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Postmortem magnetic resonance imaging findings of  
tricuspid atresia with ventricular and atrial septal defects 
and subvalvular pulmonic stenosis in a Japanese native Noma 
horse
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The necropsy of a 2-day-old Noma horse that died of weakness showed an enlarged cardiac 
base and a narrow cardiac apex, suggesting cardiac malformation. The excised heart 
underwent imaging to investigate its luminal structure. On three-dimensional magnetic 
resonance imaging, the right atrium and right ventricle were discontinuous. The right 
atrium communicated with the left atrium and the left ventricle communicated with the 
right ventricle. The lumen narrowed near the pulmonary artery valve. Since the same 
findings were observed on gross examination, the foal was diagnosed with tricuspid atresia 
with ventricular and atrial septal defects, along with subvalvular pulmonic stenosis.
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Tricuspid atresia, the congenital absence of the tricuspid 
valve, has been sporadically reported in horses, mostly in 
Arab or Arab-bred foals [2, 4, 7–10, 12, 16, 20, 21]. The 
etiology of tricuspid atresia is likely multifactorial, involving 
environmental and genetic factors; however, no specific risk 
factors have been identified in humans or animals [18]. In 
humans, magnetic resonance imaging (MRI) is clinically 
applied because it simultaneously displays the inside and 
outside of the heart. This makes it more suitable than X-ray 
angiography or echocardiography for imaging cardiac struc-
tures [6, 11]. However, in veterinary medicine, cardiac MRI 
can be challenging due to anesthesia-induced immobilization 
and variations in animal body size. Postmortem imaging has 

garnered attention in human forensic medicine for aiding 
the diagnosis of sudden death by visualizing cardiovascular 
abnormalities [1, 3, 13]. This report describes a postmortem 
MRI performed on the heart of a Noma horse foal that died 
suddenly. This enabled the diagnosis of structural cardiac 
abnormalities by reconstructing the heart in 3D.

The foal was a 2-day-old Noma horse that died of frailty. 
The foal had stood and nursed on the day of birth. On the day 
after birth, the foal showed lethargy and weakness, and it 
was unable to stand. It was therefore examined by veterinar-
ians that day. Hypothermia (rectal temperature, 37.2°C) and 
aperture were noted. The heart and respiratory rates were 
124 beats per minute and 18 breaths per minute, respec-
tively. The mucous membranes were moist, and cyanosis 
was not evident. A provisional diagnosis of hypothermia 
due to inadequate lactation was made. The foal was treated 
with force-feeding and warming measures; however, it died 
the next day.

The body of the foal was transported for necropsy to 
the Faculty of Veterinary Medicine, Okayama University 
of Science, Imabari, Japan, within 1 hr of death. The visible 
mucosae were cyanotic. On necropsy, the abdominal organs 
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showed no specific abnormalities. The lungs were diffusely 
dark pink in color with mild pulmonary edema. A subjec-
tive evaluation of the heart revealed that it was larger at 
the base and narrower at the apex (Fig. 1A). The anterior 
interventricular groove was also shifted to the right. The 
caudal vena cava was thin, and hypoplasia was suspected. 
Because a cardiac malformation was suspected, the heart 
was removed from the body, and it was found to weigh 
202.7 g, representing 1.35% of the total body weight. It was 
then directly immersed in formalin in an acrylic container.

To observe the 3D luminal structure of the heart, MRI 
was performed using a 1.5T superconducting unit (Vantage 
Elan, Canon Medical Systems, Otawara, Japan) 2 days 
after fixation in formalin. For MRI, 3D T1-weighted 
image (T1WI) and T2-weighted image (T2WI) scans were 
acquired. The sequence parameters were as follows: FASE, 
TR/TE = 550/15 msec, spatial resolution = 0.7 × 0.7 mm, 
and slice thickness = 1.0 mm for 3D T1WI; FASE, TR/TE 
= 2,000/35.2 msec, spatial resolution = 0.7 × 0.7 mm, and 
slice thickness = 1.0 mm for 3D T2WI. For all sequences, 
the field-of-view size was fixed at 180 × 180 mm. A work-
station (VAZE, Pet Communications, Osaka, Japan) was 
used for multiplanar reconstruction (MPR; Figs. 1B and 2) 
and 3D reconstruction of all MRI images (Figs. 1C and 3).

The MRI images revealed that the right atrium and 
ventricle were separated by a wall, but the tricuspid valve 
could not be observed (Figs. 2A and 3). Additionally, the 
right ventricle was small, with a narrowed lumen near the 
pulmonary artery valve (inner diameter, 2 mm; Figs. 2B 

and 3). No wall separating the right and left ventricles was 
observed ventral to the aortic valve (Figs. 1B and 2B). The 
ventricular septum was very thin and membranous. An 
interatrial communication was observed, indicating a patent 
foramen ovale. The pulmonary artery and aorta lumens were 
clearly visible, and no stenosis was observed. No dilatation 
of the ductus arteriosus was observed (inner diameter, 2 
mm). The cranial vena cava was dilated, and the caudal vena 
cava was thinner than expected.

Based on the 3D MRI findings, a heart dissection was 
performed. The heart luminal structures were similar to those 
observed on MRI (Fig. 4). The tricuspid orifice showed no 
evidence of a valve. A novel finding was that the pulmonary 
artery valve comprised two semilunar valves (Fig. 4C). The 
mitral valve showed no obvious abnormalities.

The cardiac diagnoses for this foal were as follows: 
tricuspid atresia, accompanied by ventricular and atrial 
septal defects, and subvalvular pulmonic stenosis. Tricuspid 
atresia is classified according to the morphology of the 
tricuspid valve, the position of the aorta, and pulmonary 
artery pathology [15, 18, 20]. In this case, no membrane-
like structures were observed between the right atrium 
and ventricle, and each was shown to be an independent 
luminal structure covered by muscle. After describing the 
morphology of the tricuspid valve, tricuspid atresia was 
further classified according to the relationship between the 
associated great vessels (the aorta and pulmonary artery) 
[14]. In this case, tricuspid atresia was type I-b, which is 
the most common form in humans [14]. Tricuspid atresia 

Fig. 1. Three different views of the heart. (A) Left appearance of the heart. The heart appeared to have a large cardiac base and narrow 
cardiac apex. The anterior interventricular groove was shifted to the right. (B) MRI in the sagittal plane at the level of the aortic valve. 
No wall separating the right and left ventricles was observed ventral to the aortic valve. (C) Appearance of the left side of the heart in a 
3D image reconstructed from MRI. The myocardial portion was made more permeable so that the luminal structure could be observed. 
The lumen of the ductus arteriosus was narrow. AO, aorta; DA, ductus arteriosus; LA, left atrium; LV, left ventricle; MRI, magnetic 
resonance imaging; PA, pulmonary artery; RV, right ventricle.



HORSE POSTMORTEM MRI INDICATES TRICUSPID ATRESIA 123

type I-b is characterized by a normal relationship between 
the great vessels (type I) and the presence of pulmonary 
stenosis or hypoplasia (subtype b).

In tricuspid atresia, because the right atrium and right 
ventricle are not continuous, blood cannot flow normally 
into the right outflow tract. Thus, for venous blood to return 
to the right atrium to be shunted to the left atrium, left 
ventricle, and aorta, interventricular communication in the 
form of atrial (e.g., foramen ovale patency) and ventricular 
septal defects is necessary for survival. A connection 

between the right outflow tract and pulmonary circulation 
must occur via one of three pathways: a ventricular septal 
defect, the ductus arteriosus, or aortopulmonary collaterals. 
In this case, the foal exhibited atrial and ventricular septal 
defects. Postnatal survival was possible because venous 
blood flowed through these two defects into the left outflow 
tract and the pulmonary artery. The magnitude of pulmonary 
blood flow depends largely on the degree of pulmonary 
outflow obstruction. In cases of pulmonary atresia or 
stenosis, pulmonary blood flow is reduced with narrowing 

Fig. 2. Multiplanar reconstructed MRI. (A) T2-weighted image in the axial plane at the level of the right ventricle. The right atrium and 
right ventricle were separated by a wall, and the tricuspid valve was not seen. (B) T1-weighted image in the axial plane at the level 
of the pulmonary artery. The lumen was narrow near the pulmonary artery valve (red arrowhead). No separating wall was observed 
between the right and left ventricles. (C) T2-weighted image in the four-chamber plane created by multiplanar reconstruction. A traffic 
channel was present between the right and left atria (blue arrowhead). A very thin membranous structure (green arrowhead), potentially 
indicative of an atrial septum, was seen ventrally. LA, left atrium; LV, left ventricle; MRI, magnetic resonance imaging; PA, pulmonary 
artery; RA, right atrium; RV, right ventricle.

Fig. 3. 3D images of the heart lumen reconstructed from magnetic resonance imaging. (A) Cranial appearance. (B) Right appearance. (C) 
Caudal appearance. The right atrium and ventricle were not continuous. The right atrium communicated with the left atrium, and the 
left ventricle communicated with the right ventricle. This allowed venous blood returning to the right atrium to shunt to the left atrium, 
left ventricle, and aorta. Red region, aorta; green region, pulmonary artery; dark blue region, left atrium; light blue region, left ventricle; 
yellow region, right atrium; pale orange region, right ventricle.
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or occlusion of the ductus arteriosus, and the degree of 
cyanosis worsens. In the present case, the ductus arteriosus 
narrowed, which may have exacerbated the symptoms.

In this case, the morphological structure of the cardiac 
malformation could be understood in 3D by postmortem 
MRI. Postmortem imaging, particularly MRI, has emerged 
as a useful adjunct tool to autopsies in cardiac evaluation [1, 
3, 13, 17, 19]. This technique has the potential to contribute 
significantly to veterinary medicine research and knowledge 
advancement. Postmortem imaging offers the advantage of 
reusing data from autopsies, allowing for arbitrary display 
of cross-sections through multi-planar and 3D reconstruc-
tion. This capability enhances anatomical understanding, 
ultrasound examination training, and surgical simulation 
beyond the limitations of two-dimensional and localized 
autopsy photographs.

Postmortem MRI can provide 3D information of the 
heart, even after formalin immersion (as in this case), 
allowing data acquisition when abnormalities are identified 
at necropsy. Studies in which the hearts of patients who 
died suddenly were fixed in formalin and subjected to 
MRI have also reported the utility of postmortem MRI for 
forensic diagnosis in humans [1, 3]. The ability to perform 
MRI after formalin fixation has the potential to overcome 
logistical challenges in body transportation, including time 
constraints due to postmortem changes and geographical 
limitations related to the installation of facilities.

This case report has some limitations. First, because MRI 
was performed after necropsy, whether or not there were 
any non-cardiac vascular abnormalities remains unknown. 
Second, it has been reported that formalin-fixed hearts show 
shortened T1 and T2 values [5]. Therefore, myocardial 

degeneration could not be investigated using MRI.
In conclusion, this 3D MRI study presents the structure 

of tricuspid atresia in the heart of a Noma horse with 
ventricular and atrial septal defects, along with subvalvular 
pulmonic stenosis. Reconstruction of the structure of the 
heart in 3D easily reveals the relationships between the 
ventricles and the location of the great vessels.
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