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Abstract

Resumo

Objective: To evaluate the relationship between the magnetic resonance imaging-derived proton density fat fraction (MRI-PDFF)
and liver size in patients with metabolic dysfunction-associated steatotic liver disease (MASLD), as well as to explore the role of
determining the craniocaudal diameter of the right hepatic lobe (CCDHL), measured at the midclavicular line, and liver volumetry as
complementary tools in the assessment of hepatic steatosis.

Materials and Methods: This was a single-center, cross-sectional, prospective study including 289 patients with MASLD who un-
derwent multiparametric MRI for the evaluation of hepatic steatosis, which was categorized by the MRI-PDFF value. Liver size mea-
surements included the CCDHL, liver volume from automated segmentation, and its difference from the total expected liver volume
(eLV), calculated with the Vauthey formula.

Results: A significant positive correlation was observed between the MRI-PDFF and liver size measurements, including the CCDHL
(rs =0.651; p < 0.001) and the eLV (rs = 0.568; p < 0.001). Patients with higher grades of steatosis showed a progressive increase
in liver volume (p < 0.001). A receiver operating characteristic curve analysis demonstrated good diagnostic accuracy for the CCDHL
and for the eLV in identifying moderate-to-severe steatosis (area under the curve: 0.76 and 0.83, respectively).

Conclusion: The integrated assessment of the MRI-PDFF and liver size appears to be effective for the diagnosis, stratification, and
monitoring of steatosis in patients with MASLD.

Keywords: Fatty liver; Multiparametric magnetic resonance imaging; Biomarkers; Liver/diagnostic imaging; Liver/physiopathology.

Objetivo: Avaliar a relacao entre a fracao de gordura hepatica por densidade de prétons medida por ressonancia magnética (PDFF-
MRI) e o tamanho do figado em pacientes com doenga hepatica esteatética associada a disfuncao metabdlica (MASLD). Explorar
o papel do didmetro craniocaudal do lobo hepatico direito (DCCLH) medido na linha hemiclavicular e da volumetria hepatica, como
ferramentas complementares na avaliacao da esteatose.

Materiais e Métodos: Estudo transversal, unicéntrico e prospectivo incluindo 289 pacientes submetidos a ressonancia magnética
multiparamétrica para avaliacao da esteatose hepatica, a qual foi determinada pelo valor de PDFF-MRI. As medidas de tamanho
do figado incluiram DCCLH, volume hepatico de segmentacao automatizada e a sua diferenca em relacéo ao volume hepatico total
esperado (V,,), calculado pela férmula de Vauthey.

Resultados: Observou-se correlagao positiva significativa entre a PDFF-MRI e as medidas de tamanho hepatico, incluindo o DCCLH
(rs=0,651; p<0,001) e aV, (rs = 0,568; p < 0,001). Pacientes com maior grau de esteatose apresentaram aumento progressivo
do volume hepético (p < 0,001). A analise da curva ROC demonstrou boa acuracia diagnostica para o DCCLH (AUC = 0,76) e para
a V. (AUC = 0,83) na identificacao de esteatose moderada a acentuada.

Conclusao: A avaliacao integrada da PDFF-MRI e do aumento do tamanho hepatico demonstrou-se eficaz para diagnostico, estra-
tificacao e monitoramento da esteatose em pacientes com MASLD.

Unitermos: Figado gorduroso; Ressonancia magnética multiparamétrica; Biomarcadores; Figado/diagnédstico por imagem; Figado/
fisiopatologia.

INTRODUCTION because of higher rates of obesity and type 2 diabetes. The
Metabolic dysfunction-associated steatotic liver dis-  prevalence of MASLD is approximately 38% worldwide

ease (MASLD) is currently the most prevalent chronic — and 44% in Latin America"?. A progressive increase in its
liver condition worldwide, its prevalence having increased  incidence has been observed in nearly all countries.
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The histopathology of MASLD ranges from isolated
steatosis to steatohepatitis associated with metabolic dys-
function (MASH), which can progress to fibrosis, cirrho-
sis, and hepatocellular carcinoma'?. In addition to hepatic
complications, MASLD is associated with an increased
risk of cardiovascular, cerebrovascular, and endocrine-
metabolic diseases, as well as of extrahepatic neoplasms®®.

Early diagnosis is essential to prevent the progression
of MASLD. Although liver biopsy is considered the gold
standard, it is an invasive method, subject to interobserver
variability and limited by sampling, as well as not taking
heterogeneous parenchymal involvement into consid-
eration®?®. Therefore, noninvasive methods such as de-
termination of the multiparametric magnetic resonance
imaging-derived proton density fat fraction (MRI-PDFF)
have been incorporated into clinical practice®.

The MRI-PDFF is a quantitative, reproducible bio-
marker for hepatic steatosis that is quite sensitive, even
at low levels (= 5%) of steatosis, presenting high accuracy
in differentiating among the degrees of involvement, with
an area under the receiver operating characteristic (ROC)
curve (AUC) greater than 90%).

Automated liver volumetry represents a promising
method in the structural evaluation of MASLD, offering
greater accuracy, less interobserver variability, and rapid
analysis of large volumes of data'®. The difference be-
tween the segmented liver volume on MRI and the ex-
pected liver volume (eLV), as determined with the Vauthey
formula'”, is calculated to evaluate volumetric deviations.

The MRI-PDFF has also been shown to correlate
with the craniocaudal diameter of the right hepatic lobe
(CCDHL), measured at the midclavicular line, which is a
simple, accessible, reproducible measurement®.

The objective of this study was to evaluate the correla-
tion between the MRI-PDFF and liver size in patients with
MASLD, exploring the role of automated volumetry, deter-
mination of the eLV, and measurement of the CCDHL, as
complementary tools.

MATERIALS AND METHODS
Participants

This cross-sectional, single-center, prospective study
was approved by the institutional research board and the
local research ethics committee (Reference no. 26455019.
6.3001.5330). All participants gave written informed con-
sent. Patients were included if they were > 18 years of age
and were referred for multiparametric MRI of the liver for
the evaluation or monitoring of hepatic steatosis between
2020 and 2021. A total of 289 such patients were consid-
ered eligible. Patients who did not present at least one of
the five cardiometabolic criteria, according to the consen-
sus for MASLD classification®?, were excluded, as were
those who presented with excessive alcohol use (> 20 g/
day for women and > 30 g/day for men), those who were
using steatogenic medications (e.g., amiodarone, cortico-
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steroids, methotrexate, and tamoxifen), those previously
diagnosed with other liver diseases (e.g., hemochromato-
sis, Wilson’s disease, and alpha-1 antitrypsin deficiency),
those infected with hepatitis C, hepatitis B, or HIV, those
with autoimmune hepatitis, and those who were trans-
plant recipients. It should be noted that the exclusion of
patients previously diagnosed with viral hepatitis or other
liver diseases was based only on the anamnesis, without
laboratory or serological confirmation. Patients in whom
there was technical failure on MRI (motion or metallic
artifacts) were also excluded. A total of 22 patients were
excluded on the basis of these criteria. Therefore, the final
sample comprised 267 patients.

Data related to patient age, sex, weight, height, and
abdominal circumference were collected. For each pa-
tient, the body mass index was calculated as the weight in
kilograms divided by the height in meters squared (kg/m?).

Imaging protocol

The images were acquired in a 1.5-T scanner (Mag-
netom Aera; Siemens Healthineers, Erlangen, Germany),
with an 18-channel coil. Axial and coronal single-shot
T2-weighted sequences were acquired, as were axial T1-
weighted opposed-phase gradient-echo sequences.

The software LiverLab (Siemens Healthineers) was
used, with the g-Dixon technique with six echoes, gener-
ating fat (MRI-PDFF) and iron (R2¥) maps, together with
automated liver volumetry.

The MRI-PDFF value was classified into degrees of
steatosis'®'V: normal, < 5.6%; mild, 5.6—16.2%; moder-
ate, 16.3-21.6%; or severe, = 21.7%.

The segmented liver volume on MRI was defined as
the observed volume, and the expected volume was calcu-
lated using the Vauthey formula'”, developed for estimat-
ing liver volume during the planning of surgical resection
or liver transplantation:

Vauthey formula (cm?®) = —=794.41 + 1267.28 x body

surface area (m?)

The eLV was defined as the difference between the
expected and observed volumes.

The CCDHL (in ¢cm) was measured at the right mid-
clavicular line on coronal single-shot T2-weighted se-
quences, with a reference value of < 15 cm'?,

Liver fibrosis was assessed by using an elastography
system (Resoundant, Inc., Rochester, MN, USA), with
mechanical waves transmitted via a device into the right
hypochondrium, generating liver stiffness maps (in kPa)
to determine to what extent the presence of fibrosis in-
fluenced the eLV value obtained. Areas of low reliability
and interference were avoided. The degree of fibrosis was
categorized as follows'®): normal, if < 2.5 kPa; stage FO,
or chronic inflammation, if 2.5-2.9 kPa; stage F1/F2, if
3.0-3.5 kPa; stage F2/F3, if 3.5-4.0 kPa; stage F3/F4, if

4.0-5.0 kPa; and stage F4, or cirrhosis, if > 5 kPa.
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The images were analyzed by two observers, working
independently: a radiology fellow specializing in abdomi-
nal imaging (fourth-year resident) and a senior radiologist
(with ten years of experience in abdominal radiology). The
contours generated automatically in the liver segmentation
were evaluated; if correct in relation to the liver surface,
the total liver volume value was considered. In the MRI-
PDFF evaluation, nine regions of interest were created in
the liver segments and compared with the automated seg-
mentation value. If there was agreement between these
values, the result of the histogram generated by the auto-
mated segmentation was used. If there was no agreement,
the MRI-PDFF value used was that obtained for the larg-
est area of the region of interest that could be adequately
measured within the liver parenchyma. All examinations
were initially evaluated by the radiology fellow and sub-
sequently re-evaluated by the senior abdominal radiolo-
gist. Quantitative measurements of MRI-PDFF, R2¥, and
liver stiffness were performed independently by both ob-
servers, allowing the subsequent analysis of interobserver
agreement. However, the CCDHL value was obtained by
consensus between the two observers during the second
round of reading, with the aim of ensuring methodological
standardization of this anatomical measure.

Statistical analysis

Quantitative variables are expressed as mean and
standard deviation or as median and interquartile range,
according to data distribution. Categorical variables are
expressed as absolute and relative frequencies.

To compare medians, the Mann-Whitney or Kruskal-
Wallis test was used, with Dunn’s test for multiple com-
parisons. To compare proportions, we used Pearson’s chi-
square test, together with analysis of the adjusted residuals.

To evaluate the power of CCDHL and eLV in predict-
ing the occurrence of steatosis or the development of mod-
erate-to-severe steatosis, we performed a ROC curve analy-
sis, calculating the AUC and the 95% confidence interval.

Associations between numerical variables were as-
sessed by calculating Spearman’s correlation coefficient.

The level of interobserver agreement between the
two evaluators—for MRI-PDFF, R2*, and kPa measure-
ments—was assessed by calculating the intraclass corre-
lation coefficient (ICC), with interpretation according to
the Landis and Koch criteria.

The significance level adopted was 5% (p < 0.05). All
analyses were performed with the IBM SPSS Statistics
software package, version 27.0 (IBM Corp.; Armonk, NY,
USA).

RESULTS
Clinical features

The sample consisted of 267 patients with a mean age
of 52.8 years, as shown in Table 1. There was a balance
between the proportion of men and women (52.8% and
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Table 1—Clinical characteristics of the patients in the sample.

Variable (N=267)
Age (years), mean + SD 52.8+12.6
Sex, n (%)
Female 126 (47.2)
Male 141 (52.8)
Comorbidities, n (%)
Obesity 148 (55.8)
Festing hyperglycemia 136 (54.4)
Type 2 diabetes mellitus 60 (22.6)
Hypertension 121 (45.5)
Dyslipidemia 135 (50.8)

47.2%, respectively). The most prevalent comorbidity was
obesity (in 55.8%), followed by dyslipidemia (in 50.8%)
and fasting hyperglycemia (in 54.4%), corroborating the
strong association between hepatic steatosis and meta-
bolic syndrome.

Of the patients evaluated, 21% did not meet the cri-
teria for a diagnosis of steatosis, whereas 47.2% had mild
steatosis, 15% had moderate steatosis, and 16.9% had se-
vere steatosis. The median MRI-PDFF was 10.7% (IQR:
5.9—-18.1%), suggesting a predominance of mild-to-mod-
erate steatosis.

The mean CCDHL value was 13.8 + 2.3 c¢m, with
71.2% of the patients presenting a CCDHL < 15 ¢m and
28.8% presenting a CCDHL > 15 cm. The mean liver
volume obtained by automated volumetry was 1,739 +
457 mL, whereas the expected volume, calculated by the
Vauthey formula, was 1,747 cm® £ 301 cm?®, with 46.1%
of the patients presenting a liver volume greater than ex-
pected.

In the ancillary evaluations, iron overload was ob-
served in approximately 23.4% of the sample. Regarding
liver fibrosis, 208 patients (77.9%) had normal results,
whereas the fibrosis was categorized as stage FO, or chron-
ic inflammation!®, in 23 patients (8.6%). Advanced fibro-
sis (stage F3/F4) was uncommon, indicating that most pa-
tients were in the early stages of fibrosis. The distribution
of the fibrosis stages is detailed in Table 2.

Interobserver agreement was excellent for all of the
quantitative measurements evaluated. For the MRI-PDFF
value, the ICC was 0.92 (95% CI: 0.90—0.94); for the R2*
value, it was 1.00 (95% CI: 1.00—1.00); and for the degree
of liver stiffness, it was 0.99 (95% CI: 0.99—1.00).

Assessment of the liver dimensions

The analysis of the data demonstrated that the median
elV was —132.2 mL (IQR: —319.5 to 51.8) among the pa-
tients with a CCDHL < 15 cm, compared with 275.4 mL
(IQR: 41.6 to 546.8) among those with a CCDHL > 15 cm
(p <0.001).

In the group with a preserved CCDHL (< 15 cm),
the observed liver volume was, for the most part, smaller
than expected. Conversely, in the group with an increased
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Table 2—Sample distribution by hepatic and metabolic characteristics.

Variable (N=267)
MRI-PDFF, median (IQR) 10.7 (5.9-18.1)
Degree of steatosis, n (%)
Normal (< 5.6%) 56 (21.0)
Mild (5.6-16.2%) 126 (47.2)
Moderate (16.3-21.6%) 40 (15.0)
Severe (> 21.7%) 45 (16.9)
CCDHL (cm), mean + SD 13.8+2.3
CCDHL category, n (%)
<15 190 (71.2)
>15 77 (28.8)
Observed liver volume (mL), mean + SD 1739 + 457
Expected liver volume (cm3), mean + SD 1747 + 301
Liver volume greater than expected, n (%)
No 144 (53.9)
Yes 123 (46.1)
Iron overload, n (%)
No 203 (76.6)
Yes 62 (23.4)
Degree of fibrosis, n (%)
Technical failure 8(2.9)
Normal (< 2.5 kPa) 208 (77.9)
FO, or chronic inflammation (2.5-2.9 kPa) 23 (8.6)
F1/F2 (3.0-3.5 kPa) 12 (4.5)
F2/F3 (3.5-4.0 kPa) 3(1.1)
F3/F4 (4.0-5.0 kPa) 1(0.4)
F4 or cirrhosis (> 5 kPa) 12 (4.5)

CCDHL (> 15 c¢m), the median eLV was positive, indi-
cating that the observed liver volume was larger than ex-
pected.

As illustrated in Figure 1, the patients with a CCDHL
> 15 c¢m tended to present positive discrepancies between
the observed and expected liver volume, whereas those
with a CCDHL < 15 c¢m showed negative discrepancies.

An analysis of data dispersion (Figure 2) showed that
there was a significant association between an increased
CCDHL and an increased eLV, supporting the idea that
the CCDHL may be a useful marker for evaluating volu-
metric changes in the liver in patients with MASLD.

eLv
8

CCDHL

Figure 1. Relationship between the CCDHL and the eLV in patients with a pre-
served CCDHL (< 15 cm) and in patients with an increased CCDHL (> 15 cm).

4

eLv

9 12 15 18 2

CCDHL

Figure 2. Dispersion analysis of the CCDHL and the eLV, showing a significant
association between an increase in the CCDHL and an increase in the eLV.

Correlation of sampling data

When evaluating the relationship between the degree
of steatosis presented by the patient and the eLV, we found
that the eLV increased progressively with an increase in the
degree of steatosis. Patients with severe steatosis had mark-
edly larger liver volumes (441.6 mL), indicating a direct,
significant relationship, as further demonstrated in Figure
3. Patients without steatosis had, on average, lower-than-
expected liver volumes, whereas those with severe steatosis
had significantly higher-than-expected liver volumes. That
trend was evidenced by the progression in the median val-
ues, as well as by the broader interquartile ranges in severe
cases. This pattern reflects the association between hepatic
fat accumulation and increased liver volume.

2000
Ay o o
| o
>
-
®
-1000 | o
-2000 |
23000 |
NONE MILD MODERATE SEVERE
DEGREE OF STEATOSIS

Figure 3. Relationship between the degree of hepatic steatosis and the eLV,
indicating a direct, significant relationship between the two, especially in cases
of severe steatosis.

The eLV presented an accuracy (for the presence or
absence of hepatic steatosis) comparable to that of the
CCDHL, with the AUC being 0.72 for both (Figure 4).
However, for moderate and severe stages of the disease,
the eLV had an AUC higher than that of the CCDHL
(0.83 vs. 0.76), suggesting that volumetry is more sensi-
tive for detecting the progression of steatosis.

As depicted in Figure 5, there was a statistically sig-
nificant correlation between the CCDHL and the MRI-
PDFF (r, = 0.474; p < 0.001), as well as between the eLV

Radiol Bras. 2025;58:620250052en
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Figure 4. ROC curve analysis of the ability of the CCDHL and eLV to distinguish between patients with and without hepatic steatosis (A) and between moderate
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Figure 5. Correlations between the MRI-PDFF and the CCDHL (A) and between the MRI-PDFF and the eLV (B). Both associations were statistically significant.

and the MRI-PDFF (r, = 0.568; p < 0.001), reflecting the
results of the previous analyses. The interaction between
fat accumulation and increased liver volume is exemplified
in Figures 6, 7, and 8.

Confounding factors

The increase in the eLV according to the degree of
steatosis was not significantly different according to sex (p
= 0.558), iron overload (p = 0.905) and significant degree
of fibrosis (p = 0.315). These results highlight the role

of the MRI-PDFF and liver volume in the assessment of
MASLD, regardless of the influence of these confounding
factors.

DISCUSSION
Integration of MRI-PDFF and liver size into clinical
management

Our study evaluated the relationships among the

MRI-PDFF, automatically segmented liver volume, and
the CCDHL, aiming to better understand the interaction

tation Volume

Figure 6. A 72-year-old female patient with diabetes mellitus, obesity, dyslipidemia, and hypertension. A: Liver of normal dimensions and contours, with a CCDHL
of 12.0 cm and a volume of 1,433 mL on automated measurement. According to the Vauthey formula, the expected volume in this patient would be 1,357 cm?.

B,C: MRI-PDFF of 5.8%, consistent with mild steatosis.

Radiol Bras. 2025;58:620250052en
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Figure 7. A 3-year-old female patient with diabetes mellitus, obesity, hypertension, and dyslipidemia. A: Liver with slightly blunt edges, with a CCDHL of 18.0 cm and
a volume of 2,023 mL on automated measurement. The expected volume in this patient would be 1,803 cm®. B,C: MRI-PDFF of 20.6%, consistent with moderate
steatosis.

mean fit error

Fatsignal g

RO!
Segmentation Volume

ation
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c Segmentation Volume 4908 1

Figure 8. A 50-year-old female patient with obesity and hypertension. A: Liver with slightly blunt edges, with a CCDHL of 17.5 cm and a volume of 2,962 mL on

automated measurement. The expected volume in this patient would be 1,778 cm®. B,C: MRI-PDFF of 33.5%, consistent with severe steatosis.

between fat accumulation and increased liver volume.
The results demonstrate that the MRI-PDFF correlated
significantly with increased liver volume, and that the e[V
showed a linear progression with the degree of steatosis,
being significantly higher in patients with severe steato-
sis. These findings support the hypothesis that steatosis
induces progressive liver hypertrophy, suggesting that liver
volume is an indirect marker of disease severity and a pos-
sible predictor of metabolic complications®®.

The clinical relevance of these findings lies in improv-
ing MASLD assessment strategies. The use of liver volu-
metry automatically segmented by artificial intelligence
algorithms allows an objective, reproducible estimate of
liver volume, thus reducing interobserver variability and
enhancing its applicability. The integration of liver volum-
etry and determination of the MRI-PDFF may contribute
to better identification of patients at risk of progression to
advanced fibrosis and metabolic complications'¥. It also
raises the possibility of monitoring disease activity and as-
sessing the therapeutic response to clinical and pharmaco-
logical interventions. Previous studies suggest that reduc-
ing the hepatic fat fraction through diet and medication
is directly associated with reduced liver volume, under-
scoring the importance of volumetry in the monitoring of
patients with MASLD">. Therefore, the incorporation of

6

quantitative biomarkers, such as MRI-PDFF and liver vol-
ume, represents a significant advance in the assessment
and management of the disease.

Our findings underscore the idea that MRI-PDFF is
a reliable noninvasive marker for quantifying hepatic fat,
with advantages over liver biopsy because it is a reproduc-
ible examination, with a larger sample volume, free from
the risks associated with invasive procedures and capable
of being applied at scale"®. Our findings corroborate
those of previous studies that showed liver volume to be
an important factor to be considered in procedures such
as liver transplantation and liver resection, given that the
functional liver volume can be overestimated in the pres-
ence of steatosis'!”).

Our results are in agreement with those of Choi et
al.®9, who demonstrated a mean increase of 4.4% in liver
volume for each one-point increment in the MRI-PDFF
grade. In that study, the ratio of liver volume to standard-
ized liver volume increased proportionally with the MRI-
PDFF grade, supporting the idea that steatosis contributes
significantly to increasing liver volume. The proposal of
a formula to estimate liver volume adjusted by the MRI-
PDFF may represent an innovative approach to correct
this effect of steatosis on liver volume and improve the

functional assessment of the liver®.

Radiol Bras. 2025;58:620250052en
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Our results are consistent with the findings of Tang
et al."® who demonstrated that liver volume and total
hepatic fat load both showed a statistically significant cor-
relation with the MRI-PDFF. Those authors also observed
that changes in the MRI-PDFF over time were associated
with changes in liver volume, underscoring the usefulness
of volumetry in longitudinal disease monitoring'®.

The heterogeneity of hepatic fat distribution poses
an additional challenge to accurately quantifying the he-
patic lipid load. Studies suggest that measurement of the
fat fraction can lead to sampling variations and an incom-
plete estimate of the total hepatic lipid load. By analyzing
the liver as a whole, automated volumetry minimizes these
biases and allows a more accurate assessment of the lipid
load"®.

The comparison between the CCDHL and the eLV in-
dicated that the two have similar accuracy in detecting the
presence of steatosis. In addition to liver volumetry, the
CCDHL has thus proven to be a relevant parameter in the
assessment of liver morphology, because its measurement
is a technique that is simple, widely available, and repro-
ducible, as well as being widely applicable to different im-
aging techniques. The relationship between the CCDHL
and the eLV observed in the present study suggests that
the CCDHL can be used as an indirect marker of liver
volume in patients with MASLD. In previous studies, the
CCDHL demonstrated a good correlation with the pres-
ence of hepatomegaly and with the metabolic alterations
associated with steatosis''*??). However, we found that, in
the more advanced stages of steatosis, liver volume was
more accurate than was the CCDHL, indicating that liver
volumetry may be more sensitive in detecting steatosis
progression.

In agreement with our findings, Pickhardt et a
demonstrated that total liver volume is not a good isolated
predictor of fibrosis, because volumetric changes occur
more through segmental redistribution than through glob-
al liver enlargement. That redistribution is reflected in the
hepatic segmental volume ratio, which assesses the pres-
ence of atrophy in segments IV-VIII and compensatory
hypertrophy in segments I-ITT!",

107

Study limitations

Despite the relevant findings, our study has some
limitations. First, this was a single-center, cross-sectional
study, which limits the generalizability of the results to
other populations. In addition, ethnicity, genetics, and age
were not analyzed!>?". Furthermore, we did not evaluate
anatomical variations, such as Riedel’s lobe. Moreover, the
impact of heterogeneous steatosis was not taken into con-
sideration. Other potential limitations include the absence
of a longitudinal assessment, which precluded the analy-
sis of disease progression or regression during treatment;
the fact that we did not monitor patient use of medica-
tions that could impact liver volume and fat; and the fact

Radiol Bras. 2025;58:620250052en

that fasting insulin data for calculating the Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR)
score, which is considered a secondary criterion for the di-
agnosis of metabolic syndrome®, were not available. These
limitations may have reduced the representativeness of the
sample and should be considered in future studies, which
should include longitudinal assessments and should evalu-
ate populations that are more heterogeneous.

Future directions

Future studies should explore the clinical applicability
of MRI-PDFF-adjusted volumetry as a predictor of meta-
bolic and cardiovascular outcomes. The development of
predictive models based on artificial intelligence may help
individualize the management of MASLD, allowing thera-
peutic approaches to be personalized'®). In addition, such
studies should optimize automated liver segmentation and
evaluate the use of eLV determination in different liver dis-
ease scenarios''*). Another promising direction is the devel-
opment of models that take lipid content into consideration
in the assessment of liver function, thus informing deci-
sions regarding surgical planning and risk stratification.

CONCLUSION

Our data highlight the importance of integrated, non-
invasive assessment of liver metrics, with emphasis on de-
termination of the MRI-PDFF and measurement of liver
volume as complementary tools in the approach to MASLD.

The MRI-PDFF stands out as a highly sensitive, ac-
curate biomarker for quantifying liver fat, essential for risk
stratification and disease monitoring. Concurrently, the as-
sessment of liver volume, whether by automated volumetry
or measurement of the CCDHL, has proven to be a metric
that is practical and widely applicable, reflecting structural
changes associated with the progression of steatosis.

The positive correlation between the MRI-PDFF and
liver volume supports the idea that these metrics, taken
together, offer a comprehensive approach to diagnosis and
to the early identification of patients at higher risk of com-
plications. In addition, the integration of these tools en-
ables personalized therapeutic interventions, contributing
to improved outcomes in patients with MASLD.

Data availability

The data supporting the results of this study are pub-
lished in the body of this article.
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