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Report Summary for Jianhua Xie, 16 September 2012
This Best Doctors’ Report Summary highlights and clarifies the key points of your Expert report(s). You can use this as
an aid when you read the report(s) and in the future when you review and discuss the report(s) with your treating
physician(s). We are always available to you and your treating team should there be any additional questions or
concerns.
Dr. Burton recommends that you and your treating physician(s) review and consider the following assessment and
options:
The diagnosis of Jianhua's micronodular cirrhosis remains unclear.
Many disorders have been effectively ruled out, but it remains possible that he has some type of rare underlying
metabolic disorder.
A fatty acid oxidation disorder is very possible, particularly as he has apparently responded to a low fat diet with
medium chain triglycerides (MCT). Additionally, a fatty acid oxidation disorder is made more likely by the fact that
Jianhua had not seemingly been exposed to an MCT containing formula prior to the abnormal urine organic acid
testing on 4/11/2013.
It is recommended that Jianhua's geneticist contact Dr. Jerry Vockley at the Children's Hospital of Pittsburgh to
determine if he could assay ACAD9 enzyme activity in skin fibroblasts. This would allow determination if he has
ACAD9 deficiency with a 2nd undetectable mutation.
Continuing his current diet, which has reportedly been helpful, is recommended.
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Expert Findings for Jianhua Xie, 16 September 2012
6 May 2014

To:

Dr. Lewis Levy, MD, VP of Corporate Medical Quality Best Doctors

From: Dr. Barbara Kay Burton, MD, Best Doctors Expert Consultant
Re:

Jianhua Xie, DOB 16 September 2012

Dear Dr. Levy,
I have reviewed the case summary and laboratory data provided to me on Jianhua Xie. Jianhua is a 20 month old boy
who presented with fulminant hepatic failure and was found on liver biopsy to have micronodular cirrhosis of
undetermined etiology. Liver transplant was considered but function has since improved so this is on hold. Extensive
testing failed to yield a definitive diagnosis to explain the liver disease. Whole exome testing did reveal some findings
of uncertain significance. The parents are concerned about the possibility of a fatty acid oxidation disorder and have
treated Jianhua with a low fat diet supplemented with MCT. He has been seen by a biochemical geneticist who
reviewed the whole exome results and did not feel there was convincing evidence for a fatty acid oxidation disorder.
The specific questions posed to me and my responses are as follows:
1. What is your overall assessment of the patient's condition? The patient's diagnosis is unclear. He has had an
extensive evaluation with no definitive diagnosis suggested by the tests obtained thus far. I think it is possible
that he has an underlying metabolic disorder. If so, it is one that is rare or difficult to identify since many
metabolic disorders have been effectively ruled out by the testing conducted thus far.

2. Jianhua's family asks about the significance of his newborn screen test results. Some of the values appear high
when compared to normal ranges on subsequent testing. This comparison is not valid. Normal ranges for all
metabolites vary by age of the patient. We do not expect the same levels in newborns as we see in older
children. Similarly, normal ranges vary in different laboratories. Therefore, the newborn screen results can
only be compared to the normal ranges for newborns established by the laboratory that did the newborn
screening testing. Since all of the newborn screening tests were interpreted as normal, this would indicate that
the values fell within their normal ranges.

Jianhua's family notes that his urine organic acids from 4/11/13 showed very high levels of adipic , seberic and
sebacic acids and want to know if this could be related to a mitochondrial fatty acid oxidation defect. This is a nonspecific finding. It can be seen in fatty acid oxidation defects but can also be seen in patients who are
ingesting medium chain triglycerides (MCT) in the diet.

4. Looking specifically at thea acylcarnitine profile and urine organic acids, is any metabolic disorder suggested ,
including a fatty acid oxidation defect? NO

5. The family notes that whole exome sequencing noted a mutation in the ACAD9 gene. In the final column, it states
"tolerated/probably damaging". What is the significance of this? The ACAD9 gene has a role in fatty acid oxidation
and in assembly of complex I in the mitochondria, which has a major role in cellular energy production. A
mutation is a change in the alphabet of the gene. It may or may not change the function of the gene. If it does
not, it is not disease causing and is a harmless or benign change and is "tolerated". If it alters or knocks out
the function of the gene, it may cause disease and is said to be pathogenic or damaging. Often changes in
genes are detected where there is no information on how they affect the function of the gene since they have
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not been found in other patients. In these cases, computer programs or other systems can be used to try to
"guess" how the change would affect gene function. Sometimes the answer is unclear as apparently was the
case with the ACAD9 gene mutation detected in Jianhua I think we should assume it is damaging since a
problem with this gene could be consistent with the clinical findings. However, two mutations in this gene are
usually required to cause disease. Testing was done to try to determine if there was a second mutation in the
other ACAD9 gene. A search was done for a deletion or duplication in that gene and none was found.
However, it is still possible that a second mutation is present since none of the available testing is able to
detect all mutations.
6,. What additional testing do you recommend? I recommend that Jianhua's geneticist contact Dr. Jerry Vockley
at the Childrens Hospital of Pittsburgh to determine if he could assay ACAD9 enzyme activity in cultured skin
fibroblasts.This would allow him to determine if Jianhua has ACAD9 deficiency with a second undetectable
mutation. The fact that he has apparently responded to a low fat diet with MCT is suggestive of a fatty acid
oxidation disorder and patients with ACAD9 deficiency can have a normal acylcarnitine profile. If this testing
can be done, then Jianhua will need a skin biopsy with fibroblast culture.

7. Based on the available testing, can any specific treatments or diet supplements/restrictions be recommended? No.
However, since Jianhua has apparently done well on his current diet, I would continue it with supervision by a
metabolic nutritionist.

8. How would you recommend following this patient? He should be followed regularly by a hepatologist,
metabolic specialist ( biochemical geneticist) and by his pediatrician.
9. Please provide any further recommendations you believe will aid in understanding the patient's findings. No
further recommendations.
10. Please provide any scientific references that support your assessment and which may be helpful to the treating
physician. None

In summary, Jianhua is a 20 month old boy who presented with acute liver failure accompanied by hypoglycemia. He
was found to have micronodular cirrhosis of undetermined etiology. Whole exome sequencing identified one mutation
in the ACAD9 gene and the patient has improved on a low fat diet with MCT supplementation. I recommend that there
be further efforts to evaluate the possibility that Jianhua has ACAD9 deficiency by assaying ACAD9 activity in cultured
skin fibroblasts. In the interim, he should continue on his current dietary restrictions.
Sincerely,

Barbara K. Burton, MD
Professor of Pediatrics
Northwestern University Feinberg School of Medicine
Division of Genetics, Birth Defects and Metabolism
Ann and Robert H. Lurie Children's Hospital of Chicago
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Dear Doctor Barbara Kay Burton,

Regarding this case you had reviewed for us, could you please provide some additional insight on the following:
When Jianhua initially presented to the hospital with fulminant hepatic failure, he was on a soy based formula (Isomil).
Once he was safely able to feed, Isomil formula was restarted on the morning of 4/10/2013. Records indicate that he
was to be changed to Nutramigen formula at some point on 4/11/2013, but the exact timing is not clear. His parents
note that he had a CT scan performed and a PICC line placed on 4/11/2013 and was therefor NPO for much of the
day. As such, they are confident that he did NOT receive Nutramigen formula prior to the urine organic acids being
collected at 21:00 on 4/11/2013.
You note in your anser to question #3 that his pattern of dicarboxylic acid elevation in the urine from 4/11/2013 could
be seen in fatty acid oxidation defects OR infants that are receiving medium chain triglycerides. Does this additional
bit of information about the probable lack of exposure to a formula other than Isomil change your interpretation of the
aforementioned urine organic acid testing? Does it change your assessment of the probability of a fatty acid oxidation
defect or other metabolic disorder?
Thank you again for your time and expertise!
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This information increases the likelihood of a fatty acid oxidation defect since there was apparently no exposure to
MCT. However, it is not diagnostic of such a condition. These dicarboxylic acids are occasionally found in the urine of
children who have other diagnosis ( such as mitochondrial defects in oxidation phosphorylation) or no specific
diagnosis.
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Clinical Overview
The following information was provided to the Best Doctors Medical Expert(s) for review. It is
a clinical summary of your medical records, tests, reports and intake session with your Best
Doctors Member Advocate.

C lin ic a lO v e rv ie w S u b s e c tio n

Clinical Overview for Jianhua Xie, 16 September 2012
Case Snapshot
20 mo old boy with fulminant hepatic failure who has been diagnosed with micronodular cirrhosis of undetermined
etiology. His work-up has been extensive, including a large number of metabolic studies and whole exome
sequencing.
Case Overview:
20-month-old boy with micronodular cirrhosis of undetermined etiology. The family is particularly concerned about the
possibility of a disorder of fatty acid oxidation. They are seeking a Best Doctors consultation regarding the diagnosis
and treatment plan.
History of Present Illness:
Jianhua was in his usual state of good health until early April 2013, when he presented with 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. 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. However, his clinical condition improved. 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 since been followed closely by the transplant team as an outpatient, initially weekly, then every other
week, and subsequently every 2-3 months. He has been removed from the active transplant list, as his liver disease
has stabilized. The last available clinic note is from 1/15/2014. At that time, the impression was micronodular cirrhosis
of unknown etiology, likely a congenital finding. “His labs continue to improve.” His bilirubin (total and direct) was
normal, and his transaminases were just minimally elevated (see below). His PT/INR has long since normalized. He
was continuing on Pregestimil plus MCT, as well as a number of different foods that are listed below. Ursodiol and fatsoluble vitamin supplementation was continued. His spironolactone was stopped, given a resolution of his ascites.
The work-up for an underlying etiology for his micronodular cirrhosis and history of fulminant hepatic failure has
continued post hospitalization. He has had extensive metabolic testing performed, as well as whole exome
sequencing. Please see below for the full results, which have not been conclusive for any specific diagnosis.
Jianhua was seen in biochemical genetics on 4/11/2014. At that time it was noted that the family was feeding him a
low fat diet that was restricted as much as possible from long chain fats, given their concern that he may have a long
chain fatty acid oxidation disorder of some type. He was drinking 22 ounces per day of Pregestimil, in addition to
measured amounts of carrots, celery, white winter melon, chicken, white mushrooms, and MCT oil. At that visit, his
previous workup was reviewed. Rather than attempt to summarize the details, clinical documentation is pasted here:

Jianhua has exhibited some mild developmental delays and has been followed in neurodevelopmental pediatrics.
Currently, Jianhua takes in roughly 30 ounces per day of Pregestamil formula per day. In a day, he will also eat 120

grams of skinless chicken breast, 100 grams carrot, 120 grams celery, 150 grams winter gourd, 50 grams mushroom,
20 mLs MCT oil, and 40 mLs white flour. All of the above are stewed with 200 mL of water. The stew is then processed
to soup and separated into 3 meals.
He has 2-3 brownish or greenish-brown stools per day. It appears oily once every couple of days. There is no blood or
mucus.
There is no vomiting. There is no jaundice.
When he sweats, it “has a strong fishy odor.”
Jianhua’s parents desperately want to understand the etiology of his liver disease. They are particularly concerned
about the possibility of a fatty acid oxidation disorder. With this in mind, they are requesting a Best Doctors
consultation regarding the diagnosis and optimal treatment plan moving forward.
Past Medical History:
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
History of RSV bronchiolitis x 2
Presumed milk protein intolerance. He had a history of emesis and diarrhea early in life that resolved upon changing
to a soy-based formula.
Inguinal hernia
Past Surgical History
Laparoscopic liver biopsy, 4/18/2013
Current Medications:
Ursodiol 18 mg (3.2 mL) PO BID
AquaDEKs 1 mL PO daily
Vitamin D3 1000 units (0.2 mL) PO daily
Aquasol E 50 units (0.3 mL) PO daily
Pregestamil formula 30 ounces PO daily
MCT oil 3.33 mL PO TID
Allergies:
Eggs have caused wheezing and shortness of breath
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.
Social History

Jianhua lives with his parents and siblings in the Pacific Northwest.
Physical Examination:
Weight – 10.08 kg (19th percentile)
Height – 30 inches per parental intake
Examination from biochemical genetics visit on 4/11/2014:

Laboratory Testing:
Newborn screen #1 and #2:

Urine culture, 4/9/2013:

Urinalysis, 4/9/2013:

Fecal elastase, 4/10/2013:

JaundiceChip Resequencing Array, 4/15/2013:

Plasma amino acids, 4/9/2013:

Urine organic acids, 4/11/2013:

Labs, 4/17/2013:

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

Acylcarnitine profile, 4/12/2013:

Lysosomal lipase for Wolman Disease/Cholesteryl Ester Storage Disease, 4/16/2013:

Urine bile acid profile, 4/22/2013:

Labs, 5/15/2013

Labs, 5/23/2013:

Labs, 6/6/2013:

Whole exome sequencing extended report, 8/27/2013:

Whole exome sequencing focused report, 8/27/2013:

Labs, 1/7/2014:

Labs, 1/22/2014:

Acylcarnitine profile, 3/17/2014:

Serum amino acids, 3/17/2014:

Imaging Studies/Diagnostic 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 a 20 month-old boy that presented in April 2013 with fulminant hepatic failure. He has subsequently been
diagnosed with micronodular cirrhosis of undetermined etiology. After initially being listed for liver transplant, his
clinical status has improved significantly and he is currently on hold for transplant. He continues to be followed closely
by the liver transplant team at his local quaternary children’s hospital. His work-up has been extensive, including a
large number of metabolic studies and whole exome sequencing. The results have included several abnormalities of
unclear clinical significance. His parents understandably want to do everything possible in order to clarify what the

underlying cause for his liver disease. In particular, they are suspicious about a fatty acid oxidation disorder. With this
in mind, they are seeking a Best Doctors consultation regarding the diagnosis and treatment plan.
Questions:
1. What is your overall assessment of the patient’s condition? What is the differential diagnosis for this patient? Is a
fatty acid oxidation disorder a possibility and why (or why not)? What do you think is the most likely diagnosis
and why?
2. Jianhua’s family asks about the significance of his newborn screen (pasted first in the labs above). They note
that “his C-18, C-18:1, and C-16 are extremely high (6X, 3X, and 10X compared to the maximum normal values
noted on subsequent testing.) However, other acylcarnitine values are quite normal (only C-3 at 1X).” They
question, “Does these mean that he is more likely to have long/very-long chain fatty acid oxidation disorders
(FAODs)?”
3. Jianhua’s family notes that his urine organic acids from 4/11/2013 showed “very high adipic, suberic, and
sebacic acid levels.” They ask if this points to a mitochondrial oxidation defect?
4. Looking specifically at his acylcarnitine profile and urine organic acids, is any metabolic disorder suggested,
including a fatty acid oxidation defect?
5. His family notes that the whole exome sequencing noted a mutation in the ACAD9 gene. In the final column, they
note it states “tolerated/probably damaging.” What is the significance of this?
6. What additional diagnostic testing do you recommend?
7. Based upon the available testing, can any specific treatments or dietary supplements/restrictions be
recommended?
8. How would you recommend following this patient?
9. 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.
10. Please provide scientific references that support your assessment/recommendations and which may be helpful
to the treating physician.

