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ABSTRACT
Serum Gamma Glutamyl Transpeptidase (GGTP), a useful screening test for
diagnosis of pediatric cholestatic liver disorders, may show a progressive
fall in patients with high GGTP cholestasis at baseline with failing hepatic
functions, leading to erroneous interpretation. So, this study was aimed to
check the diagnostic significance of GGTP values in advanced high GGTP
pediatric cholestatic liver diseases. Seven prototype cases (4 cases of biliary
atresia, 2 cases of progressive familial intrahepatic cholestasis type 3 and 1
case of primary sclerosing cholangitis(with complete workup and adequate
follow up) were evaluated in detail. In these cases, serum GGTP levels
initially remained high and gradually went down as the disease progressed
i.e decompensation of hepatic function occurred. The study thus concluded
that serum GGTP levels should not be used in isolation to consider a
differential diagnosis of pediatric cholestatic disorders in resource constraint
countries and should always be used in conjunction with hepatic synthetic
functions and clinical picture to avoid misinterpretation.
KEYWORDS: Serum Gamma Glutamyl Transpeptidase; Pediatric
Cholestatic Liver diseases; Sclerosing cholangitis; progressive familial
intrahepatic cholestasis type 3.

Introduction
Serum Gamma Glutamyl Transpeptidase (GGTP)
level is considered a useful screening test for diagnosis
of cholestatic liver disorders where it helps in initial
differentiation of various disease entities. High GGTP
level is seen classically in biliary atresia, progressive

familial intrahepatic cholestasis type 3 (PFIC3) and
primary sclerosing cholangitis (PSC)etc while low GGTP
level is seen in PFIC type 1 & 2 as well as bile acid
synthetic defects (BASD) amongst others. However, some
patients associated with classically high GGTP cholestasis
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presenting late in disease course with hepatic synthetic
failure, may have progressive fall in GGTP levels. Thus,
if these patients are seen at this late stage, they may have
low GGTP levels leading to erroneous interpretation. This
limitation in diagnostic utility of serum GGTP levels in
initial differential diagnosis of advanced cholestatic liver
diseases has not been described in literature before. We
have, therefore, done this study to assess the diagnostic
significance of serum gamma glutamyl transpeptidase
(GGTP) in advanced pediatric cholestatic liver diseases
with high GGTP cholestasis.

Patients and Methods
Retrospective evaluation of data from August 2011 to May
2016 was done, where all pediatric cases (<18 years age)
of cholestatic liver disease presenting to the Department
of Pediatric Hepatology of the institute were evaluated,
after ethical approval.
Only those cases which fulfilled all the three following
criteria were included in the study:
1. High GGTP Cholestasisat baseline (normal ranges for
serum GGTP : <2 months: <230 U/L; 2-4 months:
<100 U/L; >4 months: < 64 U/L). (modified from
Davit-Spraul1).
2. Preserved hepatic synthetic functions at baseline
(defined as International Normalised Ratio < 1.3,
serum albumin > 3.5 grams/decilitre and no present/
past evidence of decompensation of liver disease e.g
ascites).
3. Progression of liver disease (> 2 of the
following:uncorrectable
coagulopathy
i.e
International Normalised Ratio > 1.5 after 6 hours
of vitamin K10 mg injection, serum albumin < 3.5
grams/decilitre and/or present/past evidence of
decompensation of liver disease e.g ascites) during
study period with at least 1 year follow up.
Neonatal cholestasis syndrome (NCS) was defined
by conjugated hyperbilirubinemia as per standard
definition.3 In children between 6 months and 18 years of
age, cholestatic liver disease was defined asrecurrent or
persistent conjugated hyperbilirubinemia with evidence
of cholestasis as defined by (any one of following)clinical (pruritus or acholic stools),
biochemical
(elevation of alkaline phosphatase (SAP) + GGTP> 3
times of upper limit of normal) and histopathological
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(bile plugs, cellular and canalicular cholestasis,
cholestatic rosettes).2 Biliary atresia(BA) was diagnosed
based upon the typical histological features4 with or
without ultrasonographic features5 and confirmed on peroperative cholangiography. Diagnosis of PFIC-3 was
made on histopathological features and absent MDR3
(multi drug resistant protein-3) antibody immunostaining
on liver biopsy. PSC was diagnosed on the basis of
classical imaging (multifocal strictures, dilatation and
ductal wall irregularity involving the biliary tract, with
or without beaded appearance), histopathology (evidence
of biliary pathology with cholestasis, ductular reaction
and duct damage) or both. These were diagnosed as
large duct PSC (positive imaging and biopsy features)
or small duct PSC (only biopsy features) after excluding
other common etiologies including drug induced injury,
structural causes etc. Autoimmune hepatitis/PSC overlap
syndrome was also diagnosed based on standard criteria2.
The management of these cases was done as per standard
disease specific protocol.

Results
Out of a total of 163 cholestatic liver disease children,
134 children (BA = 111, PFIC type 3 = 4, PSC = 10 and
PSC/AIH overlap = 9) were diagnosed as having high
GGTP cholestasis. Amongst these, 7cases (4 cases of
biliary atresia,2 cases of PFIC type 3 and 1 case of PSC)
fulfilled the inclusion criteria. The cases are described in
detail in Table 1.
In these cases, we observed that serum GGTP
levels initially remained high and gradually decreased
as the disease progressedwith decompensation of hepatic
function as evident by hypoalbuminemia, worsening
coagulopathy and/or ascites [Table1]. The 4 BA cases
showed progressive deterioration of hepatic functions
after an unsuccessful Kasai portoenterostomy (KPE)
surgery (defined as serum total bilirubin > 3 mg/dl 3
months after KPE) as expected from the natural history
of the disease. None of these children could be bridged
to liver transplantation due to logistic issues and expired
later. Two children with PFIC 3(both siblings, patients
2a & 2b) underwent living donor related liver transplant
(LDLT)and paired liver biopsies were available for these
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two patientsduring the course of illness. Over a period of
around 3 years, both of them showed progressive bile duct
damage with resultant paucity of interlobular bile ducts
(Figure 1). One case of PSC (patient 3) had high GGTP
cholestasis at baseline with normal synthetic functions.
He developed recurrent cholangitis (pain abdomen,
jaundice and pruritus) during disease course with each
episode characterised by increasing jaundice and transient
synthetic failure (hypoalbuminemia,as shown in follow
up lab parameters in table 1) with improvement after
treatment in each episode. About 5 years after symptom
onset, he progressed to end stage liver disease (ascites,
hepatic encephalopathy and acute variceal bleed), for
which he subsequently underwent LDLT.

Discussion
Ours is the first study to show the progressive fall in
serum GGTP levels with advanced liver diseasein cases
with high GGTP cholestatic disorders.
Serum GGTP is a microsomal glycoprotein
which catalyzes the transfer of γ -glutamyl groups
from peptides such as glutathione to other amino acids,
and is also involved in hydrolysis of glutathione. It is
localized to cell membrane in both hepatocytes and
cholangiocytes.6-8 Its significance lies in its diagnostic
ability to help differentiate various pediatric cholestatic
disorders as stated above. Previous studies have identified
different cut offs to differentiate biliary atresia from other
causes of neonatal cholestasis.9 Also, recent studies
have identified serum GGTP levels as having prognostic
importance in cases of infantile cholestasis syndrome.8 In
a study by Wang et al, significance of serum GGTP levels
was studied in 38 cases with idiopathicneonatal hepatitis.
They found that in those cases where GGTP level was
high at presentation and then decreased in parallel with
their clinicaldeterioration had poor prognosis. They
hypothesised that decline of GGTP levels with progressive
deranged hepatic function tests represents deterioration of
liverfunction.8 The same is true for the present study that
all the study cases with progressively falling GGTP levels
either died or required LT.
There is usually an over-reliance on serum GGTP
levels in considering a differential diagnosis of cholestatic
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Figure 1: Progressive bile duct injury in paired
liver biopsies. For Patient 2(a) – Initial Biopsy
(1)- Hematoxylin and Eosin (HE) (20x) stained
section showing the portal tracts and septae with
moderate chronic inflammatory cells and mild
ductular reaction(arrows) and follow up (explant)
biopsy(2)- HE (20x) stained section showing portal
tracts with absence of duct profiles and presence of
unpaired arteries (arrows). For Patient 2(b)- Initial
Biopsy(3)- HE (20x) stained section showing portal
tracts and fibrous bridges with mild degree of chronic
inflammation and presence of duct (arrow) and follow
up (explant) biopsy(4)- HE (20x) stained section
showing the portal tracts and fibrous bridges with
mild degree of chronic inflammation and absence of
ducts and unpaired arteries (arrows).
liver disease cases in the developing world where there
is a lack of optimum facilities for genetic testing for
diagnostic confirmation. This is stark contrast to the
western institutions where genetic analysis is the modality
of choice. Thus, in scenarios, where patients present
late in disease course (with hepatic synthetic failure),
which usually is the scenario in developing world, this
so called ‘normalisation of GGTP’ during disease course
may erroneously point towards a different etiologyi.e
low GGTP cholestasis (e.g PFIC type 1 or 2 etc).In such
cases, even liver biopsy and subsequent histopathological
characterisation is usually not feasible due to coagulopathy
and ascites. This is especially important for arriving
at an exact diagnosis since we can direct our genetic
testing towards a specific suspected disorder avoiding
the laborious whole genome sequencing in all cases. If

Original Article

confirmed, this holds significance for future pregnancies
and prenatal counselling also. This phenomenon was also
highlighted from the fact that in some cases of high GGTP
cholestasis (PSC and PSC-AIH overlap) in our study
group, serum GGTP levels that were low at presentation
(along with hepatic synthetic failure), gradually rose to
higher levels after treatment (including ursodeoxycholic
acid, immunosuppressive drugs, cholangitis treatment
etc as applicable) with partial improvement in hepatic
synthetic function (data not shown). Similar mechanism
likely occurred in patient 3 with deterioration during
cholangitis episodes and partial recovery thereafter.
The exact pathophysiology behind this
phenomenon of falling GGTP with advancing liver
disease remains an enigma. Serum GGTP usually falls
slowly after a successful KPE with resolving cholestasis
but continues to remain high in those with failure of
the surgery till hepatic decompensation occurs. With
advancing liver disease, there is likely a loss of functional
hepatic mass especially cholangiocytes which are a major
source of GGTP [Concept diagram in Figure 2]. In most
cases, GGTP levels would start decreasing progressively
with decrease in hepatic synthetic function and reach
‘normal’ levels when the liver function goes below
threshold which is still undetermined (Table 1). Some
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patients in the present overall cohort of biliary atresia had
shown decreasing GGTP levels (but still in supra-normal
range) over the disease course, but were not included in the
study cohort due lack of fulfilment of all eligibility criteria
(data not shown). Similar evolution has been reported in
previous studies on untreated biliary atresia cases where
progressive evolution from bile ductular proliferation to
duct regression and subsequent progressive intrahepatic
duct loss has been documented.10 This likely reflects
theprogressive biliary damage occurring in unsuccessful
KPE cases and likely other chronic cholestatic liver
diseases also.
Ours’ is a tertiary care centre and due to delayed
referral from peripheral hospitals, large majority of the
patients present late in disease course. Therefore, at our
centre, it is uncommon for most liver disease patients to
have preserved hepatic function at baseline and this is
responsible for small sample size in our study despite a
largerbaseline cohort of cholestatic liver disorders. Also,
another major limitation of present study is lack of genetic
confirmation of PFIC type 3 cases, which is not available
in our country.
To conclude, serum GGTP levels should not
be used in isolation to consider a differential diagnosis
of pediatric cholestatic disorders in resource constraint

Figure 2: Concept diagram: Serum GGTP levels and relation to hepatic functional mass. (a): Normal hepatocyte
and cholangiocyte mass in a normal liver. (b): Trend of serum GGTP levels with respect to functional hepatic
mass: progressive decline with deterioration in hepatic function. (c): Decreased hepatocyte and cholangiocyte
mass in a cirrhotic liver.
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Table 1: Clinical / laboratory parameters of selected Cholestatic Liver disease patients (Patient 1a-d- Biliary
Atresia, Patient 2a & 2b- PFIC Type 3, Patient 3- PSC).
Parameter

Patient 1a

Patient 1b

Patient 1c

Patient 1d

Patient 2a

Patient 2b

Patient 3

Age (at
presentation) / Sex

53 days/Male

150 days/Male

124 days/Male

52 days/ Male

8 years/Male

10 years/Male

14 year/Male

Age at KPE
surgery

58 days

155 days

127 days

56 days

NA

NA

NA

Bilirubin(T/D)
(mg/dl)

9.0/5.1

11.3/8.1

7.1/6.1

11.5/6.6

3.2/2.4

5.57/2.5

4.4/3.2

SAP/GGTP (IU/L)

777/402

882/582

650/297

488/938

474/225

411/252

908/269

Albumin (gm/dl)

3.5

3.6

3.5

3.6

3.75

3.65

4.2

INR*

1.0

1.2

1.17

0.92

1.12

1.3

-

Ascites (USG
Based)

None

None

None

None

None

None

None

Baseline Data

6 month Follow up data
Bilirubin(T/D)
(mg/dl)

7.7/4.7

9.2/5.9

12.3/6.9

7.6/4.4

10.4/6.4

3.6/2.2

11.2/7.2#

SAP/GGTP (IU/L)

546/148

390/430

276/124

435/216

288/110

396/112

496/137#

Albumin (gm/dl)

2.7

2.8

2.5

2.8

2.4

2.7

2.1#

INR*

1.3

1.4

1.0

1.4

1.35

1.4

1.7#

Ascites (USG
Based)

None

Minimal

Minimal

None

None

None

Minimal#

Bilirubin(T/D)
(mg/dl)

4.8/2.5

4.2/2.1

23.9/13.4

15.4/8.7

14.7/8.4

6.3/4.2

17.5/14.9##

SAP/GGTP (IU/L)

543/96

549/148

460/52

977/83

236/74

550/110

417/154##

Albumin (gm/dl)

2.4

2.2

2.1

2.8

1.7

2.0

2.4##

INR*

1.6

1.53

1.45

1.61

1.87

1.48

1.5##

Ascites (USG
Based)

None

Mild

Mild

None

Minimal

None

None##

Follow up

28 months

30 months

27 months

32 months

36 months**

38 months**

64 months

Bilirubin(T/D)
(mg/dl)

17.5/10.3

17/9.4

26.9/15.4

23.9/16.8

21.7/14.8

16.8/9.0

9.2/5.5

SAP/GGTP (IU/L)

457/40

122/31

512/50

864/62

212/57

327/59

286/63

Albumin (gm/dl)

2.2

0.9

1.6

2.1

1.5

1.2

1.5

INR

2.3

3.19

3.4

2.1

2.12

2.50

2.58

Minimal

Moderate

Mild

Mild

Mild

Mild

Moderate

1 year Follow up data

Last Follow up data

*

Ascites (USG
Based)

Abbreviations: GGTP- Gamma-glutamyl Transpeptidase, gm/dl – Grams per decilitre, INR – International normalised ratio, IU/LInternational Units per Litre, KPE- Kasai Portoenterosotomy, LT- Liver Transplant, mg/dl – Milligrams per decilitre, NA- Not
applicable/available, SAP- Serum Alkaline Phosphatase, T/D- Total/Direct, USG- Ultrasonography, PFIC- Progressive familial
intrahepatic cholestasis, PSC- Primary sclerosing cholangitis, *After Vitamin K Injection, **LT done, #At 1 year follow up,
##
At 2.5 years follow up.
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countries where genetic confirmation is not widely
available and should always be used in conjunction with
hepatic synthetic functions and clinical picture to avoid
misinterpretation.
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