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Clinico-pathogenetic reasoning of echography and computed tomography role in diagnosis of chronic diffuse liver diseases
Abstract: In three-stage prospective cohort controlled research of 2876 persons with chronic diffuse liver diseases (2076 cases of fatty liver disease, 509 cases of chronic hepatitis, 139 cases of liver cirrhosis) and 152 healthy controls the clinical significance of radiation methods of investigation in quantitative evaluation of liver morphofunctional state in patients with chronic diffuse liver diseases was estimated. Diagnosis-prognostic algorithm for patients with this pathology was developed, validated and recommended for practical application. Further perspectives are related to detailed chronic diffuse liver diseases stratification by intensity of steatosis (in fatty liver disease), activity (in chronic hepatitis), fibrosis (in chronic hepatitis and liver cirrhosis).
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Ultrasound investigation (USI) and computed tomography (CT) are the most often and accessible methods for diagnosis of chronic diffuse liver diseases (CDLD). However, till now there is a lack of evidence of systemic researches of CDLD sonographic and CT criteria, quantitative evaluation of liver measurements, strict severity gradation in fatty liver disease (FLD), chronic hepatitis (CH), liver cirrhosis (LC) and CH to LC transformation criteria.

Aim of research – optimization of diagnosis of chronic diffuse liver disease by development of diagnosis-prognostic algorithm using USI and CT parameters.

Materials and methods. In total 2876 patients with FLD, CH, LC were examined in three retro- and prospective randomized one-time ("cross-section") controlled cohort phases.

On 1st stage 105 cases were studied in 2012–2013 on the base of Kharkiv Regional Clinical Hospital – Center of Emergency Medical Care and Disaster Medicine, including 103 cases of CDLD (63 — FLD, 12 — CH, 28 — LC) and 2 control cases with intact liver. The aim was to evaluate an accordance of USI data (n=105), CТ (n=33) and results of liver biopsy and autopsy (n=105) with further reveal of diagnostic capabilities (value) of these methods of radiation diagnosis in CDLD. Age median was 62 (46; 71) years without significant gender differences, 60 (46; 67) years in males, 63.5 (46.0; 73.0) years in females (р=0.19). Gender comparations in different nosologic groups with Kruskel-Wallis ANOVA showed (р=0.0001) – in control group (n=2) 41.5 (41.0; 42.0) years; in FLD group (n=63) 64,0 (60.0; 73.0) years; in CH group (n=12) 41,6 (31.0; 52.5) years, in LC group (n=28) 52.0 (41.5; 65.5) years.

On 2nd stage 253 persons in 2013–2014 underwent detailed repetitious investigations in clinical hospital of Grigoriev Institute of Medical Radiology of National Academy of Medical Science of Ukraine (203 patients, 142 – FLD, 43 – CH, 27 – LC and 50 healthy volunteers) with profound instrumental-laboratory tests (apart of USI and CT – anamnestic and physical data collection, complete blood count and biochemical blood tests were performed), in order to develop a diagnosis-prognostic algorithm of USI and CT application. Male and female age medians did not significantly differ (р=0.37). Multiple age median comparation in different nosologic groups showed differences: in general (р<0,001), in controls 58.5 (45.7; 66.4) years, in FLD group 64.1 (59.0; 71.1) years, in CH group 58.4 (54.9; 63.1) years, in LC group 53.3 (46.4; 58.6) years; among women (р<0.001), in control group 58.7 (47.2; 66.3) years, in FLD group 64.3 (59.2; 70.7) years, in CH group 56.7 (54.2; 63.1) years, in LC group 53.2 (48.4; 58.5) years. While, no statistically significant difference was found in males (р=0.88).
On 3rd stage 2518 persons were examined during 2013–2014 on the base of LTD Medical Diagnostic Center «Expert-Kharkov», including 2418 patients with CDLD (1871 – FLD, 462 – CH, 84 – LC) and 100 healthy volunteers of control group. Only USI (n=2255) and CT (n=313) were performed for evaluation of these methods capabilities of prospective evaluation of chronic diffuse liver disease course by validization of developed diagnosis-prognostic algorithm for pathologic process severity evaluation and course prediction, and also building a mathematic model of pathologic process. Age median was 56.1 (47.1; 64.1) years, 55.0 (44.3; 64.2) years in men, 56.4 (47.7; 64.1) years in women (difference is reliable by р=0,053). 
For USI and CT Xario SSA 660A and Aquilion 16 accordingly (Toshiba Medical Systems, Japan) were used. Pathomorphological investigation was conducted by standard protocols. Grade of liver steatosis was evaluated by quantity of hepatocytes with fatty inclusions (5–33 % of liver parenchyma – mild, 33–66 % – moderate, above 66 % – severe)[7]. In CH degree of liver fibrosis were stated by METAVIR criteria (1994) [8], level of activity – by histological activity index (Knodell R. G., 1981).
Inclusion criteria were presence of one of chronic diffuse liver disease: FLD, CH, LC (for patients) or no liver pathology (for persons of control group) and absence of accompanying diseases or developmental anomalies which could significantly influence on studied morphofunctional parameters.

Exclusion criteria were: revealing of pathologies of developmental anomalies which could significantly influence on morphofunctional parameters, technical impossibility of needed investigations, refuse to take part or continue participation in the research etc.

All subjects of the study gave an informed agree to participate in the research and further processing of its results. The study’s conduction was approved by Medical Ethics and Bioethics Commission of Kharkiv National Medical University. No conflict of interests were present in author, no sponsorship was provided.

Preliminary estimation of values distribution with Shapiro-Wilk W test showed that in the majority of cases it was significantly different from normal; this compelled to use nonparametric methods of statistical analysis [9]. Thus, in analysis of quantitative parameters in order to evaluate central regularity and variations in groups we calculated median (Mе) and interquartile interval with representing lower, 25 %, quartile (LQ) and upper, 75 % quartile (UQ), result was expressed by Me (LQ; UQ) way for shortness purposes. Difference probability was evaluated in independent groups by multiple comparison with Kruskal-Wallis ANOVA & median test method, in pairs — using Mann-Whitney U-criterion, in dependent groups — using Wilcoxon method. Estimation of interparameter relations was conducted using paired rank correlation by Spearman. Analysis of qualitative parameters was performed by evaluation of absolute and frequency (percentage) characteristics, differences reliability between samples was estimated by Fisher angular transformation (value of Fisher empiric angle was marked by letter () and two-sided Fisher exact criterion by comparison of frequency parameters or building of contingency tables and further using chi-square method. 
In all statistical calculations the threshold value of p-level was chosen 0.05. In case of multiple paired comparison Bonferroni correction was applied (critical value of p-level was calculated as product of threshold value 0.05 and quantity of comparisons).
Following parameters of diagnosis value were calculated: sensitivity (ratio of true positive to sum of true positive and false negative results), specificity (ratio of true negative to sum of true negative and false positive results), positive prognosis value (ratio of true positive to sum of true positive and false positive results).
Comparative analysis in groups of separate diagnostic criteria distribution using ANOVA and Wald sequential analysis (Wald A., 1947) in its interpretation for medical diagnosis (Genkin A. A., 1962; Gubler E. V., 1978) by ranging of parameters by their differential-diagnostic information capacity allowed to define diagnostic value, prognostic significance and influence power of factors on parameters divergence in clinical groups and prognostic coefficients. 
At the last stage, mathematic modeling using discriminant analysis and building of artificial virtual neural networks with their further training was performed.
Conducting of research databank, basic calculations of derived parameters, frequency characteristics etc. was performed using Microsoft Excel 2010, statistical analysis was performed on Statsoft Statistica 8.0, IBM SPSS Statistics 22.

Results and discussion. 
Pathomorphological verification of echography and computed tomography results in evaluation of disease character in patients with chronic diffuse liver diseases revealed 1.9 % probability of false-positiму sonographic diagnosis of this pathology, diagnostic capacity of 14–97 % (with central value of 56 %), while computed tomography results did not significantly differ from echographic, while sonographic investigation is more informative because of evaluation of functional Doppler echographic circulation parameters in portal, hepatic and spleen systems etc. Generalized specificity value of both methods in case of chronic diffuse liver disease was 50 (40; 71,4) %, positive prognostic value — 75,0 (50,0; 86,4) %.
With profound clinical, instrumental and laboratory investigation including frequency of separate sonography and computed tomography parameters and prognostic value of each of criterion the screening algorithm was elaborated in order to predicting of complication risk. Only independent prognostic parameters were included in the algorithm. In cases when correlation strengths between factors was more than |0,70|, one of factors was excluded from list of parapeters. Ranking of parameters by influence strengths, evaluation of prognostic and information capacity of parameters allowed to choose the most reliable parameters.
By results of frequency evaluation of separate factors and prognostic value of each of criterion the algorithm for chronic diffuse liver pathology prognosis was elaborated.

The algorithm has table form, which includes demographic-antropometric (age, gender, body mass index), sonographic (liver size, characteristics of capsule, parenchyma, ascites, hepatic vein circulation, caudal to right lobe transverse size, degree of steatosis, congestion index, modified hepatic index, hepatic vascular index, index of arterial perfusion, portolienal venous index, pulsatory index of spleen artery, platelets to spleen diameter ratio, right lobe width to albumins ratio), CT parameters, appropriate prognostic coefficients and prognostic result evaluation scale. 

By each parameter its presence or absence were evaluated, corresponding prognostic coefficients were summarized. The threshold sum for choose of one of two hypothesis was 19.8, it was calculated according to formula (1-α)/β, where α — acceptable type I error (mistake of CDLD progression dismiss, it was chosen more strictly — 0.01); β — acceptable type II error (mistake of CDLD progression provision, it was chosen less strictly — 0.05). By achievement of threshold sum of coefficients a risk group was stated by using the scale: if the sum of prognostic coefficients is equal or less than -19.8, risk is minimal; if the sum of prognostic coefficients is more than -19,8 and less than 19.8, risk is uncertain; if the sum of prognostic coefficients is equal or more than 19.8, risk is high.

Two canonic discriminant functions were built for each of three diseases (FLD, CH, LC). Predicted appliance to groups of low, uncertain, high progression risk in FLD was 79.7 %, 68.2 %, 99.8 % accordingly; in CH – 63.5 %, 59.3 %, 92.6 % accordingly; LC – 92.5 %, 63.3 %, 99.9 % accordingly. 
These results were used to build neural networks (three-level perceptron with decreasing number of nodes) with their further training and sensitivity, specificity evaluation. At the beginning oа training the square below ROC-curve was relatively smaller (as expected), after training – predicted appliance to each of risk groups increased above 80 %.
Conclusions. 
1. In complex multi-stage prospective research the clinical significance of radiation methods of investigation in quantitative evaluation of liver morphofunctional state in patients with chronic diffuse liver disease was estimated.
2. Basing on parameters of information and diagnosis value diagnosis-prognostic algorithm for patients with chronic diffuse liver disease was developed, validated and recommended for practical application.
3. Application of neural networks in diagnosis and monitoring of patietns with chronic diffuse liver disease allowed to improve non-invasive sonographic and CT diagnosis with higher sensitivity and specificity together with evaluation of treatment efficacy – this opens up possibilities for managing of this pathology and optimization of medical care results in general.
4. Further perspectives are related to praclical implication of achieved results, including wide evaluation of artificial neural networks modeling capability in early identification of chronic diffuse liver pathology progression risk.
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