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Abstract. - BACKGROUND:Assessment of
hepatic functional reserve in acute and chronic
liver disease is a discriminating factor for prog-
nostic and therapeutic reasons. For this reason
dynamic liver function tests have been devel-
oped.

AIM: To review the breath method with sta-
ble carbon isotopes in hepatological setting.

MATERIALS AND METHODS: We conducted
a literature review to analyze the experimental
evidence about the diagnostic potential of
breath tests of liver function.

RESULTS: Liver breath tests are able to dis-
criminate between healthy subjects and pa-
tients with liver cirrhosis. The use for the as-
sessment of liver fibrosis seems to be still bur-
dened with less capability to discriminate be-
tween intermediate stages.

CONCLUSIONS: Liver breath test are a
promising tool for the evaluation of hepatic
functional reserve, but the use of such meth-
ods in clinical practice is limited to specialized
or research centers. Most extensive studies
are necessary to facilitate the spread of these
methods in clinical practice.
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Abbreviations: AAR = Aspartate aminotransferase to
alanine aminotransferase ratio; ABT = Aminopyrine
breath test; APRI = Aspartate aminotransferase to
platelet ratio; AST = Aspartate aminotransferase; Cl =
Clearance; CYP = Cytocrome P 450; DOB = Delta over
baseline; E = Extraction ratio; GEC-test = Galactose
elimination capacity test; GSP test = Galactose single
point test; HBV = Hepatitis B virus; HCV = Hepatitis C
virus; IC = Inflow substance concentration; IRMS = Iso-
tope ratio mass spectrometry; LIMAX test = Maximal
liver function capacity test; MBT = Metacetin breath
test; MELD = Model for end stage liver disease; MGEC
test = Modified galactose elimination capacity test;

NAFLD = Non alcoholic fatty liver disease; NASH =
Non alcoholic steato-hepatitis; OC = Outflow substance
concentration; PBC = Primary biliary cirrhosis; PBT =
Phenylalanine breath test; Q = Hepatic blood flow; SER
= smooth endoplasmic reticulum.

Introduction

The liver is the crossroad of several metabolic
pathways involving biosynthetic functions,
detoxification of drugs and xenobiotics, nutrition
and carry out endocrine and immune functions.

Multiple factors may affect the normal func-
tions of the liver. Viral hepatitis are among the
leading causes of chronic liver disease. It is esti-
mated that almost 350-400 million people are
chronically infected with HBV with different de-
grees of disease activity and progression!? and
that 130-210 million people are chronically in-
fected with HCV?3#. Alcohol is considered the
leading cause of advanced liver disease in Eu-
rope, causing about a third of liver cirrhosis cas-
es, even if accurate epidemiological data are
lacking’®. Non alcoholic fatty liver disease
(NAFLD) is probably the first cause of chronic
liver disease worldwide and is closely related to
diabetes and metabolic syndrome. Simple steato-
sis may have favorable prognosis but its compli-
cated form, non alcoholic steato-hepatitis
(NASH) may evolve to fibrosis, cirrhosis and he-
patocellular carcinoma’$.

In the natural history of chronic liver diseases,
necro-inflammatory activity leads to liver damage
and hepatic fibrosis development. The develop-
ment of liver fibrosis involves structural and func-
tional disruption of the liver and is the necessary
condition for the development of liver cirrhosis
and hepatic dysfunction. Necroinflammatory activ-
ity can be assessed by measuring serum transami-
nases levels but none of the common liver function
tests can assess hepatic fibrosis extent. Fibrosis
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stage assessment has prognostic value and is re-
quired for therapeutic decision in the course of
chronic HBV and HCV hepatitis®!°. In the current
medical practice the gold standard technique for
the assessment of fibrosis staging is percutaneous
liver biopsy. Although routinely performed this
procedure is invasive with a risk of almost 1% of
complications, including the risk of death. The ma-
jor diagnostic limitations of liver biopsy are consti-
tuted by sampling errors and inter-individual vari-
ability in sample interpretation''2.

The assessment of hepatic functional reserve
is a critical step in the clinical management of pa-
tients with chronic liver disease. Classical static
liver function tests provide information on hepat-
ic functional status but are unable to explore on
the whole hepatic functional reserve or on the ex-
tent of hepatic fibrosis. The combination of these
tests with clinical findings or other laboratory
test, such as in the CHILD and MELD score, are
today used in the clinical practice for patient’s
functional and prognostic assessment'>14,

Over the last decades, the idea to explore the
metabolic pathways by using focused probes has
lead to the development of dynamic function tests.
Such methods are based on the principle of hepatic
clearance (Cl) of substances whose metabolism is
dependent on an hepatic rate limiting step allowing
to analyze specific enzyme activities and to detect
liver dysfunction not yet clinically apparent'>!6.

Among liver dynamic function tests breath
tests have been proposed as a promising non in-
vasive tools for liver functional assessment in
acute and chronic liver disease.

Hepatic breath tests

The carbon element has three isotopes: *C;
BC and "C. ?C and "C are stable isotopes while
4C has radioactive decay. When the breathing
methodology was introduced, almost 4 decades
ago, “C radioactive isotope labeled substrates
were used but over the years the increased
awareness of radiations risk and the need for test-
ing even in the pediatric population or in women
at childbearing age, has led to the introduction of
carbon stable isotopes!'”!8, such as *C.

Breath tests actually used in liver functional as-
sessment are conducted evaluating the hepatic CI of
13C labeled substrates. These tests are based on the
principle of the “rate limiting step”. The metabo-
lism of the administered probe requires a complex
series of enzymatic processes whose rate limiting
reaction is controlled by hepatic enzymes. In the

breath method the probe substance is administered
per os and is absorbed in the mesenteric circulation
reaching the liver through the portal vein. The he-
patic metabolism of the probe leads to the forma-
tion of labeled carbon dioxide which diffuses into
the systemic circulation and is exhaled in lungs. *C
concentration in the exhaled air is determined via
isotope-ratio mass spectrometry (IRMS) or infrared
spectrometry. The "*C isotope represents the 1,11%
of all natural carbon atoms so substrate metabolism
leads to an increase in the amount of *C usually
present in exhaled air. According to this the in-
crease over baseline values of *C exhaled in seriat-
ed breath samples (Delta over baseline — DOB) af-
ter substrate administration reflects the activity of
the enzymatic pathway investigated.

The rate limiting reaction of labeled probe in
liver breath tests may occur both in the smooth en-
doplasmic reticulum (SER), involving enzymes of
microsomal cytochrome P-450 (CYP), both at cy-
tosolic or mitochondrial level allowing to explore
various hepatocyte functions (Table I).

In the evaluation of labeled CO, excretion it is
necessary to estimate or measure the total carbon
dioxide production, which is about 300 mmol per
m? body surface area. CO, basal production is in-
creased in physical activity, fever, thyroid dysfunc-
tion or food ingestion while is reduced during hy-
pothermia, hypothyroidism and during sleep'*%.

The shape of labeled CO, excretion curve is
characterized, in healthy subjects, by an early
peak, usually within the first ten minutes after
substrate administration, followed by a slow and
progressive reduction in the later stages of the
test. Some authors have suggested an influence
of bicarbonate plasma kinetics in the excretion of
labeled CO, that may affect test results. Studies
on larger populations are needed to understand
the real role of this factor in liver breath tests*'.

From DOB measurement are derived the per-
centage of the administered dose recovered (PDR),
cumulative percentage of the dose recovered over
time (cPDR), peak excretion and time to peak.
PDR is expressed as percent per hour and reflects
the rate at which the substrate is metabolized while
cPDR is PDR integral and represents the total per-
cent of the substrate metabolized at any given time.

Hepatic Cl of exogenous substances depends on
hepatic perfusion (Q) and substance extraction ratio
(E) which is the ratio of the difference between in-
flow (IC) and outflow concentration (OC) and IC of
the probe, according with the following formulas:

Cl=Qx E; E = (IC-OC)/IC.
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Table I. Hepatic breath tests.

Substrate Enzyme Hepatic localization
Aminopyrine P450s (CYP1A2,2C9) Microsomial (SER)
Phenacetin CYP1A2 (CYP2E1) Microsomial (SER)
Metacetin CYP1A2 Microsomial (SER)
Caffeine CYP1A2 (CYP2EL, 2B6) Microsomial (SER)
Diazepam CYP2C19 (CYP3A4) Microsomial (SER)
Erythromycin CYP3A4 Microsomial (SER)
Galactose Galactokinase Cytosolic
Phenylalanine Phenylalanine hydroxylase Cytosolic
Methionine Krebs cycle Mitochondrial
A-ketoisocaproic Acid Branched-chain alpha-keto Mitochondrial

acid dehydrogenase complex

When the E is above 0,7 the CI of the substrate
is mainly dependent on liver blood flow while
when E is below 0,3 the Cl is mostly dependent on
hepatic metabolic capacity®*.

Microsomial liver function tests

Aminopyrine breath test

Aminopyrine breath test (ABT) was historical-
ly the first breath test introduced for the study of
hepatocyte function and is currently among the
most used in the evaluation of CYP activity.
Aminopyrine is a low E (0.2) substance so its me-
tabolism is independent of liver blood flow and is
not affected by hepatic vascular shunts. Aminopy-
rine metabolism requires a two-step N-demethy-
lation through the P450 monooxygenase complex
with production of formaldehyde and amminoan-
tipyrine. Formaldehyde is then oxidized to bicar-
bonate which mixes with the circulating pool and
is exhaled as *CO, by a percentage of 30%*.

Over the years numerous experimental studies
evaluated the ability of the ABT to provide an esti-
mate of the “hepatic functional mass”. Already in
the 70s Hepner and Vesell used aminopyrine labeled
with the radioactive isotope '“C to evaluate the he-
patic functional reserve in patients with different
types and degrees of liver disease comparing them
with healthy subjects. Patients with liver cirrhosis,
non alcoholic fatty liver disease without cirrhosis
and hepatitis from different etiology sowed a labeled
CO, excretion which was significantly lower than
healthy subjects while patients with benign cholesta-
sis showed values comparable to controls??. Merkel
et al*! showed the prognostic power of ABT and that
the combined assessment of Child-Pugh score and
ABT results improves prognostic stratification.

In the course of HCV and HBV infection the
identification of clinically unapparent hepatic

dysfunction may represent a crucial factor for the
start of an anti-viral therapy. For this reason,
many studies have been performed to assess the
reliability of ABT in the non-invasive evaluation
of the extent of hepatic fibrosis in patients with
chronic hepatitis®*?.

In a comparative study with histological data,
ultrasound and laboratory tests, ABT results were
able to discriminate between patients without sig-
nificant fibrosis and subjects with advanced fibro-
sis or cirrhosis with good specificity and sensitivi-
ty, presenting, however, a poor performance in pa-
tients with intermediate fibrosis stages. The au-
thors also reported a strong correlation between
patient’s age and ABT result with an age-depen-
dent decrease in amnopyrine metabolism suggest-
ing the need for age-adjusted reference values®.

Recently Rocco et al showed the capability of
ABT to predict fibrosis progression in a cohort of
50 patients with chronic HCV infection in a long-
term follow-up. All the patients in this study exe-
cuted paired liver biopsy, at baseline and after a
mean period of 86 months, ABT at baseline and
every three years during follow up. Baseline ABT
results revealed a metabolic capacity that was sig-
nificantly lower in progressor than non-progressor
patients and the cumulative probability of fibrosis
progression resulted significantly higher in pa-
tients with baseline altered ABT test than in pa-
tient with a normal test. In non-progressors ABT
values remained stable in the course of the follow
up while in patient with progressive fibrosis
showed a progressive and significant decrease?’.

The usefulness of the ABT is reduced in
cholestatic liver diseases because substrate metab-
olism does not provide a biliary phase nor entero-
hepatic recycling and is therefore not affected by
changes in bile flow. Abnormalities in aminopy-
rine metabolism have been reported in acute gall-
stones or drug related cholestasis and in advanced
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stages of Primary biliary cirrhosis (PBC). In the
latter condition the altered probe metabolism ap-
pears to be related to the presence of significant fi-
brosis that to the extent of cholestasis?*.

For the interpretation of ABT results some lim-
itations and potential confounding factor have to
be taken into account. The P450-dependent N-
demethylation appear to depend on the age of the
subject with a minimal activity in the elderly and
in childhood. Moreover, the possible concomitant
use of drugs with enzyme inductive effect, such as
phenobarbital, glutethimide, steroids or spirono-
lactone or drugs inhibiting the microsomal enzy-
matic activity, such as cimetidine, disulfiram, al-
lopurinol or interferon, must be considered. Final-
ly the female sex hormones seem to have a nega-
tive effect on aminopyrine metabolism®.

There are reports in the literature of aminopy-
rine induced agranulocytosis®! but no reports of
adverse events with the low dose administered
for the execution of the ABT are available. Phar-
maceutical formulations of *C-aminopyrine spe-
cific for the execution of the ABT are available
in commerce and, in our opinion, should be pre-
ferred in performing the test.

Methacetin breath test

Metacetin or N-4-methoxyphenyl acetamide, is
a derivative of phenacetin that has been proposed
as an alternative to aminopyrine thanks to the ab-
sence of potential toxic effects and for the minor
induction by cigarette smoke and anticonvulsant
drugs. Its metabolism requires a O-demethylation
process in the microsomal mixed function oxidas-
es system, mainly involving the CYP1A2, with
formation of acetaminophen and labeled CO,.
Metacetin is a high E substance (0,8) so its metab-
olism may be affected by hepatic blood flow alter-
ations and by hepatic “first-pass” effect.

In a study conducted in a cohort of healthy
adult and elderly subjects, metacetin breath test
(MBT) showed that the metacetin metabolizing
capacity decreases with age. Following metacetin
oral administration the maximum percentage of
the administered dose is recovered in the first 15-
30 min in both elderly and adult but the peak ex-
cretion and the percentage cumulative excretion
a 120 min in elderly subjects is significantly re-
duced. The correction of the results taking into
account the age-related variations in CO, produc-
tion made more evident the reduction of
metabolising capacity in the elderly?®>.

CO, labeled excretion during MBT was reduced
and delayed in time in patients with overt liver cir-

rhosis, chronic viral hepatitis and advanced PBC. In
the setting of chronic hepatitis a significant differ-
ence between healthy subjects and subjects with his-
tologically proven chronic active hepatitis or cirrtho-
sis was reported®. In an Asiatic work by Liu et al
MBT also demonstrated a good correlation with the
common static function indices such as albumin,
prothrombin time, bilirubin levels and Child-Pugh
functional class. *CO, excretion rate, CO, peak ex-
cretion and cumulative excretion percentage a 30
min were significantly different in the different
Child-Pugh classes but cumulative excretion percent-
age at 120 minutes was not statistically significant
between Child A and B patients*. Zipprich et al used
MBT to evaluate the effect of O, supplementation on
the enzymatic activity of the microsomal CYP sys-
tem in patients with liver cirrhosis. This study con-
firmed the correlation between Child-Pugh classes
and 1*CO, breathing elimination during MBT and re-
ported an improvement in metabolic capacity by O,
supplementation. The authors suggest that liver mi-
crosomal metabolic activity could be affected by
anemia and altered O, transport to the liver that may
occur in patients with liver cirrhosis®.

As for ABT, also for MBT, the field of greater
interest is the assessment of functional status and
the estimate of the extent of hepatic fibrosis in pa-
tients with chronic hepatitis. In patients with
chronic HCV infection MBT is more reliable in
predicting advanced fibrosis and cirrhosis than the
simple biochemical parameters such as aspartate
aminotransferase (AST) to platelet ratio (APRI),
aspartate aminotransferase to alanine aminotrans-
ferase ratio (AAR) or Fibroindex (a score derived
from platelet count, AST, and gamma globulin)*®-’.
Goetze et al reported a statistically significant dif-
ference in CO, excretion in the course of MBT be-
tween HCV subjects with mild fibrosis and those
with severe fibrosis with a reduction in diagnostic
accuracy in intermediate stages in the same way as
reported for ABT. In the same study these authors
compared two different systems of breath testing
equipment: the standard IRMS and an automated
continuous analysis system by nasal cannulas. No
significant differences have been found between
the two systems, but the authors®® suggest a better
technical performance of the automated system by
reducing the risk of non-diagnostic samples.
Braden et al*® confirmed the ability of MBT to
identify the presence of liver cirrhosis, even in
asymptomatic Child A class patients but failed to
differentiate between non-cirrhotic patients with
mild fibrosis and healthy controls. Similar results
have been reported by Razlan et al®* in a popula-
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tion of patients with chronic liver disease from dif-
ferent aetiologies. The ability in identifying sub-
jects with or without cirrhosis was confirmed, in
particular in the advanced stage (Child B and C)
but in non-cirrhotic patients no correlation was
found with the extent of liver fibrosis.

In 2007 Schneider et al*' proposed a simplified
test by performing a two points determination of
delta over baseline of *CO,/"2CO, isotope ratio in
exhaled air. Performing ROC analysis DOB at 15
minutes proved to be able to appropriately predict
the presence of liver cirrhosis. Using a cut-off val-
ue < 14.6 0%0 for the DOB 15 minutes, the sim-
plified test reached 92.6% sensitivity (79.2% to
99.2%) and 94.1% specificity (88.8% to 97.5%) in
identifying liver cirrohosis compared with the
presence of cirrhosis on liver histology. The area
under the curve was 0.974.

A new system of hepatic functional reserve eval-
uation based on metacetin metabolism was pro-
posed by Stockmann et al** to evaluate postopera-
tive outcome in patients undergoing liver resection.
The preoperative evaluation of hepatic functional re-
serve is essential to prevent post-operative liver fail-
ure which is the most serious hepatectomy related
complication. In this variant of MBT, called LiMAx
test, the substrate is administered intravenously as a
bolus to minimize potential inter-individual differ-
ences determined by variations in gastrointestinal
absorption. The expired air is collected through a
face mask for a real-time analysis by a modified
nondispersive isotope-selective infrared spec-
troscopy based device. To validate the test the au-
thors compared post surgical LiIMAX results and
residual liver volume finding a statistically signifi-
cant correlation. LIMAX results and indocyanine
green plasma disappearance rate at first post-opera-
tive day were significantly associated with liver fail-
ure and death in univariate analysis and LiMAX re-
sults at first post-operative day was associated with
severe general complication. Moreover LIMAX out-
come predictive power obtained by ROC analysis
showed the superiority of the LIMAX respect to
residual liver volumetry. The authors also showed
the existence of a linear correlation between LIMAx
pre and post surgical values and demonstrated the
ability to estimate LiMAX results at first post-opera-
tive day on the basis of resected liver volume.

Citosolic liver function tests

Galactose BT
Galactose is an hexose sugar which is trans-
formed into glucose by the liver. Its metabolism

requires the ATP-dependent phosphorylation of
galactose to galactose 1-phosphate by the galac-
tose kinase enzyme. This cytosolic enzyme cat-
alyzes the rate limiting steps so galactose breath
test (GBT) is a cytosolic function test. When
galactose blood concentration is below 50 mg/dl
the extraction fraction of liver is particularly high
(E> 0.8), and the information obtained is mainly
dependent on liver perfusion. To evaluate the
functional capacity of the liver is necessary to
administer higher doses, above 50 mg/dl, to satu-
rate the metabolic pathway.

Several liver function tests based on galactose
administration are available in the clinical practice.
Among these the best known is the galactose elim-
ination capacity test (GEC-test). This test is based
on the intravenous administration of a 0,5/g/kg of a
galactose solution and on the subsequent determi-
nation of substrate plasma concentration through
seriated blood samples. Constructing an excre-
tion/time curve it is possible to get an estimate of
the hepatic metabolizing capacity. There are also
variants of this test such as the modified galactose
elimination capacity test (MGEC test) which uses
a different substrate dose and the galactose single
point test (GSP test), which provides a single blood
sample 60 min after substrate infusion®.

In order to limit the invasiveness of the test and
improve patients tolerance, GBT has been intro-
duced. Already in studies performed in the 70’s
galactose metabolizing capacity was found to be
reduced in cirrhotic subjects when compared with
healthy controls*. Recently it was shown that
GBT is able to distinguish between healthy sub-
jects and cirrhotic patients and, among cirrhotic
patients, between subjects in Child-Pugh class A
and subjects in class B and C but it is not able to
distinguish between patients in class B and C*.

In patients with chronic HCV hepatitis GBT
results are altered in the early stages and inverse-
ly correlate with the extent of liver fibrosis but
no correlation was found between GBT results
and histological activity*.

In a study conducted in a small cohort of non
cirrhotic patients with PBC, GBT and MBT were
able to distinguish between healthy controls and
PBC patients. GBT (but not MBT) correlated
with histological stage assessed by liver biopsy*.

GBT has also proved to be useful in identify-
ing patients with galactosemia, a rare genetically
determined error of galactose metabolism*.

Galactose metabolism can be influenced by
hyperglycemia and alcohol intake so these condi-
tions have to be taken into account®.
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Phenylalanine BT

Phenylalanine is an aromatic amino acid me-
tabolized mainly by the liver in the cytosol of he-
patocytes. Its metabolism requires substrate hy-
drolysis into tyrosine that is subsequently convert-
ed by tyrosine aminotransferase in hydroxyphenyl
pyruvic acid. This substance is finally deoxygenat-
ed to omogestinic acid with CO, release.

The metabolism of branched chain amino acids
is impaired in liver cirrhosis and the alteration
of plasmatic levels of aromatics and non-aromatics
amino acids is considered one of the factors con-
tributing to porto-systemic encephalopathy. For
these reasons phenylalanine breath test (PBT) was
proposed as a dynamic liver function test*.

Ishii et al. have shown that PBT is able to dis-
tinguish between cirrhotic patients and healthy
controls. The cumulative% *C dose/h at 30¢, 45°,
60°, 75 and 90° were significantly different be-
tween cirrhotic and non-cirrhotic patients and the
% dose/h at 30°, 45, and 60 and % "*C cumula-
tive excretion at 45 min and later were strongly
correlated with phenylalanine hydroxylase activity
in the whole liver™. The same authors have shown
a correlation between PBT results, histological ac-
tivity and fibrosis staging according to METAVIR
pathological score. Statistically significant differ-
ences were observed between healthy controls and
patients with chronic liver disease. Among pa-
tients with liver disease significant differences
were found between F1, F4 stage and other fibro-
sis stages suggesting a change in phenylalanine
hidroxylase activity in the early stage of liver fi-
brosis. No significant differences were found be-
tween F2 and F3 fibrosis stages”'.

Recently Zhang et al*? confirmed the diagnos-
tic potential power of PBT in a geriatric cohort.
% 13C dose/h at 20" and% "*C dose/h at 30 com-
bined with the cumulative excretion at 60’ and
120’ showed significant correlation with static
liver function tests and Child-Pugh score.

Hepatic encephalopathy is a clinical event with
a strong impact on survival in cirrhotic patients.
For this reason it has been suggested a prognostic
role of PBT as an indicator of branched chain
amino acids metabolism. Gallardo et al. have re-
ported that PBT is an independent indicator of sur-
vival in patients with chronic liver disease but the
prognostic role of PBT is still under debate.

Liver BT in the clinical practice

Liver breath test are a promising tool for the
evaluation of hepatic functional reserve in acute

and chronic liver disease but the use of such
methods in daily clinical practice is limited to
specialized or research centers. Unlike common
hepatic functional indexes and scores currently
used in clinical practice, which often provide se-
mi-quantitative information and that are some-
times based on clinical findings that may be af-
fected by subjectivity (e.g. encephalopathy in
Child-Pugh score), the liver BT provide quantita-
tive and objective data.

All the tests described above have proved to
be able to distinguish between healthy subjects
and patients with liver cirrhosis, even in the early
stage???738. Therefore, liver BT have been pro-
posed as a potentially useful method for screen-
ing in high risk populations, such as patients with
viral or metabolic hepatitis, to identify the pres-
ence of clinically unapparent liver cirrhosis.

Despite numerous studies have shown the cor-
relation between BT and liver fibrosis, the useful-
ness of such methods in the clinical practice is lim-
ited. Liver BT in most cases are able to discrimi-
nate stages of mild fibrosis from advanced forms
but lose diagnostic power in the intermediate
stages®!3. Intermediate stages are those in which a
therapeutic decision, based on fibrosis staging, is
often necessary in the course of chronic viral he-
patitis. New studies are required to improve the di-
agnostic potential of such tests in identifying the
extent of liver fibrosis. It is possible to hypothesize
an improvement in diagnostic accuracy with the in-
troduction of specific age and sex adjusted cut-off
and of the analysis of plasma bicarbonate kinetics.

The major limitations to the diffusion of these
methods are represented by the long sampling
period and the high costs for samples analysis.
The standard time sampling is 120-180 minutes
for aminopyrine, metacetin and galactose and 60-
120 minutes for phenylalanine. New studies are
needed to overcome these limitations.

Recently some alerts on the safety of probe
substances used in BT have been reported. Our
opinion is that dedicated preparations for clinical
diagnostic purposes should be used, preferably in
pre-packaged single-dose preparations.

Conclusions

Over several decades the diagnostic potential
of liver BT is known but their use in daily clini-
cal practice is still limited. New clinical trials
able to improve the reproducibility and the inter-
pretation of the tests can facilitate a wider and
more fruitful use of such methods.
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