Volume-35, June 2024
ISSN: 2749-3644

World Bulletin of Public Health (WBPH)
Available Online at: https://www.scholarexpress.net

MRI AND CT IMAGE-BASED RADIOMICS DETECTION OF
FUNCTIONAL LIVER RESERVE BEFORE SURGERY OR BIOPSY.

Turgunov B.Sh, Baratova G.Q, Mo’minova J.A, Soqgiyev S.A

Article history:

Abstract:

Received: March 30t 2024
Accepted: April 26" 2024

Despite significant advances in all areas of medicine, particularly
dentistry, the treatment of patients with chronic ostitis remains an urgent
problem for both dentists and scientists.

The difficulties that arise in the treatment of periapical changes in
chronic forms of ostitis are that tissue regeneration in the area of the root tip
occurs 6-12-24 months after the end of endodontic treatment. Therefore,
many scientists are developing new tools to stimulate and accelerate periapical
regeneration processes and improving existing methods.

Keywords: Osteoplastic Materials, Bone Microporosity, Bone Macroporosity, Jawbone, Regeneration

INTRODUCTION

Primary liver cancer is the sixth most common cancer
and is demonstrated to be the third contributing factor
for global cancer death, showing about 906,000 new
cases and 830,000 deaths in 2020 [1]. Among primary
liver cancer cases, hepatocellular carcinoma (HCC)
accounts for the most with about 75-85% [1]. Evidence
has shown that Asia and Africa get the highest incidence
of HCC in the world [2]. For HCC therapy, partial
hepatectomy (PH) is still the optimal choice although
most patients have reached an advanced stage because
of insidious symptoms [3, 4]. However, it should be
noticed that the post-hepatectomy liver failure (PHLF)
is one of the important complications, and PHLF is the
major cause of postoperative mortality. Normally the
incidence of PHLF is 0.7- 9.1% and can reach 58.22%
when the major hepatectomy is performed [5, 6]. Thus
the presurgical evaluation of functional liver reserve
seems critical and necessary as the accurate evaluation
can help reduce the risk of hepatectomy and avoid
PHLF.

In clinical work, liver volumetry and scoring systems
based on blood tests, such as ALB, AST, TBIL, and
indocyanine green retention at 15 min retention rate
(ICG-R15) are classic indexes used for the evaluation of
functional liver reserve. Liver volumetry can be obtained
by 3D reconstruction technology [7]. The scoring
systems contain the MELD score, Child-Turcotte-Pugh
(CTP) score, and Albumin-bilirubin (ALBI) grade. By
comparing the above indexes, the ICG-R15 has its own
advantages. Firstly, it can help doctors detect functional
liver reserve abnormality earlier and more accurately.
Secondly, it has also been proven to have a positive
correlation to liver failure and morbidity after
hepatectomy [8]. The ICG-R15 values of the patient in
different intervals (threshold: 10%, 20%, 30%) can
affect and guide the selection of surgical treatment
methods [9]. Thus, the ICG clearance test was
considered to be the optimal evaluation of preoperative
function liver reserve [10].
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METHODS

Flowchart

According to the flowchart of this work (Fig. 1), the Gd-
EOB-DTPA-enhanced hepatic MRI (MRI) data from 112
patients and contrast-enhanced CT (CT) data from 190
patients were retrospectively collected. The hepa-
tobiliary phase at 15 min of MRI and the portal venous
phase of CT were selected. Firstly, the ROI liver region
was segmented, and the features were extracted from
the MRI and CT images. Next, the features were further
screened through the P-value and correlation
coefficient. For radiomic model development, the
dataset was randomly divided into a training dataset
and a test dataset. The training dataset aimed to train
the model.

Patients

By reviewing the patients who were diagnosed with HCC
in our hospital from May 2017 to April 2022, the
inclusion criteria were set as follows: (1) all patients
were diagnosed as HCC; (2) Gd-EOB-DTPA-enhanced
hepatic MRI or contrast-enhanced CT in all phases was
completed within one week before treatment or
surgery; (3) ICG clearance test was completed within
one week before treatment or surgery; (4) patients
without jaundice during ICG clearance test [18]; (5) all
patients had no history of previous liver surgery or
radiofrequency ablation(RFA). A total of 190 patients
were included in this study. All the 190 patients have
CT data while only 112 cases of them have both MRI
data. Details are listed in Table 1.

MRI and CT acquisition
The Gd-EOB-DTPA-enhanced hepatic MRI examination
and the contrast-enhanced CT examination were con-

"

c. Feature selection \
/ Statistical tests

World Bulletin of Public Health (WBPH)
Available Online at: https://www.scholarexpress.net

d. Train& Evaluation
Dataset split
Train(70%)

p value <0.1 Test(30%)

Spearman analysis

5 Machine learning classifiers

< >3
Predicted label

ducted by a Siemens Skyra 3.0 T MRI scanner and a
Siemens SOMATOM Definition  Flash  scanner,
respectively. Scans were performed from the top of the
liver to the pelvis. The MRI scanning parameters were
selected as below: the repetitiontime was 3.9 ms, the
echotime was 1.4 ms, the matrix was 320 x 256, the
field of view was 400 mm x 400 mm and the slice
thickness was 3 mm. The Gd-EOB-DTPA (Primovist,
Bayer Schering Pharma AG, Berlin, Germany) was used
as a contrast agent for enhanced MRI scanning, and the
contrast agent (with flow rate of 2.0 ml/s and dose of
0.1ml/kg) was injected through elbow vein using a high-
pressure syringe.

Image segmentation

The computer-assisted surgery system (CAS) (CAS-Lv,
Qingdao Hisense Medical Equipment Co., Ltd.) was used
to segment the liver contour automatically from the
hepatobiliary phase after 15 min of MRI and venous
phase of the CT, to obtain the regions of interest (ROI)
of the liver. For liver segmentation of MRI and CT, the
Dice coefficient was more than 0.95 (this Dice
coefficient is the manufacturer reference data of CAS-
Lv).

Radiomic feature extraction

Before feature extraction, the images are normalized to
reduce the voxel spacing variation effect and are
resampled with voxel sizes of 1 mm x 1 mm x 1 mm.
Parameters are set as follows: normalizeScale: 1000,
interpolations: sitkNearestNeighbor, binWidth: 5. For
the type of normalization, we adapt the Min-Max nor-
malization method to scale the pixel values of the
image. We extracted two radiomics feature sets from
CT and MRI, respectively. Each feature set contains 107
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features and was split into seven different groups: (1)
first-order statistics of voxel intensity features (n = 18),
(2) shape features (n = 14), (3) gray level co-
occurrence matrix (GLCM) features (n = 24), (4) gray
level dependence matrix (GLDM) features (n = 14), (5)
gray level run-length matrix(GLRLM) features (n = 16),
(6) gray level size zone matrix (GLSZM) features (n =
16), and (7) neighboring gray tone difference matrix
(NGTDM) features (n = 5). The feature extraction
process is conducted automatically by using the
PyRadiomics package (Python version 3.7). Each
feature was named by image type, feature group,
feature name and concatenated underlines. For
example, original_firstorder.

Radiomic feature selection

At first, for each feature, statistical t-test was performed
to evaluate differences between different groups. When
the two-tailed p-value of the feature was p < 0.1 [19-
21], we consider this feature was significantly different
between groups and then was retained. Second, to
reduce the collinearity of features, spearman correlation
analysis was performed. When the correlation coef-
ficient between two features was r>0.9, one feature
was randomly retained. At last, the LASSO algorithm
was used to reduce the unimportant features and select
the features with non-zero coefficient values.

Model construction and performance evaluation
Supervised learning was used for training and predic-
tion. More specifically, five ML algorithms were applied
to investigate the performance of the model, whereas
these classifiers were Support Vector Machines (SVM),
Extra-Trees (ET), Random Forest (RF), Light Gradient
Boosting Machine (LightGBM) and eXtreme Gradient
Boosting (XGBoost). All selected features were used as
input to classify the evaluation of functional liver reserve
(ICG-R15 < 10% vs. ICG-R15>10%, ICG-R15 < 20%
vs. ICG-R15>20%, and ICG-R15 < 30% vs. ICG-
R15>30% as 2-class classifier). All patients were
randomly split into two cohorts. One was called the
training dataset (70%) and the other was called the test
dataset (30%). Each model was trained on the training
set and then made predictions by using the test set. A
total of five models were constructed and compared
with each other to find the best performing model. The
ROC curves were used to calculate the AUC value which
can evaluate the predictive power of these models. The
cut-off values of sensitivity and specificity
corresponding to the maximum value of the Youden
index were calculated. The final prediction results
include AUC (95% CI), ACC, sensitivity and specificity.

Statistical analysis
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We used the statistical t-test and Chi-square test to
analyze the between-group differences in clinical base-
line characteristics (shown in Table 1). Statistical sig-
nificance was defined as a two-sided p-value < 0.05
(see Supplementary Table S1-S6). Referring to the
previous studies [19, 20], we used the statistical t-test
to analyze and select the radiomics features with
significance to be p-value < 0.1. For features with high
repeatability, correlation analysis was performed by
Spearman correlation analysis. One of the two features
was randomly retained when the correlation coefficient
between the two was larger than 0.9. Features were
further selected by the LASSO method and were finally
used to construct the model.

RESULTS

The features were selected by conducting statistical
tests, spearman correlation analysis, and LASSO. And
the final selected features and their corresponding
LASSO coefficients derived from Gd-EOB-DTPA-
enhanced hepatic MRI and contrast-enhanced CT are
shown in Table 3.

Under functional liver reserve thresholds (ICG-R15 =
10%, ICG-R15 = 20% and ICG-R15 = 30%), five ML
algorithms were used to construct the model and were
trained on the training dataset. The trained models
were then used to predict the result on the test dataset.
The detailed performance of the five models is
described in Table 4. For MRI groups, more specifically,
the classifier XGBoost achieves the highest performance
when ICG-R15 = 10% is used as a threshold, with AUC
= 0.917 (95% CI: 0.823-1.000) and ACC = 0.882.
Random Forest achieves the highest performance with
AUC = 0.979 (95% CI: 0.941-1.000) and ACC = 0.882
at threshold ICG-R15 = 20%. For threshold ICG-R15 =
30%, the classifier XGBoost performs the best with AUC
= 0.961 (95% CI: 0.890-1.000) and ACC = 0.941.
Similar to the results for MRI groups, the classifier
XGBoost for CT groups also achieves the best perfor-
mance when threshold ICG-R15 = 10% (AUC = 0.822,
95% CI: 0.700-0.944, ACC = 0.842), and ICG-R15 =
30% (AUC = 0.938, 95% CI: 0.824-1.000, ACC =
0.965). Under threshold ICG-R15 = 20%, the classifier
SVM is observed to perform the best with an AUC value
of 0.860 (95% CI: 0.758-0.963) and ACC of 0.842. The
detailed information of the best models is listed in Table
5.

The model confusion matrices and ROC curves are
shown in Figs. 2 and 3, respectively. All AUC values are
greater than 0.89 for the test dataset from MRI and are
greater than 0.82 for the test dataset from CT. The
results indicate that both MRI-based and CT-based ML
models can achieve the goal of Cclassification in
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distinguishing the different values of ICG-R15 to some
extent, which is promising to become an additional
method to predict the functional liver reserve.

DISCUSSION

Radiomics has shown great value in the diagnosis and
therapy of multiple diseases. We consider whether it is
possible to use the radiomics method to perform an
accurate assessment of functional liver reserve based
on Gd-EOB-DTPA-enhanced hepatic MRI and contrast-
enhanced CT in HCC patients. Under this perspective,
MRI-based and CT-based ML models are developed and
validated for distinguishing patients with functional liver
reserves of different states. Our results demonstrate
that both MRI-based and CT-based models worked
satisfactorily in the aspect of the assessment of
functional liver reserve. Recently, there has been an
increasing application of imaging techniques in
measuring the hepatic function in HCC patients,
because it can provide more significant clinical
information than an overall assessment [22]. For
example, previous studies based on medical image
analysis have demonstrated that liver has regional
differences in hepatic parenchymal abnormalities [23,
24]. One recent work from Zhaogi Shi et al. shows that
radiomics analysis can be applied in the preoperative
assessment of functional liver reserve in HCC patients
[25]. However, this research only focused on Gd-EOB-
DTPA-enhanced hepatic MRI to predict the ICG
classification value to evaluate liver function in HCC
patients, and the functional liver reserve thresholds are
set to be ICG-R15 = 10%, ICG-R15 = 15%, and ICG-
R15 = 20%. However, several limitations should be
mentioned in our study. Firstly, the provided research
images were obtained from our center, more patients
are needed in order to achieve external cohort
validation. The baseline characteristics and features
from a single center may not conform to the population.
Secondly, the analysis of functional liver reserve under
specific thresholds is a 2-class classification problem,
which cannot cover all of the clinically significant ICG-
R15 value intervals mentioned in the Makuuchi criteria
for safe hepatic resection [9]. Thirdly, regarding the fact
that some patients had CT scans but no MRI scans, we
did not make the multimodality evaluation with CT and
MRI. In the future, the classification with massive
patients and multi-center data will be investigated by
different ICG value intervals and multi-class
classification methods. The multimodality evaluation
with CT, MRI and clinical data will be a focus for our
follow-up studies.

CONCULSION
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Both MRI-based and CT-based ML models are shown to
achieve the goal of classification in distinguishing the
different values of ICG-R15 to some extent, which are
proved to be valuable methods for functional liver
reserve evaluation. Among the five classifiers, XGBoost
was demonstrated to perform best. Our work provides
valuable insights, which can help clinicians to construct
an effective prediction model and develop personalized
precision treatment strategies.

Abbreviations

ACC Accuracy

AST Aspartate aminotransferase

ALT Alanine transaminase

PT Prothrombin time

CT Computed tomography

CI Confidence intervals

MRI Magnetic resonance imaging
HCC Hepatocellular carcinoma

RFA Radiofrequency ablation

ET Extra-Trees

Gd-EOB-DTPA Gadolinium ethoxybenzyl dimeglumine
ML Machine learning

ICG-R15 Indocyanine green retention rate at 15 min
ROI Regions of interest

RF Random Forest

AUC Area under the ROI curve

ROC Receiver operating characteristic
BMI Body Mass Index

HBV Hepatitis B Virus

ALB Albumin

TBIL Total Bilirubin

GGT Gamma-glutamyltransferase
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