Three-dimensional imaging of the pericardial space
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Introduction

Precise appreciation of the living anatomy of the pericardial
space is important to ensure procedural success without
compromising safety during the epicardial approach. Howev-
er, comprehensive 3-dimensional appreciation of the pericar-
dial anatomy is extremely difficult. Thus far, learning sources
of 3-dimensional pericardial anatomy have been limited to
the dissection images and/or illustrations.'® Visualization
of the entire picture of the pericardial space has been
challenging. We herein presented comprehensible volume-
rendered images of the pericardial space, reconstructed
from the case of cardiac tamponade.

Case report

An 82-year-old woman presented with sudden chest pain and
dizziness. On admission, her blood pressure was 76/61 mm
Hg, with a regular pulse rate of 90 beats per minute. Electrocar-
diogram showed ST-segment depression in leads V—V3, with
an elevation in serum troponin I level (1.50 ng/mL). Transtho-
racic echocardiography findings revealed pericardial effusion,
compatible with cardiac tamponade. Non-electrocardiogram-
gated contrast-enhanced computed tomography (SOMATOM
Force; Siemens Healthcare, Forchheim, Germany; acquisition
mode, high-pitch dual spiral scan; tube voltage, 120 kVp; sec-
tion thickness, 1.0 mm; rotation time, 250 ms; and temporal res-
olution, 66 ms) suggested a distal occlusion of the inferolateral
branch of the right coronary artery presumably due to sponta-
neous coronary artery dissection and oozing rupture of the in-
ferolateral left ventricle, with bloody pericardial fluid.
Emergent surgery confirmed the findings and resulted in a suc-
cessful repair.

Using the computed tomographic datasets, which
happened to be acquired during diastole, volume-rendered
images were reconstructed (Figures 1-3, Supplementary
Movies 1-5). This approach successfully visualized the
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KEY TEACHING POINTS

e The pericardial reflections compose 2 orifices: the
first one is located superiorly, surrounding the
pulmonary trunk and ascending aorta; and the
second one is located posteriorly, surrounding the
pulmonary veins and caval veins. The transverse
sinus is located between these 2 orifices.

e The 2 orifices work as a window for the extracardiac
nerves and extracardiac vessels to enter the
epicardial layer of the heart.

e The roof of the left atrium and the antrum of the
pulmonary veins is the exact location of the second
orifice directly facing the extrapericardial
mediastinum. The transverse and oblique sinuses
are separated by this second orifice.

3-dimensional extent of the transverse sinus and its exten-
sions, including superior and inferior aortic recesses, and
oblique sinus. All analyses were performed using a commer-
cially available workstation (ZioCube version 1.0.0.4; Zio-
soft Inc, Tokyo, Japan).

Discussion

The pericardium is conventionally divided into the parietal
and visceral pericardial layers. Visceral pericardium is
conventionally referred to as the “epicardium.” However,
beneath the visceral pericardial layer there is epicardial fat,
which surrounds the myocardium, containing the coronary
vessels. Within the pericardial space between the parietal
pericardium and “epicardium,” normally <50 mL of serous
fluid lubricates the surface of the heart.'

The pericardial reflections compose 2 orifices
(Supplementary Figure); the first one is located superiorly,
surrounding the pulmonary trunk and ascending aorta.””
The second one is located posteriorly (also referred to as
the “hilum of the heart”), surrounding the pulmonary veins
and caval veins.” The 2 orifices work as a window for the
extracardiac nerves and vessels to enter the epicardial layer
of the heart. In this regard, this area is directly facing the ex-
tracardiac mediastinum.
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Figure 1

Three-dimensional anatomy of the pericardial space viewed from the left anterior oblique direction. The right panel shows the pericardial space itself

subtracting the heart from the left panel. Red and white arrows indicate the superior and inferior aortic recesses, respectively. AAo = ascending aorta; LAA = left
atrial appendage; LPA = left pulmonary artery; LV = left ventricle; OS = oblique sinus; RA = right atrium; RPA = right pulmonary artery; TS = transverse

sinus (red-dotted curve).

The transverse sinus is located between these 2 orifices.
Accordingly, through the transverse sinus, the probe can be
passed from the space around the left atrial appendage to
the space between the ascending aorta and superior caval
vein (Figures 1-3, Supplementary Figure). Posterior to the
ascending aorta, the transverse sinus has superior and inferior
extensions, called superior and inferior aortic recesses
(Figures 1-3). The superior aortic recess is also referred to
as the aortocaval recess (Supplementary Figure).”

The roof of the left atrium and the antrum of the pulmonary
veins is the exact location of the second orifice directly facing
the extrapericardial right pulmonary artery at the “hilum of
the heart” between the transverse and oblique sinuses.” In
the present case, however, the posterior reflection of the

transverse sinus and superior reflection of the oblique sinus
fuse, forming the partition between these sinuses (Figures 2
and 3). Accordingly, the right pulmonary artery does not
have an extrapericardial area of contact with the left atrial
roof. This anatomical variation was already described in the
textbook by McAlpine.” The 3-dimensional appreciation of
this space is required for proper interpretation of clinical im-
ages acquired from computed tomographic scans and cardiac
magnetic resonance imaging.”

In the present case, the thin persistent left superior caval
vein is also observed (Figures 2 and 3). It descends along
the left side of the left pulmonary artery toward the fold be-
tween the base of the left atrial appendage and left pulmonary
veins, then connects to the coronary sinus. It runs within the

Figure 2

Three-dimensional anatomy of the pericardial space viewed from the inferior direction. Red and yellow arrows indicate superior aortic recess and posterior

extension of the transverse sinus, respectively. White asterisk shows fused reflections between the transverse and oblique sinuses. Red asterisk denotes the vestigial
fold. AAo = ascending aorta; LA = left atrium; LAA = left atrial appendage; LSPV = left superior pulmonary vein; OS = oblique sinus; PLSCV = persistent left
superior caval vein; PT = pulmonary trunk; RPA = right pulmonary artery; SCV = superior caval vein; TS = transverse sinus (red-dotted curve).
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Figure 3

Three-dimensional anatomy of the pericardial space viewed from the left anterior oblique (left panel) and left lateral (right panel) directions. Red,

white, and yellow arrows indicate superior and inferior aortic recesses, and posterior extension of the transverse sinus, respectively. Transverse and oblique si-
nuses are separated by fused reflections (white asterisk). AAo = ascending aorta; Dao = descending aorta; ICV = inferior caval vein; LA = left atrium;
LAA = left atrial appendage; LPA = left pulmonary artery; OS = oblique sinus; PLSCV = persistent left superior caval vein; RA = right atrium; RPA = right
pulmonary artery; RV = right ventricle; SCV = superior caval vein; TS = transverse sinus (red-dotted curve).

fused fold of reflection, connecting to the second orifice in a
similar manner that the superior caval vein is surrounded by
the fold of reflection of the second orifice (Supplementary
Figure).” In the normal development, this vein regresses to
create the ligament of Marshall+; then the fused fold is called
the vestigial fold (Figure 2, Supplementary Figure),” located
between the transverse sinus and left pulmonic recess.'
With the development of the percutaneous epicardial
ablation and cardiac resynchronization therapy, exact
knowledge of the pericardial anatomy along with surround-
ing structures is important for cardiac electrophysiolo-
gists.”” Any invasive approaches within the pericardial
space potentially affect surrounding structures located on
both visceral® '’ and parietal''~'* sides, including the
epicardial fat, coronary arteries, coronary veins, cardiac
ganglionated plexus, phrenic nerve, esophagus, vertebra,
descending aorta, intercostal arteries, pleura and lungs,
internal mammary arteries, and other mediastinal
structures. However, 3-dimensional demonstration of anat-
omy of the pericardial space is difficult,”"'” as it is thin and
only a “potential space” in health. Therefore, conventional
attempts to describe pericardial anatomy include illustra-
tions and/or photographs of the specimen,’ mainly
focusing on the reflections creating 2 orifices, with an indi-
rect indication of the pericardial space, including recesses
(Supplementary Figure). In the present case, extensive
pericardial effusion and excellent image quality without
motion artifact, combined with sufficient contrast between
bloody pericardial fluid and epicardial fat, enable us to
create a comprehensible 3-dimensional image of the peri-
cardial space. To the best of our knowledge, this is the first
image reconstructed from the living heart dataset that
shows the 3-dimensional morphology and relationship be-
tween the transverse and oblique sinuses in a single image
(Figure 1). Continuous investigation will be necessary to

further reveal the living anatomy of the pericardial sinuses
and recesses in association with the heart and surrounding
structures. Accumulated knowledge will surely help
clinical electrophysiologists create sophisticated strategies
using the pericardial access and/or avoid inadvertent
complications.
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Supplementary data

Supplementary data to this article can be found online at
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