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Introduction
Dilated cardiomyopathy has an incidence of approximately 1 case per 100,000 children in the 

United States [1]. Of those, approximately 27 to 40% have myocarditis [1-3]. The most common 
causes of pediatric dilated cardiomyopathy in the United States are idiopathic, myocarditis, and 
neuromuscular disorder [4]. Less likely causes include inborn errors of metabolism and familial 
dilated cardiomyopathy [4,5] As in this case presentation, patients often present with sudden onset 
fatigue and symptoms of heart failure including cough, nausea and vomiting, or cardiac anorexia, 
but they may even present with sudden death or aborted sudden death [4].

In this case, a child with extensive skin disease presented acutely with symptoms of heart 

Abstract
Background: Over the past decade, Cardiac Magnetic Resonance imaging (CMR) has come to 
the fore in evaluation of adults with dilated cardiomyopathy and is increasingly used for pediatric 
patients. This case illustrates how CMR findings contributed to the decision for heart transplantation 
in a child with a unique type of dilated cardiomyopathy.

Case Presentation: A 6-year-old girl with a long-standing history of diffuse erythroderma presented 
with vomiting and lethargy. Cardiomegaly on chest x-ray led to Echocardiogram, which showed 
severe dilated cardiomyopathy. Diffuse transmural fibrosis was noted on CMR. The patient was non-
responsive to Intravenous Gamma Globulin (IVIG) (for presumed fulminant myocarditis). This 
patient underwent heart transplant with good result. Explant histology confirmed diffuse myocardial 
fibrosis. Whole exome sequencing revealed a pathogenic variant in the Desmoplakin (DSP) gene 
which codes for Desmoplakin, a protein involved in intercellular junctions; pathogenic disruption 
of this gene has been implicated as a cause of diffusely red, scaly skin (erythrokeratodermia) and 
severe dilated cardiomyopathy. 

Conclusion: This case illustrates the importance of CMR for optimal management of dilated 
cardiomyopathy, especially when there is no clear etiology. The extent of myocardial Late 
Gadolinium Enhancement (LGE), due to cellular necrosis and subsequent fibrosis, may contribute 
to clinical decision making.

Keywords: Pediatric Cardiac Magnetic Resonance (CMR); Dilated cardiomyopathy; Late 
Gadolinium Enhancement (LGE); Cardiac transplantation

Abhineet M Sharma1, Steve Zangwill2, James F Southern3, Kristen Holland4, Gabrielle Geddes5 
and Margaret M Samyn5*
1Medical College of Wisconsin, USA

2Phoenix Children’s Hospital Heart Center, USA

3Department of Pathology, Medical College of Wisconsin, USA

4Department of Dermatology, Medical College of Wisconsin, USA

5Department of Pediatrics, Medical College of Wisconsin, USA



Margaret M Samyn, et al., Annals of Pediatric Research

Remedy Publications LLC. 2017 | Volume 1 | Issue 1 | Article 10022

failure and was initially found by Echocardiography to have a 
severely dilated Left Ventricle (LV) with poor systolic function. 
During her initial presentation, although viral etiologies are more 
common, a possible association of the cardiomyopathy with her 
presumptive diagnosis of psoriasis was considered. Data linking 
chronic and severe psoriasis to dilated cardiomyopathy is sparse 
and limited to case reports with rare case series. Psoriatic lesions are 
characterized by increased T lymphocyte activity with up regulation 
of type 1 helper T cytokines, an immuno phenotype shared with 
lymphocytic myocarditis. Given this patient’s negative viral studies, 
other etiologies for cardiomyopathy were considered-including an 
auto-immune mechanism of myocardial disease was postulated, 
supporting treatment with intravenous gamma globulin (IVIG) [6-8].

While bedside echo provided the first glimpse of the child’s 
dilated and poorly functioning heart, ruled out an anatomic etiology 
(e.g. anomalous left coronary artery from the pulmonary artery), and 
was easily acquired, the use of Cardiac Magnetic Resonance imaging 
(CMR) has emerged as standard of care in many centers. CMR 
provides detailed anatomic data, quantifies ventricular volumes, and 
valvar regurgitation, and allows for myocardial tissue characterization 
[9,10]. With reliable volumetric and functional measures, as well 
as typical patterns of Late Gadolinium Enhancement (LGE), over 
the past decade CMR has come to the fore in evaluation of adults 
with dilated cardiomyopathy with CMR having emerging utility in 
children [11-13]. Although there are recent data to suggest possible 
retention of gadolinium contrast in the brain (i.e., the dentate nucleus 
and globus pallidus even in subjects with normal renal function) and 
in other organs after repetitive magnetic resonance scans, the clinical 
meaning is still under investigation [14]. 

As there was no clear etiology for the rapid progression of 
this patient’s clinical heart failure despite IVIG treatment, Endo 
Myocardial Biopsy (EMB) was considered, in accord with the joint 
scientific statement of the American Heart Association, American 
College of Cardiology, and European Society of Cardiology which 
advocates for EMB with new onset heart failure of greater than 2 weeks 
duration with dilated LV and ventricular arrhythmias or heart block 
or, as in this case failure to respond to usual care in 1 to 2 weeks [15]. 
This child did not, though, undergo EMB, as the benefit-risk ratio 
was not deemed favorable for her, because the risk for complications 
seemed high. Instead, although CMR cannot distinguish among 
etiologies of myocarditis per se, CMR scanning was performed to aid 
management [16,17] and decision-making, by assessing the extent 
of myocardial LGE-a marker of myocardial necrosis and fibrosis. 
Based on echo findings of severe LV dilation and profoundly reduced 
systolic function, extensive LGE was suspected and when verified by 
CMR, supported listing this child for heart transplant.

Case Presentation
A 6-year-old girl presented to an outside hospital with a one-

day history of vomiting and lethargy. Her past medical history 
was significant for persistent diffuse erythroderma, attributed 
presumptively to psoriasis, since the age of 2 years. For her 
skin disease, she had been on a combination of adalimumab 
and methotrexate since 3 years of age, after failing a number of 
immunomodulatory therapies. Over her lifetime, she had required 
multiple hospitalizations for painful pustular flares, which were 
managed with topical and occasionally systemic corticosteroids. She 
had a dermatologic flare 3 weeks prior to this presentation and was 
successfully treated with prednisone and clindamycin, returning to 

her usual activities, including school. Energy level prior to admission 
was slightly decreased, which was attributed to recent activities (i.e. 
birthday party attendance and school zoo trip). The patient denied 
palpitations, presyncope, or syncope, but reported a brief episode 
of fleeting chest pain prior to presentation, which resolved without 
intervention. She did not have upper respiratory symptoms prior to 
presentation. However, she did have a positive rapid strep test and 
received one dose of Rocephin in the emergency department.

With a new apical systolic murmur and hepatomegaly, she was 
admitted to the hospital with concern for sepsis. Labs showed a 
white blood cell count of 44K with 68% segmented neutrophils but 
no bands. She had elevation in her liver enzymes (AST: 630 IU/L 
(normal range: 23 IU/L–65 IU/L)) and ALT: 73 IU/L (normal range: 
6 IU/L–45 IU/L). At baseline in the weeks prior to admission, she 
had frequent mild leukocytosis with neutrophilia attributed to her 
prednisone exposure and her AST and ALT had been normal. She 
had been without hepatomegaly on several physical examinations in 
the weeks prior to admission. On admission, her chest X-ray showed 
massive cardiomegaly; in retrospect, a film performed 1 month prior 
to admission for “cough” demonstrated a mildly enlarged cardiac 
silhouette (Figure 1a and b). Subsequent echocardiogram (Echo) 
showed a severely dilated left ventricle with mitral insufficiency and 
reduced left ventricular (LV) systolic function (LV ejection fraction 
(EF) = 31%). She was emergently transferred to Children’s Hospital 
of Wisconsin (CHW) for continued care. 

Admission and Workup
On CHW admission, the patient was a febrile with normal HR 

and BP for age (110 bpm and 83/49). She was dyspneic (respiratory 
rate 26/min) although with her oxygen saturation was 100% in room 
air. She had a normoactive precordium with a regular rhythm and 
normal heart sounds with no murmurs or gallops. Her lungs were 
clear to auscultation with no retractions or nasal flaring. Her liver was 
2 cm to3 cm below the costal margin. She had good distal pulses but 
delayed capillary refill (3 to 4 seconds).

Her lab work up on presentation was significant for an elevated 
BNP (1240 pg/ml with normal< 300 pg/ml), CK-MB (1178 ng/ml 
with normal range 33 IU/L– 45 IU/L), and Troponin-I (284 ng/ml, 
with normal range 0.012 ng/ml– 0.034 ng/ml). Extensive workup 
(including viral, immunologic, rheumatologic, and metabolic studies) 
was negative (Table 1). A repeat Echo, performed on admission, 
showed dilated cardiomyopathy with moderate to severe LV dilation 
with severely reduced systolic function ( LV EF = 18%). Milrinone 
and furosemide drips were initiated.

Figure 1: Chest x-rays. a) Chest x-ray performed for cough evaluation 1 
month prior to presentation, showed mildly increased cardiac silhouette. 
b) Chest x-ray at presentation to tertiary care center showed increased 
cardiomegaly.  
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Given the elevated troponin and clinical symptoms, Cardiac 
Magnetic Resonance (CMR) was performed to assess for myocarditis 
and Late Gadolinium Enhancement (LGE). Endo myocardial Biopsy 
(EMB) was considered for this case, but rejected due to concerns 
for complications for this acutely ill child. EMB, while still the “gold 
standard” for myocarditis diagnosis, carries an increased risk for 
complications (including possible catastrophic Right Ventricular 
(RV) perforation), which are increased by presence of inflamed 
myocardium and by the hemodynamic instability of the patient 
[18,19]. In addition, EMB also presents problems with sampling 
error and sub optimal inter-observer variability [20,21]. While once 
common place for myocarditis, EMB, therefore, has become less 
popular and is no longer standard of care at many institutions. Thus, 
in practice, history, test results, and clinical course are all integrated 
to make the diagnosis [16].

The CMR scan showed severe dilation of the LV (LV end-
diastolic volume (EDV) index = 134 ml/m2 (normal range 58 ml/
m2– 87 ml/m2) with severely reduced LV systolic function (LV EF 
~19%) [22]. The RV was also severely dilated (RVEDV index = 141 
ml/m2, where normal range 61 ml/m2–103 ml/m2) and had reduced 
systolic function (RV EF = 20%). Cardiac anatomy was otherwise 
normal, with normal coronary origins. Interestingly, there was diffuse 
myocardial edema on T2 weighted imaging. Additionally, global LGE 
was seen throughout the right and left ventricles with many areas 
having transmural LGE (Figure 2). 

This patient was presumptively treated with IVIG for presumed 
fulminant myocarditis. Cardiac support continued during her 
intensive care stay, but her cardiac function failed to improve, and 
she was listed for cardiac transplant – a decision corroborated by the 
extensive LGE seen on CMR. Despite supportive care, she developed 
progressive respiratory insufficiency with worsening cardiac output 
and bilateral pleural effusions, leading to a need for ventilator support. 
Eight weeks after admission, the patient underwent heart transplant 

and has done well thereafter. 

On histological examination of the cardiac explant, the left atrial 
wall showed typical thick, vein-like endocardium and uniformly thick 
muscular wall with mild hypertrophy and pale sarcoplasm, consistent 
with typically glycogenated cardiac myocytes. Both anterior and 
posterior left ventricular sections were thinned with inter trabecular 
spaces filled by mural thrombus. The myocardium of the anterior 
wall had loose fibrosis, fibroblast-rich scar, consistent with healed 
laminar necrosis in the inner third of the wall. The posterior LV 
wall had extensive fibrous scar interdigitating with hypertrophic 
cardiac muscle bundles and fibrous tissue extending irregularly and 
transmurally (Figure 3). Gross focal lesions within the coronary 
arteries were not seen, and no focal inflammation was seen for the 
epicardial and intramyocardial vessels sectioned. 

The right atrial wall was quite muscular with moderately 
hypertrophic cardiac myocytes and a thick fibrotic epicardium. The 
anterior RV free wall had areas of fatty replacement and moderate 
hypertrophy. In contrast, the posterior right ventricular free wall 
was markedly thinned with zones that were completely fibrous scar 

Test Result

Infectious

Adenovirus PCR Negative
Parainfluenza 1, 

2, 3 PCR Negative

HIV Rapid Negative

Toxoplasmosis Ab Negative

HSV Ab Negative

Hepatitis C Ab Negative

Hepatitis B Ab Negative

EBV Ab Seroconverted

CMV Ab Recent 
seroconversion

Enterovrius PCR Negative

Lyme Western 
Blot Negative

Antistreptolysin Ab Negative

Anti Dnase B Ab Negative

Immune
Immunoglobulin Quant Normal

IgE Quant Borderline

Rheumatologic

ENA Quant Negative

ANA Quant Negative

Polymyositis Ab Negative

Table 1: Laboratory work up.

Figure 2: Cardiac magnetic resonance images.  a) LV 2 chamber, b) 
biventricular 4 chamber, c) LV apical short axis and d) LV mid short axis 
planes of the patient’s heart which has dilated cardiomyopathy with extensive 
myocardial LGE for a child with erythrodermic and pustular psoriasis 
(Siemens 1.5T Symphony using FLASH PSIR LGE sequence with FOV 208 
x 256, slice thickness 4.5 mm, TE 3.4 msec, TR 389 msec).

Figure 3:  LV Myocardial histology. Masson’s trichrome staining of a) anterior 
LV wall and b) posterior LV wall with blue stain show areas of extensive and 
transmural fibrosis for posterior LV wall. 
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(Figure 4). Immune histology was not performed, as not deemed 
necessary for this heart transplant recipient.

Four years after her transplant, the patient underwent clinical 
whole exome sequencing and was found to have a de novo 
heterozygous variant in DSP gene resulting in a p.L583P alteration. 
Based on American College of Medical Genetic Variant assessment 
guidelines, this variant is clinically classified as pathogenic [23]. 
Mutation in the Desmoplakin (DSP) gene has been associated with 
impaired binding of keratins to the desmosomes in the epidermis, 
alteration of hard keratins in hair, and disruption in desmin fibers in 
the myocardium, leading to dilated cardiomyopathy [24]. 

The patient is now ten years old and continues to do well from 
a cardiovascular standpoint. Her recent transplant biopsies have not 
shown rejection, and her cardiac systolic function is normal. 

Discussion
CMR allows for myocardial tissue characterization especially 

when gadolinium (Gd) contrast is used. Given Intra Venously 
(IV), Gd enters the coronaries and can be used to assess myocardial 
perfusion. As Gd contrast does not enter intact myocardial cells, but 
distributes in the interstitial/extracellular spaces of the heart within a 
few minutes after IV injection, its present late (~5 min to 15 min) post 
infusion can be indicative of myocardial fibrosis due to any number 
of etiologies. This late presence of Gd is known as Late Gadolinium 
Enhancement (LGE) or Myocardial Delayed Enhancement (MDE). 
Areas with retained Gd will appear brighter than normal myocardium. 
Histologic studies have validated the meaning of LGE [9,25]. Different 
patterns of LGE exist with different disease states. For example, 
ischemia typically has sub endocardial or transmural LGE in regions 
of the myocardium corresponding with the distribution of a coronary 
artery. Non ischemic heart disease, such as cardiomyopathy, often 
present with different patterns of LGE, not corresponding to any 
coronary territory and often not involving the sub endocardium, but 
rather affecting the mid-wall or the epicardium [26]. For example, 
hypertrophic cardiomyopathy has patchy infiltrates and myocarditis 
has sub epicardial LGE.

The accuracy of CMR for myocarditis may vary with the 
population studied and CMR techniques employed, but sensitivities 
and specificities approach 76% and 96% when at least 2 of 3 CMR 
criteria (T2, T1, and LGE) are met [17]. While CMR cannot 
distinguish among the various etiologies of myocarditis (viral, 
bacterial, fungal, toxin, auto-immune), CMR can show the extent of 
myocardial involvement better than a right ventricular biopsy, which 
due to the often patchy nature of disease, may lead to misdiagnosis. In 
this child’s case, viral etiologies for her myocarditis (i.e., enterovirus, 

adenovirus, human herpes virus 6, and parvo virus among the 
most frequent) were eliminated by PCR, so other possibilities 
were considered including toxins (i.e. chronic adalimumab and 
methotrexate use) and auto-immune phenomenon related to her 
dermatologic disease. Interestingly, the literature suggests that 
immunomodulatory therapies, like methotrexate, though, may be 
protective for cardiovascular disease by complex and multi-factorial 
means [27].

The pattern of myocardial LGE seen on our patient’s CMR scan 
was most consistent with diffuse fibrosis/scar. The unusual, extensive 
transmural LGE seen in this patient pointed towards fulminant 
myocarditis or another fibrosing cardiac pathology [11]. LGE has 
been associated with poor prognosis, with only variable response to 
IVIG. Myocardial LGE has been shown to correlate well with biopsy 
or autopsy findings as in this case [28-30]. The extent of myocardial 
LGE, due to cellular necrosis and subsequent fibrosis, has been shown 
in the literature to contribute to clinical decision making, as in this 
unique pediatric case. CMR has been used for risk stratification, 
allowing identification of those patients more likely to have a benign 
course versus those with extensive LGE, who are more likely to have 
a significant course [31,32]. 

Ultimately, this patient’s CMR finding of diffuse LGE supported 
listing her for cardiac transplantation. As expected, the explanted 
heart’s histology showed areas of fibrosis that mirrored the location 
of LGE on the CMR. Whole exome sequencing for this patient 
showed a pathogenic variant in the Desmoplakin (DSP) gene 
(coding for Desmoplakin 2). Desmosomes, comprised of proteins 
especially Desmoplakin, are major cell adhesion junctions, highly 
prevalent in the epidermis and cardiac tissue; desmosomes are 
important for the cell rigidity and strength. Mutation in the DSP 
gene altered Desmoplakin, leading to this patient’s phenotype - 
erythrokeratodermia with cardiomyopathy spectrum [24,33]. She 

shares clinical features previously described in patients with similar 
DSP variants [33,34]. Additionally, gross histologic and microscopic 
examination of explanted hearts from patients with pathogenic 
DSP gene often shows diffuse fibrosis (as seen in this patient) and 
sometimes may also show fibro-fatty replacement of the myocardium 
[35].

Conclusion
This case illustrates the importance of CMR scanning for 

optimal management of pediatric dilated cardiomyopathy, especially 
when there is no clear etiology. The extent of LGE seen for this 
patient contributed to the clinical decision to list her for cardiac 
transplantation. 

In addition, this case highlights the importance of genetic testing 
to discern the association of systemic disease with cardiomyopathy, 
especially when the pattern of LGE is more extensive than usually seen 
with myocarditis and when a patient fails to respond to conventional 
therapy (IVIG). Furthermore, this case suggests that for children with 
DSP mutation, screening for cardiomyopathy with Echo and CMR 
throughout childhood may allow earlier identification of the extent 
of cardiac disease. Finally, with a team of clinician-scientists, optimal 
care can be delivered to pediatric patients with rare diseases.

Ethics Approval and Consent to Participate
IRB approval was not required at our institution for a single case; 

patient assent and parental consent to publish was granted.

Figure 4: RV Myocardial histology. Masson’s trichrome staining of a) anterior 
RV wall and b) posterior RV wall with blue stain show areas of extensive 
transmural fibrosis for posterior RV wall.
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