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ABSTRACT

BACKGROUND: Liver function assessment is very important in clinical practice. The use of magnetic resonance imaging for the
anatomical and functional evaluation of the liver is possible in actual clinical practice.

AIM: To examine the possibility of using hepatobiliary contrast-enhanced magnetic resonance imaging for the evaluation of
liver function.

MATERIALS AND METHODS: Datasets of patients who underwent gadoxetic acid-enhanced magnetic resonance imaging were
retrospectively reviewed. Patients were divided into two groups: group 1 included patients with impaired liver function, and
group 2 included those with normal liver function. Based on magnetic resonance imaging in the hepatobiliary phase, the liver
parenchyma signal intensity and its ratio to spleen signal intensity and portal vein signal intensity were estimated. Differences
among these parameters were compared between groups. The correlation between liver parenchyma signal intensity and
laboratory blood tests reflecting liver function (total bilirubin, albumen, aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, gamma glutamyl transpeptidase, and prothrombin time) were analyzed.

RESULTS: Datasets of 53 patients (25 men and 28 women, aged 24—84 years) were analyzed. Group 1 included 19 patients,
whereas group 2 included 34. The median liver parenchyma signal intensity was 919.05 [669.65; 1258.35] in group 1 and
1525.13 [1460.5; 1631.4] in group 2 (P =0.0000001). The median ratio of liver parenchyma signal intensity to spleen signal
intensity was 1.2 [1.04;1.7] in group 1 and 1.7 [1.46; 1.96] in group 2 (P=0.00076). The median ratio of liver parenchyma
signal intensity to portal vein signal intensity was 1.44 [1.29; 1.83] in group 1 and 1.6 [1.43; 1.83] in group 2 (P=0.1). The
estimated correlation values between liver parenchyma signal intensity and blood tests parameters were as follows: total
bilirubin (r=-0.61; P=0.000001), albumen (r=0.13; P=0.61), aspartate aminotransferase (r=—0.57; P=0.000009), alanine
aminotransferase (r=—0.44; P =0.001), alkaline phosphatase (r=-0.45; P = 0.0007), gamma glutamyl transpeptidase (r=-0.5;
P =0.0003), prothrombin time (r=—0.34; P = 0.04).

CONCLUSION: The study reflects the ability to assess liver function using indices (liver parenchyma signal intensity and its
ratio to spleen signal intensity) derived from gadoxetic acid-enhanced magnetic resonance imaging. However, this study did
not confirm the assumed effectiveness of using the liver parenchyma signal intensity to portal vein signal intensity ratio as
an index of liver function. A significant inverse correlation was identified between liver parenchyma signal intensity and blood
test parameters in reflecting liver function, except for albumin. The results indicate the possibility of using magnetic resonance
imaging to assess liver function.
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AHHOTALMUA

060cHoBaHMe. OueHKa QYHKLMM MeyeHmn Npu pasfMyHbIX 3aD01eBaHNAX OCTAETCA BaXKHOW KIIMHWYECKOW 3aaaveid. [IpuMeHeHne MarHuT-
HO-PEe30HaHCHON ToMorpaduu ¢ renaToTPONHLIM KOHTPACTHLIM BELLECTBOM 1Sl OLLEHKM DYHKLMM NeYeHn NpeacTaBnisieT CyLecTBEeHHbIN
Hay4HbIM W NPaKTUYECKMIA MHTEpEC.

Llenb — M3y4nTb BO3MOXKHOCTb (YHKLMOHANBHON OLIEHKM NeYeHn Ha OCHOBaHMM NOKa3aTesiei, Noy4eHHbIX N0 JaHHBIM MarHUTHO-Pe3o-
HaHCHOW ToMorpaumM ¢ KOHTPACTUPOBAHUEM renaToTPOMHbIM BELLECTBOM.

Marepuanbl 1 MeToAbl. Bbinn NpoaHannavpoBaHbl AaHHbIE NALMEHTOB, KOTOPLIM BbINOMHSANACh MarHUTHO-PE30HAHCHas TOMOrpadus € BHy-
TPUBEHHBIM KOHTPACTUPOBAHMEM TaflOKCETOBOM KMCOTOW. MaumeHTbl Obiv pasaeneHbl Ha ABe TPynnbl: C HapyLeHHo (nepBas rpynna)
W ¢ HopMarnbHoli (BTopas rpynna) GyHKumMen neveHu. Mo faHHbIM MarHUTHO-Pe30HaHCHBIX UCCeA0BaHMIA OLEHUBANMCL CNeAyIoLLMe NapaMe-
TPpbl: MHTEHCUBHOCTb CUTHaNa NeyeHu, €€ OTHOLLEHME K MHTEHCUBHOCTU CUTHaNa CeNe3EHKM M K MHTEHCMBHOCTM CUrHasa B NPOCBETe BOPOTHOM
BeHbl. BbiK oLeHeHbl NoKa3aTenu 1abopaTopHbIX aHaNM30B KPOBM, OTpakatoLume GYHKUMM nedeHn: o0Lwmid GunmpyouH, anbbyMuH, anaHu-
HaMMHOTpaHcdepasa, acnapTaTaMUHOTpaHchepasa, y-rnyTaMUITpaHcnenTUaasa, WesodHas dpocdartasa, NpoTpoMbuHoBoE BpeMs.. bbin npo-
BEEH aHanM3 CTATUCTUYECKOM 3HAYMMOCTY PasfiMyMIA MEXXY rpynnaMm No napaMeTpaM MarHUTHO-Pe30HaHCHOI ToMorpadum, OLeHMBanoch
HaNM4Me KOpPpensiLMOHHOM CBA3M MeXy 3HAYEHUAMM MHTEHCUBHOCTU CUrHaa neyveHn U AaHHbIMM NabopaTopHbIX aHaM30B KPOBM.
PesynbTatbl. bbinn npoaHanuanpoBaHbl faHHble 53 NaumMeHToB (25 MyMuMH M 28 XKeHWMH B Bo3pacTe oT 24 oo 84 net). B nepsyto
rpynny Bowso 19 yenoBeK, BO BTOPY — 34 yenoBeKa. bbinn ycTaHOBNEHbI CTAaTUCTMYECKW 3HAUYMMbIE Pa3fMYWS MOKasaTesnel UHTeH-
CMBHOCTM CUrHana neyeHn U e€ OTHOLIEHUS K MHTEHCMBHOCTM CUTHana CeNe3€HKU Mexay uccneayeMbiMu rpynnamun. B nepsoii rpynne
3Ha4YeHWe UHTEHCUBHOCTM CUrHana nedenn coctasuno 919,05 [669,65; 1258,35], Bo BTopoit — 1525,13 [1460,5; 1631,4] (p=0,0000001).
OTHOLIEHWe MHTEHCMBHOCTM CMrHana MevyeHn K MHTEHCMBHOCTW CUrHana cesne3éHku B nepoi rpynne coctaesmno 1,2 [1,04; 1,71, Bo BTO-
poit — 1,7 [1,46; 1,96] (p=0,00076). OTHOLUEHWNE MHTEHCUBHOCTW CUrHaNa NeYeHU K MHTEHCMBHOCTM CUTHana B MPOCBETe BOPOTHOW BEHbI
coctaeuno 1,44 [1,29; 1,83] B nepsot rpynne, 1,6 [1,43; 1,831 — Bo BTOpO# (p=0,1). BbiNa oLeHeHa Koppenauns Mexay UHTEHCUBHOCTbIO
CUrHana neyveHu u obwmm bunmpybuom (r=-0,61; p=0,000001), anbbymmnHomM (r=0,13; p=0,61), acnapTatammuHoTpaHcdepasoii (r=—0,57;
p=0,000009), anaHuHammnHoTtpaHcdepason (r=—0,44; p=0,001), wenouHoii dpocdarasoit (r=—0,45; p=0,0007), y-rnyTammuntpaHcnenT1aasomn
(r=—0,5; p=0,0003), npoTpoMOUHOBLIM BpeMeHeM (r=—0,34; p=0,04). Mo wkane YeanoKka 3aMeTHas cUna KOPPENIALMOHHONA CBA3U Obina
BbISIBJIEHA MEXAY NOKa3aTesieM MHTEHCUBHOCTU CUTHaNa NeyeHu U 3HaueHusaMm obLero GunmnpybuHa, acnapTataMMHoTpaHchepasbl. YMe-
PeHHas CUNa — MeXay NoKa3aTesleM UHTEHCUBHOCTM CUrHana neyeHn M 3HaYeHUAMM anaHMHaMUHoTpaHchepasbl, LenoyHon docdara-
3bl, y-FNyTaMUATpaHCNenTuaasbl, NPOTPOMOUHOBOMO BpEMEHM.

3akntouenue. [poaeMoHCTpUpoBaHa 3 dEKTUBHOCTb NPUMEHEHUS MapaMeTPoOB MarHUTHO-PE30HAHCHOM ToMorpadmn (MHTEHCUBHOCTD
CUrHana neyvyeHu U e€ OTHOLLEHWME K UHTEHCMBHOCTM CUTHana Cene3EHKM) B OYHKUMOHANbHOW OLieHKe neyeHn. B uccnepoBaHum He noa-
TBEPAMNOCH NPeanonoxeHne 06 3QPeKTMBHOCTU NPUMEHEHWS TAKOTO MapaMeTPa, KaK OTHOLUEHWE 3HAYeHUs! MHTEHCMBHOCTM CUTHana
MeYeHN K MHTEHCMBHOCTM CUrHaNa B NPOCBETE BOPOTHOMW BeHbl. BbiNK YCTaHOBEHbI CTAaTUCTUYECKM 3HAUMMble 0bpaTHbIe CBS3W MeXay
3HaYeHWSIMU UHTEHCUBHOCTM CUTHasia NeYeHn U NoKasaTesiiMM N1abopaTopHbIX aHaM30B KPOBM, OTPaKAOLLMX QYHKLMM NeYeHu, 3a uc-
KiloyeHneM anbOyMuHa. Pe3ynbTaThl CBUAETENLCTBYIOT 0 BO3MOMXKHOCTU MCMOMb30BaHUS MarHUTHO-PE30HaHCHOM ToMorpaduu Anis GyHK-
LIMOHANBHOMN OLIEHKM NEYEH!.

KnioueBbie cyioBa: MarHUTHO-pe30HaHCHasa TOMOFpaCbVIFI; neyvyeHb; LMPpPO3; KOHTPacTHOE UccnenoBaHne; I'el'laTOTpOI'IHbIVI KOHTpaCTHbIl7I
areHT; rajoKkcetoBas Kucnora.
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BACKGROUND

The liver is a vital organ that performs several functions
such as detoxification, metabolism (e.g., protein synthesis
and fat and carbohydrate metabolism), and exocrine
functions. Liver dysfunction can occur in several different
conditions (e.g., infections, autoimmune diseases, and
drug-induced injuries), and it may be asymptomatic in the early
stages. Liver function should be assessed to determine the
management strategy of patients with liver disease, especially
when planning for surgery to avoid complications associated
with post-resection liver failure. Existing laboratory tests and
imaging modalities for the analysis of liver function have some
advantages and disadvantages [1, 2].

Magnetic resonance imaging (MRI) with extracellular
contrast enhancement is extensively used to evaluate the
anatomy and characteristics of liver lesions. The development
of hepatotropic contrast agents has expanded the diagnostic
capabilities of the method with the introduction of a new
hepato-specific phase (HSP).

Hepatobiliary-specific contrast agents include gadobenic
acid (Gd-BOPTA, MultiHance; Bracco Diagnostics Inc.)
and gadoxetic acid (Gd-EOB-DTPA, Eovist or Primovist;
Bayer Healthcare) [3, 4. These agents differ significantly.
Approximately 5% of the administered dose of Gd-BOPTA is
taken up by hepatocytes, and the HSP uptake is evaluated
1-3 h after contrast administration. When gadoxetic acid (GA)
is used as a contrast agent, significantly more substance
(up to 50%) enters the liver cells, and the HSP uptake is
evaluated 15-25 min after contrast administration. Due to its
characteristics, GA is more commonly used than Gd-BOPTA
in clinical practice to evaluate HSP uptake [3].

Preliminary evidence suggests that MRI enhanced with
hepatobiliary-specific contrast agents may aid in assessing
liver function. The feasibility of using MRI to assess the liver
anatomy and function is a relevant scientific and practical
issue.

STUDY AIM

To evaluate the feasibility of the functional assessment
of the liver using parameters of liver obtained from MRI
enhanced with a hepatobiliary-specific contrast agent.

MATERIALS AND METHODS
Study Design

This is a retrospective, multicenter, selective study.

Eligibility Criteria

The data of patients aged >18 years who had undergone
abdominal MRI enhanced with intravenous GA (Primovist;
Bayer Healthcare) were evaluated. Laboratory blood test
(complete blood count, blood biochemistry, and coagulation
profile) results were also evaluated.

Vol.5 (2) 2024
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For subsequent statistical analysis, the patients were
divided into two groups. Group 1 included patients with
cirrhosis of various origins and clinical and laboratory
evidence of liver dysfunction. Group 2 included patients
with an intact liver parenchyma, benign liver tumors, or
arteriovenous shunts without any clinical or laboratory
evidence of liver dysfunction.

Study Setting

Data were collected from the following three institutions
over from 2020 to 2023: Shumakov National Medical
Research Center of Transplantology and Artificial Organs
of the Russian Federation’s Ministry of Health, the Medical
Research and Education Center of Lomonosov Moscow State
University, and the Industrial Clinic and Diagnostic Center of
PJSC Gazprom.

Magnetic Resonance Imaging Protocol

GA-enhanced MRIs were obtained using one of three
models. The Shumakov National Medical Research Center
of Transplantology and Artificial Organs used the 1.5 T Signa
Voyager (GE Healthcare, USA), the Medical Research and
Education Center of Lomonosov Moscow State University used
the 3 T Magnetom Vida (Siemens Healthineers, Germany),
and the Industrial Clinical and Diagnostic Center of PJSC
Gazprom used the 1.5 T Ingenia (Philips, the Netherlands).

The contrast enhancement agent (Primovist; Bayer
Healthcare, Germany) was administered intravenously at a
rate of 0.025 mmol/kg of body weight. Table 1 shows the
MRI protocol.

A series of T1-weighted images (WIs) of 3-6 mm slice
thickness obtained before and 15-20 min after contrast
administration were analyzed.

The signal intensity (in arbitrary units, au) was measured
in the following regions of interest (ROIs, Fig. 1):

« Liver parenchyma (left and right lobes), outside the

margins of the tumors, vessels, bile ducts and artifacts
(if any) (RO, at least 2 cm? in diameter),

« Spleen parenchyma (ROI, at least 2 cm? in diameter),

and

« Lumen of the portal vein (ROI, at least 0.5 cm? in

diameter).

Using the GA-enhanced MRI, the following parameters
were calculated:

« Liver Signal Intensity (LSI), which is the mean signal

intensity (SI) of the left and right lobes of the liver:
LS| = s'left lobe t SIright lobe .
2
+ LSl to Spleen Signal Intensity (SSI) ratio: LSI/SSI, and
+ LSI to Portal Vein Signal Intensity (PVSI) ratio:
LSI/PVSI.

Additionally, the following laboratory blood test data
obtained closest to the date of the GA-enhanced MRI
were analyzed: levels of total hilirubin, albumin, alanine
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Table 1. Protocol of gadoxetic acid—enhanced magnetic resonance imaging of the liver.
Slice
Program MRI sequence TR, TE, FA, thickness, NumPer
msec | msec | degrees mm of slices
Topography HASTE 2000 90 110 5 3
T2-WiIs, transverse plane TSE 3000 90 140 5 20-30
T2-WiIs with fat suppression, transverse and frontal planes TSE 3000 90 140 5 20-30
T2-WiIs, transverse and frontal planes VIBE 9 4 10 3 25
T2-WIs with phase shift, transverse plane VIBE 9 2and 5 10 3 25
DWIs (b-value, 0, 500, and 1,000), transverse plane DWI 6000 90 - 3 20
T1-WiIs for dynamic contrast enhancement (six phases), VIBE 9 4 10 3 30
transverse plane
MR cholangiography, frontal plane HASTE 2500 110 130 3 35
T1-WIs in delayed phase, transverse plane VIBE 9 4 10 3 30

Note. WI, weighted image; MRI, magnetic resonance imaging; DWI, diffusion-weighted image; TR, repetition time; TE, echo time; FA, fractional anisotropy.

aminotransferase (ALT), aspartate aminotransferase (AST), was used to determine the association between LSI and
gamma-glutamyl transferase (GGT), alkaline phosphatase laboratory test results such as the levels of total bilirubin,
(ALP), and prothrombin time (PT). albumin, AST, ALT, ALP, GGT, and PT.

Statistical Analysis

STATISTICA (version 12.0; TIBCO Software, USA) was RESULTS
used for statistical processing of all the data. The statistical Study Subjects
significance of the differences in LSI, LSI/SSI, LSI/PVSI In this study, the data of 53 patients (25 men and
between Groups 1 and 2 was evaluated using the Mann— 28 women) who underwent abdominal MRI with intravenous
Whitney U test. The Spearman'’s rank correlation coefficient ~ GA contrast enhancement were analyzed.

Fig. 1. Axial, T1-weighted, Gadoxetic acid—enhanced magnetic
resonance imaging of the liver obtained 20 minutes after contrast
administration. The signal intensity was measured in the following
regions of interest: (a) right and left hepatic lobe parenchyma,
(b) splenic parenchyma, and (c) portal vein lumen.

DAl https://doiorg/1017816/DD624826
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Group 1 included 19 patients, aged 34-71 years (mean
age: 51.2 + 9.8 years), who had liver cirrhosis of various
origins (Table 2).

Group 2 included 34 patients, aged 24-84 years (mean
age: 57.6 + 15.8 years), in whom the liver function was
preserved (Table 3).

Primary Findings

Table 4 shows the statistical analysis of the differences
in LSI, LSI/SSI, LSI/PVSI between the two groups. The LSI
was statistically significantly higher in patients in Group 2
than in patients in Group 1 (P < 0.001). The LSI/SSI was also
statistically significantly different between the groups; the
median LSI/SSI value was significantly higher in Group 2 than
in Group 1 (P < 0.001). There was no statistically significant
difference in the LSI/PVSI between the groups (P > 0.05)
(Fig. 2).

The correlation analysis showed a statistically significant
negative correlation between LSI and the following blood test
results: total bilirubin level (r=—0.61; P=0.000001), AST level
(r=-0.57; P=0.000009), ALT level (r = -0.44; P =0.001), ALP

Vol.5 (2) 2024
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level (r = -0.45; P =0.0007), GGT level (r =-0.5; P = 0.0003),
and PT (r=-0.34; P=0.04) (Fig. 3). According to the Chaddock
scale, there were significant correlations between the LS| and
the total bilirubin and AST levels. Furthermore, there was a
moderate correlation between the LSI and the levels of ALT,
ALP, GGT, and PT.

Because data regarding serum albumin levels in the
patients in Group 2 was insufficient, the laboratory blood test
results of patients in Group 1 were used in the correlation
analysis. There was no statistically significant correlation
between serum albumin levels and LSI (r = 0.13; P = 0.61)
(Fig. 4).

DISCUSSION

Statistical analyses in our study revealed a significant
difference in the LSI between the study groups. The high
LSI in Group 2 may be attributable to the active uptake
of GA by the functional hepatocytes [5, 6]. In Group 1, the
cellular uptake of the contrast agent may be attributed
to the impaired liver function and decreased number of

Table 2. Characteristics of the patients in Group 1 on the basis of the etiology of liver abnormalities

Etiology of liver abnormalities ofN :::ilzl:s Malignancy
Four patients had histologically confirmed HCC. Two patients
Hepatitis C 8 were diagnosed with HCC on the basis of GA-enhanced MRI; the
diagnosis was not confirmed histologically

Hepatitis B 9 One patient had histologci;?(l:liyr/] g;r:irmed cholangiocellular
Alimentary origin 2 -

Unspecified origin 1 -

Toxic origin 1 -

Nonalcoholic fatty liver disease 1 -

Primary sclerosing cholangitis 2 -

Budd-Chiari syndrome 1 -

Wilson’s disease 1 -

Note. GA, gadoxetic acid; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

Table 3. Characteristics of the patients in Group 2 on the basis of the etiology of liver abnormalities

Etiology of liver abnormalities

| Number of patients

Intact liver parenchyma 7
Benign hepatic tumors (liver adenomas, focal nodular hyperplasia, hemangiomas, and liver cysts) 25
Arteriovenous shunts 2
Table 4. Statistical differences between Groups 1 and 2

| LS| | LSI/sSl | LSI/PVSI
Group 1 919.05 [669.65; 1258.35] 1.2 [1.04 1.7] 1.44[1.29; 1.83]
Group 2 1525.13 [1460.5; 1631.4] 1.7 [1.46; 1.96] 1.6 [1.43; 1.83]
P-value 0.0000001 0.00076 0.1

Note. LSI, liver signal intensity; LSI/SSI, liver signal intensity to spleen signal intensity ratio; LSI/PVSI, liver signal intensity to portal vein signal

intensity ratio.
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hepatocytes, resulting in a decreased signal intensity in the
liver parenchymal on MRI [7, 8].

In the spleen, GA serves as an extracellular enhancing
agent because the spleen cells do not contain proteins that
can transport GA into the cells [9]. It has been proposed that
the functional status of the liver is reflected by the LSI/SSI
ratio. In our study, there was a statistically significant
difference in the LSI/SSI between the study groups, indicating
that it may be an effective parameter to assess liver function.

Our finding that LSI and LSI/SSI may reflect liver function
is consistent with that of previous studies. Yang et al.
evaluated the laboratory test results and GA-enhanced MRI
data of 120 patients with normal and impaired liver function.
The following HSP parameters were evaluated: LSI, PVSI,
SSI, LSI/PVSI, LSI, SSI, and PVSI/SSI. They found significant
differences in the LSI, LSI/PVSI, and LSI/SSI between their
study groups. Thus, they concluded that these parameters
may be used to assess the liver function [9].

Bastati et al. evaluated the data of 128 patients and
concluded that GA-enhanced MRI may be used to assess the
liver engraftment potential in patients who have undergone
orthotopic organ transplantation. The authors used a
functional liver imaging score (FLIS) with the sum of three
criteria (LSI, biliary excretion of GA, LSI/PVSI), each of which
was scored from 0 to 2 points. Furthermore, the relative
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LSI/SSl in Group 1 and Group 2
N=53 (Group 1: n=19; Group 2: n=34)
Mann-Whitney U test, P=0.00076
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Fig. 2. Box-and-whiskers plots of the (a) liver signal intensity,
(b) liver signal intensity vs. spleen signal intensity, and (c) liver
signal intensity vs. portal vein signal intensity for Groups 1 and 2. In
a and b, the differences were statistically significant (P = 0.0000001
and P = 0.00076, respectively). In c, the difference was not
statistically significant (P =0.1).

Note. LS|, liver signal intensity; SSI, spleen signal intensity; PVSI,
portal vein signal intensity.

liver enhancement (RLE) was assessed using the following
formula [10]:
LSl,,cp — LSI
RLE= — > " % 100.
LSI
Mnatsakanyan et al. compared the effectiveness of using
MRI to assess the liver function in surgical candidates with that
of the combined use of hepatobiliary scintigraphy (with #™Tc
mebrofenin) and single-photon emission computed tomography
(CT). The MRI parameters used were future liver remnant
function (FunctFLR) and the hepatocellular uptake index (HUI) in
the HSP. A FLIS system was also used for the evaluation.
FunctFLR was calculated using the following formula:
FUnctFLR = FLR —R;E ,
where FLR is the future liver remnant assessed by CT- or
MRI-volumetry, m is the weight of the patient, and RLE is the
relative liver enhancement.
The RLE was calculated using the following formula:
Slhb - Slpre

S|

pre

where Sl is the mean signal intensity of three ROIs in the

HSP and Sl is the mean signal intensity of three ROIs in

the native phase.
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Fig. 3. Scatter plots showing the correlation between liver signal intensity and the following parameters: (a) total bilirubin level (r = -0.67;
P=0.000001), (b) aspartate aminotransferase level (r=-0.57; P= 0.000009), (c) alanine aminotransferase level (r = -0.44; P = 0.001), (d) alkaline
phosphatase level (r=-0.45; P=0.0007); (e), gamma-glutamyl transferase level (r=-0.5; P=0.0003), and (f) prothrombin time (r=-0.34; P=0.04).
Note. LSI, liver signal intensity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phospatase; GGT,

gamma-glutamyl transferase; PT, prothrombine time.

The HUI was calculated using the following formula:

_ 20
HU|_VLx(—SZU 1).

where VL is the volume of the liver, L20 is the mean LSI on
contrast-enhanced T1-Wls with fat suppression, and S20 is the
mean SSI on contrast-enhanced T1-Wis with fat suppression.

Mnatsakanyan et al. concluded that GA-enhanced MRI can

be used as an alternative modality for the functional assessment
of the liver when planning extensive resections [11].

DAl https://doiorg/1017816/DD624826

Some studies have demonstrated the efficacy of the
LSI/PVSI in assessing liver function [9, 12]. Zhang et al.
evaluated GA-enhanced MRIs of 92 patients with normal
liver function or hepatitis B-related cirrhosis. They
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Fig. 4. Scatter plot showing the correlation between liver signal
intensity and serum albumin level (r=0.13; P=0.61).
Note. LS|, liver signal intensity.

evaluated the following parameters: LSI/PVSI in the HSP
and laboratory blood test results (total bilirubin level,
albumin level, and platelet count). They found that the
LSI/PVSI in the HSP was associated with the severity of
functional impairment in patients with hepatitis B-related
liver cirrhosis, which was consistent with their laboratory
data. Thus, the authors concluded that LSI/PVSI in the HSP
may be used as a biomarker of liver function [12].

However, in our study, there was no statistically significant
difference in the LSI/PVSI between the study groups. This
may be attributable to the significant hyperbilirubinemia
reported in some patients in Group 1, particularly those
with primary sclerosing cholangitis. Lee et al. demonstrated
that in patients with significant hyperbilirubinemia, bilirubin
competes with GA for uptake by the hepatocytes, resulting
in delayed uptake and slowed GA clearance from the blood
[13]. In our study, the etiology of liver cirrhosis in Group
1 was heterogeneous, and the median total bilirubin level
was 43.25 [22.4-211.17] pmol/L. In some patients in Group
1, the significant hyperbilirubinemia may have affected the
LSI/PVSI. However, given the small sample size, there
was no statistically significant difference in the LSI/PVSI
between the groups.

The correlation analysis also supports the hypothesis that
MRI can be used to assess liver function, which is largely
consistent with the results of the study by Yang et al. [9].
They found a statistically significant negative correlation
between the LSI and the total bilirubin (r=-0.52; P < 0.001),
albumin (r = 0.48; P < 0.001), AST (r = -0.5; P < 0.001), and
ALT (r=-0.49; P<0.001) levels as well as the PT (r=-0.52;
P < 0.001) [9]. Contrary to the finding in the study by Yang
et al., we did not observe a correlation between the LSI and
the serum albumin level. This may be attributed to the small
sample size. Furthermore, because serum albumin level
is rarely included in the routine laboratory blood tests of
patients in Group 2, the correlation analysis was performed
using the data of patients in Group 1.
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In our study, there was a significant correlation between
the LSI and total bilirubin level (r = -0.61; P < 0.001). This
specific marker has been used in some scales to assess the
functional status of the liver. For example, liver dysfunction
can be assessed using the Chronic Liver Failure Consortium
scoring system and Sequential Organ Failure Assessment
scale, which include the total bilirubin level as a criterion
[14, 15]. The Asian Pacific Association for the Study of the
Liver recommends that acute-on-chronic liver failure be
defined on the basis of two laboratory blood parameters
such as total bilirubin and international normalized ratio or
prothrombin activity [15]. Therefore, the correlation obtained
in our study demonstrated the potential of GA-enhanced MRI
in the assessment of liver function.

Study Limitations

Insufficient data may explain the lack of correlation
between the LSI and serum albumin level in our study.
Thus, further studies with larger sample sizes are required.
Furthermore, the heterogeneous etiology of cirrhosis in
the patients in Group 1 may have resulted in the lack of a
statistically significant difference in the LSI/PVSI between the
study groups. Thus, further studies with larger sample sizes
are required.

CONCLUSION

The correlation analysis in our study revealed statistically
significant differences in MRI parameters such as LS| and
LSI/SSI between the patients with normal liver function
and those with impaired liver function. The study’s findings
validate the feasibility using GA-enhanced MRI for the
assessment of liver function. The lack of a statistically
significant difference in LSI/PVSI between the study groups
may be attributed to the significant hyperbilirubinemia in
some patients in Group 1.

The correlation analysis in our study also demonstrated
a statistically significant negative correlation between the LSI
and the total bilirubin, AST, ALT, GGT, ALP, and PT levels. These
findings also support the use of GA-enhanced MRI to assess
liver function. The lack of a statistically significant correlation
between the serum albumin level and LSI in Group 1 may be
attributable to the insufficient amount of data evaluated.

In conclusion, GA-enhanced MRI can be used for the
functional assessment of the liver in addition to its main
indications (diagnosis and characterization of lesions). Thus,
it is a promising assessment modality that is based on the
physiology of GA uptake by the hepatocytes.
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