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ABSTRACT

Background

Mitral valve prolapse affects 2-3% of the general population and 30% of cases are genetic. These
syndromes are associated with mutations in transcription factors like NKX2-5, GATA-4, TBXS5 and
NOTCH signaling pathway that affect the development of the mitral valve.

Case Report

This is a case report of a 28-year-old male who presented with hematemesis of one-week duration. He
had acromelia of the hands with dysplastic nails and terminal transverse limb defects of feet. On
further evaluation he was found to have mitral valve prolapse and portal hypertension. Thus, a
syndromic diagnosis was considered. Whole exome sequencing identified a heterozygous pathogenic
NOTCHI gene mutation, leading to a diagnosis of Adams-Oliver Syndrome (AOS).

Adams Oliver Syndrome is a rare genetic disorder characterized by terminal transverse limb defects,
cutis aplasia, cardiac defects along with vascular anomalies. Mitral valve prolapse in Adams Oliver
Syndrome is however rare. Mutations in NOTCHI1 also have a higher incidence of cardiac anomalies
as this pathway has a pivotal role in cardiac and vascular development.

Conclusion

This highlights the importance of considering genetic syndromes in patients with unexplained
congenital anomalies and valvular disease as early recognition and a multidisciplinary approach are
essential for optimal management.
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INTRODUCTION

Mitral valve prolapse (MVP) is a common condition affecting two to three percent of the general
population. As per the Framingham study it is the leading cause of mitral regurgitation in developed
countries and its prevalence in the Sudden Cardiac Death victims is 2.4%.'

In developed countries, genetic factors contributing to myxomatous degeneration are the predominant
risk factors, while rheumatic heart disease is common in developing countries like India.” Other causes
include ischemic cardiomyopathy, papillary muscle rupture due to infective endocarditis and trauma.
Genetic MVP can be syndromic or non-syndromic. MVP results from gene mutations affecting the
growth and development of the mitral valve. Genes encoding transcription factors like NK2
Homeobox5 (NKX2-5), GATA binding protein 4 (GATA-4) and T-box transcription factor 5 (TBXY5)
are among the earliest ones expressed in the developing heart and their dysregulation has been
associated with mitral valve prolapse. The NOTCH signalling pathway, TGF- signalling pathway,
Bone Morphogenetic protein (BMPs), SOX9 and matrix metalloproteinases (MMPs) also play an
important role in extracellular matrix remodeling and development of the mitral valve. Dysregulation
of these genes has been reported to cause MVP.*

Presence of additional skeletal and vascular abnormalities such as high arched palate, disproportionate
upper segment lower segment ratio, hernia and vascular abnormalities such as aneurysms and
telangiectasias with multisystem involvement point towards syndromic mitral valve prolapse.
Syndromes like Down syndrome, Marfan syndrome, Loeys-Dietz syndrome, Juvenile polyposis
syndrome, Aneurysms-osteoarthritis syndrome, Ehlers-Danlos syndrome and Osteogenesis
imperfecta are associated with MVP.**

We are reporting a case of a young male patient who presented with hematemesis and was incidentally
found to have MVP with skeletal abnormalities but with no significant family history of cardiac
disease whose evaluation led to a rare genetic syndrome.
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Mitral Valve Prolapse In A Case Of Adams-oliver Syndrome

CASE REPORT

A 28-year-old male presented with a history of hematemesis
of one-week duration. He had a history of a similar episode
six months back which was not evaluated. On examination
his vitals were stable. He had limb defects in the form of
acromelia of the hands with dysplastic nails and terminal
transverse limb defects of feet.since birth (Figure 1, Figure 2).

Figure 1: Clinical photograph showing acromelia of the
fingers with terminal transverse limb defects of the feet.

Figure 2: Plain radiograph showing acromelia involving the
hands and feet.

He also had a high arched palate with umbilical hernia.
Abdominal examination revealed hepatomegaly with
massive splenomegaly. Cardiac examination revealed an
ejection click with a late systolic murmur of grade 4/6 with
signs of pulmonary artery hypertension. Clinical examination
of the central nervous system and respiratory system
examination were normal.

His baseline hemogram showed pancytopenia (hemoglobin:
4.4 g/dl, Total count: 2920 cells/mm’, platelet: 1.03
lakhs/mm3) with a corrected reticulocyte count of 1.61%.
Peripheral smear showed shift to the left with
metamyelocytes with tear drop cells, micro spherocytes, and
giant platelets. Liver function test revealed normal bilirubin
(direct and indirect) with hypoalbuminemia and elevated
ALT (7.5 times above upper limit). Serum LDH was normal.
Chest X-ray was done which showed cardiomegaly (Figure
3). Diffuse liver disease with splenomegaly and mild ascites
were noted on ultrasound of abdomen. Contrast enhanced CT
abdomen showed cirrhotic liver with splenomegaly with
multiple porto-systemic collaterals and umbilical hernia. 2D
echo was suggestive of mitral valve prolapse with moderately
severe mitral regurgitation, severe tricuspid regurgitation and
pulmonary artery hypertension (PASP: 65mmHg) with
normal ejection fraction (58%). Upper gastrointestinal
endoscopy showed large esophageal varices.

As a part of pancytopenia workup, bone marrow aspiration
and biopsy were performed which showed active
hypercellular marrow with no abnormal cells suggestive of
hypersplenism. Serology showed positive anti HCV antibody
titers, though the HCV RN A load was low. HIV serology was
positive with a CD4 count of 426 with no evidence of
opportunistic infections.

The patient was managed with blood transfusions and
diuretics following which his ascites reduced and anemia
improved. He was also started on beta blockers for
esophageal varices. After ruling out opportunistic infections,
antiretroviral therapy was started with Tenofovir, lamivudine
and Dolutegravir as per national guidelines.

In view of his transverse limb defect, MVP and umbilical
hernia, a syndromic diagnosis was considered. However, there
was no family history of the same. With a possibility of a
syndromic diagnosis a Whole exome sequencing was done
after obtaining informed consent. Whole exome sequencing
showed a heterozygous mutation, a likely pathogenic ¢.6026
deletion in Exon 32 coding for the NOTCH1 gene with another
mutation of uncertain significance causing Alanine to
Glutamine substitution in Exon 33 at c.6118. A combined
genetic and phenotypic diagnosis of Adams-Oliver Syndrome
was made. Although aplasia cutis congenita was absent, the
presence of terminal transverse limb defects together with a
likely pathogenic NOTCH1 mutation was considered
sufficient to establish the diagnosis of Adams—Oliver
syndrome, consistent with the known phenotypic variability of
the disorder.

Figure 3: Chest Xray PA view showing cardiomegaly

DISCUSSION

In 1945, Adams and Oliver described congenital transverse
limb defects associated with aplasia cutis congenita in three-
generation kindred with typical autosomal dominant
inheritance and intrafamilial variable expressivity.” There
have also been reports of autosomal recessive inheritance
pattern as described by Sybert et al’ and Tekin etal .’
Congenital heart defects have been estimated in 20% of
patients with Adams-Oliver syndrome. Reported
malformations include ventricular septal defects, anomalies of
the great arteries and their valves, and Tetralogy of Fallot.” In
addition, vascular anomalies like cutis marmorata, pulmonary
hypertension, portal hypertension and retinal vascular
abnormalities may be seen. In the present case, pulmonary
hypertension was likely multifactorial, related to severe mitral
regurgitation, portal hypertension and underlying chronic
liver disease. Mutations in ARHGAP31, DLL4, DOCKG,
EOGT NOTCHI and RBPJ genes have been implicated in this
condition.”” Mitral valve prolapse is an uncommon cardiac
manifestation of Adams—Oliver syndrome, making the
present case clinically noteworthy.

Our patient presented with symptoms due to portal
hypertension. However, as the patient was HCV positive, the
cause of portal hypertension may be multifactorial. Given the
presence of HCV-related cirrhosis, portal hypertension in our
patient is more likely attributable to chronic liver disease
rather than directly to Adams—Oliver syndrome. The
transverse limb defects, umbilical hernia and mitral valve
prolapse have been described in Adams-Oliver syndrome
because of NOTCH1 mutation which was seen in our patient.
The NOTCH signaling pathway is known to regulate
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communication between neighboring cells that has important
functions in skeletal and cardiovascular development. A
study done by Stittrich et al showed that the majority of
patients with Adams-Oliver syndrome carrying the NOTCHI1
variant show cardiac or vascular defects. In addition to these
observations, NOTCH1 loss-of-function or gain-of-function
mutations in mice were found to cause major vascular
defects.

Several hereditary cardiovascular disorders have unveiled the
pivotal role that NOTCH signaling plays in cardiovascular
development and homeostasis (Table 1). NOTCHI also
plays a role in vasculo-genesis and vascular obstruction by
thromboses during embryonic development and thus was
suggested as a cause of terminal transverse limb defects.""

Author(s) & Year Patient Details

Cardiovascular anomaly

7
Sybert et al. (1989) (ACC)

Male patient with aplasia cutis congenita

Ventricular septal defect (VSD), mother
with Adam Oliver syndrome

. 13
Tincopa et al. (1986) defects

Male patient with ACC and transverse limb

Ventricular septal defect (VSD)

Torrelio et al. (1986) 4 . .
! (1986) with cutis marmorata

Male patient with family history of mother

Pulmonary venous stenosis and
Pulmonary artery hypertension

15
Kuster et al. (1988) limb defects

Male patient with ACC and characteristic

Tetralogy of Fallot

Santos et al. (1989) '°¢

Female patient with scalp ACC

Coarctation of the aorta, VSD

Der Kaloustian et al.
(1991) 7

Male patient with ACC phenotype

Atrial septal defect (ASD)

phenotype

Ishikiriyama et al. (1992) | Male patient with classical Adam Oliver
I8

Pulmonary Atresia

Bamforth et al. (1994) '°

Female patient in a family of four affected

Tetralogy of Fallot

First patient: 9.5-year-old female with ACC | Aortic and subaortic stenosis (First
Zapata HH et al. (1995)*°| and limb defects, Second patient: 4.5-year- | patient), Parachute mitral valve (Second
old female with parachute mitral valve

patient)

Stittrich et al. (2014) !!

Family of five with classic phenotype

Mitral annular hypoplasia,
multiperforated PFO (fourth proband in
family)

Table 1: The varied cardiovascular anomalies in AOS reported over the years.

CONCLUSION

Adams-Oliver syndrome is a complex syndrome with
multiple phenotypes. Cutaneous defects and vascular
abnormalities are well recognized manifestations of the
disease. While congenital cardiac defects are recognized
manifestations of Adams—Oliver syndrome, mitral valve
prolapse remains a rare and underreported association which
can be attributed to myxomatous changes due to NOTCH1
signaling defect. This multisystem syndrome affects the
quality of life and can be fatal if internal organs are affected.
Therefore, these patients require a continuous and
comprehensive multidisciplinary monitoring starting from
birth. Further cases with precise phenotype-genotype
correlations are required for better understanding of this rare
syndrome.
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