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B(-methacetin breath test in the evaluation of disease severity
in patients with liver cirrhosis

Jana Vranova?, Miluse Hendrichova®, Hana Kolarova©, Karolina Kratka®, Jozef Rosina®, Jiri Horak®

Aims. The non-invasive *C-methacetin (>*C-MBT) breath test has been proposed as a measure of metabolic liver func-
tion that improves the diagnostic efficacy of serologic and biochemical tests in assessing hepatic functional capacity
and liver disease severity, The goal of this study was to establish the clinical utility of this test in quantifying hepatic
metabolic function in patients with liver cirrhosis of varying severity and to compare *C-MBT measurements with the
AST/ALT ratio, APRI score, and other routine liver tests.

Methods. Routine liver function tests including serum bilirubin, aspartate aminotransferase activity (AST), alanine
aminotransferase (ALT), AST/ALT ratio, the APRI score, the percentage of dose rate (PDR) and cumulative percentage of
dose rate (CPDR) of the *C-MBT were evaluated in 52 cirrhotic patients of alcohol etiology (Child-Pugh A/B/C 10/28/14)
and 37 healthy controls.

Results. The *C-MBT differed significantly between healthy controls and cirrhotic patients at all time intervals mea-
sured. It also proved the ability to differentiate patients with liver cirrhosis based on severity of hepatic impairment
corresponding to the Child-Pugh classification A vs. B vs. C. The ROC curve analysis suggested that the best prediction
is provided by time intervals between the 10" - 20* or 10' - 40" minute of PDR.

Conclusions. The *C-MBT offers a reliable means for quantification of hepatic metabolic function over the complete
range of functional liver impairment. It is non-invasive, easy to perform and completely safe.
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INTRODUCTION somal function by means of two variables: kinetics, i.e.
percentage of *C dose being actually exhaled and capac-
Quantification of liver function, usually metabolic, is  ity, i.e. cumulative dose of *C exhaled to the time point
carried out to assess liver function reserve, e.g. prior to  studied.
hepatic resection, to establish a prognosis and/or assess BC-methacetin is metabolized in the endoplasmic re-
the effect of treatment. ticulum of hepatocytes by means of cytochrome P450,
Standard serologic and biochemical tests do not ac-  exclusively by isoenzyme CYP1A2, by demethylation and
curately assess hepatic functional capacity nor do they  oxidation to acetaminophen and "CO, (ref.”?). CYP1A2
detect changes in hepatic disease severity'>. To improve  also contributes to ethanol metabolism in the micro-
the diagnostic efficacy of these tests, several quantitative  somes?, thus the *C-methacetin breath test (*C-MBT)
approaches have been proposed to measure metabolic  provides the most valuable results in cases of alcoholic
liver function. Currently, breath tests using carbon iso- liver disease’. Since the Czech Republic is reported to
tope BC are preferentially used*®. The BC is biologically = have the highest adult per capita alcohol consumption in
identical to 2C, it is non-toxic and non-radioactive. For  the European Union (16.61 liters in 2009) and since 50%
this reason, it can be safely used for diagnostic purposes.  of all cases of liver cirrhosis in the Czech Republic have
BC can be incorporated into organic substances the meta-  an alcoholic etiology''?, we decided to concentrate on
bolic breakdown of which is assessed by measuring the  patients with alcoholic liver disease.
amount of “CO, in exhaled air®. A substance widely used The BC-MBT could not distinguish between controls
for breath tests is *C-labeled methacetin. The *C-labeled  and patients in early stages of fibrosis nor could they
carbon dioxide is exhaled and the volume exhaled is a  indicate the extent of inflammation or the degree of fi-
measure of microsomal hepatic function provided by the  brosis'®. However, few studies show good correlation of
activity of cytochrome P450. Measuring the “CO,/"”CO,  the “C-methacetin breath test with the severity of liver
ratio in exhaled air enables quantification of the micro-  cirrhosis according to the Child-Pugh score®!*15,
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Thus main goals of our study were (a) to establish the
BC-MBT sensitivity and specificity for the evaluation of
liver function in healthy controls and patients with liver
cirrhosis of varying severity based on the Child-Pugh
score. Emphasis was placed on exploration, whether the
BC-MBT can also predict early stages of clinically nons-
ymptomatic cirrhosis (Child-Pugh A)) and on comparing
healthy controls with all cirrhotic patients together, (b)
to determine the best discriminating time interval of the
BC-MBT for all pairs of groups of patients, and (¢) to
compare the discriminating power of conventional liver
tests, APRI score, AST/ALT ratio, and serum bilirubin
levels with the diagnostic accuracy of *C-MBT.

MATERIALS AND METHODS

Patients

Altogether, 52 cirrhotic patients and 37 healthy con-
trols participated in the study. The liver cirrhosis group
consisted of 52 patients (mean age 59.23 + 9.87, range
36 - 80; Female/Male ratio (F/M) 26/26, mean value of
body mass index (BMI) was 25.25 = 6.08, the cirrhosis
was of alcoholic etiology only). The diagnosis of liver cir-
rhosis was confirmed by ultrasound examination, liver
function test and/or biopsy. All patients were classified by
the Child-Pugh classification, comprising ascites, enceph-
alopathy, serum albumin, bilirubin levels and prothrombin
time. The Child-Pugh classification'®'”, which represents
a concerted evaluation of clinical criteria and laboratory
data, still remains the most widely accepted prognostic
measure of the severity of liver diseases. The functional
Child-Pugh classification was as follows: 10 patients were
in class A (mean age 65.10 + 8.28; BMI 23.59 + 8.24;
F/M 7/3; scores 5-6), 28 in class B (mean age 59.11 £
9.22; BMI 26.44 = 5.56; F/M 14/14; scores 7-9) and 14
in class C (mean age 55.29 = 10.72; BMI 24.04 + 5.21;
F/M 5/9; scores 10-15). The control group consisted of
37 healthy volunteers (mean age 58.81 £ 12.6, range 38
- 90 years, female/male ratio 15/22, BMI 27.27 + 4.11).
They were screened through a medical history, physical
examination, liver ultrasound and routine liver function
tests. All healthy volunteers had blood tests within normal
limits. None had a history of active or previous liver dis-
ease or alcohol or drug abuse. All subjects participating in
the study were examined at the Department of Medicine
I, 31 Faculty of Medicine, Charles University in Prague
between 2000 - 2011. Written informed consent was ob-
tained from all patients and healthy individuals, and the
study was approved by the local Ethics Committee of the
Third Faculty of Medicine, Charles University in Prague.

3C-Methacetin breath test

After an overnight fasting all patients were adminis-
tered *C-methacetin orally at a dose of 75 mg. During
the breath test, subjects were required to remain at rest,
without eating, drinking or smoking. Breath samples were
collected before and 10, 20, 30, 40, 50, 60, 80, 100 and
120 minutes after administration. The total amount of
CO, and its "C/"C ratio were analyzed using isotope-
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selective non-dispersive infrared spectroscopy (IRIS II,
Wagner Analysen Technik, Bremen, Germany). The de-
scription of the device and the physical-chemical principle
of its function were previously described®.

The measuring instrument produces a value d(t)
(delta over base line DOB =0, - 8, [%o], where § is a
delta value before taking the test substrate (base line) and
0, is a delta value at time 7 after taking the substrate).
The instantaneous substrate-origin-*C content - percent-
age dose recovery (PDR) of “CO, [%/h] and cumulated
substrate-origin-*C content - cumulative percentage dose
recovery (CPDR) of *C recovered over the testing period
[%] are calculated from d(t,).

The PDR is calculated using the formula':

Bs _Bg5 Bg B
( d 0)+( ad 0)><(t‘,+]—t)><RPDB><COZ><1073

PDR = 2 x100%

mg substrate Pxn

mol weight 100 R
where “6=1000x[(R /R, )-1], R denotes the
BCO,/"*CO, isotope ratio in the sample at time t > 0 and
R, ,="CO,/*CO, in PDB (natural abundance standard
for carbon is calcium carbonate of a fossil Belemnitella
of the Pee-Dee-formation in South Carolina, RPDB=
0.01123686); P is the atom % excess; n is the number of
BC-labelled atom; d, 3, , d, are enrichments at times t,
t., and predose respectively. CO, is the CO, production
rate = 300 mmol/h m? of BSA, where body surface area
BSA =0.024265xWeight®*3® x Height®*%* was calculated
using the Haycock formula®. A cumulative PDR can be
obtained by summation of the single PDR value for each
time interval and represents the area under the curve ob-
tained during the duration of the test".

On the day of the study, liver function tests including
serum bilirubin (BILI), the activity of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT)
were determined. The ultrasonographic evaluation of
the abdomen and echocardiographic studies were also
performed on the day of the breath test. The AST/ALT
ratio and APRI score was calculated for all patients and
healthy controls.

Statistical analysis

Statistical analysis of normally distributed variables
(routine liver tests (ALT, AST, and bilirubin) and the
BC-methacetin breath test) was carried out using the in-
dependent sample t-test to compare all cirrhosis patients
together, i.e. Child-Pugh A+B+C (Cirrhosis) vs. Controls
and using one-way analysis of variance ANOVA to com-
pare all groups of patients, i.e. Child-Pugh A (ChPA)
vs. Child-Pugh B (ChPB) vs. Child-Pugh C (ChPC) vs.
Controls. Differences among groups were compared us-
ing the multiple comparison post-hoc Bonferroni method.
For comparison of skewed variables (AST/ALT ratio and
APRI score) the non-parametric Mann-Whitney U test
and Kruskal-Wallis ANOVA with multiple comparisons
of mean ranks were used.

Receiver operating characteristic curve (ROC) analy-
sis was performed to evaluate the best discriminating time
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interval of BC-methacetin breath test and to compare the
discriminating power of simple liver biochemical indica-
tors (ALT, AST, and bilirubin), AST/ALT ratio, APRI
score and the “C-methacetin breath test. Lastly, in order
to determine whether there was a statistically significant
difference in diagnostic power between the best routine
liver tests and the best time interval of *C-methacetin
breath test, the Z-statistics defined by Hanley and McNeil
was calculated?'. Statsoft’s STATISTICA version 9 was
used for statistical analysis. A P-value equal to or less than
0.05 was considered to be statistically significant.

RESULTS

Clinical and laboratory data are given as means and
standard deviations, for AST/ALT ratio and APRI score
the median and range are added (Table 1). Mean values
of kinetics (%"3C-dose/h) and capacity (%" C-cumulative
dose) for all groups of patients are displayed in Fig. 1
and 2.

Comparison of healthy controls with all cirrhotic patients
together

The differences in all normally distributed observed
variables between the cirrhotic patients and healthy con-
trols were compared using the independent sample t-test.
Statistically significant differences were found in all vari-
ables except ALT: in BILI (P=0.0016), in AST and in all
measured values of PDR and CPDR in all time intervals
of BC-MBT (P<0.001). Using Mann-Whitney U test the
remarkably statistically significant differences (£<0.0001)
were found for both variables, AST/ALT ratio and APRI
score.

Comparison of healthy controls with patients with liver
cirrhosis of various severity based on the Child-Pugh
score

One-way analysis of variance ANOVA was conducted
to find statistically significant differences among all four
groups of patients for (i) all laboratory biochemical re-
sults, and (ii) breath tests. Non-parametric Kruskal-Wallis
ANOVA was used for (iii) the AST/ALT ratio, and (iv)
the APRI score.

The ANOVA test was statistically significant, again,
for all variables except ALT. However, using the multiple
comparison Bonferroni test, statistically significant differ-
ences were only found in the following cases: none of the
single biochemical tests could distinguish among ChPA,
ChPB and ChPC groups of patients, except bilirubin,
when there was a significant difference between groups
ChPA vs. ChPC (P=0.048). All routine biochemical tests,
except ALT, were found to differentiate between Controls
and ChPB: BILI (P=0.018), AST (P<0.001), and between
Controls and ChPC: BILI (P=0.003), AST (P=0.002).

The Kruskal-Wallis ANOVA was statistically signifi-
cant for both variables, for AST/ALT ratio and APRI
score. The multiple comparisons of mean ranks found
statistically significant differences in the following cases:
for AST/ALT ratio: Controls vs. ChPB and Controls vs.
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Fig. 1. Percentage of dose of administered *C recovered per
hour in four groups of patients (mean values) for all time test
intervals.

Group 1: Child-Pugh A (n = 10), Group 2: Child-Pugh B (n
= 28), Group 3: Child-Pugh C (n = 14) and Group 4: healthy
controls (n = 37).
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Fig. 2. Percentage of cumulative dose of administered "*C re-
covered per hour in four groups of patients (mean values) for
all time test intervals.

Group 1: Child-Pugh A (n = 10), Group 2: Child-Pugh B (n
= 28), Group 3: Child-Pugh C (n = 14) and Group 4: healthy
controls (n = 37).

ChPC (P<0.001) and for APRI score: Controls vs. ChPB
and Controls vs. ChPC (P<0.0001).

No biochemical test alone nor AST/ALT ratio nor
APRI score is able to differentiate between Controls and
ChPA.

In the “C-methacetin breath test, statistically signifi-
cant differences between ChPA and ChPB groups were
found only in the 20™ minute of PDR (P=0.042) and in
the 30" minute of CPDR (P=0.049). Statistically remark-
ably significant differences between groups ChPA and
ChPC were found in the following cases: for PDR in 10®,
20, 30t 40, 50t 60, 80t and 100" minute (in all cases
P<0.001); for CPDR statistically significant differences
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were found in all time intervals (P<0.001). Finally, statis-
tically significant differences between ChPB and ChPC
groups were found in the 30%™, 40™, 50, 60, 80, 100
and 120" minute for both PDR and CPDR (in all cases
P<0.001). Comparing healthy controls with Child-Pugh
groups of patients the following results were found: in
comparisons between Controls vs. ChPB and Controls
vs. ChPC statistically significant differences were found
in all time intervals of PDR and CPDR (P<0.001 in all
time intervals). The statistically significant differences
were also found between Controls and ChPA, but only in
the 10" minute of PDR (P=0.049) and in the 10™, 20,
30" and 40" minute of CPDR (P<0.05).

Estimation of the best discriminating time
interval of *C-MBT

The ROC analysis was used (i) to find the best dis-
criminating time interval for the *C-methacetin breath
test between all pairs of groups of patients (the greatest
area under the ROC curve) details are shown in Table 2
and (ii) to compare the discriminating power and classi-
fication accuracy between the best routine liver function
tests, AST/ALT ratio and the APRI score on one hand
and the best time interval for the *C-methacetin breath
test on the other hand and to determine the best test for
all pairs of groups of patients. In this case, not only the
ROC analysis of the areas under the ROC curve but also
sensitivity and specificity for the best discriminators of
liver functions and the breath test were compared. In
most cases the 10" and 20™ minute of PDR were found
as the best discriminating time intervals. In our study the
20™ minute of PDR as the best expression for the whole
BC-MBT was selected (decision was based on sensitivity
and specificity values of ROC analysis). Cut-off values of
20™ minute of PDR for distinguishing between Controls
and ChPA, ChPA and ChPB, and ChPB and ChPC were
<27.39,<16.80 and < 6.08, respectively (see Table 3 for
details).

Comparison of the discriminating power of conventional
liver tests, APRI score and AST/ALT ratio with the
BC-MBT

In order to determine if there was a statistically sig-
nificant difference in diagnostic power between the best
routine liver test, AST/ALT ratio and the APRI score
and the best time interval for the *C-methacetin breath
test, Z-statistics defined by Hanley and McNeil were
calculated. From the results shown in Table 3 it can be
seen that in all cases the *C-methacetin breath test was
more accurate and more sensitive than routine liver tests.
However, specificities for routine liver tests were better in
most cases. Statistically significant differences in AUCs
between routine tests and the *C-MBT were found in
only a few cases (statistically significant differences are
marked in bold in Table 3). Both tests, the AST/ALT ratio
and APRI score failed to differentiate between ChPB and
ChPC groups of patients; in all other cases (Controls vs.
ChPC, ChPA vs. ChPC and Controls vs. Cirrhosis) both,
the AST/ALT ratio and APRI score were shown to have

statistically less discriminating power relative to the best
discriminating time interval for the C-MBT.

DISCUSSION

The liver is the main site of alcohol metabolism.
Alcohol is eliminated from the body through various met-
abolic mechanisms. The primary enzymes involved are
aldehyde dehydrogenase (ALDH), alcohol dehydrogenase
(ADH), cytochrome P450 (CYP2EI), and catalase?®?.
Alcohol has a pronounced effect via ADH by changing
the NADH/NAD ratio (reduced nicotinamide adenine
dinucleotide/nicotinamide adenine dinucleotide ratio) in
the mitochondria. When alcohol is metabolized to acetal-
dehyde, NAD is reduced to NADH and thus NAD is not
available for the metabolism of “*C-methacetin. Therefore,
“CO, production is decreased®.

Variations in genes encoding ADH and ALDH pro-
duce alcohol- and acetaldehyde-metabolizing enzymes
that vary in activity. This genetic variability influences
a person’s susceptibility to developing alcoholism and
alcohol-related tissue damage, and alcohol dependence.
Factors which cause variations in the rate of alcohol ab-
sorption, distribution, and elimination and which con-
tribute significantly to clinical conditions observed after
chronic alcohol consumption include environmental fac-
tors, gender, drinking pattern, fasting or fed states, and
chronic alcohol consumption?. All these factors are the
main sources of variability in the measurements of liver
metabolic function among patients with chronic alcoholic
liver disease and of the wide overlap in measured values
particularly among healthy controls and patients in the
early stage of the disease. Since the direct association
between alcohol metabolism and liver’s ability to produce
13CO2 has been confirmed, we tried to determine, in our
study, whether the *C-methacetin test can reliably reflect
the complete extent of liver damage caused by alcohol
consumption, from early stages to advanced liver cirrho-
SiSZ3'25.

Important findings of our study include: (i) patients
with cirrhosis and healthy controls significantly differed
in the BC-methcetin breath test throughout all time inter-
vals; (ii) in addition the BC-MBT was able to differentiate
patients with liver cirrhosis, relative to severity of hepatic
impairment, corresponding to the Child-Pugh classifica-
tion A vs. B vs. C and also between patients in the early
stages of the liver disease (Child-Pugh A) and healthy
controls. These observations are supported by data of
Becker!, Klatt® and Liu?.

In clinical practice, liver metabolic functions are as-
sessed using a complex evaluation of physical findings,
biochemical tests and imaging procedures. There are
many simple models based on routinely available bio-
chemical test results (APRI score and AST/ALT ratio),
which try to predict fibrosis and liver cirrhosis in patients
with chronic liver diseases with various etiologies*"%.
Obviously, such an assessment is not sensitive enough
for evaluation of the complex processes that take place in
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hepatocytes (biosynthesis, biotransformation, metabolism
of xenobiotics*® and are very unreliable. In our study we
compared the APRI score, the AST/ALT ratio and se-
rum bilirubin levels with the ¥C-MBT. (iii) The BC-MBT
turned out to be superior to all, to the APRI score, to the
AST/ALT ratio and to bilirubin in identifying patients
with varying degrees of liver impairment.

For all pairs of groups we found (using ROC analysis)
a time interval for the “C-MBT with sufficient sensitivity,
specificity and overall accuracy. The ROC curve analysis
suggests that the best prediction was provided by time
intervals between the 10" - 20" minute of PDR. As for the
clinical practice, just one single parameter is suitable, the
20™ minute of PDR was selected and appropriate cut-off
values between adjacent groups of patients, i.e. between
Controls and ChPA, ChPA and ChPB and ChPB and
ChPC, respectively, were calculated. This finding, which
is in agreement with some studies®*>"> but not others*,
is of practical importance, since it suggests that further
(up to 20 min) breath samples are not necessary. An ex-
ception found was in the discrimination between healthy
controls and patients with nonsymptomatic cirrhosis
(Child-Pugh A classification), which occurred at the 80t
minute of PDR (the exception was based on the ROC
analysis). Consequently, it seems that breath test could
not be shortened, when patients in early stages of liver
disease are expected in study samples. All our conclu-
sions were drawn from a relatively small sample size of
patients. For confirmation large, well-designed, prospec-
tive, longitudinal studies are needed.

Methacetin has numerous advantages compared
with other substrates for liver function breath testing.
Aminopyrine is the best investigated hepatic *C-labeled
substrate so far, but it has a slow clearance rate and its
use includes the risk of serious adverse events, such as
agranulocytosis**. The “C-aminopyrine breath test has
never found wide application because of the limits associ-
ated with a radioactive isotope. The newer methods such
as the cocktail approach (testing the metabolic activity
of several enzymes) (ref.?) and the analysis of several
metabolites from a single test substance (metabolic fin-
gerprint approach) (ref.3¢) have not found use in clinical
hepatology because of inherent complexity and question-
able reliability.

BC-MBT is more time and labor consuming than the
conventional biochemical tests. But, it is clear that such
tests are superior to all routine liver biochemical tests as
well as to the traditional Child-Pugh score in predicting
survival or life-threatening complication. Moreover the
BC-MBT can be used over the whole range of liver dis-
ease with widely varying severity, whereas the Child-Pugh
score is applicable in hepatic cirrhosis only. Another im-
portant advantage of methacetin is its quick metabolism
and safety profile. Additionally, innocuous methacetin is
less expensive than a liver biopsy as well as other *C sub-
strates which can be used for hepatic functional reserve
assessment. Thus, for cirrhotic patients with an alcohol
etiology, who are very often unable to undergo or who
very often reject liver biopsy, the *C-MBT may prove to

be a valuable tool for the diagnosis of advanced fibrosis
and determination of the most appropriate treatment.

CONSLUSION

In conclusion, the ¥*C-methacetin breath test can estab-
lish the diagnosis of liver cirrhosis with higher accuracy
than any single biochemical marker and offers a reliable
means for quantification of hepatic metabolic function
over the complete range of liver functional impairment. It
is non-invasive, easy to perform and completely safe. The
methacetin breath test is a valuable addiction to clinical
hepatologist s array of liver assessment procedures.

ACKNOWLEDGMENTS

This work was supported by the grant project
CZ.1.05/2.1.00/01.0030.

ABBREVIATIONS

ADH, Alcohol dehydrogenase; ALDH, Aldehyde
dehydrogenase; ALT, Alanine aminotransferase; APRI,
Aspartate aminotransferase to platelet ratio; AST,
Aspartate aminotransferase; BILI, Serum bilirubin;
BC-MBT, “C-methacetine breath test; CPDR, Cumulative
percentage of dose rate; NAD, Nicotinamide dehydro-
genase; NADH, reduced nicotinamide dehydrogenase;
PDR, Percentage of dose rate; ROC, Receiver operating
characteristic.

CONFLICT OF INTEREST STATEMENT

Author’s conflict of interest disclosure: The authors
stated that there are no conflicts of interest regarding the
publication of this article.

REFERENCES

1. Hsieh CB, Yu CY, Tzao C, Chu HC, Chen TW, Hsieh HF, Liu YC, Yu
JC. Prediction of the risk of hepatic failure in patients with portal
vein invasion hepatoma after hepatic resection. Eur J Surg Oncol
2006;32:72-6.

2. Stehr A, Ploner F, Traeger K, Theisen M, Zuelke C, Radermacher P,
Matejovic M. Plasma disappearance of indocyanine green: a marker
for excretory liver function? Intensive Care Med 2005;31:1719-22.

3. Yan W, Xiong P, Liu Z, Huang G. Results of L-[1-13C]phenylalanine
breath test with air isotope ratio mass spectrometry can reflect the
activity of phenylalanine hydroxylase in cirrhotic rat liver. Rapid
Commun Mass Spectrom 2006;20:602-8.

4. Kasicka-Jonderko A, Nita A, Jonderko K, Kaminska M, Btoriska-
Fajfrowska B. 13C-methacetin breath test reproducibility study re-
veals persistent CYP1A2 stimulation on repeat examinations. World
Journal of Gastroenterology 2011;17(45):4979-86 .

5. Afolabia P, Wrightb M, Woottona S, Jacksona AA. A comparison
of the reproducibility of the parameters of the 13C-aminopyrine
breath test for the assessment of hepatic fiction. Isotopes in
Environmental and Health Studies 2011;47(3):390-9.

399



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2013 Dec; 157(4):392-400.

20.

21.

. Klatt S, Taut C, Mayer D, Adler G, Beckh K. Evaluation of the

13C-methacetin breath test for quantitative liver function testing.
Z Gastroenterol 1997;35:609-14.

. Taheri P, Bauer S, Holzhitter, HG, Malinowski M, Neuhaus P,

Stockmann M, Lock JF. Interpretation of non-invasive breath
tests using 13C-labeled substrates - A preliminary report
with 13C-methacetin. European Journal of Medical Research
2009;14(12):547-50.

. Lieber CS. Alcoholic fatty liver: its pathogenesis and mechanism of

progression to inflammation and fibrosis. Alcohol 2004;34:9-19.

. Portincasa P, Grattagliano |, Lauterburg BH, Palmieri VO, Palasciano G,

STELLAARD F. Liver breath tests non-invasively predict higher stages
of non-alcoholic steatohepatitis Clinical Science 2006;111:135-43.

. Nista EC, Fini L, Armuzzi A, Candelli M, Zocco MA, Cazzato IA, Merra

G, Finizio R, Miele L, Grieco A, Gasbarrini G, Gasbarrini A. 13C-Breath
Tests in the study of microsomal liver fiction. European Review for
Medical and Pharmacological Sciences 2004;8:33-46.

. Sovinova H, Csemy L. The Czech audit: internal consistency, latent

structure and identification of risky alcohol consumption. National
Institute of Public Health, Prague, Czech Republic. Central European
journal of public health 2010;18(3):127-31.

. Anderson P, Mgller |, Galea G. Alcohol in the European Union:

Consumption, harm and policy Approaches, WHO, 2012

. Hofmann AF. The role of breath tests in liver functioning testing.

In: Perri, F, Andriulli, A, eds. Clinical Application of Breath Tests in
Gastroenterology and Hepatology. Rome: International University
Press 1998:47-51.

. Becker M. 13C-Breath test for measurement of liver function. Gut

1998;43(Suppl. 3):525-7.

. Lara Baruque S, Razquin M, Jimenez |, Vazquez A, Gisbert JP, Pajares

JM. 13C-Phenylalanine and 13C Methacetin breath test to evaluate
functional capacity of hepatocyte in chronic liver disease. Dig Liver
Dis 2000;32:226-32.

. Child CG, Turcotte JG. Surgery and portal hypertension. In: Child CG,

editor, The liver and portal hypertension. Philadelphia: W.B. Saunders
1964:50

. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R.

Transection of the oesophagus for bleeding oesophageal varices.
Br J Surg 1973;60:646-9.

. Schadewaldt P, Schommartz B, Wienrich G, Brosicke H, Piolot R,

Ziegler D. Application of isotope-selective nondispersive infrared
spectrometry (IRIS) for evaluation of [13Cloctanoic acid gastric-
emptying breath tests: comparison with isotope ratio-mass spec-
trometry (IRMS). Clinical Chemistry 1997;43(3):518-22.

. Amarri S, Coward WA, Harding M, Weaver LT. Importance of measur-

ing CO2 production rate when using C-breath tests to measure fat
digestion. British Journal of Nutrition June 1998;79(06):541-5.
Haycock GB, Schwartz GJ, Wisotsky DH. Geometric method for
measuring body surface area: A height weight formula validated in
infants, children and adults. J Pediatr 1978;93:62-6.

Hanley JA, McNeil BJ. A Method of Comparing the Areas under the
Receiver Operating Curves Derived from the Same Cases, Radiology
1983;148:839-43.

400

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Zakhari S. Overview: How Is Alcohol Metabolized by the Body?
National Institute on Alcohol Abuse and Alcoholism, http://pubs.
niaaa.nih.gov/publications/arh294/245-255.htm [accessed on 29
May 2012]

Methionine Breath Test for Measuring Hepatic Mitochondrial
Function, Metabolic Solutions Inc, http://www.stableisotopeanaly-
sis.com/breath_tests.php [accessed on 29 May 2012]

Storch KJ. Quantitative study in vivo of methionine cycle in hu-
man using [methyl-2H3] and [1-13Clmetionine. Am J Physiol
1988;255:322-31.

AdachiY, Nanno T, Itoh T, KurumiY, Yamazaki K, Sawada Y, Yamamoto
T. Determination of individual serum bile acids in chronic liver dis-
eases: Fasting levels and results of oral chenodeoxycholic acid toler-
ance test. J Gastroenter 1988;23(4):401-7.

Liu YX, Huang LY, WU CR, Cui J. Measurement of liver function for pa-
tients with cirrhosis by 13C-methacetin breath test compared with
Child-Pugh score and routine liver function tests. Chinese Medical
Journal 2006;119(18):1563-6.

Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,
Conjeevaram HS, Lok AS. A simple noninvasive index can predict
both significant fibrosis and cirrhosis in patients with chronic hepa-
titis C. Hepatology 2003;38:518-26.

Berg T, Sarrazin C, Hinrichsen H et al. Does noninvasive staging of
fibrosis challenge liver biopsy as a gold standard in chronic hepatitis
C? Hepatology 2004;39:1456-7.

Giannini E, Testa R. Noninvasive diagnosis of fibrosis: the truth is
rarely pure and never simple. Hepatology 2003;38:1312-3.

Aninat C, Piton A, Glaise D, Le Charpentier T, Langouét S, Morel
F, Guguen-Guillouzo C, Guillouzo A. Expression of cytochromes
P450, conjugating enzymes and nuclear receptors in human hepa-
toma HepaRG cells. Drug Metab Dispos 2006 Jan;34(1):75-83.
Zhang GS, Bao ZJ, Zou J, Yin SM, Huang JQ, Huang H, Qiu DK. Clinical
research on liver reserve function by 13C-phenylalanine breath
test in aged patients with chronic liver diseases. BMC Geriatrics
2010;10:23.

Braden B, Faust D, Sarrazin U, Zeuzem S, Dietrich CF, Caspary WF,
Sarrazin C. 13C-methacetin breath test as liver function test in pa-
tients with chronic hepatitis C virus infection Aliment Pharmacol
Ther 2005;21:179-85.

Burke PA, Stack JA, Wagner D, Lewis DW, Jenkins RL, Forse RA.
13C-Phenylalanine oxidation as a measure of hepatocyte functional
capacity in end-stage liver disease. Am J Surg 1997;173:270-4.
Hofmann AF. The role of breath tests in liver functioning testing.
In: Perri, F, Andriulli, A, eds. Clinical Application of Breath Tests in
Gastroenterology and Hepatology. Rome: International University
Press 1998:47-51.

Lahoz A, Donato MT, Montero S, Castell JV, Gdmez-Lechén MJ. A new
in vitro approach for the simultaneous determination of phase | and
phase Il enzymatic activities of of human hepatocyte preparations.
Rapid Communications in Mass Spectrometry 2008;22(2):240-4.
Brockmoller J, Roots |. Assessment of liver metabolic function.
Clinical implications. Clin Pharmacokinet 1994;27(3):216-48.



