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CASE REPORT

Familial Uhl’s Anomaly: A Congenital Heart Disease Case Report
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ABSTRACT: Uhl’s anomaly is an exceedingly rare (fewer than 1 in 1,000,000 live births) and often fatal congenital
heart disease characterized by the near-complete absence of the right ventricular (RV) myocardium. Although typically
considered sporadic, we report a familial case suggesting an inherited etiology. A 12-year-old boy presented with
exertional chest pain and a decade-long history of an abnormal cardiac silhouette. Comprehensive imaging revealed
apical RV wall thinning, aneurysmal bulging with trabeculations, and severely impaired RV function, with a Tricuspid
Annular Plane Systolic Excursion (TAPSE) of 10 mm and a Fractional Area Change (FAC) of 35%. These findings are
consistent with a Uhl-like phenotype. Family screening identified similar, though less severe, RV structural anomalies
in the patient’s father and sister, supporting an autosomal dominant inheritance pattern. Whole-exome sequencing
revealed a rare heterozygous TTN variant (NM_003319:exon154:c.C56156T:p.T18719M) that co-segregated with the
disease phenotype. The proband was treated with medical therapy targeting heart failure and remained clinically
stable at discharge. To our knowledge, this is the first reported case of familial Uhl’s anomaly associated with a TTN
gene mutation. These findings support a possible genetic basis for Uhl’s anomaly and highlight the importance of
genetic screening in patients with familial cardiac structural abnormalities.
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1 Clinical Features

A 12-year-old boy was admitted to our hospital with a ten-year history of a congenital cardiac structural
abnormality first identified in infancy, and a recent one-month history of exertional chest pain. At age
two, he had been hospitalized for pneumonia at a local facility, where a posteroanterior chest radiograph
incidentally revealed abnormal cardiac morphology. No follow-up investigations were pursued at that
time. Recently, the patient returned to the same facility due to new-onset exertional chest pain and fatigue.
Echocardiography performed during this visit revealed outward bulging of the apical segment of the right
ventricular (RV) wall. However, no definitive diagnosis was established, and medical management was not
initiated. He was subsequently referred to our center for further evaluation. A comprehensive diagnostic
workup was performed, including electrocardiography, coronary artery-enhanced computed tomography
(CT), cardiac magnetic resonance imaging (MRI), and repeat echocardiography. Electrocardiography
demonstrated sinus arrhythmia (Fig. 1a), with a maximum heart rate of 94 beats per minute and a minimum
of 77 beats per minute.
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Echocardiography and contrast-enhanced CT revealed prominent outward bulging of the apical RV
free wall, accompanied by marked myocardial thinning resembling replacement by fibroelastic tissue.
Notably, prominent trabeculations were observed within the aneurysmal regions (Fig. 1b,c). Coronary CT
angiography additionally showed a thinner right coronary artery and its branches. The RV appeared dilated
and hypokinetic on echocardiography, reflecting significant functional impairment. The Tricuspid Annular
Plane Systolic Excursion (TAPSE) was measured at 10.0 mm, and the Fractional Area Change (FAC) was
35%, both consistent with severely reduced RV systolic function. Color Doppler flow imaging demonstrated
mild tricuspid regurgitation. Thus, the patient was diagnosed with Uhl’s anomaly, which was first described
by Dr. Henry Uhl in 1952, defined by the complete absence of myocardium in the RV free wall [1].

Figure 1: Clinical features of the proband and genetic background of the family with familial Uhl’s
anomaly. (a) Electrocardiogram demonstrating sinus arrhythmia in the proband, characterized by irregular P-P
intervals; (b) Echocardiographic four-chamber view of the proband revealing apical right ventricular (RV) free
wall bulging and thinning (yellow arrow), with near-complete congenital absence of myocardium replaced by
fibroelastic tissue. Note the prominent trabeculations in the aneurysmal area (white arrow); (c) Contrast-enhanced
computed tomography (CT) of the proband corroborating the apical RV wall bulge and extensive trabeculation
(arrow); (d) Pedigree showing an autosomal dominant inheritance pattern. The arrow indicates the proband (III-1).

The heterozygous TTN variant co-segregates with all affected family members.
2 Treatment and Outcome

The patient was initiated on a comprehensive medical regimen during hospitalization. Sodium
creatine phosphate was administered to provide myocardial metabolic support. Aspirin was prescribed for
anticoagulation to reduce the risk of thrombus formation associated with right ventricular dysfunction.
Captopril was introduced to inhibit maladaptive ventricular remodeling, while metoprolol was used to
decrease myocardial oxygen demand and enhance coronary perfusion. After eight days of therapy, the
patient was asymptomatic.

Following discharge, the patient has been under close outpatient follow-up for nearly two years.
Serial clinical and imaging assessments have demonstrated sustained stability in his cardiac condition.
Right ventricular geometry and systolic function have remained unchanged, with no evidence of disease
progression or functional deterioration. In light of this stable clinical course, the current medical regimen
has been continued without modification. Ongoing long-term follow-up and functional monitoring remain
essential for elucidating the natural history and therapeutic response in this rare congenital heart disease.
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3 Family History

Given the suspected genetic basis of the proband’s cardiac structural abnormalities, all four family
members underwent transthoracic echocardiography. The proband’s mother demonstrated no cardiac
abnormalities. In contrast, the father and sister exhibited right ventricular structural changes similar to
those observed in the proband, although with milder phenotypic expression (Table 1, Figs. 1d and 2). These
findings supported the possibility of a familial form of the disease.

Figure 2: Echocardiographic findings in family members with familial Uhl’s anomaly. (a) Apical five-chamber
view of II-2, demonstrating pronounced thinning of the right ventricular (RV) apical wall (arrow) with slight bulging;
(b) Apical four-chamber view of II-2, revealing asymmetric septal hypertrophy with a maximal thickness of 13.0 mm
in the mid-septal region (arrow); (c) Apical four-chamber view of III-2, showing significant thinning of the RV apical
wall (arrow) without substantial bulging, demonstrating the variable expressivity of the congenital anomaly among

affected family members.

Table 1: Positive echocardiography findings in each family member.

Member Code Positive Echocardiography Findings

Echocardiography revealed thinning of the right ventricular (RV) apical wall with a slight outward

-2 bulge. Additionally, the mid-septal region showed localized thickening, measuring 13.0 mm (Fig. 2a,b).

Echocardiography showed outward bulging of the apical region of the RV free wall, accompanied by
myocardial thinning suggestive of fibroelastic tissue replacement. Prominent trabeculations were
1II-1, proband observed within the bulging areas. The RV was also dilated with globally hypokinetic walls. The
TAPSE measured 10.0 mm, and the FAC was 35%, both indicative of significantly reduced RV systolic
function. Color Doppler flow mapping revealed mild tricuspid regurgitation.

II1-2 Echocardiography revealed thinning of the RV apical wall (Fig. 2c)

4 Genetic Analysis

Whole-exome sequencing (WES) was performed for four family members (II-1, II-2, I1I-1, III-2) using
the Illumina HiSeq XTEN platform and the Agilent SureSelect V6 capture kit. Bioinformatic processing,
including alignment to the hg38 reference genome (BWA v0.5.1) and variant calling (SAMtools/Picard),
prioritized rare protein-altering variants predicted to be deleterious by PolyPhen, SIFT, and MutationTaster.
Candidate variants were further filtered using a curated cardiovascular gene panel comprising 181 genes
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(Supplementary Table S1) and by assessing inheritance consistency within the pedigree. Five variants
initially met these criteria, but only one was retained after excluding variants that did not segregate with
the phenotype.

A heterozygous TTN variant (NM_003319:exon154:¢.C56156T:p.T18719M) was the only variant that
co-segregated with disease status. This variant was present in the proband (III-1) and both affected relatives
(II-2, TI-2), but absent in the unaffected mother (II-1). No co-segregated variants were identified in CCDC78,
COL6A3, COL9A3, or MEGF10 (Table 2).

Table 2: Genetic sequencing results in each family member.

CCDC78 COL6A3 COL9A3 MEGF10 TTN
(NM_001031737:exon (NM_057166:exon17: (NM_001853:exon (NM_032446:exon (NM_003319:exon154:
1:c.A58C:p.N20H)  c.A4568C:p.K1523T)  4:c.C245T:p.P82L) 19:¢.2362+1->T) ¢.C56156T:p.T18719M)
1I-1 AC AC CT No insertion CcC
-2 AA AA CcC Insertion (T) CT
-1 AC AC CT Insertion (T) CT
II-2 AA AA CC No insertion CT

5 Discussion

The clinical spectrum of Uhl’s anomaly is broad, with severe forms often diagnosed prenatally or during
infancy and associated with poor prognosis [2]. However, a growing body of literature has documented survival
into adulthood, where patients typically present with refractory right heart failure and life-threatening
arrhythmias [3,4]. Therapeutic strategies vary based on age and disease severity, ranging from surgical
palliation in pediatric patients [5] to advanced heart failure therapies in adults, including cardiac
transplantation [3,6,7]. In rare cases with multiorgan involvement, combined heart-liver transplantation
has also been reported [8]. Although Uhl’s anomaly predominantly affects the RV, phenotypic expression
to the left ventricle has been described, including associations with left ventricular noncompaction [9].
Despite its serious clinical course and high mortality, the genetic basis of Uhl’s anomaly remains poorly
understood. Most reports in the literature are descriptive and focus on clinical phenotypes rather than
genetic mechanisms. One notable exception is a case linking thiamine-responsive megaloblastic anemia
(TRMA) and an Uhl’s-like phenotype to a pathogenic variant in the SLC19A2 gene [10]. In our study, no
pathogenic SLC19A2 variants were detected among family members, suggesting a distinct underlying
genetic cause.

The TTN gene, which encodes the giant sarcomeric protein titin has emerged as a major contributor
to inherited cardiomyopathies and congenital heart defects [11-14]. Biallelic truncating variants in TTN
are known to cause severe, early-onset dilated cardiomyopathy and congenital structural abnormalities in
children [15]. Furthermore, TTN has been implicated in congenital malformations such as atrioventricular
septal defects [16] and functional deterioration in conditions such as bicuspid aortic valve [17]. In this study,
we identified a rare heterozygous TTN variant (NM_003319:exon154:¢c.C56156T:p.T18719M) with an allele
frequency of 1.36 x 10> in the gnomAD v4.1.0 database. This was the only variant that co-segregated with
the disease phenotype across three affected family members, providing PP1 level evidence and classifying
it as a VUS (Variant of Uncertain Significance) under ACMG criteria. The variant is located in a region
of titin associated with Z-disk anchoring, a structural domain essential for sarcomere stability. While
Z-disk-related titin mutations have been implicated in dilated cardiomyopathy, their involvement in
congenital RV malformations has not been systematically described [18,19]. These findings raise the



Congenit Heart Dis. 2025;20(6) 741

possibility of a broader genotype-phenotype continuum within titin-associated disorders that may span
both congenital and acquired RV dysfunction.

Nevertheless, this study has inherent limitations. It is based on a single pedigree, which limits its
generalizability. Although the identified TTN variant co-segregates with the disease, definitive pathogenicity
cannot be established without additional independent families or functional analyses.

6 Conclusion

In conclusion, this study reports the first familial case of Uhl’s anomaly associated with a TTN gene
mutation, providing preliminary evidence for a genetic etiology, inheritance mode and variable expressivity.
This finding challenges the traditional view of Uhl’s anomaly as a sporadic condition and underscores the
importance of genetic screening in patients with familial cardiac structural abnormalities. Transthoracic
echocardiography remains a key diagnostic modality for early identification and functional assessment.

Our results also suggest a broader genotype-phenotype continuum within titin-associated disorders.
Future studies employing in vitro or in vivo models will be essential to clarify the mechanistic impact of
this variant on myocardial development and structural integrity.
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