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We present a 37-year-old man who 
underwent coronary artery bypass 

grafting for severe left main stem stenosis 
and right coronary artery disease and 
was found to have left pleuropericardial 
agenesis with luxation of heart to the 
left in the left common pleuropericardial 
cavity. Although complete absence of 
pericardium is found in one out of 14,000 
patients, agenesis of left pericardium 
as well as left pleura is extremely rare. 
Despite a number of related and unrelated 
pathologies having been described with 
this condition, there are only two or three 
reports of co-existence of coronary artery 
disease. We describe the technicalities of 
coronary artery surgery in this condition 
and also review the literature for clinical 
diagnosis, associated conditions and 
complications.

Introduction
Left pleuropericardial agenesis is a developmental 
abnormality that results in the heart and the left 
lung sharing a common coelomic cavity. This 

abnormality manifests due to failure of mesodermal 
ingrowth from the lateral body wall to close 
off the left pleuropericardial canal and also the 
failure of development of the left pleuropericardial 
membrane. Although pre-operative diagnosis is 
very unusual, partial agenesis can precipitate 
catastrophic complications of chamber or 
appendage incarceration. Complete agenesis 
results in incompletely understood effects on 
the right ventricular geometry due to luxation of 
heart into an extreme left ‘intracoelomic’ position 
with occasional tricuspid valvular regurgitation. 
Although left pleuropericardial agenesis co-exists 
with a number of related or unrelated pathologies, 
concomitant presence of coronary artery disease, 
although extremely rare, does mandate alterations 
in operative strategy. 

Case presentation
A 37-year-old man presented with non-ST-elevation 
myocardial infarction (NSTEMI). Risk factors 
included hypertension, hypercholesterolaemia, 
smoking and family history of ischaemic heart 
disease. Other comorbidities included alcoholism, 
past history of intravenous drug abuse, well-
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Figure 1. Electrocardiogram (ECG) demonstrates left axis deviation and shifting of isoelectric R to V5
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controlled schizophrenia and hypothyroidism. 
Patient had presented 10 years ago with a 
road traffic accident while riding a motorbike, 
resulting in mid sternal fracture and liver 
laceration, both of which had been managed 
conservatively. An echocardiogram following 
the sternal fracture had revealed moderate 
tricuspid regurgitation with mildly dilated right 
heart chambers and the patient was advised 
to be kept under surveillance. Unfortunately, 
he did not report for follow-up thereafter 
until he presented with NSTEMI 10 years 
later. Chest X-ray, at the latest admission, 
was unremarkable. Electrocardiogram (ECG) 
revealed left axis deviation and shifting of 
isoelectrical R wave to V5 (figure 1). Coronary 
angiogram showed severe left main stem 
stenosis and severe right coronary stenosis 
(figure 2) with mildly impaired left ventricular 
function and anterior hypokinesis.

The patient underwent coronary artery bypass 
grafting (CABG). The left internal mammary 
artery (LIMA) was harvested but not used, 
owing to fibrotic changes in its middle 
half consequent upon the sternal fracture 
sustained 10 years ago. There was complete 
absence of the left half of pericardium and 
the left mediastinal pleura except for a few 
rudimentary folds. There was a common 
left pleural and pericardial cavity and the 
heart and left lung were lying in contact with 
each other with no intervening pericardium 
and pleura. The heart was in extreme left 
intrapleural or, strictly, left ‘intracoelomic’ 
position, lying in contact with left lateral 
chest wall and ribs. The left phrenic nerve 
was lying free within this left ‘coelomic’ 
cavity (figure 3). Employing cardiopulmonary 
bypass and cold blood cardioplegic arrest, 
aortocoronary saphenous vein bypass grafts 
were constructed to left anterior descending 
(LAD), diagonal, intermediate and right 
coronary arteries. Bypass was discontinued 
uneventfully. Even if LIMA had been normal, 
it would have been impossible to use it as a 
pedicled graft owing to the extreme left-
sided position of the heart. No attempt was 
made to reconstruct the pericardium. The 
patient made an uncomplicated recovery. 
Post-operative echocardiogram showed odd 
appearance of left atrial indentation possibly 
due to abnormal rudimentary pericardial 
folds. Computed tomography (CT) scan 
confirmed left pleuropericardial agenesis with 

a malpositioned heart with normally related 
ventricles lying entirely within left hemithorax 
(figure 4). Patient was discharged home after 
seven days and was well at six-week follow-up. 

Discussion
On the ventral aspect of the pharyngeal part 
of the primitive foregut, the intraembryonic 
coelom forms an elongated sac on either 
side of the primitive paired tubular heart. 
These paired cavities coalesce in the midline 
and form the pericardial sac. Pericardial sac 
communicates caudally, on either side of the 
foregut, with the peritoneal cavity through a 
narrow corridor called the pleural passage. 
This pleural passage, the precursor of the 
future pleural cavity, communicates, on one 
hand, with the pericardial cavity on either side 
through an opening called the pleuropericardial 
canal and, on the other, with the peritoneal 
cavity through another opening called the 

pleuroperitoneal canal. The pleuropericardial 
canal is closed on either side by the growth of 
a ridge-like band of mesodermal tissue from 
the lateral body wall, covering the ducts of 
Cuvier as they pass across the canal to the 
sinus venosus, situated within the septum 
transversum. The growth of lungs within the 
pleural cavities laterally and cranially also helps 
close the pleuropericardial openings by causing 
approximation of somatic and splanchnic 
walls by the overgrowth of mesoderm, called 
pleuropericardial membrane, overlying the 
cranial limb of the previously described 
pulmonary ridge of Mall. A similar process 
results in closure of the pleuroperitoneal canal. 
The right pleuropericardial canal closes earlier 
than the left because the right duct of Cuvier, 
which gives rise to the intrapericardial part of 

Figure 2. A. Left coronary angiogram showing severe distal left main stem stenosis.  
B. Right coronary angiogram demonstrating tight mid-right coronary artery (RCA) stenosis

A B

Figure 3. Intra-operative picture showing 
isolated left phrenic nerve lying free in 
the left coelomic cavity

Figure 4. Post-operative computed 
tomography (CT) scan clearly shows 
absence of pericardium on left side with 
an extreme left hemithoracic position of 
the heart
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the superior vena cava, is much larger than 
the left. The left duct of Cuvier, on the other 
hand, is much smaller, being represented in 
later life by the vestigial oblique vein of left 
atrium and the ligament of left vena cava, and, 
hence, failure of closure of left pleuropericardial 
canal is more common. Left pleuropericardial 
agenesis, thus, represents a developmental 
abnormality where left lung and heart share 
a common coelomic cavity as a result of 
the failure of closure of left pleuropericardial 
opening (figure 5). The mesodermal growth 
from the lateral body wall and the development 
of pleuropericardial membrane does not take 
place, there is no pericardium or mediastinal 
pleura separating the heart and lungs, and 
the phrenic nerves, which gain the diaphragm 
by passing caudally closely applied to the 
mediastinal pleura, lie free within the common 
anomalous left pleuropericardial coelom.1

Occurrence 
Left pleuropericardial agenesis is an extremely 
rare entity, although congenital complete 
absence of pericardium is estimated to occur 
in one in 10,000 to 14,000 people.2 Out of 
364 cases of isolated pericardial agenesis, 
Letanche et al found 70% on the left side, 

4% on the right side and 17% inferiorly.3 
From a purely kinetoanatomic point of view, 
Beppu et al. had echocardiographic evidence 
of extreme left-sided location of heart in end 
diastole in left lateral decubitus position due 
to release from the left pericardial support 
and a resultant exaggerated swinging motion 
in systole to restore the apex to near normal 
position. There was overall enlargement 
of the right ventricular cavity in left lateral 
decubitus position in seven patients with 
total absence of pericardium with excessive 
increase in hydrostatic pressure.4,5 Izumi et 
al., using pulsed Doppler echocardiography 
in eight patients with pericardial defects, 
concluded that an intact pericardium, by 
maintaining negative intrapericardial pressure, 
minimises the influence of posture on cardiac 
haemodynamics so that each chamber is 
uniformly expanded for its filling.6 Borrego 
et al. found diminished tolerance of the right 
ventricle when faced with acute pressure 
overload in the absence of pericardium 
in an experimental study.7 Looking at the 
relationship between left ventricular torsional 
deformation and regional myocardial 
function as measured by longitudinal, 
circumferential and radial strain patterns, 

Tanaka et al., on M-mode and two-dimensional 
echocardiography, in five patients with 
congenital total absence of left pericardium, 
found poor development of left ventricular (LV) 
torsion with pericardial defects, although LV 
regional myocardial function was not affected.8 
Elaborating further on the role of pericardium, 
Chang et al., in a study on 11 mongrel dogs, 
concluded that absent pericardium reduced LV 
twist yet did not affect LV systolic function due 
to a corresponding compensatory increase in 
LV radial strain.9 

Left pericardial agenesis may be partial or 
total. While total pericardial agenesis has 
generally been conceded to be asymptomatic, 
there have been anecdotal reports of left atrial 
appendage herniation10 and incarceration, and 
sudden death with partial agenesis.11 

Diagnosis
Pre-operative diagnosis is rarely made. 
Pain brought on by assumption of left 
lateral decubitus position and relieved by 
change of position in partial left pericardial 
agenesis13 has been described as having 
symptoms mimicking myocardial infarction2 
and syncope.14 On physical examination in 
the supine position, the precordial impulse is 
displaced laterally. In the left lateral position, 
however, the apical impulse is felt in a more 
medial position. This apparent paradoxical 
movement of the apical impulse is due 
to an exaggerated swinging motion of the 
heart in systole and may be characteristic of 
pericardial agenesis.15 There may be a systolic 
left second space murmur.14 

Chest X-ray shows marked levocardia, which 
becomes worse with patient on left side, 
and interposition of the lung tissue between 
the base of the heart and the diaphragm 
and between aorta and pulmonary artery, 
features considered pathognomonic of left 
pleuropericardial agenesis.14,16 Diagnosis has 
been confirmed by diagnostic ‘pneumocoelom’ 
or actual delineation of the pericardial defect 
by the communicating left pneumothorax and 
the pneumomediastinum.13,17 

ECG demonstrates right bundle branch block 
(RBBB), clockwise rotation of heart, T-wave 
abnormalities and leftward displacement 
of transition zone in precordial leads.14,18-20 
Echocardiographic findings can mimic those 
associated with right ventricular volume 

Figure 5. A schematic representation of left pleuropericardial agenesis with subdivisions 
of coelom into the anomalous left pleuropericardial, right pleural and peritoneal cavities 
due to failure of closure of left pleuropericardial canal



Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews (Cardiology) Limited Reproduction Prohibited
Co

py
rig

ht
 M

ed
in

ew
s 

(C
ar

di
ol

og
y)

 L
im

ite
d 

R
ep

ro
du

ct
io

n 
Pr

oh
ib

ite
d

e4 | The British Journal of Cardiology | July–September 2012 | Volume 19 Issue 3

CASE REPORT

overload with paradoxical interventricular 
septal movement, sometimes mimicking atrial 
septal defect (ASD),21 apparent right-sided 
enlargement with unusual bulging of the apex 
of right ventricle, cardiac hypermobility and 
an abnormal swinging excessive basculant 
heart movement. Also, echocardiographic 
windows are unusual. Thus, there may be 
absence of pericardial echo laterally, the 
four-chamber view may be possible only 
with the transducer in posterior position and 
sometimes echocardiographic interrogation 
may be possible only with patient on right side 
when it is normal.14-16,18,21-23 

CT scan shows absent left pericardium, 
absent preaortic recess (present in all normal 
individuals), abnormal presence of lung tissue 
between the aorta and pulmonary artery, 
and also between pulmonary artery and 
left auricle, and, generally, between heart 
and other intrathoracic structures.2,21,24,25 
Visualisation of ligamentum arteriosum on CT 
scan is considered by some authors to be a 
characteristic sign for congenital absence of 
left pericardium.26 

Magnetic resonance (MR) scan is considered 
diagnostic and confirms all the findings 
seen on CT scan.14,16,21,24,25 Von Bernuth et 
al. reported fluoroscopic and angiographic 
demonstration of a protruding shadow 
along left heart border due to herniating 
left atrial appendage in partial pericardial 
defect.20 D’Altorio and Cano found an 
unusual scintillation camera image of the lung 
showing perfused lung between the heart 
and diaphragm and a prominence in the 
area of the pulmonary artery in patients with 
congenital absence of pericardium, a finding 
that was not duplicated in 500 other gamma 
images of the lung in normal subjects.27 

Left pericardial or pleuropericardial 
agenesis has been found to co-exist with a 
variety of cardiac conditions. While some 
of these conditions may be incidental, 
some have embryological significance. 
These include diaphragmatic hernia and 
ASD,28 extralobar pulmonary sequestration 
mimicking thymoma,29 bilateral congenital 
diaphragmatic hernia,30-32 Pallister-Killian 
syndrome with tetrasomy 12p,33 epigastric 
congenital diverticulum of right ventricle,34 cor 
triatriatum,35 left lower lobe bronchiectasis,36 
bronchogenic cyst, ASD, mitral valve prolapse 

and hypospadias,37 Pentalogy of Cantrell,38,39 
Holt-Oram syndrome with TBX5 mutation,40 
ruptured type A dissection with haemothorax 
but no tamponade,41 anterior and posterior 
midline field defects including sternal, 
diaphragmatic and cardiac defects including 
tricuspid atresia and septal defects,42 VATER 
association,43 straight back syndrome,44 
congenital left atrial aneurysm,45 Marfan 
syndrome,46 ASD with sick sinus syndrome,47 
anomalous phrenic nerves,48 mitral valve 
prolapse49 and double-chambered right 
ventricle and anterior leaflet aneurysm of 
tricuspid valve.50

The recognised complications of partial 
or total left pericardial agenesis include 
incarceration of heart tissue and tricuspid 
valvular regurgitation. While left atrial 
appendage most commonly is involved,10 left 
ventricular51 and biventricular constriction in a 
patient with hypoplastic left heart syndrome12 
has been described in partial defects. 
Tricuspid regurgitation results from tricuspid 
chordal or leaflet disruption as a result of 
luxation of heart into the left pleural cavity 
and the resultant distortion of right ventricular 
geometry.52-58 There have been a few reports 
of patients with history of previous sternal 
trauma who presented later with tricuspid 
regurgitation and were incidentally found to 
have pericardial agenesis.52,56 

Coronary artery disease has been described 
with left pleuropericardial agenesis,28,59 
while Brulotte et al. described the case 
of a 49-year-old woman with total left-
sided pleuropericardial agenesis and 
acute myocardial necrosis in the absence 
of obstructive coronary artery disease.60 
A 43-year-old man had a bridle stricture 
of right and left margins of heart caused 
by herniation of heart through a partial 
pericardial defect with matching strictures 
of right and left coronary arteries.61 Another 
68-year-old man underwent concomitant 
congenital diaphragmatic hernia repair, ASD 
closure and CABG.28 Gersbach et al. had 
earlier described elective coronary artery 
surgery in a patient seriously complicated by 
left intrapleural location of heart due to left 
pericardial agenesis.59 

Only a few cases of pleuropericardial agenesis 
have been diagnosed pre-operatively or 
antemortem. Most of the patients are found 

by chance during surgery or on induction of 
artificial pneumothorax when a concomitant 
and unintended pneumomediastinum 
develops.44 Nisanoglu et al. described left 
haemothorax in the absence of tamponade 
in a patient with type A dissection and 
ascending aortic rupture in a patient with left 
pleuropericardial agenesis.41 

Treatment
Surgery is generally recommended for partial 
agenesis because of risks of strangulation 
in the rare event when diagnosis is made 
pre-operatively.16,62 Coronary artery surgery 
may be complicated in a patient with left 
partial pericardial agenesis (LPPA) due to 
increased distance between the LIMA and 
LAD due to extreme left intrapleural location 
of the heart.63 Gregori et al. described a major 
disproportion between recipient mediastinal 
cavity and donor heart in a patient with LPPA 
necessitating the placement of donor heart 
on the left diaphragm muscle below the left 
lung.64 Kostiainen et al. described restoration 
of pericardial continuity in partial LPPA by 
pericardioplasty.13 Gatzoulis et al. identified 
10 patients from the Toronto hospital registry 
with complete absence of pericardium (CAP) 
– four underwent pericardioplasty, three for 
debilitating symptoms and one for left atrial 
appendage herniation.25 Van Son found 15 
patients with partial absence of pericardium 
(PAP) or CAP over a 39-year period who 
underwent surgery for associated cardiac 
defects – only one had symptoms attributable 
to pericardial defect.58 Thorascopic diagnosis 
with closure through left lateral thoracotomy 
using pig pericardium has been described,65 
as has been polytetrafluoroethylene (PTFE) 
prosthesis for PAP.66 

Our patient presented, in the first instance, 
10 years ago, following a motorbike 
accident, with a sternal fracture and a liver 
laceration, both of which were managed 
conservatively. Echocardiogram was done 
and cardiac injury or hemopericardium ruled 
out. Biventricular function was good. The 
echocardiographer thought the patient was 
a poor imaging subject but specifically there 
were no comments on whether four-chamber 
view was possible with a more posterior 
position of the transducer or whether 
shifting of the patient to the right led to 
better echocardiographic visualisation. There 
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to be subdiaphragmatic fat. None of the 
recognised signs of absent left pericardium, 
namely, absent preaortic window and lung 
tissue between aorta and pulmonary artery, 
between pulmonary artery and left atrial 
appendage and between the left ventricular 
base and diaphragm, were discernible. 

In our patient, LIMA was not used owing 
to fibrotic changes in its middle half due 
to previous sternal trauma. However, even 
if LIMA had been normal, construction of 
LIMA anastomosis on its pedicle to LAD 
would have been difficult owing to extreme 
dislocation of heart into left chest. A free 
LIMA anastomosis to LAD with proximal 
anastomosis to ascending aorta would have 
been possible. A pedicled right internal 
mammary artery (RIMA) to LAD would have 
been even more difficult unless it had been 
elected to partition the pericardial cavity from 
the left pleural cavity by constructing a left-
sided pericardium. We did not feel any form 
of pericardioplasty was necessary. There have 
been rare reports25 of benefits of pericardial 
reconstruction in patients with complete 
agenesis in contradistinction to those with 
partial defects.13,25,62,65,66 •

Key messages
•	Left pleuropericardial agenesis is an 

uncommon condition

•	Although diagnosis can be 
suspected clinically and by various 
imaging modalities, diagnosis is 
made after an operation for another 
condition in the majority of cases

•	Partial agenesis can cause chamber 
or appendage incarceration with 
disastrous results

•	Complete agenesis is usually 
asymptomatic, although there can 
be subtle or manifest changes in 
right ventricular geometry with 
tricuspid regurgitation

•	Technique of coronary arterial 
surgery may need to be modified 
due to extreme cardiac malposition, 
particularly in relation to pedicled 
arterial conduits
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