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Clinical and genetic complexity of Mitchell–Riley/
Martinez–Frias syndrome
L Cruz1, RE Schnur2, EM Post3, H Bodagala1, R Ahmed4, C Smith5, LB Lulis2, GE Stahl6 and A Kushnir6

Mitchell–Riley syndrome/Martinez–Frias syndrome (MRS/MFS) is a rare, autosomal recessive disorder with multisystem involvement
and poor prognosis. Most reported cases have been associated with homozygous or compound heterozygous mutations in the
RFX6 gene, a transcriptional regulatory factor for pancreatic morphogenesis. Given the limited number of reported cases, the
syndrome may be under-recognized. When the particular phenotype of MFS includes a mutation on the RFX6 gene and neonatal
diabetes, it has been called Mitchell–Riley syndrome. Because of this, we propose that MFS/MRS is a symptom continuum or an
RFX6 malformation complex. We report an infant with all of the key clinical features of MRS/MFS without a definable mutation in
RFX6 gene, supporting the consideration of these features as a symptom complex, and raising the question of genetic
heterogeneity.
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INTRODUCTION
The combination of pancreatic hypoplasia, intestinal atresias,
extrahepatic biliary aplasia or hypoplasia, with or without tracheoe-
sophageal (TE) fistula has been reported as Martinez–Frias syndrome
(MFS). Martinez and Frias described these features in siblings con-
ceived by consanguineous parents,1 while Anneren2 and Mitchell3

suggested that the syndrome was associated with autosomal
recessive inheritance. Newer case reports referred to patients with
features of MFS, neonatal diabetes and presence of RFX6 mutation,
but lacking TE fistula as having Mitchel–Riley syndrome (MRS).4,5

Another emerging key feature is the presentation of neonatal
hemochromatosis, as described by Martinovici et al 6 in 2010.
Thus, there appears to be a continuum of symptoms between
these two syndromes, suggesting MFS/MRS or an RFX6 malforma-
tion complex. We present a case of an infant with congenital
duodenal atresia, pancreatic insufficiency, neonatal diabetes,
anemia in the setting of iron overload, and hepatic siderosis.

CASE
The patient was a product of in vitro fertilization, diagnosed with
duodenal atresia on a 21-week prenatal ultrasound with normal
chromosomes and microarray by amniocentesis. He was born at 37
5/7 weeks by vaginal delivery, APGARs of 9 and 9 and birth weight
of 1752 g, to a 28-year-old G3P0020 mother with history of two
miscarriages. The patient underwent successful surgical repair of
duodenal atresia on day of life (DOL)#2. Hours after surgery he was
found to be hyperglycemic while receiving parenteral nutrition
with a glucose infusion rate of 4.8mg kg − 1min − 1. Regular insulin
drip was started on DOL#3, with brief transition to diluted glargine
insulin7 on DOL#14. Glargine did not provide adequate glucose
control and regular insulin infusion was reinitiated within 8 h.4

Enteral breast milk intake temporarily normalized glucose levels
with periods of hypoglycemia (Table 1). Suspicion for neonatal
diabetes arose and was supported with low C-peptide and a
normal cortisol level (Table 1). The unusual presentation of both
hyper- and hypoglycemia was in direct relation to parenteral
nutrition versus enteral intake, respectively. Neonatal diabetes has
been previously reported as a part of MRS/MFS, however, glucose
fluctuation is a new and possibly unrecognized aspect of this
disorder. The patient’s newborn screen did not reveal any
abnormality related to glucose or galactose regulation.
The patient manifested inadequate weight gain throughout the

hospital course. Fat malabsorption and glucagon deficiency due to
pancreatic insufficiency were hypothesized, as well as limited
glycogenolysis due to hepatic dysfunction. Hepatic dysfunction
was seen throughout the hospital course, as evidenced by elevated
coagulation profile, elevation in gamma-glutamyl transpeptidase
(GGT) and persistent cholestasis (Table 1). In MRS/MFS, the pancreas
can be structurally normal with pancreatic dysfunction manifested
by neonatal diabetes, or have anomalous structure with either
hypoplastic or annular pancreas.5 Our patient’s pancreatic insuffi-
ciency manifested with loose, watery and pale colored stools,
despite a structurally normal pancreas on abdominal ultrasound and
as seen during duodenal atresia repair. The abnormal stooling
pattern was most evident once the patient was tolerating full enteral
intake. By the 3rd week of life, weight loss was observed with both
enteral and parenteral nutrition. Medium chain triglyceride oil and
pancreatic enzymes were added to compensate for presumed liver
and/or pancreatic dysfunction, with minimal response. There were
two state newborn screens which were abnormal for cystic fibrosis,
with very elevated trypsinogen and normal sequencing of the cystic
fibrosis transmembrane conductance regulator (CFTR) gene
(Table 1), supporting the diagnosis of pancreatic insufficiency.
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In the first week of life, the patient required two transfusions
with packed red blood cells for anemia. Cholestasis, abnormal liver
function, anemia, elevated ferritin level and suspicion of MRS/MFS
(Table 2) resulted in evaluation for hemochromatosis in the 3rd
week of life. Magnetic resonance imaging (MRI) of the abdomen
demonstrated moderate to severe deposition of iron in the liver
(Figure 1), concerning for neonatal hemochromatosis. A salivary

Table 1. Clinical features and laboratory data

Medical problems Laboratory data Imaging data Medications

Small for gestational age
Duodenal atresia
Failure to thrive

Newborn screen: abnormal for CF,
normal sequencing of CTFR gene
SNP chromosome microarray: normal

‘Double bubble’ on
prenatal ultrasound

Anemia Ferritin: 852–966 ngml− 1

Hemoglobin: 8.1–11.9 g dl−1

MCV: 83.5–109.3 fl
MCH: 30.0–36.5 p g
Reticulocyte: 0.5–4.9%
Total bilirubin: 3.3–16.2 mg dl− 1

MRI of abdomen with
moderate to severe iron
depositions in liver

Hepatic iron deposition Direct bilirubin: 0.6–8.3 mg dl− 1

Prothrombin Time 14.5 s
PTT 37.0 s
INR 1.3
AST 19–31 U l− 1

ALT 5–45 U l− 1

GGT 76–134 U l− 1

MRI of abdomen with
moderate to severe iron
depositions in liver

Neonatal diabetes
Glucose dysregulation

Glucose: 38–425mg dl− 1

C-peptide: 0.12 ngml− 1

Cortisol: 5.9 ug dl− 1

Regular insulin 0.01–0.1 unit kg− 1h− 1

(average 0.01–0.03 unit kg− 1h− 1)
Glargine 0.3 units (0.15 units kg − 1 per
dose subcutaneously every12 h)

Pancreatic insufficiency
Chronic diarrhea

Fecal fat: 4100 FAD/High Power Field
Pancreatic elastase: o15mcg g− 1

Trypsonigen 184–357

Normal pancreas on
postnatal ultrasound

Medium chain triglyceride oil
(6 ml every 2 h as needed)
Creon (0.25 capsules 4 times daily)
Omega-3 Fish Oil (0.1 g kg− 1 every 12 h)
Multivitamins A, D, E, K (1 ml daily)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator;
GGT, gamma-glutamyl transferase; INR, international normalized ratio; PTT, partial thromboplastin time; MCH, mean corpuscular hemoglobin; MCV, mean
corpuscular volume; MRI, magnetic resonance imaging; SNP, single nucleotide polymorphism.

Table 2. Literature review of clinical manifestations of MRS/MFS

Clinical features Martinez–Frias
syndrome

Mitchell–Riley
syndrome

Our patient

Pancreatic anomaly or
dysfuction

Yes1,2 Yes3,5,6,9,11,14 Yes

Duodenal atresia Yes1,2 Yes3,5,6,9,11,14 Yes
Abnormal biliary tract Yes1,2,15, Yes7,9 No
Tracheoesophageal
fistula

Yes1,15 No No

Hypospadius Yes1,15 No No
Chronic diarrhea None

reported
Yes3,11 Yes

Anemia No Yes6,11 Yes
Siderosis No Yes6,11 Yes
Neonatal diabetes No Yes3,5,6 9,11,14 Yes
Insulin therapy No Yes3,5,6,9,11,14 Yes
RFX6 mutation No Yes3,5,6,9,11,14 No
Hepatic siderosis Yes6 None

reported
Yes

Abnormal newborn
screen for cystic fibrosis

None
reported

None
reported

Yes

Glucose dysregulation No No Yes
Dates of the published
findings

1992–1999 2004–2014 2013–2014

Abbreviations: MFS, Martinez–Frias syndrome; MRS, Mitchell–Riley syndrome.

Figure 1. Magnetic resonance imaging with evidence of iron
deposition in the liver. Liver measures 5.3 cm in height. There is
no intrahepatic duct dilatation. The liver iron concentration is read
as consistent with moderate to severe iron deposition and was
based on the standards established by Yves Gandon at the
University of Rennes, France.
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gland biopsy to assess for extrahepatic siderosis using silver stain
was done and was negative.8,9 The combination of liver disease
and extrahepatic siderosis is pathognomonic for neonatal
hemochromatosis and can be considered diagnostic of neonatal
hemochromatosis when seen together.10 In our patient there was
no evidence of iron deposition outside of the liver and thus
neonatal hemochromatosis is unlikely.
Prenatal SNP-based chromosome microarray (Integrated Genet-

ics, 2 695 000 genotyping targets) was reanalyzed using postnatal
criteria with negative results. There were no detected dosage
abnormalities and there was no increase in homozygosity.
Sequencing and targeted dosage analysis of the RFX6 gene did
not reveal any mutations.

DISCUSSION
MFS was first reported to include pancreatic hypoplasia, intestinal
atresias, extrahepatic biliary aplasia or hypoplasia, with or without
TE fistula1 and sometimes associated with consanguinity.5,6,3 MRS
has similar clinical presentation to ‘classic’ MFS, except for the
presence of neonatal diabetes and RFX6 mutation,8 and absence
of TE fistula. The earlier reported cases succumbed to very early
death, often prior to recognition of neonatal diabetes. In addition,
some of the cases were reported prior to RFX6 being linked to the
disorder. Our patient has all of the key clinical features of MRS/
MFS, as well as early anemia, glucose dysregulation and hepatic
siderosis.
Intestinal atresias may involve any portion of the gastrointest-

inal tract, with duodenal atresia being a typical presenting feature
of MRS/MFS and reported in all the cases.1,9 Duodenal atresia
should be considered part of the minimal diagnostic criteria for
this clinical phenotype, rather than the presence or absence of TE
fistula.
Hepatic siderosis, cholestasis and severe anemia have been

reported in previous cases of MFS and are seen in our patient.6,3,11

While the patient mentioned by Martinovici et al, 6 had siderosis
on liver biopsy, the other reports did not have iron assays, thus
raising the possibility for undiagnosed iron overload disease.
Neonatal diabetes had been documented in babies with MRS/
MFS,8 but the wide glucose fluctuation of our patient is a new and
unrecognized aspect of this disorder.
Failure to thrive could be attributed to either pancreatic

dysfunction or primary liver disease, both of which have been
described in previous cases of MRS/MFS.8 The pancreas in MRS/
MFS may be absent, hypoplastic, annular or normal in size on
gross morphology.9 Malabsorption seen in our patient with enteral
nutrition, which was unresponsive to enzyme supplementation,
made parenteral nutrition necessary to maintain growth. There
were, also unusually high trypsinogen levels on newborn screen-
ing for cystic fibrosis, with normal CFTR gene sequencing results,
which is consistent with pancreatic insufficiency. This is the only
reported case of MRS/MFS to have abnormal cystic fibrosis results.
RFX6 is a transcriptional regulatory factor that has been mapped

to chromosome 6q22.2.12,13 RFX6 is primarily expressed in the
pancreas and to a lesser extent in the liver. In mice, RFX6 directs
islet cell differentiation, and knockout mice are unable to produce
normal islet cells with the exception of pancreatic polypeptide-
producing cells.12,13 In 2010 Smith14 was the first to analyze RFX6
as a gene candidate for probands possessing manifestations of
MRS/MFS, with concurrent neonatal diabetes.14 For mutation
negative cases like ours, other possibilities might include genes
that encode proteins that interact with RFX6 or occult RFX6
mutations in regulatory regions, including promoter regions,
intronic regions, the 3′ end or processing defects. For these
reasons, MRS/MFS has been considered a continuum of symptoms
or an RFX6 malformation complex. In addition, our and Smith’s

mutation-negative patients14 suggest the possibility of genetic
heterogeneity for the MRS/MFS phenotype. There was a recent
report of a child with MFS features and neonatal diabetes with a
novel homozygous missense mutation of K260T.9 Further reports
of patients with MRS/MFS phenotype and genetic testing may
clarify the question of genetic heterogeneity.

CONCLUSION
MRS/MFS is a rare condition with a specific phenotypic presenta-
tion that includes being small for gestational age, duodenal atresia,
pancreatic hypoplasia or insufficiency, hepatobiliary dysfunction,
hepatic siderosis and neonatal diabetes. Most cases have been
associated with homozygous or compound heterozygous muta-
tions in the RFX6 gene. We report a patient with all of the key
phenotypic features of MRS/MFS, as well as with significant
glucose dysregulation and elevated levels of trypsinogen on state
newborn screens, which were not previously described. Despite
fulfilling all of the proposed criteria for MRS/MFS, our patient lacks
an RFX6 mutation, suggesting the possibility of genetic hetero-
geneity. This case adds to the current knowledge of MRS/MFS.
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