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As procedures such as epicardial ventricular ablation and left atrial appendage occlusion
become more commonplace, the need grows for safer techniques to access the physio-
logic pericardial space. Because this space contains minimal fluid for lubrication, prevailing
methods of pericardial access pose considerable periprocedural risk to cardiac structures.
Therefore, we devised a novel method of pericardial access in which carbon dioxide (CO,)
is insufflated through a right atrial puncture under fluoroscopic guidance, enabling clear
visualization of the cardiac silhouette separating from the chest wall. We performed the
procedure in 8 Landrace pigs, after which transthoracic percutaneous pericardial access
was obtained by conventional means. All of the animals remained hemodynamically stable
during the procedure, and none showed evidence of epicardial or coronary injury. The
protective layer of CO, in the pericardial space anterior to the heart facilitated percutane-
ous access in our porcine model, and the absence of complications supports the potential
safety of this method. (Tex Heart Inst J 2021,48(1).:e207244)

ecuring percutaneous access to the pericardial space is a necessary step in per-
forming several evolving catheter-based epicardial procedures, including left
atrial appendage occlusion' and mapping and ablation of epicardial ventricular
arthythmias.** Currently, transthoracic pericardial access techniques are best suited
for evacuating a fluid-filled pericardial space. However, newer procedures necessitate
accessing the physiologic pericardial space, which contains only 20 mL of fluid for
lubrication.* In these “dry-tap” cases, the transthoracic approach requires that a long
needle be directed through the body wall and carefully inserted, under fluoroscopic
or ultrasonographic guidance, between the pericardium and the surface of the beating
heart,” which poses several risks to the patient.® Injuries (for example, ventricular rup-
ture or coronary vessel laceration') can occur and often necessitate emergency surgical
repair. A safe and reproducible technique for obtaining pericardial access that decreases
the need for precision would be of value as dry-tap access becomes more commonplace.
We studied the potential merit of insufflating the pericardial space with carbon
dioxide (CO,) delivered through the right atrial wall with a needle-tipped intravenous
catheter, to enable easier percutaneous access through the body wall.

Materials and Methods

Eight Landrace pigs (weight range, 6981 kg) were anesthetized, intubated, and se-
cured in the supine position. Femoral venous access was obtained with a GF sheath,
and heparin (2,000 IU) was administered systemically. A 6F multipurpose catheter
(FlexCath; Cook Medical) was then inserted through the sheath and advanced over a
0.35-in guidewire; under fluoroscopic guidance, the catheter was advanced through
the inferior vena cava and into the right atrium, and finally into the superior vena
cava. The guidewire was removed, after which the tip of the multipurpose catheter
was pulled back until its tip fell into the right atrial appendage. The catheter’s position
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was confirmed by fluoroscopy with a radiopaque con-
trast agent (Omnipaque; GE Healthcare) (Fig. 1). A
200-cm-long, GF catheter with a reversibly extendable
25G needle tip (Interject Catheter; Boston Scientific)
was inserted through the lumen of the 6F multipurpose
catheter until the tip was adjacent to the right atrial ap-
pendage wall. When the plunger at the back end of the
Interject Catheter is depressed, the 25G needle extends
3 mm beyond the catheter tip.

During fluoroscopy, the C-arm was adjusted to ob-
tain a cross-table lateral image of the animal’s medi-
astinum. A syringe, connected by tubing and a 3-way
stopcock to a CO, tank and to the Interject Catheter,
was filled with sterile CO,. The needle at the tip of the
Interject Catheter was gently pressed against the right
atrial wall and extended through it into the pericardial
space. Two 60-mL injections (total, 120 mL) of the ster-
ile CO, were then delivered from the syringe into the
pericardial space through the Interject Catheter without
entraining room air.

Percutaneous access to the pericardial space was then
obtained with a long needle according to standard prac-
tice.” Radiopaque contrast agent was injected to confirm
access. Next, the remaining CO, in the pericardial space
was evacuated through the percutaneous needle, to en-
able tissue layers to reseal. Finally, each pig was humanely
killed, and necropsy was performed immediately to assess
cardiac structures.

This study conformed to the Guide for the Care and
Use of Laboratory Animals. The protocol was approved
by the Institutional Animal Care and Use Committee
of the Texas Heart Institute at Baylor St. Luke’s Medical
Center.

Results

Pericardial access was successfully obtained by needle
puncture in all 8 pigs. After 120 mL of sterile CO, had
been delivered into the pericardial space, the visceral
and parietal pericardial layers were successfully sepa-
rated. This was confirmed fluoroscopically (Fig. 2). No
CO, leaked into the right atrium.

When the pigs were placed in a supine position, the
insufflated CO, accumulated toward the chest wall in
the pericardial space. When seen laterally on fluoros-
copy, the heart rested posteriorly. Furthermore, because
cardiac tissue and CO, have different radiopaque den-
sities, the pericardial space was easily discernible on a
cross-table lateral image (Fig. 3).

In all 8 pigs, radiographs confirmed that the visceral
and parietal pericardial layers sealed. All animals re-
mained hemodynamically stable and showed no evi-
dence of cardiac tamponade. Necropsy studies revealed
no damage to the ventricles or coronary arteries, healing
of the puncture in the right atrial wall, and no evidence

of blood leaks.

Discussion

As epicardial ventricular arrhythmia ablation and left
atrial appendage occlusion procedures become more
commonplace, safer methods of pericardial access are
needed to access a physiologically normal pericardial
space in dry-tap fashion. Our method proved feasible
for standard transthoracic pericardial access.

The conventional transthoracic approach is appropri-
ate for patients in whom a substantial amount of fluid

Fig. 1 Fluoroscopic image (anterior view) with radiopaque
contrast shows the position of the catheter (arrow) in the right
atrium (arrowhead).

Fig. 2 Fluoroscopic image (lateral view) shows pericardial
access obtained with the needle-tipped catheter (arrow) through
the right atrial wall.
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Fig. 3 Fluoroscopic image (lateral view) shows pericardial
accumulation of CO, (arrowhead) after insufflation through the
needle-tipped catheter (arrow). The cardiac silhouette is easily
discernible because of the differing densities and radiopaque
properties of CO, and myocardial tissue.

has collected in the pericardial space. However, in a dry
tap of the normal pericardial space, the transthoracic ap-
proach poses substantial risk to cardiac structures. Right
ventricular perforation is the most common complica-
tion,** and major complications occur in approximate-
ly 9% of procedures.’ Furthermore, the presence of a
needle or guidewire in an evacuated pericardial space,
in addition to cardiac motion, poses a risk of another
feared complication, coronary artery laceration.” Peri-
cardial CO, insufflation may mitigate these risks to the
patient.

Several other methods to alleviate the risk of dry-tap
access have been described. In a multicenter observa-
tional study, Gunda and colleagues” found that using a
micropuncture needle resulted in fewer complications
than when using a large-bore needle (for example, the
Tuohy or Pajunk needle). In another multicenter study,’
investigators successfully used a device that houses a
fiberoptic pressure sensor within the access needle (Epi-
Access; EpiEP, Inc.) to facilitate epicardial access. The
sensor provides visual feedback on pressure differences
as the needle advances through different tissue layers.
Burkland and associates" have introduced a similar de-
vice that relies on impedance feedback to determine the
location of the needle.

Despite progress, no innovation has eliminated the
need to introduce a needle into the pericardial space or
reduced the risk of complications. Our technique, when
used as a supplement to various transthoracic pericardial
techniques, may help to reduce these risks.

Puncturing the right atrial wall with a needle-tipped
intravenous catheter to insufflate CO, enabled the
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visceral and parietal layers of the pericardium to be
safely separated without introducing a catheter wire
into the pericardial space. During the procedure, blood
from the right atrium did not escape into the pericardial
space, and when the wire was removed, the right atrial
appendage did not bleed.

Carbon dioxide has 2 properties that make it par-
ticularly useful for insufflation: relative density and
radiopaque discernibility. Because CO, is lighter than
cardiac tissue, it rises toward the chest wall when the
subject is supine and causes the heart to sink. The dif-
fering radiopaque appearances of gas and myocardial
tissue enable clearer visualization. Thus, the space cre-
ated by the CO, simplifies transthoracic access. Con-
versely, using a crystalloid fluid to fill the pericardial
space would not enable a clear view because the heart
would appear as dense as the fluid during fluoroscopy.
Furthermore, the positioning of the heart would be less
stable because crystalloid fluids and cardiac tissue and
blood have similar densities.

In this porcine study, pericardial insufflation with
CO, was well tolerated. We observed no evidence of
cardiac tamponade in any pig. Theoretically, because
CO, is highly soluble, any CO, that leaked inside the
right atrium would dissolve and be exhaled."

Although this study demonstrated the feasibility of
our pericardial access technique, there are limitations to
consider. First, the sample size (8 pigs) was small. Larger
additional studies in animals and eventually in humans
will be needed to reveal any complications associated
with the technique. The main potential complication is
myocardial puncture leading to effusion or tamponade,
an adverse event commonly associated with the stan-
dard pericardial access procedure. Second, injecting
CO, into the right atrium could theoretically cause air
embolism, but this risk is probably minimal, given that
CO, is soluble and converts to bicarbonate in plasma."
Third, the standard limitations of studies in animal
models apply, in particular the uncertain applicability
of the technique to human anatomy and physiology in
both subxiphoid pericardial access and right atrial loca-
tion under fluoroscopic guidance.

Conclusions

This porcine study demonstrates the feasibility of insuf-
flating CO, into the pericardial space to facilitate safer
percutaneous pericardial access. Because CO, is easily
discernible radiographically and preferentially gathers
anterior to the heart, pericardial CO, would provide a
protective layer that makes percutaneous access safer.

Acknowledgments

We thank the Texas Heart Institute Veterinary Team,
which provided care for the animals in this study, and

Pericardial Access Via Right Atrium 3 /4

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



Stephen N. Palmer, PhD, ELS, who contributed to the
editing of the manuscript.

Published: 29 April 2021

Conflict of interest disclosure(s): Dr. Cohn is a cofounder and
shareholder of SentreHeart, Inc.

Funding/support: This study received no grants from funding
agencies in the public, commercial, or not-for-profit sectors.

References

1. Lakkireddy D, Afzal MR, Lee R], Nagaraj H, Tschopp
D, Gidney B, et al. Short and long-term outcomes of
percutaneous left atrial appendage suture ligation: results
from a US multicenter evaluation. Heart Rhythm
2016;13(5):1030-6.

2. Della Bella P, Brugada J, Zeppenfeld K, Merino J, Neuzil
P, Maury P, et al. Epicardial ablation for ventricular
tachycardia: a European multicenter study. Circ Arrhythm
Electrophysiol 2011;4(5):653-9.

3. Sacher F, Roberts-Thomson K, Maury P, Tedrow U, Nault
I, Steven D, et al. Epicardial ventricular tachycardia ablation:
a multicenter safety study. ] Am Coll Cardiol 2010;55(21):
2366-72.

4. HoltJP. The normal pericardium. Am J Cardiol 1970;26(5):
455-65.

5. SosaE, Scanavacca M, d’Avila A, Pilleggi F. A new technique
to perform epicardial mapping in the electrophysiology
laboratory. ] Cardiovasc Electrophysiol 1996;7(6):531-6.

Texas Heart Institute Journal ® 2021, Vol. 48, No. 1

10.

11.

Lim HS, Sacher F, Cochet H, Berte B, Yamashita S, Mahida
S, etal. Safety and prevention of complications during
percutaneous epicardial access for the ablation of cardiac
arthythmias. Heart Rhythm 2014;11(9):1658-65.

Gunda S, Reddy M, Pillarisetti J, Atoui M, Badhwar N,
Swarup V, et al. Differences in complication rates between
large bore needle and a long micropuncture needle during
epicardial access: time to change clinical practice? Circ
Arrthythm Electrophysiol 2015;8(4):890-5.

Hsieh CHC, Ross DL. Case of coronary perforation with
epicardial access for ablation of ventricular tachycardia.
Heart Rhythm 2011;8(2):318-21.

Di Biase L, Burkhardt JD, Reddy V, Romero J, Neuzil

P, Petru J, et al. Initial international multicenter human
experience with a novel epicardial access needle embedded
with a real-time pressure/frequency monitoring to facilitate
epicardial access: feasibility and safety. Heart Rhythm
2017;14(7):981-8.

Burkland DA, Ganapathy AV, John M, Greet BD, Saced

M, Rasekh A, Razavi M. Near-field impedance accurately
distinguishes among pericardial, intracavitary, and

anterior mediastinal position. ] Cardiovasc Electrophysiol
2017;28(12):1492-9.

Christmas KM, Bassingthwaighte JB. Equations for O,
and CO, solubilities in saline and plasma: combining
temperature and density dependences. ] Appl Physiol (1985)
2017;122(5):1313-20.

Pericardial Access Via Right Atrium 4 /4

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



