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Abstract

In liver diagnostics, a simple, non-invasive test with high sensitivity and specificity is permanently being sought in order
to assess the degree of liver damage. In addition to liver biopsy, algorithms using blood parameters or elastometry are used in
clinical practice. However, these methods do not provide information about the true liver reserve, so the liver breath test seem to
be a promising diagnostic tool. The basis of this test depends on the ability of particular hepatocyte enzyme systems to metab-
olise a tested substance labelled with a stable carbon isotope. The kinetics of ®CO, elimination with expiratory air then permits
quantitative assessment of the functional liver reserve and the degree of organ damage. In this paper the most commonly used
tests, grouped according to the main metabolic pathways, are described. The usefulness of liver breath tests in specific clinical

situations, both as a diagnostic and prognostic tool, is presented.

Introduction

By the severity of liver disease we mean both the
advancement of dynamic processes, such as inflamma-
tory activity, and the progression of fibrosis including
liver cirrhosis. This information allows for appropriate
therapeutic decisions to be made and helps plan for
further procedures. The gold standard in this assess-
ment remains, despite the development of non-inva-
sive methods, histopathological examination of a liver
biopsy specimen, which provides relatively accurate
information on inflammatory activity and fibrosis. This
invasive examination is difficult to be considered ideal,
as it poses risk of complications to the patient, thus
making it unsuitable for frequent administration, and
more so due to the possibility of sample error — too
small size of a sample or taken too superficially under
the liver capsule. Finally, a liver biopsy may sometimes
not be possible due to medical reasons, or simply be-
cause of patient fear. These factors have led to the
rapid development of non-invasive methods, of which
the most popular has become elastography (Fibroscan,
Echosens, France), in which, with the use of ultrasound
waves, the degree of liver “stiffness” is measured and

the amount of deposited connective tissue is assessed,
taking into account the fact that with progression of
fibrosis the velocity of the wave propagation increas-
es. Almost simultaneously, a number of laboratory di-
agnostic algorithms have been formed, based on dif-
ferent combinations of parameters determined in the
peripheral blood, both biochemical and serological.
The simplest of these, as well as the most sensitive,
include the APRI index [1] established on the relation
between activity of aspartate aminotransferase (AST)
and platelet count, the FORNS index [2] based on the
dependence between patient’s age, cholesterol leve|,
activity of gamma glutamyl transpeptidase, and plate-
let count, and Fibrolndex [3], which uses the activity of
AST, gamma globulin concentration, and platelet count,
all of these having found their place in daily practice.
These algorithms confirm the likelihood of liver cirrho-
sis with high probability; however, further differentia-
tion of the degree of fibrosis requires extensive diag-
nostic methods or expensive commercial tests such as
Fibrotest (Biopredictive, France), or liver biopsy. All of
the mentioned methods, however, do not provide in-
formation about the actual capacity of the organ and
its functional reserve.
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Dynamic tests accessing liver function

The main functions of the liver beyond the synthesis
of biologically important substances, such as coagula-
tion factors and albumin, are cleansing, metabolism, and
excretion of endo- and xenobiotics. Evaluation of the
synthetic liver function is relatively simple through rou-
tine blood tests. Evaluation of the detoxification func-
tion is difficult and requires specialised diagnostic meth-
ods because it depends both on the amount of active
hepatocytes and on hepatic blood flow. The specificity of
liver function requires assessment of both the ability to
transport organic anions, which translates into bilirubin
and bile acids, and the rate of metabolism of exoge-
nous substances. There has been ongoing research into
simpler, non-invasive, and safer methods for the patient
for assessing functional organ reserve. One of the bet-
ter known, but now rather historical methods, is a test
with bromosulfophthalein (BSP), which, despite turning
out to be useful in detecting even clinically silent liver
damage, requires an intravenous dye injection followed
by several blood samples to comply with the colorimetric
assessment. A second simpler test utilises indocyanine
green (ICG), requiring only a single blood sample. It is,
however, less sensitive in detecting mild liver dysfunc-
tion but is still used occasionally today [4, 5].

Breath tests

An ideal test to assess hepatic reserve should use
a non-toxic substance, metabolised in the liver, admin-
istered orally, and easy to evaluate in non-invasively
collected material: urine, saliva, or breath. Close to this
ideal are breath tests utilising a carbon C labelled sub-
stance that is metabolised in the liver to carbon dioxide
and exhaled by the patient along with the expiratory
air. The measure of the recovered marker and the time
of its appearance in the exhaled air allows for the eval-
uation of liver metabolic activity. Despite many meta-
bolic pathways in the liver, assessment of one pathway
is sufficient to measure hepatic functional reserve [5].
These tests use different metabolic pathways for xe-
nobiotics and therefore are divided into three groups:
microsomal, mitochondrial, and cytosolic — evaluating
the efficiency of enzymatic systems located in different
areas of the cell. Table | shows the distribution of breath
tests and the substances utilised.

Table I. Division of liver breath tests

Microsomal tests

These tests evaluate the efficiency of a microsomal
enzyme complex associated with the effective metab-
olism of drugs and toxic substances. It is located on
the smooth endoplasmic reticulum, with cytochrome
P450 being the most important group among the en-
zymes that form it. Cytochrome P450 is a heteroge-
neous group of proteins, differing in both structure and
location. The function of these enzymes is involvement
in the processes of oxidation, in which oxygen formed
during metabolism combines with reduced heme iron.
The metabolised substance combines with cytochrome
in the region adjacent to the iron. During the process
of oxidation, the iron is oxidised and one molecular ox-
ygen atom is incorporated in the xenobiotic while the
other is incorporated in the resulting water.

The ability of the liver to remove xenobiotics de-
pends on two factors: liver perfusion and the extraction
factor (E), which is the ratio of the difference in concen-
tration of a given substance in the blood entering and
leaving the liver and the concentration of the substance
in the blood flow. Based on this factor, some assays are
restricted by blood flow through the liver (when the
E factor is higher than 0.7) or provide information about
the metabolic liver reserve (when the E factor is lower
than 0.3). Due to the detoxification functions, the mi-
crosomal activity can be a good indicator of liver func-
tion, and in addition the activity of cytochrome P450
is reduced in the course of viral liver diseases, due to
the reduction in expression of genes encoding these
enzymes under the influence of secreted interferons,
transforming growth factor (TGF), or other cytokines
in response to hepatitis C virus (HCV) infection, for in-
stance. Animal studies have also shown that the func-
tion of this cytochrome may be dependent on fibrosis
in the liver with sinusoid capillarisation [6].

Within the group of microsomal tests, invasive tests
feature where a labelled substance is administered in-
travenously (antipyrine, caffeine, lidocaine), or non-in-
vasive where the substance is administered orally (ami-
nopyrine, diazepam, methacetin, and phenacetin). For
obvious reasons, non-invasive tests are replacing inva-
sive ones because, beyond the disadvantage associat-
ed with administration of the substance, adverse side
effects have also occurred. Non-invasive tests in which

Test group Metabolised compound

Microsomal Aminopyrine, phenacetin, methacetin, erythromycin, diazepam, caffeine
Mitochondrial a-Ketoisocaproic acid, methionine, octanoic acid

Cytosolic Galactose, phenylalanine, tyrosine, fructose, alanine, ornithine
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the test substance is labelled with carbon C are based
on the same principle — one of the carbon atoms of the
examined substance is replaced with the stable isotope
BC, which will eventually be detected in expiratory air
[4, 5, 7]. There are two distinct subgroups in this group
of tests: (a) tests limited by enzyme activity (aminopy-
rine and caffeine) and (b) tests limited by the liver blood
flow (methacetin and phenacetin).

An example of a test from the first group is the ami-
nopyrine breath test (ABT), which for many years was
one of the most frequently performed tests to evaluate
the function of cytochrome P450. After oral adminis-
tration of the substrate — labelled dimethylaminoanti-
pyrine — it is completely absorbed from the intestine,
and then metabolised in the liver during the two-step
N-demethylation by the cytochrome P450 system. Fi-
nally, bicarbonate is formed, which in part is excreted
in breath. In addition, due to the low extraction ratio
(E = 0.2), aminopyrine metabolism is not dependent on
changes or abnormalities (presence of vascular shunts)
in the liver blood flow [7]. The work of Giannini et al. [8]
demonstrated the usefulness of ABT in differentiating
the severity of chronic hepatitis C (CHC). The individ-
ual test parameters allowed for isolation of patients
with post-inflammatory cirrhosis and differentiation
of patients with low (F < 2 by METAVIR) and advanced
(F > 2 by METAVIR) fibrosis. However, a 2-hour cumula-
tive recovery of BC in expiratory air proved to be useful
for the assessment of necrotic-inflammatory activity.

A subsequent test within this group is a test utilis-
ing caffeine (CBT, caffeine breath test), which has many
of the features of an ideal test: low extraction ratio,
moderate cost of the substrate, and, especially, a single
sample requirement, received 1 or 2 h after adminis-
tration, permitting the caffeine test to enter into daily
practice alongside routine blood tests [6]. In a recently
published study, the test allowed the assessment of the
progression of non-alcoholic fatty liver disease (NAFLD).
In this study, significant differences were noted in the
subsequent groups of patients with NAFLD: the group
with steatosis inflammation, cirrhosis, as well as simple
steatosis [9, 10].

An example of a test from the second group is the
methacetin breath test (MBT). Methacetin (N-(4-me-
thoxyphenyl)acetamide), a derivative of phenacetin, is
rapidly metabolised by D-methylation in the liver oxida-
tive system, leading to the formation of acetaminophen
and carbon dioxide [6]. Additional factors including,
age, sex, smoking, or the use of other drugs has less
influence on the methacetin metabolism, in contrast
to aminopyrine [11-14]. In addition, this test has very
good reproducibility [15], and the only limitation is the
high rate of extraction, which may be of importance

in patients with severe portal hypertension or in the
presence of vascular shunts.

This test proved to be highly sensitive (89%) in rec-
ognition of liver cirrhosis of different aetiology, and in
patients with CHC [16-18]. The MBT also showed the
highest sensitivity and specificity in comparison to oth-
er non-invasive indicators (Fibrotest, APRI, De Ritis’ ra-
tio) with regards to predicting liver cirrhosis [19]. It has
also allowed for indication of inflammatory activity in
the livers of patients with CHC and normal transami-
nase levels [20]. However, in a dual study using MBT
and phenylalanine breath test, only MBT permitted dif-
ferentiation of patients at various stages of liver cirrho-
sis induced by HCV infection [21]. The MBT also proved
to be a sensitive, non-invasive test to monitor return
of normal liver function after liver transplantation and
to monitor improvement in liver function in acute liver
inefficiency, indicating improvement a few days ear-
lier than specified by standard biochemical tests [22,
23]. The case study by Hydzik et al. [24] demonstrated
the usefulness of the test in predicting the outcome of
a patient with liver failure post consumption of Amanita
phalloides, showing only a slight percentage (0.09%) of
BCO, uptake on the fourth day of the disease, and then
0.02% the next day, whereas a normal result is an av-
erage of 12%. Recently it was reported that the results
from within the first 30 min of the BC-MBT test reliably
reflect the disease advancement stage in primary biliary
cirrhosis [25].

Another microsomal test is the erythromycin test,
although it did not find wider application because of
the lack of correlation between the test results and
biochemical parameters or severity of liver disease.
Nonetheless, its usefulness has been demonstrated in
predicting the neurotoxicity of tacrolimus, an immuno-
suppressive drug used in the treatment of vascularised
organ transplantation and acute liver transplant dys-
function or its insufficiency [7].

Mitochondrial tests

Mitochondrial function in the liver cell is related to
the metabolism of carbohydrates, proteins, fats, and
xenobiotics, as well as being a major source of cellular
energy. Mitochondrial liver dysfunction induces man-
ifestation, or progression, of chronic liver disease by
inducing microsteatosis. This occurs in NAFLD or preg-
nancy, Reye’s syndrome, or in the case of toxic effects of
certain drugs like amiodarone and tetracycline, or anti-
viral drugs [26]. Mitochondrial damage in these instanc-
es is due to impairment of trans-membrane electron
transport and/or synthesis of ATP [26].

One of the primary mitochondrial tests uses a-ke-
toisocaproic acid (KICA). After oral administration this
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acid undergoes almost exclusive decarboxylation in
liver mitochondria following inhibition of its second
metabolic pathway, which is transamination into leu-
cine. Therefore, in order to block the latter pathway,
the patient receives KICA together with leucine. Recent
studies have shown that the KICA breath test (KICA-BT)
is characterised by very good reproducibility in the short
and medium term [27].

The usefulness of KICA-BT was demonstrated by
examining KICA metabolism in healthy volunteers
who were administered with ethanol or acetylsalicylic
acid. Alcohol significantly reduced the decarboxylation
of KICA and delayed the appearance of the marker in
exhaled air, whereas acetylsalicylic acid increased the
decarboxylation of KICA by inducing transformation of
NAD+ to NADH [26, 28]. The usefulness of KICA in the
analysis of the potential toxicity of drugs subjected to
mitochondrial changes was established. The recognised
toxicity of tacrolimus was considered due to inhibition
of KICA decarboxylation and disturbance of the ener-
getic processes in the liver, causing acute (lasting up to
5 h) suppression of the energy production in hepato-
cytes [8]. Recently it was reported that the metabolism
of BC-KICA augments during the intake of combined
oral contraceptives containing ethinyl estradiol, reflect-
ing enhanced liver mitochondrial metabolic activity [29].
Despite several articles demonstrating the usefulness of
the KICA-BT test in the evaluation of alcoholic liver dis-
ease, this test was not implemented as a routine clinical
diagnostic, because alcohol probably also affects other
determinants of KICA changes such as decarboxylase
phosphorylation, the availability of coenzyme A, and
intramitochondrial calcium levels [26]. An interesting
double study by Palmieri et al. [30] demonstrated the
usefulness of KICA-BT for evaluation of liver function in
patients with liver cirrhosis and hepatocellular carcino-
ma (HCC), demonstrating decreased values in KICA-BT,
without significant changes in MBT results. Also, further
deterioration in KICA-BT results detected in patients
previously treated with ablation using electromagnetic
waves of radio frequency (RFA, radiofrequency ablation)
was an early predictor of HCC recurrence.

The methionine breath test (MetBT) is another
mitochondrial test in which the utilised amino acid is
processed via two metabolic pathways. In a healthy
liver, methionine undergoes transsulphuration into ho-
mocysteine, involving adenosyltransferase. In the fail-
ure of the first pathway, methionine is metabolised by
transamination into a-keto-B-methiolbutyrate, which
is further subjected to changes in the carboxylic acids
cycle with the release of labelled ®CO, [26]. This test has
proven useful in assessing acute toxic liver steatosis
after administration of valproic acid [31] and in patients
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with liver steatosis or cirrhosis of various aetiologies,
wherein the amount of ®CO, released per hour in the
latter group was inversely proportional to the severity
of the disease in Child-Turtcotte-Pugh score (CTP) [32].
Another study showed the usefulness of MetBT in as-
sessing the viability of liver grafts within the first days
after transplantation [26].

Cytosolic tests

The aromatic amino acid metabolism takes place
in the cytosol of hepatocytes, and its concentration in
the cytoplasm is directly dependent on the function of
the liver cell. The best-known and most used test in
this group is the breath test with labelled phenylala-
nine (PheBT). This amino acid is metabolised primarily
by irreversible hydroxylation to tyrosine involving phe-
nylalanine hydroxylase. Hydroxylation of phenylalanine
and the latter tyrosine transamination have limited
enzymatic capacity, so analysing the presence of the
end product (®CO,) in the expiratory air correlates well
with the function of the liver enzymes, and since both
of these metabolic pathways are only found in the liver,
they are sensitive indicators of liver dysfunction [33].
Enzymes tested in cytosolic assays with phenylalanine
or tyrosine (TyrBT, tyrosine breath test) are not subject-
ed to the potential induction caused by simultaneous-
ly administered medications that may interfere in the
classical microsomal assays. Furthermore, there are no
adverse reactions to the amino acids used in the test,
as described in the literature. On the contrary, amin-
opyrine, for example, has a potential risk of inducing
agranulocytosis, and hence has not been approved in
the United States [33]. However, the disadvantage of
PheBT is the involvement of an alternative metabolic
pathway in acute liver failure, and the resulting metab-
olites, being neurotransmitters, are likely to exacerbate
hepatic encephalopathy [33]. Also, the reproducibility of
the C-PheBT appears to be remarkably worse than in
the case of either BC-MBT or *C-KICA-BT [34].

This test, however, confirmed its usefulness by dis-
criminating between groups of patients with compen-
sated and decompensated cirrhosis, as well as between
patients with oesophageal varices of varying degrees of
severity [35, 36]. Another study showed that the Phe-BT
result was an independent survival predictor in patients
with hepatic impairment [37].

A subsequent cytosolic test evaluates galactokinase
efficiency. The galactose breath test (GBT) has a lower
value if liver disease is associated with simultaneous
alcohol consumption, and this pertains also to concom-
itant diabetes. This is caused by diluting out of labelled
glucose, arising from the conversion of galactose, in
bodily fluids, which leads to a reduction in *CO, con-
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Table II. Clinical usefulness of selected liver breath tests

Test group Substrate Clinical usefulness
Microsomal Aminopyrine Staging of chronic hepatitis C
Methacetin Staging of liver cirrhosis, acute liver failure, assessment of fibrosis
in chronic hepatitis C or primary biliary cirrhosis, evaluation
of graft functioning after liver transplantation
Erythromycin Assessment of drug toxicity
Mitochondrial a-Ketoisocaproic acid Assessment of drug toxicity, staging of alcoholic or non-alcoholic fatty liver disease,
relapse of hepatocellular carcinoma
Methionine Assessment of drug toxicity, staging of non-alcoholic fatty liver disease,
staging of liver cirrhosis
Cytosolic Phenylalanine/tyrosine Diagnosis of liver cirrhosis, survival prognosis in liver cirrhosis patients

Galactose

centration [33]. However, in patients with primary bili-
ary liver cirrhosis, the test confirmed its high specificity
and sensitivity for the evaluation of liver function, as
well as in the early stages of the disease, further allow-
ing patients to be grouped according to the severity of
fibrosis, which may be useful for non-invasive diagnosis
of disease progression in this rare disease entity [38].

Conclusions

Although breath tests have been available for many
years, they have not taken a stable position among
the non-invasive diagnostic methods of liver damage.
It may seem peculiar, given the results and statistics
presented in this review. Table Il summarises the types
of breath tests and their clinical utility. However, in re-
cent years there has been a renewed interest in this
group of studies. This is most likely due to the general
trend among physicians to replace invasive tests (poorly
reproducible and involving higher risks to the patient)
with non-invasive tests that can be repeated frequently
and therefore can be used for continuous monitoring
of disease progression. Among these are breath tests
—a simple and safe way to monitor not only damage
to the liver tissue due to fibrosis, but also its metabolic
reserve. No single serological test, or even expensive di-
agnostic kits, would give such a precise insight into the
metabolic efficiency of the liver. Often we are faced with
the dilemma of whether it is worth commencing a treat-
ment or it would be best to wait. This is particularly
the case with CHC, where the effectiveness of currently
available treatment in Poland is just 50%, and in more
advanced cases it is even further reduced. Breath tests
could therefore help us in making therapeutic decisions,
especially in difficult patient cases — with advanced dis-
ease or after a failed treatment. In Poland it is possible
to perform these tests in several centres and the cost of
the study is much lower than elastography (Fibroscan)
or Fibrotest. Consequently, the decision as to whether

Staging of chronic hepatitis C or primary biliary cirrhosis

these tests will become routine hepatological diagnos-
tics depends solely on our knowledge and belief.

Contflict of interest
The authors declare no conflict of interest.

References

1. Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive
index can predict both significant fibrosis and cirrhosis in pa-
tients with chronic hepatitis C. Hepatology 2003; 38: 518-26.

2. Forns X, Ampurdanes S, Llovet JM, et al. Identification of
chronic hepatitis C patients without hepatic fibrosis by a sim-
ple predictive model. Hepatology 2002; 36: 986-92.

3. Koda M, Matunaga Y, Kawakami M, et al. Fibrolndex, a prac-
tical index for predicting significant fibrosis in patients with
chronic hepatitis C. Hepatology 2007; 45: 297-306.

4. Burra B Masier A. Dynamic tests to study liver function. Eur
Rev Med Pharmacol Sci 2004; 8: 19-21.

5. Modak AS. Stable isotope breath tests in clinical medicine:
a review. J Breath Res 2007; 1: 014003.

6. Nista EC, Fini A, Armuzzi A, et al. ®C-breath tests in the study
of microsomal liver function. Eur Rev Med Pharmacol Sci
2004; 8: 33-46.

7. Grattagliano |, Lauterburg G, Portincasa P. *C-breath tests for
clinical investigation of liver mitochondrial function. EurJ Clin
Invest 2010; 40: 843-50.

8. Giannini E, Fasoli A, Chiarbonello B, et al. ®C-aminopiryne
breath test to evaluate severity of disease in patients with
chronic hepatitis C virus infection. Aliment Pharmacol Ther
2002; 16: 717-25.

9. Park G, Wiseman E, George J, et al. Non-invasive estimation
of liver fibrosis in non-alcoholic fatty liver disease using the
BC-caffeine breath test. ) Gastroenterol Hep 2011; 26: 1411-6.

10. Schmilovitz-Weiss H, Niv Y, Pappo O. *C-caffeine breath test
detects significant fibrosis in patients with nonalcoholic ste-
atohepatitis. J Clin Gastroenterol 2008; 42: 408-12

11. Kasicka-Jonderko A, Jonderko K, Budniok M, Btoriska-Fajfrow-
ska B. Comparison of two dosage regimens of the substrate
for the *C-methacetin breath test. Isotopes Environ Health
Stud 2013; 49: 109-21.

Przeglad Gastroenterologiczny 2015; 10 (1)



Joanna Musialik, Krzysztof Jonderko, Anna Kasicka-Jonderko, Magdalena Buschhaus

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Kasicka-Jonderko A, Loska D, Jonderko K, et al. Interference
of acute cigarette smoking with [*C]methacetin breath test.
Isotopes Environ Health Stud 2011; 47: 34-41.
Kasicka-Jonderko A, Jonderko K, Chabior E, et al. Exact profiles
of BCO, recovery in breath air after per oral administration
of [BC]methacetin in two groups of different ages. Isotopes
Environ Health Stud 2008; 44: 295-303.

Jonderko K, Skatba P, Kasicka-Jonderko A, et al. Impact of com-
bined oral contraceptives containing ethinylestradiol on the
liver microsomal metabolism. Eur J Contracept Reprod Health
Care 2013; 18: 284-92.

Kasicka-Jonderko A, Nita A, Jonderko K, et al. BC-methacetin
breath test reproductibility study reveals persistent CYP1A2
stimulation on repeat examinations. World J Gastroenterol
2011; 17: 4979-86.

Razlan H, Marzuki NM, Tai ML, et al. Diagnostic value of the
BC methacetin breath test in various stages of chronic liver
disease. Gastroenterol Res Pract 2011; 2011: 235796.

Braden B, Faust D, Sarrazin U, et al. BC-methacetin breath test
as liver function test in patients with chronic hepatitis C virus
infection. Aliment Pharmacol Ther 2005; 21: 179-85.

Liu Y, Huang L, Wu C, et al. Measurement of liver function
for patients with cirrhosis by 3C-methacetin breath test com-
pared with Child-Pugh score and routine liver function tests.
Chin Med J 2006; 119: 1563-6.

Dinesen L, Caspary WF, Chapman RW, et al. *C-methace-
tin-breath test compared to also noninvasive biochemical
blood tests in predicting hepatic fibrosis and cirrhosi in chron-
ic hepatitis C. Dig Liv Dis 2008; 40: 743-8.

Lalazar G, Pappo O, Hershovici T, et al. A continuous ®C-methace-
tin breath test for noninvasive assessment of intrahepatic in-
flammation and fibrosis in patients with chronic HCV infection
and normal ALT. J Viral Hep 2008; 15: 716-28.

Festi D, Capodicasa S, Sandri L, et al. Measurement of hepatic
functional mass by means of *C-methacetin and ®C-pheny!-
alanine breath tests in chronic liver disease: comparison with
Child-Pugh score and serum bile acids. World J Gastroenterol
2005; 11: 142-8.

Petrolati A, Festi D, De Berardinis G, et al. ®*C-methacetin
breath test for monitoring hepatic function in cirrhotic pa-
tients before and after liver transplantation. Aliment Pharma-
col Ther 2003; 18: 785-90.

Lalazar G, Adar T, Ilan Y. Point-of-care continuous ®C-methace-
tin breath test improves decision making in acute liver dis-
ease: results of pilot study. World J Gastroenterol 2009; 15:
966-72.

Hydzik P Bielanski W, Ponka M, et al. Usefulness of ®C-methace-
tin breath test in liver function testing in Amanita phalloides
poisoning: breast feeding woman case. Clin Toxicol 2008; 46:
1077-82.

Kochel-Jankowska A, Hartleb M, Jonderko K, et al. 2C — methace-
tin breath test correlates with clinical indices of liver disease
severity in patients with primary biliary cirrhosis. J Physiol Phar-
macol 2013; 64: 27-33.

Candelli M, Cazzato IA, Zocco MA, et al. *C-breath tests in the
study of mitochondrial liver function. Eur Rev Med Pharmacol
Sci 2004; 8: 23-31.

Przeglad Gastroenterologiczny 2015; 10 (1)

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

38.

Kasicka-Jonderko A, Jonderko K, Kaminska M, et al. *C-al-
pha-ketoisocaproic acid breath test revisited — an in-depth
reproducibility study advocates an extended breath sampling
period. Dig Dis Sci 2007; 52: 3481-7.

Gabe SM, Bjarnason |, Tolou-Ghamari Z, et al. The effect of
tacrolimus on intestinal barrier function and cellular energy
production in humans. Gastroenterology 1998; 115: 67-74.
Jonderko K, Skatba P Kaminska M, et al. Combined oral con-
traceptives affect liver mitochondrial activity. Eur J Contracept
Reprod Health Care 2013; 18: 401-9.

Palmieri V, Grattagliano I, Minerva F, et al. Liver function as
assessed by breath tests in patients with hepatocellular car-
cinoma. J Surg Res 2009; 157: 199-207.

Spahr L, Negro F, Rubbia-Brandt L, et al. Acute valproate-as-
sociated microvesicular steatosis: could the [*C]methionine
breath test be useful to assess mitochondrial function? Dig
Dis Sci 2001; 46: 2758-61.

Spahr L, Negro F, Leandro G, et al. Impaired hepatic mito-
chondrial oxidation using the BC-methionine breath test in
patients with macrovesicular steatosis and patients with cir-
rhosis. Med Sci Monit 2003; 9: CR6-11.

Perri F;, Marras RML, Riccardi R, et al. BC-breath tests in hepa-
tology (cytosolic liver function). Eur Rev Med Pharmacol Sci
2004; 8: 47-9.

Kasicka-Jonderko A, Jonderko K. Phase-1 evaluation of C-liver
function breath tests. Dig Dis Sci 2013; 58: 579-81.

Koeda N, lwai M, Kato A, et al. Validity of C-phenylalanine
breath test to evaluate functional capacity of hepatocyte in
patients with liver cirrhosis and acute hepatitis. Aliment Phar-
macol Ther 2005; 21: 851-9.

Moran S, Gallardo-Wong I, Rodriguez-Leal G, et al. L-[1-%3C]
phenylalanine breath test in patients with chronic liver dis-
ease of different etiologies. Isotop Environ Health Stud 2009;
45:192-7.

. Gallardo-Wong I, Moran S, Rodriguez-Leal G, et al. Prognostic

value of ®*C-phenylalanine breath test on predicting survival
in patients with chronic liver failure. World J Gastroenterol
2007; 13: 4579-85.

Holtmeier J, Leuschner M, Schneider A, et al. ®C-methacetin
and BC-galactose breath tests can assess restricted liver func-
tion even in early stages of primary biliary cirrhosis. Scand
J Gastroenterol 2006; 41: 1336-41.

Received: 25.09.2012
Accepted: 7.12.2012



