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Alagille Syndrome: An ultrafiltration dilemma
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ABSTRACT

Alagille syndrome (AGLS) is a rare genetic disorder caused by mutations in the Notch signaling pathway. Multiple organ dysfunction is
frequent despite phenotypic variability. We report the case of an AGLS patient with right heart failure and persistent fluid overload who started
peritoneal ultrafiltration, without initial benefit. Possible pathophysiological mechanisms related to the underlying genetic condition, namely
vascular abnormalities, that could help explain the poor ultrafiltration are provided, while other ultrafiltration failure causes are briefly dis-
cussed. New evidence is necessary for a better understanding of this syndrome in PD modality.
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INTRODUCTION

Alagille syndrome (ALGS) is an autosomal dominant multisystemic
disorder, with variable phenotypic penetrance, caused by mutations
in the Notch signaling pathway. The majority of patients (more than
90%) have a detectable mutation in JAG1, while a smaller percentage
has mutations in NOTCH22. The main pathological feature consists of
hepatic involvement with chronic cholestasis due to paucity of intra-
hepatic bile ducts, but involvement of the heart, skeleton, eyes, kid-
neys, central nervous system and a wide variety of vascular abnormali-
ties have also been reported?. Recent evidence suggests renal
involvement is present in 39% of cases, with renal dysplasia being the
most common manifestation (58.9%)3. Renal tubular acidosis, vesi-
coureteral reflux and urinary obstruction are other possible renal
presentations. Chronic kidney disease (CKD) is common in ALGS?,
although renal insufficiency requiring renal replacement therapy is
rare®. The paucity of available data in these patients with end-stage
CKD leads to therapeutic dilemmas in clinical practice and demands
careful evaluation and individualized decisions.

CASE REPORT

A 48-year-old female patient with ALGS diagnosed at age 30 (con-
firmed mutation in JAG1)® and CKD was admitted to our Nephrology
Department with worsening congestive heart failure (HF), refractory
to diuretic therapy. Progressive worsening of volume overload had
developed in the preceding months, despite failed attempts of opti-
mizing medical management with consecutive increments of furo-
semide (up to 240mg a day), causing poor symptom control and leading
to several hospitalizations for intravenous therapy.

Received for publication: Apr 10, 2021 e Accepted in revised form: Jul 22, 2021 e http://doi.org/10.32932/pjnh.2021.10.148

Clinical features of ALGS included dysmorphic facial features (promi-
nent forehead, deep-set eyes, pointed and small chin and hyper-
telorism), chronic cholestasis and several vascular abnormalities,
namely intracranial aneurisms, abdominal aortic and bilateral renal
artery hypoplasia as well as pulmonary artery stenosis. This charac-
teristic anomaly led to chronic and refractory right ventricular HF,
which, together with the vascular renal hypoplasia, accounted for CKD
and its progression.

A strategy of peritoneal ultrafiltration (PUF) was considered, assum-
ing that a better fluid status and cardiorenal hemodynamics would
improve her global clinical condition. After patient’s consent, urgent-
start PUF was initiated in an ambulatory setting, following proper
training, with a single daily 2L exchange of isotonic icodextrin during
8 hours.

Upon re-evaluation, however, there was no evidence of sympto-
matic relief and PUF records showed insignificant ultrafiltration. Two
additional exchanges with 2L of 2.27% glucose solutions during 4 hours
each were added to the PUF scheme, without improvement in UF
capacity and consequent failure of preventing weight gain. Plain abdo-
men X-ray showed adequate catheter location and there was no appar-
ent obstruction to infusion or drainage. Clinical examination did not
suggest peritoneal leaks or signs of peritonitis and laboratory workup
excluded decrease in residual renal function (RRF). Patient adherence
to fluid and salt restriction and to the PUF scheme was confirmed.

A peritoneal equilibration test (PET) was performed, showing a
low transport profile (dialysate-to-plasma ratio of creatinine at 4 hours
of 0.4). Dwell time was then increased to 7 hours between the two
exchanges of 2.27% glucose solutions (icodextrin was temporarily
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suspended), with significant increase in net ultrafiltration (400-700mL/
each exchange) and clinical improvement ensued. Six months after
PUF introduction, there has been no need for new hospital admissions
due to HF.

DISCUSSION

PD offers an alternative therapeutic option in refractory HF and
reduces the incidence of decompensation. A systematic review’ was
recently conducted and included 14 prospective and 7 retrospective
studies (n=673 patients), indicating a benefit in patients’ symptoms,
fluid balance, hospitalization rate and quality of life, despite no sig-
nificant effect on overall survival®. Still poorly defined are the clinical
characteristics of HF patients who may benefit most from PUF and
the best protocols and procedures for delivering PUF. Management
of these patients gets even trickier when daily net ultrafiltration is
insufficient to maintain euvolemia, as in our case.

Various factors can alter the ability to control overhydration with
PUF and nephrologists should conduct a complete workup into all
possible etiologies. Our team excluded major causes of poor UF, includ-
ing catheter-related mechanical or infectious complications, peritoneal
leaks, lack of patient adherence and decrease in RRF. Highly effective
peritoneal surface area (type 1 UF failure) was also set aside since
this condition mainly occurs in long-term PD patients, dialysate-to-
plasma (D/P) creatinine ratio > 0.81 is a hallmark and icodextrin has
high potential to improve UF, which didn’t happen in the present case.
For similar reasons, inadequate water removal via aquaporins through
decreased osmotic conductance (type 2 UF failure) was unlikely, as
icodextrin solute and fluid transport relies predominantly on the small
pore system? and we still experienced minimal UF with this solution.
Fluid absorption from the peritoneal cavity into lymphatics (type 4
UF failure) is another cause to bear in mind and it has been suggested
that icodextrin UF failure may be an indirect evidence for a high rate
of fluid absorption from the peritoneal cavity?; in this case, though,
ultrafiltration was reestablished after increasing dwell time.

ALGS is a rare cause of HF and, to the best of our knowledge, this
is the first case report of PUF in this type of patients. This case is also
impressive for the unusual renal involvement due to renal artery
hypoplasia and cardiorenal syndrome secondary to pulmonary artery
stenosis. Furthermore, the UF-resistant HF and slow transporter profile
raises an important question: is there an ALGS-related intrinsic barrier
to PUF?

The Notch family comprises a number of transmembrane proteins
that interact as regulators of cell fate decisions and play an important
role in vascular development and arteriovenous differentiation. It is
also involved in mesenchymal-endothelial cell signaling that stabilizes
the vasculature. A recent review further suggests that vasculopathy
may explain the multisystemic phenotype of AGLSL. Considering
vasculopathy is the primary abnormality in AGLS, it would be expected
that clinical manifestations might be explained by abnormal vascular
development, with theoretical extent to peritoneal microvasculature.
One could, therefore, hypothesize that AGLS patients may have a low
effective peritoneal surface area due to peritoneal vessel anomalies,
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even though others factors may contribute, including fibrosis induced
by TGF-p12.

CONCLUSION

To date, there is limited evidence for PUF in HF patients suffering
from AGLS. Our case report showed an ultrafiltration-resistant patient
with a low solute transport that, after excluding other causes of UF
failure, demonstrated clinical improvement after increasing dwell time.
We hope to raise awareness to a possible specific AGLS-related peri-
toneal microvasculature or membrane alteration caused by JAG1 or
NOTCH2 mutations and to the need for future studies to confirm this
hypothesis. Until new evidence comes to light, these patients warrant
careful evaluation and individualized decisions.

Disclosure of potential conflicts of interest: none declared.

References

L Turnpenny P, Ellard S. Alagille Syndrome: pathogenesis, diagnosis and management. Eur J Med
Genet 2012; 20:251-257. DOI: 10.1038/ejhg.2011.181

* Mitchell E, Gilbert M, Loomes KM. Alagille Syndrome. Clin Liver Dis 2018; 22:625-641. DOI:
10.1016/j.cld.2018.06.001

- Kamath B, Podkameni G, Hutchinson AL, et al. Renal anomalies in Alagille Syndrome: a disease-
defining feature. Am J Med Genet A 2012; 0(1):85-89. DOI: 10.1002/ajmg.a.34369

- Kamath BM, Spinner N, Rosenblum N. Renal involvement and the role of Notch signalling in
Alagille Syndrome. Nat Rev Nephrol 2013; 9: 409-418. DOI: 10.1038/nrneph.2013.102

" Bissonnette MZ, Lane JC, Chang A. Extreme renal pathology in Alagille Syndrome. Kidney Int Rep
2017; 2:493-497. DOI: 10.1016/j.ekir.2016.11.002

- Berta Sousa A, Medeira A, Kamath BM, Spinner NB, Cordeiro I. Familial stenosis of the pulmonary
artery branches with a JAG1 mutation. Rev Port Cardiol 2006; 25(4):447-452.

* Lu R, Mucifio-Bermejo MJ, Ribeiro LC, et al. Peritoneal dialysis in patients with refractory conges-
tive heart failure: a systematic review. Cardiorenal Med 2015; 5:145-156. DOI: 10.1159/000380915

* Frohlich H, Katus HA, Tager T, et al. Peritoneal ultrafiltration in end-stage chronic heart failure.
Clin Kidney J 2015; 8:219-225. DOI: 10.1093/ckj/sfv007

- Silver SA, Harel Z, Perl J. Practical considerations when prescribing icodextrin: a narrative review.
Am J Nephrol 2014; 39:515-527. DOI: 10.1159/000363417

* Teitelbaum 1. Ultrafiltration failure in Peritoneal dialysis: a pathophysiologic approach. Blood
Purif 2015; 39:70-73. DOI: 10.1159/000368972

* Kamath BM, Spinner NB, Emerick KM, et al. Vascular anomalies in Alagille Syndrome - a significant
cause of morbidity and mortality. Circulation 2004; 109:1354-1358. DOI: 10.1161/01.
CIR.0000121361.01862.A4

- Zavadil J, Cermak L, Soto-Nieves N, Bottinger EP. Integration of TGF-3/Smad and Jagged1/Notch
signalling in epithelial-to-mesenchymal transition. EMBO J 2004;23(5):1155-1165. DOI: 10.1038/
sj.emboj.7600069

~

w

FS

w

o

~

o

©

=
o

-
=

-
~

ORCID
Catarina Abrantes 0000-0002-1093-3395
0000-0002-0714-0060
0000-0001-5172-2917
0000-0001-7397-0233
0000-0003-1750-382X
0000-0002-4899-5372

0000-0002-9242-7807

Teresa Furtado
Patricia Domingues
Patricia Valério
Joana Felgueiras
José Assungdo

Alvaro Vaz

Correspondence to:

Catarina Abrantes

Rua Camilo Castelo Branco, 2910-446 Setubal, Portugal
E-mail: catarina.g.abrantes@gmail.com


https://orcid.org/0000-0002-1093-3395
https://orcid.org/0000-0002-1093-3395
https://orcid.org/0000-0002-0714-0060
https://orcid.org/0000-0002-0714-0060
https://orcid.org/0000-0001-5172-2917
https://orcid.org/0000-0001-5172-2917
https://orcid.org/0000-0001-7397-0233
https://orcid.org/0000-0001-7397-0233
https://orcid.org/0000-0003-1750-382X
https://orcid.org/0000-0003-1750-382X
https://orcid.org/0000-0002-4899-5372
https://orcid.org/0000-0002-4899-5372
https://orcid.org/0000-0002-9242-7807
https://orcid.org/0000-0002-9242-7807

