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Nonalcoholic steatohepatitis (NASH) is the most severe form of nonalcoholic fatty liver disease (NAFLD).  
In adult patients, liver transplantation (LT) is the treatment of choice for end-stage liver disease secondary 
to NASH.  However, little information is available regarding outcomes of LT in pediatric patients with NASH.  
We describe here a pediatric patient with NASH associated with hypopituitarism who underwent living 
donor liver transplantation (LDLT).  An 11-year-old boy was diagnosed with a pituitary tumor, which was 
removed by trans-interhemispheric approach following bifrontal craniotomy.  Histopathological examination 
revealed a mature teratoma.  Eighteen months later, magnetic resonance imaging showed recurrence of 
the pituitary tumor, which was found to be a germinoma.  He underwent 3 months of chemoradiotherapy, 
with a complete response.  He gradually became obese, with elevated transaminase levels.  At age 15 
years, he developed fatigue and dyspnea and was found to have liver cirrhosis secondary to NASH with 
severe hepatopulmonary syndrome.  He underwent LDLT using a right liver graft from his mother.  Twelve 
months later, abdominal computed tomography showed recurrence of NAFLD.  Five years after the LDLT, 
transaminases were slightly elevated.  Growth hormone replacement therapy was started, reducing 
transaminase levels to their normal ranges.  Ten years after LDLT, fatty liver remains stable, although his 
body mass index has not been reduced.  Growth hormone replacement therapy may be effective in graft 
maintenance.  This is the first case report of a patient with maintained stable liver function 10 years after 
LDLT for pediatric NASH.
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Introduction
Nonalcoholic steatohepatitis (NASH), the most severe 

form of nonalcoholic fatty liver disease (NAFLD) (Ludwig 
et al. 1980), is characterized histologically by steatohepati-
tis, hepatocellular ballooning, and inflammation in the 
absence of alcohol consumption or other causes of steatosis 
(Aly and Kleiner 2011).  Progressive fibrosis occurs in 
10-15% of patients with NASH and cirrhosis may develop 
in 15-25% of these patients (Farrell and Larter 2006).  Liver 
transplantation (LT) is the treatment of choice for end-stage 
liver disease secondary to NASH.  Because of the epidemic 
of metabolic syndrome, the proportion of adult patients 
with NASH undergoing LT has increased markedly, and 
appears to be continuing to increase (Afzali et al. 2012).  
Recently, NAFLD and NASH have also been recognized in 

children (Giorgio et al. 2013).  At present, however, little 
information is available regarding outcomes of LT in pedi-
atric NASH.  Few case reports have documented their post-
transplant prognosis, but none has analyzed long-term sur-
vival (Jonas et al. 2005; Jankowska et al. 2007).

We describe here a boy who developed NASH after 
surgical removal of a pituitary tumor.  This patient initially 
developed hypopituitarism, followed by NASH and severe 
hepatopulmonary syndrome (HPS), and underwent living 
donor liver transplantation (LDLT) at age 15 years.  He was 
followed-up for 10 years.  This is a rare case report show-
ing the maintenance of stable liver function for 10 years 
following LDLT for pediatric NASH.

Case Presentation
An 11-year-old boy was admitted to a local hospital 
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because of polyposia.  Magnetic resonance imaging (MRI) 
showed intracranial hypertension secondary to a pituitary 
tumor, accompanied by headache and nausea.  The tumor 
contained high and low signal intensity areas and was het-
erogeneously enhanced by gadolinium (Fig. 1A).  It was 
removed by trans-interhemispheric approach following 
bifrontal craniotomy, with histopathological examination 
showing that it was a mature teratoma (Fig. 1B).  
Endocrinological data revealed growth hormone (GH) 0.07 
ng/mL; insulin-like growth factor-1 (IGF-1) 110 ng/mL; 
adrenocorticotropic hormone 6 pg/mL; free triiodothyro-
nine 1.12 pg/mL; free thyroxin 0.69 ng/mL; thyroid stimu-
lating hormone 0.152 μIU/mL and cortisol 14.3 μg/dL.  
After the operation, he was treated for hypopituitarism and 
hypothalamic dysfunction with intranasal desmopressin, 
glucocorticoid, and thyroxine replacement therapy.  We also 
performed GH provocative tests at this time.  His GH 
response was extremely low (peak GH: clonidine test, 0.1 
ng/ml; arginine test, 0.27 ng/ml).  Therefore, he received 
1.33 mg per day GH replacement therapy for 12 months.

Eighteen months after the operation, MRI showed that 
the recurrence of a pituitary tumor was homogeneously 
enhanced by gadolinium different from primary tumor.  
Thereafter, radiation therapy with 9.6 Gy was performed, 
and the tumor was reduced markedly, found to be a germi-
noma (Fig. 1C, D).  He underwent 3 months of chemora-

diotherapy, resulting in a complete response.  During fol-
low-up, laboratory tests revealed lower platelet counts and 
slightly elevated serum transaminase and total bilirubin lev-
els.  Abdominal computed tomography (CT) scans showed 
evidence of fatty liver.  His body mass index (BMI) 
increased yearly owing to hyperphagia.

At age 15 years, he developed fatigue and dyspnea.  
Physical examination showed that he was obese, with a 
weight of 95 kg and a BMI of 29.3 kg/m2, with hypoxemia 
(PaO2 51.3 mmHg, O2 3 l/min) and peripheral cyanosis.  An 
abdominal CT scan showed hepatosplenomegaly.  A liver 
biopsy revealed liver cirrhosis secondary to NASH (Fig. 2).  
NASH activity score (NAS) was 6.  Matteoni’s classifica-
tion was type 3.  Brunt’s grading and staging were grade 3 
and stage 4, respectively.  Lung perfusion scintigraphy with 
Tc99m-macroaggregated albumin showed intrapulmonary 
shunting without pulmonary hypertension, with a shunt 
ratio calculated from the perfusion scintigram of 57.5%.  
Laboratory data revealed total bilirubin 2.9 mg/dL; direct 
bilirubin 1.0 mg/dL; alkaline phosphatase 391 U/L; gamma-
glutamic transpeptidase 43 U/L; aspartate aminotransferase 
22 U/L; alanine aminotransferase 16 U/L; albumin 3.9 g/
dL; white blood cell count 6,200/μL; hemoglobin 13.7 g/
dL; platelet count 42,000/μL; and prothrombin time inter-
national normalized ratio; 1.45.  His fasting glucose level 
was normal (72 mg/dL), but his insulin level (22.8 μU/mL) 

Fig. 1.  MRI images and a histological picture of the pituitary tumor.
 The primary pituitary tumor was mature teratoma, and the recurrence tumor was germinoma.
 (A, B) The primary pituitary tumor on the supurasellar area contained high and low signal intensity areas and was heter-

ogeneously enhanced by gadolinium.  The specimen was contained epidermis, muscle, and acinar cell, which originate 
from ectodermal, mesodermal and endodermal cells, respectively.  (C) Post operative MRI showed no remnant of the 
tumor.  (D) MRI showed that the recurrent sellar tumor was homogeneously enhanced by gadolinium.
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and homeostasis model assessment-insulin resistance 
(HOMA-IR) (4.05) were high.  He was negative for viral 
infections, including hepatitis B, hepatitis C, and cytomega-
lovirus, as well as for metabolic diseases.  He had no ascites 
and encephalopathy, correlating with a Child-Pugh Score of 
8 (class B) and a model for end-stage liver disease (MELD) 
score of 15.  Based on these findings, he was diagnosed 
with liver cirrhosis secondary to NASH with severe HPS 
and referred to our hospital for LDLT.

LDLT was performed using a right liver graft from his 
mother.  This program was approved by the ethics commit-
tee of Tohoku University Hospital, and the patients pro-
vided written informed consent for all procedures and ther-
apies.  The procedure took 17 hours and 53 minutes.  The 
graft weight was 595 g and the ratio of graft volume to 
standard liver volume was 43%.  Total and warm ischemic 
times were 253 min and 91 min, respectively.  The 
explanted graft weight was 1,621 g.  Histopathological 
examination revealed steatosis, hepatocellular ballooning, 
and lobular inflammation.  It was diagnosed with liver cir-
rhosis secondary to NASH.  Initial immunosuppression 
treatment consisted of tacrolimus, methylprednisolone, and 
basiliximab following our own protocol.  The graft function 
was excellent on the postoperative course, and extubation 
could be performed on postoperative day (POD) 11.  After 
extubation, it took a lot of days to control diabetes insipi-
dus.  Laboratory data such as urine specific gravity, urine 
and serum osmolality and serum electrolytes were required 
to determine the amount of intranasal desmopressin for 
management of postoperative fluid intake and output.  After 
his diabetes insipidus and several treatments for cytomega-
lovirus infection were controlled, he was discharged from 
the hospital on POD 147.  At this time, the shunt ratio cal-
culated from the perfusion scintigram was 25.4%.  And his 
arterial blood gas analysis was also improved (PaO2 68.6 
mmHg, room air) (Fig. 3).

Twelve months after LDLT, follow-up laboratory tests 
revealed lower platelet counts and prolongation of pro-
thrombin time.  CT scan showed stenosis of the portal vein 
anastomosis, which was confirmed as portography.  
Although balloon dilation was successful, laboratory results 
did not improve, and a CT scan detected slightly fatty liver, 
suggesting recurrence of NAFLD in the graft.  Five years 
after LDLT, transaminase levels were remained slightly ele-
vated.  Endocrinological data revealed GH 0.04 ng/mL and 
IGF-1 41 ng/mL.  Therefore he was diagnosed with adult 
GH deficiency.  He was started 0.2 mg per day GH replace-
ment therapy, resulting in decreased transaminase levels to 
their normal ranges.  Moreover, fatty liver detected by the 
CT scan was also improved (Fig. 4).  Endocrinological data 
revealed GH 0.12 ng/mL; IGF-1 71 ng/mL; Luteinizing 
hormone < 0.1 mIU/mL; Follicle stimulating hormone 0.06 
mIU/mL and testosterone < 0.03 ng/mL.  Six years after 
LDLT, type 2 diabetes mellitus was diagnosed, and the 
patient was started on metformin and glimepiride.  Until 
now, he repeated dehydration caused by diabetes insipidus 
many times.  And he was required hospitalization each 
time.  Currently, 10 years after LDLT, his fatty liver remains 
stable, with the portal vein being patent by a CT scan.  
Although his BMI remains high (31.0 kg/m2), his liver 
functions remain stable without any signs of brain tumor 
recurrence (Fig. 5).

Discussion
NASH is the progressive form of NAFLD, which has 

recently emerged as the leading cause of chronic liver dis-
ease in children (Giorgio et al. 2013).  It has been estimated 
that 15-20% of patients with NAFLD have NASH, a condi-
tion associated with central obesity, type 2 diabetes melli-
tus, and insulin resistance, the main features of the meta-
bolic syndrome (Nanda 2004).  Patients with hypothalamic 
disorders and hypopituitarism, who are at risk of excessive 

Fig. 2.  Liver biopsy specimen showing severe steatosis and fibrosis before LT.
 The specimen was characterized by diffuse steatosis with an inflammatory infiltrate and hepatocyte ballooning, as well 

as by perisinusoidal and pericellular fibrosis with macrovesicular steatosis, followed by bridging fibrosis.  (A) Elastica-
Masson staining; original magnification, ×20.  (B) Hematoxylin-eosin staining; original magnification, ×200.  (C) Elas-
tica-Masson staining; original magnification, ×400.
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Fig. 3.  Clinical course in the patient for postoperative days.
 Initial immunosuppression treatment consisted of tacrolimus, methylprednisolone, and basiliximab.  The shunt ratio cal-
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Fig. 4.  Follow-up findings.
 (A) At 18 months after LDLT, slightly fatty liver was detected, with a mean CT level of 33 HU.  (B) At 48 months after 

LDLT, stable fatty liver was detected, with a mean CT level of 32 HU.  (C) At 72 months after LDLT, fatty liver has  
improved after the growth hormone replacement therapy, with a mean CT level of 50 HU.



Transplantation for Pediatric Nonalcoholic Steatohepatitis 65

weight gain, impaired glucose tolerance, and hyperphagia, 
may also have NAFLD and NASH (Adams et al. 2004; 
Nakajima et al. 2005).  NAFLD and NASH accompanying 
hypopituitarism are likely caused by GH deficiency and 
obesity (Rosen and Bengtsson 1990; Nakajima et al. 2005).  
Our patient experienced hypopituitarism and hypothalamic 

dysfunction following the removal of his pituitary tumor.  
Hypothalamic dysfunction may result in central obesity 
owing to hyperphagia.  Central obesity from hyperphagia 
and/or GH deficiency from hypopituitarism are thought to 
be associated primarily with fatty infiltration of the liver, 
resulting in NAFLD and NASH.  NASH may also be 
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caused by corticosteroid replacement, a known cause of 
liver steatosis (Dourakis et al. 2002).  However, the dose of 
corticosteroid administered to our patient was physiologic, 
replacing absent endogenous corticoids.  This dosage was 
unlikely to have a significant role in the development and 
progression of NASH in our patient.

LT in NASH is increasing in parallel with the 
increased rates of obesity and diabetes mellitus.  The post-
transplant prognosis of adults with NASH is excellent, 
comparable to that observed in patients with other liver dis-
eases (Afzali et al. 2012).  LT, however, is rarely indicated 
for pediatric NASH.  A 20-year follow-up of 66 children 
with NAFLD found that only two underwent LT for cirrho-
sis secondary to NASH with HPS (Feldstein et al. 2009).  
NASH recurred in these two patients 9 months and 6 weeks 
after LT, respectively.  The latter patient underwent re-
transplantation, but died from multiple organ failure 8 years 
after the first LT.

Several studies have assessed outcomes of LT in 
patients with NAFLD and NASH accompanied by hypopi-
tuitarism and hypothalamic dysfunction.  In one report, 21 
patients were diagnosed with NAFLD 6.4 years after the 
diagnosis of pituitary and hypothalamic dysfunction 
(Adams et al. 2004).  Of the 10 patients biopsied, six had 
cirrhosis, two had simple steatosis, and two had NASH with 
fibrosis requiring LT.  Two other case reports described 
patients with cirrhosis secondary to NASH with hypopitu-
itarism associated with HPS; both of these patients were 
diagnosed with recurrent NASH within 6 months after LT 
(Jonas et al. 2005; Jankowska et al. 2007).  Even with care-
ful monitoring and treatment of endocrine abnormalities, 
NAFLD and NASH recur in most of these patients after LT, 
with some of these patients requiring re-transplantation.  In 
our patient, the diagnosis of cirrhosis secondary to NASH 
was confirmed by liver biopsy 4 years after surgical 
removal of the pituitary tumor.  Interestingly, HPS was the 
main indication for LT in our patient.  HPS may be more 
common in cirrhosis associated with hypopituitarism than 
in other types of cirrhosis (Jonas et al. 2005).  The number 
of cases is too small to be statistically significant.  However, 
in light of this tendency, this association should be sus-
pected.  The pathogenesis of HPS has not been identified.  
Most patients with HPS have cirrhosis and portal hyperten-
sion.  Portal hypertension causes impairment in the perfu-
sion of the bowel and increases the enteral translocation of 
Gram-negative bacteria and endotoxins.  This stimulates the 
release of vasoactive mediators, such as tumor necrosis fac-
tor-alpha (TNF-α) (Tumgor 2014).  On the other hand, 
patients with adult GH deficiency have a high cardiovascu-
lar risk in relation to an increase of TNF-α, which is also 
known as inflammation biomarker (Gonzalez-Duarte et al. 
2012).  Therefore, the pathological condition of HPS and 
adult GH hormone deficiency may be similar to an increase 
of TNF-α.  If confirmed by further research, this association 
may provide a key to the interrelated pathogenesis of these 
conditions and indications for LT in pediatric NASH.

Liver biopsy currently remains the gold standard for 
the diagnosis of NASH, but it has several important limita-
tions (Younossi 2008; Tiniakos 2010).  First, liver biopsy is 
associated with potentially severe complications.  Second, 
liver biopsy can be associated with a sampling error.  A 
liver biopsy could not be obtained from our patient after LT.  
One of the reasons was that his serum transaminase levels 
were sometimes elevated due to dehydration, but improved 
by intravenous rehydration each time.  The other was his 
lower platelet counts and prolonged prothrombin time.  He 
was followed closely by laboratory examinations, ultra-
sound, and CT.  Although these noninvasive methods can 
detect hepatic steatosis, but the recurrence of NASH could 
not be assessed.  Metabolic syndrome, including obesity 
and type 2 diabetes mellitus, plays an essential role in the 
recurrence of NASH after LT (El Atrache et al. 2012).  
Recurrence of NASH has not been observed in patients 
with significantly reduced weight after LT (Koneru and 
Dikdan 2002).  A recent randomized study showed that a 
7% weight reduction in patients with NASH significantly 
improved liver histology (Promrat et al. 2010).  Our patient, 
however, showed an increase in BMI over 10 years, empha-
sizing the importance of weight reduction in our patient 
through lifestyle interventions.

Although his BMI has not been reduced, the liver 
function of our patient has remained stable for 10 years 
after LT.  This may be owing in part to treatment with met-
formin, an agent shown effective for pediatric NAFLD and 
NASH (Schwimmer et al. 2005; Jankowska et al. 2007).  
Stable liver function in our patient may also be because of 
GH replacement therapy.  Progression to NASH can be 
explained by the “two hit” hypothesis (Giorgio et al. 2013).  
The first hit consists of the intrahepatic accumulation of 
fatty acids within hepatocytes, which is closely associated 
with insulin resistance.  The second hit consists of the 
increased oxidative stress, cytokine induction, and inflam-
mation.  This pathological cascade is similar to that of adult 
GH deficiency.  GH replacement therapy for 6-12 months 
was shown to significantly reduce transaminase levels in 11 
patients with NAFLD and to improve steatosis and fibrosis 
in six patients with NASH (Nishizawa et al. 2012a).  It has 
been known that the liver is one of the important target tis-
sues of GH (Takahashi 2012).  GH improves visceral fat 
and triglyceride accumulation in hepatocytes (Takahashi et 
al. 2007).  It also enhances the clearance of low-density 
protein (LDL) by activating the expression of hepatic LDL 
receptors.  GH acts directly and indirectly through IGF-1, 
which is derived predominantly from hepatocytes.  IGF-1 
also reduces insulin resistance and oxidative stress.  
Moreover it improves mitochondrial function and may pre-
vent the progression of fibrosis (Nishizawa et al. 2012b).  
Therefore, it is speculated that these GH and IGF-1 effects 
in the liver are directly attribute to the GH replacement 
therapy.  In fact, our patient improved not only GH levels 
but also IGF-1 levels by GH replacement therapy.  
However, insufficient data are currently available to deter-
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mine whether GH replacement therapy should be a standard 
treatment for NASH.  The relatively good response in our 
patient, as indicated by decreased transaminase levels, pro-
vides further evidence for the beneficial effect of GH 
replacement therapy in patients with NASH.

In conclusion, there have been few report of long-term 
survival following LT in pediatric NASH.  This is a rare 
case report showing that stable liver function was main-
tained for 10 years after LDLT for pediatric NASH.  GH 
replacement therapy may be effective in graft maintenance.  
Therefore additional reports of long-term survival follow-
ing LT in pediatric NASH are needed.
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