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Aims and objectives
According to the International Diabetes Federation (IDF) there are about 425 million
people with diabetes and 352,1 million people with impaired glucose tolerance in the
world. Type 2 diabetes mellitus (T2DM) is 90% among all adults with diabetes [1]. It is
known that nonalcoholic fatty liver disease (NAFLD) is one of the causes of disability and
mortality in patients with T2DM. In Western countries NAFLD affects 17-46% of adults.
The stages of NAFLD are steatosis, steatohepatitis (NASH) and steatotic cirrhosis.
Cardio-vascular and cerebro-vascular risks and mortality are known as the earliest
and most common outcomes of T2DM and NAFLD[2]. Gold standard for diagnosis
of NAFLD is liver biopsy, but this procedure can't be part of ordinary investigation in
patients with T2DM [3]. Computer tomography and magnetic resonance tomography are
expensive procedures and can't be used for following patients up. That's why there is
clinical need for noninvasive and affordable methods for diagnosis of NAFLD in patients
with T2DM. These methods must be used for differentiation of the stages of steatosis,
quantitative evaluation of liver fat and liver stiffness measurement simultaneously.
The recommendation of the EASL defines ultrasound (US) as the preferred first-line
diagnostic procedure for imaging of NAFLD as US robustly diagnoses moderate and
severe steatosis [2]. For diagnosis of fatty liver in B-mode the criteria of Hamaguchi M.
are used [4]. But the disadvantages of this method are operator-dependent interpretation
of the results. Hepato-renal index (HRI) and histogram of liver echogenicity differentiate
stages of steatosis [5]. Fibroscan (Echosens, France) is widely used in the world because
it includes simultaneous liver stiffness (LS) measurement with transient elastography
(TE) and quantitatively assessment of steatosis with Controlled Attenuation Parameter
(CAP) [6]. CAP is presented by correlation of stage of attenuation in liver parenchyma in
dB/m with the stage of steatosis according to the morphological scale SAF/NAS [2, 7].
TE is limited for diagnosis of NAFLD in patients with obesity because share waves can't
go through subcutaneous fat and there is no navigation of direction probe for elastometry
and steatometry. In 2014Ukrainian scientists proposed Soneus P7 (Ultrasign) device and
invented the technology of quantitative evaluation of fat in hepatocytes in real time mode
Attenuation Coefficient Measurement (ACM) in 2 dimensional of liver parenchyma region
of interest (ROI) in dB/cm which is a part of multiparametric US diagnosis (mp-US) [ 8]. In
our opinion mp-US is the simultaneously use of the most optimal number of US equipment
parameters for the complex and most complete solution of the clinical and diagnostic
tasks in a patient during the same US examination by the same sonologist [ 9].
The aim of this study is evaluation of mp-US in diagnosis of NAFLD in patients with T2DM.
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Methods and materials
Our research was conducted on the base of Kyiv clinical endocrinological centre from
2015-2017. 111 patients with T2DM of both sex (81 women and 24 men) at the age 18-79
were investigated. The inclusion criteria of the research were: presence of T2DM, age
from 18 years, body mass index 25 kg/m² and more with metformin as monotherapy or
in combination with other hypoglycemic drugs.
The criteria of exclusion were: presence of markers to the viral hepatitis B and
C; alcohol and drug abuse; pregnancy; patients with hazardous conditions of work
(with toxic influence); parenteral nutrition; hemochromatosis, autoimmune hepatitis,
coeliac and Crohn's disease, Wilson-Konovalov and Wolman's disease, hypopituitarism,
decompensated hypothyroidism, syndrome of hypercorticism; T1DM.
Abdominal mp-US performed by ultrasound machine Soneus P7 (Ultrasign, Ukraine) with
broadband convex 1(2)- 5 MHz probe. Mp-US included evaluation of 4 parameters: Bmode for abdominal imaging, liver steatometry (ACM), real time 2 dimensional share
wave elastography (2D-SWE) for SL measurement, and Doppler of splanchnic vessels.
The position of the liver was evaluated in B-mode (its position to the edge of costal
arch and access of acoustic windows). Biometry of anterior-posterior size of both lobes
was made. Contour (equal or not), anterior-inferior angle of the liver (sharp or round),
echogenicity and echotexture were described. According to Hamaguchi criteria was
evaluated US attenuation. Hepato-renal index (HRI) and pancreato-lienalis index (PLI)
were measured. Fig.1,2.
Staging of steatosis according to the results of ACM was made according to the scale
attenuation by Sasso M. et al. and validated morphological scale of fat infiltration NAS [7] :
1. S0 is normal (part of hepatocytes with fat is 0-5%): from 1,0 to 2,19 dB/cm;
2. S1 is mild steatosis (part of hepatocytes with fat is more than 5% to 33%): from 2,20
to 2,29 dB/cm;
3. S2 is moderate steatosis (part of hepatocytes with fat is more than 33% to 66%): from
2,30 to 2,90 dB/cm;
4. S3 is severe steatosis (part of hepatocytes with fat is more than 66%): >2,90 dB/cm.
The Doppler of the portal vein and splanchnic vessels in general was investigated by the
traditional methodology. We routinely use a multi-vascular principle to assess splanchnic
blood flow [9,10].

Page 3 of 28

2D-SWE was performed according to the defined algorithm for evaluation of fibrosis
stages and cirrhosis by Metavir scale with exclusion of possible artifacts [ 11, 12, 13 8,9].
1. No fibrosis (F0): 2,5 - 6 kPa
2. Mild fibrosis (F1): 6 - 7 kPa
3. Moderate fibrosis (F2): 7 - 9,5 kPa
4. Severe fibrosis (F3): 9,5 - 12,5 kPa
5. Cirrhosis (F4): more than 12,5 kPa.
The quality control of the 2D-SWE was always carried out in real time by the standard
deviation (SD) value and mapping ROI of errors (#,%).
Statistical analysis was presented by IBM SPSS Statistics Base v.22.
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Images for this section:

Fig. 1: Hepato-renal index (HRI) - the ratio of the average values of echogenicity
(measuring areas - green circles) of the liver parenchyma and renal cortex of the right
kidney, measured at the same depth (supporting yellow line)
© Institute of Elastography - Kyiv/UA
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Fig. 2: Pancreato-lienalis index (PLI) - the ratio of the average values of echogenicity
(measuring areas - green circles) of the parenchyma of the pancreatic cauda and of the
spleen, measured at the same depth (supporting yellow line)
© Institute of Elastography - Kyiv/UA
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Results
The age of patients with T2DM and NAFLD was 57,7±8,6 years; duration of T2DM
10,2±5,99 years. In B-mode the biometry and assessment of echotexture of such organs
as liver, gall bladder, pancreas, spleen, peritoneum, lymph nodes and vessels were
performed. NAFLD was diagnosed according to the Hamaguchi criteria. 99 patients
(91,4%) matched these criteria. Right lobe was enhanced in 104 patients (99%) and in
31 patients (29,5%) the size of left lobe was normal. Chronic pancreatitis was diagnosed
in 104 patients (99%). All the patients with T2DM and NAFLD US steatometry was
performed by evaluation of ACM in the right lobe. The grades of steatosis (in dB/cm)
were following:
1. S0 - 9 patients (8,6%)
2. S1 - 4 patients (3,8%)
3. S2 - 73 patients (69,5%)
4. S3 - 19 patients (18,1%)
Real time 2D-SWE of the right liver lobe was performed for evaluation of fibrosis stage
and cirrhosis by Metavir scale (Casteraetal., 2008) in kPa:
1. F0 (no fibrosis): 30 patients (29,7%)
2. F1 (mild fibrosis): 35 patients (34,7%)
3. F2 (moderate fibrosis): 30 patients (29,7%)
4. F3 (severe fibrosis): 5 patients (5%)
5. F4 (cirrhosis): 1 patient (1%)
Real time 2D-SWE of the left liver lobe was investigated for evaluation LS too. 1. F0 (no
fibrosis): 32 patients (34%)
2. F1 (mild fibrosis): 38 patients (40%)
3. F2 (moderate fibrosis): 20 patients (21%)
4. F3 (severe fibrosis): 4 patients (4,2%)
5. F4 (cirrhosis): 1 patient (1,1%)
In 10 patients 2D-SWE of left liver lobe wasn't performed .
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Correlation analysis of the data of patients with T2DM was made. The following
parameters such as ACM, maximum value of right and left lobes LS, medium value of
HRI, size of right and left lobes were evaluated.
There was found positive medium correlation of maximum value of ACM with HRI (Fig.3),
size of right liver lobe (Fig.4) and size of left liver lobe (Fig.5).
There was found weak positive correlation of the maximum value of the right lobe LS
with the size of left liver lobe (Fig.6). There was found strong positive correlation of the
maximum value of the right lobe LS with the maximum value of the left lobe LS (Fig.7).
There was found medium positive correlation of the portal vein diameter with the HRI
(Fig.8).
But ACM didn't correlate with right (r=0; p=0,25) and left lobes' LS (r=0; p=0,094). All
patients had no signs of portal hypertension by B-mode and Doppler.
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Fig. 3: Correlation of maximum value of steatosis with HRI (r=0,4; p<0,001)
© Institute of Elastography - Kyiv/UA
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Fig. 4: Correlation of maximum value of steatosis with the size of right lobe (r=0,3;
p=0,008)
© Institute of Elastography - Kyiv/UA
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Fig. 5: Correlation of maximum value of steatosis with the size of the left liver lobe (r=0,3;
p=0,001)
© Institute of Elastography - Kyiv/UA
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Fig. 6: Correlation of maximum value of right liver lobe stiffness with the size of left liver
lobe (r=0,2; p=0,045)
© Institute of Elastography - Kyiv/UA
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Fig. 7: Correlation of maximum value of left lobe LS with the maximum value of the right
lobe LS (r=0,95; p<0,001)
© Institute of Elastography - Kyiv/UA
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Fig. 8: Correlation of the portal vein diameter with the HRI (r=0,3; p<0,01)
© Institute of Elastography - Kyiv/UA
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Fig. 9: Patient 1 with T2DM. ACM - 2,23 dB/cm (stage 1 of steatosis)
© Institute of Elastography - Kyiv/UA
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Fig. 10: Patient 1 with T2DM. 2D-SWE - 7,3 kPa (stage 1-2 of fibrosis)
© Institute of Elastography - Kyiv/UA
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Fig. 11: Patient 2 with T2DM. ACM - 2,78 dB/cm (stage 2 of steatosis)
© Institute of Elastography - Kyiv/UA
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Fig. 12: Patient 2 with T2DM. 2D-SWE - 4,6 kPa (stage 0 of fibrosis)
© Institute of Elastography - Kyiv/UA
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Fig. 13: Patient 3 with T2DM. ACM - 2,87 dB/cm ( stage 2 of steatosis)
© Institute of Elastography - Kyiv/UA
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Fig. 14: Patient 3 with T2DM.2D-SWE - 6,9 kPa (stage 1 of fibrosis)
© Institute of Elastography - Kyiv/UA
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Fig. 15: Patient 4 with T2DM. ACM - 3,12 dB/cm (stage 3 of steatosis)
© Institute of Elastography - Kyiv/UA
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Fig. 16: Patient 4 with T2DM. 2D-SWE - 5,5 kPa (stage 0 of fibrosis)
© Institute of Elastography - Kyiv/UA
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Fig. 17: Patient 5 with T2DM. ACM - 2,92 dB/cm (stage 3 of steatosis)
© Institute of Elastography - Kyiv/UA
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Fig. 18: Patient 5 with T2DM. 2D-SWE - 12,7 kPa (stage 4 of fibrosis - cirrhosis)
© Institute of Elastography - Kyiv/UA
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Conclusion
The CAP and TE on the Fibroscan are widely used as noninvasive methods for evaluation
of liver steatosis and fibrosis [11, 12 ]. Performing of step by step algorithm of mp-US in
real time includes comprehensive investigation of abdomen in B-mode, evaluation of the
stage of steatosis quantitatively, performing of LS measurement, HRI and PLI, Doppler
simultaneously. Mp-US is economically affordable. 2D-SWE is performed with the help
of B-mode navigation which increases diagnostic accuracy [15]. 2D-SWE is not limited
abundantly presence of subcutaneous fat and ascites because share wave is formed
directly in the ROI [2]. Steatometry by ACM is characterized by the same principle. That's
why mp-US meets all the requirements of modern noninvasive diagnosis of NAFLD for
evaluation of stages of steatosis and fibrosis according to EASL and EFSUMB Guidelines
[ 12, 13 ]. It is known that steatosis is performed by fat accumulation in the liver which
leads to the enhancement of its size. In our investigation there was revealed statistically
significant correlation of maximum value of steatosis with HRI, ACM, size of right and
left liver lobes. The influence of steatosis on fibrosis and relations of these processes
are being discussed in literature [14;15]. The degrees of NAFLD include steatosis and
steatohepatitis (early steatohepatitis with no or mild fibrosis; fibrotic steatohepatitis) [2]. In
our investigation there was not found correlation of maximum value of steatosis with LS,
diameter and flow velocity of portal vein. That's why steatosis and impaired LS may be
different pathological processes in patients with T2DM including different factors. Fibrosis
can also be a complication of liver steatosis in patients with T2DM who have NASH [15,
16].
2D-SWE represents the condition of liver fibrosis that was confirmed by the presence of
statistically significant correlation of the right and left lobes LS in patients with T2DM.
In this cross-sectional study there was proved that mp-US is comprehensive method for
simultaneous diagnosis of NAFLD in real time and includes: 1 - anatomical format by Bmode, 2 - quantitative assessment of the stage of steatosis by ACM and HRI, 3 - liver
stiffness measurement by 2D-SWE and 4 - multi-vessels Doppler of splanchnic blood
circulation in patients with T2DM. NAFLD can be considered as endocrine pathology.
Mp-US is noninvasive method of choice for patients with T2DM being followed up.
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