riCure, West Chester, OH). Unfortunately, this was deemed
not possible because the location at the LAA was too basal.
Thus, an open-chest suture was unavoidable and owing to
the thin and fragile myocardium, the suture had to be rein-
forced with a patch.

The LAA is a component of the left atrium that originates
from the anterolateral primordial atrium and is formed by thin
pectinate muscles, which makes the LAAmore susceptible to
perforation by catheter maneuvers, compared to other LA lo-
cations. In addition, many patients with persistent AF have
underlying early fibrotic substrate changes in the atria, which
is also a potential risk factor for perforation. Further, cardiac
perforation secondary to warfarin or new oral anticoagulants
has been reported.8,9 Based on case reports, spontaneous
pericardial hemorrhage is more likely to occur in patients
with risk factors for bleeding, including advanced age,
chronic kidney disease, and malignancy. In our case, the sud-
den symptom development and hemorrhagic PE were consis-
tent with an acute course.

Electrophysiologic procedures can be technically
demanding and require a detailed understanding of the car-
diac anatomy and its 3D mapping correlates. Generally, the
flexible spines of the multipolar mapping catheter move
freely and therefore are very unlikely to cause perforation.
When using a long sheath, advancing the catheter out of
the sheath in close contact to the LA wall may increase the
risk of perforation if the splines are not fully expanded owing
to incomplete exit from the tip of the sheath before getting in
contact with the LA wall. However, in our case, postproce-
dural CARTO review of the catheter movement within the
LA demonstrated full expansion of the multipolar catheter
before getting into contact with the LA wall. Thus, incom-
plete expansion of the catheter splines can be excluded as a
reason for perforation in this case. The immediate cause of
the acute cardiac tamponade as demonstrated during surgical
repair was a tear in the LAA that might have been facilitated
by a local lesion owing to a previous ablation procedure.

For delayed cardiac tamponade, there are no specific early
symptoms during the procedure such as hypotension, which
may occur within minutes or days.10 Cardiac electrophysiol-
ogists should be aware of the possibility of delayed cardiac
tamponade, especially in patients with previous cardiac cath-
eter ablation combined with or without other risk factors.
Treatment options for cardiac tamponade include pericardio-
centesis and surgical repair, although small hemodynamical-
ly stable effusions can be treated conservatively. Cardiac
tamponade owing to perforation with a multipolar catheter
was associated with an acute tear in an area of thin myocar-
dium at the LA free wall, which had to be managed by surgi-
cal repair in this case. There are no reports of delayed PE after
mapping procedures with a multipolar catheter.
Conclusion
This case report for the first time describes the rare event of a
perforation of the left atrium with a multipolar catheter in a
patient undergoing LA mapping for redo PVI after previous
PVI and CTI ablation. Since the flexible splines of the multi-
polar catheter are generally not prone to exert extensive pres-
sure on the myocardium, perforation is most likely to occur in
a fragile portion of the LA wall, which might be a previous
ablation site or the LAA. Surgical intervention was required,
as hemodynamic stability could not be achieved by pericar-
diocentesis in this case.
Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2022.
05.026.
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