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In brief this is a 10 month old boy with liver failure of undetermined etiology. The
family is seeking a Best Doctors consultation regarding the diagnosis and treatment
plan.
He was in his usual state of good health until early April 2013, when he
a 3 day history of vomiting, diarrhea, increasing abdominal distension, periorbital and
lower extremity edema, and increased work of breathing. He was seen in the
emergency department of an academic children’s hospital on 4/10/2013, where he was
found to be febrile to 40 degrees Celsius. Anasarca and splenomegaly were noted on
examination. He did not appear encephalopathic. Labs revealed evidence of fulminant
hepatic failure, with an INR of 5.6, a conjugated bilirubin of 4 mg/dL, and mildly
elevated AST/ALT (around 100 IU/L). At that time, his initial blood glucose was
normal.
Of note, Jianhua’s father had had some symptoms of vomiting and diarrhea just prior to
this acute presentation. Additionally, Jianhua had had a chronic history of greasy, pale
stools (“like olive oil”). There was no history of travel, medications, or herbal
supplements.
Jianhua was resuscitated with 30 cc/kg normal saline and given broad-spectrum
antibiotics after cultures were obtained. He was admitted to the pediatric intensive care
unit for ongoing care, with the diagnosis of acute hepatic failure. His coagulopathy was
not responsive to parenteral vitamin K administration. Hypoglycemia ensued, requiring
intravenous dextrose administration. A PICC line was placed. For progressive anemia
and coagulopathy, Jianhua received multiple transfusions of cryoprecipitate, packed red
blood cells, and fibrinogen. He was treated with diuretics, antibiotics, fat-soluble
vitamin supplementation (significant deficiencies discovered on testing), and a high
MCT formula (Pregestamil).

An extensive work-up to determine the etiology of for his liver failure was unrevealing. Imaging revealed moderate
intraperitoneal fluid, mild splenomegaly, evidence of portal hypertension, and multiple small, echogenic foci throughout

the right lobe of the liver. Please see below for full details. A urine toxin screen was negative, and a serum
acetaminophen level was undetectable. Testing for autoimmune hepatitis associated antibodies was negative.
An infectious disease consultation was obtained, and evaluation for a number of pathogens was negative (EBV, CMV,
HSV, and Hepatitis A/B/C). Blood cultures were negative. A catheterized urine culture grew between 1,000-10,000
cfu/mL of E coli, which was treated with antibiotics.
Hematology was consulted to rule out an infiltrative process. A serum ferritin and triglyceride level were both normal,
arguing against hemophagocytic lymphohistiocytosis. By report, soluble IL-2 testing was unremarkable (results
unavailable). Leukemia was felt to be extremely unlikely, given the normal neutrophil count. The labs and imaging were
not felt to be consistent with lymphoma or a primary liver malignancy. Neuroblastoma was felt unlikely given the imaging
findings, and a normal VMA level provided additional support in that regard.
Metabolics/genetics was consulted as well. Carbohydrate deficient glycoprotein, serum amino acids, and urine organic
acids were reportedly unremarkable (formal results not available in reviewed medical records). A urinalysis showed trace
reducing substances, but subsequent galactosemia screening was reportedly negative (results unavailable). A fecal elastase
showed “severe exocrine pancreatic insufficiency (see below).” It appears that this was felt to be a false positive, given
what was described as creamy consistency stool. Pancreatic enzyme supplements were not started. Genetic testing
(‘JaundiceChip’ at Cincinnati Children’s Hospital) revealed no mutations in the genes involved with alpha-1 antitrypsin
deficiency, Alagille syndrome, PFIC-2, or PFIC-3. There was a clinical variant of unknown significance in 1 allele of the
PFIC-1 gene (please see lab reports below for full details). A urine bile acid profile was unremarkable (full report listed in
labs below).
Jianhua had a normal ophthalmologic exam, without any ocular evidence to suggest a specific metabolic or genetic
disease.
He underwent a laparoscopic liver biopsy on 4/18/2013, revealing an established micronodular cirrhosis with bile ductular
proliferation. The etiology of the cirrhosis was of unclear etiology.
The liver transplant team followed Jianhua closely during his inpatient stay, and he was listed for transplantation after
lengthy discussions with the family and consulting services. By discharge in late April, his jaundice had resolved, and his
INR was stable at 2.5 (without the need for any corrective products).
Jianhua has been followed closely by the transplant team as an outpatient, initially weekly and now every 2 weeks. The
last available clinic note is from 6/6/2013. At that time, he was doing well. The impression was micronodular cirrhosis of
unknown etiology, “probably some developmental gene disorder as the etiology.” On examination, he was without
jaundice. There were some excoriations on his forehead. His spleen was palpable 3 cm below the left costal margin. His
liver was not enlarged, and was palpable and “firm” at the sternal edge. There was no edema. Jianhua’s albumin was
normal. His conjugated bilirubin was 0.0 mg/dL, and his INR was 1.4. His PELD score was “around 10.” So, it was
anticipated that the wait for transplant could be months, unless his condition were to deteriorate.
The parents’ intake notes that Jianhua was seen again on 6/20/2013, at which time his bilirubin had apparently normalized.
His serum ammonia was said to remain elevated. Reportedly, his transplant status has been changed from “active” to
“hold”, as he is so stable. The family has been told that although he will not likely require a liver transplant in the near
term, this will be needed at some point in the future because of the significant damage to his liver.
The current plan is for follow-up with his primary gastroenterologist every two weeks and with the transplant team around
July 20th, 2013. He is to have labs performed every 4 weeks.
Currently, Jianhua takes in 30-40 ounces per day of Pregestamil 20 calorie per ounce formula. A number of baby foods
have also recently been introduced. He has not gained weight since his discharge in late April 2013, “but this may at least
in part reflect the resolution of his fluid retention.”

He has 2-3 brownish stools per day. There is no jaundice. He does regurgitate undigested formula at least once per day,
particularly with positional changes and overfeeding.
He “sometimes sleeps a lot” and seems weak and listless to his parents. On occasion, the family will note some swelling
around his eyes.
He does seem to have itchiness. He “is always trying to scratch himself” and will occasionally excoriate himself to the
point of causing bleeding.
Jianhua’s parents are particularly concerned about the possibility of NICCD (neonatal intrahepatic cholestasis caused by
citrin deficiency) or any other unidentified cause that may explain their son’s presentation. They are requesting a Best
Doctors consultation regarding the diagnosis and optimal treatment plan moving forward.
Past Medical History:
1.
Former 38.5-week gestational age infant. During the pregnancy, Jianhua’s mother had an abnormal maternal
serum screen and therefore underwent amniocentesis. This reportedly demonstrated a double Y chromosome in 10 of 20
cultures. Jianhua was vaginally, without any delivery complications. His birth weight was 7 pounds 5 ounces. He had a
normal newborn screen
2.
RSV bronchiolitis in January 2013. Recurrent wheezing since then.
3.
Presumed milk protein intolerance. He had a history of emesis and diarrhea early in life that resolved upon
changing to a soy-based formula.
4.
Apart from RSV, no other history of recurrent infections.
Current Medications:
1.
Spironolactone 12 mg (2.4 mL) PO BID
2.
Ursodiol 18 mg (3.2 mL) PO TID
3.
AquaDEKs 1 mL PO daily
4.
Vitamin D3 1000 units (0.2 mL) PO daily
5.
Aquasol E 50 units (0.3 mL) PO daily
6.
Pregestamil formula 30-40 ounces PO daily
Allergies: NKDA
Social History: Jianhua lives with his parents and siblings in the Pacific Northwest.
Family History: Both parents are of Chinese ethnicity. The mother had a heart murmur when she was a young child but is
otherwise healthy. The father is healthy. Jianhua has 3 older siblings, all of whom are healthy. There is no family history
of liver disease.
Physical Examination:
Current weight – 17 pounds
Current length – approximately 26.5 inches

Laboratory Results:
•
Labs, 6/6/2013:

•

Labs, 5/23/2013:

•

Labs, 5/15/2013

•

Labs, 4/10-25/2013 (during his inpatient stay):

•

Urine bile acid profile, 4/22/2013:

•

JaundiceChip Resequencing Array, 4/15/2013:

•

Fecal elastase, 4/10/2013:

•

Urinalysis, 4/9/2013:

•

Urine culture, 4/9/2013:

Imaging Reports:
•

Chest and abdominal X-rays, 4/9/2013:

•

Abdominal ultrasound, 4/9/2013:

•

Abdominal ultrasound with Doppler, 4/10/2013:

•

Transthoracic echocardiogram, 4/10/2013:

•

CT angiogram of the abdomen, thorax, and pelvis, 4/11/2013:

Pathology Reports:
•
Liver biopsy, 4/18/2013:

•
The pathology slides were reviewed as consults at Massachusetts General Hospital. The MGH review clarified the
diagnosis, with the following interpretation:

Treating Physician’s Assessment and Plan:
Jianhua is an 10 month-old boy that presented in April with fulminant hepatic failure. He has subsequently been
diagnosed with chronic liver failure of undetermined etiology. Histologically, he has been shown to have a micronodular
cirrhosis with marked bile ductular proliferation. An extensive work-up to date has been largely unremarkable, with the
exception of a single allele mutation in the PFIC1 gene of unknown clinical significance. A fecal elastase revealed “severe
exocrine pancreatic insufficiency,” though this may have been felt to be a false positive because of loose stools (as
pancreatic enzyme supplements were not started). Recently, his liver transplant status has been changed from “active” to
“hold”, as he is so stable. It is anticipated by his treating hepatology team that he will at some point need transplantation,
though the timing of this is not clear. The family is seeking a Best Doctors consultation regarding the diagnosis and
treatment plan.

It is my opinion that though this child presented symptomatically with what appeared to be fulminant liver failure, the
cirrhosis and history suggest that this child actually had a chronic liver condition likely from birth which finally clinically
became apparent with the need for admission to the hospital. I will respond to the queries as follows:

Questions:

1)
What is your overall assessment of the patient’s condition? It is my opinion that this child has a chronic liver
disorder, has cirrhosis and though currently compensated will require a liver transplant in the future as a result.
a)
What is the differential diagnosis for this patient? A very thorough work-up of this child has failed to
determine a precise diagnosis. Very often when the liver is already cirrhotic it is impossible to detect what the etiology of
the cirrhosis was. The treatment will not necessarily change, but it would be helpful to confirm a diagnosis. The usual
viral, metabolic, and genetic causes have all been searched for. There are several clues however that make me very
suspicious of the diagnosis of progressive familial intrahepatic cholestasis (PFIC) type 1- the gene chip test from
Cincinnati suggested a PFIC 1 abnormality of uncertain significance. Also, there is a normal GGT with elevated alkaline
phosphatase and bile duct proliferation on liver biopsy which is seen with PFIC. Also the abnormal exocrine pancreatic
function was felt to be a lab error- however, in PFIC type 1 pancreatic insufficiency can be seen.
b)
The family is particularly concerned about the possibility of NICCD (neonatal intrahepatic cholestasis
caused by citrin deficiency). This is based upon their observations that: a) his birth weight was the lowest of their 4
children, b) the presence of fatty stool, c) his “improved condition after changing from soy to Pregestamil formula,”
and d) “his matching lab results of the AST more elevated than the ALT, high alkaline phosphatase, etc…” The
parents ask if Jianhua might have NICCD, and why or why not?
Citrin deficiency can manifest in newborns as neonatal intrahepatic cholestasis caused by citrin deficiency (NICCD).
Children younger than age one year have growth retardation with transient intrahepatic cholestasis, hepatomegaly, diffuse
fatty liver and parenchymal cellular infiltration associated with hepatic fibrosis, variable liver dysfunction,
hypoproteinemia, decreased coagulation factors, hemolytic anemia, and/or hypoglycemia. Although NICCD is generally
not severe and symptoms often resolve by age one year with appropriate treatment, some infants succumb to infection and
liver cirrhosis and others require liver transplantation. The diagnosis of citrin deficiency is suspected from clinical and
biochemical findings (in general, increased blood or plasma concentration of ammonia, plasma or serum concentration of
citrulline and arginine, plasma or serum threonine-to-serine ratio, and serum concentration of pancreatic secretory trypsin
inhibitor [PSTI]). Identification of biallelic mutations in SLC25A13, the only gene in which mutations are known to cause
citrin deficiency, confirms the diagnosis. Citrin deficiency is inherited in an autosomal recessive manner. When both
parents are carriers, each sib of an affected individual has, at conception, a 25% chance of being affected, a 50% chance of
being an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier. When one parent is a carrier and
the other parent has two mutated SLC25A13 alleles, each sib of an affected individual has, at conception, a 50% chance of
being affected and a 50% chance of being an asymptomatic carrier. Carrier testing for at-risk relatives and prenatal testing
for pregnancies at increased risk are possible if the disease-causing mutations in the family are known. It might be
worthwhile to test both Jianhua and the parents for this mutation.
c)
What do you think is the most likely diagnosis and why? I am concerned for both PFIC type 1 and NICCD as
possible explanations for the liver disease observed. I think it appropriate for further genetic testing to assess for PFIC type
1 genes and NICCD mutations in both parents and the child.
2)
What additional diagnostic testing do you recommend? Genetic testing of both parents and the child. My
concern for PFIC type 1 is further substantiated by a genetic database query suggesting that the mutation seen in this child
on the jaundice chip might be possibly damaging.
3)
The parents ask if the specialist can estimate the percentage of living liver cells from his liver biopsy?
Obviously there are adequate liver cells currently as the child is compensated. Livers can regenerate so this is not the
major issue for Jianhua. The issue is the extent of scarring in the liver which has resulted already in cirrhosis- this will
cause problems with blood flow through the liver resulting likely in the development of portal hypertension again as was
witnessed with the ascites and edema. With portal hypertension there will also be the risk of bleeding from esophageal
varices and the development of thrombocytopenia (low platelets) from splenomegaly and hypersplenism.
4)
Based upon his significant improvement, can the natural history of this condition be predicted moving
forward? It is encouraging that the condition has stabilized, but I believe careful and frequent evaluations and monitoring
of Jianhua are necessary. The disease may progress and the child will again develop signs of decompensated liver disease.
This may be triggered by a simple cold, for example.

a)
His family asks if it is possible to determine the likelihood that he will or will not need a liver transplant?
While it is impossible to make an accurate prediction, based upon the extent of liver injury at such a young age unless
there is complete cessation of the process, it is highly likely this child will eventually require a liver transplant.
5)
Jianhua has not been gaining weight well since discharge from the hospital (though the resolution of his
fluid retention is likely at least in part the cause). His parents ask how weight gain can be optimized?
Supplementation as is being done with fat soluble vitamins and MCT containing formula to allow ready absorption of fat
is the appropriate nutritional intervention.
a)
They note that they tried increasing his protein by giving him more chicken, but this seemed to make his
pruritis worse. Green peas led to edema. Are any specific dietary measures recommended? No- while the family
may have noted the chicken and peas resulting in these symptoms, it is unlikely they were directly related. There is nothing
in the medical literature pertaining to peas resulting in edema. A balanced nutritional diet is appropriate for this child to
maximize growth and development.
6)
What treatment options exist? For NICCD supplementing diet with fat-soluble vitamins and use of lactose-free
formula (in those with galactosemia) or formulas containing medium-chain triglycerides is appropriate. This would also be
appropriate for PFIC type 1 or other similar liver disorders. Careful monitoring for the need for liver transplant would of
course be indicated.
a)
Apart from liver transplant, what medical and/or nutritional therapies are indicated? See above- these
nutritional therapies are supportive not curative.
b)
What are the relative advantages and disadvantages of each option? Again, liver transplant is likely the only
treatment with potential for cure at this point. The other therapies are merely supportive.
c)
How would you recommend proceeding in this case? As previously mentioned, genetic testing for both PFIC
type 1 and NICCD in my opinion are very appropriate.
7)
How would you recommend following this patient? Frequent assessment of liver function, growth,
development, electrolytes, stooling, vitamin levels are all appropriate and monitoring for development of portal
hypertension with platelet count, and abdominal ultrasound periodically.
8)
If not addressed by the questions above, please provide any further recommendations that you believe will
aid in understanding this patient’s findings or in guiding future therapeutic decisions. Again, further genetic testing
and frequent monitoring of this child will provide the best long-term outcome.
9)
Please provide scientific references that may be helpful to the treating physicians and the patient, and/or
that lend support to your recommendations.
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1993-2013.
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infants. BMC Gastroenterology 2012, 12:141 doi:10.1186/1471-230X-12-141

Raffaella A. Morotti, Frederick J. Suchy, Margret S. Magid. Progressive Familial Intrahepatic
Cholestasis (PFIC) Type 1, 2, and 3: A Review of the Liver Pathology Findings. Semin Liver Dis 2011;
31(1): 003-010 DOI: 10.1055/s-0031-1272831
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Please feel free to contact me if there are any additional questions regarding his condition I can answer.
Sincerely,

Philip Rosenthal, MD
Professor of Pediatrics & Surgery

Addendum:
I have been asked to clarify a few points.
1. You mention that additional genetic testing for PFIC-1 would be appropriate. Is there more detailed
testing available than that offered by the JaundiceChip? If so, could you please elaborate?
Here is the information from Cincinnati Children’s Hospital about the jaundice chip-

“Inherited intrahepatic cholestasis is a heterogeneous group of disorders typically presenting as neonatal jaundice and
leading to persistent liver dysfunction in children and adults. Some types of cholestasis present with a clear pattern of
extrahepatic symptoms and laboratory and pathologic findings, but there remains considerable clinical overlap. Five
genes represent the most common heritable causes of cholestatic liver disease in young children: JAG1 (Alagille
syndrome), ATP8B1 (PFIC1), ABCB11 (PFIC2), ABCB4 (PFIC3), and SERPINA1 (alpha-1-antitrypsin deficiency).
The Molecular Genetics Laboratory at Cincinnati Children's Hospital Medical Center offers diagnostic testing for these
individual genes, or in cases of clinical overlap, the innovative Jaundice Chip resequencing assay , the first chip of its
kind, which provides rapid and cost effective analysis of all five genes.”
The jaundice chip is a fast and cost effective means to assess for the most common causes of neonatal cholestasis. It is
not a replacement for formal gene sequencing for rarer causes of cholestasis (for example NICCD). My
recommendation is for formal gene sequencing of Jianhua and his parents. Consultation with a Geneticist should be able
to direct appropriate additional genetic testing especially for NICCD and a more thorough evaluation for PFIC.
2. He is currently receiving Pregestimil formula. As you gathered, the family is particularly interested in
whether any nutritional changes are warranted. Would you recommend any change away from this
formula at this point?
Pregestemil is the appropriate formula for a child with cholestasis. It is medium chain triglyceride based which does not
require bile acids for fat absorption and is the formula routinely utilized in children with cholestasis. Obviously,
monitoring and supplementation of fat soluble vitamins (A,D,E,K) is also advised.

