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The radiological manifestations of the aberrant air surrounding the pleura are varied because of the air outlining the organs in and
out of the visceral space. The continuity of the visceral space from the neck, mediastinum to the retroperitoneum is originated from
embryological development, which is compatible with the findings through laboratory experiments, cadaveric anatomy, and thora-
cic computer tomography image. We reviewed the embryo development to understand the anatomy of body cavity, which can
determine the radiological findings of pneumomediastinum and pneumothorax.

1. Introduction

During respiration, both lungs freely expand and collapse in
the pleural space within the thoracic cavity. The pleural cav-
ity, namely, is a space lined with pleura. The parietal pleura
accompanied with ribs, muscles, and skin constitutes the
thoracic wall. The visceral pleura covers the surface of both
lungs (Figure 1).

The visceral pleura overlies both lungs in addition to the
organs in the mediastinum [1] (Figure 2). It encloses a space,
which is known as visceral cavity. The visceral cavity is con-
tinuous from the neck to upper abdomen (the level of T2 to
L1). These anatomical relationships are established as early as
embryo development and greatly influence the radiological
signs of aberrant air surrounding the pleura, pneumothorax,
and pneumomediastinum [2–4].

Embryo development occurs in the period of 3rd to 8th
week of gestational age. The three layers of the germ disc
(ectoderm, mesoderm, and endoderm) gives rise to specific
tissues and organs [5]. The following cephalocaudal and

lateral foldings of the germ disc establishes the primal spa-
tial relationships of the fetus among different tissues and
organs, including thoracic and abdominal cages, pleura and
peritoneum, trachea, and intestine.

In this review, we will focus on the formation of the con-
tinuum of visceral space during embryo development and its
relationships to the radiological signs of aberrant air sur-
rounding the pleura.

2. The Body Cavity Formation

After fertilization of the human ovum, the zygote procedes
to several stages of development: morula, blastocyst, implan-
tation, bilaminar germ disc, trilaminar germ disc, embryonic
period, and fetal period.

In the embryonic period, the lateral folding of the tri-
laminar germ disc forms the embryo in three-layer tube-like
shape (Figure 3). This establishes the primitive anatomical
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Figure 1: The thoracoscopic image shows the pleura overlaying the
tissue and organs in the thoracic cavity: chest wall (1) and the lung
(2).
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Figure 2: The thoracoscopic image shows the pleura overlaying the
tissue and organs in the mediastinum: heart (1), descending aorta
(2), inferior pulmonary ligament (3), and diaphragm (4).
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Figure 3: Diagram shows the model of lateral folding of germ disc.
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Figure 4: Lateral folding of germ disc in the level of pharyngeal
arches. Diagram shows the cells in the mesoderm proliferates and
neural tube is forming.

relationships of the embryo: ectoderm on the surface, meso-
derm in the middle, and endoderm inside. Nevertheless, this
also shows the anatomical relationships of embryo on the
level of pharyngeal arches [5] (Figure 4).

The embryo below the level of pharyngeal arches de-
velops to the body cavity, which is originated from the meso-
derm on each side of the midline. The cells in the lateral plate
of mesoderm starts to divide into the parietal and visceral
mesoderms to form the intracellular cavities. The results of
the lateral folding develops the parietal mesoderm and the
ectoderm to form the body wall; the visceral mesoderm and
endoderm to form the gut wall; the intracellular cavities
within the mosoderm to form the intraembryonic coelomic
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Figure 5: Body cavity formation. Diagram shows the mesoderm
splits into parietal and visceral layer, which forms the intraembry-
onic coelomic cavity. The intraembryonic coelomic cavity is the
primitive form of the body cavities.

cavity, which transforms to the body cavity afterward [5]
(Figure 5).

3. The Compartmentalization of
the Mediastinum and the Continuum of
the Visceral Space of the Mediastinum

Although the body cavity is further divided into thoracic,
abdominal, and pericardial cavities by the pleuroperitoneal
and pleuropericaridial membranes, the cavities remain con-
tinuous throughout the visceral space [5].

The visceral space around the esophagus, stomach, intest-
ine, trachea, descending aorta, and azygos vein is called post-
erior mediastinum compartment, or post-vascular space [4,
6] (Figure 6). The visceral space from the neck to the up-
per abdomen, surrounded by the visceral fascia, is originat-
ed from the visceral mesoderm. The intraembryonic coelo-
mic cavity of embryo is separated into the thoracic and abdo-
minal cavities, after the pleuroperitoneal membrane and the
transverse septum transforms into the diaphragm. The vis-
ceral facia in these two cavities, which is originated from the
visceral mesoderm, becomes visceral pleura and peritoneum.
The diaphragm does not hinder the continuity of the visceral
mesoderm overlaying the gut. Therefore, the visceral space is
continuous in the posterior mediastinum [4, 6] (Figure 6).

The space surrounding the pericardial and aortic fascia is
known as middle mediastinum compartment or vascular
space [7]. The formation of the pleuropericardial membrane
of embryo separates to create a pericardial cavity within the
thoracic cavity (Figure 7). However, the pericardial cavity
and the post-vascular space of the thoracic cavity remains
continuous by the vascular fascia (Figure 6). The angiogenic
cell clusters, which are derived from the visceral mesoderm,
transform into the cardiovascular system. These angiogenic
cell clusters form the bilateral endocardial tubes. Accompan-
ied with the cephalocaudal and lateral flexion of the germ
disc, one end from each endocardial tubes fuse in the midline
to develop the heart (Figures 7). The other end of the endo-
cardial tubes unite in the midline of the embryonic shield to
form the aortic arches. The aortic arches arise from the aortic
sac and terminate at the dorsal aorta, forming lastly the arch
of aorta. Since the aortic sac is the most distal part of the
truncus arteriosus of the heart [5], the heart in the pericardial
cavity is connected to the descending aorta through the aortic
arch. Hence, the pericardial cavity and post-vascular space
are continuous through the aortic fascia [6, 7] (Figure 7).

In the Zylak classification of mediastinum, the thoracic
space anterior to the pericardium is the anterior mediasti-
num. Since the thymus originated from the third pharyngeal
arch migrates caudally and medially into the anterior portion
of the thoracic cavity [5], the upper portion of anterior med-
iastinum is continuous to the neck.

The peribronchial and visceral spaces are continuous
through each hilum. The lung bud is the respiratory primod-
rum, which is an outgrowth of the ventral wall of the foregut.
The right lung bud is divided into three branches, while the
left one is divided into two branches. It then extents caudally
and laterally, and penetrates into the thoracic cavity [5]
(Figure 6). Therefore, the hilum where the lung buds enter
pleural cavity becomes the channel between lung interstitium
and visceral space.

4. The Radiological Manifestations
of Aberrant Air Surrounding the Pleura

The embryonic development of compartmentalization of the
mediastinum, and the continuum of the visceral space and
its surrounding tissues, is associated well with the findings
of the laboratory experiments [6, 8], cadaveric anatomy [7],
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Figure 6: Diagram shows that the formation of the continuity of the fascial planes connects cervical soft tissue with the mediastinum to the
retroperitoneum. The space between fascia permits aberrant air arising in any of these areas to spread elsewhere.

thoracic computer tomography image [7], literature review
on the clinical presentations [3, 9], and thoracic surgeon
observations [6]. With excessive air leak from the normal
lumen into the peribronchial space or visceral space, it can
flow up to the neck and chest wall, down to retroperitoneum
and thighs, anterior to thymus, even to peritoneum and peri-
cardial space (Figures 8(a) and 8(b)). The air can leak from
the vascular space further into the carotid sheath and the
subcutaneous tissue (Figures 8(a) and 8(b)). Therefore, com-
puted tomography image of the aberrant air in the visceral
space can show pulmonary interstitial emphysema [10],
pneumomediastinum [10], subcutaneous emphysema of
neck, chest wall [11], or thigh, pneumopericardium [11],
pneumoperitoneum [4], and pneumoretroperitoneum. The
specific signs of pneumomediastinum, are caused by the nor-
mal structure outlined by the aberrant air. These include
double bronchial wall sign, ring around the artery sign [3],
aortic arch sign [3], continuous diaphragm sign [12, 13],
extrapleural sign [14], and thymic sail sign [3, 15]
(Figures 8(a) and 8(b)).

5. Conclusion

The embryo development establishes the anatomy of body
cavity. The compartmentalization in the body cavity and the
continuum of the visceral space has significant impact on the
radiological manifestations of pneumomediastinum and
pneumothorax. It is crucial to review the radiological mani-
festations of the aberrant air surrounding the pleura from the
embryological view.
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Figure 7: Heart and pericardial cavity formation. Diagram shows that bilateral angiogenic cell cluster originated from the mesoderm fused
in the midline along with lateral folding of germ disc and forms the heart and the visceral pericardium. The parietal mesoderm then forms
the fibrous and serous layer of parietal pericardium.



6 Pulmonary Medicine

T

3

2

9

9

7

7

7

5
1

4

3

T

E

2

8

8

6

7
8

5

8
6

E

7
8

7

111

Thy

7

1: peribronchial space

2: neck

3: chest wall

4: pleural cavity

5: mediastinum

6: peritoneum

7: pericardial cavity

8: paracardial space

9: thymic region

E: esophagus

T: trachea

Thy: thymus

(a)

Figure 8: Continued.
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Figure 8: Air flow in the pneumomediastinum: peribronchial space (1); neck (2); chest wall (3); pleural cavity (4); mediastinum (5);
retroperitoneum (6); pericardial cavity (7); paracardial space and diaphragm (8).



8 Pulmonary Medicine

discussed in the paper are completely disclosed (e.g., employ-
ment, consultancies, honoraria, stock ownership or options,
expert testimony, grants or patents received or pending,
royalties).

References

[1] A. M. R. Agur, Grant’s Atlas of Anatomy, Williams & Wilkins,
Baltimore, Md, USA, 1991.

[2] R. J. Maunder, D. J. Pierson, and L. D. Hudson, “Subcutaneous
and mediastinal emphysema. Pathophysiology, diagnosis, and
management,” Archives of Internal Medicine, vol. 144, no. 7, pp.
1447–1453, 1984.

[3] C. M. Zylak, J. R. Standen, G. R. Barnes, and C. J. Zylak, “Pneu-
momediastinum revisited,” RadioGraphics, vol. 20, no. 4, pp.
1043–1057, 2000.

[4] R. J. Mason, V. C. Broaddus, T. R. Martin et al., Mason: Mur-
ray and Nadel’s Textbook of Respiratory Medicine, Saunders,
Philadelphia, Pa, USA, 2010.

[5] T. W. Sadler, Langman’s Medical Embryology, Williams &
Wilkins, Baltimore, Md, USA, 1990.

[6] P. Marchand, “The anatomy and applied anatomy of the medi-
astinal fascia,” Thorax, vol. 6, no. 4, pp. 359–368, 1951.

[7] C. J. Zylak, W. Pallie, and R. Jackson, “Correlative anatomy and
computed tomography: a module on the mediastinum,”
RadioGraphics, vol. 2, no. 555, p. 592, 1982.

[8] M. T. Macklin and C. C. Macklin, “Malignant intertitial em-
physema of the lungs and medicastinum as an important oc-
cult complication in many respiratory disease and other con-
ditions: an interpretation of the clinical literature in the light
of laboratory experiment,” Medicine, vol. 23, p. 78, 1944.

[9] L. Hamman, “Mediastinal emphysema: the frank billings lec-
ture,” Journal of the American Medical Association, vol. 128, p.
6, 1945.

[10] S. Y. Lee, C. Y. Sheu, C. L. Wu et al., “Spontaneous pneumome-
diastinum: a clinical radiologic analysis,” International Journal
of Gerontology, vol. 2, no. 4, pp. 222–228, 2008.

[11] S. Giuliani, A. Franklin, J. Pierce, H. Ford, and T. C. Grikscheit,
“Massive subcutaneous emphysema, pneumomediastinum,
and pneumopericardium in children,” Journal of Pediatric Sur-
gery, vol. 45, no. 3, pp. 647–649, 2010.

[12] B. Levin, “The continuous diaphragm sign. A newly recogniz-
ed sign of pneumomediastinum,” Clinical Radiology, vol. 24,
no. 3, pp. 337–338, 1973.

[13] M. Gurjar, A. Chaudhary, B. Poddar, and A. K. Baronia, “‘Con-
tinuous diaphragm sign’ after endotracheal intubation,” Pedi-
atric Emergency Care, vol. 26, no. 1, pp. 68–69, 2010.

[14] R. L. Lillard and R. P. Allen, “The extrapleural air sign in pneu-
momediastinum,” Radiology, vol. 85, no. 6, pp. 1093–1098,
1965.

[15] J. E. Moseley, “Loculated pneumomediastinum in the new-
born. A thymic “spinnaker sail” sign,” Radiology, vol. 75, pp.
788–790, 1960.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


