1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2017 March 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2016 March ; 63(3): 561-563. doi:10.1002/pbc.25814.

The role of platelets and e-aminocaproic acid in arthrogryposis,
renal dysfunction and cholestasis (ARC) syndrome associated
hemorrhage

Angela C. Weyand, MD?, Rebecca M. Lombel, MD1, Steven W. Pipe, MD1, and Jordan A.
Shavit, MD, PhD?
1Department of Pediatrics and Communicable Diseases, University of Michigan, Ann Arbor, Ml

Abstract

Arthrogryposis, renal dysfunction and cholestasis (ARC) syndrome is a rare disorder associated
with platelet abnormalities resembling Gray Platelet Syndrome. Affected patients have normal
platelet numbers but abnormal morphology and function. Bleeding symptomatology ranges from
post-procedural to spontaneous life-threatening hemorrhage. We report a patient with ARC
syndrome and compound heterozygous mutations in VPS33B who presented with significant
bleeding requiring numerous admissions and transfusions. She was treated with prophylactic
platelet transfusions and e-aminocaproic acid. This was well tolerated and significantly decreased
transfusion requirements and admissions for bleeding. Our experience provides support for
consideration of prophylactic measures in these patients as well as the possibility of using
prophylaxis in related disorders.
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Clinical course

A two-month-old infant presented with failure to thrive and glycosuria. She was born to two
healthy non-consanguineous parents of Mexican descent. Pregnancy, delivery and postnatal
course were uncomplicated except for the presence of rocker bottom feet. Her older brother
had been diagnosed at three months of age with Fanconi-Bickel syndrome (a glycogen
storage disease characterized by accumulation in the liver and kidneys) and died two years
later after massive hemorrhage post-liver biopsy. On presentation, she had findings
consistent with generalized proximal tubular dysfunction including glucosuria, tubular
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proteinuria, and hypophosphatemia. This was felt to be consistent with Fanconi syndrome.
For her failure to thrive, a nasogastric tube was placed for supplemental nutrition. One week
later, she developed significant epistaxis requiring packed red blood cell (pRBC) transfusion
and e-aminocaproic acid. Laboratory studies at that time revealed normal complete blood
counts, prothrombin time, activated partial thromboplastin time, von Willebrand factor
panel, and factor XIII.

Over the following two years, she did not have any significant bleeding despite multiple
surgeries, including laparoscopic Nissen fundoplication and gastrostomy tube placement.
She later underwent tonsillectomy and adenoidectomy for obstructive sleep apnea and
subsequently developed hemorrhage requiring admission to the pediatric intensive care unit
(PICU). Hemostasis was achieved after several cauterization attempts and treatment with e-
aminocaproic acid, oxymetazoline, and pRBC transfusion. Platelet function testing at that
time was performed using a Chronolog lumiaggregometer with ATP chemiluminescence
(see Supplementary Table | for details). The results demonstrated reduced platelet
aggregation and secretion to all agonists except ristocetin, consistent with a secretion defect.
Evaluation of her peripheral smear revealed significantly hypogranulated platelets (Figure
1), and hepatomegaly and transaminitis were noted.

At five years of age, she developed nephrotic syndrome with significant glomerular
proteinuria and hypoalbuminemia and was treated with steroids. She had rapid decline of
renal function and required initiation of dialysis three months later. That year, she was seen
by genetics who concluded that her brother’s liver biopsy results and clinical picture were
not consistent with Fanconi-Bickel syndrome. Molecular testing revealed compound
heterozygous mutations in VPS33B (vacuolar protein sorting 33B), consistent with a
diagnosis of arthrogryposis, renal dysfunction and cholestasis (ARC) syndrome(1). The first
mutation, defined as ¢.1609_1657+9del, is a deletion that encompasses the forty-nine
terminal coding nucleotides of exon 21, including the splice donor site for intron 21 and nine
additional adjacent intronic nucleotides. The second mutation, ¢.1225+5G>C, is at the
junction of exon 16 and intron 16, altering the universal GT splice donor sequence.

She continued to have recurrent and life-threatening episodes of hemorrhage, primarily
epistaxis, requiring frequent hospitalizations and PICU admissions. Due to the frequency
and severity of these episodes, the decision was made to initiate short term prophylactic
treatment with pooled leukocyte-reduced irradiated platelets, in order to facilitate adequate
mucosal healing. Initially she received once weekly transfusions but continued to have
frequent bleeding requiring admission. There was a significant improvement in symptoms as
well as decreased admissions with twice weekly transfusions (Figure 2). After 6 months, she
was trialed off prophylactic transfusions but quickly developed hemorrhage requiring
admission, as well as platelet and pRBC transfusions. Therefore, prophylactic platelet
transfusions were resumed on a weekly basis, along with indefinite administration of oral e-
aminocaproic acid adjusted for her renal failure. She had three minor admissions for
bleeding from her hemodialysis catheter and gastrostomy tube, two of which required
additional platelet transfusions. She tolerated platelet prophylaxis well with appropriate
platelet count increment demonstrated throughout her treatment course. Approximately 16
months after initiation of prophylaxis, she had a prolonged hospitalization for line-
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associated fungal and bacterial sepsis and passed away shortly thereafter. During the period
from resumption of transfusions and initiation of e-aminocaproic acid until her death, there
were only three episodes of bleeding requiring admission, two of which were associated
with manipulation of her dialysis catheter.

Case discussion

ARC syndrome is a rare autosomal recessive multisystem disorder of childhood which has
been found to be caused by mutations in either the VPS33B or VIPAR (VIPAR, VPS33B-
interacting protein involved in polarity and apical protein restriction, also known as
VPS16B, current gene nomenclature is VIPAS39) proteins(1). Patients typically present
with renal tubular dysfunction, cholestasis, severe failure to thrive and joint contractures.
Other common features include ichthyosis, defects in platelet alpha granule biogenesis, and
central nervous system abnormalities. In the largest published cohort of patients, the
majority of patients did not survive past one year of life(2). Our patient lived to 8.5 years
which, to our knowledge, is the longest survival reported in a patient with ARC syndrome.
One of the mutations found in our patient, ¢.1225+5G>C, has been reported to be associated
with an attenuated phenotype with two reported cases at ages 3 and 5.5 years at time of
publication(3). These patients were also of Latino ancestry, similar to our patient. This
mutation has been shown to result in a truncated protein that may maintain some residual
wild type function due to the formation of VPS33B-VIPAR complex-containing clusters(3).

Morbidity and mortality in patients with ARC syndrome is affected by a range of clinical
manifestations including bleeding, infection, and dehydration. A review of cases in the
literature reveals a significant number of patients with significant morbidity and mortality
secondary to a bleeding diathesis (Supplementary Table I1)(2-14). There is a wide range of
platelet abnormalities in patients with ARC syndrome. One cohort found 7 out of 62 patients
with either thrombocytopenia or abnormal platelet morphology resembling Gray Platelet
syndrome due to loss of alpha granules. Eleven of those same 62 patients experienced severe
bleeding (either spontaneous or secondary to organ biopsy). However, 9 out of these 11
patients with severe bleeding had a normal platelet count and morphology(2). Platelet
function testing in these patients may be informative as those in whom aggregation or
PFA-100 testing was performed had demonstrated abnormal responses(2, 9, 11, 15).
Findings on platelet aggregation in these patients has been variable. Our patient
demonstrated decreased aggregation to all agonists except ristocetin, while others have
found abnormal responses to ADP and collagen(9, 15), and decreased aggregation to
arachidonic acid, epinephrine and ADP(11). One note of caution is that ARC syndrome
diagnoses in some studies were solely by the evaluation of peripheral blood smears. These
are less reliable in proving the absence of alpha granules when compared with transmission
electron microscopy as demonstrated in patient studies and mouse models(15-17).

We believe that the use of continuous s-aminocaproic acid prophylaxis, in addition to
prophylactic platelet transfusions, increased our patient’s overall survival as well as quality
of life. In our patient, the use of prophylactic platelet transfusions alone did not significantly
decrease the number of admissions for bleeding. The addition of e-aminocaproic acid
resulted in significantly decreased admissions for bleeding, reduced unscheduled platelet
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transfusions, and decreased pRBC transfusions (Figure 2). Review and extrapolation of
transfusion incidence prior to prophylaxis suggests that this plan was at least equivalent and
may have decreased the total number of platelet transfusions. The decision to proceed with
prophylactic transfusions was not made lightly given the risk for the development of
antibodies. This never became a problem but should be carefully weighed in the
consideration of any prophylactic transfusion program. It is unclear whether the use of ¢-
aminocaproic acid alone would have resulted in a similar reduction in admissions for
bleeding and transfusions. Multiple studies suggest a role for prophylactic s-aminocaproic
acid in addition to prophylactic platelet transfusions in patients with hemostatic
abnormalities(18), and this is supported by our case.

Conclusion

This case highlights the importance of a thorough evaluation of platelets, including
morphology and functional studies, in patients with ARC syndrome. The use of prophylactic
measures, such as continuous e-aminocaproic acid with or without prophylactic platelet
transfusions should be considered in these patients in whom the risk of bleeding
complications justifies the benefit of this approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations Key

ARC Arthrogryposis, renal dysfunction, and cholestasis
pRBC Packed red blood cell
PICU Pediatric intensive care unit
VPS33B Vacuolar protein sorting 33B
VIPAR VPS33B-interacting protein involved in polarity and apical protein restriction
PFA Platelet function analyzer
ADP Adenosine diphosphate
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Figure 1.
Peripheral blood smear demonstrating varying degrees of platelet hypogranulation.

Magnification, 1000x.
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Figure 2. Number of admissions, pRBC and platelet transfusionsrelated to hemorrhagic events
over the course of the prophylactic regimen
The patient’s medical record was reviewed over the 30 month period before her death.

Prophylactic platelet infusions were not included. Admissions and transfusions clearly
unrelated to bleeding were not included, e.g. admissions for infection or anemia secondary
to renal failure.
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