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Abstract 
Double outlet right ventricle (DORV) 
and double outlet left ventricle 
(DOLV) are congenital conditions 
where the great arteries (aorta and 
pulmonary trunk) both arise mostly or 
completely from the right or left ven-
tricle. The limited body of evidence 
about this condition in cats and dogs 
suggests it is very rare. There does 
not seem to be a predisposition in 
certain breeds. The condition is diag-
nosed usually early and life and is 
usually medically treated. Despite 
surgery being a viable option in hu-
mans, it is rarely performed in ani-
mals. Unfortunately, there is still sig-
nificant mortality regardless of treat-
ment strategy. Additionally, a lot of 
animals are not treated at all. Further 
research is necessary to obtain more 
insights in the epidemiology of the 
condition and to assess the different 
treatment strategies. Retrospective 
studies should be considered, since 
prospective trials may be unfeasible 
due to the rarity of the condition. Sub-
sequently, standard treatment proto-
cols could be developed.  
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Introduction 
Congenital heart anomalies have 
been well described in both cats and 
dogs (Hunt et al., 2006). Such 
anomalies occurring in both species 
include patent ductus arteriosus 
(Broaddus and Tillson, 2010; A Bas-
cuñán et al., 2016), valve dysplasia 
(Amberger et al., 1989; Kuijpers and 
Szatmári, 2011) and double outlet 
ventricles (Chetboul et al. 2020). 
Double outlet right ventricle (DORV) 
and double outlet left ventricle 
(DOLV) are congenital conditions 
where the great arteries (aorta and 
pulmonary trunk) both arise mostly or 
completely from the right or left ven-
tricle, respectively (Lee et al., 2010). 
In humans, DORV has been men-
tioned to make up 1-3% of all cases 
of congenital heart defects (Obler et 
al., 2008). These defects are almost 
always accompanied by a ventricular 
septal defect (VSD) (Takeuchi and 
Pedro J., 2000), which allows blood to 
flow between both ventricles and 
therefore enables blood crossing be-

 
 

 
 

Animal species in this Issue 
 

Domestic dog (Canis familiaris) 
 

 
 

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Carnivora & 
Family: Canidae & Genus: Canis & Species: C. familiaris 

 
The dog or domestic dog is a domesticated descendant of the wolf which is char-
acterized by an upturning tail. The dog is derived from an ancient, extinct wolf, and 
the modern wolf is the dog's nearest living relative. The dog was the first species to 
be domesticated, by hunter–gatherers over 15,000 years ago, before the develop-
ment of agriculture. 

 
Dogs are the most variable mammal on earth with around 450 globally recog-
nized dog breeds. 
 
All healthy dogs, regardless of their size and type, have an identical skeletal struc-
ture with the exception of the number of bones in the tail, although there is signifi-
cant skeletal variation between dogs of different types. The dog's skeleton is well 
adapted for running; the vertebrae on the neck and back have extensions for pow-
erful back muscles to connect to, the long ribs provide plenty of room for the heart 
and lungs, and the shoulders are unattached to the skeleton allowing great flexi-
bility. 
 
The three basic skull shapes are the elongated dolichocephalic type as seen 
in sighthounds, the intermediate mesocephalic or mesaticephalic type, and the 
very short and broad brachycephalic type exemplified by mastiff type skulls. 

 
 

Source: Wikipedia, the free encyclopaedia 
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tween the systemic and pulmonary 
circulation. Treatment of DORV often 
includes surgery (Wu et al., 2017). 
Like in humans, double outlet ventri-
cles have also been observed in dif-
ferent animals, including dogs and 
cats (Chetboul et al. 2020). The litera-
ture of this condition in veterinary 
medicine is however very sparse. 
Therefore, there is still much to be 
learned about the epidemiology and 
treatment of these anomalies in com-
panion animals, including cats and 
dogs. No review of the clinical as-
pects of this anatomical defect has 
currently been published. Therefore, 
this review aims to summarize the 
clinical aspects regarding canine and 
feline DORV and DOLV from the 
available literature. Additionally, pro-
posals for future research are formu-
lated. 
 
Literature search and inclusion 
To identify relevant literature in cats 
and dogs, the Medline database was 
searched using the “(double outlet 
ventricle) AND (dogs [MeSH Terms])” 
and “double outlet ventricle) AND 
(cats, domestic [MeSH Terms])” 
search strings, yielding five and six 
results respectively. Three publica-
tions were included for the dogs. One 
publication was excluded because it 
concerned iatrogenic DOLV and an-
other publication was excluded be-
cause it concerned a human patient. 
Two other relevant publications were 
identified through an internet search 
using the “double outlet ventricle dog” 

string. For cats, four publications were 
included. One publication was ex-
cluded because it concerned double-
chambered right ventricle and two 
were excluded because they could 
not be sourced. One additional publi-
cation was identified during an inter-
net search using the “double outlet 
ventricle cat” string. Data extracted 
from the included publications is 
shown in table 1 and 2. 
 
For both species, the literature identi-
fied consisted solely of case reports 
and case series. Eight cases of dogs 
with double outlet ventricles were 
identified (Vos et al., 1984; Bedolla-
Alva et al., 2010; Lee et al., 2010; 
Koo et al., 2016; Chetboul et al., 
2020). For cats, only three case re-
ports were identified (Abduch et al., 
2003; Hwang et al., 2016; Chetboul et 
al., 2020). Figure 1 shows a repre-
sentative illustration of the double out-
let right ventricles identified. 
 
Animal characteristics 
For both species, a wide variety of 
breeds were described to suffer from 
the condition. Dog breeds that were 
affected included, amongst others, a 
chihuahua (Bedolla-Alva et al., 2010), 
a Samoyed (Chetboul et al. 2020) and 
two poodles (Vos et al., 1984; Chet-
boul et al. 2020). The affected cats’ 
breeds were a Persian (Abduch et al., 
2003), a British shorthair (Hwang et 
al., 2016) and a Scottish fold (Chet-
boul et al., 2020). Based on this lim-
ited information, it could be hypothe-

                                                                   

sized that there is no strong predispo-
sition for this condition in certain 
breeds. Likewise, there was an al-
most equal distribution between male 
and female animals, suggesting that 
sex does not strongly influence pre-
disposition . 
All animals were relatively young 
when diagnosed. The age at diagno-
sis for the dogs ranged from three 
months to two years. However, most 
of the animals were below one year of 
age. For cats, the age at diagnosis 
ranged from one to ten months. 
Based on these observations, it can 
be assumed that double outlet ventri-
cles manifest with symptoms that oc-
cur early in life.  
 
Based on the cases identified, it 
seems that in cats and dogs DORV is 
more common than DOLV. Only one 
dog with DOLV was described, while 
no cats were reported to suffer from 
DOLV. However, this will need to be 
confirmed by further research. 
 
Concurrent defects 
All animals that suffered from a dou-
ble outlet ventricle had concurrent 
defects. In the identified case reports, 
all animals also had a VSD. This has 
also been described in humans (Wu 
et al., 2017) and allows blood to flow 
between the systemic and pulmonary 
circulation despite both great arteries 
originating from the same ventricle. It 
can be assumed that without a VSD, 
double outlet ventricle would almost 
be invariably lethal. 

 In some cases, the double outlet ven-
tricle was assumed to be part of the 
tetralogy of Fallot (Vos et al., 1984; 
Bedolla-Alva et al., 2010). This means 
that additionally a pulmonary steno-
sis, overriding aorta, VSD and right 
ventricular hypertrophy were present. 
Other concurrent defects that were 
described included aortic stenosis 
(Chetboul et al. 2020) and patent 
ductus arteriosus (Chetboul et al. 
2020).  
 
Symptoms 
Exercise intolerance was a symptom 
that occurred in nearly all cases that 
were described. This was frequently 
accompanied by cyanosis (of mucous 
membranes) and tachypnea. Other 
symptoms that were described in-
cluded dyspnea (Lee et al., 2010), 
lethargy (Chetboul et al. 2020) and 
breathing difficulties (Bedolla-Alva et 
al., 2010). In selected cases, long-
term effects such as growth retarda-
tion were described (Vos et al., 1984; 
Chetboul et al. 2020). 
 
Diagnosis 
In most cases, bloodwork and cardiac 
examinations, such as electrocardiog-
raphy, were performed after the ani-
mals presented with symptoms. Af-
terwards, the final diagnosis was al-
most always made using echocardi-
ography. In one instance, the diagno-
sis was only confirmed post-mortem 
(Vos et al., 1982). Other imaging 
techniques that were used in multiple 
instances were thoracic radiography 
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cats (Chetboul et al. 2020). The litera-
ture of this condition in veterinary 
medicine is however very sparse. 
Therefore, there is still much to be 
learned about the epidemiology and 
treatment of these anomalies in com-
panion animals, including cats and 
dogs. No review of the clinical as-
pects of this anatomical defect has 
currently been published. Therefore, 
this review aims to summarize the 
clinical aspects regarding canine and 
feline DORV and DOLV from the 
available literature. Additionally, pro-
posals for future research are formu-
lated. 
 
Literature search and inclusion 
To identify relevant literature in cats 
and dogs, the Medline database was 
searched using the “(double outlet 
ventricle) AND (dogs [MeSH Terms])” 
and “double outlet ventricle) AND 
(cats, domestic [MeSH Terms])” 
search strings, yielding five and six 
results respectively. Three publica-
tions were included for the dogs. One 
publication was excluded because it 
concerned iatrogenic DOLV and an-
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net search using the “double outlet 
ventricle cat” string. Data extracted 
from the included publications is 
shown in table 1 and 2. 
 
For both species, the literature identi-
fied consisted solely of case reports 
and case series. Eight cases of dogs 
with double outlet ventricles were 
identified (Vos et al., 1984; Bedolla-
Alva et al., 2010; Lee et al., 2010; 
Koo et al., 2016; Chetboul et al., 
2020). For cats, only three case re-
ports were identified (Abduch et al., 
2003; Hwang et al., 2016; Chetboul et 
al., 2020). Figure 1 shows a repre-
sentative illustration of the double out-
let right ventricles identified. 
 
Animal characteristics 
For both species, a wide variety of 
breeds were described to suffer from 
the condition. Dog breeds that were 
affected included, amongst others, a 
chihuahua (Bedolla-Alva et al., 2010), 
a Samoyed (Chetboul et al. 2020) and 
two poodles (Vos et al., 1984; Chet-
boul et al. 2020). The affected cats’ 
breeds were a Persian (Abduch et al., 
2003), a British shorthair (Hwang et 
al., 2016) and a Scottish fold (Chet-
boul et al., 2020). Based on this lim-
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sized that there is no strong predispo-
sition for this condition in certain 
breeds. Likewise, there was an al-
most equal distribution between male 
and female animals, suggesting that 
sex does not strongly influence pre-
disposition . 
All animals were relatively young 
when diagnosed. The age at diagno-
sis for the dogs ranged from three 
months to two years. However, most 
of the animals were below one year of 
age. For cats, the age at diagnosis 
ranged from one to ten months. 
Based on these observations, it can 
be assumed that double outlet ventri-
cles manifest with symptoms that oc-
cur early in life.  
 
Based on the cases identified, it 
seems that in cats and dogs DORV is 
more common than DOLV. Only one 
dog with DOLV was described, while 
no cats were reported to suffer from 
DOLV. However, this will need to be 
confirmed by further research. 
 
Concurrent defects 
All animals that suffered from a dou-
ble outlet ventricle had concurrent 
defects. In the identified case reports, 
all animals also had a VSD. This has 
also been described in humans (Wu 
et al., 2017) and allows blood to flow 
between the systemic and pulmonary 
circulation despite both great arteries 
originating from the same ventricle. It 
can be assumed that without a VSD, 
double outlet ventricle would almost 
be invariably lethal. 

 In some cases, the double outlet ven-
tricle was assumed to be part of the 
tetralogy of Fallot (Vos et al., 1984; 
Bedolla-Alva et al., 2010). This means 
that additionally a pulmonary steno-
sis, overriding aorta, VSD and right 
ventricular hypertrophy were present. 
Other concurrent defects that were 
described included aortic stenosis 
(Chetboul et al. 2020) and patent 
ductus arteriosus (Chetboul et al. 
2020).  
 
Symptoms 
Exercise intolerance was a symptom 
that occurred in nearly all cases that 
were described. This was frequently 
accompanied by cyanosis (of mucous 
membranes) and tachypnea. Other 
symptoms that were described in-
cluded dyspnea (Lee et al., 2010), 
lethargy (Chetboul et al. 2020) and 
breathing difficulties (Bedolla-Alva et 
al., 2010). In selected cases, long-
term effects such as growth retarda-
tion were described (Vos et al., 1984; 
Chetboul et al. 2020). 
 
Diagnosis 
In most cases, bloodwork and cardiac 
examinations, such as electrocardiog-
raphy, were performed after the ani-
mals presented with symptoms. Af-
terwards, the final diagnosis was al-
most always made using echocardi-
ography. In one instance, the diagno-
sis was only confirmed post-mortem 
(Vos et al., 1982). Other imaging 
techniques that were used in multiple 
instances were thoracic radiography 
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(Abduch et al., 2003; Hwang et al., 
2016) and (cardiac gated) computed 
tomography (Koo et al., 2016; Chet-
boul et al., 2020). 
 
No standard diagnostic guidelines 
have been developed for DORV or 
DOLV. This can probably be partly 
attributed towards the rarity of the 
anomaly. It is however clear that even 
without these guidelines, the diagnos-
tic workflow was very similar between 
the different cases. Therefore, it may 
not be necessary to standardize the 
approach at this time. Further re-
search could investigate whether 
there are strategies to discover a 
double outlet ventricle before it be-
comes symptomatic. This may in turn 
improve outcome when treatment can 
be initiated earlier.  
 
Treatment and outcomes 
In humans, double outlet ventricle is 
often amenable to surgery and treat-
ed this way (Wu et al., 2017). In the 
identified case reports, surgery was 
only attempted on one dog (Chetboul 
et al. 2020) and one cat (Abduch et 
al., 2003). Unfortunately, in both cas-
es, the animal died during or very 
shortly after surgery. Additionally, one 
cat died during preparation for angi-
ography (Vos et al., 1984). Due to the 
relative effectiveness of surgery in 
humans, further research should be 
conducted. Why surgery is not often 
conducted in veterinary patients and 
whether the poor outcomes currently 
described are representative. 

Medical treatment was used in sever-
al cases (Abduch et al., 2003; Lee et 
al., 2010; Hwang et al., 2016; Chet-
boul et al. 2020). Drugs that were of-
ten prescribed included spironolac-
tone and furosemide. Of the six ani-
mals that were medically treated, four 
were alive at the time of publication of 
the specific case report. It is clear that 
there was variation in the treatment 
schedules of the different animals. No 
standard treatment guidelines are cur-
rently available. Therefore, retrospec-
tive research should be performed to 
assess the efficacy and safety of the 
different medical treatment strategies. 
Based on these results, key opinion 
leaders should discuss to develop 
standardized treatment schedules, if 
appropriate. Prospective studies, 
such as dedicated clinical trials, may 
not be feasible due to the rarity of the 
condition. 
 
Five of the dogs with a double outlet 
ventricle did not receive treatment. 
Only one of these animals survived. 
This could suggest that without treat-
ment, the prognosis of the condition is 
relatively poor. In the case reports, 
little information was provided on why 
no surgical or medical treatment was 
initiated. Further research could in-
vestigate what the reasons for this 
are.  
 
Conclusion 
The small number of described cases 
and the lack of studies with a high 

                                                                   

internal validity makes it difficult to 
make general conclusions. However, 
it seems that the condition is rare and 
that are no breeds that have a specif-
ic predisposition. The anomaly is 
usually diagnosed early in life through 
the use of echocardiography. After 
being identified, different treatment 
strategies are used to mitigate double 
outlet ventricle, including surgery and 
medical treatment. A lot of animals 
are not treated, however. Unfortu-
nately, regardless of the treatment 
strategy, this condition is very often 
fatal in cats and dogs.  
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Table 1: Data extracted from the included papers about canine double outlet ventri-
cle 
 

Reference Age Breed Sex Right/Left Concurrent defects Symptoms Diagnosis Treatment Outcome
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Breathing difficulty

Orthopnea
Sneezing

Radiography
Echocardiography

None Fatal

Chetboul et al., 2020 17 months Poodle Male Right Ventricular septal defect
Exercise intolerance

Intermittent tachypnea

Echocardiography
Computed 

tomography (CT) 
angiography

Spironolactone
(0.5 mg/kg/day)

Omega-3 fatty acids
Alive at 53 months

Chetboul et al., 2020 1.5 years Yorkshire Terrier Female Right

Ventricular septal 
defect

Subvalvular aortic 
stenosis

Right and left 
ventricular hypertrophy

Chronic seizures
Weakness

Exercise intolerance
Dyspnea
Lethargy
Cyanosis

Tachypnea

Echocardiography None Fatal (Died 24 hours after diagnosis)
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Table 2: Data extracted from the included papers about feline double outlet ventri-
cle. 
 

Reference Age Breed Sex Right/Left Concurrent defects Symptoms Diagnosis Treatment Outcome

Abduch et al., 2003

30 days (1st presentation)
5 months (2nd 
presentation)

2 years (3rd presentation)

Persian Male Right

Discordant atrioventricular
connection 

Dextrocardia
Subpulmonary stenosis
Ventricular septal defect

1st presentation
Dyspnea
Fatigue

Tachypnea
Cyanosis (1st 
presentation)

2nd presentation
Exercise intolerance

Tachypnea
Cyanosis

Reduced growth

3rd presentation
Dyspnea
Cyanosis
Fatigue

4th presentation
Paralysis hindlimbs
Loss pelvic neural 

reflexes
Cyanosis

Hypothermia hind 
foothpaths

Thoracic 
radiography

Echocardiography

First presentation
Propranolol (

2·5 mg, orally twice daily)

Second presentation
Propranolol (5 mg orally, three 

times daily)
Sodium-restricted diet

Third presentation
Propranolol (7·5 mg orally three 

times daily)
Frusemide (2 mg/kg orally twice 

daily) 

Fourth presentation
Thromboendarterectomy 

Fatal (Died eights hours 
after surgery from cardiac 

arrest)

Chetboul et al., 2020 6 months Domestic shorthair Female Right Ventricular septal defect Exercise intolerance
Dyspnea

Echocardiography Spironolactone (1 mg/kg/day) Alive at age of 21 months

Hwang et al., 2016 10 months Scottish Fold Male Right Ventricular septal defect Exercise intolerance
Thoracic 

radiography
Echocardiography

Atenolol (6.26 mg/cat, SID) Alive

 

 
Figure )1(: Illustration of a representative case of double outlet right ventricle with a ventric-

ular septal defect based on the included case reports. 
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Abstract 
Cassowaries are large, black-plum-
aged ratite birds, endemic to the rain-
forest habitats of New Guinea, 
Queensland (Australia) and various of 
the Aru Islands (Indonesia). The bird is 
characterized by the presence of large 
process above its head called casque.  
The casque possesses brownish color 
and measures 13 cm high and 13.5 cm 
width at the casque base and 5 cm 
thick (in the cross section). The rostral 
border is thick, rounded and curved 
backward to meet the caudal border, 
which is also rounded and nearly 
straight. X-ray image shows that the in-
ner structure of the casque is formed 
of irregularly arranged, sparse thin tra-
beculae, looks like a sponge with the 
naked eye. Trabeculae are densely 
packed and adheres to the outer layer 
of the casque except in its most upper 
caudal part, which is less densely 
packed. The spaces between the bony 
trabeculae were not occupied by any 
liquid or solidified material and 

contains only those visible filaments. 
Surrounding the internal mass of tra-
becular fibers is a bony shell com-
posed of denser bone, the external 
surface of which is marked with foram-
ina and shallow, dorsoventrally 
aligned, divaricating canals for the re-
ception of blood vessels and nerves. 
Histological examination confirmed the 
X-ray image findings. 

Keywords: Cassowary, casque, his-
tology, radiology. 

Introduction 
Cassowaries (Casuarius) are large, 
black-plumaged ratite birds, endemic 
to the rainforest habitats of New 
Guinea, Queensland (Australia) and 
various of the Aru Islands (Indonesia) 
(Rothschild 1900; Folch1992; Davies 
2002).It is  the third-tallest and second-
heaviest living bird, smaller only than 
the ostrich and emu. The cassowary 
has often been labeled "the world's 
most dangerous bird”. 
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