Pneumothorax: A Review

Pneumothorax is a pathological condition in which air accumulates within the thoracic cavity.
Pneumothorax affects animals without sex or age predilections; however, it has been suggested
that the Siberian husky breed of dog has a predisposition for spontaneous pneumothorax.
Pneumothorax occurs as the result of trauma or underlying disease and can present a clinical
challenge with regard to diagnostic and therapeutic techniques. Topics reviewed include normal
lung physiology; the pathogenesis, diagnosis, treatment, complications, and prognosis of pneu-
mothorax; and current techniques in animals and humans. J Am Anim Hosp Assoc 2010;46:385-397.
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Introduction

Pneumothorax is a pathological condition characterized by the accumu-
lation of free air or gas within the thoracic cavity. Pneumothorax occurs
when atmospheric air gains access to the pleural space by one of three
pathways: pleurocutaneous, pleuropulmonary, or pleuroesophageal.!
Penetrating trauma to the thoracic wall results in pleurocutaneous air
leakage, while damage to the trachea, bronchi, or lung parenchyma
results in pleuropulmonary air leakage. Pleuroesophageal air leakage
results secondary to esophageal damage and perforation, and it occurs
less frequently than pneumothorax via the other pathways.

Pneumothorax can be classified according to either etiology or patho-
physiology.2:3 When classifying the pneumothorax according to etiology,
it can be described as spontaneous, traumatic, or iatrogenic. When clas-
sifying according to the pathophysiology, pneumothorax can be identi-
fied as open or closed. Less commonly, the pneumothorax can be
classified according to percentage of lung collapse.2 Often, classifying
pneumothorax will utilize a combination of these systems to accurately
describe the pathological condition present.

Pneumothorax is a condition that can severely debilitate an animal no
matter the cause. Pneumothorax occurs as the result of trauma or under-
lying disease and can present a clinical challenge with regard to diagnos-
tic and therapeutic techniques. This paper provides a comprehensive
review of the literature to describe accurate techniques and outline infor-
mation to understand, diagnose, and treat pneumothorax and its compli-
cations. A review of normal lung physiology and the pathogenesis,
diagnosis, treatment, complications, and prognosis of pneumothorax is
provided while relating current techniques in animals and humans.

Normal Lung Physiology

To comprehend the pathogenesis involved with pneumothorax, it is
imperative to understand the normal structure and function of the thoracic
cavity and the dynamic relationship that exists between the lungs and tho-
racic wall. Each lung within the thoracic cavity is covered by a tightly
adhered serous membrane known as the visceral pleura. The visceral
pleura reflects upon itself at the root of each lung and is continuous with
the pleurae lining the mediastinum, diaphragm, and thoracic wall—oth-
erwise known as the parietal pleura. The visceral and parietal pleurae are
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maintained in close apposition by a thin layer of pleural
fluid that allows the lung and thoracic wall to mechanically
interact. This small amount of serous fluid within the pleu-
ral space helps to form a contiguous interaction between the
lung and thoracic wall, and it facilitates smooth movement
of the lung against the thoracic wall and each lung lobe
against the other.

In a healthy animal, the pleural space is a “potential
space” that exists between the lung and thoracic wall. The
intrapleural pressure consists of two forces: those that
oppose the elastic recoil of the lung and those that overcome
the resistance to air and tissue flow.# The intrapleural pres-
sure is subatmospheric (-5 cm of water) at rest and repre-
sents the difference between the forces that recoil and those
that expand the thorax.#5 The prevailing negative pressure
explains why a surgical or traumatic opening of the thoracic
wall results in an influx of air into the pleural cavity and
pulmonary atelectasis.

The mediastinum is the space that exists between each
hemithorax, enclosed by the mediastinal pleurae. Unlike the
pleural cavities, the mediastinum is not a closed cavitys; it is
continuous with the fascial planes of the neck cranially and
the retroperitoneal space caudally. The mediastinum is a
thoracic partition that contains the heart, trachea, esopha-
gus, aorta, and thymus. The capacity and durability of the
mediastinum vary between species. For example, the medi-
astinum in ruminants is thick and can withstand consider-
able pressure differences between the two pleural cavities.
On the other hand, the dog, cat, sheep, and horse have a del-
icate and often fenestrated mediastinum that allows com-
munication between each hemithorax.%7 Consequently, the
dog and cat (in contrast to ruminants and humans) rarely are
presented with a unilateral pneumothorax because of the
often incomplete mediastinal structure.

During inhalation, although it is often not intuitively
clear, the pleural pressure decreases as the thorax enlarges,
and the respiratory muscles work to stretch the elastic lung
and thorax to generate airflow.5 During normal, quiet
breathing, inspiration is active and represents compliance,
or stiffness, of the lungs; expiration is passive, representing
the elastic capacity of the lungs. Thus, the inspiratory mus-
cles distort the lung and thoracic wall from their equilibri-
um position, and the elastic properties of the lungs return
the lungs to their resting position during expiration.4

At the end of normal expiration, the air that remains in
the lungs is known as the functional residual capacity, which
is approximately 45 mL/kg or 40% of the total lung capaci-
ty.5>-8 At this capacity, the pressure in the pleural cavity is
subatmospheric (-5 cm of water), which keeps the lungs
inflated. When exhalation is below the functional residual
capacity, as studied best in human patients under anesthesia
or with full patient cooperation, the stiff thorax increasing-
ly resists deformation. Therefore, the residual volume (the
volume of air at the end of maximal expiration) is deter-
mined by the limits to which the rib cage can be com-
pressed. The elastic recoil of the lungs is effectively
balanced by the tendency of the thoracic wall to recoil in the
opposite direction at the end of expiration.2.?

Pathophysiology of Pneumothorax

When air enters the pleural space, the interaction between
the lung and thoracic wall is lost; the lungs become
atelectatic as the thoracic wall expands.2 The resultant
pneumothorax has both respiratory and cardiovascular con-
sequences. When small amounts of air are introduced into
the pleural cavity, the first respiratory response is often
tachypnea. With tachypnea, a rapid respiratory pattern is
present. As a result, each breath is shallow in depth. This
initial increase in ventilation rate lowers arterial carbon
dioxide, increases blood pH, and results in a respiratory
alkalosis. As the amount of pleural air increases, the respi-
ratory response changes to hyperventilation, characterized
by an abnormally high amount of air present in the lungs to
maintain adequate ventilation.

Hyperventilation has previously been proposed to occur
by two means: the Hering-Breuer reflex and hypoxia.2 The
Hering-Breuer reflex is initiated either by decreased activi-
ty of airway stretch receptors involved in the lung inflation
reflex or by stimulation of other proprioceptors that are acti-
vated by lung deflation. Further, hypoxia triggers the aortic
and carotid chemoreceptors to stimulate hyperventilation
via the respiratory center of the central nervous system.
Although this hypoxia mechanism is hypothesized, the
increase in carotid chemoreceptor activity (and to a lesser
degree, aortic chemoreceptor activity) following pneumo-
thorax cannot be accounted for by changes in blood gases or
blood pressure.!9 In effect, hyperventilation reduces the
physiological dead space in the lung and increases the effi-
ciency of gas exchange to maintain adequate ventilation.2

Dogs, as opposed to humans, can tolerate a greater
degree of pneumothorax of up to 2.5 to 3.5 times the resid-
ual volume by compensating with a remarkable increase in
chest expansion.2:!! Hemingway et al hypothesized that
indirect evidence shows that chest expansion in humans
occurs as it does in dogs to compensate for pneumothorax
of up to 2.75 times functional residual capacity; however,
this hypothesis has not been validated.!! Bennet et al eval-
uated cardiopulmonary alterations in six mature dogs with
progressive degrees of induced pneumothorax at volumes of
50%, 100%, and 150% of the calculated lung volume; dogs
were demonstrated to tolerate a volume of pneumothorax up
to 150% of the calculated lung volume without overt dis-
tress.? The study also concluded that concurrent lung col-
lapse led to a decreased tidal volume and consequently an
increased respiratory rate to maintain adequate ventilation.?

The stress placed on the respiratory system with pneu-
mothorax becomes compounded with a tension pneumotho-
rax. Tension pneumothorax is defined as a progressive
accumulation of air in the pleural space, which cannot
escape. This accumulation of air exerts mechanical pressure
on intrathoracic structures. The animal quickly loses the
ability to compensate for the increased intrapleural pressure
through an increase in chest expansion.2 The thorax
becomes expanded maximally, preventing the inspiratory
muscles (including the diaphragm) from doing work during
the active inspiratory phase of respiration. Subsequently,
respiration becomes severely compromised and may cease.
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The cardiovascular system is equally and negatively
affected by the presence of pneumothorax. In a healthy ani-
mal, the negative intrapleural pressure during inspiration
assists the thoracic pump in delivering blood flow into the
thorax. During expiration, the intrapleural pressure begins
to increase, which compresses the intrathoracic veins. Thus,
blood flow continues in its progression to the heart. With
pneumothorax, a mechanical alteration occurs in this “tho-
racic pump,” and the loss of negative intrapleural pressure
results in a decreased venous return to the heart.
Additionally, hypoxemia (which develops in cases of pneu-
mothorax) can result in pulmonary vasoconstriction with a
subsequent increased pulmonary vascular resistance, right-
sided heart failure, and reduced cardiac output.!2

As pneumothorax progresses, a linear decrease occurs in
the arterial partial pressure of oxygen, likely because of a
ventilation-perfusion mismatch and intrapulmonary shunt-
ing of blood.!:9:13:14 Ventilation-perfusion deficits contribute
to the development of a right-to-left cardiac shunt as blood
circulates through the traumatized or collapsed pulmonary
parenchyma. This shunting decreases gas exchange and low-
ers arterial oxygen concentration and arterial pressure, even-
tually leading to a state of cardiovascular shock. Progressive
pneumothorax results in increasing hypoxemia and diminish-
ing cardiac output. Prompt identification and reversal of these
alterations are essential to the animal’s survival.

Traumatic Pneumothorax

Traumatic pneumothorax has been reported in the literature
as the most common type of pneumothorax that occurs in
the dog, accounting for approximately 50% of all traumatic
chest injuries.!-2:6:12,15 Traumatic pneumothorax is classi-
fied as either open or closed, determined by either the pres-
ence or absence of a penetrating thoracic wound or open

communication between the pleural space and the environ-
ment26 [Figure 1].

Open pneumothorax occurs when trauma to the thoracic
wall results in a direct communication between the pleural
space and the external environment. With an open pneu-
mothorax, air enters the pleural space during inspiration and
often exits during expiration, unless damaged tissue makes
this impossible. With an imperforate mediastinum in
humans, and rarely in dogs and cats, a slight shift in the
mediastinum on inspiration to the contralateral hemithorax
can occur from the increased atmospheric air present. This
results in an atelectatic ipsilateral lung and subsequent
increased pressure on the contralateral lung and medi-
astinum. On expiration, the affected lung can be slightly
inflated from a decrease in pressure as air moves out of the
thorax, nearing a normal intrapleural pressure.

A closed pneumothorax is created secondary to thoracic
damage that leaves the thoracic wall intact. Two theories
exist regarding forces involved in the formation of a closed
traumatic pneumothorax.!2 The first and more accepted the-
ory involves transmission of energy absorbed by the tho-
racic cage at the time of impact to the lungs, resulting in
rapid compression of air. The rapid compression of air
results in a transient increase in airway pressure, shear force
damage to the lung parenchyma, and rupture of alveoli. This
leads to air leakage and local tissue failure. The second the-
ory states that air and fluid exist as different densities, and tis-
sues containing air and fluid at the level of the carina differ in
their rates of acceleration and deceleration at the time of
impact. These varying rates on impact create shear forces that
mechanically stretch and tear airways, allowing air to escape.

Open and closed traumatic pneumothoraces have several
causes. Major causes of an open pneumothorax include bite,
gun shot, and stab wounds; rib fractures; shearing injuries;
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Figure 1—Algorithm outlining the classifications of pneumothorax.
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lacerations; and iatrogenic causes such as thoracostomy
tube removal, needle thoracocentesis, dehiscence of thora-
cotomy incisions, thoracic disk fenestration, thoracic wall
manipulation, percutaneous laser disk ablation, or celioto-
my with concurrent diaphragmatic hernia.l-2:6:16.17 A closed
pneumothorax can result from blunt trauma (i.e., being hit
by a car or kicked) or have an iatrogenic cause (bron-
choscopy, tracheal rupture associated with intubation in
cats, intermittent positive-pressure ventilation, or percuta-
neous lung aspiration).l2:6:18.19 Many causes of closed
traumatic pneumothorax are self-limiting and can resolve
without treatment.!2 Parenchymal lung damage can effec-
tively heal, and the intrapleural air will be resorbed over
time.2 Frequently, spontaneously resolving cases involve
only a small degree of parenchymal lung damage and do not
involve the bronchial tree, as lacerations of the bronchial
tree will remain patent and allow continued leakage of air.2
Development of pneumothorax after transthoracic, per-
cutaneous fine-needle aspiration or biopsy in humans is
reported in up to 61% of procedures.2-29:21 Factors thought
to contribute to the increased risk of pneumothorax include a
large needle diameter, number of pleural punctures,
increased needle dwell time, obstructive lung disease, small
lesion size, and a high skin-to-lesion depth.20.21 McMillan et
al report that fine-needle aspiration with fluoroscopic guid-
ance results in a 16% pneumothorax rate in dogs and cats.?2
Large, penetrating thoracic wounds that result in an open
pneumothorax have been termed “sucking wounds,”
because the influx of air into the pleural space occurs as the
thoracic cavity expands on inspiration.2-0.12 These wounds
may allow high volumes of air into the pleural space, result
in atelectasis of lung lobes, and cause a marked reduction in
ventilation. Depending on the size of the communication
between the pleural space and the external environment, the
intrapleural pressure will either be less than or equal to the
atmospheric pressure.2 Pneumothorax secondary to a pene-
trating thoracic wound may, in rare cases, also result in a
tension pneumothorax. This occurs when a flap of skin or
soft tissue acts as a functional one-way valve that allows air
to enter into the pleural cavity on inspiration; however, air is
unable to escape during expiration. As described previously,
ventilation can become significantly compromised in these
cases, and the animal can quickly experience cardiovascular
shock or death if the pneumothorax is not promptly treated.
Traumatic pneumothorax may also accompany severe
thoracic wall trauma known as flail chest. With flail chest,
several consecutive ribs are fractured, resulting in loss of
continuity of the thoracic wall with the remaining hemitho-
rax. The consequence of this concurrent trauma can be man-
ifested in the lack of ventilatory capacity of the lungs.

Spontaneous Pneumothorax

Spontaneous pneumothorax is defined as a closed pneu-
mothorax in which air accumulates in the pleural space in
the absence of either a traumatic or iatrogenic cause!-
3,6.23.24 [Figure 1]. The most common source of air leakage
is the lung parenchyma; however, other sources include the

esophagus, trachea, and bronchi.23 A spontaneous pneu-
mothorax can be classified as either primary or secondary
based on the history, clinical signs, and diagnostic testing.
When the etiology is unknown, the pneumothorax is classi-
fied as primary, but if an underlying pulmonary disease
process is present, the pneumothorax is classified as sec-
ondary. Animals with primary pneumothoraces are healthy
with an absence of pulmonary disease.!-2:6:23,25

Etiologies of spontaneous pneumothorax in animals
include bullous emphysema, pulmonary blebs, pulmonary
neoplasia, dirofilariasis, Paragonimus spp., tapeworm infes-
tation, Aelurostrongylus abstrusus, bacterial and viral pneu-
monia, migrating foreign bodies, pulmonary abscesses, and
parasitic granulomas.2-3:6,7.23.25-29 Of those listed, all etiolo-
gies result in the development of a secondary pneumothorax
except for bulla and bleb formation, which develop without
a known underlying disease. In humans, secondary sponta-
neous pneumothorax can occur with emphysema, pregnancy,
neoplasia, chronic-obstructive pulmonary disease, tuberculo-
sis, bronchial asthma, and cystic fibrosis.25.30.31

Most cases of spontaneous pneumothorax in dogs and
humans are documented to result from pulmonary blebs and
bullae.3:23-25 A bleb is defined as an air-filled alveolar
dilatation within the visceral pleura, most commonly locat-
ed at the lung apices®23:24 [Figure 2]. Air travels from with-
in the lung parenchyma to the surface of the lung to
accumulate between the internal and external elastic layers
of the visceral pleura, thus forming a bleb.23

A bulla is identified as a nonepithelialized, air-filled
space within the visceral pleura, produced by the disruption
of an intraalveolar septa. Disruption includes destruction,
dilatation, and confluence of adjacent alveoli.[:23 In contrast
to blebs, bullae are located within the connective tissue
septa of the lung and the internal layer of the visceral pleu-
ra. Lipscomb et al describe three types of bullae: types I, II,
and 11123 [Figure 2]. Type I bullae have thin, empty interiors
with a small, narrow connection to the pulmonary parenchy-
ma.23 Type II bullae arise from the subpleural parenchyma
and are connected to the remainder of the pulmonary
parenchyma by a neck of emphysematous lung. The interi-
or is filled with emphysematous lung tissue.23 Type III bul-
lae can be very large and may contain emphysematous lung
tissue that extends deep into the pulmonary parenchyma.?3

Grossly, blebs and bullae appear as “blister-like” lesions
on the apical margins of the affected lung lobes. The similar
appearance between the two makes an accurate diagnosis a
challenge. Blebs and bullae are diagnosed most often in
healthy, middle-aged, or deep-chested dogs that have no pre-
vious history of respiratory problems or lung disease.223 In
a study performed by Puerto et al, 68% of dogs with sponta-
neous pneumothorax were diagnosed with bullous emphyse-
ma.3 Further, this research group identifies Siberian huskies
as having a suggested predisposition for spontaneous pneu-
mothorax because of their overrepresentation in the study.3

In humans, underlying pulmonary disease that results in
a spontaneous pneumothorax could be the result of interfer-
ence of normal function of the proteinase inhibitor, alpha-1
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Figure 2—lllustration of the location and forms of pulmonary blebs and bullae. (A) Pulmonary bleb; (B) a thin-walled bulla
with a narrow connection to the pulmonary parenchyma; (C) a subpleural bulla that is connected to the lung by a stalk of
emphysematous tissue; and (D) a large bulla that extends deep into the pulmonary parenchyma. (Figure used with per-
mission and obtained from: Fossum TW. Soft tissue surgery. In: Fossum TW, ed. Small Animal Surgery. 3rd ed. St. Louis:

Mosby, Elsevier, 2007;Figure 30-12:902.)

antitrypsin, in inhibiting elastase. Alpha-1 antitrypsin has
been suggested to be inactivated in people who smoke. This
inactivation results in an increased elastase-induced destruc-
tion of pulmonary parenchyma and an increased incidence
of spontaneous pneumothorax.6-23:32.33 Primary sponta-
neous pneumothorax has also been discussed in the human
literature to occur in ectomorphic males. These individuals
are thought to have pulmonary collagen defects that, when
combined with an increase in apical pleural pressure, result
in the formation of subpleural blebs and bullae.2:23 A simi-
lar scenario has been suggested to occur in dogs, as most
dogs diagnosed with spontaneous pneumothorax are of a
large breed and are deep-chested; however, this theory has
yet to be proven.2.23

Tension Pneumothorax

Tension pneumothorax occurs more frequently with a
closed, rather than open, pneumothorax and can occur with
either traumatic or spontaneous pneumothorax [Figure 1]. It
is the most severe form of pneumothorax and involves a pro-
gressive accumulation of air in the pleural space that exerts
a mechanical pressure on intrathoracic structures. Tension
pneumothorax is most often the result of pulmonary damage
and a continuous leakage of air during inspiration, but it can
also result secondary to damage to the thoracic wall.
Damaged pulmonary parenchymal tissue acts as a function-
al one-way valve, and the source of the leak is not apparent

when the lung recoils on expiration.20 The continuous
influx of air into the pleural cavity causes an increased
intrathoracic pressure and atelectasis. The increased
intrapleural pressure eventually exceeds atmospheric pres-
sure and results in collapse of the vena cava, decreased
venous return to the heart, cardiovascular collapse, and, if
not quickly treated, death.

Diagnosis
With the most common presentation of pneumothorax being
traumatic, the presence of air within the pleural cavity can
be suspected and/or identified based on a thorough history
and physical examination. Diagnosis of spontaneous pneu-
mothorax caused by pulmonary blebs and bullae is particu-
larly difficult, as the source of air leakage is often not
identified based on the history, physical examination, or
thoracic radiographs.23

Animals with pneumothorax compensate clinically by
adopting a rapid, shallow, restrictive respiratory rate. Thus,
animals may be presented with respiratory distress, tachy-
pnea, coughing, vomiting, lethargy, anxiety, cyanotic or pale
mucous membranes, or exercise intolerance.2:0-23 Animals
may also hypoventilate; however, hypoventilation is most
often noted in animals with a large, open pneumothorax. In
these cases, hypoxemia can quickly develop secondary to a
decreased functional reserve capacity and increased intra-
pulmonary shunting.! The degree of respiratory distress
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depends on the severity and duration of the pneumothorax.
Larger volumes of accumulated air and a more acute pre-
sentation result in a greater degree of respiratory distress.
On clinical evaluation, the animal may have signs indica-
tive of compromise of the thoracic cavity and pleural space,
including fractured ribs, external hemorrhage, subcutaneous
emphysema, a penetrating foreign body, flail chest, or a
“sucking” chest wound.!:2 With severe pneumothorax, tho-
racic auscultation will reveal decreased bronchovesicular
lung sounds dorsally and muffled heart sounds ventrally. The
thoracic wall can be hyperresonant on percussion and may
be acutely tympanic if a tension pneumothorax is present.
To confirm pneumothorax after initial evaluation of the
animal, needle thoracocentesis can be performed using a
butterfly catheter? or a 20- to 22-gauge needleb attached to
an extension set,® three-way stopcock,d and 60-mL syringe®
[Figure 3]. The needle must be long enough to penetrate the
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Figure 3—Thoracocentesis can be performed using a 20-
to 22-gauge needle attached to an extension set (top) or a
butterfly catheter (bottom), a three-way stopcock, and a
60-mL syringe.

pleural space, especially in large or obese animals. For tho-
racocentesis, the animal is placed in sternal recumbency and
provided supplemental oxygen. A small area of the lateral
thorax, extending from the sixth to ninth intercostal spaces,
is aseptically prepared. The needle is slowly inserted cranial
to the seventh, eighth, or ninth rib, with the bevel directed
toward the thoracic wall, just dorsal to the costochondral
junction. Thoracocentesis should be performed on both
sides of the thorax in each animal [Figure 4]. As the needle
is advanced, the syringe is aspirated to allow for recognition
of accurate placement of the needle. Air is then aspirated
from the thorax and released from the syringe through the
three-way stopcock until negative pressure is obtained with-
in the syringe [Figure 5]. If the needle is felt rubbing on the
lungs, the needle should be removed. Important to remember
is that this procedure is diagnostic as well as therapeutic.
Once the pneumothorax has been evacuated, three-view
radiography (i.e., right lateral, left lateral, ventrodor-
sal/dorsoventral) is important to evaluate the thoracic cavity
for evidence of lung disease that could have resulted in the

Figure 4—The needle is inserted cranial to the seventh,
eighth, or ninth rib. The syringe is used to evacuate free air
within the thorax. Note the three-way stopcock occluding the
free port to allow for air to be suctioned out of the thorax.

Figure 5—Aspirated air is released from the syringe with
the three-way stopcock appropriately positioned to occlude
the animal port.

pneumothorax in the absence of obvious trauma [Figures 6,
7A, 7B]. Radiographs should never be taken in an unstable
animal, as survival can be compromised. In addition,
views that can result in further distress or anxiety, such as
a ventrodorsal view, should be avoided in the critical case.
Animals with a high index of suspicion for pneumothorax
should undergo thoracocentesis prior to radiographic
examination. Radiography is an excellent means of accu-
rately diagnosing spontaneous pneumothorax; however,
radiographic diagnosis of bullae and blebs or their location
and number is more challenging.23 Accuracy for diagnos-
ing blebs and bullae via radiographs in humans ranges
from about 10% to 60.5%. In dogs, the accuracy is even
lower, between zero and 50%.24 The severity of the pres-
ence of a bleb or bullae is often underestimated in the ani-
mal species. Serial radiographs may be helpful to identify
bullous emphysema.3
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Figure 6—Radiograph of a mild pneumothorax. Note the
retraction of lung lobe margins.

Radiographic diagnosis of pneumothorax requires differ-
entiation between intrapulmonary air and free air in the
pleural space.!-2 In the presence of free pleural air, the lungs
quickly become atelectatic and appear more radiopaque
than the free pleural air and normal lung!:® [Figure 6].
Distinguishing between free air in the pleural space and
lung parenchyma is based on the presence or absence of
vascular patterns in the area of interest. In addition, air in
the pleural space makes the heart appear elevated from the
sternum on a recumbent lateral view.2 It is important to
remember that elevation of the cardiac silhouette away from
the sternum may not be seen if the animal is in a standing
position and horizontal beam radiography is performed.
Traumatic pneumothorax may not be obvious radiographi-
cally, as the free pleural air is often removed for stabiliza-
tion of the animal prior to radiography; however, typically
some residual air is present within the pleural space and
knowledge exists of a previously performed thoracocente-
sis. With a tension pneumothorax, radiographs may show a
mediastinal shift to the contralateral hemithorax, widened
rib spaces, and flattening of the hemidiaphragm on the
affected side.

Additional important diagnostics for pneumothorax
include computed tomography (CT) and thoracoscopy.6:15.24
Computed tomography is advantageous for identification of
the number, size, and location of the lesions and evaluation
of surrounding structures. In humans, CT is a more sensitive
method than radiography for detection of blebs and bul-
lae.624.25 In human literature, accuracy has been document-
ed to range from 88% to 91%.24 In dogs, Au et al showed
that CT identified 2.5 times more lesions than conventional
radiography.24 Identification of primarily blebs and bulla is
made by visualizing areas of low attenuation and vascular
alteration. Important to note is that as severity of the pneu-
mothorax increases, it becomes more difficult to identify the
decreased attenuation and alteration in vascular pattern
because of displacement of atelectatic lung tissue.?4 As a

Figures 7A, 7B—(A) Left lateral and (B) ventrodorsal
radiographs of a dog with a moderate spontaneous pneu-
mothorax. Note the expanded rib cage (VD), elevation of
the heart from the sternum (lateral), and lung lobe retrac-
tion bilaterally (VD); VD=ventrodorsal.

result, Au et al recommend maintaining continuous suction
of the pleural cavity during the CT scan or performing tho-
racocentesis just prior to the CT scan.24

Video-assisted thoracoscopic surgery was first described
in the human literature in 1992.34 Diagnostic thoracoscopy
is a minimally invasive technique now routinely used in
both human and veterinary medicine. Video-assisted thora-
scopic surgery permits examination of the thoracic cavity
using various scopes, including a 10-mm or 5-mm laparo-
scope or a 2.7-mm arthroscope, depending on the size of the
animal.!5:34 This technique allows for identification of the
exact site of air leakage and the extent of pulmonary
involvement, determination of whether the disease is focal
or diffuse, and accurate planning of surgical approaches.!>
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Emphysematous degeneration of lung can be evaluated, and
determination can be made regarding whether the lesions
are localized and resectable or diffuse, involving multiple
lung lobes. Migrating foreign bodies that have penetrated
into the pleural space may be identified. This relatively safe
and effective procedure provides an additional method of
obtaining important diagnostic information with minimal
invasion.15

Treatment

The treatment of pneumothorax depends on the cause,
severity, and clinical presentation of the animal. Initial treat-
ment should focus on stabilizing the animal with strict rest,
oxygen supplementation, and thoracic drainage. Open tho-
racic wounds are immediately addressed by sealing the
lesion(s) with an occlusive bandage and subsequently evac-
uating the pleural space of air.1:2:6:12 These two events
should occur almost simultaneously.

Needle thoracocentesis, as previously described, is often
the first treatment option in traumatic cases of pneumotho-
rax. Prompt removal of air via thoracocentesis can immedi-
ately provide respiratory relief and allow for a concurrent
diagnosis of pneumothorax. Thoracocentesis, especially in
traumatic cases, is necessary prior to radiography for stabi-
lization of the animal. Depending on the rate of air accumu-
lation, needle thoracocentesis may not be adequate, and a
tube thoracostomy may be required. Puerto et al identify the
need for tube thoracostomy when needle thoracocentesis is
performed more than two times within a 24-hour period and
accumulation of free air is continual.3

Tube thoracostomy is performed using a thoracostomy
tube,f connector piece,® and syringe or continuous-suction
unith [Figure 8]. Commonly used tubes are made of polyvinyl

.:,m
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Figure 8—A tube thoracostomy is performed using a chest
tube (often containing a trocar), connector piece, three-way
stopcock, and either a syringe or continuous-suction unit. A
surgical blade to make the skin incision and silk suture to
secure the tube after placement are also needed.

chloride and contain a metal trocar to allow for ease of tube
placement. The clinician must be aware that using the trocar
improperly can result in perforation of lung or heart tissue.
The size of the thoracostomy tube should approximate the
diameter of the mainstem bronchus; however, smaller tube

diameters may be adequate for removal of air.® Many com-
mercial tubes contain a radiopaque line that allows for iden-
tification of the tube on radiographs to ensure appropriate
placement.

Thoracostomy tubes are placed using several methods,
one of which is outlined here. With the animal under gener-
al anesthesia, the ribs are identified and the lateral thorax is
aseptically prepared and appropriately draped for tube place-
ment [Figure 9]. A small skin incision is made in the dorsal

i

Figure 9—Example of a dog in lateral recumbency with the
cranial borders of the eighth and 11th ribs outlined for ref-
erence points. Note that the dog is not draped as would
occur in the clinical situation, allowing the focus to remain
on technique and landmarks.

third of the thoracic wall, at the level of the 11th thoracic rib,
to allow for entry of the thoracostomy tube and trocar
[Figure 10]. The tube and trocar are advanced cranially and

Figure 10—A small skin incision is made at the level of the
11th thoracic rib to allow for entry of the thoracostomy
tube. The incision should only be large enough to accom-
modate the tube diameter.

ventrally through the skin incision within the subcutaneous
tissue to approximately the eighth or ninth intercostal space
[Figures 11, 12]. The tube should be placed perpendicular to
the chest wall with the tube and trocar in the eighth or ninth
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Figure 11—The tube and trocar are inserted into the sub-
cutaneous tissue through the skin incision.

Figure 12—The tube and trocar are advanced through the
skin incision cranially within the subcutaneous tissue
approximately two to three intercostal spaces.

rib space. One hand is placed on the tube 1 to 2 cm from the
body wall, and the other hand is used to “pop” the trocar into
the thorax, thus preventing damage to thoracic structures
[Figure 13].

Alternatively, forceps can be used to dissect down to the
pleura, allowing the thoracostomy tube to be inserted via the
dissection path. Regardless, once the thoracostomy tube is
advanced into the thorax, it is slid off the trocar and occlud-
ed with an atraumatic clamp! or C-clamp to prevent influx
of air into the thorax [Figure 14]. The tube is appropriately
attached to a connector piece (i.e., tube adaptor, three-way
stopcock) [Figure 15]. The tube is secured in place using a
horizontal mattress or purse-string suture pattern in the skin
and a Chinese finger trap (or a variation thereof) subse-
quently around the tube3> [Figures 16, 17].

A continuous-suction unit may be required if free air
continues to rapidly accumulate within the pleural space
[Figures 18, 19]. Two-bottle and three-bottle systems are
available for veterinary use, and approximately 15 to 20 cm
of negative pressure is applied to the thorax to remove air.
The system must be constantly monitored for leaks, as fail-
ure of the system can result in acute respiratory distress.

Figure 13—The tube and trocar are maneuvered to
become perpendicular to the skin and are “popped” into
the thorax through the intercostal space of choice.

Figure 14—The thoracostomy tube is occluded after the tube
is advanced into the thorax and before the trocar is removed.
Note the trocar is still within the thoracostomy tube.

Potential failure sites within the system can be located with-
in the thoracostomy tube, connector pieces (i.e., tube adap-
tor, three-way stopcock), or the suction unit tubing. If a leak
in the system is suspected, the thoracostomy tube should be
immediately clamped close to the animal. Thoracostomy
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Figure 15—This figure demonstrates appropriate attach-
ment of the thoracostomy tube to a tube adaptor and
three-way stopcock.

Z |
Figure 16—Demonstration of a horizontal mattress suture
through the skin and a variation of the Chinese finger trap
to appropriately secure the thoracostomy tube.

tubes possess measurements that allow one to identify if the
tube is backing out. If the tube is found to be secured to the
body wall appropriately, all of the connector sites are evalu-
ated for potential sites of leakage. If the leak is found to be
within the thoracostomy tube, temporary occlusion of the
tube should resolve the leak. If the leak is within the suction
unit tubing, a hissing sound can be heard, air should continue
to enter into the system distal to the clamped thoracostomy
tube, and the suction unit will appear to continue to remove
air. To help ensure a secure system, all connection sites and
three-way stopcocks can be secured with suture or tape.

As atelectic lung reexpands with air, bubbling within the
water seal chamber will slowly disappear. Continuous bub-
bling indicates an unresolved pneumothorax. If the animal
must remain on continuous suction for more than 3 to 5
days, surgical intervention is often indicated.!

While the treatment of choice for spontaneous pneumo-
thorax is surgical intervention,®23 many animals with trau-
matically induced pneumothorax can be successfully treated
conservatively. Cage rest initially is important to prevent con-
tinuous friction between the visceral and parietal pleura and
to promote fibrin sealing of any bronchopleural fistulae.2 The
resorption rate of free thoracic air in humans who are breath-
ing room air has been reported to be 1.25% per day.? This

Figure 17—Alternate method of securing a thoracostomy

tube. The tube is secured using an adhesive catheter fas-
tener. In addition, note the variation in the three-way stop-
cock identifying the “off” port and an injection cap securing
closure of the system.

Figure 18—Example of a commercial, three-canister,
continuous-suction unit attached to a thoracostomy tube.

percentage is increased to approximately 4% when supple-
mental oxygen is provided.2 Absorption of air is dependent
on the diffusion gradient of nitrogen; therefore, supplemental
oxygen can hasten the resolution of pneumothorax by effec-
tively lowering blood nitrogen concentrations and increasing
absorption of nitrogen in the pleural space.!8.25

Conversely, animals with sucking wounds, flail chest, or
large-volume, unresolved pneumothoraces will need surgi-
cal intervention. Recent retrospective studies suggest that
early surgical intervention results in lower pneumothorax
recurrence rates and higher success rates.3:24:34.36 The
recurrence rate with surgery (3%) was significantly lower
than without surgery (50%) in one study. The current rec-
ommended surgical approach for spontaneous pneumotho-
rax is a median sternotomy.3:6:15.23 The entire thorax should
be visible to accurately assess the presence of multiple
lesions. A lateral thoracotomy is reserved for those cases in
which the disease is localized to a single lobe, necessitating
a lung lobectomy. In many cases, the source of pneumotho-
rax can be identified; however, in cases where very little
gross lung pathology exists, the site of air leakage can be
localized using sterile saline solution. With this technique,
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Figure 19—Example of a homemade
Atmospheric three-bottle system for continuous pleu-
From et ral drainage. (Figure used with permis-
pleural To sion and obtained from: Fossum TW.
s - ~ suction Soft tissue surgery. In: Fossum TW, ed.
—— > > - Small Animal Surgery. 3rd ed. St. Louis:
Mosby, Elsevier, 2007;Figure 30-
20:909.)
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the thorax is filled with saline and observed for bubble for-
mation during expansion of the lungs, which indicates a site
of air leakage. In addition, filling the thorax with sterile
saline after diseased tissue has been removed is beneficial to
ensure that the site of removal does not contain a leak that
will result in a postoperative pneumothorax.

Therapeutic thoracoscopy has been used in humans and
has been successfully used to perform a partial lung lobec-
tomy in one dog with a solitary lesion within the right cra-
nial lung lobe.3 Bilateral thoracoscopy may be required to
perform an effective evaluation of the entire thorax. Using
thoracic CT and magnetic resonance imaging scans to accu-
rately identify the affected lung lobes in dogs with sponta-
neous pneumothorax may result in thoracoscopy becoming
a greater utilized tool in treating localized lesions.>

Pleurodesis and chemical sclerosants have been utilized in
attempts to decrease recurrence rates in humans and animals
with repeated or persistent pneumothorax.!.2:6,23,34.36,37
Pleurodesis, which is the creation of adhesions between the
parietal and visceral pleurae, can be performed thoracoscopi-
cally or via thoracotomy through indwelling thoracostomy
tubes. Healing or damaged pleura is prone to adhesion for-
mation in some species; however, dogs and cats seem to resist
pleurodesis.23-36 In humans, dry sponge abrasion of the vis-
ceral pleura during thoracotomy is the preferred method of
pleurodesis.2-37 Also described is intrapleural injection of
tetracycline and, more recently, sterile talc to incite a sterile
pleuritis and obliteration of the pleural space.37 The increased
thickness of the pleura after pleurodesis is thought to dis-
courage the formation and rupture of pleural blebs, and the
adhesions that form help to prevent future pneumothorax.

Pleurodesis in dogs has been thought to prevent recurrence
of pneumothorax; however, recommendations made in the
veterinary literature are based primarily on retrospective
human studies or experimental work in rabbits and pigs.3¢
Jerram et al tested both talc slurry and mechanical abrasion in
10 dogs and found that both failed at adequately obliterating

the pleural space.30 With mechanical abrasion, only 15% to
21% of the thoracic wall surface area was covered with adhe-
sions, while no adhesions occurred with use of the talc slur-
ry.36 Mechanical abrasion is thought to perhaps limit air
leakage from pulmonary blebs or bullae; however, Jerram et
al concluded that further studies would be required to evalu-
ate the role of pleural fibrosis and fibrinolysis in the success
of pleurodesis.

Complications and Prognosis

In dogs, the recurrence rate associated with medically man-
aged, primary spontaneous pneumothorax is significant,
whereas traumatic pneumothorax rarely recurs if the under-
lying cause is properly treated.3:6 Puerto et al identify a 3%
postoperative recurrence rate of spontaneous pneumothorax
compared to a 50% recurrence rate with conservative man-
agement.3 Baumann identifies a recurrence rate of 31.8% in
primary spontaneous pneumothorax and 43% in secondary
spontaneous pneumothorax in humans.33 Previous reports
in human literature suggest that recurrence occurs in <33%
of patients with a single pneumothorax, while three tempo-
ral episodes of pneumothorax result in a 60% to 70% recur-
rence rate.20:34

Reexpansion pulmonary edema is a well-documented
phenomenon in humans and also has been documented in
animals that have had pleural air evacuated rapidly with
chronic atelectasis secondary to pneumothorax.2-8:38:39 The
onset varies from immediate to 24 hours in humans and
immediate to 2 hours in animals.38 The edema appears
worse if a continuous-suction unit is used to evacuate the
thorax, and the resulting edema and hypoxia have proven
fatal in some cases. The exact etiology of reexpansion pul-
monary edema is not known, but clinical and experimental
evidence supports increased pulmonary vasculature perme-
ability as a major factor.38:39 Additional contributing factors
reported include decreased surfactant, hypoxia, and reperfu-
sion injury.38 Minihan et al report that in order to prevent
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pulmonary barotrauma and reexpansion pulmonary edema,
positive-pressure ventilation in anesthesia related to repair
of chronic diaphragmatic hernias should not exceed 20 cm
of water.17

Prognosis for traumatic pneumothorax is good to excel-
lent if the animal is treated prior to developing severe clini-
cal signs. Dogs and cats with spontaneous pneumothorax
have a good prognosis; however, recurrence without surgery
can occur commonly. Lipscomb et al followed dogs for a
median time of 19 months after surgical management of
pneumothorax, and no recurrence was reported.23 Puerto et
al identify a mortality rate of 12% for 33 dogs treated with
surgery for pneumothorax; the mortality rate increased to
53% in 15 dogs treated without surgery.4

Conclusion

Pneumothorax results in significant alterations in respirato-
ry and cardiovascular physiology. Diagnosis involves per-
forming a complete physical examination and appropriately
evaluating the findings. Treating pneumothorax involves
removal of free air from the thorax as well as diagnosing
and treating the underlying cause of the pneumothorax.
Various medical and surgical treatment options are avail-
able, with the best option being determined by thorough
evaluation and identification of the underlying etiology. The
best treatment option is the one that allows the animal the
best prognosis for survival and decreased chance of recur-
rence. Addressing complications and recurrence are impor-
tant to maximize the prognosis.

Footnotes

2 Trans IV A winged infusion set; Abbott Laboratories, North Chicago,
IL 60064

b Monoject polypropylene hub hypodermic needle; Tyco Healthcare
Group L.P., Mansfield, MA 02048

€ Microbore extension set; Hospira, Lake Forest, IL 60045

d Kendall three-way stopcock; Tyco Healthcare Group L.P., Mansfield,
MA 02048

€ 60-mL syringe with luer lock tip; Terumo Corp., Somerset, NJ 08873

f Argyle polyvinyl chloride trocar thoracic catheter; Tyco Healthcare
Group L.P., Mansfield, MA 02048

€ Chest tube drain adaptor with three-way stopcock, clamp, adaptor; Mila
International, Inc., Erlanger, KY 41018

h Argyle Thora-Seal III chest drainage unit; Tyco Healthcare Group L.P.,

~ Mansfield, MA 02048

1 Towel clamp; Jorgensen Laboratories, Inc., Loveland, CO 80538
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