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Abstract. The morphology of the cardiovascular system in 54 conjoined calves including 29

previously reported cases was investigated. All of the 21 cases of diprosopus had a single heart.

Among 19 cases of dicephalus, 2 cases had two separate hearts with vascular union between

great vessels, and the other 2 cases had separate hearts with no vascular union. Four cases had

a compound heart with cardiac fusion at the atrial level, other 4 cases had a compound heart

with fusion at both atrial and ventricular levels, and remaining 7 cases showed a single heart. In

8 cases of thoracopagus, 4 cases had separate hearts with no vascular fusion, one case had a

atrial compound heart, and 3 cases had a single heart. In 5 cases of cephalothoracopagus, 2 cases

had separate hearts with vascular union, 1 case had a compound heart with fusion at both atrial

and ventricular levels, and 2 cases had a single heart. A case of pygopagus had separate hearts

with no vascular union. Fourteen of 33 single hearts showed various congenital anomalies.

Conjoined calves with separate hearts commonly had two sets of the lung and ventriculus, and

the cases having a single heart showed a set of the lung and ventriculus.
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Table 1 Fusion type1) of cardiovascular system and autopsy findings in diprosopus of calves

Type,
Case no.

Breed2) Sex Trachea Lung Tongue Esophagus Ventriculus
Heart and great

vessels3) Reference

Single heart
1 HOL y 1 2 1 1 1 DORV0 VSD
2 HOL z 1 2 1 1 1 Left aortic arch with

right aorta0 Situs
inversus of atria0
Straddling mitral valve

12

3 JBL y 1 2 1 1 1 Normal
4 JBL y 1 2 2 1 1 ASD0 VSD
5 JBL y 1 2 2 1 1 VSD
6 JBL z 1 2 2 1 1 THA0 VSD
7 JBL ? 1 2 2 1 1 DORV0 VSD
� HOL y 1 2 2 1 1 VSD 13
� H-A z 1 2 2 1 1 Fallot 13
� L-F z 1 2 2 1 1 ASD0 PTA0 VSD 14
8 JBL y 1 2 2 1 1 Normal
9 JBL y 1 2 2 1 1 Normal

10 JBL z 1 2 2 1 1 Normal
11 JBL z 1 2 2 1 1 Normal
12 JBL z 1 2 2 1 1 Normal
13 JBR z 1 2 2 1 1 Normal
� HOL y 1 2 2 1 1 Normal 15
� HER y 1 2 2 1 1 Normal 13
� HER y 1 2 2 1 1 Normal 16
� BUF y 1 2 2 1 1 Normal 17
� HER z 1 2 2 1 1 Normal 13
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Fig. 1 Atrial fusion in dicephalus, case 15,
anterior view.
AA, aa: ascending aorta CA: common
atrium DA: fused descending aorta
LA: left atrium LV, lv: left ventricle
PT, pt: pulmonary trunk ra: right
atrium RV, rv: right ventricle

Fig. 2 Atrio-ventricular fusion in dicephalus,
case 16 (A: anterior view, B: posterior
view).
AA, aa: ascending aorta BT:
brachiocephalic trunk LA, la: left
atrium LV, lv: left ventricle PT, pt:
pulmonary trunk RA: right atrium
RV, rv: right ventricle
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Table 3 Fusion type1) of cardiovascular system and autopsy findings in thoracopagus,
cephalothoracopagus and pygopagus of calves

Type,
Case no.

Breed2) Sex Trachea Lung Tongue Esophagus Ventriculus
Heart and great

vessels3) Reference

Thoracopagus
Two hearts with no significant fusion
21 HOL ? 2 4 2 2 2 A: VSD

B: Rudimentary
myocardial mass

22 JBL � 2 4 2 2 2 A: Normal
B: Normal

� AFR � 2 4 2 2 2 A: Normal 30
B: Normal

� H-A � 2 4 2 2 2 ? 31
Atrial fusion
� HOL � 2 4 2 2 2 Connected walls of

both right atria,
32

Four atria
Single heart
� HOL � 2 4 2 2�1 1 ? 25
� FRI � 2 4 2 2 2 Normal 33
� BUF � 2 4 2 2 2 ? 34

Cephalothoracopagus
Two hearts with fusion of large vessels
23 JBL � 2 4 1 1 1 Fusion between aortic

arches
A: DAA, DAV
B: ASD, PTA, VSD

� FRI � 2 4 2 1�2 2 Fusion between
brachiocephalic trunks,

35

A: VSD
B: normal

Atrio-ventricular fusion
� ? � ? 2 2 ? ? Two atria, 3 ventricles,

3 great arteries
36

Single heart
24 JBL � 1 2 1 1 1 ARA, ASD, DAA, PLA
� BUF � 1 2 1 1 1 ? 37

Pygopagus
Two hearts with no significant fusion
25 JBL � 2 4 2 2 2 A: normal

B: normal

1) Adopted from Seo et al.8)

2) ABA: Aberdeen Angus AFR: Afrikander BUF: bu#alo DES: Deutsches Schwarzbuntes FRI:
Friesian H-A: Hereford-Angus crossbred HER: Hereford HOL: Holstein JBL: Japanese Black JBR:
Japanese Brown L-F: Limonsin-Friesian crossbred SHO: Shorthorn

3) APV: absence of posterior vena cava ARA: absence of right anterior vena cava ASD: atrial
septal defect CEC: cervical ectopia cordis DAA: double aortic arch DAV: double anterior vena
cava DORV: double outlet right ventricle ECD: endocardial cusion defect Fallot: tetralogy of
Fallot PLA: persistent left anterior vena cava PTA: persistent truncus arteriosus TAP: total
anomalous pulmonary venous connection THA: tubular hypoplasia of aorta
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Fig. 3 Two hearts with fusion of large
vessels in cephalothoracopagus, case
23.
av: anterior vena cava LA: left atrium

LAA: left aortic arch laa: left aortic
arch conjoined with right aortic arch
(RAA) of large heart LB: left sided

bicarotid trunk LV, lv: left ventricle
pa: pulmonary arteries PT: pulmon-
ary trunk RA: right atrium RB: right
sided bicarotid trunk RV, rv: right
ventricle
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