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Acute onset heart failure due to Marfan syndrome
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A 28-year-old visiting from Central America presented with twenty-four hours of lower extremity swelling, dyspnea and
orthopnea. Clinically, she was diagnosed with acute heart failure requiring inotropes with a transthoracic echocardiogram
revealing severe mitral regurgitation with a normal ejection fraction. Subsequent transesophageal echocardiogram confirmed
severe mitral regurgitation with aortic root dilatation (Z-score: 3.9). She was also found to have arachnodactyly, scoliosis on
X-ray and severe mitral valve prolapse. Given her clinical features she was assessed for Marfan syndrome with the modified
Ghent nosology systemic score and met diagnostic criteria. A FBN1 genetic test confirmed the diagnosis of Marfan syndrome
discovering a frameshift mutation resulting in an inappropriate stop codon and peptide truncation. For patients presenting with
heart failure at an atypical age without typical risk factors, rare conditions such as Marfan syndrome should be considered. Marfan
syndrome can accurately and quickly be screened for and diagnosed using the systemic score from the modified Ghent nosology.
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1. INTRODUCTION

Heart failure is a common disease with an estimated 5.1 mil-
lion people living with heart failure in the United States in
2013.!" The incidence of new heart failure increases with
age as does the prevalence of traditional risk factors includ-
ing hypertension, chronic kidney disease, diabetes, obesity
and coronary artery disease.[>3! New onset heart failure in
patients 18-30 years old is uncommon and was observed in
the CARDIA cohort to have an overall incidence of 0.53%
during 20 years of observation in 5,115 patients.!”’ While
heart failure in patients younger than 30 years old can be due
to typical causes, less common etiologies such as congenital
heart disease, viral myocarditis, myocarditis, drug abuse and
genetic conditions such as Marfan syndrome (MFES) should
be considered.

2. CLINICAL CASE

A 28-year-old female from Honduras with a medical his-
tory significant for atrial fibrillation, mitral valve regurgita-
tion with prior mitral valve ring annuloplasty and hyperthy-
roidism was admitted with one day of progressive shortness
of breath. One day after arrival to the United States she
developed acute onset shortness of breath with associated
palpitations, fatigue, activity intolerance, orthopnea and leg
swelling over one day. For her atrial fibrillation she took
amiodarone, nebivolol and rivaroxaban. Her medical history
was notable for mitral valve regurgitation status post mitral
valve repair two years prior to admission from a cardiac sur-
geon visiting in Honduras. She did not have a family history
of MFS or other genetic conditions.

Her vital signs were: blood pressure 89/69 mmHg, pulse
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85-95, weight 52.1 kg, height 167.6 inches and body mass
index of 18.6 kg/m?. Generally she appeared comfortable
without acute distress. Her eye exam was notable for enoph-
thalmos with normal pupils, acuity and visual fields. Her
cardiac exam had an irregular heart rate with a loud P2 and
2/6 holosystolic murmur radiating to the axilla with a dis-
placed point of maximal impact. Her jugular venous pulse
was elevated to the angle of the mandible at about 45 degrees.
Her pulmonary exam, abdominal and neurological exams
were unremarkable. On musculoskeletal exam she had ret-
rognathia and malar hypoplasia, pectus carinatum, scoliosis,
arachnodactyly with a positive thumb sign and pes planus.
Her vascular exam was notable for cool lower extremities
with bilateral trace edema consistent with acute heart failure
and volume overload.

Admission labs demonstrated hyponatremia, hypokalemia
and normocytic anemia with normal renal function (see Ta-
ble 1). Serial troponins were negative with an elevated NT-
proBNP of 4,666 pg/ml. A chest X-ray demonstrated pul-
monary edema, scoliosis and cardiomegaly (see Figure 1)
and an ECG demonstrated atrial fibrillation with right axis de-
viation. A transthoracic echocardiogram found a dilated left
ventricle (ejection fraction 56%, end diastolic volume 203 ml,
left ventricular length diastole 8.7 cm), dilated right ventricle,
dilated left atrium, posterior mitral valve annuloplasty ring
with significant valve thickening and mitral valve posterior
leaflet prolapse with resultant severe mitral regurgitation (see
Figure 2). A subsequent transesophageal echocardiogram
confirmed the transthoracic findings and demonstrated previ-
ous mitral valve repair, an enlarged aortic root (3.9 cm) and
prominent prolapse of the posterior mitral valve leaflet with
a perforation of the posterior leaflet contributing to severe
mitral valve regurgitation. A coronary angiogram did not
have angiographic evidence of obstructive coronary artery
disease. On right heart catheterization she had an elevated
capillary wedge pressure (31 mmHg), a large V-wave and
low cardiac index (1.72 L/min) consistent with severe mitral
valve regurgitation.

Table 1. Admission labs

Lab Result  Normal

Sodium 133 135-145 mmol/liter
Potassium 35 3.6-5.0 mmol/liter
Calcium 8.0 8.4-10.2 mg/dl
Anion Gap 14 12-16

Blood Urea 21 6-23 mg/dl
Creatinine 0.74 0.67-1.17 mg/dl
NT-BNP 4,666 < 300 pg/ml
Troponin T <0.01 <0.01

Thyroid Stimulating Hormone ~ 17.11 0.40-4.50 mclU/ml
Free T4 1.0 0.8-1.8 ng/dl
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Figure 1. Admission Chest X-Ray: Notable for significant
cardiomegaly and interstitial opacities consistent with
pulmonary edema. Sternal wires, scoliosis and possible
small left pleural effusion are also noted

Due to her enlarged aortic root, prominent mitral leaflet
prolapse, scoliosis and arachnodactyly, de novo MFS was
suspected. She was evaluated with the modified Ghent nosol-
ogy and met the diagnostic criteria. Her systemic score was
determined to be 9 (positive score > 7, see Tables 2 & 3).
Her enlarged aortic root had a calculated z-score of 3.9 (pos-
itive z-score > 2) using the Marfan.org diagnostic software.
Subsequent FBN1 gene sequencing discovered a frameshift
mutation resulting in premature peptide truncation due to an
early stop codon that was consistent with MFS.

Table 2. Modified ghent nosology systemic score criteria
and scoring for patient (Loeys BL, et al.)
Systemic Score

Findings Points PaFlent
Points
Wrist and thumb sign (wrist OR thumb sign) 3() 3
Pectus carinatum (chest asymmetry) 2(1) 2
Hindfoot valgus (flat fleet) 2(1) 1
Any spontaneous pneumothorax 2 0
. Not
Lumbosacral dural ectasia 2
assessed
. . Not
Protrusio acetabuli 2
assessed
Scoliosis (Cobb angle > 20°) or Thoracolumbar Kyphosis 1 1
Full elbow extension (< 170°) 1 0
3 of 5 facial features 1 1
Skin striae 1 0
Severe myopia 1 0
Mitral valve prolapse 1 1
Not
Upper/L tio and /height rati 1
pper/Lower ratio and arm span/height ratio Assessed
Total score 20 9
Note. Maximum total: 20 points; score >7 indicates systemic involvement.
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Figure 2. Transthoracic Echocardiogram. a. Markedly dilated left atrium with mitral valve posterior leaflet prolapse
(arrow) on apical view; b. 3.9 cm dilation of aortic root (Marfan.org z-score = 3.8); c¢. Four-chamber view with dilated left
ventricle (blue line, left ventricular internal diameter end diastole 7.2 cm), dilated left atrium (yellow line, left atrium
dimension 6.5 cm), mildly dilated right ventricle; d. Severe mitral valve regurgitation noted on a parasternal short axis view
(arrows); E. Parasternal long view demonstrating severe mitral valve regurgitation

On day three, she went into atrial fibrillation with rapid ven- travenous metoprolol; however, this resulted in cardiogenic
tricular rates. Her heart rate was adequately controlled with  shock requiring the initiation of milrinone. She continued
a bolus of 150 mg of amiodarone and 15 total mg of in- to frequently revert into and out of normal sinus rhythm
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over the next several days despite adequate rate control. She
was gradually stabilized with aggressive diuresis, continu-
ation of amiodarone, initiation of digoxin and initiation of
hydralazine. Milrinone was weaned off within 72 hours and
on day seventeen she underwent mechanical mitral valve
replacement without intra-operative complications. Intraop-
eratively the surgeon discovered a prior posterior annulus
repair with approximately 75% dehiscence resulting in a
large perforation in the mitral valve. The native valve also

Table 3. Modified ghent nosology (Loeys BL, et al.)

had features of rheumatic disease including leaflet thickening,
papillary cord fusion, papillary cord shortening and papillary
muscle fibrosis. Valve pathology demonstrated calcifications,
fibrosis and chronic inflammation with rare multinuclear gi-
ant cells consistent with rheumatic valve disease. She was
discharged from the hospital on post-operative day twelve
and seen in clinic one month later with a repeat echocar-
diogram demonstrating preserved left ventricular function
without paravalvular leak.

Modified Ghent Nosology

In the absence of family history

Ectopia lentis and documented FBN1 mutation with known Aortic Root Dilatation = MFS
Aortic Root Dilatation Z score > 2 and Documented FBN1 mutation = MFS

Aortic Root Dilatation Z score > 2 and Ectopia Lentis = MFS

Aortic Root Dilatation Z score > 2 and Systemic Score > 7 pts = MFS

In the presence of family history

A systemic score > 7 points and family history of Marfan syndrome = MFS

Ectopia lentis and family history of Marfan syndrome = MFS

Aortic Root Dilatation (Z score > 2 older than 20 years old) and family history of Marfan syndrome = MFS

Patient Scoring

Systemic score

9 (score > 7 indicates systemic involvement)
Family history of Marfan syndrome
Negative

Aortic dilation Z-score

3.8 (positive z-score > 2)

FBN1 genetic test

Positive for mutation in FBN1 gene, exon 36, nucleotide 4,562 there was a deletion resulting in a frame shift that resulted in a

premature stop codon 59 positions downstream

Note. Family history of Marfan syndrome should be defined using the Modified Ghent nosology.

3. DISCUSSION

Originally described in 1896, MFES results from various muta-
tions within the fibrillin-1 (FBN1) gene and is inherited in an
autosomal dominant fashion with roughly 25% de novo mu-
tations and an estimated prevalence of 15-172 per 1,000,000
people.[>-%1 The FBN1 gene produces fibrillin an integral pro-
tein for formation of the extracellular matrix in connective
tissue. MFS occurs in both sexes and all races without known
differences in incidence.!”! The 2010 modified Ghent nosol-
ogy sought to simplify, improve diagnostic accuracy and
allow for an earlier diagnosis of MFS.!%! Our patient met the
modified Ghent criteria (see Tables 2 & 3) with a positive sys-
temic score, aortic root dilation z-score and FBN1 mutation.
Although our patient met diagnostic criteria prior to genetic
testing, given the presumed de novo mutation we elected to
obtain genetic testing for family genetic counseling.

MFS is a systemic disease affecting multiple organ sys-

Published by Sciedu Press

tems including the cardiovascular, pulmonary, connective
tissue, skin, ocular and skeletal systems.m The modified
Ghent nosology continues to serve as the gold standard
for the diagnosis of MFS as mutations in the FBN1 gene
are necessary, but not sufficient to diagnose MFS. FBN1
mutations in patients without clinical symptoms of MFS
have underdetermined clinical significance.!®’ Researchers
have created a universal FBN1 mutation database (http:
//www.umd.be/FBN1/) that contains over three thousand
mutations in an effort to improve our ability to predict which
mutations may produce systemic disease.®!

Recognizing MFS is important to assess for cardiovascular
complications, which historically were the leading cause of
death for patients with MFS. Most individuals with MFS
have cardiac abnormalities including a dilated aorta (60%-
80%), dilated descending aorta (80%-100%), mitral regurgi-
tation and/or mitral valve prolapse (50%-80%).%1°! Dilated
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pulmonary arteries are common (76%), but are rarely clin-
ically significant.”! Less common findings include atrial
septal defects (4%), tricuspid valve prolapse (4%), arrhyth-
mias and left ventricular dysfunction.””! For patients with
MFS, prior to open heart surgery and prophylactic aortic
arch replacement, the average life expectancy was 32-year-
old and an estimated 90% of untimely deaths were attributed
to cardiovascular sequelae.!'!! Recommendations for cardiac
monitoring include an echocardiogram at diagnosis for all
patients followed by another echocardiogram six months
after initial diagnosis.!'!! If there is no aortic root dilation,
yearly echocardiograms are reasonable. If a patient is found
to have aortic root dilation more frequent screening is rec-
ommended; however, no formal guidelines exist.!''! Current
guidelines recommend if the aortic root is > 5.0 cm or di-
lation progresses at > 0.5 cm yearly ascending aortic arch
replacement should be considered.* 12! Recent studies have
documented a significantly increased life expectancy that
approaches the general population with appropriate medical
therapy and aortic root replacement.[!!]

Despite insight into the genetics of the disease, pharmaco-
logic treatments have not demonstrated consistent efficacy
in reducing the rate of aortic root dilation in MFS.!'3] Beta-
blockers are a cornerstone of therapy for Marfan syndrome
and is the primary pharmacologic treatment recommended in
current guidelines.*! The recommendation is largely based
upon a single open-label placebo-controlled study of 70 pa-

tients taking propranolol, which did not find a statistically
significant difference in a clinical end-point composite of
death, congestive heart failure, aortic regurgitation, aortic
dissection or cardiovascular surgery (5 vs. 9).'41 The study
did find a significant difference in the rate of aortic dilation
with propranolol as compared to placebo over an approxi-
mate 10-year follow-up; however, it remains unclear if this
reduction is clinically meaningful.['*! To date we are not
aware of any randomized double-blinded studies demonstrat-
ing the efficacy of beta-blockers in reducing the rate of aortic
dilation or reducing clinical end-points in patients with MFS.
Beta-blockers impact on long-term survival and the rate of
complications remains unclear.'!! Regardless, beta-blocker
therapy is recommended in all patients with MFS and our
patient was continued on beta-blockers at discharge.!'!!

Our case describes acute heart failure and cardiogenic shock
due to an uncommon presentation of cardiac complications
from MFS requiring mechanical mitral valve replacement.
Our patient had a de novo mutation of the FBN1 gene with
several classic findings of MFS including scoliosis, severe
mitral valve prolapse, dilated ascending aorta and pectus
carinatum meeting diagnostic criteria of the modified Ghent
nosology. After surgical treatment for her mitral valve regur-
gitation our patient’s cardiac function improved with optimal
medical therapy and was maintained at one month follow-up.
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