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Abstract

Aims: The aim of this article is to develop and demonstrate an efficient evaluation formula to assess the
liver function, prognosis, and in the usage of antibiotics as well.

Method: The case study of 118 patients with our clinical observations and treatments was carried out
together with statistical analysis method for the collected data by using the Statistical software SPSS
24.0 and Sigmaplot 14.0. The evaluation formula of PCT was developed from the regression of binary
logistic equation.

Results: It has been confirmed that PCT is significantly increased in patients with acute-on-chronic
liver failure, with high sensitivity and specificity, and that that the new evaluation formula of acute-on-
chronic liver failure as 6.941 PCT + 1.387 PT can be used to evaluate liver functions.

Conclusions: This is a significant contribution to the control and treatment of Hepatitis B virus (HBV)

infections and other liver failure diseases. This new method will not only provide an efficient and simple
tool to evaluate the liver failures, but also to reduce the unreasonable application of antibiotics in

patients with acute-on-chronic liver failure in clinical practice.

Introduction

Hepeatitis B virus (HBV) infections challenge
the global public health continuously [1],
there are more than 257 million existing
infected people all over the world, and about
1 million people die each year from the final-
stage liver disease associated with HBV
[2]. A variety of factors could cause liver
failure resulting serious liver damage, such
as synthesis, detoxification, metabolic and
biological transformation function serious
dysfunction or decompensation. The main
manifestation of a clinical syndrome includes
jaundice, coagulation dysfunction, liver and
renal syndrome, hepatic encephalopathy, and
ascites, acting as the main cause of death of
final-stage liver disease [3]. The mortality
within 28 days is significantly higher than
acute decompensated cirrhosis [4]. Herein,
we sought to demonstrate the relationship
between PCT and other clinical indicators
together with the different liver function
status of liver cirrhosis caused by HBV by
case study and data analysis, affording slow
and acute liver failures with the treatment
within our hospital.

Data and Methods

General data

Using a retrospective study, information
of 118 patients with non-infected final-stage

liver disease and compensated cirrhosis, age
(53.11 £ 10.55), including 90 men, age (49.54
+ 11.46), admitted from January 2016 to June
2019 were collected. All patients were tested
for PCT and routine indicators.This study
and the data usage have been approved by the
Ethics Committee of Dingxi People's Hospital
with the approval number of DXLL2019-034.
It was Complied with the ethical criteria.

Inclusion criteria

(1) slow plus acute liver failures: For previous
hepatitis B cirrhosis, a slow progressive liver
function decline and decompensated, fitting
with the diagnostic criteria for the diagnosis
and Treatment of Liver Failure (2018 edition);[
1 (2) For after hepatitis B cirrhosis: the history
of chronic viral hepatitis B for more than half
a year, with clinical characteristics of cirrhosis
or typical imaging manifestations of cirrhosis.
(3) There was no fever, and the white blood
cell count and neutrophil ratio were basically
normal together with normal pulmonary
imaging and no infectious ascites, neither the
application of antibiotics.

Exclusion criteria

(1) other hepatophilvirus infected persons;
non-viral liver disease; liver cancer; (2) patients
with other diseases causing abnormal PCT
elevation, such as various infections, severe
trauma, burns, autoimmune diseases, thyroid
disease, paraquat poisoning, pregnant women.
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Methods
Group organizing

According to the Child-Pugh grade and liver function status
at admission, the study subjects were divided into two groups as
Group A (liver cirrhosis group) and Group B (chronic plus acute
liver failure group). Group A contained 53 patients, including
37 male and 16 female patients, and were of age (51.49 +10.21)
years old. Group B contained 65 patients, including 53 males
and 12 females, and were of age (49.49 + 12.14) years old. PCT
was detected by fluorescence immune-quantitative analyzer,
AUS5800 biochemical analyzer, KX-21; CS5100; and fetal
protein by Biolumi 8000.

Data collection

Alalanine fasting blood test on the second day of admission
(alanine aminotransferase, ALT), aspartate aminotransferase
(aspartate transaminase, AST), total bilirubin (total bilirubin,
TBIL), direct bilirubin (direct bilirubin, DBIL), albumin
(albumin, ALB), prothrombin time (prothrombin time,
PT), prothrombin percentage (prothrombin activity, PT%),
international standardized ratio (international normalized ratio,
INR), white blood cell count (white blood cell count, WBC),
neutrophil ratio (proportion of neutrophils, N%), platelet count
(platelet count, PLT), procalcitonin (procalcitonin, PCT),
C-reactive protein (C-reaction protein,CRP), Clinical data
(gender, age, ascites, and presence of hepatic encephalopathy)
collected consequently, the Child-Pugh score was performed for
all the patients.

Statistical Processing

Statistical analysis was conducted by the Statistical software
SPSS 24.0 and Sigmaplot 14.0."Measurement data are expressed
as y £ s, compared using independent sample T test; count data
are expressed as percentage, and compared between two groups2
checkout. Multivariate analysis used binary logistic regression
analysis, and the evaluation formula was constructed. The ROC
curve was used to show the positive results of the PCT and the
conventional indicators between the liver cirrhosis group and
the chronic plus acute liver failure group. A P < 0.05 suggested
statistically significant differences.

Results

Comparison between the two groups

Statistical analysis showed no significant difference in age,
gender, ALB, WBC, RBC, and N% as the P values are all
greater than 0.05 (Table 1); whilst ALT, AST, TBIL, DBIL, PCT,
CRP, PLT, PT, PT, INR, PTA, and AFP indeed have significant
differences as their P values are less than 0.05 (P < 0.05, Table
1).

The results in Table 1 demonstrated that significant differences
between PCT and PT (P < 0.05), with OR values of 1033.327
and 4.001, respectively were obtained, excluding confounding
factors by the selection of statistically significant indicators
between the two groups for binary logistic regression analysis.
The construct evaluation formula equals as 6.941 PCT + 1.387
PT.

Table 1. Comparison of the clinical data between the two patient groups.

Metric Group A (Liver cirrhosis) 223?:’15311*(;35358 x2/t P
No. of Male (Percent / %) 53(81.53%) 37(69.81) 2218 0.136
Age (year) 51.49 + 10.21 49.49 +12.14 2.841 0.950
ALT (U/L) 49.49 £ 42.44 291.08 + 424.95 71.597 0.000
AST (U/L) 50.03 £ 30.66 245.30 +319.12 37.636 0.000
TBIL (umol/L) 36.66 +29.78 188.86 + 146.55 48.757 0.000
DBIL (umol/L) 15.52 +19.53 114.26 + 107.85 54.964 0.000
ALB (g/L) 29.66 + 5.04 35.74+6.01 3.021 0.085
WBC (x 10°/L) 4.44+228 5.08 +2.67 2228 0.138
PCT (ng/ml) 0.14+0.13 0.84+1.14 21.914 0.000
CRP (mg/L) 9.89 + 10.78 21.85+33.28 7.750 0.006
N% 58.41 + 13.73 66.67 £ 14.49 0.507 0.478
RBC (x 10"/L) 421+0.78 3.72+0.93 1.767 0.186
PLT (x 10%L) 109.96 + 95.40 81.05 + 53.15 6.105 0.015
PT (s) 14.58 + 1.67 21.21+6.10 20.056 0.000
PT A (%) 66.60 + 17.06 41.85+15.75 2.809 0.000
INR 1.24+0.23 1.75+0.50 12.184 0.001
AFP (ng/ml) 9.60 + 15.41 151.07 + 294.38 41.056 0.001

(P <0.05 represents a statistically significant difference)
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Table 2. Efficacy analysis of the evaluation formula, PCT, and PT for evaluating liver function.

Metric AUROC 95% CI Cutoff value Sensitivity (%) Specificity (%) P
Evaluation formula 0.961* 0.923-0.994 25.31 92.31 94.34 <0.0001
PT 0.906V 0.849-0.963 16.65 83.08 92.45 <0.0001
PCT 0.861 0.796-0.926 0.27 73.85 84.91 <0.0001
*versus PT, P = 0.1058, versus PCT, P = 0.0074.N Compared with the PCT, P = 0.3040.
Figure 1. ROC curve analysis of PCT, PT and evaluation formula
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Evaluation formula and individual

Evaluation of liver function in slow and acute liver failure
(Table 2), and diagram of ROC curve analysis of evaluation
formula, PT and PCT (Figure 1).

AS shown in Table 2 and Figure 1, the AUROC of the
evaluation formula was 0.961, with a chosen cutoff of 25.31,
sensitivity of 92.31%, specificity of 94.34%, and P value of
< 0.001 for statistically significant. While with an AUROC
of 0.906 and a chosen cutoff of 16.65, P value of < 0.001 for
statistically significant still achieved, albeit a slight lower
sensitivity of 83.08% and a specificity of 92.45% for PT. The
PCT had an AUROC of 0.861, with a chosen cutoff of 0.27,
even lower sensitivity of 73.85% and specificity of 84.91%,
and P value of < 0.001 for statistically significant. Therefore,
the comparison between the evaluation formula and PT showed
no significant difference, and the sensitivity and specificity
were higher than PT. The comparison between the evaluation
formula and PCT afforded statistically significant, but with no
statistically significant obtained for the comparison of PT vs
PCT.

Discussion

It is believed that the dominant causes of chronic liver
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disease are HBV, HCV (hepatitis C virus), alcoholic fatty liver
disease, and metabolic fatty liver diseases [6]. HBV infection
remains one of the global public health threat, with more than
257 million people infected with chronic HBV worldwide. The
World Health Organization (WHO) has committed to eliminate
HBYV infection by 2030 [7], it, therefore, becomes the first
priority to both clinicians and researchers to devote to control
the HBV infections as well as to diminish the disease till its
extinguish [8-10]. It has also been approved that the infection is
closely associated with the prognosis of HBV-associated liver
disease, especially in patients with liver failure [11].

PCT has been widely used as an inflammatory marker in
recent years.[12,13] It has been confirmed that liver tissue is
one of the tissues producing PCT. Although PCT is affected by
multiple factors, including an association with liver dysfunction,
it has been reported that PCT levels were correlated with liver
functional status, especially with bilirubin levels [14,15]. Very
interestingly, data results from the cases generated by statistical
analysis in this study suggested that the levels of ALT, AST,
TBIL, DBIL, PCT, CT, CRP, PLT, PT, INR, PTA and AFP
in Group B were significantly higher than those in Group A,
well aligning with the requirement of statistically significant
difference (Table 1). Furthermore, some indicators were
consistent with the results of relevant studies in the literature
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[16,17]. The statistically significant indicators between the two
groups were analyzed by binary logistic regression, affording
a high correlation among PCT, PT and slow plus acute liver
failure. The evaluation formula was subsequently confirmed as
well. Thus, the PT cutoff value was obtained as 16.65 s, with
a sensitivity of 83.08% and a specificity of 92.45% (Table 2,
Figure 1). The PCT cutoff value was obtained as 0.27, with
a sensitivity of 73.85% and a specificity of 84.91% (Table 2,
Figure 1). The evaluation formula (EF) cut-off value was 25.31,
with a sensitivity of 92.31% and a specificity of 94.34% (Table
2). All the results revealed that the evaluation formula can assess
the liver function status more effectively, providing simple and
efficient way for the therapy of liver diseases. However, few
example has applied PCT as the evaluation and prognostic index
of liver function up to date, neither the combination of it with
other liver function detection indicators to form an evaluation
formula for clinical application. Compared to the current widely
used noninvasive evaluation formula of APRI for liver fibrosis
assessment in clinical practice [18] especially in those local and
small hospitals, we demonstrated herein first time that PCT can
also be used as an efficient evaluation formula to assess the liver
function, prognosis, and in the usage of antibiotics as well. It
also provides a simple and efficient tool for the primary health
care workers. Arguably, there is report on PCT related to renal
damage [19], but whether it is affected the final-stage liver
disease is not clear yet and needs further investigation.

In summary, we demonstrated in this paper an efficient clinical
and easily accessible liver failure evaluation formula correlated
to PCT by the case study data of our clinical observation and
statistical analysis. The protocol has been practically approved
suitable for the application in local and primary hospitals, so as
to better evaluate the treatment and prognosis of liver failure.
It has been confirmed that PCT is significantly increased in
patients with slow plus acute liver failure, along with high
sensitivity and specificity, and that the evaluation formula of PT
composition can be used to evaluate liver functions. Combined
with the comprehensive evaluation of other inflammatory
indicators, imaging data and clinical manifestations, this new
method will not only provide an efficient and simple tool to
evaluate the liver failures, but also to reduce the unreasonable
application of antibiotics in patients with slow plus acute liver
failure in clinical practice, so were the general health and wealth
of the patients. The research on metabolic pathways of PCT in
liver tissue is ongoing in our group with intensive efforts and
will be published elsewhere in due course.

Acknowledgements

We are thankful to the financial support from the People’s
Hospital of Dingxi City (Talent and Innovation Schemes

20170618).
References

1. SekibaK, Otsuka M, Ohno M, et al. Hepatitis B virus pathogenesis:
fresh insights into hepatitis B virus RNA. World J Gastroenterol.
2018;24(21):2261-2268. doi:10.3748/wjg.v24.i21.2261

2. Gkouvatsos K, Goossens N, Spahr L, Negro F. Hepatitis B:
new guidelines of disease management. Rev Med Suisse.
2017;13(572):1458-1463.

3. Bernsmeier C, Singanayagam A, Patel VC, Wendon J, Antoniades
CG. Immunotherapy in the treatment and prevention of infection
in acute-on-chronic liver failure. Immunotherapy. 2015;7(6):641-
654. doi:10.2217/imt.15.27

4. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure

Med Clin Sci. (2025) Vol 7 Issue 4

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

is a distinct syndrome that develops in patients with acute
decompensation of cirrhosis. Gastroenterology. 2013;144(7):1426-
1437.el. doi:10.1053/j.gastro.2013.02.042

Liver Failure and Artificial Liver Group, Chinese Society of
Infectious Diseases, Chinese Medical Association; Severe
Liver Disease and Artificial Liver Group, Chinese Society of
Hepatology, Chinese Medical Association. Guidelines for the
diagnosis and treatment of liver failure. J Southwest Med Univ.
2019;42(2):99-106.

Nguyen MH, Wong G, Gane E, Kao JH, Dusheiko G. Hepatitis
B virus: advances in prevention, diagnosis, and therapy. Clin
Microbiol Rev. 2020;33(2):¢00046-19. doi:10.1128/CMR.00046-
19

World Health Organization. Hepatitis B. 2018. Accessed January
11, 2019. https://www.who.int/news-room/fact-sheets/detail/
hepatitis-b

Fanning GC, Zoulim F, Hou J, Bertoletti A. Therapeutic strategies
for hepatitis B virus infection: towards a cure. Nat Rev Drug
Discov. 2019;18(11):827-844. doi:10.1038/s41573-019-0037-0

Li H, Yan L, Shi Y, et al. Hepatitis B virus infection: overview.
Adv Exp Med Biol. 2020;1179:1-16. doi:10.1007/978-981-13-
9151-4 1

Fung S, Choi HSJ, Gehring A, Janssen HLA. Getting to HBV
cure: the promising paths forward. Hepatology. 2022;75(2):462-
473. doi:10.1002/hep.32314

Cai J, Wang K, Han T, Jiang H. Evaluation of prognostic
values of inflammation-based markers in patients with HBV-
related acute-on-chronic liver failure. Medicine (Baltimore).
2018;97(46):¢13324. doi:10.1097/MD.0000000000013324

Wang CM, Meng ZJ, Chen Y, Liu L. Value of serum PCT in early
diagnosis of bacterial infection in patients with liver failure. J Clin
Hepatol. 2017;33(6):1137-1140.

Khedher S, Fouthaili N, Maoui A, et al. The diagnostic and
prognostic values of C-reactive protein and procalcitonin during
bacterial infections in decompensated cirrhosis. Gastroenterol Res
Pract. 2018;2018:5915947. doi:10.1155/2018/5915947

Jin M, Liu J, Chen X, Zhao S, Xu C. Outcome of high-level
procalcitonin without evidence of infection in patients with end-
stage renal disease accompanied by abnormal liver function: a case
report. Clin Lab. 2020;66(4). doi:10.7754/Clin.Lab.2019.190827

QuJ, Feng P, Luo Y, Lii X. Impact of hepatic function on serum
procalcitonin for the diagnosis of bacterial infections in patients
with chronic liver disease: a retrospective analysis of 324
cases. Medicine (Baltimore). 2016;95(30):e4270. doi:10.1097/
MD.0000000000004270

Fan SL, Miller NS, Lee J, Remick DG. Diagnosing sepsis—the
role of laboratory medicine. Clin Chim Acta. 2016;460:203-210.
doi:10.1016/j.cca.2016.07.002

Xue R, Yang J, Wu J, Wang Z, Meng Q. Novel prognostic models
for predicting the 180-day outcome for patients with hepatitis B
virus-related acute-on-chronic liver failure. J Clin Transl Hepatol.
2021;9(4):514-520. doi:10.14218/JCTH.2021.00028

Infection Branch of Chinese Medical Association, Liver Disease
Branch of Chinese Medical Association. Guidelines for the
prevention and treatment of chronic hepatitis B (2019 edition). J
Clin Hepatol. 2019;35(12):2648-2669.

Huang YT, Lai MY, Kan WC, Shiao CC. Independent predictive
ability of procalcitonin of acute kidney injury among critically ill
patients. J Clin Med. 2020;9(6):1939. doi:10.3390/jcm9061939

Page 4 of 4



