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ABSTRACT: Oxidation of L[1-13C]methionine ([13C]-Met) in liver
mitochondria can be quantified by measuring exhaled 13CO2. We
hypothesized that 13CO2 recovery after i.v. administered [13C]-Met
would provide a noninvasive measure of liver function in pediatric
intestinal failure-associated liver disease (IFALD). After Institutional
Review Board (IRB) approval, 27 patients underwent L[1-13C]-Met
breath tests ([13C]-MBTs), five of whom underwent repeat testing
after clinical changes in liver function. Sterile, pyrogen-free [13C]-
Met was given i.v. Six breath samples collected during 120 min were
analyzed for 13CO2 enrichment using isotope ratio mass spectrome-
try. Pediatric end-stage liver disease (PELD) scores were recorded,
and total carbon dioxide (CO2) production was measured by indirect
calorimetry. Twenty-seven patients (median age � 5.3 mo) under-
went a total of 34 [13C]-MBTs without adverse events. Fourteen
patients had documented liver biopsies (five with cirrhosis and nine
with cholestasis or fibrosis). The [13C]-MBT differentiated patients
with and without cirrhosis (medians 210 and 350, respectively, p �
0.04). Serial [13C]-MBTs in five patients reflected changing PELD
scores. i.v. administering the stable isotope [13C]-Met with serial
breath sampling provides a useful, safe, and potentially clinically
relevant evaluation of hepatic function in pediatric IFALD. The [13C]-
MBT may also help quantify progression or improvement of IFALD.
(Pediatr Res 68: 349–354, 2010)

Intestinal failure (IF) is a clinical condition in which the
body is incapable of supporting growth and/or fluid and

electrolyte homeostasis because of inadequate functional in-
testinal surface area. In the neonatal population, recent reports
estimate an incidence of up to 0.7% in very low birth weight
infants, and up to 1.1% in extremely low birth weight infants.
The associated mortality of IF in very low birth weight infants
is thought to be as high as 20% (1).
The mainstay of modern medical therapy for IF is paren-

teral nutrition (PN), but unfortunately, this therapy can be
accompanied by liver injury that is termed intestinal failure-
associated liver disease (IFALD). The etiology of IFALD can
be multifactorial, and beyond its association with PN, IFALD

has been linked with prematurity, number of infectious epi-
sodes, ability to tolerate enteral nutrition, number of laparot-
omies, number of days on antibiotics, and other yet to be
identified factors (2).
IFALD begins with the development of hepatic periportal

inflammation and cholestasis and can, after extended periods
of exposure to PN, progress to bile duct proliferation, fibrosis,
and cirrhosis (3). In cases of severe, irreversible liver damage
associated with IFALD, isolated liver transplantation or, more
commonly, a combined intestinal/liver transplant may be re-
quired (4–6).
Although liver biopsy remains the gold standard for the

evaluation of IFALD, the invasive nature of this test precludes
its use as a frequent measure of disease progression or recov-
ery. Conventional static biochemical liver tests (transaminase,
bilirubin, alkaline phosphatase and albumin plasma levels, or
prothrombin time) have been used to assess injury and func-
tion but vary widely in specificity and sensitivity (7–9). For
example, patients with IFALD with normal or mildly elevated
bilirubin can often have cirrhosis as determined by liver
biopsy (10).
In recognition of these deficiencies, the Child-Turcotte and

Pugh (CTP) scoring system was initially developed in 1964 to
assess the severity of chronic liver disease (11) and more
recently, another widely used scoring system, the model for
end-stage liver disease (MELD), was developed using serum
creatinine, international normalized ratio (INR), and bilirubin
to predict survival in adult patients with chronic liver disease
(12). The pediatric end-stage liver disease (PELD) score is
similar to MELD but designed as a tool for predicting mor-
tality and morbidity in children with chronic disease awaiting
liver transplantation (13). PELD uses some different criteria
from the MELD to recognize the specific growth and devel-
opment needs of children including 1) bilirubin, which mea-
sures how effectively the liver excretes bile, 2) INR, which
measures the liver’s ability to make blood clotting factors, 3)

Received November 30, 2009; accepted May 27, 2010.
Correspondence: Debora Duro, M.D., Division of Pediatric Gastroenterology and

Nutrition, University of Miami, 1601 NW 12th Ave, MCCD Room 3005A, Miami, FL
33136; e-mail: dduro@med.miaimi.edu
Supported by the Institutional Grant from NIH T32-HD43034-05A1, Pilot Feasibility

Grant from the Clinical Nutrition Research Center, NIH #P30 DK40561-13, and by a Junior
Faculty Career Development Award from Children’s Hospital, Boston [D.D.] and by the
Howard Hughes Medical Institute Medical Student Fellowship [to C.-F.J.Y.]. The study
isotopic analyses were supported by NIH #P30DK040561 [D.D., Y.M.Y., C.D., T.J.].

Abbreviations: ALT, alanine aminotransferase; [13C]-Met, L[1-13C]methi-
onine; [13C]-MBT, L[1-13C]methionine breath test; 13CO2 AUC, area under
the curve of the enrichment over baseline of the [13C]-Met; GGTP, gamma
glutamyl transpeptidase; IF, intestinal failure; IFALD, intestinal failure-
associated liver disease; INR, international normalized ratio; IQR, Interquar-
tile range; PELD, pediatric end-stage liver disease; PN, parenteral nutrition

0031-3998/10/6804-0349
PEDIATRIC RESEARCH

Vol. 68, No. 4, 2010

Copyright © 2010 International Pediatric Research Foundation, Inc.
Printed in U.S.A.

349



albumin, which measures the liver’s ability to synthesize a
visceral protein from precursor amino acids, 4) growth failure,
and 5) age (whether the child is younger than 1 year).
These scoring systems are potentially better than biochem-

ical tests alone because they address a range of factors of
reflecting hepatic reserve and function. However, the MELD
and the CTP were not designed for children (13), and although
the PELD score is specific to the pediatric population, it has
limitations when used to assess IFALD. It has not been
validated as a surrogate marker for the clinical assessment of
liver disease in patients who do not have end-stage liver
disease. Additionally, four of the five components of PELD
(weight, height, INR, and albumin) can be altered by condi-
tions other than IFALD. For example, prematurity, gestational
age, malabsorption, intestinal losses, intestinal length, and
under nutrition may contribute to abnormalities of growth,
vitamin K absorption, and low albumin independent of liver
function.
A noninvasive dynamic test for IFALD may better address

these above limitations. Previously in adult populations, non-
invasive dynamic tests have been designed to measure the
liver’s metabolic capacity at a particular time and when
assessed longitudinally can be used to quantify the liver’s
functional reserve (9). Substrates used in these dynamic tests
for assessment of hepatic function must fulfill criteria includ-
ing safe, rapid and consistent absorption, specific hepatic
metabolism, a well-known metabolic pathway, and rapid ap-
pearance of the metabolite in exhaled breath or other sampling
site (14).
Traditionally, substrates have been categorized by the par-

ticular liver compartment where metabolism takes place (mi-
tochondrial, microsomal, or cytosolic) (14) and can, therefore,
be selected based on the compartment that is most affected in
a given type of liver disease. Hepatic mitochondrial dysfunc-
tion is the result of a wide range of liver pathologies and is a
useful marker of overall liver function. In cases of liver
cirrhosis, fatty liver, or injury from xenobiotics, oxidative
metabolism of various substrates is impaired due to electron
transport chain dysfunction in hepatic mitochondria (15,16),
with evidence suggesting that the assessment of mitochondrial
function may be an appropriate marker for liver function
during PN (17).
One substrate that is specifically metabolized in hepatic

mitochondria and fulfills the other criteria noted above is the
amino acid methionine (9,18). The principal site of methio-
nine metabolism is in the liver (19) with several pathways
leading to carbon dioxide (CO2) production. In the first steps
of methionine metabolism, methionine-adenosyltransferase
catalyzes the conversion from methionine to S-adenosylme-
thionine (SAMe) (20). CO2 is produced when SAMe is de-
carboxylated in the pathway to polyamine synthesis (21,22).
SAMe is also involved in transmethylation reactions that lead
to S-adenosylhomocysteine and subsequent formation of ho-
mocysteine (19). The most abundant methyltransferase in
these transmethylation reactions is glycine N-methyltrans-
ferase, which converts glycine into N-methyl-glycine (sar-
cosine) (21). Sarcosine is then oxidized by sarcosine dehydro-
genase, which is found exclusively in the liver mitochondria;

a subsequent set of reactions including formation of interme-
diates formaldehyde and formate result in the formation of
CO2 (18,23). Methionine transamination is another potential
pathway of methionine catabolism that results in the conver-
sion of the methyl or carboxyl carbon to CO2 and occurs
primarily in the liver. However, this pathway does not occur
under normal metabolic conditions in mammals (18,24).
Each of the pathways, as noted earlier, produces CO2 in the

intermediary metabolism of methionine. By relying on the
pathways of methionine degradation to CO2, previous studies
suggest that a 13C-labeled methionine ([13C]-Met) breath test
([13C]-MBT) could be used to evaluate the methionine oxida-
tive capacity of the liver (9).
In this breath test, the patient is administered [1-13C]-Met,

in which one of the 12C atoms in methionine has been replaced
by a stable 13C isotope. The 13C stable isotope is enzymati-
cally cleaved during one of the metabolic pathways noted
earlier and eventually is incorporated into CO2 and exhaled
through the breath (9). The 13C enrichment of expired CO2 is
analyzed by means of isotope ratio mass spectrometry. Hence,
by using a stable isotope tracer, one can follow methionine
oxidative capacity in the mitochondria of hepatocytes (9).
The development of the i.v. [13C]-MBT offers the potential

for a safe, noninvasive, and reliable means of evaluating liver
disease specifically in children with IFALD (25). An oral
version has been used safely in adults for nearly a decade (9),
and the i.v. [13C]-MBT method avoids any error introduced by
variable gastrointestinal absorption that may be inherent with
patients with IF.
We sought to use the i.v. [13C]-MBT as an index of liver

function in a pediatric cohort of patients with IF. Specifically,
the 13CO2 recovery in the breath was correlated with biochem-
ical tests of liver disease, PELD score, and histopathology in
pediatric patients with IFALD. Furthermore, we investigated
the feasibility of this test as an easily repeated serial measure-
ment of liver function in our study population.

METHODS

After Institutional Review Board (IRB) approval and written informed
consent was obtained, 27 patients followed up by the Center for Advanced
Intestinal Rehabilitation on the inpatient ward of Children’s Hospital, Boston,
were enrolled between July 2006 and February 2009. Inclusion criteria were
1) a diagnosis of IF (defined as dependence on PN for �30 d); 2) corrected
gestational age �36 wk; and 3) the provision of PN to fulfill part or all energy
and protein requirements. The diagnosis of IFALD was made by 1) serum
direct bilirubin (DB) �2 mg/dL or 2) liver histopathology showing moderate
to marked fibrosis in the setting of exposure to PN for �30 d. Exclusion
criteria included 1) receiving parenteral antimicrobials and/or vasopressors; 2)
inadequate nutrition support (�80 kcal/kg/d); 3) history of general anesthesia
within the previous 48 h; 4) mechanical ventilation; or 5) history with inborn
errors of metabolism affecting the methionine metabolic pathway. Inadequate
nutrition was considered as an exclusion criterion to obviate spuriously low
rates of methionine oxidation caused by deficiency states. Patients were
eligible to receive parenteral fish oil based on our institutional protocol and
criteria as defined previously (26). Direct bilirubin, INR, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), albumin, gamma glutamyl
transpeptidase (GGTP), and pertinent clinical data and liver biopsy results
were obtained from the medical chart. Liver biopsies were not stipulated
within the study protocol; all liver biopsies were obtained using a core
technique and were performed at the clinical discretion of the operating
surgeon. Liver function tests and clinical information were used to calculate
the PELD score of each patient (12). This score has been used to evaluate a
patient’s candidacy and urgency for liver transplantation. In our study, in
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addition to the conventional biochemical tests, we used the PELD score as a
clinical marker of liver disease. We monitored the following types of adverse
events: pyrexia, hypotension, hypoglycemia, line infection, bacteremia, and
evidence of anaphylaxis.

Isotopic methods. Subjects were fasted for 2 h before i.v. L[1-13C]-Met
administration. Weight-appropriate infusions of dextrose with 1⁄2 or normal
saline were provided throughout the fasting and breath samples collection
periods to prevent hypoglycemia and/or hypovolemia. After 2 hours of
fasting, a baseline duplicate breath sample was obtained, followed by the
bolus administration of a 2 mg/kg i.v. dose of sterile and pyrogen-free
L[1-13C]-Met solution through a preexisting central venous catheter. Addi-
tional duplicate breath samples were then obtained at 20-min intervals (20, 40,
60, 80, 100, and 120 min after the dose was given). This technique has been
published previously (25). The breath samples were batched and then ana-
lyzed by a gas isotope ratio mass spectrometer (Thermo Breath Mat, Model 9706,
Thermo Finnigan Inc., Ringoes, NJ) for 13CO2 enrichment. Total CO2 production
was measured by indirect calorimetry (Vmax Legacy, Viasys Healthcare Inc.,
Conshohocken, PA). The accumulated total 13CO2 production [V13CO2

(time)] was
calculated based on the rate of 13CO2 production at each time point of air sample
collection, was calculated as: V13CO2

(time) � V13CO2
� VE13CO2

(time), where
VCO2

is the total CO2 production rate (in �mol/kg/min) measured by the indirect
calorimetry, and VECO2

is the isotopic enrichment of 13CO2 measured on the
air sample collected at each time point � {0, 20, 40, 60, 80, 100, 120} min.
The calculation of 13CO2 production was then accomplished using established
methods (25).

Statistical methods. The 13CO2 enrichment over baseline was plotted as a
function of time for each patient. The area under the curve of each patient was
then obtained using the Lagrange method (27).

All continuous patient characteristics were summarized using medians and
interquartile ranges (IQRs), and means and standard deviations as appropriate.
Categorical patient characteristics were summarized as proportions. Spearman
correlation coefficients were calculated to assess the association between the
[13C]-MBT results and the following variables: INR, ALT, AST, albumin,
GGTP, PELD score, and duration of PN therapy at the time of testing.

Comparisons of the [13C]-MBT results in subjects with and without cirrhosis
were assessed by the Wilcoxon test.

RESULTS

Twenty seven patients underwent a total of 34 [13C]-MBTs
without any adverse events. Patient age ranged from 5.0 to
34.4 mo (median � 5.3 mo; IQR � 3.6–8.0) with 16 (59%)
males. The median duration of PN exposure at the time of
[13C]-MBT was 5 mo (IQR: 3–7). All patients received i.v.
omega-3 fatty acids at 1 g/kg/d as hepatoprotective strategy
during the course of therapy. The most common diagnoses
leading to IF were necrotizing enterocolitis (33%), gastroschi-
sis (26%), and intestinal atresia (22%) (Table 1). At the time
of the study, none of the patients required supplemental
oxygen.
Figure 1 demonstrates the 13CO2 atom percent excess of the

27 patients. Correlations between parameters of liver function
tests in the 27 patients and the [13C]-MBT were generally
quite weak. The strongest correlations with the area under the
curve of the enrichment over baseline of the [13C]-Met (13CO2

AUC) were gestational age (Spearman correlation � 0.39,
p � 0.04), weight (Spearman correlation � 0.36, p � 0.06),
height (Spearman correlation � 0.36, p � 0.07), the INR
(Spearman correlation � �0.36, p � 0.07), and the PELD
scores (Spearman correlation � �0.31, p � 0.12). Age at the

Table 1. Patient characteristics at the time of the [13C]-MBT in the 27 patients

Descriptive variables All patients (N � 27)
Patients with biopsy results

(N � 14)

Demographic variables
Age at �13C�-MBT, months: median (IQR) 5.1 (3.3–7.3) 6.7 (4.8–7.7)
Gestational age, weeks: median (IQR) 33 (29–36) 29 (25–35)
Gender, male: n (%) 16 (59%) 9 (64%)
Primary diagnosis, n (%)
NEC 9 (33) 9 (64)
Gastroschisis 7 (26) 1 (7)
Intestinal atresia 6 (22) 3 (21)
Other 5 (19) 1 (7)

Residual bowel length (cm) �SD� 76 (89) 49 (55)
Citrulline (�mol/L) �SD� 13.2 (8.4) 11.4 (7.3)

Nutritional variables
Weight, kg: mean (SD) 5.3 (2.7) 5.4 (2.1)
Height, cm: mean (SD) 58 (10) 60 (8.7)
PN intake (%) 77 (23) 73 (28)
REE (kcal/kg/day) 50.1 (14.2) 53.9 (15.4)
Duration of PN, months: median (IQR) 5 (3–7) 7 (4–7)

Laboratory values
Direct bilirubin, mg/dL: median (IQR) 2.9 (0.5–7.8) 2.6 (0.3–5.7)
ALT, unit/L: median (IQR) 76 (44–175) 67 (43–99)
GGTP, unit/L: median (IQR) 125 (66–178) 113 (73–130)
Albumin, g/dL: median (IQR) 3.2 (2.9–3.3) 3.2 (2.8–3.4)
INR: median (IQR) 1.13 (1.07–1.26) 1.21 (1.13–1.35)

IFALD: histology
Liver biopsy, n (%)
Performed 14 14
Cholestasis or fibrosis 9 9
Cirrhosis 5 5

PELD: median (IQR) 12 (6–16) 10 (6–18)

IQR, interquartile range; SD, standard deviation; �13C�-MBT, �13C�-methionine breath test; NEC, necrotizing enterocolitis; PN, parenteral nutrition; REE,
resting energy expenditure; ALT, alanine aminotransferase; GGTP, gamma glutamyl transpeptidase; INR, international normalization ratio; IFALD, intestinal
failure associated liver disease; PELD, Pediatric End stage Liver Disease score.
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time of test and residual bowel length were not associated with
the [13C]-MBT.
Of the 27 patients, 14 had liver biopsies. These patients

varied from individuals without liver biopsy in regards to
duration of PN exposure at time of testing, age at time of
testing, primary diagnosis, and gestational age (Table 1). Of
the 14 patients with liver biopsies, five had cirrhosis and nine
had cholestasis or fibrosis. The median 13CO2 AUC was 210
for patients with cirrhosis and 350 for patients without cirrho-
sis (p � 0.04) (Fig. 2).
Five patients had repeated [13C]-MBT measurements, three

showed increased 13CO2 excretion and decreased PELD
scores. One patient had a decreased PELD score with a

[13C]-MBT result that remained essentially unchanged. The
fifth patient underwent the [13C]-MBT four times. The 13CO2

AUC decreased between the first and third tests, reflecting the
patient’s worsening clinical status (development of significant
stomal bleeding and deterioration of medical status with in-
creased INR). Meanwhile, the PELD score during this episode
improved slightly. Ultimately, the patient stabilized by cessa-
tion of stomal bleeding, correction of coagulopathy, and this
improved clinical condition was reflected in both an improved
(decreased) PELD score and an improved (increased) 13CO2

AUC.

DISCUSSION

Although PN remains a vital therapeutic bridge for patients
undergoing intestinal rehabilitation, prolonged exposure is a
risk for developing the multifactor pathology of IFALD.
IFALD remains a primary cause of morbidity and mortality in
patients receiving long-term PN, particularly in the susceptible
neonatal population (2). The gold standard for the assessment
of IFALD continues to be liver biopsy. This is an invasive
procedure, however, with measurable morbidity and is not
well suited for frequent assessments of alterations in liver
status.
We sought to develop an i.v. [13C]-MBT as a safe, nonin-

vasive test for liver injury in pediatric patients with IF. Our
initial pilot study of this i.v. technique demonstrated the
feasibility of this approach in children with limited enteral
absorption (4). The enteral version of the MBT has been
shown to correlate with both hepatic steatosis and cirrhosis
in adults (27). Similarly, adult liver transplant outcomes
(28) and HIV patient drug-induced hepatic toxicity (18)
have been predicted by an orally administered [13C]-MBT.
Furthermore, in HIV-infected adults, oral [13C]-MBT re-
sults were shown to be an earlier marker of hepatic mito-
chondrial dysfunction than either standard liver function
tests or patient symptomatology (29).
Although these previous reports have demonstrated the

safety and clinical applicability of the [13C]-MBT, they have
relied on the oral administration of [13C]-Met. In our popula-
tion of children with IF, however, reliable enteral absorption
cannot be assumed. Hence, we modified the original technique
to an i.v. administered test using the preexisting central ve-
nous catheters present in our cohort of patients with IF. This
study supports our previous report (25) that the i.v. adminis-
tered [13C]-MBT is well tolerated in children. No adverse
events were recorded in the 34 tests performed on 27 children.
The safety of this particular stable isotope test is consistent
with the existing literature on the safe clinical application of
stable isotope techniques in the neonatal and pediatric popu-
lations (30,31).
We report a strong relationship between the 13CO2 AUC

and the presence or absence of cirrhosis on liver biopsy (p �
0.04). The ability to accurately recognize the presence of
cirrhosis is of clinical importance. All patients with a diagno-
sis of cirrhosis must be carefully monitored for signs of
hepatic decompensation, and long-term survivors living with
compensated cirrhosis must be followed for possible malig-

Figure 1. 13CO2 atoms percent excess (APE), of the 27 patients. The APE is
an expression of stable isotope enrichment within the total CO2 pool and
reflects 13C-methionine tracer oxidation in the liver. It can be defined as:
APE � tracer/(tracer � tracee) � 100, where the tracer (in this case, 13CO2),
is a compound that is chemically and functionally identical to the naturally
occurring compound of interest, the tracee (12CO2) (40). As time from
13C-methionine administration increases, the appearance of 13CO2 increases,
which is in accordance with expectations because as discussed in the intro-
duction, metabolism of 13C-methionine is anticipated to result in production
of 13CO2.

Figure 2. Boxplots of [13C]-MBT results, comparing patients with (n � 5)
and without (n � 9) cirrhosis on liver biopsy. The distribution is based on the
13CO2 AUC. The solid bar within the box represents the median value; upper
boundary of the box: the 75th percentile; lower boundary of the box: the 25th
percentile; and whiskers extend to the most extreme observation within 1.5
interquartile range units of the 25th and 75th percentiles. The median 13CO2

AUC was 210 for patients with cirrhosis and 350 for patients without cirrhosis
(p � 0.04). p value was estimated by Wilcoxon tests.
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nant degeneration (32,33). We believe that the ability of the
[13C]-MBT to noninvasively distinguish the presence or ab-
sence of cirrhosis in children with IFALD offers a promising
alternative to the current gold standard of liver biopsy.
Finally, this study demonstrates the feasibility of perform-

ing serial i.v. [13C]-MBT measurements in individuals with
concomitant intestinal and liver disease. In three of the five
patients subjected to serial testing, changes in the patient’s
PELD scores correlated well with their [13C]-MBT results.
Interestingly, in the one patient followed up with four tests, an
acute worsening of the patient’s clinical status, marked by
increased INR and presence of stomal bleeding, was not
reflected in the patient’s PELD score. However the [13C]-
MBT results did show this decompensation. This observation
might be explained by the fact that the [13C]-MBT traces an
essential hepatic mitochondrial metabolic pathway that is
particularly sensitive to liver injury (9). It may, therefore,
prove to be an earlier marker of hepatic dysfunction than the
PELD score. Although the PELD score is a widely used liver
disease scoring system, it is based largely on clinical param-
eters of plasma liver function tests, which are, at best, con-
sidered indirect measures of liver function. It is also important
to take into consideration increasingly used hepatoprotective
strategies such as the use of omega-3 fatty acids and the
practice of lowering the dose of i.v. fats (1 g/kg) The ability of
these strategies to protect hepatocytes from injury and de-
crease cholestasis (34–36) might further undermine the utility
of the PELD score.
Finally, it is important to note that although the PELD

includes the patient’s bilirubin level as an indicator of liver
injury and cholestasis, an elevated bilirubin level does not
seem to correlate well with histologic evidence of liver injury
(37–39).
In fact, there seems to be evidence that in children with

IFALD, advanced fibrosis and even cirrhosis can exist in the
absence of an elevated direct bilirubin level (10). Hence the
i.v. [13C]-MBT offers a novel and clinically relevant test for
the evaluation of IFALD. In this study, we confirm the safety
of the i.v. technique and the feasibility of repeat testing in
children. Furthermore, we demonstrate a significant relation-
ship between the [13C]-MBT results and the presence or
absence of liver cirrhosis in children with IFALD.
The study has several limitations including a relatively

small sample size (27 patients), the lack of consistent cotem-
poral liver biopsies, and the absence of a comparator cohort.
Although a significant advantage of the [13C]-MBT is as a
repeated test for the longitudinal assessment of liver function,
only pilot data are available for review in this investigation.
Finally, the use of [13C]-MBT in older patients with IF has as
yet to be assessed.
Future investigation is warranted to determine the ability of

the [13C]-MBT to distinguish more subtle degrees of liver
fibrosis and to evaluate the applicability of this test in predict-
ing long-term clinical outcomes in varied IF cohorts.
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