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     In patients with the Wolff-Parkinson-White syndrome, 
 surgical ablation of accessory pathways was shown to be 
successful both endocardially and epicardially [ 1 ,  2 ]. 
The development of catheter ablation allowed for 
 percutaneous endocardial mapping and ablation of cardiac 
arrhythmias [ 3 ], although percutaneous epicardial delivery 
of low-energy DC in the coronary sinus [ 4 ] was initially 
shown to be safe and effective at eliminating left-sided 
 accessory pathways, followed later by use of irrigated 

 radiofrequency current [ 5 ]. Epicardial mapping and ablation 
of ventricular tachycardia using percutaneous access to the 
pericardial space was reported in 1996 [ 6 ], in patients with 
cardiomyopathy associated with Chagas disease. 

    Anatomic Features and Access to the 
Pericardial Space 

 The parietal (outer) or fi brous pericardium encloses the 
heart, and this most outer layer merges and is continuous 
with the great vessels. The serous (inner) pericardium con-
sists of a double-layered membrane; the most inner aspect 
is the epicardium, which also merges and is continuous 
with the great vessels, while the outer aspect is embedded 
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with the fi brous pericardium [ 7 ]. There are extensions of 
the pericardial cavity called sinuses and recesses [ 7 ,  8 ]. 
Most importantly are the oblique sinus and transverse 
sinus (Fig.  42.1 ). The latter allows access to the right 
atrium and region of the sinus node, while the former could 
be seen as the box created or within the four pulmonary 
veins [ 9 ].

   Percutaneous access to the pericardial space for cardiac 
mapping and ablation has generally consisted of the tech-
nique outlined by Sosa et al. [ 6 ]. Using a subxiphoid 
approach, a Tuohy needle with a blunt and curved tip is 
introduced, freely until feeling the resistance from the dia-
phragmatic muscle, followed by the pulsating heart against 
the needle. Advancing carefully the needle while applying 
negative pressure, the pericardial space is entered, removing 
a few ml of clear fl uid and then injecting contrast seen under 
fl uoroscopy to engage the pericardial space. A guide wire is 
introduced and can be seen on fl uoroscopy on the outer 
aspect of the heart. Inadvertent puncture into the right ven-
tricle would demonstrate during dye injection immediate 
washout rather than persistence of staining that outlines the 
heart shadow, while advancing a guide wire into the right 
ventricle would result in further advancement into the pul-
monary artery. 

 Once access to the pericardial space has been effectively 
obtained, a sheath is introduced over the guide wire, often 
requiring dilation in view of the musculature of the dia-
phragm. If needed, more than one guide wire may be intro-
duced through the sheath, followed by removal of that sheath 
to insert two or more sheaths into the pericardial space, to 
allow for introduction of the mapping and ablation catheter, 
or a dedicated sheath for fl uid drainage or even an instrument 
such as balloon catheter or an endoscope [ 10 – 13 ]. 

 In patients who have had prior surgical interventions, or 
who have had pericarditis, there may be signifi cant restric-
tion to catheter movement in the pericardial space; Soejima 
et al. [ 14 ] reported in 2004 of a combined surgical approach 
of creating a small window in the subxiphoid space to allow 
for manual lysis of adhesions and introduction of surgical 
tools or sheaths for creating large access and ease of manipu-
lation of a sheath and catheter. In six patients who had prior 
cardiac surgery and who failed percutaneous pericardial 
access, this technique allowed in four patients catheter 
manipulation in the pericardial space in the region of the 
anterior and lateral walls, resulting in successful mapping 
and ablation [ 14 ]. 

 More recently, Scanavacca et al. expanded on percutane-
ous access to the pericardial space endocardially from the 
right atrial appendage [ 15 ,  16 ]. In a swine model, percutane-
ous transatrial access to the pericardial space was accom-
plished by advancing a long transseptal sheath to the right 
atrial appendage in 16 animals and through the left atrial 
appendage in one animal [ 16 ]. A guide wire and dilator were 
advanced and perforation was obtained by fi rmly pressing 
against the tissue, followed by advancing the guide wire to 
view it on the outer portion of the heart. Following atrial 
ablation procedures in these animals, a pigtail catheter was 
introduced to aspirate blood or fl uid. In 13/16 animals, the 
sheath was removed, while in three animals, patent foramen 
closure device closed the pericardial access site. The animals 
were immediately sacrifi ced. In the latter group, there was 
one inadvertent placement of the occlusion device in the RV, 
while in the former group, two of the animals had cardiac 
tamponade [ 16 ].  

    Physiologic Studies of Endocardial 
and Epicardial Activation in the Atrium 
and Ventricle 

 Durrer et al. [ 17 ] studied endocardial and epicardial activa-
tion on isolated human hearts from seven individuals who 
died from cerebral conditions. Up to 870 intramural termi-
nals were able to map excitation of the left and right ventri-
cle. In two hearts, atrial activation was also evaluated. An 
earlier study by Puech et al. [ 18 ] in dogs described normal 
atrial activation using epicardial electrodes. 

  Fig. 42.1    Fluoroscopic image in an AP view of an epicardial 
 multielectrode electroanatomic mapping catheter positioned in the 
oblique sinus. The catheter has been inserted from a subxiphoid 
approach, and a guide wire can be seen in the pericardial space, that 
may be used as backup for access to the pericardial space. Also shown 
are other catheters, including a 6 F decapolar catheter positioned in the 
coronary sinus, an octopolar catheter positioned in the RA, and the 
endocardial quadripolar electroanatomic mapping catheter advanced 
through a transseptal sheath to the LA       
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 With the introduction of 3D non-fl uoroscopic mapping 
systems, Lemery et al. [ 9 ] performed an endocardial and epi-
cardial mapping study of the RA and LA is sinus rhythm. 
Following sinus node onset, there is early epicardial activa-
tion of the RA, followed by preferential conduction over 
Bachmann’s bundle [ 19 ] with the earliest left atrial activation 
being endocardial and anterior. The earliest epicardial LA 
activation occurs more than half way following onset of the 
P wave in sinus rhythm, whereas the terminal portion of the 
P wave is due to late activation of all components of atrial 
activation, including the RA, LA, coronary sinus, transverse 
sinus, and oblique sinus [ 9 ].  

    Epicardial Mapping and Ablation 
of Supraventricular Arrhythmias 

 Infrequently, percutaneous epicardial access to the 
 pericardial space is required for mapping and ablation of 
accessory pathways or atrial tachycardia [ 20 – 25 ]. In 
patients with manifest or concealed accessory pathways 
[ 20 – 24 ], ineffective ablation or instability of catheter posi-
tioning against the tricuspid valve annulus for right free 
wall bypass tracts may be overcome by epicardial map-
ping and ablation. In rare cases of accessory pathways 

localized in the right atrial appendage [ 24 ], use of  epicardial 
mapping can also assist in eliminating conduction over the 
accessory pathway. Most posteroseptal accessory pathways 
that are closer to the epicardium than the endocardium are 
ablated from the coronary sinus, although epicardial map-
ping and ablation may be required [ 20 – 23 ]. Atrial tachy-
cardia requiring percutaneous epicardial mapping and 
ablation has also been reported; most patients have a focal 
atrial tachycardia arising from the region of the left atrial 
appendage [ 25 ]. 

 Atrial fi brillation involves important physiologic mecha-
nisms that are located on the pericardium. The ganglionated 
plexuses are mostly distributed in the left atrium, and these 
autonomic sites of innervation can be localized during endo-
cardial or epicardial mapping [ 26 – 34 ]. The Marshall vein 
and bundle can be targeted endocardially or epicardially and 
may be important in initiating or maintaining atrial fi brilla-
tion [ 35 – 37 ]. Complex fractionated atrial electrograms can 
be mapped endocardially and epicardially (Fig.  42.2 ). The 
transseptal approach to perform circumferential endocardial 
ablation of the pulmonary veins in patients with atrial fi bril-
lation requires delivery of energy to regions of the left atrium 
that are associated with greater recurrences of conduction 
(ridge, carina), that may require epicardial mapping and 
ablation [ 38 – 40 ].
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  Fig. 42.2    Surface ECG leads I, 
II, and III V1 and V6 in a patient 
with epicardial and endocardial 
mapping of atrial fi brillation. The 
catheters record bipolar 
electrograms and are positioned in 
the coronary sinus (CS, distal to 
proximal 1–2 to 9–10), oblique 
sinus (Epi, 1–2 to 7–8), high right 
atrium (HRA 3–4), and His 
bundle region (His 1–2 and 3–4). 
The ablation catheter (ABL 1–2) 
is positioned in the antral region 
of the left superior pulmonary 
vein ( left panel ) and left inferior 
pulmonary vein ( right panel ). 
Complex fractionated atrial 
electrograms are observed at 
different time intervals, but 
distinct isoelectric periods are also 
observed       
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   The esophageal position in the posterior left atrium may 
result in the inability to deliver high enough energies to 
obtain pulmonary vein isolation. Percutaneous techniques to 
protect the esophagus by use of a balloon catheter or use of 
extra pericardial fl uid have been described [ 12 ,  13 ,  39 ]. 
Combined endocardial-epicardial percutaneous mapping 
and ablation procedures in patients with atrial fi brillation 
have been reported [ 39 ]. However, development of hybrid 
techniques involving surgical access to the pericardial space 
using minimally invasive techniques, combined with electro-
physiological mapping and ablation during or following sur-
gical ablation, may provide more comprehensive end points, 
especially in patients with persistent atrial fi brillation requir-
ing a maze-like procedure [ 41 ,  42 ].  

    Epicardial Mapping and Ablation 
of Ventricular Arrhythmias 

 Ventricular arrhythmias associated with cardiomyopathies 
were initially reported as having an increased incidence of 
epicardial foci. In the original report a direct subxiphoid 
 percutaneous approach by Sosa et al. [ 6 ], ventricular tachy-
cardia was associated with Chagas cardiomyopathy. In this 
trypanosomiasis, cardiac involvement often results in a basal 
inferolateral scar, associated with ventricular tachycardia 
that can be reproducibly induced during programmed electri-
cal stimulation. Subepicardial reentry may result in unsuc-
cessful ablation from the endocardium; in a series of 257 
consecutive patients with VT, epicardial VT occurred in 
37 % with Chagas disease, as compared with 28 % in patients 
with ischemic VT, and 24 % in patients with idiopathic 
dilated cardiomyopathy [ 43 ]. Although signifi cant reduction 
in shocks from an implantable defi brillator in patients with 
Chagas disease has been shown following combined 
endocardial- epicardial VT ablation procedures, recurrence 
rates remain elevated during long-term follow-up [ 43 ]. 

 Patients with ischemic [ 44 ,  45 ] or idiopathic cardiomy-
opathies showing a predominant left ventricular involvement 
or patients with arrhythmogenic right ventricular cardiomy-
opathy may also require epicardial mapping and ablation 
[ 46 – 49 ]. In a recent report of 22 patients with epicardial VT 
associated with idiopathic dilated cardiomyopathy [ 47 ], the 
epicardial regions showing low voltages were signifi cantly 
larger and more adjacent than those seen on the endocar-
dium. In approximately half of patients with an epicardial 
origin of VT, low-voltage regions were mapped in close 
proximity to the aortic or mitral valve [ 47 ]. In patients with 
arrhythmogenic right ventricular cardiomyopathy, epicardial 
mapping has demonstrated signifi cant scarring, beyond the 
endocardial regions of abnormal low voltage [ 48 ,  49 ]. In 13 
patients with arrhythmogenic right ventricular cardiomyopa-
thy who failed endocardial VT ablation [ 48 ], epicardial 

 mapping and ablation was associated with no recurrence of 
VT in 10/13 patients (77 %) during a mean follow-up of 
18 months (range 5–41). 

 Patients with nonischemic VT occurring in patients with-
out overt heart disease typically have VT occurring from the 
outfl ow tract in the RV or LV. Infrequently, these patients 
may have an epicardial origin of their VT from the anterior 
interventricular vein or distal great cardiac vein or other 
unusual left ventricular myocardial sites [ 50 ]. When the 
venous anatomy does not allow for adequate positioning of 
the mapping and ablation catheter, a percutaneous approach 
to the epicardium may result in successful mapping and abla-
tion of VT [ 50 ]. 

 In patients with VT, an epicardial focus is typically asso-
ciated with specifi c electrocardiographic features [ 50 – 52 ]. 
These include a pseudo delta wave of 34 ms or greater, an 
intrinsicoid defl ection of 85 ms or greater, and a precordial 
RS complex duration of 121 ms or greater. In addition, the 
paced QRS complex has been shown to be signifi cantly lon-
ger from paced epicardial sites as compared with endocardial 
sites of pacing [ 50 – 52 ]. 

 Mapping and ablation in patients with an epicardial origin 
of VT requires attention to numerous details [ 53 ,  54 ]. Most 
patients have signifi cant LV dysfunction; use of an intra- 
aortic balloon catheter or other methods of LV assistance 
may be required. An underlying ICD is frequently present, 
and specifi c coronary anatomic features can be delineated 
during pre-procedure coronary angiography or CT angiogra-
phy. Figure  42.3  shows a Carto map view of the 
epicardium.

  Fig. 42.3    Carto PA (anatomic) view of the epicardium, with the pul-
monary veins and RA       
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       Energy Sources 

 The pericardial space has several limitations to energy 
 delivery during ablation [ 55 ,  56 ]. Anatomic considerations 
such as coronary anatomy, phrenic nerve, or esophagus may 
limit the site of energy delivery [ 56 – 59 ], while epicardial fat 
may be associated with ineffective energy delivery [ 60 ]. The 
closed space of the pericardium with absence of circulating 
blood fl ow may result in electrode temperature increase, 
requiring low-power applications. The latter may limit effec-
tive energy delivery, resulting in need for irrigated radiofre-
quency energy delivery [ 55 ]. Regular drainage of pericardial 
fl uid throughout the mapping and ablation procedure is 
necessary.  

    Complications and Post-procedure 
Management 

 Access to the pericardial space may result in inadvertent 
puncture of the left lobe of the liver or of the abdominal cav-
ity [ 54 ,  61 ]. In patients with a megacolon with underlying 
Chagas disease [ 43 ] or with previous abdominal surgery, 
inadvertent puncture through the bowel may result in air 
under the diaphragm, or abdominal hemorrhage may occur. 
These patients may be managed conservatively, but abdomi-
nal interventions may be required. Access to the pericardial 
space may be associated with inadvertent puncture of the RV. 
Generally, if a guide wire has been introduced in the RV, 
removal and continuation of the procedure can generally be 
done. Insertion of a sheath in the RV may require surgical 
intervention for closure of the hole. A case of epicardial lac-
eration of a coronary artery has also been described [ 62 ]. 

 Collateral damage from mapping and ablation in the epi-
cardial space includes injury to the coronary arteries, phrenic 
nerve, lungs, esophagus, and vagus nerve [ 56 – 59 ,  61 ,  62 ]. 
Post-procedure pericarditis usually responds to nonsteroidal 
anti-infl ammatories. Intrapericardial use of 0.5–1.0 mg/kg of 
methylprednisolone may reduce the risks of post-procedure 
pericarditis or the development of signifi cant pericardial 
effusions [ 63 ].  

    Future Perspectives and Hybrid Surgical- 
Interventional Electrophysiological 
Collaboration 

 Percutaneous epicardial mapping and ablation for the 
 treatment of selected cardiac arrhythmias will likely grow in 
importance over the next years. Specifi c approaches and 
tools for working in the pericardial space will need to be 
developed. Remote magnetic navigation applications to 
 epicardial mapping and ablation may facilitate catheter 

 navigation and provide favorable vector orientations for 
catheter energy delivery [ 64 ]. New hybrid surgical- 
electrophysiological procedures may also result in improved 
patient outcomes [ 42 ,  65 ].     
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