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Abstract
Purpose To assess and compare the performance of liver surface nodularity (LSN) quantification using Gd-BOPTA-enhanced 
MRI and contrast-enhanced CT for the diagnosis of clinically significant portal hypertension (CSPH) in patients with 
cirrhosis.
Methods This retrospective study included 30 patients with compensated histologically proven cirrhosis who underwent 
hepatic venous pressure gradient (HVPG), abdominal CT and Gd-BOPTA-MRI within a 60-day interval during pre-surgery 
workup for hepatocellular carcinoma (HCC) between January 2016 and August 2018. LSN score was derived from CT portal 
venous phase (PVP), axial T2- and T1-weighted PVP and hepatobiliary phase (HBP). Accuracy for the detection of CSPH 
was evaluated for each set of images by ROC curve analysis. Intra-observer, inter-observer and inter-method reproducibilities 
were assessed by the intraclass correlation coefficient (ICC) and coefficient of variation (CV).
Results Thirty patients were analysed (23 men [77%], mean age 60 ± 11 years old), including 15 (50%) with CSPH. All CT- 
and MRI-derived LSN quantifications were correlated to HVPG (CT-PVP: r = 0.63, p = 0.001, AUROC = 0.908 ± 0.06; T1-w-
PVP: r = 0.43, p = 0.028, AUROC = 0.876 ± 0.07; T1-w-HBP: r = 0.50, p = 0.012, AUROC = 0.823 ± 0.08; T2-w: r = 0.51, 
p = 0.007, AUROC = 0.801 ± 0.09). There was no significant difference in AUROC pairwise comparisons (p = 0.12–0.88). 
Patients with CSPH had higher LSN than those without (CT-PVP: 3.2 ± 0.6 vs 2.4 ± 0.5, p < 0.001; T1-w-PVP: 2.7 ± 0.4 vs 
2.2 ± 0.4, p = 0.002; T1-w-HBP: 3.0 ± 0.6 vs 2.3 ± 0.3, p < 0.001; T2-w: 3.0 ± 0.6 vs 2.2 ± 0.3, p = 0.001) and 86%, 82%, 85% 
and 82% of patients were correctly classified, respectively. Reproducibility of inter-image set comparisons was excellent 
(ICC = 0.84–0.96 and CV = 8.3–14.2%).
Conclusion The diagnostic performance of MRI-based LSN for detecting CSPH is strong and similar to that of CT-based 
LSN.
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Introduction

Portal hypertension plays a role in most of the compli-
cations of liver cirrhosis, for example gastroesophageal 
variceal bleeding, and is a major risk factor for mortality. 
Portal hypertension has also been shown to be correlated 
with morbidity and mortality in patients with cirrhosis who 
undergo major liver surgery [1, 2]. The reference standard to 
evaluate the presence and severity of portal hypertension in 
patients with cirrhosis is the hepatic venous pressure gradi-
ent (HVPG) and clinically significant portal hypertension 
(CSPH) is defined as a HVPG ≥ 10 mmHg [3]. Even though 
HVPG measurement is a safe and minimally invasive pro-
cedure with low complication rate, it is only available in 
expert centres [4].

Non-invasive methods have been developed for the 
quantification of portal hypertension and the detection of 
CSPH in patients with cirrhosis, in particular liver stiffness 
assessed by transient elastography and derived scores [5]. 
Although liver stiffness can accurately exclude the presence 
of high-risk varices, [6] it is limited by the need for spe-
cific equipment and it can be difficult to perform in obese 
patients. Liver and spleen stiffness by shear-wave elastogra-
phy has been found to be a promising approach but the diag-
nostic accuracy of this technique is not sufficient to estimate 
CSPH [7]. Several studies have also evaluated various MRI-
derived parameters as possible surrogate markers for HVPG, 
but these techniques have not yet been validated and often 
require advanced MR sequences or MR elastography [8–10].

A software tool has been developed that retrospectively 
quantifies liver surface nodularity (LSN) based on routine 
computed tomography (CT). This approach which provides 
quantitative measurement of liver margin irregularities, a 
well-known feature of cirrhosis, has been validated in sev-
eral studies for the evaluation of liver fibrosis and has also 
been shown to be accurate for the diagnosis of CSPH in 
patients with compensated cirrhosis [11–14]. This LSN soft-
ware has also been recently applied to magnetic resonance 
imaging (MRI) for the detection of cirrhosis and has shown 
to have good agreement with CT-based LSN scores [15].

Because of the widespread use of MRI in the pre-surgical 
workup of patients with cirrhosis and hepatocellular car-
cinoma, and the use of liver-specific MR contrast agents 
especially during the hepatobiliary phase (HBP) [16], the 
goal of this study was to evaluate and compare the diagnos-
tic performance of an MRI-based LSN score with different 
sequences to the CT-based LSN score for the diagnosis of 
CSPH in patients with cirrhosis, using HVPG measurement 
as the reference method.

Methods

Patient population

This retrospective single centre study as well as the protocol 
review was approved by the institutional review board and 
the requirement for written informed consent was waived. 
The study cohort included 177 consecutive patients between 
January 2016 and August 2018, with histologically proven 
cirrhosis and no previous hepatic interventions (such as tran-
sjugular intrahepatic portosystemic shunts, liver transplan-
tation or liver resection). All patients underwent a HVPG 
measurement during a pre-surgical workup for hepatocel-
lular carcinoma (HCC) including contrast-enhanced CT and 
gadobenic acid (Gd-BOPTA)-enhanced MRI examinations 
within a 60-day interval. The choice of the 60 days cutoff 
was chosen to limit the risk of portal hypertension varia-
tion between HVPG measurement and MR imaging. Diag-
nosis of cirrhosis was confirmed by liver biopsy performed 
before or during the HVPG measurement and the diagnosis 
of hepatocellular carcinoma was obtained by biopsy or in the 
resected specimen after surgery. Exclusion criteria were no 
contrast-enhanced CT or Gd-BOPTA-MRI within 60 days 
before or after the HVPG measurement (145 patients) and 
liver surgery performed between the CT and MRI examina-
tions (left hepatectomy in 1 patient). An additional patient 
was excluded due to portal thrombosis detected on CT. Thus, 
the final population included 30 patients [mean age ± stand-
ard deviation, (range) 60 ± 11 years old, (23–76)], includ-
ing 23 (77%) men (61 ± 12 years old, (29-76)) and 7 (23%) 
women [58 ± 12 years old, (54–74)]. Flowchart of the study 
is showed in Supplementary Material.

HVPG measurement

HVPG measurements were performed under local anaesthe-
sia. A catheter was introduced using the Seldinger technique, 
then a 7 French balloon catheter was inflated in the right or 
median hepatic vein to measure the wedged hepatic venous 
pressure. Occlusion was then confirmed by injection of 5 mL 
of iodinated contrast. Free hepatic venous pressure was then 
obtained. Finally, the HVPG was calculated as the difference 
between the wedged and free hepatic venous pressures.

CT acquisition

Abdominal contrast-enhanced CT was performed within 
60 days before or after HVPG measurements and before 
liver surgery on a 256-section multidetector CT scanner 
(GE LightSpeed VCT; GE Healthcare, Milwaukee, Wis-
consin, USA) with contrast-enhanced acquisitions following 
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intravenous administration of 2 mL/kg of a non-ionic con-
trast medium at 350 mg iodine/mL with a power injector, 
through an 18-gauge catheter at a rate of 4 mL/s. Portal 
venous phase (PVP) images were obtained 70 s after the 
beginning of contrast administration.

MRI acquisition

MRI was performed with a 3.0 T MRI scanner (Achieva; 
Philips Healthcare, Best, The Netherlands) equipped with 
high performance gradients and an 8-channel phased array 
coils.

The standard liver MR protocol included a fat-suppressed 
T2-weighted (T2-w) fast spin-echo sequence, a T2-w sin-
gle-shot fast spin-echo sequence, a 3b-diffusion-weighted 
sequence and a transverse breath-hold 3D T1-weighted (T1-
w) fat-suppressed spoiled gradient-recalled echo sequence 
before and after dynamic injection of contrast medium. The 
sequences used for LSN quantification were: T2-w single-
shot fast spin-echo, T1-w-PVP and T1-w-HBP because of 
the high liver-fat contrast. A total of 0.05 mmol/kg of body 
weight of Gd-BOPTA followed by a 20 mL saline solution 
flush were administered at 2 and 1 mL/s, respectively with a 
power injector. Triple arterial, portal and delayed sequences 
were obtained. HBP images were acquired 2 h after contrast 
administration. CT and MRI technical data are provided in 
Supplemental Tables 1 and 2.

LSN score

Customised semi-automated LSN software (Liver Surface 
Nodularity Software, version 0.88; Liver Nodularity LLC) 
was applied to both CT and MRI examinations by two 
independent observers (observer 1, with 4 years of experi-
ence and observer 2, with 7 years of experience) blinded to 

clinical data. To test intra-observer variability, observer 1 
repeated the evaluation after a six-week interval and was 
blinded to the prior results of clinical data.

A region of interest of 1–2 cm in diameter was drawn 
along the liver surface of liver on different slices. The dis-
tance between the detected liver edge and the software-
generated polynomial line was automatically measured on a 
pixel-by-pixel basis [15]. Measurements were obtained for 
each patient on CT-PVP and on T2-w, T1-w-PVP and T1-w-
HBP MR sequences. Based on previous studies, measure-
ments were obtained along the anterior aspect of the left 
liver lobe and segment 4 [11, 17]. Surfaces of the liver other 
than those mentioned above, regions where the liver con-
tacted the abdominal wall, natural turns or fissures of the 
liver and the liver dome were avoided.

The images were confirmed by the observer after the 
measurements had been obtained to ensure that the imaging 
software had not visualised turns that did not seem to cor-
respond to the liver surface, and any measurements that did 
not correspond to the liver surface were rejected and were 
not included in the final LSN score. Ten measurements were 
accepted for each series of images, according to previous 
studies [12, 15]. The final LSN score was automatically cal-
culated by the software as the arithmetical mean of the ten 
slices measured, with a higher LSN score corresponding to 
a higher degree of surface nodularity. Failure was defined 
when ten measurements could not be obtained [12, 15]. Data 
were automatically recorded by software. Figure 1 shows 
examples of LSN measurements.

Statistical analysis

Continuous variables were expressed as means and stand-
ard deviations and compared using the Student t test or 
Mann–Whitney test whenever appropriate. Correlations 

Fig. 1  LSN measurements in patients without clinically significant 
portal hypertension (CSPH) and with CSPH. Left: 43-year-old male 
patient with hepatitis C cirrhosis and a hepatic venous portal gradi-
ent (HVPG) measurement of 7 mmHg. a CT with LSN 2.21; b MRI 
T1-w-HBP with LSN 2.15; c MRI T2-w with LSN 2.33; d MRI 

T1-w-PVP with LSN 2.28. Right: 62-year-old male patient with hep-
atitis C cirrhosis and HVPG measurement of 17 mmHg. a CT with 
LSN 3.95; b MRI T1-w-HBP with LSN 4.32; c MRI T2-w with LSN 
4.07; d MRI T1-w-PVP with LSN 3.96
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were determined with the Spearman correlation coef-
ficient. The discriminative value for the identification 
of CSPH was assessed by measuring the area under the 
receiver operating characteristic (AUROC) curve provided 
with the corresponding standard deviation. Optimal cutoff 
values were identified with the Youden index and asso-
ciated sensitivities, specificities, and positive and nega-
tive predictive values were determined. Comparison of 
AUROCs was performed using the DeLong method. Vari-
ability among the different LSN scores was assessed for 
each patient with the coefficient of variation (CV). Intra-
reader and inter-reader variabilities were assessed with the 
intraclass correlation coefficient (ICC) and Bland–Altman 
plot. All tests were two-sided and 0.05 was considered to 
be statistically significant. Statistical analyses and figures 
were obtained with SPSS statistical package software (ver-
sion 24.0; SPSS, Chicago, Illinois, USA) and GraphPad 
Prism software (version 7; GraphPad Software, La Jolla, 
California, USA), respectively.

Results

Study population

Fifteen (50%) of the 30 included patients had CSPH.
Cirrhosis was caused by alcohol consumption in 12 

patients (40%), hepatitis C virus infection in 9 (30%), non-
alcoholic fatty liver disease in 7 (23%), hepatitis B virus 
infection in 6 (20%) and other causes in 4 patients (13%) (the 
total exceeds 100% because some patients had more than 
one cause of cirrhosis). Patient characteristics are presented 
in Table 1.

Feasibility of LSN measurements

No reliable LSN measurements were possible on any MRI 
or CT acquisitions in one patient due to a limited liver-adi-
pose tissue interface. Due to a limited liver-adipose tissue 
interface and limited amount of ascites, no reliable LSN 

Table 1  Study population 
characteristics

Unless otherwise specified, data are means ± standard deviations
ALT alanine transferase, AST aspartate transferase, CSPH clinically significant portal hypertension, CT 
computed tomography, HVPG hepatic venous pressure gradient, LSN liver surface nodularity, MRI mag-
netic resonance imaging, PVP portal venous phase
a Data are numbers, with percentages in parentheses
b Data in parentheses are ranges
c The total exceeds 100% because some patients had more than one cause of cirrhosis

Characteristics All patients (n = 30) No CSPH (n = 15) CSPH (n = 15) P value

Men 23 (77) 12 (80) 11 (73) 0.66
Age (years)b

 Overall 60 ± 11 (29–76) 60 ± 14 (29–76) 60 ± 8 (44–73) 1.00
 Men 59 ± 12 (29–76) 57 ± 15 (29–76) 60 ± 8 (44–70) 0.56
 Women 66 ± 8 (54–74) 70 ± 4 (65–74) 61 ± 10 (54–73) 0.21

Body Mass Index (kg/m2) 28 ± 6 28 ± 6 28 ± 7 1.00
Cause of  Cirrhosisa, c

 Hepatitis C virus infection 9 (30) 6 (40) 3 (20) 0.24
 Hepatitis B virus infection 6 (20) 4 (27) 2 (13) 0.35
 Alcohol consumption 12 (40) 4 (27) 8 (53) 0.15
 Non-alcoholic fatty liver disease 7 (23) 2 (13) 5 (33) 0.20
 Other 4 (13) 2 (13) 2 (13) 1.00

Days between HVPG and CT 16.5 ± 17.0 18.5 ± 18.0 14.5 ± 17.1 0.54
Days between HVPG and MRI 21.7 ± 18.5 21.1 ± 16.7 22.4 ± 21.4 0.85
Days between CT and MRI 22.3 ± 22.9 28.7 ± 23.6 16.9 ± 22.8 0.17
HVPG (mm Hg) 10 ± 5 5 ± 2 14 ± 3 < 0.001
Platelet count (× 109/L) 171 ± 60 174 ± 63 167 ± 60 0.75
 LSN MRI T1-w-PVP 2.4 ± 0.4 2.2 ± 0.4 2.7 ± 0.4 0.002
 LSN MRI T1-w-HBP 2.6 ± 0.6 2.3 ± 0.3 3.0 ± 0.6 < 0.001
 LSN MRI T2-w 2.6 ± 0.6 2.2 ± 0.3 2.9 ± 0.7 0.001
 LSN CT-PVP 2.8 ± 0.6 2.4 ± 0.4 3.2 ± 0.6 < 0.001
 Spleen length (cm) 11.6 ± 1.9 10.4 ± 1.3 12.8 ± 1.7 < 0.001
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measurements were possible on one or more MRI sequences 
in three other patients (T1-w-HBP in one patient, T1-w-HBP 
and CT-PVP in another patient and T1-w-HBP and T2-w 
in another patient). In the fifth patient, no reliable LSN 
measurements were possible on T1-w-PVP due to breath-
ing artefacts.

On T1-w-PVP, the LSN score could not be obtained in 
two of 30 patients (7%) due to breathing artefacts in one 
patient and limited liver-adipose tissue interface in another 
patient. On T1-w-HBP, measurements could not be obtained 
in four of 30 patients (13%) because of limited liver-adipose 
tissue interface in two patients and limited ascites in two 
patients. On both T2-w and CT-PVP, two of 30 patients (7%) 
had LSN measurement failure due to limited liver-adipose 
tissue interface.

Diagnostic performance of LSN measurements

All CT- and MRI-derived LSN quantifications were 
correlated with HVPG (CT-PVP: r = 0.63, p = 0.001, 
AUROC = 0.908 ± 0.06; T1-w-PVP: r = 0.43, p = 0.028, 
AUROC = 0.876 ± 0.07; T1-w-HBP: r = 0.50, p = 0.012, 
AUROC = 0.823 ± 0.08; T2-w: r = 0.51, p = 0.007, 
AUROC = 0.801 ± 0.09). There were no significant differ-
ences in AUROCs in pair-wise comparisons (p = 0.12–0.88) 
(Table 2 and Supplemental Table 3).

Compared to CT-based LSN scores, the Bland–Altman 
plot for MRI T1-w-PVP, T1-w-HBP and T2-w showed a 
systemic bias of − 0.32 [limits of agreement (LOA) of − 1.12 
and 0.47), − 0.14 (LOA of − 0.82 and 0.53) and − 0.22 (LOA 
of − 0.87 and 0.43], respectively (Fig. 2 and Supplemental 
Table 4).

CT-based LSN scores were higher in patients with CSPH 
than in those without (3.2 ± 0.6 vs. 2.4 ± 0.4; p < 0.001). A 
cutoff value of 2.62 identified CSPH with a sensitivity of 
93% and a specificity of 79%. This cutoff value correctly 
classified 24/28 (86%) patients.

MRI-based LSN scores were higher in patients with 
CSPH than in those without on T1-w-PVP (2.7 ± 0.4 vs. 
2.2 ± 0.4; p = 0.002), T1-w-HBP (3.0 ± 0.6 vs. 2.3 ± 0.3; 

Table 2  Diagnostic performance of CT-based and MRI-based LSN Score

AUROC area under the receiver operating characteristics, CT computed tomography, HBP hepatobiliary phase, LSN liver surface nodularity, 
MRI magnetic resonance imaging, PVP portal venous phase, r correlation coefficient

R AUROC Cutoff value Sensitivity (%) Specificity (%) Positive predic-
tive value (%)

Negative predic-
tive value (%)

No. correctly 
classified

LSN CT-PVP 0.63 0.908 ± 0.06 2.62 92.9 (66.1–99.8) 78.6 (49.2–95.3) 81.2 (61.1–92.3) 91.7 (62.0–98.7) 24/28 (86%)
LSN MRI T1-w-

PVP
0.43 0.801 ± 0.09 2.24 85.7 (57.2–98.2) 78.6 (49.2–95.3) 80.0 (58.9–69.4) 84.6 (59.7–95.3) 23/28 (82%)

LSN MRI T1-w-
HBP

0.50 0.876 ± 0.07 2.23 92.3 (64.0–99.8) 76.9 (46.2–95.0) 80.0 (59.4–91.6) 90.9 (59.8–98.5) 22/26 (85%)

LSN MRI T2-w 0.51 0.823 ± 0.08 2.52 73.3 (44.9-92.2) 92.3 (64.0-99.8) 91.7 (62.0-98.7) 75.0 (56.1-87.6) 23/28 (82%)

Fig. 2  Bland–Altman plots comparing CT-PVP with MRI T1-w-PVP 
(a), MRI T1-w-HBP (b) and MRI T2-w (c)
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p < 0.001) and T2-w (2.9 ± 0.7 vs. 2.2 ± 0.3; p = 0.001). For 
T1-w-PVP, a cutoff value of 2.24 identified CSPH with a 
sensitivity of 86% and a specificity of 79%. For T1-w-HBP, 
a cutoff value of 2.23 identified CSPH with a sensitivity of 
92% and a specificity of 77%. For T2-w, a cutoff value of 
2.52 identified CSPH with a sensitivity of 73% and a speci-
ficity of 92%. Table 2 shows an overview of the diagnostic 
performance of CT- and MRI-based LSN scores.

An MRI-based LSN score could be reliably computed in 
3, 2, 1 and 0 sequences in 25 (83%), 3 (10%), 1 (3%) and 1 
(3%) patients, respectively. In the 29 patients with at least 
one reliable MRI-based LSN score, the score was found to 
be above 3, 2, 1 or no cutoff values in 10 (35%), 6 (21%), 4 
(14%) and 9 (31%) patients, respectively. There was a strong 
association between the number of LSN scores above cutoff 
values and the presence of CSPH: 8/9 (89%) patients with 
all LSN scores below cutoff values had no CSPH, while 
8/10 (80%) of those with all LSN scores above cutoff values 
had CSPH (p = 0.005). Similar results were found when the 
analysis was limited to the 25 patients with reliable LSN 
scores on all MRI sequences (Fig. 3).

Inter‑ and intra‑reader variability

For inter-reader variability, the intraclass correlation coef-
ficient (ICC) for CT-based LSN scores was 0.95 (95% CI 
0.88, 0.98). For MRI T1-w-PVP, T1-w-HBP, and T2-w, 
the ICC was 0.82 (95% CI 0.64, 0.91), 0.87 (95% CI 0.72, 
0.94) and 0.95 (95% CI 0.89, 0.98), respectively. The 

Bland–Altman plot for CT-based LSN scores showed a sys-
temic bias of − 0.04 (LOA of − 0.45 and 0.38). For MRI 
T1-w-PVP, T1-w-HBP and T2-w, the Bland–Altman plot 
showed a systemic bias of − 0.01 (LOA − 0.53 and 0.52), 
0.10 (LOA − 0.47 and 0.68) and − 0.01 (LOA − 0.44 and 
0.43), respectively.

For intra-reader variability, the intraclass correlation coef-
ficient for CT-based LSN scores was 0.92 (95% CI 0.82, 
0.96). For MRI T1-w-PVP, T1-w-HBP and T2-w, the ICC 
was 0.92 (95% CI 0.83, 0.96), 0.95 (95% CI 0.90, 0.98) and 
0.89 (95% CI 0.78, 0.95) respectively. The Bland–Altman 
plot for CT-based LSN scores showed a systemic bias of 
− 0.02 (LOA − 0.52 and 0.47). For MRI T1-w-PVP, T1-w-
HBP and T2-w, the Bland–Altman plot showed a systemic 
bias of − 0.01 (LOA − 0.37 and 0.35), 0.11 (LOA − 0.24 and 
0.45) and 0.04 (LOA − 0.51 and 0.59), respectively.

Supplemental Table 5 shows an overview of intra- and 
inter-reader agreement.

Discussion

The LSN score is a computer-based quantitative method to 
measure liver surface nodularity on cross-sectional images 
that has been shown to be accurate in the diagnosis and stag-
ing of liver fibrosis [11–13, 17]. Recently, the performance 
of this software has been shown to be good for the diagno-
sis of CSPH in patients with compensated cirrhosis on CT, 
reflecting the correlation between liver architectural changes 

Fig. 3  Bar chart illustrating the 
association between the number 
of MRI-based LSN scores 
above cutoffs and the presence 
of CSPH
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(liver fibrosis and regenerative nodules) and the develop-
ment of portal hypertension [14, 18]. However, most studies 
used CT to compute LSN; the application of LSN meas-
urements to MRI images has been reported in two studies 
to evaluate liver fibrosis alone [15, 19]. The current study 
shows that MRI-based LSN is also accurate for the detec-
tion of CSPH in patients with cirrhosis. It also suggests that 
the diagnostic performance of MRI-based LSN, especially 
with contrast-enhanced sequences, is similar to that obtained 
with contrast-enhanced CT. This has important clinical value 
since MRI examinations are frequently performed in patients 
with cirrhosis. The routine use of this rapid, non-invasive 
technique in association with MR imaging to detect por-
tal hypertension during a pre-surgical workup and patient 
follow-up could provide valuable clinical information.

It is important to determine which sequences offer the 
most accurate and reproducible LSN quantification. LSN 
quantification is based on the presence of significant liver-
fat contrast. Thus, we chose to use a non-fat-saturated rather 
than a fat-saturated T2-w sequence, and pre-contrast non-
fat-saturated T1-w acquisitions were initially excluded from 
the study because of insufficient liver-fat contrast, resulting 
in the failure of most of the measurements. Overall, one 
sequence was not found to be significantly better than others. 
In fact, we believe that one of the advantages of MR imaging 
is that LSN measurements may be performed on more than 
one sequence. In particular, we showed that when more than 
one LSN score could be derived from different sequences, 
the addition of their individual values increased the likeli-
hood of the presence of CSPH.

The failure rate of CT-based LSN quantification is low, 
ranging from 0 to 4% in previous studies [11, 12, 14, 15] and 
consistent with the 7% observed in our CT-PVP images. Lo 
et al. [15] found a higher failure rate for MRI-based LSN 
quantification with a T2-weighted LSN score of 32%, which 
is considerably higher than the 7% observed in our study, 
and a lower failure rate for the T1-weighted HBP phase LSN 
score of 0%, which was lower than the 13% observed in our 
study. Once again, a possible advantage of MR imaging is 
the acquisition of different pre- and post-contrast sequences. 
Indeed, if LSN quantification fails with one sequence, this 
may be compensated for by using another sequence. It is 
interesting to note that there was only one failure in all the 
analysed sequences.

Because Gd-BOPTA was used, HBP images could be 
analysed. In a retrospective study by Lo et al., the diagnostic 
performance of axial T1-w-HBP for the diagnosis of cir-
rhosis by LSN quantification was poor, while the perfor-
mance of coronal sequences was better [15]. The authors 
hypothesised that this discrepancy might be due to a more 
well-defined fat plane along the surface of the right lobe 
than that on the left lobe and also suggested that cardiac 
artefacts could be more marked in the left lobe and affect 

measurements. However, it is difficult to understand why 
these limitations would affect HBP images only. Moreover, 
our results do not confirm this observation since the per-
formance with axial HBP images in our study was good. 
The use of two different liver-specific contrast agents (Gd-
BOPTA in the current study and Gd-EOB-DTPA in the 
study by Lo et al.) could be an explanation. However, hepatic 
parenchymal enhancement tends to be less impaired with 
Gd-EOB-DTPA than with Gd -BOPTA in patients with 
advanced cirrhosis [20].

Indeed, LSN quantification was not affected by the pres-
ence of undetected clinically mild perihepatic ascites on CT 
or with T2- and T1-w-PVP MRI. However, on T1-w-HBP, 
the presence of perihepatic ascites resulted in LSN measure-
ment failure in a few patients. This may have been due to 
the relative enhancement of ascites on HBP following the 
injection of Gd-BOPTA, resulting in a decrease in contrast 
between the liver and perihepatic fluid [21, 22]. This was not 
expected to occur after injection of Gd-EOB-DTPA.

Based on the study by Lo et al., ten LSN measurements 
were selected as the threshold for a valid LSN score, the 
same number that was used in the studies by Pickard et al. 
and Besa et al. [12–15]. In the study by Smith et al., eight 
measurements were the minimum to obtain a valid score, 
while five measurements were used in the study by Sartoris 
et al. [14, 23]. No consensus or technical recommendations 
from the manufacturer are available, and further studies are 
needed to clarify this issue.

This study has several limitations besides its retrospective 
design. First, the study population was small. This was due 
to the strict inclusion criteria which were used to perform 
inter-method comparisons of LSN quantifications. Thus, 
studies are needed in large populations to validate these 
results. Second, we did not evaluate the prognostic value 
of LSN. This was beyond the scope of the study and shall 
be addressed in further studies. Third, cutoff values were 
calculated independently for each MRI sequence and CT 
examination to determine the best diagnostic performance. 
A single cutoff value to differentiate patients with or without 
CSPH must be established in larger studies for the clinical 
application of this measurement.

In conclusion, MRI-based LSN quantification is accurate 
and reproducible for the detection of clinically significant 
portal hypertension in patients with cirrhosis. The diagnostic 
performance of MRI-based LSN, including measurements 
extracted from HBP images, is similar to that obtained with 
contrast-enhanced CT.
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