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Abstract 
Denys-Drash Syndrome (DDS) is a rare cause of end-stage renal disease (ESRD) stemming from genetic mutations in the Wilms’ tumor 1 (WT1) 

gene. Albeit uncommon, it and other congenital nephropathies (e.g., Frasier syndrome) may warrant a clinical workup of cardiovascular disease in 
symptomatic patients with cardiopulmonary deficits, as the latter is associated with renal dysfunction given the multifarious physiologic roles and 
nodes of action concerning the kidneys. These include not only serving as a site of neural and hormonal stimuli that affect systemic equilibrium, but 
the regulation of blood pressure and osmolality as well. The cardiorenal demise classically seen in later stages of chronic kidney disease (CKD) in 
relatively older adults may arise earlier in these patients. We report the case of an 18-year-old 46, XY phenotypic female with DDS who complained 
of increasingly nettlesome dyspnea. Initially, she presented with a low index of suspicion for diminished cardiopulmonary fitness. However, further 
clinical workup which included catheterization and cardiac imaging was significant for findings of pulmonary hypertension.
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Background
Cardiorenal syndrome (CRS), defined by the Acute Dialysis 

Quality Initiative (ADQI), refers to a spectrum of clinical 
manifestations in which renal and cardiovascular physiology are 
disturbed due to pathologic dysfunction of one organ affecting the 
other [1]. CRS is not a sequential unidirectional process and may also 
include limitations in both organs that reaches a critical threshold 
(e.g., systemic deposition of amyloid light-chain amyloidosis) [2]. 
The ADQI have defined five subtypes for the delineation of CRS 
(Figure 1). Cardiovascular risk factors implicated in cardiorenal 
syndrome include older age, myocardial injury (manifested as  

 
troponin leak), and moderate to severe mitral valve regurgitation 
manifesting as reduced left ventricular ejection fraction [3,4]. CRS is 
associated with nephropathies of congenital onset in young adults. 
For example, nephropathy stemming from diabetes and acquired 
nephropathies such as post-infectious glomerulonephritis [5]. 

Cardiorenal syndrome in young adults with congenital 
nephropathy is commonly reported as rapid renal failure and 
systemic decline, or premature coronary artery disease [6]. 
Overlooked are defects in the great vessels of young adults with 
congenital nephropathy. Namely, pulmonary hypertension in 
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the latter is of interest to the clinician managing patients with 
complicated cardiorenal syndrome of congenital origin. Mindfulness 
of this phenomenon can prove vital in the management of these 
patients. 

Pulmonary hypertension from cardiorenal syndrome can be 
more discernable in these patients on hemodialysis, presenting 
with shortness of breath, dyspnea upon exertion, and decreased 
cardiopulmonary fitness. We report the case of congenital 
nephropathy secondary to Denys-Drash Syndrome (DDS) in an 
18-year-old phenotypically female 46, XY patient with symptoms 
concerning for dyspnea, later revealed to have pulmonary 
hypertension despite recent cardiac imaging portraying a less acute 
clinical picture. 

We believe this to be the first report of pulmonary hypertension 
related to cardiorenal sequelae of DDS. Given the rarity of DDS 
in the literature in addition to the paucity of reports in the 
literature characterizing cardiorenal syndrome manifesting as 
acute pulmonary hypertension in the young adult with congenital 
nephropathy, reports of these encounters are valuable in informing 
providers and guiding the workup of pulmonary vasculopathy in 
those with nephropathy. 

Case Description
An 18-year-old 46, XY phenotypically female patient with 

a past medical history of end-stage renal disease (ESRD) and 
remote surgical history significant for cadaveric right lower renal 
transplantation presented to our institution to explore eligibility 
for new renal transplantation after it was determined her original 

allograft of 11 years underwent chronic rejection. Her nephropathy 
was deemed to be secondary to congenital Denys-Drash syndrome, 
confirmed with a positive WT1 mutation upon genetic testing. Her 
renal function at the time warranted a Monday-Wednesday-Friday 
regimen of hemodialysis. Medications include amlodipine and 
lisinopril for their renoprotective properties, and cholecalciferol 
to help maintain mineral equilibrium in the setting of kidney 
disease. She was deemed to be an appropriate surgical candidate 
for transplantation pending appropriate medical clearance 
and monitoring. These included frequent electrocardiograms, 
transthoracic echocardiograms (TTE), cardiovascular stress testing, 
renal function tests, and examinations of arteriovenous fistula. 

Initial TTE revealed moderate mitral valve regurgitation 
and pulmonary valve insufficiency (Figure 2). Two months later, 
subsequent TTE affirmed the absence of pulmonic stenosis or 
valvular lesions with mild pulmonary valve insufficiency and slight 
mitral valve dysfunction in the context of increased complaints 
of dyspnea upon exertion, fatigue, paroxysmal nocturnal, and 
orthopnea at hemodialysis appointments (Figure 3). A five-
month TTE revealed exacerbation of heart failure with findings 
of newfound global hypokinesis noted in the cardiac septum and 
inferior wall with severe, grade III diastolic dysfunction (Figure 4). 
Mitral and tricuspid central annular dilatation with moderate to 
severe central mitral regurgitation and moderate central tricuspid 
regurgitation were noted. Ejection fraction was estimated to be 
40%, consistent with systolic heart failure with reduced ejection 
fraction. A PASP of 32mmHg with a CVP of 3mmHg was measured, 
warranting cardiac catheterization for assessment. 

Figure 1: Subtypes of Cardiorenal Syndrome as defined by the AQDI. adapted from Servier 
Medical Art by Servier, which is licensed under a Creative Commons Attribution 3.0 Unported License.
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Figure 3: Two-Month Confirming Exacerbation of Pulmonic Valve Function.

Figure 2: Initial TTE Showing Moderate Mitral Regurgitation and Pulmonary Valve Deficit.
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Figure 4: Five-month TTE Showing Severe Diastolic Dysfunction Indicative of Pulmonic Dysfunction.

Left heart catheterization (LHC) revealed normal heart 
morphology, coronaries, and vascular structure with a lack of 
tamponade with a pulmonary artery pressure of 54/26 mmHg. 
This elevated pulmonary artery pressure was determined to be 
secondary to mixed pulmonary venous and arterial hypertension 
with the patient subsequently discharged to bed rest. Given these 
findings, the pulmonary hypertension in this patient is World Health 
Organization (WHO) Groups 2 and 5 (for systolic left ventricular 
dysfunction and ESRD, respectively). Due to the lack of evidence 
and risk factors for pulmonary arterial hypertension (WHO Group 
1), there exists no benefit or indication for pulmonary vasodilators. 
Previous attempts at vasodilation use in this setting has resulted 
in a lack of statistically significant clinical improvement, even 
potentially causing harm. Recommendations for these patients 
are a goal of euvolemia through pharmacotherapy and lifestyle 
changes. Prospective renal transplantation would help reduce 
cardiorenal sequelae through improved control of neurohormonal 
regulation (modulation of renin-angiotensin-aldosterone-system), 
which would promote a healthier pulmonary vascular profile in this 
patient. 

Discussion
Pulmonary hypertension (PH) is characterized by elevated 

blood pressure within the pulmonary vasculature. Common 
etiologies include increased sympathetic tone (e.g., stimulant use 
or hypoxia induced vasoconstriction) or mechanical impediments 
that prevent adequate blood flow in the heart or lungs, causing 

strain [7-9]. Systemic inflammatory disorders have also increasingly 
gained awareness in their role in the pathogenesis of pulmonary 
artery hypertension, possibly through the induction of reactive 
oxygen species that control the genetic expression of factors that 
reduce vascular pliability, namely endothelin-19. PH may also arise 
from dysfunctional great vessels development, which is present 
in DDS manifesting as patent ductus arteriosus and coarctation 
of the aorta [10]. While not studied in-depth in human subjects 
due to the high fatality rate in DDS, WT1 mutations in mice have 
been shown to alter epicardium formation, with these structural 
configurations implicated in cardiovascular disease [11]. Such 
alterations are due to disorders of epithelial-to-mesenchymal 
transformations within cardiomyocytes inhibiting adequate 
tissue differentiation, promoting a phenotype more conducive to 
disease. DDS is characterized by gonadal dysgenesis, nephropathy, 
and nephroblastoma from mutations in WT1, a transcription 
factor regulating the development of the urogenital system [12]. 
Commentary on WT1 in DDS is paramount in delineating the 
pathophysiology observed in our patient and bridging CRS with 
PH. WT1 is as a transcription factor cited in renin transcription and 
glomerular capillary formation [13]. Dysfunctional WT1 results in 
inadequate glomerular filtration of toxins, namely uremic toxins 
implicated in platelet dysfunction [14]. Exacerbating this problem 
is the lack of proper estrogen metabolism (as seen in DDS due to 
gonadal dysgenesis), resulting in further platelet dysfunction [15]. 
The aggregate effect of this dysfunction is diminished pulmonary 
vascular tone and subsequent PH through aberrant thrombosis 
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regulation [16]. Furthermore, PH results in decreased oxygen flux, 
manifesting as the noted dyspnea in this case. Hypoxia has been 
known to induce mitochondrial damage, promoting the formation 
of reactive oxygen species (ROS) that contribute to cardiomyocyte 
hypertrophy with increased tension via NF-κB17. ROS also 
modulates nitric oxide activity with consequences in endothelial 
cell dysfunction, resulting in hemodynamic instability, irregular 
renal arterial in-flow, pulmonary arterial tone, and dysfunctional 
cardiovascular physiology [17,18]. By following this WT1 gene, we 
believe that our patient with DDS suffered from a type-4 CRS profile. 
Type-4 CRS is managed through renal transplantation to ameliorate 
renal dysfunction by correcting hypertension, as supported by 
guidelines investigating CRS [19].

An appraisal of the renal physiology and neuromodulation 
in the context of chronic disease gives an avenue for further 
characterization of our patient’s presentation. ESRD is associated 
with the inability of nephrons to promote diuresis and fluid 
balance, which classically manifests as central congestion. Further 
compromise of the kidneys supports a physiologic equilibrium that 
is acclimated to the retention of metabolic toxins which directly 
serve as insults to the heart and kidney in cardiorenal syndrome 
as defined by KDIGO [20]. In normal physiologic circumstances, 
increased congestion caused by edema results in stretch of native 
mechosensory nerve fibers scattered throughout the abdominal and 
pelvic wall20. This leads to a phenomenon known as the renorenal 
reflex, by which activation of this system attenuates efferent renal 
sympathetic nervous system activity (ERSNA) [21,22]. Decreased 
ERSNA is associated with a higher threshold for α1-adrenoceptor 
activation. These receptors play a vital role in the activation of 

transporters in the proximal tubule that lead to a state of net 
sodium reabsorption. By decreasing their function, the renorenal 
reflex induces natriuresis and relief of central congestion. However, 
chronic kidney disease and ESRD is associated with dysregulation 
of the renorenal reflex [23,24].

In the case of a patient who has hampered kidney function such 
as in the case of our patient with DDS, a lack of renorenal reflex 
may cause α1-adrenoceptor activation to prevail. This imbalance 
of autonomic nervous system can be appreciated in the presence 
of these receptors within the smooth muscle lining pulmonary 
vasculature, and theories suggesting that overactivation of these 
receptors promotes vasoconstriction and long-term remodeling 
that promotes pulmonary hypertension [25,26]. In addition to 
promoting overactivity of α 1-adrenoceptors, increased ERSNA 
tone supports are associated with an increased expression and 
activity of β1-adrenoreceptors [27]. The β1-adrenoreceptors family 
are well accounted for in their tendency to promote pathologic 
overactivation of RAAS cascade, through increased renin. Multiple 
accounts in the literature have studied the association between β1-
adrenoreceptor tone and pulmonary hypertension via remodeling 
of the vasculature surrounding the lung parenchyma, which 
may have also prevailed in contributing towards the pulmonary 
hypertension observed in this patient with DDS [28-30]. Reports 
in the literature note the use of angiotensin converting enzyme 
inhibitors (ACEI) in the treatment of DDS [31]. The rationale for such 
an approach includes a reprieve of efferent arteriole constriction 
within the nephrons, which is associated with decreased ESRNA 
responses and attenuation of autonomic shifts that promote the 
aforementioned vasculopathies.

Figure 5: Mean Age of Discharged Patients with Pulmonary Hypertension Per National Inpatient Sampling Database (NIS).
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PH rarely presents in the hospital setting before the age of 20, as 
demonstrated from the National Inpatient Sample (NIS), a publicly 
available all-payer inpatient database containing information on 
hospital admissions, as the mean age of discharge for pulmonary 
hypertension in the United States is over 40-years (Figure 5) 
[32]. Badesch et. al studied the age of onset of PH in the general 
population in the Registry to Evaluate Early and Long-term PAH 
Disease Management (REVEAL) study, a multi-center study that 
recruited 2,967 patients with pulmonary hypertension, showing PH 
is most commonly diagnosed between 45 and 54 years of age [33]. 
The presenting signs of pulmonary hypertension include syncope, 
shortness of breath, and edema from perturbed blood and oxygen 
flow. Reports in the literature about pulmonary hypertension 
in patients with congenital nephropathy such as a Denys-Drash 
Syndrome (DDS) are scant. While these patients are evaluated for 
renal transplantation, as seen in this case, there exists the potential 
for lost proclivity in managing the cardiorenal sequelae of chronic 
renal failure. WT1, implicated in renin transcription, is a bioactive 
regulator of vessel pressure, while systemic uremia from metabolic 
byproducts creates a local cardiopulmonary environment conducive 
to inflammation with diminished healing [9,34].

While classically catheterization is indicated in patients with 
acute coronary syndrome (ACS), it holds utility in revealing the 
degree of valvular and pulmonary decline in the young-adult 
populous suffering from systemic disease burden such as DDS, 
especially in the setting of hypertension. Oxygen flux has been 
shown to be a major predictor of long-term mortality in patients 
with heart failure secondary to hypertension, giving credence to 
an increased spotlight to cardiorenal syndrome in patients with a 
dysfunctional kidneys and concomitant dyspnea [35]. Moreover, 
the quick onset of five-months between an echocardiogram that 
showed trace elements of cardiovascular compromise and a study 
illustrating more evident cardiovascular compromise exemplifies 
the urgency that warrants vigilant cardiovascular monitoring in 
patients not only suffering from hypertension from DDS, but any 
intrinsic renal deficit. 

Conclusion
Renal considerations of pulmonary hypertension cannot be 

ignored in the diagnosis of patients with signs of kidney disease 
presenting with dyspnea. Namely, Denys-Drash Syndrome (DDS) 
leading to chronic renal failure and subsequent pulmonary 
dysfunction. By exploring the pathways underlying DDS and 
understanding the dynamics of cardiorenal metabolism, we 
can bridge pathways that refine our understanding pulmonary 
manifestations resulting from cardiorenal syndrome. Audits of 
cardiovascular anatomy via imaging is vindicated in adults with 
a history of congenital nephropathy, holding value comparable 
to measurements of uremia and creatinine, and are valuable 
in supporting the diagnosis of pulmonary hypertension. 
Considerations of cardiorenal syndrome in pulmonary hypertension 
should follow, which can aide in defining the acuity of pathology, 

saving erroneous workup while maximizing resource allocations 
intended to improve cardiopulmonary fitness in these patients. 
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