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CASE REPORT
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ABSTRACT
A 5-year-old, 5.4 kg, intact female mixed-breed dog presented with acute
respiratory distress. Echocardiography showed pulmonary valvular stenosis with
narrowing valvular annulus, ventricular septal defect, overriding aorta and the right
ventricular hypertrophy. Other concurrent abnormality included sternal deformity,
peritoneopericardial diaphragmatic hernia. The dog was diagnosed as a Tetralogy of
Fallot. Despite treatments, the dog died 4 days after hospitalization due to
respiratory arrest. A complete necropsy was performed. Histopathologic
examination of the lung revealed lipid granuloma, pulmonary leukocytoclastic
necrotizing vasculitis of the medium- and large-sized arteries, pulmonary
thrombosis, and fibrinoid depositions. This case report describes pulmonary
leukocytoclastic necrotizing vasculitis in a dog with Tetralogy of Fallot and
peritoneopericardial diaphragmatic hernia. To our knowledge, this is first report of
leukocytoclastic necrotizing vasculitis of the pulmonary arteries in uncorrected
Tetralogy of Fallot with peritoneopericardial diaphragmatic hernia.
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To our knowledge, to date pulmonary leukocytoclastic
necrotizing vasculitis (PLcNV) with TOF in this case has
not been described in veterinary medicine. Thus, this case
report herein describes unusual case of PLcNV in a dog
with uncorrected TOF and PPDH.

INTRODUCTION
Tetralogy of Fallot (TOF) is a rare and complex
congenital structural cardiac defect; its incidence in dogs
has been estimated to be 0.0025% (Fukushima et al.,
2013; Kittleson, 1998). The four major characteristics of
TOF are pulmonic stenosis (PS), ventricular septal defect
(VSD), overriding aorta, and secondary right ventricular
(RV) hypertrophy (Fukushima et al., 2013; Kittleson,
1998). Occasionally, TOF is accompanied with other
cardiac anomalies such as atrial septal defect, patent
ductus arteriosus (PDA), patent foramen ovale, and
pulmonary atresia (Andriko et al., 1992). In addition, other
congenital abnormalities including ventral abdominal wall
herniation, peritoneopericardial diaphragmatic herniation
(PPDH), sternal deformity, persistent pupillary
membrane, retinal dysplasia, and tracheal hypoplasia can
co-occur with TOF in animals and humans (Altun et al.,
2014; Hicks et al., 2013; Kittleson, 1998). Clinical
symptoms can vary in the severity of the PS and the size
of the VSD, and the most dogs dying within a year after
birth due to hypoxemia and complication of polycythemia
(Kittleson, 1998; Laniesse et al., 2014).

History and clinical examination: A 5-year-old, 5.4 kg,
intact female mixed-breed dog presented with acute
respiratory distress. Upon physical examination, the dog
showed tachypnea with shallow open-mouth breathing,
cyanosis of extremities and muffled heart sound. The
heart rate (120 beats per minute) and blood pressure
(systolic blood pressure, 136 mmHg) were normal.
Minimum data, including a complete blood count
(CBC), serum biochemical profiles, and electrolyte levels,
were evaluated. All parameters were normal, except for
polycythemia. Arterial blood gas analysis revealed
decreased saturated oxygen concentration (SaO2). A
serum level of erythropoietin was markedly elevated. To
rule out thromboembolic condition due to polycythemia,
fibrin degradation product and D-dimer concentration
were measured and the results were normal (Table 1).
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Table 1: Hematologic and echocardiographic findings in a dog with
tetralogy of Fallot
Parameter
Recorded
Reference
value
values
Hematologic findings
PCV (%)
64
37–55
SaO2 concentration (%)
55–58
95±1.1
Serum erythropoietin (mIU/mL)
50.26
5-22.00
fibrin degradation product (µg/ml)
5
1–10
D-dimer (µg/ml)
0.2
0.0–0.3
Echocardiographic findings
PA:Ao ratio
0.69
0.85–1.15
Transpulmonary pressure gradient
47.9
25
(mmHg)†(peak velocity flow)
(3.46 m/s)
Pulmonary hypertension (mmHg)†
49.08
15–20
(tricuspid regurgitation jet velocity flow)
(3.32 m/s)
†Pressure gradient was calculated with using Modified Bernoulli
equation, ∆P = 4V2. Pulmonary hypertension was calculated with adding
estimated right atrium pressure, 5mmHg. Ao, aorta; PA, pulmonary
artery; PCV, packed cell volume; SaO2, saturated oxygen.
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valve diameter) was also noted (Fig. 2C). To assess PS
severity, transpulmonary peak velocity flow was
measured. The result was consistent with moderate PS.
Furthermore, tricuspid regurgitation jet velocity revealed
mild pulmonary hypertension (PH) (Table 1) (Steiner et
al., 2010). Shunting of the blood flow from RV to the
aorta through the VSD was confirmed by means of an
agitated saline injection on the right parasternal long axis
view at the level of aortic valve (Fig. 2D).
To assess respiratory distress, screening tests for
common infectious diseases were performed. The results
of heartworm antigen test kit and microfilaria test were
negative. Polymerase chain reaction analysis for
respiratory viral agents such as the canine distemper virus,
influenza virus, and herpes virus yielded negative results.
Diagnosis and postmortem findings: The dog was
diagnosed as a typical right to left shunt TOF with mild
PH. Emergency treatments including oxygen supplement
and phlebotomy were initiated immediately. Despite
treatments, the dog died 4 days after hospitalization due to
respiratory arrest.
A complete necropsy was performed. The greater
omentum herniated through the perforated diaphragm, and
was located between the sternum and heart, inside the
pericardial sac (Fig. 3A). Fat density within the
pericardial sac on the radiography revealed as a PPDH of
great omentum.
The lung showed multifocal yellowish spots (Fig.
3B). Histopathologic examination of the lung showed
lipid granuloma and PLcNV of the medium- and largesized arteries, pulmonary thrombosis, and fibrinoid
deposition (Fig. 4). Upon heart dissection, all the
structural defects indicative of TOF and thickened
hypoplastic pulmonic valve leaflets were observed (Fig.
3C and 3D). To identify other causes, which can trigger
leukocytoclastic reaction to the lung, additional tests for
fungal and protozoal infection, including aspergillosis,
histoplasmosis,
coccidioidomycosis,
blastomycosis,
cryptococcosis, Toxoplasma gondii and Neospora
caninum, were conducted and the results were negative.
DISCUSSION

Fig 1: (A) Survey radiography of the thorax showed a globoid-shaped
heart with cardiomegaly, fat density within the pericardial sac (asterisk),
and sternal deformity (arrow). (B) The electrocardiogram showed a
deep S wave in leads I, II, III, and aVF. The QRS axis is shifted to the
right (+229 degrees). Paper speed = 50 mm/s, 2.5 mm = 1 mV.

Thoracic radiography showed a globoid-shaped heart
with fat density within the pericardial sac, dorsal deviation
of caudal vena cava and sternal deformity in the rightlateral view (Fig. 1A). Electrocardiography displayed the
right axis deviation, a deep S wave in leads I, II, III, and
aVF which is consistent with severe RV concentric
hypertrophy in TOF patient (Fig. 1B) (Kittleson, 1998).
Echocardiography showed pulmonary valvular stenosis
with narrowing valvular annulus, VSD, overriding aorta
and the RV hypertrophy (Fig. 2A-C). The ratio of the
diameter of the main pulmonary artery (PA) to the
ascending aorta was increased (Table 1). Post-stenotic
dilation of main PA (1.96 times larger than pulmonary

A few reports of pulmonary necrotizing vasculitis
related to PDA and PH have been published in veterinary
medicine (Russell et al., 2008). Leucocytoclastic
vasculitis (LcV) is an inflammation of small vessel wall,
mainly affects skin and the postcapillary venules, rarely
affects medium- and large-size vessels or internal organs
including lung (Brown, 2010; Sunderkötter, 2008). The
main cause of LcV is deposition of immune complexes at
the vessel walls by various drugs, infection, tumor or
hypersensitity reaction (Brown, 2010; Sunderkötter,
2008). When it affects medium-sized vessels, the
intramural and perivascular infiltration in the vessels
occurs. Later stage, impairment of the anti-thrombogenic
activity of the endothelial surface leads thrombosis and
necrosis of the tissue are developed (Sunderkötter, 2008).
As described earlier (Brown, 2006), primary, idiopathic,
small-vessel vasculitis is most commonly seen with the
lung involvement. Rarely, primary immune complexmediated vasculitis and primary idiopathic medium- and
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Fig 2: (A) Color flow Doppler echocardiogram from the rightparasternal long axis 5 chamber view showed a ventricular septal defect
and an overriding aorta. (B) Right ventricular hypertrophy at the level of
right-parasternal papillary muscle view and (C) pulmonic valvular
stenosis and post-stenotic dilation of the main pulmonary artery at the
level of the pulmonic valve view was observed. (Ao, 13.4 mm; PV, 9.3
mm; main PA, 18.3 mm). (D) Saline bubble (arrows) flow from the right
ventricle to the left ventricle and the aorta. Ao, aorta; LV, left ventricle;
PA. pulmonary artery; PV, pulmonic valve; RV. Right ventricle.

Fig 3: (A) Gross lesions after necropsy showed that the greater
omentum was located between the sternum and the pericardial sac (a
black arrow). (B) Multiple spots were noted on the lung. (C) Upon
heart dissection, ventricular septal defect (asterisk) and a thickening of
the right ventricle wall were noted. (D) A degenerated and stretched
pulmonic valve was also observed (arrowheads). RA, right atrium; RV,
right ventricle; Rt. Auricle, right auricle.

Fig 4: (A) Photomicrographs of the lung. Histopathology of the lung
showed marked leukocytoclastic necrotizing vasculitis of the mediumand large-sized arteries (Bar=100 µm). (B) Pulmonary thrombosis
(arrowhead), lipid granuloma (arrows), and vasculitis (asterisk) were
observed. (Bar=200 µm). (C) Fibrinoid depositions (arrows) were
observed. (Bar=50 µm). Hematoxylin and Eosin (H&E) staining.

large-vessel vasculitis may also present, which is
consistent with that of the case.
In this case, the dog had been under the chronic
systemic hypoxic state and SaO2 concentration was lower
than a dog with TOF previously described (SaO2
concentration < 65%) (Kittleson, 1998). Several studies
demonstrated that the pulmonary vascular remodeling is
closely associated with chronic hypoxia leading to PH.
Decreasing nitrogen oxide secretion, increasing secretion
of endothelin-1, a potent endogenous vasoconstrictor and
growth factor, and hypoxia-inducible factors-1α play a
major role in pulmonary vascular remodeling. Those
vascular remodeling includes vasculitis in response to

hypoxia, PH and pulmonary thromboembolic conditions
(Ball et al., 2014; Kim et al., 2000).
Additionally, a previous study (Stenmark et al., 2006)
also demonstrated that when chronic hypoxic state
maintained in the systemic circulation, microcirculation of
the adventitial vasa vasorum undergoes marked
neovascularization. This process serves as a means for the
continuous delivery of inflammatory and progenitor cells
to the vessel wall and causing vasculitis.
Based on those findings described above, it is
possible that the PLcNV and thrombus formation
combined with TOF possibly leads to secondary PH in
this case. These processes might be accelerate more
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formation of vasculitis and thrombus due to PH,
decreasing more SaO2 concentration, aggravating
respiratory distress, eventually leads to death (Steiner et
al., 2010). Unfortunately, there were no evidences that
can trigger leukocytoclastic reaction and it remains as an
idiopathic. However, a study on pulmonary vasculitis in
TOF with pulmonary atresia has been reported in human
medical literature (Andriko, 1992).
Conclusion: This case demonstrates that uncorrected
TOF could be one of congenital heart disease that might
trigger pulmonary vascular remodeling which results in,
pulmonary necrotizing vascultitis, thrombosis and PH.
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