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and congenital lobar emphysema in a young
dog with tension pneumothorax: a rare
congenital pulmonary anomaly
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Abstract

Background: Pulmonary hypoplasia (PH) and congenital lobar emphysema (CLE) are very rare congenital pulmo-
nary anomalies in veterinary medicine. PH refers to the incomplete pulmonary development due to embryologic
imbalance of bronchial development between the lung buds, while CLE is defined as alveolar hyperinflation due to
bronchial collapse during expiration caused by bronchial cartilage dysplasia, external bronchial compression, and
idiopathic etiology. CLE may develop into pulmonary blebs or bullae that may rupture and induce a spontaneous
pneumothorax. There are no reports on concurrent PH and CLE in animals.

Case presentation: A 7-month-old castrated male Italian Greyhound weighing 5.5 kg presented with vomiting and
acute onset of severe dyspnea without any previous history of disease. After emergency treatment including oxy-
gen supplementation and thoracocentesis, plain radiology and computed tomography scanning were performed
and lobar emphysema with multiple bullae in the left cranial lung lobe associated with tension pneumothorax was
identified. Since the pneumothorax was not resolved despite continuous suction of intrathoracic air for 3 days, a
complete lobectomy of the left cranial lung lobe was performed. The excised lobe was not grossly divided into cranial
and caudal parts, but a tissue mass less than 1 cm in size was present at the hilum and cranial to the excised lobe.
Postoperatively, the dog recovered rapidly without air retention in the thoracic cavity. Histopathologically, the mass
was identified as a hypoplastic lung tissue with collapsed alveoli, bronchial dysplasia, and pulmonary arterial hyper-
trophy. Additionally, the excised lung lobe presented CLE with marked ectasia of alveoli, various blebs and bullae, and
general bronchial cartilage dysplasia. According to gross and histopathologic findings, the dog was diagnosed with
concurrent PH and CLE in the left cranial lung lobe. During 16 months of follow-up, the dog was well and without any
respiratory problems.

Conclusions: This case report confirmed the clinical and histologic features of two different types of rare congenital
pulmonary anomalies, PH and CLE, which occurred concurrently in a single lung lobe of a young dog. The condition
was successfully managed with lobectomy.
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Background

Pulmonary hypoplasia (PH) and congenital lobar emphy-
sema (CLE) are rarely reported congenital pulmonary
anomalies in animals [1-5]. PH is a type of pulmonary
agenesis that refers to the incomplete development of
the pulmonary tissue [6]. It is classified into primary and
secondary PH, that primary PH may result from lack of
specific factors required for normal pulmonary develop-
ment, and secondary PH is caused by other abnormalities
such as abnormal thoracic cavity, abnormal fetal breath-
ing movements, increased pressure of fetal lung fluid, and
congenital heart disease with poor pulmonary blood flow
[7]. In human medicine, it is suspected to be caused by
the failure of the bronchial development to divide equally
between the two lung buds, and predominately occurs in
the left lung lobe than in the right lung lobe [6].

CLE is defined as alveolar air accumulation causing
hyperinflation of the lung lobes due to abnormal dynamic
airway collapse [8]. Dynamic airway collapse normally
occurs at the end of the expiratory phase, but in CLE
cases, it occurs at an improper time and manner that
does not permit air elimination during expiration causing
alveolar hyperinflation and increased expiratory intraal-
veolar pressure [8—11]. In humans, this pathophysiol-
ogy of CLE was caused by three causes such as bronchial
cartilage dysplasia leading to abnormal bronchial col-
lapse during expiration, external bronchial compression
from a deformed blood vessel, and idiopathic cases [4, 5].
This abnormal entrapment of air in the alveoli leads to
progressive emphysema and development of pulmonary
blebs or bullae that may rupture, inducing a spontaneous
pneumothorax [9-11].

This study describes a canine case with two unusual
congenital pulmonary anomalies (PH and CLE) in a sin-
gle lung lobe with associated tension pneumothorax. To
the best of the authors’ knowledge, this is the first report
of two different types of congenital pulmonary anomalies
occurring concurrently in a single lung lobe of a dog.

Case presentation

A 7-month-old castrated male Italian Greyhound, weigh-
ing 5.5 kg was presented with vomiting and acute onset
of severe dyspnea. According to the owner, the dog
had been otherwise healthy without any relevant his-
tory. The dog had vomited several hours before attend-
ing the veterinary clinic, and subsequently, developed
severe dyspnea after vomiting. On initial examination
by the referring veterinarian, the dog was tachypneic
(50 breaths/min). A large amount of air accumulation
was observed in the left pleural space by radiographic
evaluations done by the referring veterinarian. Left-sided
thoracocentesis was performed with evacuation of 1.5 L
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of air from the thoracic cavity. After thoracocentesis,
the dog was referred to the Veterinary Medical Teaching
Hospital as an emergency case.

On physical examination, the dog was alert and respon-
sive with normal mucous membrane color and normal
capillary refill time. The dog had a rectal temperature
of 38.2 °C, pulse rate of 160 beats/min and a respiratory
rate of 60 breaths/min showing labored breathing. The
auscultation revealed indistinct heart and lung sounds
on the left side of the thorax, but normal auscultation
on the right side. Plain thoracic radiographs revealed the
accumulation of a large volume of air in the left pleural
cavity inducing displacement of diaphragm and medi-
astinum, and a hyperlucent left cranial lung lobe (Fig. 1).
After emergency treatment including oxygen supple-
mentation and thoracocentesis, computed tomography
(CT) scanning was performed under general anesthe-
sia and mechanical ventilation for further investigation.
The CT images revealed the left-sided tension pneumo-
thorax and emphysematous left cranial lung lobe with
several bullae (Fig. 2). On CT scanning images, the left
cranial lung lobe appeared as a single lobe with a single
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Fig. 1 Right lateral (a) and dorsoventral (b) thoracic radiographs
before emergent thoracocentesis. Large volume of air is retained

in the left pleural cavity representing loss of sternal contact of the
heart, gas in the left hemithorax, right mediastinal shift, and caudal
displacement of the diaphragm with diaphragmatic tenting. The

left cranial and caudal lung lobes are collapsed, while the left cranial
lung lobe is hyperlucent with scant vascular markings (white arrows)
compared to the other collapsed lung lobes
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Fig. 2 Post-contrast dorsal (a) and transverse (b—d) computed tomography scanning images of the thorax after emergent thoracocentesis. a Large
volume of air is still identified in the left hemithorax. The left cranial lung lobe is hyperlucent and emphysematous with scant vascular markings
(yellow arrows). Left cranial bronchus does not divide into cranial and caudal parts, and only the single lobar bronchus is identified in the left
cranial lung lobe (white arrow). The white dotted lines and the lowercase letters b, ¢, and d represent the sections corresponding to the transverse
images of b—d respectively. b—d Several round thin-walled pulmonary bullae of various sizes (red arrows) are observed in the hyperlucent and
emphysematous left cranial lung lobe (yellow arrow)

I

Left caudal lung lobe)

Fig. 3 Intraoperative photograph of left fifth intercostal thoracotomy. a The left cranial lung lobe is overinflated with emphysema (white
arrowheads) and small to large sized bullae (white arrows). b After removal of the left cranial lung lobe (yellow arrow), a totally collapsed left caudal
lung lobe (white arrow) is identified, which re-inflated slowly (white arrowheads) after positive pressure ventilation. ¢ The left cranial lung lobe is not
divided, but a small tissue is identified at the cranial hilum of the excised lung (white arrow). d A line drawing illustration of the left lateral view of
the lung shows that a normal size and shape of CrLtCr (dotted line) is not identified, and a hypoplastic lung is observed at the anatomical location
of CrLtCr (bold solid line encircling gray hatching). (CrLtCr: Cranial part of left cranial lung lobe, CauLtCr: Caudal part of left cranial lung lobe, LtCau:

lobar bronchus that was not divided into cranial and
caudal parts (Fig. 2a). Based on these findings, CLE and
a ruptured pulmonary bulla were the most likely cause
of the tension pneumothorax. After CT examination, a
left-sided thoracostomy tube was placed, and continuous
suction with a three-bottle system providing 10 to 15 cm
negative pressure was applied for 3 days because of the
rapid accumulation of air. Since the amount of air in the
thoracic cavity did not decrease despite continuous suc-
tion, a surgical treatment was decided upon to remove
the affected left cranial lung lobe.

The dog was premedicated with cefazolin (20 mg/
kg intravenously [IV]), butorphanol (0.2 mg/kg IV),
famotidine (0.5 mg/kg IV), and midazolam (3 mg/

kg IV). After induction with propofol (4 mg/kg IV),
the patient was intubated with an endotracheal tube
and maintained with isoflurane (2%) in oxygen. Left
fifth intercostal thoracotomy was performed in a rou-
tine fashion. The left cranial lung lobe appeared to be
emphysematous with several small bullae and a large
bulla, which was confirmed as the source of air leakage
(Fig. 3a). A complete lobectomy of the left cranial lung
lobe was performed using a thoracoabdominal stapler
(DSTseries " TA 30 mm Stapler, Covidien). The remain-
ing left caudal lung lobe appeared to be collapsed, but
its re-inflation was confirmed after positive end pres-
sure ventilation (Fig. 3b). On inspection of the removed
left cranial lung lobe, there was no division into cranial
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and caudal parts, but a tissue mass that was flat and
less than 1 c¢cm in size was attached to the hilum of the
left lung lobe and located cranial to the left cranial lung
lobe (Fig. 3c, d). Before closing the thoracotomy site,
the thoracic cavity was filled with warm saline to detect
any air leakage. A thoracostomy tube was placed and
the intercostal thoracotomy was closed with 2-0 polydi-
oxanone sutures around the ribs near the incision. Posi-
tive end pressure ventilation was maintained during the
slow evacuation of the air from the thoracic cavity via
the thoracostomy tube.

The dog recovered smoothly from anesthesia without
any complications. Postoperatively, the dog exhibited
a normal condition without dyspnea, and air retention
was not identified in the thoracic cavity on postoperative
radiographs. The radiographs revealed adequate expan-
sion of the collapsed left caudal lung lobe. For postop-
erative analgesia, a continuous rate infusion of fentanyl
(0.004 mg/kg/h) and lidocaine (1.2 mg/kg/h) was admin-
istered for 24 h postoperatively, followed by oral carpro-
fen (2.2 mg/kg) and tramadol (4 mg/kg) twice daily for
7 days. The dog was discharged on the fifth postopera-
tive day after removal of the thoracostomy tube. During
16 months of follow-up, the dog stayed well without any
respiratory or radiographic abnormalities.
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The excised left cranial lung lobe and tissue mass
attached to it were histologically examined. The mass
was identified as completely atelectatic lung tissue that
was suspected to be the cranial part of the left cranial
lung lobe (CrLtCr) based on its anatomical location. In
the section, most alveoli had collapsed and bronchioles
appeared to be somewhat dysplastic with normal colum-
nar type epithelial cell lining. There were also areas of
disorganized cartilage plate morphology and excessively
smaller airways that may represent tertiary bronchi with-
out adjacent cartilage plates (Fig. 4a). There was indica-
tions of hypertrophy of the medium-sized pulmonary
arteries with vascular proliferation (Fig. 4b). The excised
left cranial lung lobe, thought to be the caudal part of the
left cranial lung lobe (CauLtCr), based on the anatomical
location and shape, was characterized by the presence of
emphysematous lung tissue, with marked ectasia of the
alveolar lumens and terminal bronchioles and occasional
formation of blebs and bulla (Fig. 4c). The classification of
blebs and bullae was made by those location in the lung,
that the bleb was found between the lung parenchyma
and visceral pleura and the bulla was within the emphy-
sematous parenchyma. Despite blebs is usually consid-
ered to be smaller than bullae, the diameters of the bleb
and the bulla measured approximately 7 mm and 4 mm,

Fig. 4 Photomicrograph of the excised left cranial lung lobe. a, b Small tissue mass attached to the excised lung: a disorganized cartilage
plates with narrow underdeveloped airway lumens are observed. The arrow shows a tertiary bronchi with a dysplastic cartilage plates. Bar:

100 pm; b hypertrophic vessel (white arrow) and an area of bronchial cartilage dysplasia (black arrow). Bar: 100 um. ¢, d The excised lung lobe: ¢
Emphysematous alveoli and terminal bronchioles. Bar =500 um; d Bulla (Bu) and bleb (B) of approximately 4 and 7 mm in diameter were identified

within the parenchyma and below the visceral pleura, respectively. Bar: 2 mm. a-d Hematoxylin and eosin stain
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respectively (Fig. 4d). This specimen also revealed that
the cartilaginous plates lining the smaller or medium-
sized bronchi appeared to be dysplastic and occasionally
underdeveloped. According to the gross and histopatho-
logical findings, the excised pulmonary tissues were con-
firmed to have PH of CrLtCr and CLE of CauLtCr.

Discussion and conclusions
PH can be diagnosed by gross findings, ratio of lung to
body weight, and radial alveolar count, the number of
alveoli bisected by the line drawn from the center of a
respiratory bronchiole perpendicular to the nearest sep-
tal or pleural border [12, 13]. Particularly in human med-
icine, the objective guideline for using the weight of the
lung and the histopathological measuring of the radial
alveolar count was established for the diagnosis of PH in
neonatal necropsy [13]. We could not equally apply the
guideline for the diagnosis of PH in this case, because
we could not weigh the entire lung in the living patient
nor histologically measure the radial alveolar count due
to lobar atelectasis leading to alveolar deflation. Instead,
we diagnosed the tissue as PH based on gross and histo-
pathological findings since the tissue size was small and
represented characteristic histological features of PH
including limited amounts of lung parenchyma, bron-
chioles and supporting vasculature, and hypertrophy of
the pulmonary arterial walls [12]. CT scanning revealed
the presence of the left cranial lung lobe appearing as a
single lobe, without any cranio-caudal division; the hypo-
plastic lung was not visualized on CT. However, gross
examination indicated the hypoplastic lung to be located
cranial to the hilum of the excised left cranial lung lobe,
and the anatomical location enabled its identification as
the CrLtCr. Considering the young age of the dog and no
obvious cause of secondary PH such as congenital abnor-
malities of lung, thoracic cavity, and heart, it was consid-
ered as primary PH, which could result from abnormal
embryologic development due to idiopathic deficien-
cies in transcription factors or growth factors [6, 7]. In
humans, developmental abnormality is assumed to be
the cause of primary PH and in the failure of the bron-
chial development to divide equally between the two lung
buds, eventually leading to disproportionate develop-
ment of both lung lobes [6]. When PH occurs in isolated
lung lobes rather than systemically, it is asymptomatic
and does not require special treatment as reported in
human and veterinary medicine [1, 6, 12]. In this case,
it was found incidentally after resection of the left cra-
nial lung lobe for the removal of the CLE and a ruptured
bulla.

In the dog described here, the CauLtCr was con-
firmed affected by CLE with the presence of occasional
blebs and bullae, and moreover, the affected lung lobe
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exhibited bronchial cartilage dysplasia. Bronchial car-
tilage dysplasia is one of the three pathological hall-
marks of CLE in humans that has been presumed to be
strongly associated with the development of CLE [4, 5].
Defective development of the bronchial cartilage may
lead to bronchial collapse during expiration [8, 14]. This
abnormal airway collapse traps air in the lower respira-
tory tract leading to lobar emphysema [8, 14]. Bron-
chial dysplasia is one of the most common histological
finding of lung biopsy in veterinary and human cases
of CLE [2-4, 15-17]. Bronchial cartilage dysplasia was
also found in the hypoplastic CrLtCr.

The concurrent occurrence of PH and CLE in a sin-
gle lobe of the lung may explain how two different con-
genital pulmonary anomalies triggered a potentially
fatal tension pneumothorax in this dog. Hypoplastic
lung lobes have been reported to cause compensa-
tory hypertrophy of the contralateral lung lobes, indi-
cated by increased airflow [1, 12]. In this case, PH of
the CrLtCr could lead to compensatory hypertrophy of
the CauLtCr, and the increased airflow would increase
the accumulation of air at the level of alveoli, causing
rapid progression of CLE and multiple blebs and bul-
lae of various sizes to form, eventually leading to the
accumulation of air between the visceral pleura and
the lung parenchyma [18]. Concurrent occurrence of
bleb and bulla suggests that alveolar hyperinflation may
have occurred extensively throughout the entire lung
lobe from the edge to the core of the pulmonary paren-
chyma. This broadly occurred alveolar hyperinflation is
probably due to the bronchial dysplasia which is gen-
erally distributed in the lobe, and compensatory hyper-
trophy caused by PH may have aggravated the CLE and
extensive bleb/bulla. Therefore, the concurrent occur-
rence of PH and CLE in a single lung lobe may have
lead to extensive bleb/bulla formation which eventually
induced a potential fatal spontaneous tension pneumo-
thorax in the dog.

Tension pneumothorax should be treated immediately
as it will otherwise be fatal due to hypoxemia and car-
diovascular collapse [19]. Conservative treatment includ-
ing emergent thoracocentesis and continuous suction
of air from the pleural cavity through a thoracostomy
tube can first be attempted for 2 to 3 days. If there is no
response to the conservative treatment, lobectomy of the
affected lung lobe is recommended for resolution [18,
19]. This patient was stabilized via immediate thoraco-
centesis followed by thoracostomy tube placement with
continuous air evacuation. Despite continuous suction
for 3 days, air continued to accumulate in the pleural
cavity. Thus, complete lobectomy of the left cranial lung
lobe was performed leading to complete resolution of the
pneumothorax.
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Both PH and CLE are rare congenital pulmonary
anomalies in animals. This report presents the first case
of these two anomalies occurring in a single lung lobe
in a dog. In the dog described here, the cranial part of
the left cranial lung lobe was hypoplastic, whereas, the
caudal part was emphysematous and had bronchial car-
tilage dysplasia. PH of the cranial part was considered
to induce compensatory hypertrophy of the caudal part
possibly resulting in the aggravation of CLE and tension
pneumothorax. The associated tension pneumothorax
was successfully resolved with prompt emergency treat-
ment and complete lung lobectomy.
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