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Abstract: Background: Total serum bile acids (TSBA), liver-spleen scan and dynamic liver functional tests, in
our case the antipyrine clearance (Ap Cl), have been long adopted. The aim of our study was that of assessing
whether some diagnostic tests, scarcely performed due to the novel techniques implementation, were reliable
diagnostic tools. Methods: Data extracted from records of two well-matched for age and gender populations
was retrospectively analysed. Specifically, 17 patients with biopsy-proven chronic hepatitis were confronted
with 17 subjects suffering from liver cirrhosis. Clinical, laboratory and instrumental findings, such as the Child-
Pugh classification, the number connection test for evaluating hepatic encephalopathy, prothrombin time,
serum albumin levels, TSBA concentration, Ap Cl determination, abdominal ultrasound and liver-spleen scan
imaging as well as endoscopy features were evaluated. Results: Cirrhotics showed a median concentration of
TSBA increased respect to that of patients with chronic hepatitis, independently from gender, 20.1 versus 12.24
micromol/L, P= 0.0054. The median AP Cl value of the patients with liver cirrhosis was reduced confronted
with that of patients with chronic hepatitis, specifically, 13.92 opposed to 18.3 mcg Ap/dL, P= 0.045.
Furthermore, the median liver-spleen scan score was higher in cirrhotics than in chronic hepatitis patients, i.e.,
3.47 versus 1.47, P= 0.000. The AUROCs of TSBA levels and of the liver-spleen scan scores for differentiating
patients with liver cirrhosis from those with chronic hepatitis were 0.82 and 0.96, respectively. When was
applied a new predictive model, combining the previous ones, the AUROC to discriminate patients belonging
to the two populations was 0.98. The best cut-off of the new index was 26, with a sensitivity and specificity of
100.00% and 82.35%, respectively, correctly classifying 91.18% of the patients. Discussion: Both TSBA and liver-
spleen scan were high discriminant as well as their combination, while Ap Cl showed some limitations as
reliable diagnostic tool. TSBA and liver-spleen scan have been too soon and unnecessarily overlooked.

Keywords: total serum bile acids; antipyrine clearance; liver-spleen scan; chronic hepatitis; liver cirrhosis;
AUROCs

1. INTRODUCTION

Liver biopsy is canonically performed to grade and stage chronic hepatitis, to differentiate it
from cirrhosis (1) and to exclude other liver diseases. Indeed, this procedure is not necessary when
clear signs of cirrhosis, such as ascites and a shrunken nodular/firm liver coupled with an enlarged
spleen, are found at physical exam or coagulopathy (2) is evident at laboratory data, in the light of
the possible side-effects linked to its invasiveness (3). For this reason, investigators have opened the
door to other alternative diagnostic tools, unfortunately, not always perfectly replaceable to be
considered suitable substitutes. Among imaging techniques, beyond ultrasonography (US),
computerised tomography (CT) and magnetic resonance imaging (MRI) are more and more
convincing, even though they are somehow considered “scarcely sensitive” to detect liver cirrhosis.
Specifically for US, its specificity increases when imaging reveals inhomogeneity of both hepatic
texture or surface, an enlarged caudate lobe and collateral veins, splenomegaly as well as other signs
of portal hypertension (4) and there is a high pre-test probability (clear aetiology such as chronic
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alcoholism). Elastography can detect stiffness of the liver caused by liver fibrosis earlier than other
imaging tests. It can be performed by ultrasound or MRI (5). Obviously, the technological advance in
imaging tools costs a lot for the health care system.

The liver-spleen scan, using technetium (Tc)-99m sulfur colloid, injected through the veins and
subsequently taken up by the reticuloendothelial system of the patient’s liver, spleen, and bone
marrow (6, 7), is less and less a common practice among hepatologists, due to the widespread
adoption of more recently imaging tools, as previously reported. The accuracy of the afore mentioned
technique is improved in case one of the bioumoral tests, i.e., serum albumin, serum bilirubin, and
serum alanine transferase is added (8). What is more, the liver-spleen scan was found reliable in
patients with liver cirrhosis to weigh its severity, choosing as assessment the peritoneoscopy severity
score with a range from zero to five (9). Datum partially confirmed by another study relating the
Child-Pugh (C-P) classification —considered by authors an index of liver function—to sulfur colloid
liver-spleen scintigraphy (divided visually into three categories: liver uptake superior or equal to
spleen uptake without visualisation of ribs and vertebrae, spleen uptake superior to liver uptake
without visualisation of ribs and vertebrae, and remarkable visualisation of ribs and vertebrae. In
fact, among 36 subjects with histologically confirmed liver cirrhosis, only in 14 patients the scores of
C-P and the scan classifications agreed, but in 22 patients the results were discordant (10).

Dealing with laboratory tests, total serum biliary acids (TSBA) were deeply investigated in the
past on the concept that they are secreted by liver (thus, representing an index of liver function) and
recycled various times per day between hepatocytes in the liver and enterocytes in the intestine,
forming the enterohepatic circulation (11). For some authors TSBA determination did not show any
significant diagnostic advantage in the detection of liver diseases with respect to the other routine
liver tests (12). Indeed, serum aspartate aminotransferase was found to be more reliable than TSBA
levels in detecting mild forms of liver disease, but the TSBA concentration showed a higher sensibility
than routine liver tests in the evaluation of the more severe ones (13). Still, other investigators found
that patients suffering from moderately advanced cirrhosis showed a highly significant correlation
between portal venous shunt index, as a measure of spontaneous shunting evaluated by the
indocyanine green clearance, and the peripheral venous bile acids concentration, during portal vein
catheterization (14). What is more, in a successive study, researchers concluded that even in the mild
form of cirrhosis, TSBA concentration was elevated (15). Finally, according to recent findings,
increased TSBA are non-invasive markers effective not only in the diagnosis and but also in
determining prognosis of liver cirrhosis, and may be potential indicators in the occurrence of
hepatocellular carcinoma in patients with early cirrhosis (16). It is note worthy that TSBA
determinations are recently adopted in a distinct liver disease such as intrahepatic cholestasis of
pregnancy (17), or in the suspicion of biliary stricture and survival after liver transplantation in
children (18). Nowadays, the mainstream bile acid sample separation and detection is based on new
technology.

Coming back to liver cirrhosis and methods to assess its severity, dynamic tests consist in
measuring the clearance of substances that are removed from the circulation primarily by the liver,
providing the most sensitive, specific, and reliable assessment of the hepatic function (19). But, some
of them, such as caffeine breath test (CBT) are carried out also to perform a differential diagnosis in
pre-cirrhotic stages. Specifically, cirrhotic patients were characterised by significantly reduced CBT
values compared with both controls and patients with chronic hepatitis B and C (20). The salivary
caffeine determination was used to distinguish the metabolic aetiology of liver cirrhosis (21). The
antipyrine clearance (Ap Cl) was one of the most common dynamic liver function tests of the past
years, well correlating with the degree of liver damage, expressed using the C-P classification (22).
Furthermore, changes in Ap Cl and platelet count were more sensitive than conventional tests for
indicating fibrotic transformation in chronic hepatitis C, thus for evaluating the progression versus
liver cirrhosis (23). Nowadays, quantitative liver function tests are not routinely used by
hepatologists (24).

The aim of our study was that of assessing that some of the afore mentioned diagnostic tests,
used in the past, were reliable diagnostic tools and have been too soon and unnecessarily overlooked
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at the best or completely eliminated by the diagnostic process due to the overflow of alternative
tests/techniques, often not everywhere available and more expensive.

2. METHODS

Study design

This is a retrospective study carried out on information derived by medical records of a
determined period, ranging from January 1992 to December 1994, when the diagnostic tools in
question were routinely carried out. The present paper does not report on primary researching. It
analyses data that was gathered during the hospital stay, respecting complete anonymity. Testing
blood as well as recording all other variables included in this analysis was essential for confirming
the diagnosis and classifying patients. It was done for each patient without unsuccessful results in
course of examination and as part of routine care. Thus, ethics committee was not consulted.

Population

Initially were selected twenty eight patients with biopsy-proven chronic hepatitis before
undergoing antiviral therapy. Nine of them were excluded from the analysis due to incomplete data
concerning specific laboratory tests (TBSA and Ap Cl). At last, 17 patients presenting with all the
parameters were analysed. The initially selected patients were confronted with 39 patients suffering
from well-documented liver cirrhosis. In this group were excluded the following patients: eight due
to lack of an important laboratory datum (Ap Cl), four for not presenting instrumental parameters
(two without EGDS and two without liver-spleen scan) and ten for assuming drugs interfering with
analytic determinations (see exclusion criteria). Seventeen patients formed the final cohort of liver
cirrhosis. This disease was histologically documented in nine cases (Child-Pugh class A), whereas,
the remaining (eight patients, Child-Pugh class B/C) were diagnosed on the basis of clinical findings
such as presence of ascites, laboratory data (marked coagulopathy), US or liver-spleen scan imaging
(porto-systemic shunt) or endoscopy (oesohageal varices). About the aetiology of the cirrhotics,
alcohol abuse was postulated in patients with history of daily assumption of ethanol > 90 g in men
and > 50 g in women in the previous ten years according to guidelines proposed back then (25).

Twenty one healthy subjects (eleven males) were selected to set the range of TSBA and Ap ClI
determinations.

Laboratory data

The HBV infection was ascertained by the positive serum HBsAg or positive HBcAb IgM, or
negative serum HBsAg but positive serum HBeAg. All these serological markers were confirmed by
the detection of the HBV-DNA. Patients with HCV infection were diagnosed by the positivity of anti-
HCV and RIBA test as well as with the HCV-RNA detection.

Among the serum biochemical tests ALT was measured times per upper limit of normal (UNL),
ie. 40 and 35 U/L for men and women, respectively. Pro-thrombin time (PT), before and after
parenteral administration of vitamin K, combining the results and serum albumin were performed
by routine laboratory methods.

Antipyrine clearance

Antipyrine 1.8 mg/kg of body weight, was administered orally after breakfast, as a fruit juice
solution. A blood sample was drawn after 27 hours (26, 27) from the previous administration as one
point method. Serum samples were kept at -20° C until the time of the assay performance (28). The
antipyrine concentration in biological fluids was determined by a spectrophotometric procedure (29).
This method is based on the estimation of absorbing capacity at 350 nm of a nitro-derivative of
antipyrine (Reagents were supplied by Boehringer Manneheim, Italy). Readings were performed
before (E1) and after (E2) addition of H2SOa.

Antipyrine concentration (Ap CI-T27) was calculated using the following procedures:
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(E2-E1 samples / E2-E1 standard) x 20 = rncg Ap/dL. Clearance of antipyrine was calculated by
the following formula, i.e.,, Ap Cl= (In D/Vd - In Ct / t) * Vd, (where D= dose of Ap/kg and t= time
expressed in minute, Ct = concentration of antipyrine at the 27th hour, Vd distribution of volume
obtained by the calculous : 0.2363 * body weight + 0.1962 * body height - 0.0272 * age - 10.26 (women)
or 0.3625 * body weight + 0.2239* body height - 0.1387 * age - 14.47 (men) . In case of decompensated
patients (ascites), the following correction="TBW = Vd x 100/kg (TBW= total body water) was applied
(30, 31).

Total bile acids concentration

The patients' TSBA level was determined after a 12-hour fast, using "Enzabile" (Nycorned As,
Nervegia) developed from Mashige's test principle (32) on a Cobas Mira autoanalyser carrying out a
standard protocol of a blank and test reading for each sample, with a good relative reproducibility
(coefficient of variation nearly 6%). A TSBA concentration of less than 15 micromol/1 was considered
normal (33). It is note worth to stress that there was found a good agreement between TSBA
measurement by high-performance liquid chromatography (HPLC) and Enzabile kit reagent method
(34).

Histology

A histological activity index was employed in patients with chronic viral hepatitis undergoing
liver biopsy with the Menghini needle (the Knodell index), (35). In liver samples were evaluated: 1)
periportal necrosis; 2) intralobular necrosis; 3) portal inflammation; 4) fibrosis (score: min 2 to max
22). Features in liver biopsy specimens of patients suffering from alcoholic liver disease were:
polymorphonuclear infiltration, Mallory hyaline bodies, perivenular fibrosis and phlebosclerosis. In
alcoholic liver cirrhosis patients were also assessed fatty liver, as microvescicular or macrovescicular
pattenrs, micronodular regeneration and bridging fibrosis (36).

Severity of Liver cirrhosis

The Child Pugh's classification was used for evaluating the severity of liver cirrhosis, according
to (37). Ascites was grading by clinical features or US data, while hepatic encephalopathy was
evaluated with the mental state analysis and the number connection test (NCT), (38), better specified
below.

Ultrasonography scores

Among the features of liver cirrhosis at US, to give a quantitative evaluation and not only a
morphological analysis, subject to inter-inter observer error, two indirect parameters mirroring the
portal hypertension were analysed. Consequently, was taken into account the increase of the upper
normal limit (UNL) of the maximum portal vein diameter (PVD), set to 1.3 cm (39) and the spleen
volume (cm?) using the standard prolate ellipsoid formula (length x width x depth x 0.523), with a
superior limit established to 300 cm?, as confirmed by successive evidence (40). The normal values for
the spleen diameters were considered 5, 7 and 11 cm, respectively (41).

Accordingly, the following US scores were derived: 0= no increase of PVD; 1: = one mm upper
UNL of the PVD; 2 = two mm upper UNL of PVD and increased spleen volume: 3 = four mm upper
UNL of PVD with collateral veins or shunts presence; 4= four mm upper UNL of PVD with collateral
veins and amputation of portal vein branches. Indeed, also the spleno-renal shunts were considered
among the collaterals (42).

Liver-spleen scan scores

Concerning the radionuclide liver-spleen scanning (Tc-99m), the adopted scores were: 0= spleen
invisible or slightly visible (ventral sight); 1= increased spleen uptake with homogeneous hepatic
pattern; 2= increased spleen uptake with non-homogeneous hepatic pattern due to diminished
hepatic uptake, especially in the right lobe; 3= enlarged size and increased spleen uptake with patchy
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cold lesions in hepatic pattern; 4= previous values with visible bone marrow uptake. The lowest and
the highest score represented the least and the maximum likelihood of being diagnosed with liver
cirrhosis, respectively. Hyper functioning spleen, such as in case of lymphoma, was excluded (43).

Endoscopy scores

The oesophageal varices, evaluated by esophagogastroduodenoscopy, were graded according
to the Paquet’s scoring system (44), i.e., score 0= no varices; score 1= 15t grade varices (small white and
opaque varices); score 2= 2nd grade varices (dilated subepithelial veins, integrity of oesophageal
mucosa); score3= 3 grade varices (dilated varices in more than 1/2 of oesophageal mucosa; score 4=
4th orade varices (red varices associated with larger ones and cherry red spots). The NIEC prognostic
index was calculated to assess the one-year incidence of bleeding according to (45), with a score
ranging from six to 76 %.

Hepatic encephalopathy

The hepatic encephalopathy (HE) was assed by the mental state analysis by the NCT with the
use of standardized versions of the NCT and age-related normative data (46). The results within +
1standard deviation (SD) from the mean of the control performance were scored as 0 points. Results
between +1 and +2SD, between +2 and +3SD, and worse than +35D were scored as -1, -2 and -3 points,
respectively. Blood ammonia test was not measured to asses the HE presence, because this analyte
was considered more useful to verify the large shunts presence (37).

Exclusion criteria

Records from patients suffering from chronic liver disease due to intake of hepatotoxic drugs
were not taken into account. Furthermore, tobacco smoke and daily intake of five or more cups of
coffee were criteria for disallow recruitment in the light that nicotine and caffeine could affect the
microsomal hepatic system. Similarly, was not analysed data from records of patients on inhibitors
of enzyme-catalysed processes (i.e. cimetidine, verapamil) or a stimulating agent such as
spironolactone (used in the therapy of ascites) for possible interference with the AP Cl.

Finally, patients on drugs which could have altered the hepatic metabolism of bile acids or
bound them in the bowel lumen such as cheno- and ursodeoxycholic acids, cholestyramine and
colestipol, and ethinyloestradiol were excluded.

Statistical analysis

Variables that were not normally distributed according to the Shapiro-Wilk test analysis were
expressed as median plus 25-75 inter-quartile range (IQR); those derived from a normally distributed
population were reported as mean plus SD. In addiction 95% Confidence Intervals (CI) were reported
to better appreciate the range in which the true value lies with a certain degree of probability.
Difference between medians or means of the two groups was detected by two-sample Wilcoxon rank-
sum (Mann-Whitney) test or the independent t test, respectively.

To confirm whether there was a difference of the TSBA concentrations between the two selected
groups (considering them well-matched) the non-parametric paired (Sign) test was used. The
extended  Mantel-Haenszel = with ANOVA  (transformation in  ranks)  analysis
(https://www .statology.org/friedman-test-stata/) was used when median TSBA levels were adjusted
for gender.

The two-way table with measure of association and the related Pearson’s chi-squared was
applied to weigh frequencies. When comparing variables normally or not normally distributed in
more than two groups, ANOVA with Bonferroni correction or ANOVA Kruskal-Wallis test with as
post-hoc analysis the Dunn test, was respectively evaluated.

Linear regression was employed to perform prediction, as the strongest measure of association,
evaluating the coefficient with its standard error (Std. err.), t, P>It, and 951% conf. interval (CI).
Indeed, t is the ratio of coefficient to the std. err., and measures how many times the difference
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between the estimated coefficient and zero is greater than the std. err. An ordered probit model was
used to estimate relationships between ordinal dependent variables, i.e., liver-spleen scan, endoscopy
and US scores and an independent variable, such as TSBA, evaluating the coefficient with its Std. err.,
z,P>lzand 951% CI.

Logistic regression was performed to predict the presence/absence of liver cirrhosis (showing
that for every 1-point increase or decrease in x, event y is a given percentage more or less likely to
happen) by some diagnostic tests, reporting Odds ratio, Std. err., z, P>1z| and 95% CI .

For the afore mentioned regression techniques, R-square or Pseudo R-square, as statistical
measure whether model better predicts the outcome, was reported. The cut-offs to avoid multi-
collinearity, using the variance inflation factor (VIF) and tolerance (1-VIF), were set at >2.5 and <0.25,
respectively.

The receiver operating characteristic (ROC) analysis was reported after carrying out the logistic
model. The Hosmer-Lemeshow statistic or Pearson goodnes-of-fit test (using estat gof command),
told us about how well calibrated the model was (with low P indicating poor fit), and the ROC
evidenced how well it discriminated presence and absence. These are two separate, almost
independent, aspects of the validity of the model. To perform the ROC analysis, the DeLong method
was applied. Indicatively, to measure the performance of the binary classification test (index test), the
area under the ROC (AUROC/AUC) was performed to evaluate the highest specificity and sensitivity,
under the nonparametric assumption. As post-estimation, the sensitivity/specificity versus
probability cut-off plot, indicated where the intersection point between sensitivity and specificity
relied upon. Still, both the positive likelihood ratio (LR+) = sens/(1-spec) and the negative likelihood
ratio (LR-) = (1-sens)/spec) were studied. It should be pointed out that the more the LR+ is greater
than 1, the more likely the outcome. On the contrary, the more an LR for a negative test is less than
1, the less likely the outcome. A diagnostic test with a positive likelihood ratio greater than about 3 is
typically useful (47). The best cut-off, coupled with the highest specificity and sensitivity, was
calculated by the means of Youden Index according to (48). Test equality of more ROC areas was
performed to compare the performance of several variables.

Two discriminant variables were combined in a new one in order to evaluate whether the result
could be more reliable. This was obtained by multiplying TSBA levels by likelihood of liver cirrhosis
based on liver-spleen scan points, according to (49).

In order to derive the posterior distribution of the probability of the liver cirrhosis event by the
combined index, the bayesian logistic regression —Markov chain Monte Carlo (MCMC)— was used
by adopting the Random-walk Metropolis-Hastings sampling, evaluating the Monte Carlo Standard
Error (MCSE) as a measure of accuracy of the chains. This statistical technique was performed after
updating the prior probability using Bayes' theorem, as detailed below.

According to the Bayes’ rule, the positive predictive value (PV+ ) was generated for the
combined test: (sensitivity * x)/(sensitivity * x + (l-specificity) * (1-x)), as well as the negative
predictive value (PV-) : (specificity * (1-x))/(specificity * (1-x)+ (1-sensitivity) * x), where x is the
probability of disease in the reference population, considering that prevalence rates for chronic liver
disease were 11.78% in the period 1988-1994 (50).

The power analysis to establish the minimum sample size was performed on the difference of
means and SD (two sided) of two groups (patients).

A P value <0.05 was accepted as limit of significance.

Statistics was run on Stata 17.0. Stata Corp., 4905 Lakeway Drive College Station, Texas 77845
USA

3. RESULTS

The main characteristics (clinical, laboratory and instrumental data) of the selected populations
are shown in Table 1.
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Chronic

Liver cirrhosis

Controls

hepatitis (n 17) (n17) (21) P
Etiology
HBV/HCV/alc 6/11/0/0 7/2/7/1 .012*%
ohol/crypto
Gender M/F 9/8 9/8 11/9 0.98*
Age years
M +/- SD 53.9 +/-8.7 56.6 +/-7.3 0.34
ALT U/L
UNV 2.3 (1.5-4.3) NA NA
Median (IQR)
Knodell index
Median (IQR) 12(713) NA NA
Albumin g/dL
M +/- SD 3.9 +/-0.43 3.4 +/-0.47 0.0044
TSBA 70.0054
12.24 (11- 20.1 (14.4-
micromol/L 13 9)(/\0 31 (7) s 7.5 (4.5-9.75)*° *0.0000
Median (IQR) ' ' °0.0013
PT (sec) 13.8 (13-14) 14.5 (13.5-16) 0.0302
Liver-spleen
scan score 1.47+/- 0.6 3.47+/-0.7 0.0000
M +/- SD
Child-Pugh
score NA 6 (6-8) NA
Median (IQR)
NCT points 0/-
A A
1/-21-3 N 8/7/0/2 N
EGDS scores
Median (IQR) NA 2(22) NA
NIEC index
Median (IOR) NA 19 (12-33) NA
US scores
Median (IOR) 1(1-1) 3(2-3) 0.0002
PVD mm
Median (IOR) 12.7 (12-13) 15 (14-15) 0.0003
Ap CL 70.000
mcg Ap/dL 18.3 +/-5.63"*  13.91 +/-4.13°*  29.08+/-4.79"° °0.00
M +/- SD *0.045

TSBA, total serum bile acids; Ap Cl, antipyrin clearance; UNV, upper normal limit; PVD. Portal vein
diameter; NCT, number connection test; EGDS, esophagogastroduodenoscopy; US, ultrasound; IQR,
interquartile range; ALT, alanine aminotranspherase; * chi square.

First of all, the gender of the participants to this study as well the mean age of the two cohorts
were overlapping. Among the laboratory findings, the median concentration of TSBA well
discriminated patients with chronic hepatitis from those suffering from liver cirrhosis, independently
from the aetiology. Cirrhotics showed levels of TSBA significantly higher than those of patients with
chronic hepatitis, i.e., 20.1 versus 12.24 micromol/L, at the Wilcoxon rank-sum test, Figure 1a. The
95% CI of TSBA were not overlapping, i.e., 10.4-15-7 and 17.5-29.3 micromol/L for chronic hepatitis
and liver cirrhosis patients, respectively. When adjusted for gender the difference between the groups
of TSBA remained significant, i.e., P = 0.0029. Also at sign test (considering the two groups well-
matched) the TSBA concentration of cirrhotic was significantly different from that of chronic hepatitis
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patients (by using the Wilcoxon matched-pairs signed-rank, one-side): 23.4+/-2.8 versus 13.04 +/-1.26,
micromol/L, P=0.0012). TBSA levels were significantly different among the three groups (cirrhotics,
chronic hepatitis patients and controls) by ANOVA Kruskal-Wallis test with Dunn test, Table 1.

On the other hand, the AP Cl of the patients with liver cirrhosis was reduced confronted with
that of patients with chronic hepatitis, but characterised by a borderline significance, i.e., P= 0.045,
Figure 1b. As expected, the values of PT and the albumin concentrations were significantly different
between the two groups.

The severity of liver cirrhosis was not particularly pronounced (the median C-P score was six,
with a score superior to ten only in two patients). Similarly, the major complication of portal
hypertension, i.e., the presence of oesophageal varices evaluated according to the Paquet’s
classification was individualised by a median score of two. What is more, the median NIEC
prognostic index was relatively low, i.e., 19. The grade of encephalopathy of cirrhotics was minimal
according to points of the NCT (well 15 patients scored between zero and minus one). As collateral
finding, the acute deterioration in liver function was present in one patient with cirrhosis and was
characterised by jaundice, ascites and hepatic encephalopathy (Child-Pugh, class C score 14),
according to (51).

Concerning the imaging tools, first of all, the median liver-spleen scan score was significantly
higher in cirrhotics than in chronic hepatitis patients, i.e., 3.47 versus 1.47, P=0.000. The US findings
were also consistently dissimilar between the group of cirrhotics and that of patients with chronic
hepatitis, regarding their scores and the PVD measurements, with a P of 0.0002 and 0.0003,
respectively, Table 1.
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Figure 1. The behaviour of total serum bile acids and antipyrin clearance in patients with chronic
hepatitis and liver cirrhosis. TSBA, total serum bile acid; Ap CL, antipyrin clearance. In the figure 1a
no overlap of TSBA levels is evident between the two groups, with three high unexpected values
belonging to patients with chronic hepatitis. In the Figure 1b, on the contrary, some overlap of the Ap
Cl values between the two groups that partially reduces the discriminant power is discernible.

Predictions

In line with previous pieces of research, the TSBA levels of the 17 cirrhotics were well predicted
by the severity of liver cirrhosis evaluated by the C-P classification, with the following statistical
output: Coefficient of 2.654, Std. err. of 1.0742, t of 2.47, P> t| of 0.026, 95% CI of .364- 4.943; R-squared
of 0.29.

Table 2 shows how the main parameters, taken into account between the two groups, were
predicted by the levels of TSBA. It is interesting the finding that the EGDS scores and NIEC index,
features of severity of shunting, were predicted by TSBA levels. The serum levels of albumin, as liver
synthesis index, were not predicted by the TSBA concentration. Whereas, a severity index of liver
disease, such as prothrombin time, was clearly predicted by TSBA. Finally, an interesting but not
excessive decrement of Ap Cl values was foreseen by the increasing levels of TSBA, P= 0.014. That
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US scores were not predicted by TSBA levels was partially expected due to the scarce sensibility of
this imaging tool, much less the lack of prediction of PVD measurements.

Table 2. Predictions of laboratory and instrumental parameters by total serum bile acids levels.

Linear regression. Number of obs =34. R-squared =0.148

d.v. Albumin | Coefficient Std.err. t P>Itl [95% CI]

i.v. TSBA levels [-.0191 .0081 -2.36 0.024 -.0356 -.0026
Linear regression. Number of obs =34. R-squared = 0.3454

d.v. PT sec | Coefficient Std.err. t P>Itl [95% CI]

i.v. TSBA levels [.0910 .0221 4.11 0.000 .045.1361

Linear regression. Number of obs =34. R-squared = 0.268

d.v. NIEC Index | Coefficient Std. err. t P>Itl [95% CI]

i.v. TSBA levels | .6774 197 3.43 0.002 .27451.080

Linear regression. Number of obs =34. R-squared =0.175
d.v.ApCl | Coefficient Std. err. t P>Itl  [95% CI]

i.v. TSBA levels [-2175 .083 -2.61 0.014 -.3871-.0480
Ordered probit regression. Number of obs= 34. PseudoR? =0.032
d.v. US scores | Coefficient Std. err. z P>lzl [95% CI]

i.v. TSBA levels [.0311 0193 1.61 0.108 -.0068 .0690

Linear regression. Number of obs = 34. R-squared =0.0547

d.v. PVD | Coefficient Std.err. t P>Itl [95% conf. interval]
i.v. TSBA levels .0358 .0263 1.36 0.183-.01784.0896
Ordered probit regression. Number of obs=34.  Pseudo R?2=0.121
d.v. Liver-spleen scan scores | Coefficient Std. err. z P>|zl [95% CI]
i.v TSBA levels | .0756 .024 3.04 0.002 .0268.1244
Ordered probit regression. Number of obs = 34. Pseudo R? =0.0572
d.v. EGDS scores | Coefficient Std.err. z P>lzl [95% CI]
i.v. TSBA levels [.0409 0196 2.09 0.037 .0024 .0793

TSBA, total serum bile acids; PT, prothrombin time; NIEC, prognostic index to assess the one-year incidence
of bleeding; US, ultrasound; EGDS, esophagogastroduodenoscopy; Ap Cl, antipyrine clearance; d.v.,
dependent variable; i.v., independent variable. About the prediction of the TSBA by Ap CL values and NIEC
index, we can say that the values of TSBA decrease by about 0.21 for every unit of the change in the Ap Cl
value and an increase by about 0.67 for every unit of change in the NIEC index. Note worthy the coefficients
of the regression between TSBA levels and liver-spleen scan scores as well as between TSBA levels and
endoscopic scores are low, likely due the fact that the scores of scintigraphy and endoscopy are relatively
few, i.e., both 0-4.

Examining the correlation of the scores of the liver-spleen scan to the ultrasound imaging
features, i.e., US scores and PVD, as well as to the endoscopy scores, there was found a significant
prediction of all of them, Table 3. Also a significance was present when appreciating the association
of liver-spleen scan scores with Ap Cl values, Table 3

Table 3. Predictions of the scores of the liver-spleen scan by ultrasound imaging tools and
antipyrine clearance.

Ordered probit regression. Number of obs = 34. Pseudo R? = 0.330

d.v. Liver-spleen scan scores | Coefficient Std. err. z P>lzl [95% CI]
i.v. US scores | 1.195 .255 4.68 0.000 .6944 1.696

Ordered probit regression. Number of obs = 34. Pseudo R?=0.158

d.v. Liver-spleen scan scores | Coefficient Std. err. z P>lzl [95% CI]
i.v. PVD | 775 1778 4.36 0.000 .42721.124

Order probit regression. Number of obs =34. Pseudo R? =0.096

d.v. Liver-spleen scan scores | Coefficient Std. err. z P>lzl  [95% CI]
iv. Ap Cl | -1208 .0422 -2.86 0.004 -.2037-.0379
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Order probit regression. Number of obs =34. Pseudo R? =0.4769
d.v. Liver-spleen scan scores | Coefficient Std. err. z P>lzl  [95% CI]
i.e. Endoscopy scores 121376 51758 4.13 0.000 1.1233.1521

US, ultrasound; AP Cl, antipyrine clearance; PVD, portal vein diameter; d.v., dependent variable; i.v.,
independent variable.

When evaluating at the logistic regression the predictive performance of TSBA levels and liver-
spleen scan scores, the liver cirrhosis among the whole population was well predicted by both the
variables, with P=0.016 and 0.004, respectively, as evident in Table 4. The Hosmer-Lemeshow statistic
after the logistic models for TSBA and liver-spleen scan scores showed a Prob > chi2 of 0.5441 and
0.8583, respectively, indicating a good fit.

Table 4. Separate predictions of the presence of of liver cirrhosis by total serum bile acid and liver-
spleen scan scores.

Logistic regression. Number of obs = 34. Pseudo R?= 0.6845

d.v. Cirrhosis | Odds ratio Std. err. z P>lzl  [95% CI]

i.v. Liver-spleen scan scores | 24.717 27.555 2.88 0.004 2.780 219.75
Logistic regression. Number of obs = 34. Pseudo R?=0.2477

d.v. Cirrhosis | Odds ratio Std. err. z P>lzl  [95% CI]

TSBA levels [1.1992 .09082 2.40 0.016 1.03381.3912

TSBA, total serum bile acid; d.v., dependent variable; i.v., independent variable. The pseudo-R? of the
prediction of cirrhosis by the liver-spleen scan scores indicates the high percentage of the variance explained.

Evaluating contextually the previously significant variables, i.e., TSBA levels and liver-spleen
scan scores in predicting the liver cirrhosis, only liver-spleen scan scores remained significant in the
model of multiple logistic regression. Interestingly, VIP was superior and tolerance inferior to the
established cut-off, evidencing a clear collinearity, likely mirroring the high correlation between
TSBA levels and liver-spleen scan scores, Table 5.

Table 5. Combined prediction of the liver cirrhosis presence by both TSBA levels and liver-spleen
scan scores.

Multiple logistic regression. Number of obs = 34. Pseudo R2 =0.77

d.v. Cirrhosis | Oddsratio Std. err. z P>zl [95%CI] VIF 1/VIF
i.v. Liver-spleen scan scores | 43.934 65.573 2.53 0.011 2.356 818.94 4.98 0.20
i.v. TSBA levels [ 1.273 23000 1.340.181 .89361.814 498 0.20

TSBA, total serum bile acids; d.v., dependent variable; i.v., independent variable. There was an evident
collinearity between the two independent variables that possibly justifies the exclusion of significance of
TSBA. A high pseudo R-square is confirmed.

As collateral finding, NIEC index, applied to the whole population, was well predicted by TSBA
levels, i.e., Coefficient= 0.677, Std. err. = 0.197, t = 3.43, P> t| =0.002 , [95% CI]=.274- 1.080, R squared=
0.27, at linear regression, Figure 6.
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Figure 6. Prediction of NIEC index by total serum bile acids levels. TSBA, total serum bile acids; NIEC
index is a prognostic index calculated to assess the one-year incidence of bleeding.

Unfortunately, Ap Cl did not predict the cirrhosis presence in 17% of cases (Odds ratio = 0.83, P
=0.030 and 95% CI = 0.70-0.98), at logistic regression.

At last, we created a combined new index comprehending both TSBA and liver-spleen scan
scores to assess its potential discrimination power. The results of the logistic regression to assess the
prediction of liver cirrhosis in the studied population were expressed in the Table 3.

Table 3. Prediction of the presence of liver cirrhosis by the combined index.

Logistic regression. Number of obs = 34. Pseudo R2 = 0.7305

d.v. Liver Cirrhosis | Coefficient Std.err. z  P>lzl [95% CI]

i.v. Combined Index | .2032 0814 2.49 0.013 .0435 .3628
It is note worthy observing the high value of R squared, indicating the good fit of the model; d.v., dependent
variable; i.v., independent variable.

Sensitivity analysis

The AUROCSs of TSBA levels and of the liver-spleen scan scores for differentiating patients with
liver cirrhosis from those with chronic hepatitis were 0.82 and 0.96, respectively.

To try to improve the discriminant power, was created a new index, combining the previous
ones.

Applying the estat classification command was obtained the following analytic data concerning
the new index, Table 4:

Table 4. Sensitivity analysis of the new index combining TSBA levels with liver-spleen scan scores.

Classified  Cirrhosis Chronic hepatitis | Total
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Sensitivity 88.24%
Specificity 88.24%

Positive predictive value 88.24%
Negative predictive value 88.24%
Correctly classified 88.24%

This new index shows a very interesting diagnostic reliability with high values, nearly 90%.

The Goodness-of-fit test after the previous logistic model by the estat gof command gave:
Pearson chi- square = 11.24; Prob > chi-square = 0.9997 (high value of P= goodness of fit ).

The Youden Index of the combined index (corresponding to the cut-point number 20) gave a
value of 26, whose significant characteristics are shown in Table 5.

Table 5. The best cut-off of the new index in discriminating patients with chronic hepatitis from
those with liver cirrhosis.

Cut-point Sensitivity Specificity Correctly classified LR+ LR-

(>=26) 100.00% 82.35% 91.18% 566  0.00

LR, likelihood ratio; +, positive; -, negative.

The AUROCs of the TBSA levels and the liver-spleen scan scores confronted with the new

combined index clearly showed the gain of the latter versus the former ones, i.e., 0.98 versus 0.82 and
0.96, Figure 7.

1.00
1

0.75
1

Se3§:§tbvity

0.25
1

T T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity

—&— TSBAlevels ROC area: 0.82 —®— Scan scores ROC area: 0.96
—&— Combined index ROC area: 0.98—— Reference

Figure 7. The AUROCs of the main diagnostic tools taken into account in differentiating chronic
hepatitis from liver cirrhosis. TSBA, total serum bile acids.

In the following sensitivity/specificity versus probability cut-off plot, obtained by lens
command, it has been indicated where the intersection point between sensitivity and specificity relies
upon. The two plots cross each other a little beyond the 0.50 probability cut-off, Figure 8.
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Figure 8. Sensitivity/specificity versus probability cut-off plot of the new index. This shows that the

fitted model is adequately sensitive and specific.

Concerning the new index, obtained combining both TSBA values and liver-spleen scan scores,
there was by it a clear prediction of the severity of liver cirrhosis, evaluated by C-P classification,
Table 6.

Table 6. Prediction of the severity of liver cirrhosis by the new index, obtained combining total
serum bile acids with the liver-spleen scan scores.

Linear regression. Number of obs = 17. R-squared = 0.4292
d.v. Child-Pugh | Coefficient Std.err. t P>Itl [95% CI]
i.v. New Index | .0313 .0093 3.36 0.004 .0114.0512

The satisfactory value of the R squared gives a measure of how well observed outcomes are replicated by the
model; d.v., dependent variable; i.v., independent variable.

According to the Bayes’ rule with a prevalence of disease of 11.78, rounded to 12%, the following
results of the reliability of the new index were obtained , Table 7.

Table 7. Sensitivity analysis according to Bayes’ rule.

Statistic Value 95% CI
Positive Likelihood Ratio 7.50 2.02 to 27.89
Negative Likelihood Ratio 0.13 0.04 to 0.50
Positive Predictive Value 0.89% 0.24% to 3.24%
Negative Predictive Value 99.98% 99.94% to 100.00%

Accuracy 88.24% 72.55% to 96.70%

There is a net increase in the positive and negative likelihood ratios after correction for the liver diseases
prevalence in the specific period of time.
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What is more, the posterior distribution of the probability of the liver cirrhosis event by the
combined index, applying the bayesian logistic regression, gave interesting results, i.e.,, Odds ratio
=1.30; Std. dev. =.134; MCSE= .0045; Median=1.27; 95% CI=1.11-1.6, considering the prevalence of
chronic liver diseases in the period in which were studied these diagnostic procedures.

Finally, the minimum sample size for each group with an alpha of 0.01 and a power of 0.90 was
four, calculating on the difference of means and SD of TSBA levels of the two groups.

4. DISCUSSION

First of all, it should be noticed that the two cohorts were well-matched for age and gender,
making them sufficiently comparable to draw conclusions. Secondly, ascertaining the liver disease
was mostly made by histology and for some aspects, the differential diagnosis should have been
possible only by this technique, presenting patients with overlapping laboratory and instrumental
findings.This clarifies that the two selected populations were not so nosographically distant one from

the other and the proposed diagnostic tools bring with them a good discriminant pOwer.

With reference tO diagnostic procedures, routinely used in the past to asses the presence of
either disease taken into account in this study, both TSBA and liver-spleen scan were highly
discriminant as well as their combination, while Ap Cl showed some limitations as reliable diagnostic
tool in accordance with the finding that 48% of patients with liver disease had Ap Cl values within
the normal range (52). The US features saved their central role in differentiating chronic hepatitis
from liver cirrhosis, mainly with respect to the PVD measurement, even though we ought to
underline the limitations of this procedure, i.e., the inter-observer variability, which is on the contrary
limited when assessing liver-spleen scan images.

The TSBA determination was long reckoned as a liver function test, but successively altered
splanchnic hemodynamics, characteristic of advanced liver diseases, have been gaining more and
more importance in interpreting their augmented concentrations. In fact, dealing with the

IMechanisms underlying the increased TSBA levels, we should pay particular attention to the
reticuloendothelial system disruption. Similarly, what do the liver-spleen scan features, present in
liver cirrhosis, mirror?

As it is well-known, bile acids are in constant exchange between the hepatic, biliary, intestinal
and plasma compartments via the enterohepatic circulation. They are modified by gut microbiome
and are supposed to influence vascular contraction in liver cirrhosis. This last aspect starts justifying
the increased TSBA levels, in the sense that they are in good part the consequence of the shunting
presence (53). Note worthy, TSBA levels are associated with acute decompensation and acute-on-
chronic liver failure in patients with liver cirrhosis (54).

Now, focusing on another aspect of bile acids, we should deepen the process of their synthesis.
The control is mediated by the nuclear farnesoid X receptor (FXR), ultimately inhibiting transcription
of the critical regulatory gene in bile acid synthesis, cholesterol 7alpha-hydroxylase (CYP7A1), (55).

Disruption of FXR has been implicated in hepatic cholestasis, non-alcoholic fatty liver diseases,
and hepatocellular carcinoma (56). A further fine regulation of the bile acids pool is due to the
membrane-associated G-protein-coupled bile acid receptor 1 (GPBAR-1) also called transmembrane
G protein-coupled receptor 5 (TRG5) that modulates the energy homeostasis and glucose metabolism
(57). Furthermore, recent findings identify TGR5 as a negative mediator of inflammation (58) and
liver regeneration (59). The intriguing question is where TGR5 is located.

It is mainly expressed in Kupffer cells, beyond sinusoidal endothelial cells, cholangiocytes and
activated hepatic stellate cells (60). These non-parenchymal cells, which number/function could be
altered/impaired in liver diseases, play an important role in regulating immune response and liver
fibrosis development (61). Interestingly enough, researchers found that serum bile acids and TGR5
levels were both elevated in patients with cholestatic cirrhosis (62).

Referring to a very common liver disease, a study clearly demonstrates that alteration of
enterohepatic bile acids significantly contributes to the development of non-alcoholic steatohepatitis,
with perturbed FXR and TGR5 signalling (63). On the other hand, the pioneering observation that
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chronic alcohol consumption results in increased bile acids pool and decreased excretion of bile acids,
hypothesising that alcohol consumption could impair the enterohepatic circulation, is very old (64).
Accordingly, a lack of TGR5 was associated with worsening of alcohol-induced liver injury, a
phenotype mainly related to intestinal microbiota dysbiosis (65). Apart from creating dysregulation
of gut flora, alcohol may down-regulate FXR, which results in increased bile acid synthesis and
hepatic bile acid pool (66). Dealing with the link between viral hepatitis and bile acids, accumulation
of bile acids affects HBV and HCV, promoting the viral replication of both of them, via nuclear
receptor transduction (67).

Beyond discussing of their synthesis and release, we should zero in on the mechanisms by which
bile acids per se injury hepatocytes. Pathways of the bile acids-dependent damage might involve
mitochondrial impairment (68) and induction of apoptosis entailing epidermal growth factor
receptor (EGF-R) activation and EGF-R-dependent CD95 tyrosine phosphorylation, which in turn
triggers CD95 membrane targeting and Fas-associated death domain/caspase-8 recruitment (69).

In an interesting study, exposure of cultured mouse hepatocytes to a major endogenous bile acid
significantly stimulated the expression of two inflammatory cytokines and one adhesion molecule
that are MCP1, MIP-2 and ICAM-1 (70).

Coming back to the reticuloendothelial system, Kupffer cells represent the major part of it (71).
These cells remove from the circulating blood, by the means of phagocytosis, the 99mTc colloid used
for obtain the liver-spleen scan. A marked reduction of the colloid uptake by the Kupffer cells in
favour of that of spleen and bone marrow reflects hepatic dysfunction which may be due to
haemodynamic changes, such as decreased blood flow, and shunting or replacement of liver with
fatty or fibrotic tissue (72). That Kupffer cells are lost during liver diseases is confirmed by a recent
piece of research evidencing that, in a mice model of diphtheria-toxin mediated Kupffer cells
depletion, bone marrow-derived monocytes fill the niche of liver-resident macrophages (73).
Independently from their number, Kupffer cells play a central role in liver damage during viral
hepatitis, inducing inflammation, cell death and fibrosis (74). Not only liver cirrhosis, but also
nonalcoholic steatohepatitis could be an interesting field of application of the hepatic scintigraphy,
according to the interpretation that this diagnostic tool reflects Kupffer cells activity (75, 76).

Commenting on our dynamic liver function test, there was a relatively scarce difference,
although significant, of the values of Ap Cl in the two groups. Anyway, our data on AP Cl were
similar to a previous study, which revealed that in patients with alcoholic liver cirrhosis the Ap Clis
reduced (77). The possible disadvantage of this quantitative test lies in that antipyrin metabolism is
influenced by smoking (78), beyond being a time-consuming procedure. Concerning the feasibility
of the TBSA levels determination, an appealing study suggests that the analytical performance of the
three commercial enzymatic assays used in laboratory to asses their serum/plasma concentrations is
excellent, thus confirming that automation of this important test by means of enzymatic assessment
may be feasible, practical, reliable and supposedly cheap (79). About the liver-spleen scan, this tool
is a relatively low-cost nuclear medicine procedure, differently from the new techniques that are more
expensive and not always available. Furthermore, it is a relatively safe because side-effects, including
allergic reaction to the radioactive tracer, are rare. Exposure to ionising radiation is also a risk. In fact,
patients who are pregnant should avoid the procedure (80).

5. CONCLUSIONS

There is no denying that fully understanding the deep mechanisms usually takes years of
digging into relevant studies, before accepting a valid theory, but the main role of Kupffer cells seems
predominant in the onset and progression of liver diseases and both TBSA and liver-spleen scan are
two diagnostic entities that can somehow appreciate their activity.

The findings of this study do not have the boldness of proposing a new and better diagnostic
tool or its plausibility, by the observation that a good discriminatory advantage has been lost too
precociously, referring to the afore mentioned diagnostic techniques. But, nonetheless, debates on the
complex issue of their applicability in clinical decision making are inevitable.
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