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Liver Stiffness Assessed by Ultrasound Shear Wave Elastography
from General Electric Accurately Predicts Clinically Significant Portal
Hypertension in Patients with Advanced Chronic Liver Disease

Lebersteifigkeit mittels Ultraschall-Scherwellenelastografie
von General Electric zur treffsicheren Vorhersage einer klinisch
signifikanten portalen Hypertonie bei Patienten mit
fortgeschrittener chronischer Lebererkrankung
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ABSTRACT

Purpose Clinically significant portal hypertension (CSPH) is
responsible for most of the complications in patients with
cirrhosis. Liver stiffness (LS) measurement by vibration-con-
trolled transient elastography (VCTE) is currently used to eval-
uate CSPH. Bi-dimensional shear wave elastography from

General Electric (2D-SWE.GE) has not yet been validated for
the diagnosis of PHT. Our aims were to test whether 2D-
SWE.GE-LS is able to evaluate CSPH, to determine the reliabil-
ity criteria of the method and to compare its accuracy with
that of VCTE-LS in this clinical setting.
Materials and Methods Patients with chronic liver disease
referred to hepatic catheterization (HVPG) were consecutively
enrolled. HVPG and LS by both VCTE and 2D-SWE.GE were
performed on the same day. The diagnostic performance of
each LS method was compared against HVPG and between
each other.
Results 2D-SWE.GE-LS was possible in 123/127 (96.90%) pa-
tients. The ability to record at least 5 LS measurements by 2D-
SWE.GE and IQR < 30% were the only features associated with
reliable results. 2D-SWE.GE-LS was highly correlated with
HVPG (r = 0.704; p < 0.0001), especially if HVPG < 10mmHg
and was significantly higher in patients with CSPH (15.52 vs.
8.14 kPa; p < 0.0001). For a cut-off value of 11.3 kPa, the
AUROC of 2D-SWE.GE-LS to detect CSPH was 0.91, which
was not inferior to VCTE-LS (0.92; p = 0.79). The diagnostic ac-
curacy of LS by 2D-SWE.GE-LS to detect CSPH was similar with
the one of VCTE-LS (83.74% vs. 85.37%; p = 0.238). The diag-
nostic accuracy was not enhanced by using different cut-off
values which enhanced the sensitivity or the specificity. How-
ever, in the subgroup of compensated patients with alcoholic
liver disease, 2D-SWE.GE-LS classified CSPH better than VCTE-
LS (93.33% vs. 85.71%, p = 0.039).
Conclusion 2D-SWE.GE-LS has good accuracy, not inferior to
VCTE-LS, for the diagnosis of CSPH.

ZUSAMMENFASSUNG

Ziel Klinisch signifikante portale Hypertonie (CSPH) ist für die
meisten Komplikationen bei Patienten mit Zirrhose verant-
wortlich. Die Messung der Lebersteifigkeit (LS) mittels vibra-
tionsgesteuerter transienter Elastografie (VCTE) wird derzeit
zur Abschätzung einer CSPH verwendet. Die 2-dimensionale
Scherwellenelastografie von General Electric (2D-SWE.GE)
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b
wurde für die Diagnose der PHT noch nicht validiert. Unser
Ziel war es zu untersuchen, ob die LS mittels 2D-SWE.GE in
der Lage ist, eine CSPH abzuschätzen, die Zuverlässigkeitskri-
terien der Methode zu bestimmen und ihre Treffsicherheit in
diesem klinischen Anwendungsbereich mit der VCTE-LS zu
vergleichen.
Material und Methoden Patienten mit chronischer Leber-
erkrankung, die für einen Lebervenendruckgradienten
(HVPG) mittels Lebervenenkatheter vorgesehen wurden, wur-
den nacheinander eingeschlossen. HVPG und LS wurden
sowohl mittels VCTE als auch 2D-SWE.GE am selben Tag
durchgeführt. Die diagnostische Leistung jeder LS-Methode
wurde mit dem HVPG sowie untereinander verglichen.
Ergebnisse 2D-SWE.GE-LS war bei 123/127 (96,90%) Patien-
ten durchführbar. Die Fähigkeit, mindestens 5 LS-Messungen
mit 2D-SWE.GE und einer IQR < 30% aufzuzeichnen, waren die
einzigen Parameter, die zu zuverlässigen Ergebnissen führten.
Die 2D-SWE.GE-LS korrelierte stark mit dem HVPG (r = 0,704;

p < 0,0001), insbesondere bei HVPG < 1mmHg, und war bei
Patienten mit CSPH signifikant höher (15,52 vs. 8,14 kPa;
p < 0,0001). Bei einen Cut-off von 11,3 kPa betrug die AUROC
der 2D-SWE.GE-LS zum Nachweis einer CSPH 0,91, was der
VCTE-LS nicht unterlegen war (0,92; p = 0,79). Die diagnos-
tische Genauigkeit der LS mittels 2D-SWE.GE-LS zur Erken-
nung von einer CSPH war ähnlich wie bei VCTE-LS (83,74% ge-
genüber 85,37 %; p = 0,238). Die diagnostische Genauigkeit
wurde durch den Einsatz unterschiedlicher Cut-offs, die die
Sensitivität oder Spezifität erhöhten, nicht verbessert. In der
Untergruppe der kompensierten Patienten mit alkoholbe-
dingter Lebererkrankung klassifizierte die 2D-SWE.GE-LS eine
CSPH jedoch besser als die VCTE-LS (93,33 % gegenüber
85,71%, p = 0,039).
Schlussfolgerung Für die Diagnose der CSPH zeigt die 2D-
SWE.GE-LS eine gute Treffsicherheit – diese ist nicht schlech-
ter als die der VCTE-LS.

Introduction
In compensated advanced chronic liver disease (cACLD), the oc-
currence of portal hypertension (PHT) is responsible for most of
the complications [1]. The standard method for the assessment
of PHT is hepatic venous pressure gradient (HVPG) measurement
that is not widely available and is invasive and costly [2]. HVPG ≥
10mmHg represents the threshold for clinically significant PHT
(CSPH), from where PHT-related complications may occur [3].

Liver stiffness (LS) measurement by vibration-controlled transi-
ent elastography (VCTE) was validated as an accurate surrogate
for CSPH and it is currently recommended as a noninvasive tool
for its diagnosis [4, 5]. Values ≥ 21.1 kPa have very good diagnos-
tic and prognostic accuracy, not inferior to HVPG [6–8]. However,
it is not technical feasible in a significant number of patients [9].

Lately, point and bi-dimensional shear wave elastographic (2D-
SWE) methods were developed to assess liver fibrosis. They have
the advantage of visual control over VCTE, being implemented on
ultrasound machines, but still need validation for PHT diagnosis.
2D-SWE from General Electric (2D-SWE.GE) is one of the newest
methods developed for fibrosis staging [10], but has not yet
been validated for the assessment of CSPH.

The aims of the study were (1) to test whether 2D-SWE.GE is
able to estimate CSPH assessed by HVPG, (2) to determine its re-
liability criteria in this scenario and (3) to compare the method’s
accuracy with that of VCTE in this clinical setting.

Methods
The study protocol was approved by the local ethics committee
and was designed in accordance with the 2000 review of the
Human Rights Declaration and following the liver-FibroSTARD
checklist [11] – see Appendix for details. All participants gave
their informed consent.

Patients and study protocol

All patients with chronic liver disease of various etiologies, refer-
red for HVPG measurement or transjugular liver biopsy for the
management of their disease were enrolled consecutively.

Exclusion criteria were: pacemaker or heart defibrillator; preg-
nancy; liver transplantation; unresectable hepatocellular carcino-
ma (HCC); patients unable or unwilling to sign the consent.

HVPG and liver stiffness measurement with both VCTE and 2D-
SWE.GE were performed on the same day after at least 6 hours
(overnight) fasting [12–14].

Liver stiffness measurements

Liver stiffness was measured by different experienced operators
(more than 500 examinations for VCTE and certified ultrasound
examiner) for each technique, blinded to one another and also
blinded to the clinical, biological and hemodynamic data.

LS by VCTE was assessed using the FibroScan® device equipped
with the M-probe (Echosens, Paris, France), as previously reported
[15]. For each patient, LS values were considered reliable if at least
10 valid measurements were obtained with an inter-quartile
range (IQR) < 30% of the median value if LS > 7.1 kPa [16].

LS by 2D-SWE (▶ Fig. 1) was performed using a LOGIQ E9 sys-
tem equipped with the C1-6-D convex probe (GE Healthcare,
Chalfont St Giles, United Kingdom). The patient was placed in a
supine position with the right arm in maximum abduction. The
probe was located in the right intercostal spaces in order to obtain
the best possible acoustic window for liver assessment. The SWE
region of interest (ROI) was placed at least 2 cm below the liver
capsule, in a region free of large vessels. On a suitable section,
with the patient in exhaling apnea, 2–3 colored SWE image
frames were recorded for 5 seconds. A total of 10 SWE frames
were eventually acquired. A circular (1 cm wide) ROI was placed
within each SWE frame and the stiffness inside the ROI was calcu-
lated. Each stiffness measurement represents the average of
Young Modulus values of every point inside the circular ROI and
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bis expressed in kilopascals. Eventually, the median and IQR values
of 10 SWE measurements are automatically calculated. The 2D-
SWE.GE operator was experienced in ultrasound elastography
and blinded to other patient data.

HVPG measurement

Under ultrasonographic guidance and after local anesthesia, a 9F
venous catheter introducer (St. Jude Medical, Minnesota, USA)
was placed using the Seldinger technique in the right internal
jugular vein. Thereafter, under fluoroscopic guidance a 7F bal-
loon-tipped catheter (Edwards Lifesciences, Irvine, CA, USA) was
advanced into the hepatic vein. Wedged and free hepatic venous
pressures were measured in triplicate. HVPG was calculated as the
difference between wedged and free hepatic venous pressures.
Clinically significant portal hypertension was defined as HVPG ≥
10mmHg [3]. The operator was blinded to elastography measure-
ment results.

Statistical analysis

The statistical analysis was performed using the SPSS software
version 20.0 (SPSS Inc. Chicago, IL, USA). Quantitative data is
reported as median and range, while qualitative data is reported
as percentage (%). Shapiro-Wilk test was used to evaluate the nor-
mal distribution of data. Spearman’s test was used for correlations
among continuous variables. Medians were compared using the
Mann–Whitney test.

The concordance between LS by 2D-SWE.GE calculated as a
median of 3, 5 or 10 distinct measurements was tested using
absolute interclass correlation agreement (ICC).

The diagnostic performance of each elastographic technique
was assessed by receiver operating characteristic (ROC) curves
analysis. Optimal cut-off values were calculated using a common
optimization step that maximized the Youden index [17]. For
comparison of the ROC curves, the DeLong test was used, via an
online tool available at http://vassarstats.net/roc_comp.html.

The performance of tested noninvasive methods to predict
CSPH was estimated by calculating the proportion of correctly

classified patients – diagnostic accuracy (DA), together with the
sensitivity (Se), specificity (Sp), positive predictive value (PPV),
negative predictive value (NPV), and likelihood ratios (LR). The
Fischer exact test and McNemar test were used in the 2 × 2 con-
tingency table for assessing differences in the proportion of
misclassified patients with dichotomous cut-offs, as well as for
comparing categorical variables.

For all calculations, a p-value < 0.05 was considered to indicate
statistical significance.

Results

Baseline characteristics of patients

A comprehensive overview of our cohort is detailed in ▶ Table 1.
Briefly, 127 consecutive patients admitted for HVPG measure-
ment with or without concomitant transjugular liver biopsy were
prospectively included. The indication for HVPG measurement
was: cirrhosis of viral cause prior to antiviral therapy (n = 24),
suspicion of severe alcoholic hepatitis (n = 46) or for diagnosis
and severity assessment in patients with suspected advanced liver
disease (n = 57). 70% (n = 89) had CSPH and 35.5 % (n = 45) were
decompensated at the moment of inclusion due to severe alco-
holic hepatitis (n = 30) or sepsis (n = 15).

Applicability and feasibility of LS by 2D-SWE.GE

LS by 2D-SWE.GE was possible in 123/127 patients (96.9 %). In
most of the patients (103/127, 81.1%), 10 distinct measurements
were recorded, while less than 5measurements could be obtained
in 11 patients (8.6 %). Overall, at least 5 separate measurements
were obtained in 112 (88.2 %) patients, and at least 3 measure-
ments in 118 (92.91%).

In the 103 patients with 10 measurements, no differences
were observed in the median LS values if they were calculated
using 3, 5 or 10 measurements: 13.87 (95%CI: 9.34–17.17) kPa
vs. 13.96 (9.00–17.64) kPa vs. 13.93 (9.34–17.54) kPa, respec-
tively (p = 0.82). The concordance between the three values is
almost perfect: ICC= 0.989; p < 0.0001.

IQR/median < 0.3 could be used as reliability criteria for 2D-
SWE.GE-LS, similarly with VCTE. This criteria is met in 71/118
(60.16 %) patients with at least 3 measurements, in 108/112
(96.42 %) patients with ≥ 5 measurements and in 100/103
(97.08%) patients with 10 measurements.

LS by 2D-SWE.GE, irrespective of the number of measurements
performed, is very well correlated with HVPG, when assessed in the
entire cohort or only in patients with reliable results (▶ Table2).

Based on these results, LS by 2D-SWE.GE was calculated as the
median of 5 distinct measurements for further analysis.

Ascites, the depth where the LS was measured, the skin-liver
distance, and BMI were not associated with failure to measure
the LS by 2D-SWE.GE. However, failure to record at least 5 meas-
urements was associated with a higher IQR, suggesting less reli-
able results.

The correlation between 2D-SWE.GE-LS and HVPG is much
better in patients without CSPH (HVPG < 10mmHg) compared
with those with more advanced disease (▶ Fig. 2).

▶ Fig. 1 Estimation of 2D-SWE.GE-LS: An elasticity map is obtained
inside the trapezoidal ROI and the stiffness is calculated inside the
circular ROI with a diameter of 1 cm.
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bIn contrast, LS by VCTE was possible in only 115/127 (90.6 %),
which is not significantly different from LS by 2D-SWE.GE
(p = 0.331). BMI (p = 0.132), ascites (p = 0.096) and other clinical
parameters were not significantly associated with failure to per-
form VCTE-LS, although a tendency could be observed for the for-
mer. The correlation between LS by VCTE and HVPG was also high
for the entire population (r = 0.700; p < 0.0001), especially for pa-
tients without CSPH (r = 0.774; p < 0.0001), while it was weaker
for patients with HVPG ≥ 10mmHg (r = 0.489; p < 0.0001).

LS values obtained by either technique were well correlated as
well (r = 0.704; p < 0.0001), but the correlation disappeared for
VCTE-LS values higher than 40 kPa (▶ Fig. 3).

▶ Table 2 Correlation between LS by 2D-SWE.GE and HVPG meas-
urement according to the number of LS recordings.

3 measure-
ments

5 measure-
ments

10 measure-
ments

entire population

N 118 112 103

r1 0.694 0.704 0.704

P < 0.0001 < 0.0001 < 0.0001

patients with reliable results

N 71 108 100

r1 0.787 0.802 0.801

p < 0.0001 < 0.0001 < 0.0001

1 Spearman correlation test.

▶ Table 1 Baseline characteristics of patients.

variable n (%) or median (range)

age (years) 57 (20–78)

gender (male) 79 (62.20%)

BMI (kg/m2) 26.97 (20.45–37.32)

etiology of liver disease

▪ viral 46 (36.22%)

▪ alcohol 52 (40.94%)

▪ viral + alcohol 3 (2.36 %)

▪ other 26 (20.47%)

lab values

▪ AST (UI/ml) 83.43 (69.98–96.87)

▪ ALT (UI/ml) 49.72 (41.37–58.07)

▪ Bil T (mg/dl) 1.80 (0.23–42.00)

▪ Alb (g/dl) 3.56 (3.41–3.71)

▪ INR 1.56 (1.46–1.66)

▪ platelet count (x103/ml) 131 (15–441)

▪ creatinine (mg/dl) 0.72 (0.29–5.51)

cirrhosis 102 (80.31%)

▪ CPT class (A/B/C) 53 (51.96%)/24 (23.52%)/25 (24.50 %)

▪ CPT score 6 (5–13)

▪ MELD 11.02 (9.56–12.47)

▪ ascites [mild-moderate/
severe]

43 (33.85%) [34(79.06 %)/9(20.94%)]

endoscopy

▪ esophageal varices/
HREV

62 (48.81%)/42 (32.28%)

HVPG (mmHg) 15 (2–31)

CSPH 89 (70.10%)

elastography (LS)

▪ VCTE
– median (kPa)
– IQR (kPa)
– IQR/M

n= 115
39.26 (34.24–44.28)
9.68 (4.74–16.23)
0.21 (0.16–0.28)

▪ 2D-SWE.GE
– median (kPa)
– IQR (kPa)
– IQR/M

n= 123
13.96 (12.77–15.15)
1.06 (0.00–6.64)
0.09 (0.00–0.37)

ALT – alanine amino transferase; AST – aspartate amino transferase;
Alb – albumin; Bil T – total bilirubin; BMI – body mass index; CPT – Child-
Pugh-Turcotte; CSPH – clinically significant portal hypertension; HREV –
high-risk esophageal varices; INR – international normalized ratio; IQR –
interquartile range; MELD – model for end-stage liver disease; LS – liver
stiffness measurement; kPa – kilopascals; VCTE – vibration-controlled
transient elastography; 2D-SWE.GE – real-time shear wave elastography.

▶ Fig. 2 Scatter-dot plot demonstrating the correlation between
2D-SWE.GE-LS and HVPG values. The correlation is better in
patients without CSPH (HVPG< 10mmHg).
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bPerformance for diagnosing CSPH in the entire
population

LS by 2D-SWE.GE was significantly higher in patients with CSPH as
compared with those without, as shown in ▶ Fig. 4. The same
trend is observed for LS by VCTE (11.10 vs. 60.00 kPa, p < 0.0001).

Using the Youden index, the best cut-off value for LS by 2D-
SWE.GE to predict CSPH was 11.3 kPa. LS by 2D-SWE.GE and
VCTE had a similar AUROC for the prediction of CSPH (▶ Table 3),
showing the non-inferiority of 2D-SWE.GE compared to VCTE.

The cut-off value for LS by 2D-SWE.GE is 9 kPa for a sensitivity
of 0.95, while the cut-off for better specificity (0.95) is 13 kPa. The
cut-off that favors sensitivity (9 kPa) does not have significantly
better accuracy in comparison with the cut-off of 11.3 kPa
(84.5 % vs. 83.7 %, McNemar-test p = 0.243). In contrast, when
using the cut-off value that favors specificity, the diagnostic accu-
racy significantly decreased from 83.74% to 75% (McNemar-test
p < 0.001). Therefore, for further comparison with VCTE-LS, we
used the cut-off of 11.3 kPa.

The generally accepted cut-off values for VCTE-LS to predict
CSPH are 13.6 kPa (favoring Se)[18] and 21.1 kPa (favoring
Sp)[6]. In our cohort, the accuracy of CSPH diagnosis with a
threshold of 13.6 kPa for VCTE-LS is significantly lower (McNe-
mar-test p < 0.001) than 21.1 kPa.

For CSPH prediction, the diagnostic accuracy of 11.3 kPa (2D-
SWE.GE-LS) is significantly better than 13.6 kPa (VCTE-LS) and
similar with 21.1 kPa (VCTE-LS), McNemar-test p < 0.001 and
p = 0.238, respectively.

In our cohort with a high pretest probability of CSPH (0.70),
using the thresholds of 21.1 kPa (LS by VCTE) or 11.3 kPa (LS by
2D-SWE.GE) results in an increase in the posttest probability of
more than 20% (0.94 for VCTE and 0.93 for 2D-SWE.GE).

Diagnostic performance in compensated patients

82 (65.5 %) patients were compensated at the moment of inclu-
sion. In this subgroup, LS by 2D-SWE.GE was reliably obtained in
79 (96 %) patients, while LS by VCTE could only be obtained in
74 (90%) (p = 0.268).

The AUROCs of LS by 2D-SWE.GE and VCTE were almost iden-
tical. The best cut-off value for 2D-SWE.GE-LS to predict CSPH was
also 11.3 kPa (▶ Table 4). For this value, 65/79 (82.27%) patients
were correctly classified as having or not having CSPH. The diag-
nostic accuracy of 2D-SWE.GE-LS was not different from that of
VCTE-LS using the cut-off of 21.1 kPa (McNemar-test p = 0.338),
but significantly better than the cut-off of 13.6 kPa (McNemar-
test p < 0.001).

The post-test probability to detect CSPH is 87% (2D-SWE.GE-
LS) and 70% (VCTE-LS). Considering the prevalence of 55%, the
probability gain is significantly higher for 2D-SWE.GE-LS (32% vs.
15%, respectively; p < 0.001).

Influence of etiology

In the subgroup of compensated patients, 16 (19.51%) had alco-
holic liver disease. LS by 2D-SWE.GE was significantly higher in the
case of an alcoholic etiology as compared with other etiologies
(18.10 vs. 10.70 kPa; p = 0.002). The AUROC value of 2D-SWE.GE-
LS for predicting CSPH was higher in alcoholic patients (1.00, 95%
CI:1.00–1.00) than in non-alcoholic ones (0.846, 95 %CI: 0.744–
0.948) but was not significantly different from VCTE-LS in either
situation (DeLong test, p = 0.85 and 0.88, respectively).

The proportion of patients correctly classified as having CSPH
based on LS, assessed by both techniques, was also higher in pa-
tients with alcohol-related liver disease compared with those
without (▶ Table 5). In alcoholic patients, the diagnostic accuracy
of 2D-SWE.GE-LS is significantly better than VCTE-LS (p = 0.039).

▶ Fig. 4 Box plots showing the significant difference between me-
dian values of 2D-SWE.GE-LS in patients with/without CSPH.

▶ Fig. 3 Scatter-dot plot demonstrating the correlation between
2D-SWE.GE-LS and VCTE-LS. The correlation is lost for high
(> 40 kPa) VCTE-LS values.
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Discussion
This study is the first to demonstrate the usefulness of LS by 2D-
SWE available on the GE Logiq E9 ultrasound machine for the di-
agnosis of CSPH in patients with advanced liver diseases. In this
cohort we found better feasibility of the method compared with
LS by VCTE and very good diagnostic accuracy for CSPH that is
not inferior to VCTE.

LS in advanced liver disease was found to be a good noninva-
sive surrogate marker for CSPH [6, 18] and may assess patients
at risk of having esophageal varices that need treatment [19].

LS by VCTE is the most validated method but its feasibility is
limited in up to 55% of cases [20] mainly due to ascites, high BMI
and narrow intercostal spaces. In our cohort, the failure rate of
VCTE-LS was only 10%, but the proportion of patients with mas-
sive ascites and high BMI was low. As previously reported [20,
21], the feasibility of real-time SWE techniques is very high. In
our cohort, 2D-SWE.GE-LS was feasible in a similar proportion. Al-
though not statistically significant, the feasibility of 2D-SWE.GE-LS
in cirrhotic patients tends to be higher than that of VCTE-LS, while
the situation appears to be the other way around in healthy sub-
jects [22].

As previously shown for another 2D-SWE technique [23], we
demonstrated that 5 distinct measurements are enough for reli-
able and accurate results. No clinical factor was associated with

▶ Table 4 Prediction of CSPH by LS, assessed either by 2D-SWE.GE or
by VCTE, in the subgroup of compensated patients (N = 82). Pre-test
probability (prevalence of CSPH) is 55%.

2D-SWE.GE VCTE

AUROC1 0.882
(0.808–0.957)

0.886
(0.808–0.964)

cut-off
(kPa)

11.32 11.63 21.14

Se 0.79 0.92 0.73

Sp 0.85 0.51 0.90

PPV 87.50% 70.37% 90.10%

NPV 76.92% 85.00% 73.17%

+LR 5.56 1.91 8.04

–LR 0.23 0.14 0.29

accuracy 82.27% (65/79) 74.32% (55/74) 81.08% (60/74)

1 p (de Long test) = 0.94; difference =0.004 [Δ=–0.07 (for non-inferiority)].
2 calculated according to Youden Index.
3 generally accepted cut-off value for VCTE-LS with 90% sensitivity.
4 generally accepted cut-off value for VCTE-LS with 90% specificity.

▶ Table 5 Comparisons of correctly classified patients (diagnostic
accuracies) of LS by 2D-SWE.GE (11.3 kPa) and VCTE (21.1 kPa) for
diagnosing CSPH in compensated patients with/without alcohol-
related liver disease (n = 82).

2D-SWE.GE-LS VCTE-LS p (McNemar
test)

entire population
(n = 82)

65/79 (82.27 %) 60/74
(81.08%)

0.338

alcohol-related
(n = 16)

14/15 (93.33 %) 12/14
(85.71%)

0.039

not alcohol-
related (n = 66)

51/64 (79.68 %) 47/60
(78.33)

0.413

▶ Table 3 Prediction of CSPH by LS, assessed either by 2D-SWE.GE or by VCTE in the entire population (N = 127). Pre-test probability (prevalence of
CSPH) is 70.1 %.

2D-SWE.GE VCTE

AUROC1 0.91 (0.86–0.96) 0.92 (0.87–0.97)

cut-off (kPa) 11.32 9 13 24.252 13.63 21.14

Se 0.82 0.95 0.66 0.81 0.94 0.84

Sp 0.87 0.71 0.95 0.97 0.54 0.88

PPV 93.33% 87.50 % 96.50% 98.50% 82.60% 94.40 %

NPV 68.75% 77.10 % 55.40% 69.38% 79.16% 70.50 %

+LR 6.25 3.12 12.51 28.51 2.05 7.34

–LR 0.20 0.13 0.36 0.19 0.11 0.18

accuracy 83.74% (103/123) 84.50 % (104/123) 75.00% (92/123) 86.20% (100/116) 82% (95/116) 85.34 % (99/116)

1 p (de Long test) = 0.79; difference = 0.01 [Δ = –0.26 (for non-inferiority)].
2 calculated according to Youden Index.
3 generally accepted cut-off value for VCTE-LS with 90% sensitivity.
4 generally accepted cut-off value for VCTE-LS with 90% specificity.
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failure to obtain elastograms in advanced CLD patients. However,
in difficult patients obtaining 5 distinct elastograms is reliable
enough to estimate liver stiffness by 2D-SWE.GE.

In cirrhosis, LS evaluated by 2D-SWE.GE shows a very good
correlation with HVPG measurement, especially if < 10mmHg,
while in patients with CSPH, the correlation is weaker, confirming
that LS, irrespective of which technique is used to assess it [18, 24,
25], does not entirely reflect the hemodynamic changes that
occur at high portal pressure. However, the accuracy of 2D-SWE.
GE-LS for predicting the risk of variceal bleeding or the response
to beta-blockers has not yet been investigated, but considering
this behavior it can be speculated that it would not differ from LS
by VCTE [26].

The diagnostic performance of 2D-SWE.GE-LS for CSPH is good
both in the entire population and in the subgroup of compensated
patients, and it is not inferior to VCTE-LS. The performance is in
line with 2D-SWE.SSI [21, 25], thus confirming the role of LS for
CSPH prediction, irrespective of the method used.

The best cut-off value for predicting CSPH is 11.3 kPa with a di-
agnostic accuracy of almost 84 %. Contrary to previous studies
that used different cut-off values for LS to rule-in or rule-out
CSPH [6, 21, 25], using this approach did not increase the diag-
nostic accuracy in our population. It is difficult to say whether
this is an intrinsic characteristic of the specific algorithm that cal-
culates LS since the values are very close (9 kPa for 95% sensitivity
and 13 kPa for 95% specificity), or whether it is a consequence of
the high prevalence of CSPH in our population (70%). However, in
the compensated subgroup the post-test probability of diagnos-
ing CSPH was 17% higher using 2D-SWE.GE than VCTE. While the
post-test probability for VCTE (70%) is in line with the data from
the Anticipate study [27], the higher value obtained for 2D-SWE.
GE (87%) suggests its better feasibility.

Although the issue of an exact cut-off value is not important
per se, the co-existence of different devices on the market that
use various methods to generate the shear wave and to transform
the estimated velocity into kilopascals [28] is confusing. For heal-
thy subjects or patients with mild/moderate disease, the concor-
dance between elastographic techniques appears to be higher
[29]. A much detailed comparison of seven different elastograph-
ic techniques with VCTE as a reference [30], revealed that 2D-SWE
from GE and from SSI differ from one another and from VCTE. In
our study, the correlation between techniques is better than pre-
viously observed, but only for VCTE-LS values ≤ 40 kPa (▶ Fig. 3).
This finding could be explained on one hand by the ceiling effect
of the FibroScan (20 patients had the maximum possible value –
75 kPa –measured by the machine), and on the other hand by the
method-specific algorithm used to estimate LS (the biggest LS val-
ue on 2D.SWE-GE was not higher than 35 kPa). It could be specu-
lated that the actual shear wave velocities would have been better
correlated than their corresponding LS estimates. This issue was
not assessed in this study, but it has been previously demonstrat-
ed that shear wave velocity values by GE are best correlated with
the values measured on Siemens S3000 [31], and not with the
FibroScan.

Many studies that validated LS were performed in highly selec-
ted populations, mainly with HCV-related disease. As our study
group was a heterogenous one, an ancillary finding of this analysis

was that the diagnostic accuracy for CSPH provided by 2D-SWE.
GE is significantly higher (p = 0.039) in compensated alcoholic pa-
tients as compared with VCTE. This suggests that 2D-SWE.GE-LS
might be the elastographic method of choice in this subset of
patients. This finding, however, needs to be further validated
due to the small number of patients in this subgroup (n = 16).

This is the first study validating LS by 2D-SWE.GE for the diag-
nosis of CSPH using HVPG as a reference and demonstrates the
non-inferiority compared to VCTE. However, this study has some
limitations. The first is the heterogeneity of the population and
the high prevalence of CSPH patients. The subgroup analysis per-
formed in fully compensated patients (n = 82) overcame this lim-
itation. Secondly, the cross-sectional design of the study doesn’t
allow prognosis assessment.

In conclusion, 2D-SWE.GE-LS is a good noninvasive method for
predicting CSPH in patients with advanced liver diseases and is not
inferior to VCTE-LS. It appears to be easier to perform (obtaining
5 measurements is enough for an accurate estimation of LS) and
tends to have better feasibility, especially in compensated
patients with alcoholic liver disease.
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Abstract 

Background and Aims 

Several non-invasive tests (NITs) have been developed to diagnose esophageal varices (EV), 

including the recent Baveno VI criteria to rule out high-risk varices (HRV). Spleen stiffness 

measurement (SSM) with the standard FibroScan® (SSM@50Hz) has been evaluated. 

However, the EV grading could be underestimated due to a ceiling threshold (75 kPa) of the 

SSM@50Hz. The aims were to evaluate SSM by a novel spleen-dedicated FibroScan® 

(SSM@100Hz) for EV diagnosis compared with SSM@50Hz, other validated NITs and 

Baveno VI criteria.  

Methods 

This prospective multicenter study consecutively enrolled patients with chronic liver disease; 

blood data, endoscopy, liver stiffness measurement (LSM), SSM@50Hz and SSM@100Hz 

were collected. 

Results 

Two-hundred and sixty patients met inclusion criteria. SSM@100Hz success rate was 

significantly higher than that of SSM@50Hz (92.5% vs 76.0%, p<0.001). SSM@100Hz 

accuracy for the presence of EV (AUC=0.728) and HRV (AUC=0.756) was higher than in 

other NITs. SSM@100Hz AUC for large EV (0.782) was higher than SSM@50Hz (0.720, 

p=0.027).  AUC for HRV with SSM@100Hz (0.780) was higher than with LSM (0.615, 
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p<0.001). The spared endoscopy rate of Baveno VI criteria (8.1%) was significantly 

increased by the combination to SSM@50Hz (26.5%) or SSM@100Hz (38.9%, p<0.001 vs 

others). The missed HRV rate was, respectively, 0% and 4.7% for combinations.  

Conclusions 

SSM@100Hz is a new performant non-invasive marker for EV and HRV providing a higher 

accuracy than SSM@50Hz and other NITs. The combination of Baveno VI criteria and 

SSM@100Hz significantly increased the spared endoscopy rate compared to Baveno VI 

criteria alone or combined with SSM@50Hz. 

 

Keywords: Liver stiffness measurement, Spleen stiffness measurement, Portal hypertension, 

Baveno VI criteria. 

 

LAY SUMMARY 

x A novel spleen-dedicated examination (SSM@100Hz) has recently been developed 

and found to have a better accuracy in detecting EV and large EV. 

x A sequential algorithm to rule out HRV, starting with Baveno VI criteria and followed 

optionally by SSM@100Hz, allowed to spare more EGD compared to Baveno VI 

criteria alone or combined with standard SSM@50Hz. 

 

INTRODUCTION 

Variceal bleeding represents one of the most severe and life-threatening complications in 

chronic liver disease (CLD) 1. The prevalence of esophageal varices (EV) among cirrhotic 

patients is about 50-60% 1. The incidence of variceal bleeding is approximately 5% to 15% 

yearly, and variceal re-bleeding rate is 30% to 40% within the first 6 weeks 1. Despite the 

clinical progress, the 6-week mortality associated with variceal bleeding is still in the order of 
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10 to 20% 1. Esophagogastroduodenoscopy (EGD) is the reference diagnostic tool for 

detecting and grading EV and for the recognition of indicators of at high-bleeding risk EV 

(HRV) 2. However, EGD is an invasive method with constraints and may lead to 

complications 3. In addition, it is an expensive method and its use is limited to specialized 

clinical setting. 

In the last decade, several authors tried to assess the presence and severity of portal 

hypertension (PH) by using non-invasive methods, among which liver stiffness measurement 

(LSM) proved to have a primary role 4,5. Along these lines, the recent 2015 Baveno VI 

consensus workshop 6 highlighted the diagnostic accuracy of LSM in defining the presence of 

clinically significant PH (CSPH), EV and HRV. In particular, patients with LSM <20 kPa 

(assessed by vibration controlled transient elastography, VCTE) and a platelet count >150 G/l 

were considered very unlikely to have HRV (<5%), and EGD could be safely avoided. 

Nevertheless, LSM have a poor correlation with portal pressure and its complications when 

hepatic venous pressure gradient (HVPG) is >10 mmHg 7. Once this critical threshold is 

reached, portal-systemic collaterals develop and extra-hepatic factors contribute to increase 

HVPG 8. Hence, at this stage, LSM might underestimate the PH severity and the risk of 

variceal bleeding. 

Recently, spleen stiffness measurement (SSM) 9±12 has also been proposed as a non-invasive 

marker for the prediction of CSPH and EV. It has been postulated that SSM could overcome 

some of the limitations of LSM 9,12. Several authors found a good correlation between SSM 

by standard VCTE (SSM@50Hz) and PH degree, EV and the natural history of cirrhotic 

patients 9,10,12. 
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However, the spleen is stiffer than the liver and  the use of the current VCTE examination 

dedicated to the liver on the spleen leads to overestimation of the SSM 13. To overcome those 

limitations, a novel spleen-dedicated examination (SSM@100Hz) based on VCTE has 

recently been developed 13 and found to have a better accuracy in detecting EV and large EV. 

The aim of the present study was to evaluate new SSM@100Hz as a surrogate non-invasive 

marker for the presence of EV, large EV and HRV in patients with CLD. Secondary 

objectives were (i) to compare the EV prediction by this new SSM@100Hz with the 

SSM@50Hz and other non-invasive tests (NITs), (ii) to evaluate the correlation between 

SSMs and HVPG, and (iii) to test whether SSM@100Hz might improve the Baveno VI 

criteria to better select patients for HRV screening by EGD. 

 

PATIENTS AND METHODS 

Study population 

This is a multicenter European prospective study conducted in Bologna and Milan (Italy), 

Cluj (Romania), Angers, Bordeaux and Bondy (France) and London (United Kingdom); 

patients with CLD undergoing a VCTE examination and scheduled for EGD were 

prospectively and consecutively enrolled, according to the following criteria: Inclusion 

criteria were: CLD due to hepatitis virus C (HCV), hepatitis virus B (HBV) or alcoholic liver 

disease; 18-79 years old; health insurance; ultrasound (US) examination, blood examination, 

and EGD performed within 6 months of VCTE examination. Exclusion criteria were: 

consuming illness (HIV infection, malignancy); pacemaker or heart defibrillator; pregnancy; 

obese patients (body mass index (BMI) ��� kg/m2); ascites; previous endoscopic treatment of 

EV;  serum aminotransferases ���� IU/l; ongoing non-selective ȕ-blockers (NSBB) 

treatment at the time of the study; HCV or HBV treatment ongoing or ended within 2 months 

from inclusion, liver transplantation, acute alcoholic hepatitis, jaundice (defined by total 
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serum bilirubin � 50 µmol/l) and hepatocellular carcinoma. This study was conducted in 

compliance with the Declaration of Helsinki and approved by the local Ethical Committee of 

each center and other national Competent Authority if required. The study was initially 

approved by the Ethics Committee of S.Orsola-Malpighi Hospital in Bologna (Italy, 

coordinating center). This study was also registered on ClinicalTrials.gov (NCT 02180113) in 

2014. In 2015 the design of the study was modified before knowing the statistical results to 

account for the new definitions for compensated advanced CLD (cACLD) (defined as 

LSM�10 kPa) and HRV provided by the Baveno VI Consensus Conference 6. All patients 

provided written informed consent before any inclusion procedure. A sub-group of 193 

patients was previously reported for the development of the acquisition algorithm for 

SSM@100Hz13. This study follows the liver-FibroSTARD statements 14. 

 

Study assessment 

For each patient the following demographic and clinical characteristics were recorded: age, 

gender, body weight, height and BMI. Blood variables (platelet count, INR, AST, ALT, total 

bilirubin, creatinine) were obtained from each local laboratory. A standard ultrasound 

examination was performed by an experienced sonographer blinded to the other exams to 

measure the longitudinal spleen length and the mean portal vein velocity. According to 

published formula, LSM-longitudinal spleen diameter to platelet ratio score (LSPS) 15, 

platelet count/longitudinal spleen diameter ratio (PSR) 16, Lok-index 17, Fib-4 18 and APRI 19 

were calculated. In a single center (Bologna), HVPG was also measured 20 and collected 

within 6 months from SSM and LSM. A standard EGD was performed by a senior or 

experienced operator blinded to the other exams. The endoscopic findings for EV were 

recorded as follows: grade of EV and presence of red signs.  Patients were also categorized 
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according to the Baveno VI criteria21 and the recently published expanded Baveno VI criteria 

22. 

 

Definitions  

Outcomes - The main outcomes were: EV, large EV and HRV. The HRV were defined as 

large EV (grade 2 or 3 EV i.e. diameter ш5mm 23) or grade 1 EV with red signs according to 

Baveno VI consensus 6. 

The outcome measures were AUC for outcome diagnosis by NITs and HVPG, and two 

clinical descriptors for outcome diagnosis by algorithms as follows. 

The spared EGD rate was calculated as the ratio between the number of patients with EGD 

that could be avoided, due to a low HRV risk according to the diagnostic test or algorithm, 

and the total number of patients. 

The missed HRV rate was measured as the rate of patients with missed HRV either among 

the patients with HRV (privileged definition) or patients with spared EGD or all patients 24.   

Diagnostic tests - Success rate: a successful LSM or SSM was defined by at least 10 or 8 13, 

respectively, single valid measures obtained in a patient. The success rate refers to the rate of 

patients with successful LSM in the whole population. The lack of success was called failure. 

Reliability is defined as diagnostic test measures having better accuracy according to precise 

patient characteristics.  Thus, reliable LSM (for successful LSM only) was defined as LSM<7 

kPa or LSM>7.1 kPa with inter-quartile range (IQR) <30% 25. As reliability criteria are not 

yet defined for SSM, the largest subgroup comprised patients with successful SSM and 

reliable LSM. 

Sub-populations - Four sub-populations were used according to the maximum of suitable 

stiffness results available in patients with available EGD: sub-population A with successful 

SSM@100Hz, used for SSM@100Hz evaluation, from which two sub-populations were 
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extracted; sub-population B with successful SSM@50Hz used for comparison of 

SSM@100Hz with SSM@50Hz, and sub-population C with successful and reliable LSM, 

used for comparison of SSM@100Hz and LSM. Finally, sub-population D included patients 

with successful and reliable LSM, successful SSM@50 and available platelets, used for 

Baveno VI criteria evaluation. 

 

Liver and spleen stiffness measurement 

LSM and SSM@50Hz procedure was performed as previously reported26. The technical 

characteristics of the SSM@100Hz examination are detailed elsewhere 13. 

 

Statistical analysis 

Continuous variables were reported as median [Q1-Q3] and categorical variables were 

reported as proportion (percentage). For group comparisons of categorical and continuous 

variables, Kruskal Wallis test and :LOFR[RQ¶V test were used, as appropriate. To compare 

categorical variables, Chi square test (unpaired samples) and 0F1HPDU¶V test (paired 

samples) were used as appropriate. 6SHDUPDQ¶V rank test was used for correlations among 

continuous variables. To evaluate the variables associated with the failure of SSM@100Hz 

and SSM@50Hz, a multivariate logistic regression was used: p values and odds ratio (OR) 

were reported. In order to measure the accuracy of the different NITs for EV, large EV or 

HRV presence, area under the receiver operator characteristic curve (AUC) was assessed. 

Paired 'HORQJ¶V test was used for the AUC comparison. In algorithm construction, a 

combined model was constructed for ruling-out HRV using first Baveno VI criteria and, 

consecutively, SSM using a cut-off for ruling-out HRV calculated with sensitivity at 95% in 

remaining patients, i.e. at high risk for HRV according to Baveno VI criteria. As various 

methods are currently used in the literature to calculate the rate of patients with HRV left 
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without EGD (missed HRV), we calculated this rate with all the three following calculations: 

the numerator is always the number of missed HRV and the denominator can be the total 

number of HRV 27, or the number of spared endoscopy 28 or the total number of patients 28. 

According to a recent study, we privilege the first calculation. We selected for our study 

patients with a large spectrum of liver disease severity; therefore, in order to evaluate the 

impact of liver disease severity on test performance, we also applied the sequential model 

Baveno VI criteria and SSM@100Hz in two sub-groups of sub-population D defined by 

median MELD score. All statistical analyses were performed using Microsoft R Open 3.4.2, 

for Windows.  

 

RESULTS 

 

Patient characteristics 

During the study period from September 2011 to January 2017, 403 patients with CLD were 

enrolled; 28 were excluded for protocol deviation. Among the remaining 375 enrolled 

patients, 91 (24.3%) patients did not undergo EGD within 6 months of SSM; among the 

remaining 284 patients, SSM@100Hz fully failed (no valid measurement) in 11 patients 

(2.9%) and did not reach the success criterion in further 13 patients (3.5%). A total of 260 

patients were thus included in the core sub-population A (Figure 1). The bio-clinical 

characteristics of these 260 patients are presented in Table 1.  
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SSM descriptors 

SSM@100Hz - Successful SSM@100Hz was obtained in 347 patients out of 375 (92.5%). A 

multivariate logistic regression found the following independent predictors of SSM@100Hz 

failure:  

longitudinal spleen diameter (p=0.016, OR: 0.733 [0.569-0.944]) and a higher BMI (p=0.050, 

OR: 1.136 [1.000-1.290]). Among the 260 patients with EGD within 6 months of successful 

SSM@100Hz (sub-population A), patients with EV had a median SSM@100Hz of 55.2 kPa 

[40.9-72.3] which was significantly higher (p<0.001) than that of patients without EV (39.7 

kPa [27.6-49.6]). Among patients with EV, SSM@100Hz values of grade 2 EV (61.4 kPa 

[49.2-78.5]) were significantly higher (p<0.001) than in grade 1 (48.5 kPa [38.3-65.7]) but 

not significantly different (p=0.328) from grade 3 (78.3 kPa [68.2-88.0]) as shown in Figure 

2A. The AUC of SSM@100Hz for EV presence was 0.728 (95% CI: 0.665-0.791) and for 

large EV (grade ��): 0.767 (0.700-0.834). SSM@100Hz in the 69 patients with HRV (65.0 

kPa [51.6-80.1]) was significantly higher than in those without HRV (43.0 kPa [33.9-57.9], 

p<0.001). The AUC of SSM@100Hz for HRV presence was 0.756 (0.691-0.821).  

SSM@50Hz - SSM@50Hz was successful in 285 out of 375 patients (76.0%) which was 

significantly lower than the success rate of SSM@100Hz (92.5%, p<0.001). A multivariate 

logistic regression found the following independent predictors of SSM@50Hz failure: a 

smaller longitudinal spleen diameter (p<0.001, OR: 0.764) and a smaller mean portal vein 

velocity (p=0.010, OR: 0.946). Out of the 260 patients with EGD within 6 months of 

successful SSM@100Hz (sub-population A), 222 patients also had a successful SSM@50Hz. 

In this sub-population B, SSM@50Hz was significantly higher (p<0.001) in patients with EV 

(65.9 kPa [48.0-75.0]) than in patients without EV (50.0 kPa [32.4-67.5]). In patients with 

EV, SSM@50Hz values were not significantly different between adjacent EV grades (Figure 
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2B). The AUC of SSM@50Hz was 0.672 (0.598-0.746) for EV presence, 0.720 (0.639-

0.802) for large EV (grade ��� and 0.737 (0.665-0.809) for HRV presence.  

SSM comparison - SSM@50Hz and SSM@100Hz were highly correlated �6SHDUPDQ¶V 

r=0.820, p<0.001). AUC of SSM@100Hz and SSM@50Hz were not significantly different 

for EV presence (p=0.113), and HRV presence (p=0.105) as shown in Table 2. However, for 

the presence of large EV (grade ���� the AUC of SSM@100Hz (0.782 [0.709-0.855]) was 

significantly higher (p=0.027) than the AUC of SSM@50Hz (0.720 [0.639-0.802]). 

 

SSM comparison with LSM and other NITs. 

Out of the 260 cases with EGD within 6 months of successful SSM@100Hz (sub-population 

A), 225 patients had also a reliable LSM. Among patients with EV, LSM was not 

significantly different between adjacent EV grades (Figure 2C). The AUCs for the presence 

of EV and HRV were compared between SSM@100Hz, LSM and other NITs in Table 2 and 

detailed in Supplemental materials 1. 

  

Combination with Baveno VI criteria 

The comparison of the performances of the different methods to identify patients for whom 

EGD can be safely avoided (low risk for HRV) was conducted on the 185 patients with EGD 

within 6 months of successful SSM@100Hz or SSM@50Hz and reliable LSM and of platelet 

count. In this sub-population D, applying Baveno VI criteria, 15 out of 185 patients (8.1%) 

were classified at low risk for HRV (Table 3). Among them, none had HRV so that the 

missed HRV rate was 0% (regardless of the way to calculate it). In the remaining 170 patients 

identified as at high risk for HRV (using the Baveno VI criteria alone), we investigated if the 

consecutive use of SSM would help to safely spare more EGD. Indeed, SSM@100Hz and 

SSM@50Hz when tested alone with a cut-off for the detection of 95% of HRV, allowed to 
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spare more EGD when compared to Baveno VI criteria alone (p<0.001). To do so, we 

identified, in this high HRV risk group, the cut-off for the detection of 95% of HRV (i.e. 95% 

sensitivity) at 40.1 kPa for SSM@50Hz and 41.3 kPa for SSM@100Hz. Table 3 compares 

the rate of spared EGD and of missed HRV. The sequential combination of SSM@100Hz to 

Baveno VI criteria spared further 30.8% of unneeded EGDs; thus, the total spared EGD rate 

was 38.9%. The missed HRV rate was 4.7% (using the total number of HRV as the 

denominator, i.e. the calculation based on sensitivity). No difference in spared EGD was 

found comparing SSM@100Hz alone with the combination Baveno VI 

criteria+SSM@100Hz (37.8% Vs 38.9%, p=0.480). When the combination of Baveno VI 

criteria and SSM@50Hz was considered, a greater number of EGD were spared than with 

Baveno VI alone (26.5% vs 8.1%, p<0.001) but it was significantly lower than with the 

combination of Baveno VI criteria and SSM@100Hz (26.5% vs 38.9%, p<0.001). Figure 3 

therefore proposes a new sequential diagnostic algorithm for the detection of patients at high 

risk of HRV. The superiority of the combined model Baveno VI+SSM@100Hz was 

highlighted also when dichotomizing the sub-population D for the severity of liver disease 

according to the median MELD score (Supplemental material 2). Additionally, we applied 

expanded Baveno VI criteria for trying to spare more EGD (Supplemental material 3), but the 

missed HRV rate of those criteria alone was too high (12.6%) precluding to determine a 

useful combination to SSM@100Hz. 

 

SSM comparison with HVPG. 

HVPG (available in 102 patients), which was significantly higher in patients with EV than in 

those without EV and different among EV grades (p<0.001), was better correlated with 

SSM@100Hz values �6SHDUPDQ¶V r=0.532, p<0.001) than SSM@50Hz (Figure 4). 

Additionally, we evaluated the accuracy of SSM@100Hz in detecting patients with CSPH 
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(78 out of 102, 76,5%) finding a best cut-off of 34.15 kPa with an AUC of 0.811 (95% CI: 

0.672; 0.950); furthermore, for detecting patients with HVPG � 12mmHg the best cut-off was 

44.95 kPa with an AUC of 0.782 (95%CI: 0.677; 0.887). The results of these comparisons are 

detailed in Supplemental material 4. 

 

DISCUSSION 

 

In the last decade, LSM and SSM by the standard VCTE liver dedicated examination 

(SSM@50Hz) were proposed as accurate diagnostic tools for EV diagnosis 9,11,12. The aims 

of the present study were the evaluation of a new spleen dedicated VCTE examination 

(SSM@100Hz) as surrogate non-invasive marker for the presence of HRV in patients with 

CLD and its comparison with other NITs to select patients for endoscopic screening of HRV. 

In addition, we compared the new SSM@100Hz with standard SSM@50Hz. 

First, SSM@100Hz showed a higher success rate than SSM@50Hz. Second, diagnostic 

accuracy of SSM@100Hz for EV, large EV and HRV presence was significantly higher than 

with most other NITs. Moreover, SSM@100Hz accuracy was significantly higher than 

SSM@50Hz for large EV (grade ш2). Then, the combination of Baveno VI criteria and 

SSM@100Hz for the diagnosis of HRV allowed to almost triple the spared EGD rate, 

without missing more than 5% of HRV, compared to Baveno VI criteria alone. Finally, 

cSSM@100Hz was more closely correlated to HVPG than SSM@50Hz. 

Several studies identified SSM@50Hz as a good surrogate marker of PH 9,10 and a good non-

invasive test for EV presence and grading 9,29,30. In addition, for the evaluation of PH and EV 

grading, a better diagnostic accuracy for SSM compared to LSM has been demonstrated. This 

was attributed to the inability of LSM in evaluating the extra-hepatic component of PH that is 

present for high degree of PH (HVPG >10 mmHg) 7.   
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In almost all the available studies done so far, SSM was performed with the same device used 

for LSM 29. As the spleen is significantly stiffer than the liver, the use of the standard VCTE 

liver dedicated device (SSM@50Hz) leads to SSM overestimation 13. Moreover, most 

patients with severe PH reached upper detection limit for tissue stiffness of VCTE by 

FibroScan®, which is set at 75 kPa, thus potentially limiting its accuracy 5,9,13.  To overcome 

this limitation, one monocentric study 31 of patients with HCV related liver disease, using 

VCTE with an algorithm for SSM, was performed by simply expanding the range of stiffness 

values up to 150 kPa and reported a good accuracy for large EV. Recently, a spleen adapted 

version of VCTE (SSM@100Hz) was developed and subsequently tested in a pivotal study 

13, finding a greater accuracy for EV presence than SSM@50Hz. Indeed, in addition to the 

wider range stiffness values (from 5 to 100 kPa), the use of a higher shear wave frequency 

(100 Hz) and adapted measurement depths (25 to 55 mm) reduced the sources of 

overestimation by SSM@50Hz 13. 

In the present multicentric European study using the SSM@100Hz, the good diagnostic 

accuracy for EV presence was confirmed. Furthermore, regarding EV grading, we found 

SSM@50Hz values in agreement with those previously reported 11,32 but without significant 

differences between EV grades. SSM@100Hz showed a greater accuracy for EV grading 

than SSM@50Hz and thus, it had a significant higher diagnostic accuracy for large EV 

presence (grade ��� than SSM@50Hz. Moreover, our results confirm previous studies 9,31,33 

that highlighted the greater diagnostic accuracy of SSM when compared to LSM, PSR, APRI 

test and LSPS, especially for large EV or HRV presence.  

In the past, several authors tried to assess the performance of NITs for HRV with good results 

30,34,35; in particular a recent meta-analysis stated the superiority of SSM@50Hz compared to 

LSM for HRV presence 11. Our findings are in contrast with a previous report 36 which found 
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a greater diagnostic accuracy of LSPS than SSM@50Hz for HRV presence. The difference 

with the present study could be explained by the use of SSM@100Hz 13. 

The Baveno VI consensus conference 6 proposed new criteria for ruling-out the presence of 

HRV by the combination of LSM by VCTE and platelet count and, since then, several papers 

27,35,37±42 provided validation of those Baveno VI criteria. The limitation of the Baveno VI 

criteria 6 is the low rate of spared EGDs (15-25%) 37,38. To date, one recent meta-analysis 43, 

merging 15 studies, documented that Baveno VI criteria for ruling out HRV were satisfied in 

10-40% of patients and the rate of missed HRV among HRV varied from 0% to 9% with a 

pooled estimate rate at 4.0%. Another review, merging 13 studies, reported 9.6% of HRV 

prevalence, 2.1% of missed HRV rate (recalculated in 24) and 20.6% of spared EGD 44. 

Different calculations were used for missed HRV rate in the different studies. In our opinion, 

the missed HRV rate should be obtained using the number of patients with HRV as 

denominator because it corresponds to the test sensitivity which is the standard in test 

construction 45. In the present study, the spared EGD rate by the Baveno VI criteria (8.1%) 

were into the range of reported studies  43,44 with a 0% missed HRV rate. The low rate of 

spared EGD in our population may be due to more severe CLD which resulted in a higher 

prevalence of large EV (20.8%) and HRV (26.5%). In our study CLD, instead of cACLD as 

recommended by Baveno VI 6, was an inclusion criterion since the study protocol was 

finalized in 2011 (before 2015 Baveno VI workshop). However, cACLD (defined by LSM 

��� kPa) was observed in 92.4% of our patients. This is also the reason why large EV, 

instead of HRV, was initially an outcome in the study protocol.  

Moreover, since SSM@100Hz was the most accurate NIT for HRV presence, we tried to 

combine it with the Baveno VI criteria, in order to spare more unneeded EGDs. Using 

SSM@100Hz, with a cut-off ����� kPa, in addition to Baveno VI criteria, the spared EGD 

rate was significantly increased to 38.9%, while the missed HRV rate was <5% in accordance 
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with the Baveno VI recommendation. A similar rate of spared EGD was reached using 

SSM@100Hz alone in all patients, thus the use of the sequential algorithm Baveno 

VI+SSM@100Hz proposed (Figure 3) could be debated; however, we support the sequential 

algorithm since clinically simpler. Thus, SSM@100Hz use is restricted to patients at high-

risk according to Baveno VI criteria. 

A possible explanation for SSM@100Hz greater performance in ruling out HRV when 

compared to Baveno VI criteria alone, which includes LSM, could be due to the fact that 

LSM is known to have a lower correlation with high degree of PH, if compared to SSM 7,9. 

Indeed, the correlation between LSM and PH is lost when HVPG >10 mmHg 7. On the other 

hand, the HVPG correlation was good with SSM@50Hz, as previously demonstrated 9, and 

significantly higher with SSM@100Hz in the present study. Thus, SSM, especially 

SSM@100Hz, can better reflect PH severity or its complications than LSM 9 and, 

consequently, than Baveno VI criteria. In addition, according to our results, we confirmed the 

high accuracy of SSM@100Hz for detecting CSPH. Furthermore, SSM@100Hz overcomes 

the potential technical limitations of SSM@50Hz. In addition, the failure rate of 

SSM@100Hz (7.5%) was lower than the rates of SSM@50Hz (24.0%) and literature 1,5. 

Thus, the higher success rate of SSM@100Hz improve its spared EGD rate compared to 

SSM@50Hz also when we performed an intention to diagnose analysis (p<0.05), as reported 

in Supplemental material 5. This good success rate could be attributable to the new dedicated 

VCTE examination for the spleen; indeed, the use of a 100Hz frequency appeared to be a 

good compromise between a sufficiently low shear wave length and a good tissue penetration 

tissue 13. The only factors associated with SSM@100Hz failure were a smaller spleen 

longitudinal diameter and an higher BMI, the same as those reported 9,12 for SSM@50Hz.  

The main limitation of the present exploratory study is the lack of a validation 

population. However, prospective studies in the field of non-invasive diagnosis of HRV are 
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very rare; this characteristic, as well as the limitations due to the innovation of this device, 

precluded other methodological aspects such as validation population. Another limitation is 

the high rate of missing EGD (24.3%) data. Patients were enrolled at VCTE examination and 

scheduled for an EGD in the next 6 months; however, several patients did not show-up or 

refused to undergo the EGD after the enrollment, especially when they already had done one 

in the past 6-12 months. Furthermore,  HCV infection was prevalent in our population since 

the study protocol was designed in a pre-DAA era and HCV was the most prevalent cause of 

CLD in Italy and Romania 46. Moreover, we excluded NAFLD and obese patients since we 

aimed to perform this pivotal study in best standardized conditions. Indeed, a validation in 

population with NASH will need a separate study given the specific cut-offs of elastography 

in NAFLD. Furthermore, a high failure rate of LSM was expected with M probe in these 

patients and XL probe wasn¶t considered in this study.   

On the other hand, this study has several strengths. First, to our knowledge, this is the first 

fully prospective study devoted on Baveno VI criteria since previous studies had 

retrospective recruitment and/or design. Second, this was a multicenter study of tertiary 

centers including a large number of patients. Third, one can argue that patients were not 

selected as cACLD but as CLD.  This difference provided the advantage of a prevalence of 

HRV sufficiently high (26.5%). Indeed, 8 out 13 previous studies had a HRV prevalence 

<10% and the mean HRV prevalence was 9.6% 44. This precluded to evaluate performance of 

Baveno VI criteria in adequate methodological conditions. Therefore, the HRV prevalence 

should be >10% 24. Moreover, as patient selection according to severity of the underlying 

liver disease is concerned, we applied our Baveno VI and SSM@100Hz model considering 

two groups defined by the median MELD score in the sub-population D (Supplemental 

material 1); accordingly, we found in both groups that the combination with SSM@100Hz 

significantly improved the rate of EGD spared compared to Baveno VI criteria (p<0.001). 
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Additionally, when we considered expanded Baveno VI criteria to spare more EGD, we 

observed a too high rate of missed HRV (12.6%). This precluded a combination to 

SSM@100Hz. 

In conclusion, the new SSM@100Hz has a greater accuracy for the HRV presence than other 

NITs. A sequential algorithm to rule out HRV, starting with Baveno VI criteria and followed 

optionally by SSM@100Hz, allowed to spare more EGD compared to Baveno VI criteria 

alone or combined with standard SSM@50Hz, while keeping missed HRV rate <5%. 

 

REFERENCES 

1. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding in 

cirrhosis: Risk stratification, diagnosis, and management: 2016 practice guidance by the 

American Association for the study of liver diseases. Hepatology. 2017;65:310±335.  

2. Garcia-Tsao G, Sanyal AJ, Grace ND, Carey WD, Practice Guidelines Committee of 

American Association for Study of Liver Diseases, Practice Parameters Committee of 

American College of Gastroenterology. Prevention and management of gastroesophageal 

varices and variceal hemorrhage in cirrhosis. Am J Gastroenterol. 2007;102:2086±102.  

3. Eisen GM, Baron TH, Dominitz JA, et al. Complications of upper GI endoscopy. 

Gastrointest Endosc. 2002;55:784±793.  

4. Clinical Practice Guidelines EASL-ALEH Clinical Practice *XLGHOLQHVௗ� Non-invasive tests 

for evaluation of liver disease severity and prognosis European Association for the Study of 

the Liver , Clinical Practice Guidelines. 2015;63:237±264.  

5. Berzigotti A. Non invasive evaluation of portal hypertension using ultrasound 

elastography. J Hepatol. 2017; 67:399-411. 

6. de Franchis R, Baveno VI Faculty. Expanding consensus in portal hypertension: Report of 

the Baveno VI Consensus Workshop: Stratifying risk and individualizing care for portal 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

hypertension. J Hepatol. 2015;63:743±52.  

7. Vizzutti F, Arena U, Romanelli RG, et al. Liver stiffness measurement predicts severe 

portal hypertension in patients with HCV-related cirrhosis. Hepatology. 2007;45:1290±7.  

8. Bosch J, Navasa M, Garcia-Pagán JC, DeLacy AM, Rodés J. Portal hypertension. Med 

Clin North Am. 1989;73:931±53.  

9. Colecchia A, Montrone L, Scaioli E, et al. Measurement of spleen stiffness to evaluate 

portal hypertension and the presence of esophageal varices in patients with HCV-related 

cirrhosis. Gastroenterology. 2012;143:646±54.  

10. Colecchia A, Colli A, Casazza G, et al. Spleen stiffness measurement can predict clinical 

complications in compensated HCV-related cirrhosis: A prospective study. J Hepatol. 

2014;60:1158±1164.  

11. Ma X, Wang L, Wu H, et al. Spleen Stiffness Is Superior to Liver Stiffness for Predicting 

Esophageal Varices in Chronic Liver Disease: A Meta-Analysis. PLoS One. 

2016;11:e0165786.  

12. Stefanescu H, Grigorescu M, Lupsor M, et al. Spleen stiffness measurement using 

Fibroscan for the noninvasive assessment of esophageal varices in liver cirrhosis patients. J 

Gastroenterol Hepatol. 2011;26:164±70.  

13. Bastard C, Miette V, Calès P, Stefanescu H, Festi D, Sandrin L. A Novel FibroScan 

Examination Dedicated to Spleen Stiffness Measurement. Ultrasound Med Biol. 

2018;44:1616±1626.  

14. Boursier J, de Ledinghen V, Poynard T, et al. An extension of STARD statements for 

reporting diagnostic accuracy studies on liver fibrosis tests: The Liver-FibroSTARD 

standards. J Hepatol. 2015;62:807±815.  

15. Kim BK, Han K-H, Park JY, et al. A liver stiffness measurement-based, noninvasive 

prediction model for high-risk esophageal varices in B-viral liver cirrhosis. Am J 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

Gastroenterol. 2010;105:1382±90.  

16. Giannini E, Botta F, Borro P, et al. Platelet count/spleen diameter ratio: proposal and 

validation of a non-invasive parameter to predict the presence of oesophageal varices in 

patients with liver cirrhosis. Gut. 2003;52:1200±5.  

17. Lok ASF, Ghany MG, Goodman ZD, et al. Predicting cirrhosis in patients with hepatitis 

C based on standard laboratory tests: results of the HALT-C cohort. Hepatology. 

2005;42:282±92.  

18. Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive index to 

predict significant fibrosis in patients with HIV/HCV coinfection. Hepatology. 

2006;43:1317±25.  

19. Lebensztejn DM, Skiba E, Sobaniec-Lotowska M, Kaczmarski M. A simple noninvasive 

index (APRI) predicts advanced liver fibrosis in children with chronic hepatitis B. 

Hepatology. 2005;41:1434±5.  

20. Bosch J, Abraldes JG, Berzigotti A, García-Pagan JC. The clinical use of HVPG 

measurements in chronic liver disease. Nat Rev Gastroenterol Hepatol. 2009;6:573±582.  

21. de Franchis R, Baveno VI Faculty. Expanding consensus in portal hypertension. J 

Hepatol. 2015;63:743±752.  

22. Augustin S, Pons M, Maurice JB, et al. Expanding the Baveno VI criteria for the 

screening of varices in patients with compensated advanced chronic liver disease. 

Hepatology. 2017;00:1±9.  

23. Calès P, Oberti F, Bernard-Chabert B, Payen J-L. Evaluation of Baveno 

recommendations for grading esophageal varices. J Hepatol. 2003;39:657±9.  

24. Calès P, Buisson F, Ravaioli F, et al. How to clarify the Baveno VI criteria for ruling out 

varices needing treatment by noninvasive tests. Liver Int. 2018; 39:49-53. 

25. Boursier J, Zarski J-P, de Ledinghen V, et al. Determination of reliability criteria for liver 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

stiffness evaluation by transient elastography. Hepatology. 2013;57:1182±91.  

26. Sandrin L, Fourquet B, Hasquenoph J-M, et al. Transient elastography: a new 

noninvasive method for assessment of hepatic fibrosis. Ultrasound Med Biol. 2003;29:1705±

13.  

27. Calès P, Sacher-Huvelin S, Valla D, et al. Large oesophageal varice screening by a 

sequential algorithm using a cirrhosis blood test and optionally capsule endoscopy. Liver Int. 

2018;38:84±93.  

28. Augustin S, Pons M, Maurice JB, et al. Expanding the Baveno VI criteria for the 

screening of varices in patients with compensated advanced chronic liver disease. 

Hepatology. 2017;66:1980±1988.  

29. Colecchia A, Marasco G, Taddia M, et al. Liver and spleen stiffness and other 

noninvasive methods to assess portal hypertension in cirrhotic patients: a review of the 

literature. Eur J Gastroenterol Hepatol. 2015;27:992±1001.  

30. Colecchia A, Ravaioli F, Marasco G, et al. A combined model based on spleen stiffness 

measurement and Baveno VI criteria to rule out high-risk varices in advanced chronic liver 

disease. J Hepatol. 2018;69:308-317 

31. Calvaruso V, Bronte F, Conte E, Simone F, Craxi A, Di Marco V. Modified spleen 

stiffness measurement by transient elastography is associated with presence of large 

oesophageal varices in patients with compensated hepatitis C virus cirrhosis. J Viral Hepat. 

2013;20:867±874.  

32. Singh S, Eaton JE, Murad MH, Tanaka H, Iijima H, Talwalkar JA. Accuracy of spleen 

stiffness measurement in detection of esophageal varices in patients with chronic liver 

disease: systematic review and meta-analysis. Clin Gastroenterol Hepatol. 2014;12:935±

45.e4.  

33. Sharma P, Kirnake V, Tyagi P, et al. Spleen stiffness in patients with cirrhosis in 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

predicting esophageal varices. Am J Gastroenterol. 2013;108:1101±1107.  

34. Kim HY, Jin EH, Kim W, et al. The Role of Spleen Stiffness in Determining the Severity 

and Bleeding Risk of Esophageal Varices in Cirrhotic Patients. Medicine (Baltimore). 

2015;94:e1031.  

35. Abraldes JG, Bureau C, Stefanescu H, et al. Noninvasive tools and risk of clinically 

significant portal hypertension and varices in compensated cirrhosis: The ³$QWLFLSDWH´ study. 

Hepatology. 2016;64:2173±2184.  

36. Stefanescu H, Radu C, Procopet B, et al. Non-invasive menage a trois for the prediction 

of high-risk varices: stepwise algorithm using lok score, liver and spleen stiffness. Liver Int. 

2015;35:317±325.  

37. Maurice JB, Brodkin E, Arnold F, et al. Validation of the Baveno VI criteria to identify 

low risk cirrhotic patients not requiring endoscopic surveillance for varices. J Hepatol. 

2016;65:899±905.  

38. Jangouk P, Turco L, De Oliveira A, Schepis F, Villa E, Garcia-Tsao G. Validating, 

deconstructing and refining Baveno criteria for ruling out high-risk varices in patients with 

compensated cirrhosis. Liver Int. 2017; 37:1177-1183. 

39. Llop E, Lopez M, de la Revilla J, et al. Validation of non invasive methods to predict the 

presence of gastroesophageal varices in a cohort of patients with compensated advanced 

chronic liver disease. J Gastroenterol Hepatol. 2017; 32:1867-1872. 

40. Silva MJ, Duarte P, Mendes M, et al. Baveno VI Recommendation on Avoidance of 

Screening Endoscopy in Cirrhotic Patients based on Liver Elastography and Platelet Count ± 

Are We There Yet? J Hepatol. 2016;64:S731.  

41. Sousa M, Fernandes S, Proença L, et al. The Baveno VI criteria for predicting esophageal 

varices: validation in real life practice. Rev Española Enfermedades Dig. 2017;109.  

42. Bae J, Sinn DH, Kang W, et al. Validation of the Baveno VI and the expanded Baveno VI 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

criteria to identify patients who could avoid screening endoscopy. Liver Int. 2018; 38:1442-

1448. 

43. Marot A, Trépo E, Doerig C, Schoepfer A, Moreno C, Deltenre P. Liver stiffness and 

platelet count for identifying patients with compensated liver disease at low risk of variceal 

bleeding. Liver Int. 2017;37:707±716.  

44. Roccarina D, Rosselli M, Genesca J, Tsochatzis EA. Elastography methods for the non-

invasive assessment of portal hypertension. Expert Rev Gastroenterol Hepatol. 2018;12:155±

164.  

45. Cassinotto C, Charrie A, Mouries A, et al. Liver and spleen elastography using supersonic 

shear imaging for the non-invasive diagnosis of cirrhosis severity and oesophageal varices. 

Dig Liver Dis. 2015;47:695±701.  

46. Deuffic-Burban S, Deltenre P, Buti M, et al. Predicted effects of treatment for HCV 

infection vary among European countries. Gastroenterology. 2012;143:974±85.e14.  

 

  



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

Figure legend 

 

Figure 1. Study flow chart. Abbreviations: EGD: esophagogastroduodenoscopy, 

SSM@100Hz: new spleen stiffness measurement with transient elastography, LSM: liver 

stiffness measurement, SSM@50Hz: standard spleen stiffness measurement with transient 

elastography. 

 

Figure 2. Box plots of (A) SSM@100Hz (n=260); (B) SSM@50Hz (n=222) and (C) LSM 

(n=225) versus esophageal varices grade assessed by EGD. Abbreviations: EGD: 

esophagogastroduodenoscopy, SSM@100Hz: new spleen stiffness measurement with 

transient elastography, LSM: liver stiffness measurement, SSM@50Hz: standard spleen 

stiffness measurement with transient elastography. 

 

Figure 3.  New algorithm combining Baveno VI and SSM@100Hz for ruling-out patients at 

risk of HRV (* by VCTE). Abbreviations: CLD: chronic liver disease, HRV: high-bleeding 

risk esophageal varices, EGD: esophagogastroduodenoscopy, SSM@100Hz: new spleen 

stiffness measurement with transient elastography, LSM: liver stiffness measurement, PLT: 

platelet count. 

 

Figure 4. Correlation between HVPG and SSM@100Hz (rs: 0.532) or SSM@50Hz (rs: 

0.363, p=0.008). Abbreviations: SSM@100Hz: new spleen stiffness measurement with 

transient elastography; SSM@50Hz: standard spleen stiffness measurement with transient 

elastography; HVPG: hepatic venous pressure gradient.  
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Table 1. Demographics and clinical data of patients enrolled (sub-population A).  

Characteristics N Median [Q1-Q3] or n (%)  

Male 260 169 (65) 

Female 260 91 (35) 

Age (years)  260 59 [51-68] 

BMI (kg/m²) 260 26.0 [23.7-28.6] 

ALT (IU/L) 251 51 [29-88] 

AST (IU/L) 242  56 [36-93] 

Platelets (G/l) 254 101 [77-142] 

Grade of EV 
x G0 
x G1 
x G2 
x G3 

260 
 

 
95 (36.5) 
111 (42.7) 
42 (16.2) 
12 (4.6) 

Cherry spots 260 29 (11.2) 

Red wale marks 260 42 (16.2) 

Presence of HRV 260 69 (26.5) 

Spleen longitudinal length (cm) 260 13.6 [11.9-15.5] 

Aetiology 
x HCV 
x HBV 
x Alcohol 
x Others 

260  
155 (59.6) 
19 (7.3) 
79 (30.4) 
7 (2.7) 

MELD score  204 9.2 [7.9-11.7] 

LSM (kPa) § 225 23.4 [15.4-35.3] 

SSM@100Hz (kPa) * 260 48.0 [36.6-66.1] 

SSM@50Hz (kPa) * 222 60.0 [41.3-74.6] 

HVPG (mmHg) 102 13 [11-15] 
 

Abbreviations: IQR, inter quartile range; BMI, body mass index; ALT, alanine amino-transferase; 
AST, aspartate amino-transferase; EV: esophageal varices, HRV: high-bleeding risk esophageal 
varices; HCV, hepatitis C virus; HBV, hepatitis B virus; HVPG, hepatic venous pressure gradient; 
LSM: liver stiffness measurement; SSM spleen stiffness measurement; MELD, model for end-stage 
liver disease; kPa, kilopascal. 
§ in patients with reliable LSM 

* in patients with successful SSM 
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Table 2. AUC (CI 95%) of SSM@100Hz for EV presence, large EV and HRV presence 
compared to SSM@50Hz, LSM, HVPG, and other non-invasive tests (sub-population A).  

  EV   Large EV  HRV  

Comparator N  
Comparator 

SSM@100Hz 
¶ p §  

Comparator  
SSM@100Hz 
¶ p § 

 Comparator SSM@100Hz 
¶ p § 

SSM@50Hz 222 
0.672 
(0.598 - 
0.746) 

0.709 
(0.639 - 
0.779) 

0.113 
 0.720 
(0.639 - 
0.802) 

 
0.782 
(0.709 - 
0.855) 

0.027 
 0.737 
(0.665 - 
0.809) 

0.778 
(0.709 - 
0.846) 

0.105 

LSM 225 
0.712 
(0.642 - 
0.782) 

0.742 
(0.676 - 
0.808) 

0.424 
 0.618 
(0.527 - 
0.709) 

 
0.811 
(0.749 - 
0.872) 

<0.001 
 0.615 
(0.532 - 
0.697) 

0.780 
(0.714 - 
0.846) 

<0.001 

LSPS 191 
0.718 
(0.640-
0.795) 

0.749 
(0.678 - 
0.821) 

0.435 
 0.654 
(0.562 - 
0.746) 

 
0.784 
(0.714 - 
0.854) 

0.010 
 0.637 
(0.549-
0.724) 

0.760 
(0.685 - 
0.834) 

0.007 

Lok-index 198 
0.687 
(0.606-
0.769) 

0.736 
(0.663 - 
0.810) 

0.273 
 0.723 
(0.648 - 
0.799) 

 
0.743 
(0.667 - 
0.819) 

0.686 
 0.704 
(0.625-
0.784) 

0.721 
(0.644 - 
0.799) 

0.732 

PSR 219 
0.299 
(0.223-
0.375) 

0.731 
(0.661 - 
0.800) 

<0.001 
 0.285 
(0.210 - 
0.361) 

 
0.755 
(0.684 - 
0.825) 

<0.001 
 0.323 
(0.245-
0.401) 

0.737 
(0.666 - 
0.808) 

<0.001 

Fib-4 236 
0.598 
(0.516-
0.679) 

0.713 
(0.645 - 
0.782) 

0.009 
 0.623 
(0.547 - 
0.700) 

 
0.764 
(0.694 - 
0.833) 

0.005 
 0.609 
(0.534-
0.684) 

0.743 
(0.673 - 
0.813) 

0.005 

APRI 235 
0.549 
(0.465-
0.632) 

0.712 
(0.643 - 
0.780) 

<0.001 
 0.588 
(0.507 - 
0.669) 

 
0.767 
(0.697 - 
0.836) 

<0.001 
 0.555 
(0.476-
0.633) 

0.746 
(0.676 - 
0.816) 

<0.001 

HVPG 102 
0.760 
(0.663 - 
0.857) 

0.761 
(0.667 - 
0.855) 

0.979 
 0.764 
(0.652 - 
0.877) 

 
0.822 
(0.740 - 
0.905) 

0.343 
 0.749 
(0.643 - 
0.854) 

0.835 
(0.757 - 
0.913) 

0.109 

 

Abbreviations: AUC: area under receiving operator characteristics curve; CI: confidence interval; N: 
number; EV: esophageal varices; HRV: high-bleeding risk esophageal varices; IQR, inter quartile 
range; LSPS: LSM-spleen diameter to platelet ratio score; PSR: platelet count/spleen ratio; Fib-4: 
Fibrosis-4 score; APRI: AST to platelets ratio index; HVPG: hepatic venous pressure gradient; LSM: 
liver stiffness measurement; SSM@100Hz: SSM with the novel spleen-dedicated VCTE examination; 
SSM@50Hz: SSM with the standard liver dedicated VCTE examination.   
¶ The result is variable since corresponding to the maximum size of the group with comparator 
available 
§ Delong¶V test  
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Table 3. Comparison of diagnostic performance of Baveno VI, SSM@100Hz, SSM@50Hz, 
Baveno VI + SSM@100Hz and Baveno VI + SSM@50Hz for ruling-out HRV. Sub-
population D including 185 patients. 

 
Baveno 
VI SSM@100Hz p ¶ SSM@50Hz p ¶ p ° 

Baveno VI + 
SSM@100Hz 
* 

p ¶ p ° 

Baveno VI 
+ 
SSM@50Hz 
§ 

p ¶ p ç 

Spared 
endoscopy 

15 / 
185 

8.1 % 
(4.6%-
13.0%) 

70 / 185 

37.8 % 
(30.8%-
45.2%) 

<0.001 

44 / 185 

23.8 % 

(17.8%-
30.6%) 

<0.001 <0.001 

72 / 185 

38.9 % 

(31.9%-
46.3%) 

<0.001 0.480 

49 / 185 

26.5 % 

(0.3%-
33.5%) 

<0.001 <0.001 

Missed 
HRV / 
number of 
HRV 

0 / 43 

0 % 
(0%-
6.7%) 

2 / 43 

4.7 % 

(0.6%-15.8%) 

0.480 

2 / 43 

4.7 % 

(0.6%-
15.8%) 

0.480 1.000 

2 / 43 

4.7 % 

(0.6%-15.8%) 

0.480 1.000 

2 / 43 

4.7 % 

(0.6%-
15.8%) 

1.000 1.000 

Missed 
HRV / 
number of 
spared 
endoscopy 

0 / 15 

0 % 
(0%-
18.1%) 

2 / 70 

2.9 % 

(0.3%-9.9%) 

1.000 

2 / 44 

4.5 % 

(0.6%-
15.5%) 

0.989 1.000 

2 / 72 

2.8 % 

(0.3%-9.8%) 

1.000 1.000 

2 / 49 

4.1 % 

(0.5%-
14.0%) 

1.000 1.000 

Missed 
HRV / all 
patients 

0 / 185 

0 % 
(0%-
1.6%) 

2 / 185 

1.1 % 

(0.1%-3.9%) 

0.480 

2 / 185 

1.1 % 

(0.1%-3.9%) 

0.480 1.000 

2 / 185 

1.1 % 

(0.1%-3.9%) 

0.480 1.000 

2 / 185 

1.1 % 
(0.1%-3.9%) 

1.000 1.000 

 

¶ p-value of the proportion comparison with Baveno VI alone by McNemar test (except for 
missed HRV among spared endoscopy: Chi2 test) 

° p-value of the proportion comparison with SSM@100Hz by McNemar test (except for 
missed HRV among spared endoscopy: Chi2 test) 
ç p-value of the proportion comparison with Baveno VI+SSM@100Hz by McNemar test 
(except for missed HRV among spared endoscopy: Chi2 test) 

* The cut-off of 41.3 kPa was calculated on the sub-group of 170/185 patients with available 
SSM@100Hz and at high-risk for HRV according to Baveno VI by setting sensitivity of 
SSM@100Hz for HRV at 95 %. 
§ The cut-off of 40.1 kPa was calculated on the sub-group of 170/185 patients with available 
SSM@50Hz and at high-risk for HRV according to Baveno VI by setting sensitivity of 
SSM@50Hz for HRV at 95 %.   
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What’s in Metabolomics for Alcoholic Liver Disease? 

Alina M. Suciu1,2, Dana A. Crisan3, Bogdan D. Procopet1,2, Corina I. Radu1,2, Carmen Socaciu4, Marcel V. Tantau1,2, Horia 
O. Stefanescu2, Mircea Grigorescu1

INTRODUCTION

Alcoholic liver disease (ALD) 
represents a wide spectrum of 
liver pathology, beginning with 
fatty liver, present in almost 
all heavy alcohol drinkers and 
mostly asymptomatic,  and 
continuing with progressive 
!brosis that eventually leads to 
cirrhosis [1, 2]. In the Western 
world, alcohol is the leading cause 
of cirrhosis and its complications: 
portal hypertension, ascites, 

ORIGINAL PAPER

ABSTRACT

Background & Aims: Current management of alcoholic liver disease (ALD), especially for alcoholic hepatitis 
(AH) is still driven by liver biopsy. "erefore, the identi!cation of novel and accurate noninvasive biomarkers 
for the diagnosis and assessment of severity is important.  Metabolomics, because it unravels changes closest 
to the phenotype, may represent the key for novel biomarkers. "e aim of this study was to identify and 
characterize potential metabolomic biomarkers for diagnosis, staging and severity assessment of ALD.
Methods: 30 consecutive ALD patients and 10 healthy controls were included in this proof-of-concept cross-
sectional study. Baseline assessment consisted in evaluation of Maddrey’s Discriminant Function, Model for 
End-Stage Liver Disease (MELD) and ABIC scores as well as ASH-Test (Fibromax) as a surrogate for the 
con!rmatory diagnosis of AH in suggestive clinical and biologic settings. Additionally, SOP metabolomics 
and lipidomics were performed from serum samples by liquid chromatography mass-spectrometry analysis.  
Results: From the 127 and 135 serum/urine candidate metabolites initially identi!ed, only 11/5 metabolites 
were characteristic for ALD patients. None of them correlated with alcohol intake, and only 5/1 metabolites 
could di#erentiate cirrhotic from non-cirrhotic patients. Of those, N-Lauroglycine (NLG) was the best for 
identifying cirrhosis (100% sensitivity and 90% negative predictive value, NPV) and decatrienoic acid (DTEA) 
was the best for assessing disease severity (evaluated by ABIC score) with 100% sensitivity and 100% NPV. 
Conclusion: Due to their high NPV, NLG and DTEA could be used in conjunction in ALD patients to exclude 
cirrhosis or a severe disease. If further validated, they could become biomarkers for better management and 
risk assessment in ALD.
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spontaneous bacterial peritonitis, hepatic encephalopathy, 
variceal bleeding and hepato-renal syndrome [3]. However, 
ALD is marked by the spectrum of alcoholic hepatitis (AH), 
which may develop anytime during the natural history. 
Alcoholic hepatitis is a clinical syndrome characterized 
by rapid hepatic decompensation (jaundice, coagulation 
impairment and encephalopathy) that causes death in up to 
50% of patients in the absence of treatment [4]. Since 20-40% of 
alcoholics develop !brosis and 10–22% will eventually progress 
to cirrhosis, of whom 1.5–2% will develop hepatocellular 
carcinoma every year [5], it is very important to diagnose 
and treat early and accurately ALD and alcohol misuse. In 
none of the stages of ALD are clinical and biological changes 
characteristic, and the clinical scenario of AH is very similar to 
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the one of severe cirrhotic decompensation of another etiology. 
In this context, liver biopsy remains the gold standard for 
diagnosis, mainly for AH, despite its invasiveness and relatively 
high cost. "erefore, the identi!cation of novel and accurate 
noninvasive biomarkers for the diagnosis and assessment of 
severity is of utmost importance.  

"e metabolome represents the endpoint of the omics 
cascade and it is also the closest point to the phenotype [7, 
8]. Metabolomics is a rapidly evolving !eld, which identi!es 
characteristic changes in the metabolome associated with any 
physiological perturbations. "e use of metabolomics in ALD 
represents a powerful means not only to unravel the molecular 
mechanism of its pathogenesis, but also to identify the earliest 
biomarkers [9, 10]. "e earliest change in ALD pathogenesis is 
the accumulation of free fatty acids in the liver. In this context, 
the majority of new studies are focused on the understanding 
of ALD pathogenesis by identifying the pathways involved in 
fatty acid metabolism. 

"e aim of this proof-of-concept study was to identify and 
further characterize the potential metabolomic biomarkers for 
the diagnosis, staging and severity assessment of ALD.

METHODS

"e study was designed as a cross-sectional one, in full 
accordance with the 2000 review of Human Rights Declaration 
and was approved by the Ethical Committee of the Cluj-Napoca 
Regional Institute of Gastroenterology and Hepatology. All 
participants gave their informed consent prior to inclusion 
into the study.

Patients 
Consecutive patients previously diagnosed with di#erent 

stages of ALD, aged 18–80 years and with ongoing alcohol 
consumption (> 20 g/day for women and > 40 g/day for men) 
were included. Patients with cirrhosis have been also previously 
diagnosed based on unequivocal clinical, biological, imaging 
and endoscopic features. 

Additionally, consecutive subjects without liver disease 
and without signi!cant alcohol intake (<20 g/day for women 
and <40 g/day for men) were included and were considered 
as control group.  

Baseline assessment 
Fasting serum, plasma and urine samples were collected 

from all participants for metabolomic analysis (see below). 
Patients with ALD underwent in the same day a full 

laboratory work-up assessing liver function tests, coagulation, 
platelets count, serum lipids and glucose. ASH-Test 
(BioPredictive, France) was performed in all patients in order 
to evaluate the level of necro-in%ammation and was used as 
a surrogate for AH diagnosis in suggestive clinico-biologic 
settings. Demographic and anthropometric data were noted. 
Clinical examination, abdominal ultrasound and liver sti#ness 
measurements were performed.

For the evaluation of the severity of ALD the following 
scores were calculated: 

- Maddrey’s Discriminant Function (DF), which depends 
on bilirubin levels and PT: a cut-o# value ≥ 32 is correlated 

with a more severe outcome, lack of response to corticotherapy 
and death in almost 50% of the patients [11];

- Model for End-Stage Liver Disease (MELD), which uses 
bilirubin, INR and creatinine to assess liver disease severity 
and predict mortality [12];

- ABIC score, which integrates age, bilirubin level, INR, 
creatinine, being able to predict 90 days mortality [14]. ABIC 
allows mortality risk strati!cation into low, moderate or high.

Standard Operation Procedure (SOP) Metabolomics
Blood sample preparation 
"e serum samples were diluted (1:5) with methanol, 

vortexed, ultrasonicated at 4°C for 5 minutes and centrifuged at 
15 000g for 15 minutes to remove particulates and proteins by 
precipitation. "e supernatant was collected, !ltered through 
0.2 µm !lters and kept in the deep freezer until analysis.

Liquid chromatography mass spectrometry analysis
Aliquots of 5 µl of each sample were subjected to 

chromatography on a Bruker  DaltonicsMaXis Impact  device 
with a "ermo Scienti!c HPLC UltiMate 3000 system with a 
quaternary pump delivery system DionexUltiMate and MS 
detection, on C18 reverse-phase column [5µm, 2.1 x 100 mm], 
(Acclaim, Dionex) maintained at 40°C. 

Mobile phase: A - water containing 0.1% formic acid; B - 
acetonitrile containing 0.1% formic acid. Gradient: 95% A:5% B 
with linear gradient to 85% A: 15% B from 0 to 3 min, followed 
by linear gradient to 50% A: 50% B at 6 min, linear gradient 
to 5% A: 95% B at 9 min, isocratic on 5% A: 95% B for 6 min 
and then returned to the initial condition 95% A: 5% B at 15.1 
min for 5 min. Flow rate, 0.500ml/min.

Mass spectrometry was performed on a Bruker Daltonics 
MaXis Impact Q-TOF operating in positive ion mode. "e 
mass range was set between 50-1000 m/z. "e nebulizing gas 
pressure was set at 2.8 bar, the drying gas %ow at 12 L/min, the 
drying gas temperature at 300°C. Before each chromatographic 
run, a calibrant solution of sodium formate was injected. 

"e control of the instrument and data processing were 
done using TofControl 3.2 and Data Analysis 4.2 (Bruker 
Daltonics).

SOP lipidomics
Blood sample preparation (lipid extraction)
Lipids were extracted from 0.1 ml serum diluted with 0.2 ml 

methanol, then vortexed for 20 s, next 1.66 ml chloroform was 
added and vortexed for 20 s, and an aditional of 0.1 ml water 
was added to induce phase separation. "e samples obtained 
were vortexed for 20 s, then were subjected to centrifugation 
at 8000 rpm for 10 min, then the lipid phase was collected 
and evaporated. Samples were reconstituted in 500 µl of 
acetonitrile/isopropylic acid/water (65:30:5) volume.

Liquid chromatography mass spectrometry analysis
Aliquots of 5 µl of each sample were subjected to 

chromatography on a Bruker  DaltonicsMaXis Impact  device 
with a "ermo Scienti!c HPLC UltiMate 3000 system with a 
quaternary pump delivery system DionexUltiMate and MS 
detection, on C18 reverse-phase column [5µm, 2.1 x 100 mm], 
(Acclaim, Dionex) maintained at 55°C. 

Mobile phase: A - water: acetonitrile (60:40) containing 
0.1% formic acid and 10 mM ammonium formate; B - isopropyl 
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alcohol: acetonitrile (90:10) containing 0.1% formic acid and 
10 mM ammonium formate. Gradient: 75% A: 25% B followed 
by linear gradient to 50% A: 50% B at 4 min, linear gradient 
to 3% A: 97% B at 19 min, isocratic on 3% A: 97% B for 4 min 
and then returned to the initial condition 75% A: 25% B at 24 
min for 4 min. Flow rate, 0.260ml/min.

Mass spectrometry was performed on a Bruker Daltonics 
MaXis Impact Q-TOF operating in positive ion mode. "e 
mass range was set between 50-1000 m/z. "e nebulizing gas 
pressure was set at 2.8bar, the drying gas %ow at 12 L/min, the 
drying gas temperature at 300 °C. Before each chromatographic 
run, a calibrant solution of sodium formate was injected. 

"e control of the instrument and the data processing 
were completed using Tof Control 3.2 and Data Analysis 4.2 
(Bruker Daltonics).

RESULTS

Baseline characteristics of the patients 
Ten controls and 30 patients with ALD were enrolled. Of 

them, 17 were known to have cirrhosis and 7 had previous 
liver related clinical decompensation (LRD) events. Of the 
30 ALD patients at inclusion, 16 patients (of which 12 were 
known cirrhotics) had an ASH-Test ≥ 0.18, indicating at least 
minimal activity.

Baseline patient characteristics are shown in Table I.

Identi!cation of the candidate metabolites
Using liquid chromatography–mass spectrometry (LC-MS) 

of both serum and urine samples of the entire cohort of patients 
with ALD and compared with those of healthy controls (Fig. 
1) we identi!ed 127 serum candidate metabolites for ALD 

patients and 150 for controls. From the urine we identi!ed 135 
candidate metabolites for the ALD cohort and 129 for controls.

By using the Scores system, 35 major metabolites could be 
further identi!ed (Fig. 2).

Further more, using the Loading system, based on m/z 
analysis (Fig. 3), we identi!ed 11 serum and 5 urine metabolites 
that were signi!cantly di#erent in patients with ALD compared 
with controls. "e serum and urine metabolites in patients with 

Table I. Baseline ALD patients’ characteristics
Variables Value
Age (years) 53.2 (27-74)
Male/Female 19/11
Height (cm) 164.249±6.0412
Weight (kg) 69.561±14.9096
ALT (IU/ml) 67.43 (17-260)
AST (IU/ml) 47.8 (7-169)
 Bilirubin (mg/dl) 8.25 (0.3- 68.43)
Cholesterol (mg/dl) 191.03 (89-394)
Triglycerides  (mg/dl) 115.96 (3-228)
GGT (IU/ml) 242.86 (25-2229)
Glucose (mg/dl) 130.89 (66-405)
Platelets 162,493 (27,000 - 367,000)
Alcohol consumption (g/day) 109.7 (31.8-320)
Cirrhosis n (%) 17 (56.66%)
With decompensation 7 (23.33%)
MELD score 13.46 (6-29)
Maddrey DF 28 (8-36)
ABIC score 26 (6-29)

Fig. 1. Skyline graph demonstrating the metabolites identi!ed in the serum of patients with ALD (a) and healthy controls (b) 
as well as in the urine of patients (c) and controls (d).
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ALD identi!ed using sequential metabolomic techniques are 
shown in Table II.

Characterization of the selected metabolites
"e signal areas of these 11 serum and 5 urine metabolites 

were further analyzed in patients with ALD. None of these 

metabolites was correlated with the amount of alcohol 
consumption (units/day).

Only 5 serum (sM2, 3, 5, 10 and 11) and 1 urine (uM3) 
metabolites were able to further di#erentiate cirrhotic from 
non-cirrhotic patients with ALD. "ese 6 metabolites were 
chosen for further deeper analysis as represented in Fig. 4.

Fig. 2. Scores system-identi!cation of 35 major metabolites from serum and urine in ALD patients vs controls

Table II. Serum and urine metabolites in patients with ALD identi!ed using sequential metabolomic techniques
Serum Metabolites Urine Metabolites

Code M/Z Value Common Name Code M/Z Value Common Name
sM1 149.022 2-Hydroxyglutarate uM1 274.275 Glutaconylcarnitine
sM2 167.054 Decatrienoic acid uM2 288.291 L-Octanoylcarnitine
sM3 177.0545 Ascorbic acid uM3 301.142 2-Methoxyestrone

sM4 230.2486 Butenyl carnitine uM4 353.266 MG(18:3/0:0/0:0)
MG(0:0/18:3/0:0)

Prostaglandin D2/E2

sM5 258.2797 N-Lauroylglycine uM5 381.298 MG(20:3/0:0/0:0)
MG(0:0/20:3/0:0)

sM6 353.272 Prostaglandin E2/D2/H2 
MG (0:0/18:3/0:0)

sM7 496.3407 PE(O-20:0/0:0) 
PS(16:1(9Z)/0:0)

sM8 520.3407 LysoPC (18:2(9Z,12Z)/0:0)
sM9 522.3569 LysoPC (18:1(9Z)/0:0)
sM10 524.3721 Isom.LPC (16:0/2:0), 

LysoPC (0:0/18:0)
sM11 544.341 LysoPC (20:4/0:0)

Fig. 3. Loadings system identifying the speci!c metabolites in serum and urine of ALD patients
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Ability to diagnose cirrhosis
Analyzing only the ALD patients, all the selected serum 

metabolites had significantly different mean signal areas 
in patients with cirrhosis as compared with those without, 
while uM3 lost the signi!cance. "e diagnostic performance 
for cirrhosis was acceptable for all metabolites, but sM5 was 
signi!cantly better than all the others (Table III). 

Based on these data, sM5 (N-Lauroglycine, NLG) was 
chosen as the best metabolite for prediction of cirrhosis in 
patients with ALD. For a cut-o# value of the signal area of 
2478287, the sensitivity (Se) was 1 and speci!city (Sp) 0.62, the 
positive predictive value (PPV) was 75% and negative predicted 
value (NPV) 90%, the positive and negative likelihood ratio 
(LR) were 2.62 and 0.09, respectively. Using this value to assess 
the diagnostic accuracy, 24/30 (80%) patients were correctly 
classi!ed (chi-square=11.317, p=0.001).

Assessment of disease severity
All the !ve serum metabolites were well correlated with 

Maddrey and ABIC scores, as the most widely used in clinical 
practice to assess ALD severity and prognosis (Table IV).

Based on these data, sM2 and sM5 seem to be the best 
candidates to be further used to assess ALD severity. Both 
metabolites had similar AUROC to predict Maddrey score ≥ 32 
(0.799 (95%CI: 0.613-0.922) vs. 0.837 (95%CI: 0.681-0.937); p 
(de Long test) = 0.12 and, respectively ABIC score ≥ 6.71 (0.844 
(95%CI: 0.666-0.950) vs. 0.867 (95%CI:0.693-0.962); p (de Long 
test) = 0.73.

As for the ABIC score > 9 (associated with severe disease 
and bad prognosis), the AUROC for sM2 was signi!cantly 
higher than the one for sM5: 0.946 (95%CI: 0.863-1.000) vs. 
0.884 (95%CI: 0.714-0.971), p (de Long test)=0.05. Based on 
these !ndings, sM2 (decatrienoic acid, DTEA) was considered 
as being the best serum metabolite to assess the disease severity 
(Table V).

DISCUSSION

"e purpose of this study was to identify and characterize 
new metabolomic biomarkers for the diagnosis, staging and 
severity assessment of ALD, as a noninvasive alternative to 

Fig. 4. Metabolites characterization. Boxplots representing signal 
areas for 5 serum and 1urine metabolites in cirrhotic, non cirrhotic 
patients with ALD and healthy controls, as depicted by ANOVA test 
with Bonferroni post-hoc analysis. p1, p2 and p3 represent the p values 
comparing mean signal areas between cirrhotic-non cirrhotic patients, 
cirrhotics-controls and non-cirrhotics-controls, respectively; P and F 
represent the values of overall ANOVA test for each metabolite).

Table III. Signal areas of 5 serum and 1urine metabolites in cirrhotic vs. non-cirrhotic patients 
with ALD and their diagnostic performance for cirrhosis

Signal areas Ability to diagnose cirrhosis
Cirrhosis Non-cirrhosis p AUROC 95% CI

sM2 684060.313 
(±150311.430)

544880.286 
(±165017.511)

0.022 0.763 0.574-0.898

sM3 902229.563 
(±126759.965)

806594.357 
(±109529.537)

0.037 0.759 0.569-0.895

sM5 2676623.06 
(±320180.649)

2401624.71 
(±253205.174)

0.015 0.835* 0.655-0.944

sM10 350893.875 
(±133338.296)

545040.714 
(±192818.251)

0.003 0.728 0.535-0.873

sM11 790748.438 
(±493497.928)

1633634.14 
(±755245.193)

0.001 0.728 0.535-0.873

uM3 288674.875 
(±16968.302)

275233.214 
(±24205.543)

0.08 0.656 0.456-0.858

* p (deLong test) = 0.05 (vs. sM2 and sM3) and 0.03 (vs. sM10 and sM11), respectively

Table IV. Correlation of serum metabolites with ALD 
severity indexes; the urine metabolite was not correlated 
with either of these scores.

Maddrey score ABIC
sM2 rho 0.529 0.679

p 0.003 0.0001
sM3 rho 0.413 0.561

p 0.01 0.001
sM5 rho 0.557 0.560

p 0.001 0.001
sM10 rho - 0.569 - 0.538

p 0.001 0.002
sM11 rho - 0.530 - 0.616

p 0.003 0.0001
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liver biopsy. Metabolomics is the last and rapidly expanding 
omic technique that explores the wide spectrum of metabolic 
pathways products. "eoretically, these products should be 
the !rst to change when a certain pathway is interfered by 
a speci!c condition, thus metabolomics appears to be the 
path to follow when trying to identify sensitive and speci!c 
biomarkers for early diagnosis. By using di#erent methods to 
purify the metabolites’ signature obtained from patients with 
ALD, we identi!ed 5 serum and 1 urine metabolites, of which 
one (NLG) seemed accurate for identifying cirrhotic patients 
and another (DTEA) appeared to be more appropriate to select 
patients with severe disease. 

Multiple studies have analyzed the metabolomics 
pro!le for other hepatic diseases such as nonalcoholic fatty 
liver disease (NAFLD), viral hepatitis and hepatocellular 
carcinoma [24-33], trying to identify possible biomarkers 
for disease progression. In NAFLD, elevated hepatic 
concentrations of various lysophosphatidylcholine (LPC), 
lysophosphatidylethanolamine (LPE) and phosphatidylcholine 
(PC) species have been reported for human steatotic vs. non-
steatotic livers [24, 30]. "ree studies reported elevated bile salts 
in the liver [24] that spilled over to elevated bile acids in serum 
and plasma [25, 26]. Regarding HCV infection, a metabolomic 
comparison of HCV-infected hepatocytes revealed small but 
signi!cant increases in alanine, tyrosine and adenosine [27, 
30, 32]. "e metabolomic changes in hepatocellular carcinoma 
tend to point to increased fatty acid β-oxidation, with elevated 
acetate and 2-oxoglutarate (precursor of carnitine) and reduced 
free fatty acids, carnitine and carnitine esters [30, 31]. Further 
studies are required to validate these molecules as biomarkers 
for hepatocellular carcinoma.

Until now, only a few studies have focused on the 
metabolomic assessment of ALD [15-19]. "e data available 
are heterogeneous, since the design of these studies di#ered 
substantially. Most of the studies identi!ed protein metabolites 
associated with ALD in experimental [18] or clinical settings, 
either from serum [15] or urine [16] of drinking men. Overall, 
these studies found 19 metabolites associated with alcohol 
intake, most derived from the protein metabolism, and some 
of them, possible biomarker candidates of alcohol-induced 
liver injury. 

Since the lipid metabolism appears to be the first 
dysregulated in the development of ALD, it seems rational 
to search for lipid metabolites as early biomarkers. In 
this respect, Li et al. [19] found in a murine model that 
metabolites of phosphatidyl choline, sphyngomielin as well 
as some aminoacids were associated with the development of 
hepatocellular carcinoma in ALD [19]. Our group previously 
identi!ed an isoform of LPC to be a good predictor of liver 
related decompensation and death in patients with severe AH 
[33]. Similarly, all the relevant metabolites identi!ed by this 
study using an untargeted approach are also related with the 
lipid pathway, demonstrating the importance of this pathway 
in the development and progression of ALD. "ere are multiple 
possible host or environmental factors that might interfere with 
the pathogenesis of ALD: drinking patterns, diet, microbiota 
composition. However, our study was not designed to evaluate 
neither of these factors, except the amount of alcohol intake 
and none of the identi!ed metabolites were directly related 
with alcohol consumption. 

The differential diagnosis between AH and cirrhotic 
decompensation is o(en di)cult, because of similar clinical, 
biological and imaging aspects [20-22]. In this respect, the 
metabolite identi!ed in our study (NLG), due to the high 
NPV, appears useful to select patients without cirrhosis. On the 
other hand, severity assessment in ALD and AH is extremely 
important and the performance of currently available systems 
(DF, MELD, ABIC) needs to be improved. In this respect, we 
identi!ed DTEA as a possible biomarker to exclude severe AH. 

The relevance of our data is hampered by the study 
limitations. "ere are some intrinsic limitations: the small 
number of patients, which is however acceptable for a proof-
of-concept approach; the lack of biopsy-proven ALD and AH; 
the cross-sectional design and also the fact that the response to 
therapy was not assessed. Besides that, there are the limitations 
of the metabolomic approach, especially the untargeted 
one: lack of well established and standardized methods 
or procedures, metabolite identi!cation di)cult and time 
consuming, potentially thousands of compounds can match 
a given parent ion mass or a given atomic composition [34]. 

Despite these drawbacks, metabolomics seems to o#er 
the premises of identifying an ῝ideal” biomarker for ALD: 
speci!c, easy to use, widely available and also with a low 
cost. Our study was not designed to prove any of these facts, 
but opened the gate of opportunity for a closer look into 
metabolomics’ applications in ALD. Until now, we managed 
to identify two serum metabolites with a good diagnostic 
accuracy and high NPV that could be used in conjunction in 
patients with ALD for better strati!cation: NLG to exclude the 
presence of cirrhosis and DTEA to exclude a severe disease. 
Nevertheless, all these !ndings need to be further addressed 
in larger, prospective clinical trials, with relevant clinical and 
therapeutic end-points. 

CONCLUSION

Based on this proof of concept study, metabolomics 
appears to o#er both the opportunity and the means for better 
management and risk assessment of patients with ALD. 

Table V. Association between the decatrienoic acid (DTEA) area and 
prognostic scores.

Maddrey >32 ABIC ≥6.71 ABIC >9
Cut-o# value >624000 >624000 >819000
Sensitivity 0.86 0.79 1
Speci!city 0.75 0.75 0.93
PPV 75.00% 80% 50
NPV 85.00% 78.60% 100
+LR 3.42 3.73 14
-LR 0.19 0.25 0
Diagnostic accuracy 80% 79.31% 93.33%
Correctly class pts 24/30 23/30 28/30
LR: likehood ratio; NPV: negative predictive value; PPV: positive 
predictive value.
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Abstract
Background & Aims: Liver stiffness (LS), spleen stiffness (SS) and serum
markers have been proposed to non-invasively assess portal hypertension or
oesophageal varices (EV) in cirrhotic patients. We aimed to evaluate the per-
formance of a stepwise algorithm that combines Lok score with LS and SS
for diagnosing high-risk EV (HREV) and to compare it with other already-
validated non-invasive methods. Methods: We performed a cross-sectional
study including 136 consecutive compensated cirrhotic patients with various
aetiologies, divided into training (90) and validation (46) set. Endoscopy was
performed within 6 months from inclusion for EV screening. Spleen diame-
ter was assessed by ultrasonography. LS and SS were measured using Fibro-
scan. Lok score, platelet count/spleen diameter ratio, LSM-spleen diameter to
platelet ratio score and oesophageal varices risk score (EVRS) were calculated
and their diagnostic accuracy for HREV was assessed. The algorithm classi-
fied patients as having/not-having HREV. Its performance was tested and
compared in both groups. Results: In the training set, all variables could
select patients with HREV with moderate accuracy, the best being LSPS (AU-
ROC = 0.818; 0.93 sensitivity; 0.63 specificity). EVRS, however, was the only
independent predictor of HREV (OR = 1.521; P = 0.032). The algorithm
correctly classified 69 (76.66%) patients in the training set (P < 0.0001) and
36 (78.26%) in the validation one. In the validation group, the algorithm
performed slightly better than LSPS and EVRS, showing 100% sensitivity and
negative predicted value. Conclusion: The stepwise algorithm combining
Lok score, LS and SS could be used to select patients at low risk of having
HREV and who may benefit from more distanced endoscopic evaluation.

*Equally contributed to the work.
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Screening for oesophageal varices (EV) in cirrhotic
patients is of major importance since they may occur in
up to 90% of cases (1), with a rate depending on the
severity of cirrhosis (2). Both American (3) and Euro-
pean (4) consensus on portal hypertension (PH) and
variceal bleeding recommend endoscopic screening for
EV at the time of diagnosis of cirrhosis and endoscopic
surveillance according to variceal staging. It was demon-
strated that EV incidence rate is only 7% per year (5),
with a cumulative 5-year rate of 21% (6), so repetitive
negative endoscopies would increase the costs of care of
newly diagnosed cirrhotic patients. Hence, finding alter-
nate non-invasive tools to estimate clinical outcomes
such clinically significant portal hypertension (CSPH)
and high-risk EV (HREV) became of growing impor-
tance and recognized as such by the Baveno V faculty (4).

Transient elastography is a very useful non-invasive
physical method, especially for ruling out severe fibrosis
or cirrhosis (7, 8) being also able to predict 5-year sur-
vival (9). In the settings of cirrhosis, vibration con-
trolled transient elastography (VCTE) was used to
estimate the presence (10) or to predict the develop-
ment (11) of complications related to PH. Liver stiffness
measurement (LSM) (12, 13) and serological scores (14,
15, 16) or combination of these ones (17, 18, 19) has
been proved to correlate well with the presence of
oesophageal varices (EV) in cirrhotic patients. Recently,
spleen stiffness measurement (SSM) using VCTE was
proposed as a surrogate method to estimate the pres-
ence of EV (20) and CSPH (21) but spleen elastography
still has a limited accuracy (22).

Based on our previous experience in combining LSM,
SSM and biochemical scores (20, 23) we aimed to
develop, evaluate and validate a stepwise algorithm that
combines Lok score with liver and spleen stiffness for
predicting the presence of HREV in cirrhotic patients,
in comparison with other already-validated integrative
non-invasive methods.

Methods

Patients

During a 24 months period (November 2011 – Octo-
ber 2013) 136 consecutive compensated cirrhotic
patients from a tertiary referral hospital were enrolled
for this cross-sectional study. All patients previously
diagnosed with cirrhosis (either biopsy proven, or
having unequivocal clinical, biological and imaging
features) aged 18–80 years, and irrespective of aetiol-
ogy were included. Patients with previous episodes of
decompensation (history of variceal bleeding and cur-
rently on pharmacologic secondary prophylaxis, or
ascites currently controlled by diuretic therapy) were
still included, provided that at the time of evaluation
they were in a compensated state. Presence of perihe-
patic and/or perisplenic ascites, portal vein thrombo-
sis, non-reliable liver and/or spleen stiffness
measurements, obstructive jaundice, advanced hepato-
cellular carcinoma (HCC) or tumours located in the
right liver lobe, presence of a pacemaker or heart defi-
brillator, pregnancy or refusal to participate were the
exclusion criteria.

The first two-thirds of the patients (n = 90) were
considered as the training set, and their data were retro-
spectively analyzed. Only in this set were included
patients with previous decompensation. The following
46 patients consisted the validation set and were pro-
spectively included. All these patients were fully com-
pensated. The diagnostic performance of non-invasive
tests was evaluated in the training set and further
validated in the second group.

All selected patients underwent VCTE for liver and
spleen stiffness measurement and were evaluated by
endoscopy for the assessment of EV. The main endpoint
of the endoscopic evaluation was the detection of
HREV. Spleen longitudinal diameter in mm was
recorded by ultrasonography. Routine biological tests
according to the follow-up protocol were obtained in
the same day.

All patients were enrolled for this study after signing
an informed consent that was previously revised and
approved, together with the study protocol by the Ethi-
cal Committee of the Cluj-Napoca University of Medi-
cine and Pharmacy in full accordance with the ethical
guidelines issued by the 1975 Declaration of Helsinki
and its further revisions.

Stiffness measurements

Both liver and spleen stiffness measurements were
recorded by an experienced operator with more than
2000 examinations performed at the time of the study
in patients with chronic liver diseases who was blinded
regarding the endoscopic findings (the presence and
grade of EV).

Key Points

● Liver stiffness and serum biomarkers are associ-
ated with the presence of varices, but endoscopy can-
not be yet replaced;
● Spleen stiffness was recently identified as a poten-
tial surrogate marker for varices and portal hyperten-
sion;
● The proposed algorithm is the first attempt to use
a combination among serum biomarkers (Lok score),
liver and spleen stiffness in a stepwise approach to
predict high-risk varices;
● The algorithm is not inferior to liver stiffness 9
spleen diameter/platelet count or oesophageal varices
risk score, and seems to work better as a rule-out
strategy as it has excellent negative predictive values
in both training and validation groups.
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Liver stiffness measurement

Liver stiffness measurements were performed after
overnight fasting (24, 25) in the right liver lobe using
one-dimension transient (impulsional) elastography
(FibroScan!, Echosens, Paris, France) following the
technical background and examination procedure as
previously described (26). Liver stiffness measurement
was performed only after ultrasound guidance, to
avoid the presence of focal liver lesions into the
acquisition window. The medium probe was used
for all patients. The results were expressed in kilopas-
cals (kPa). The median value of 10 successful mea-
surements was kept as a representative of the liver
stiffness, according to the manufacturer’s recommen-
dations and previous evidence (27). Only examina-
tions with the interquartile range (IQR) lower than
30% of the median value were further analyzed (28).
The success rate (calculated as the number of vali-
dated LS measurements divided by the number of
total measurements) ≤60% was not considered a fail-
ure, if 10 valid measurements were eventually
acquired (29).

Spleen stiffness measurement

Spleen stiffness measurement was assessed in the same
day as LSM using the standard Fibroscan machine by
placing the transducer in the left intercostal spaces,
usually on the posterior axillary line with the patient
in supine position with his left arm in maximum
abduction. Ultrasound was used to ‘guide’ stiffness
measurements into the spleen parenchyma; 4 cm
thickness at ultrasound was the minimum threshold
for pursuing with stiffness measurements. The
median of 10 valid measurements was recorded and
the same quality standards as for LSM were used
(IQR < 30%).

Calculation of non-invasive scores

The Lok Score, platelet count/spleen diameter ratio
(PSR), LSM-spleen diameter to platelet ratio score
(LSPS) and oesophageal varices risk score (EVRS) were
calculated for all patients.

The Lok Score was calculated according to previously
published formula: Lok Score: log odds = !5.56 –
0.0089 9 platelet count (103/mm3) + 1.26 9 (AST/
ALT) + 5.27 9 INR; Lok = [exp (log odds)]/[1 + exp
(log odds)] [15].

Platelet count/spleen diameter ratio was calculated as
the ratio between platelets count and spleen longitudinal
diameter, as previously described (30).

LSM-spleen diameter to platelet ratio score was also
calculated as the product of liver stiffness and the ratio
between spleen diameter and platelets count (LSPS =
LSM 9 spleen diameter/platelet count) (31).

Oesophageal varices risk score was also calculated as
recently proposed using the following formula: !4.364
– 0.538 9 spleen diameter – 0.049 9 platelet count –
0.044 9 LS + [0.001 9 LS 9 platelet count] (32).

Construction of stepwise non-invasive algorithm

The algorithm (Fig. 1) proposes as a first step the use of
LSM and calculation of Lok score. Based on previously
published data [10, 12, 16, 23], we suggest that if LS is
<19 kPa and Lok score <0.6, the risk of HREV is very
low. Also, the concordance of LSM and Lok score over a
certain cut-off value (to be calculated), may predict the
presence of HREV. For the non-concordant cases, we
suggest SSM as discriminant second step to rule in
HREV.

Oesophageal varices evaluation

Esogastroduodenoscopy was performed using a flexible
EVIS EXERA video gastroscope (Olympus Europe

Cirrhotic patients

< 53 kPa

High-risk EVNo, or low risk EV

≥ 53 kPa

Perform SSM LSM ≥ 38 kPa
& 

Lok ≥ 0.8

LSM < 19 kPa
& 

Lok < 0.6

Not concurrent

Perform LSM and Lok

Fig. 1. Construction of the stepwise algorithm. First, liver stiffness is measured and Lok score is calculated. If the two are concurrent, large vari-
cesmay be present or excluded. For the discordant cases,measurement of spleen stiffness as a second, discriminatory step is recommended.
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Medical Systems, Hamburg, Germany). Oesophageal
varices were graded according to their size as follows: (i)
grade 1: small, straight EV; (ii) grade 2: enlarged, tortu-
ous EV occupying less than one-third of the lumen; and
(iii) grade 3: large, coil-shaped EV occupying more than
one-third of the lumen. Grade 2 and 3 EVs were consid-
ered as large. Presence of red colour signs (red wale
marking and cherry red sports) was also recorded.
Grade 2 and 3 varices, together with grade 1 with red
colour signs were considered high-risk varices. The
endoscopic evaluation was not always synchronous with
LSM and SSM, but did not exceed 6 months, and it was
not always performed by the same examiner.

Statistical analysis

The statistical analysis was performed using the SPSS soft-
ware version 20.0 (SPSS Inc. Chicago, IL, USA). Quanti-
tative data in text and tables are reported as mean and
standard deviation (SD) and confidence interval (95%
CI) or as median and range and qualitative data as per-
centage (%). The relationships between different param-
eters were characterized using the non-parametric
correlation coefficients. The data were compared using
independent sample t test or Mann–Whitney, when
appropriate. Multivariate logistic regression was used to
determine the variables independently associated with
an outcome. The diagnostic performance of LSM, SSM,
PSR, LSPS and EVRS was assessed by receiver operating
characteristic (ROC) curves analysis. Optimal cut-off
values were calculated using a common optimization
step that maximized the Youden index (33). For com-
parison of the ROC curves DeLong test was used, avail-
able through MedCalc v.9.2.1.0 software (MedCalc,
Acacialaam, Belgium). The sensitivity (Se), specificity
(Sp), positive predictive value (PPV), negative predic-
tive value (NPV), likelihood ratios (LR) and diagnostic
accuracy (DA) were computed from the same data,
without further adjustments. A p value of less than 0.05
was considered to indicate statistical significance.

The performance of tested non-invasive methods to
predict HREV was estimated by calculating the propor-
tion of correctly classified patients, together with Se, Sp,
PPV, NPV, and LR. Chi-square and McNemar tests
were used in the 2 9 2 contingency table for assessing
differences in the proportion of misclassified patients
with dichotomous cut-offs. They were also tested for
absolute concordance against endoscopy findings using
absolute interclass correlation agreement (ICC).

Results

Study population

In the training set (n = 90), 30 (33.33%) patients had
HCV-related disease, while 12 (13.33%) HBV, 30
(33.33%) alcohol induced, 6 (6.67%) had mixed aetiol-
ogy (viral + alcohol) and in 12 (13.33%) patients

cirrhosis was NAFLD related. In the validation group
(n = 46), aetiology of cirrhosis was as follows: 16
(34.79%) – HCV; 8 (17.39%) – HBV; 11 (23.91%) –
alcoholic; 4 (8.72%) – mixed; 7 (15.21%) – NAFLD.
LSM and SSM were reliable in all patients, with good
performances.

Biological, clinical, ultrasound and elastographic
baseline characteristics of patients in both groups,
according to the HREV status, are shown in Table 1.
There are no relevant differences between patient groups
as far the demographics or staging of the disease is con-
cerned. There were no significant differences when com-
paring the same parameters in the training and
validation set (Table S1).

Lok score, spleen size, platelets count, PSR, LSM,
LSPS, EVRS and SSM were significantly higher in
patients with HREV, in both training and validation set.
In the training set, however, in multivariate analysis,
only EVRS appeared to be independent predictor of
HREV, with an OR of 1.521 (P = 0.032).

Performance of previously validated non-invasive scores
in predicting LEV

In the training set, all tested scores (Lok, PSR, LSM,
LSPS, EVRS and SSM) had a moderate performance for
predicting HREV (Table 2). LSPS and EVRS appear to
be the best, with an AUROC close to the 0.8 threshold,
with a high statistical significance (P < 0.0001). How-
ever, as depicted by the DeLong test, there is no differ-
ence between AUROCs of all non-invasive tests.

As further showed in Table 2, for a certain cut-off
value the diagnostic accuracy of the tested methods and
composite scores varied from 65.55% (59 of 90 patients
correctly classified) for LSM up to 80% (72/90) in the
case of LSPS. Although in all cases the chi-square test
was significant (P < 0.003 in all cases) and had moder-
ate/high values (varying from 8.93 for LSM up to 34.30
for LSPS), the McNemar test was significant only for
SSM (P = 0.002) and LSPS (P = 0.008).

Performance of the stepwise non-invasive algorithm

The cut-off values used in the algorithm (Fig. 1) to rule
in HREV emerged from the training group (Table 2)
and were as follows: ≥38 kPa for LSM, ≥0.8 for Lok and
≥53 kPa for SSM.

In the training set, the algorithm moderately corre-
lated (r = 0.558; P < 0.0001) and was concurrent (ICC =
0.715; P < 0.0001) with endoscopy findings. The algo-
rithm’s diagnostic performance is shown also in Table 2
(right column). Post-test probability was 70.96%, while
chi-square statistic was high (28.06; P < 0.0001) and
McNemar test was significant (P < 0.0001).

Since our training group was heterogeneous, we
tested the algorithms’ diagnostic performance in some
particular situations. As shown in Table S2, the algo-
rithm appears to be more useful (diagnostic accuracy
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>80%) in patients with HCV aetiology than in alcoholic
cirrhosis and in patients with previous decompensation.

Validation of the algorithm and comparison with other
composite scores

In the validation set, the proposed algorithm performed
better than composite scores (EVRS and LSPS) in identi-
fying patients with HREV, reaching absolute sensitivity
and negative predictive value (Table 3 and Fig. 2).
Although the algorithm correctly classified the same
number of patients as EVRS (36 out of 46; 78.26%), the
level of significance was higher (McNemar test P = 0.002
vs. 0.1). The post-test probability was 71.42%.

Discussion

In this real-life scenario, we confirmed the value of sev-
eral non-invasive methods in predicting the presence of

HREV, even if the diagnostic accuracy is not as good as
those reported in carefully selected cohorts. We also
developed and validated a new, stepwise algorithm that
combines Lok score with liver and spleen stiffness,
which proved to have a similar performance to predict
HREV with other non-invasive composite methods
(EVRS and LSPS).

Increased liver stiffness was associated with complica-
tions of cirrhosis [10] and its power to predict EVs was
also studied, with conflicting results, varying from very
good diagnostic accuracy (34) to no correlation at all
(13). There is no consensus regarding the best cut-off
value for predicting HREV, but it was proved to be
influenced by the aetiology of the cirrhosis (35). Taking
into account all these controversial data, together with
the fact that the specificity and positive predictive values
reported so far are too low and the results were not pro-
spectively and independently validated, it was concluded
that the ability of LS to predict EV is still a matter of

Table 1. Baseline characteristics of patients in the training and validation groups, according to the presence/absence of high-risk oesopha-
geal varices. When no otherwise specified, for each variable means (± standard deviation) or medians (range) are provided, based on the
their normal/abnormal distribution as depicted by Shapiro–Wilk test

Variables*

Training Set Validation set

no HREV (N = 43) HREV (N = 47) P no HREV (N = 21) HREV (N = 25) P

EV status (N)
(no/gr1/
gr2/gr3)

17/26/0/0 0/7/29/11 9/12/0/0 0/6/14/5

gender (M/F) 26/24 24/16 NS 14/13 13/6 NS
Age (years) 56.47 (±9.38) 54.98 (±8.42) NS 54.67 (±9.13) 55.36 (±9.13) NS
BMI (kg/m2) 26.35 (±5.43) 27.07 (±4.63) NS 24.69 (±2.33) 23.68 (±0.98) NS
AST (UI/L) 87 (21–268) 78 (20–147) NS 78 (26–278) 79 (21–278) NS
ALT (UI/L) 69 (14–256) 63 (14–159) NS 64 (16–337) 62 (8–118) NS
TBil (mg/dl) 1.25 (0.44–11.01) 1.58 (0.44–8.99) NS 1.08 (0.55–1.55) 1.02 (0.70–1.34) NS
AP (UI/L) 276 (135–618) 302 (115–705) NS 241 (151–262) 240 (163–258) NS
GGT (UI/L) 66.5 (13–824) 85.5 (24–672) NS 60.5 (29–131) 128 (82–174) NS
Platelets
(x109/L)

111 (58.9–291) 77.5 (34.4–284) 0.005 109 (14–291) 79 (20–181) NS

INR 1.44 (±0.52) 1.41 (±0.27) NS 1.39 (±0.36) 1.48 (±0.39) NS
Creatinine
(mg/dl)

1.08 (±0.32) 0.95 (±0.30) NS 0.90 (±0,19) 1.52 (±0.84) NS

MELD 10 (2–17) 12 (4–23) NS 8.55 (±5.56) 10 (3–11) 11.68 (±5.95) 12 (6–17) NS

Child-Pugh
Class (N: A/B/C) 29/12/2 27/20/0 NS 14/7/0 13/10/2 NS
Score 5 (5–10) 6 (5–9) 6 (5–9) 6 (5–10)
Spl LD (mm) 133.31 (±20.62) 153.54 (±25.01) <0.0001 147.99 (±29.85) 163.6 0(±17.75) 0.032
PSR 840 (402–2487) 542 (155–1786) <0.0001 730 (127–2279) 520 (112–1341) 0.027
Lok Score 0.73 (0.17–1.00) 0.94 (0.49–1.00) <0.0001 0.8 (0.23–1) 0.94 (0.54–1) 0.022
LSM(kPa) 29.1 (14.3–75) 46.4 (16.8–75) <0.0001 23.9 (11.6–63.9) 35.3 (16–75) 0.018
IQR/LSM 0.17 (0.07–0.30) 0.13 (0.09–0.30) NS 0.14 (0.09–0.30) 0.11 (0.07–0.30) NS
LSPS 3.12 (0.80–13.64) 8.39 (2.83–44.69) <0.0001 3.02 (0.62–50.21) 6.35 (2.36–29.80) 0.006
SSM(kPa) 53.80 (±17.08) 67.24 (±11.11) <0.0001 59.60 (±18.46) 71.62 (± 9.18) 0.012
IQR/SSM 0.11 (0.08–0.30) 0.05 (0–0.20) NS 0.09 (0.06–0.25) 0.03 (0–0.10) NS
EVRS !0.38 (±2.40) 2.25 (±2.08) <0.0001 !0.60 (±3.149) 2.03 (±1.21) 0.001

Abbreviations: EV, oesophageal varices; BMI, body mass index; AST, aspartate amino transferase; ALT, alanine amino transferase; TBil, total bilirubin;

AP, alkaline phosphatase; GGT, gamma glutamyltranspeptidase; INR, international normalized ratio; MELD, model for end-stage liver disease; Spl LD,

spleen longitudinal diameter; PSR, platelets count to spleen diameter ratio; LSM, liver stiffness measurement; LSPS, LSM-spleen diameter/platelets

ratio; SSM, spleen stiffness measurement; IQR, interquartile range; SR, success ratio; EVRS, oesophageal varices risk score.
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debate, thus it cannot allow their use in current clinical
practice (36). The median LSM value was significantly
higher in patients with HREV as compared with ones
without (46.4 vs. 29.1; P < 0.0001 in training set and
35.3 vs. 23.9; P = 0.018 in the validation set). What is
intriguing from our data and can also be seen as a draw-
back of this study is the high mean values obtained for
LSM, which may be the consequence of the relatively
high proportion of alcoholic related cirrhosis (35, 37) in
this study group. The best cut-off value for diagnosing
HREV was 38 kPa, supporting the previously published
data according to which in European population
large EV are to be found most likely over 30 kPa (range
27.8–48) (38). However, at this cut-off and in our
multietiological cohort LS showed a relatively modest
performance to detect LEV (Se = 0.60; Sp = 0.70;
AUROC = 0.705).

Spleen stiffness was only recently recognized to corre-
late with cirrhosis and PH. It was assessed by various
techniques [MRI (39, 40) or shear wave ultrasound
based elastography (41, 42)] with promising results in
respect to EV and/or PH. SS measurement by VCTE was
proposed as a surrogate marker for PH [21] and EV
[20]. The cut-off value we found for SS to predict HREV
(53 kPa) is concurrent with previously published data.
Collechia et al. found that SS ≥55 kPa rule in both
CSPH and EV [21], with very good specificity values.
We also found that the same SS value (42.7 kPa) is pre-
dictive for both CSPH and large EV, but the perfor-
mance in a validation cohort was modest
(AUROC = 0.633) (43). The study of Sharma et al.
finds significant differences in SSM values in cirrhotic
patients without EV (32 kPa), as compared with those
with small EV (49 kPa), large EV (56 kPa) or those that
bled (58 kPa)(44). Calvaruso et al., for a SS value
>54 kPa (using a modified calculation algorithm)
obtained a 90% NPV for diagnosing large EV (45). All
these findings lead to the conclusion that for a value of
SSM >50 kPa the probability to find large or HREV at
endoscopy is very high.

Platelets count to spleen longitudinal diameter ratio
(PSR) was reported as a surrogate marker for detecting
EV in cirrhotic patients (46) and was further validated
that a value <909 is highly sensitive (91.5%) and has a
good diagnostic accuracy (86%) in this respect [30]. In
our cohort we found a lower cut-off value (664, which
is expected, since our aim was to detect high-risk EV)
with an acceptable sensitivity (0.69), but with a much
lower accuracy (AUROC = 0.715). This tendency was
previously observed by Calvaruso et al. that found a
cut-off value <640 for detecting large EV in a cohort of
HCV cirrhotics [45].

Both LSPS and EVRS were proposed in order to
overcome the moderate performance of LSM alone to

Table 2. Performance of Lok score (Lok), platelets count to spleen diameter ratio (PSR), liver stiffness measurement (LSM), liver stiffness –
platelets to spleen ratio (LSPS), oesophageal varices risk score (EVRS) and spleen stiffness measurement (SSM) to detect high-risk varices
(HREV) in the training group (N = 90; 52.2% having HREV)

Lok PSR LSM SSM LSPS EVRS Algorithm

AUROC for HREV
(95% CI)*

0.736
(0.628–0.844)

0.715
(0.590–0.812)

0.705
(0.596–0.813)

0.742
(0.637–0.848)

0.818
(0.727–0.908)

0.797
(0.703–0.891)

Level of
significance (P)

<0.0001 0.001 0.001 <0.0001 <0.0001 <0.0001

Standard error 0.055 0.055 0.055 0.054 0.046 0.048
Cut-off value ≥0.8 ≤664 ≥38 ≥53 ≥4.23 ≥0.4
Sensitivity 0.84 0.69 0.60 0.89 0.93 0.82 0.94
Specificity 0.61 0.66 0.71 0.54 0.63 0.63 0.58
PPV (%) 69.81 70.21 69.04 66.60 74.57 72.22 70.96
NPV (%) 75.75 60.44 62.5 81.48 90.32 77.72 89.28
+ LR 2.10 2.15 2.04 1.82 2.68 2.37 2.23
!LR 0.29 0.44 0.54 0.20 0.09 0.26 0.10
Diagnostic accuracy
(correctly classified)

70%
63/90

68.88%
(62/90)

65.55%
(59/90)

71.11%
(64/90)

80%
(72/90)

74.44%
(67/90)

76.66%
(69/90)

*No significant differences between AUROC values (de Long test was not significant).

Table 3. Performance of the proposed non-invasive algorithm and
other composite scores (LSPS and EVRS) to predict HREV in the vali-
dation set (N = 46; 54.34% having HREV)

Algorithm EVRS LSPS

Sensitivity 1 0.92 0.80
Specificity 0.52 0.62 0.62
PPV (%) 71.42 74.19 71.42
NPV (%) 100 86.66 72.22
+LR 2.1 2.41 2.1
!LR 0.1 0.13 0.32
Post-test probability (%) 71.42 74.19 71.42
Diagnostic accuracy
(correctly classified patients)

78.26
(36/46)

78.26
(36/46)

71.73
(33/46)

Chi-Square Test 17.21 15.09 8.41
P <0.0001 <0.0001 0.04

P/N PV = positive/negative predictive value; +/! LR = positive/negative

likelihood ratio.
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accurately predict either LEV, or CSPH. In the works of
Kim et al. (31, 47) it was shown that for increasing val-
ues of LSPS, the risk of having/developing high-risk var-
ices in HBV related cirrhosis also increases. The cut-off
values used to stratify the patients were 6.5 and 9.5
respectively. The threshold value was further challenged
by Berzigotti et al. [32] in a cohort of cirrhotic with var-
ious aetiologies, proposing an alternate value of 3.21 for
predicting the presence of varices of any grade. In our
cohort of patients (also because of multiple aetiologies),
we found the value of 4.23 as having a good sensitivity
(0.93), moderate specificity (0.63) and the best accuracy
(AUROC = 0.818) for predicting the presence of high-
risk EVs. In our validation population, LSPS correctly
classified 72% of patients.

Oesophageal varices risk score was also proposed by
Berzigotti [32] and combines the same variables (LSM,
spleen size and platelets count) into a more elaborate
way. In their population – in which the prevalence of
EV was 31.6% and of large EV of 11.9%, EVRS ≥ 0.20,
predicted the presence of EV with good accuracy, both
in the training set (AUROC: 0.9, Se: 70.3%, Sp: 76.5%)
and the validation one (75% correctly classified). In our
training population, EVRS showed an AUROC of 0.797
and for a value ≥0.4 predicted HREV with good Se
(0.82) but moderate Sp (0.63), while in the validation
set correctly classified 78% of patients.

The stepwise algorithm we are proposing, we con-
sider it clinically logic, easy to use and applicable in
everyday clinical practice and in any patient with cirrho-
sis. Lok score consists only in lab tests used on the regu-
lar basis in the follow-up of cirrhotic patients, and the
use of Fibroscan is widening. Recording of SSM only

adds 5 min to the LSM examination time and can be
easily performed by a trained nurse or a physician using
ultrasound guidance. The algorithm showed its non-
inferiority in comparison with LSPS and EVRS in both
training and validation set. Although the algorithm
offers a certain diagnostic gain (24% in the training set
and 18% in the validation one), it seems that it would
be more valuable if used as a rule-out option, since in
the training set the probability to find HREV in patients
classified as ‘negative’ is only 10%, while in the valida-
tion set it reached 0%. Before recommending its use, the
algorithm needs to be independently validated.

As a drawback of our study (and a possible explana-
tion for the low AUROC values obtained), we should
also mention the high prevalence of grade 2 and 3 vari-
ces in our population: 44.4% in the training set and
41.3% in the validation one. This may be as a result of
the limited resource settings of our health system, which
may limit general access to the health services and,
therefore, the patients are in more advance stages at pre-
sentation. This reality also explains the inclusion of
patients with history of decompensation in this study.

In fact, the prevalence of varices was high in both
training and validation set (80% and 76% respectively)
and this is the reason why we chose not to test the algo-
rithms’ performance to detect varices of any grade. The
analysis we made on this (data not presented) show only
a modest gain in diagnostic accuracy (one patient more
correctly classified) as compared with HREV.

In conclusion, in compensated cirrhotic patients
(especially if HCV related or with previous decompensa-
tion), this stepwise algorithm combining Lok score, liver
and spleen stiffness can predict with high sensitivity the

Cirrhotic patients

< 53 kPa

High-risk EVNo, or low risk EV

≥ 53 kPa

Perform SSM LSM ≥ 38 kPa
& 

Lok ≥ 0.8

LSM < 19 kPa
& 

Lok < 0.6

Not concurrent

Perform LSM and Lok

Training set

28 pts estimated, 
of which 3 (10%) had HREV

21 pts

7 pts 56 pts

90 pts

27 pts

35 pts
62 pts estimated, 

of which 18(29%) had no HREV

11 pts without HREV as by the 
algorithm, of which all (100%) 

correctly classified

46 cirrhotic pts with EGD

35 pts with HREV according to the 
algorithm, of which 25 (71%) 

correctly classified10 (28.5) pts
missclassified

Validation set

Fig. 2. Performance of the stepwise algorithm to classify patients in the training and validation group.
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presence of high-risk EV. Because of its good NPV, it
could be used to select patients unlikely to have HREV
and who eventually may benefit from more distanced
further endoscopic evaluation.
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Abstract
Background and Aim: Splenomegaly in a common finding in liver cirrhosis that should
determine changes in the spleen’s density because of portal and splenic congestion
and/or because of tissue hyperplasia and fibrosis. These changes might be quantified by
elastography, so the aim of the study was to investigate whether spleen stiffness mea-
sured by transient elastography varies as liver disease progresses and whether this would
be a suitable method for the noninvasive evaluation of the presence of esophageal
varices.
Patients and Methods: One hundred and ninety-one patients (135 liver cirrhosis, 39
chronic hepatitis and 17 healthy controls) were evaluated by transient elastography for
measurements of spleen and liver stiffness. Cirrhotic patients also underwent upper endo-
scopy for the diagnosis of esophageal varices.
Results: Spleen stiffness showed higher values in liver cirrhosis patients as compared with
chronic hepatitis and with controls: 60.96 vs 34.49 vs 22.01 KPa (P < 0.0001). In the case
of liver cirrhosis, spleen stiffness was significantly higher in patients with varices as
compared with those without (63.69 vs 47.78 KPa, P < 0.0001), 52.5 KPa being the best
cut-off value, with an area under the receiver operating characteristic of 0.74. Using both
liver and spleen stiffness measurement we correctly predicted the presence of esophageal
varices with 89.95% diagnostic accuracy.
Conclusion: Spleen stiffness can be assessed using transient elastography, its value
increasing as the liver disease progresses. In liver cirrhosis patients spleen stiffness can
predict the presence, but not the grade of esophageal varices. Esophageal varices’ presence
can be better predicted if both spleen and liver stiffness measurements are used.

Key words
esophageal varices, liver cirrhosis,
noninvasive, spleen stiffness, transient
elastography.

Accepted for publication 9 March 2010.

Correspondence
Horia Stefanescu, 3rd Medical Clinic, Iuliu
Hatieganu University of Medicine and
Pharmacy, 19-21 Croitorilor Street, 400162,
Cluj-Napoca, Romania. Email:
hstefanescu@umfcluj.ro

This work was funded by the Romanian
Authority for Scientific Research through the
2007–2013 National Program for Research,
Development and Innovation [grants
PNCDI2-PC nr 41-071/2007 and 12-131/2008].

Introduction

Liver cirrhosis (LC) is the final evolutive stage of any chronic liver
disease and its outcomes are modulated by the degree and the
consequences of portal hypertension (PH). Unfortunately, clinical
investigation of PH is mainly invasive and implies either hepatic
vein catheterization and hepatic vein pressure gradient (HVPG)
measurement, or endoscopy for esophageal varices (EV) screening
and grading. It was previously demonstrated that a HVPG value
higher than 10 mmHg predicts the presence of EV, while a value
higher than 12 mmHg is predictive for variceal bleeding.1

Many efforts have been made to find a noninvasive surrogate
marker for PH or for the presence or grade of EV, but until now,
only a few biochemical markers (aspartate aminotransferase
[AST]to platelets ratio index) or mixed indexes (platelets count to
spleen diameter ratio) have been demonstrated to be partially
correlated with the presence of EV.2,3

Splenomegaly is a common finding in liver cirrhosis and one
should expect also changes in the spleen’s density, because of
tissue hyperplasia and fibrosis4,5 and/or because of portal and
splenic congestion due to the splanchnic hyperdynamic state.6

These changes may be quantified by elastography. Until now,
magnetic resonance elastography (MRE) was used with encourag-
ing results in this respect.7

Fibroscan uses the principle of one-dimension transient elastog-
raphy (TE) for the assessment of tissue stiffness. TE was used in
chronic liver diseases and was proven to accurately predict liver
fibrosis in a variety of clinical conditions8–12 and in some studies
correlated also with the severity of PH and the presence of esoph-
ageal varices.13–16 Fibroscan recently started to be used for the
assessment of spleen stiffness in cirrhotic patients.17,18

The aim of this study was to investigate whether spleen stiff-
ness, assessed by TE, is a useful tool for grading chronic liver
diseases and to compare its performance in predicting the presence
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and size of esophageal varices in liver cirrhosis patients with other
validated noninvasive approaches (liver stiffness measurement and
platelet count to spleen size ratio).

Methods

Patients

One hundred and ninety-one patients were prospectively included
in the study: 137 had liver cirrhosis, 37 had HCV chronic hepatitis
and 17 were healthy controls.

Controls were selected according to the following criteria: no
history of liver disease, negative hepatitis B virus (HBV) and
hepatitis C virus (HCV) serology, insignificant alcohol intake,
normal ultrasound and laboratory work-up.

All chronic hepatitis (CH) patients had positive serum HCV-
RNA and different stages of severity, as shown by the interpreta-
tion of fibrosis stage on liver biopsy specimens according to the
METAVIR score: F1-32.4%, F2-37.8% and F3-29.7%.

All cirrhotic patients had either HCV, or alcohol-induced liver
disease. The majority of them were previously diagnosed by clini-
cal, biochemical and imaging methods, while in a few cases the
diagnosis had been histologically proven (HCV infected patients
that turned out to have F4 METAVIR fibrosis stage on liver
biopsy). Among them, 64.9% were classified as Child-Pugh A,
28.4% as Child-Pugh B and 6.8% as Child-Pugh C class.

All patients underwent transient elastography of both the liver
and spleen for the assessment of liver stiffness (LSM) and spleen
stiffness (SSM). LC patients were evaluated by upper endoscopy
for the assessment of esophageal varices. Routine biological
parameters were recorded for every patient according to the
follow-up protocol of each condition.

The study was designed to respect all ethical guidelines issued
by the 2000 revision (Edinburgh) of the 1975 Declaration of
Helsinki. All patients were enrolled for the study after signing an
informed consent that was previously revised and approved,
together with the study protocol, by the Ethical Committee of the
Cluj-Napoca University of Medicine and Pharmacy.

Liver and spleen stiffness measurement

Liver and spleen stiffness measurements were performed using TE
(FibroScan, Echosens, Paris, France). The medium probe was used
for all patients. For the liver stiffness measurement we used the
same technical background and examination procedure as the one
that was previously described.9 The results were expressed in
kilopascals (kPa). Ten successful measurements were carried out
on each patient. The success rate was calculated as the number of
validated measurements divided by the number of total measure-
ments. The median value of 10 successful measurements was kept
as a representative of the liver stiffness, according to the manufac-
turer’s recommendations and previous evidence: interquartile
range (IQR) lower than 30% of the median value and success rate
of at least 60%.19,20

For assessing the spleen stiffness (SSM) we changed the stan-
dard procedure, by having the patient in supine position with his
left arm in maximum abduction and by placing the transducer in
the left intercostal spaces, usually on the posterior axillary line.
The same quality thresholds as for LSM were used (IQR < 30%,

success rate ! 60%). All stiffness measurements were performed
by an experienced operator, with more than 500 examinations of
patients with chronic liver diseases.

We used ultrasonography to depict the spleen parenchyma and
to choose the right place for SS measurement and to measure the
spleen diameters, perimeter and surface for each patient, as well.

Upper endoscopy

All LC patients underwent upper endoscopy, using a flexible EVIS
EXERA video gastroscope (Olympus Europa Medical Systems,
Hamburg, Germany). Esophageal varices were graded according
to their size as follows: (i) grade 1: small, straight esophageal
varices; (ii) grade 2: enlarged, tortuous varices occupying less than
one third of the lumen; and (iii) grade 3: large, coil-shaped esoph-
ageal varices occupying more than one third of the lumen.

Statistical analysis

The statistical analysis was performed using the SPSS software
version 15.0 (SPSS Inc. Chicago, IL, USA). The elastographic
data were expressed as median values. The distribution of liver and
spleen stiffness values in the various classes of patients and on
different variceal grades was visually inspected through box plots.
The continuous variables were presented as median values and
range (minimum and maximum values). The data were compared
using the Mann–Whitney U-test and the c2 test for continuous and
categorical variables, respectively. The differences between more
than two independent groups were tested by the Kruskal–Wallis
test. The relationships between the parameters were characterized
using the Spearman correlation coefficients.

The diagnostic performance of LSM and SSM was assessed
using sensitivity (Se), specificity (Sp), positive predictive value
(PPV), negative predictive value (NPV), accuracy, likelihood
ratios (LR) and receiver operating characteristic (ROC) curves.
The ROC curve is a plot of sensitivity versus 1-specificity for all
possible cutoff values. The most commonly used index of accu-
racy is the area under the ROC curve (AUROC), with values close
to 1 indicating higher diagnostic accuracy. Optimal cutoffs for
liver and spleen stiffness were chosen so that the sum of sensitivity
and specificity would be maximal; positive and negative predictive
values were computed for these values.

Results
The clinical, biological and ultrasonographical characteristics of
patients according to their diagnosis are shown in Table 1.

Overall analysis of spleen stiffness in the
study population

In 12 patients (three from the CH group and nine from the LC
group) no valid SSM recordings could be obtained (success
rate = 0) and in another 16 patients (three controls, seven with CH
and six with LC) we obtained a success rate < 60%. We tried to
analyze the causes that lead to SSM failure, focusing on the spleen
size and body mass index and therefore our initial analysis comes
from all 191 patients. The main factors influencing the SSM
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success rate are synthesized in Table 2. When analyzing the per-
formance of SSM in predicting the presence of EV, only patients
with a success rate ! 60% were included and therefore only 122
liver cirrhosis patients were studied further.

Spleen stiffness increased in LC patients when compared with
CH ones and with controls, as shown in Figure 1. The median
values for SSM in each subgroup were as follows: controls:
17.8 kPa (ranged between 6.9 and 42.08 kPa), CH patients:
33.8 kPa (13–64 kPa), with 54.2 kPa in the LC group (23.4–
75 kPa), with an overall P-value < 0.0001. The increment was also
significant between the two groups, with P-value of 0.001 and
< 0.0001, respectively.

Noninvasive assessment of esophageal varices
in liver cirrhosis patients

All LC patients were screened for the presence of esophageal
varices. Following upper endoscopy evaluation, 15.1% of LC
patients showed no esophageal varices (V0); 40.9% had grade 1
esophageal varices (V1); 30.8% grade 2 (V2) and 13.2% grade 3
varices (V3). According to the presence of esophageal varices, the
LC patients were split into two groups: those with no varices (EV

Table 1 Baseline characteristics of patients

Characteristics of patients Median (range) or number (%)

Controls Chronic hepatitis Cirrhosis P

n (%) 17 (8.9%) 37 (19.4%) 137 (71.7%)
Male 5 (29.4%) 19 (51.3%) 77 (56.2%) 0.054
Female 12 (70.6%) 18 (48.7%) 60 (43.8%)
Age (years) 28 (25–33) 46 (18–61) 56 (31–76) < 0.0001
BMI (kg/m2) 22.38 (18.07–28.02) 24.7 (19.33–35.19) 26.36 (17.21–36.3) < 0.0001
AST (U/L) 28 (11–42) 47.5 (22–115) 78 (20–468) < 0.0001
ALT (U/L) 32 (16–41) 75 (15–249) 60 (11–356) < 0.0001
Total Bilirubin (mg/dL) 0.71 (0.28–0.98) 0.72 (0.34–1.96) 1.47 (0.44–33.57) < 0.001
GGT (U/L) 33 (26–75) 32 (17–394) 82 (13–1888) < 0.0001
ALP (U/L) 184 (132–256) 184 (110–307) 291 (115–996) < 0.0001
Platelet count (109/L) 187 (156–297) 179 (112–315) 107 (28–393) < 0.0001
INR 0.99 (0.86–1.26) 1.01 (0.83–1.25) 1.24 (0.85–2.56) < 0.0001
Spleen-LD (mm) 98.66 (74.3–127.84) 109 (77.02–141.1) 141.1 (80–222) < 0.0001
Spleen-TD (mm) 45.65 (37.56–63.7) 52.7 (31.2–87.1) 69 (22.7–114.2) < 0.0001
Spleen Area (cm2) 38.4 (25.5–52.79) 44.69 (25.69–85.7) 77.85 (27.7–190.72) < 0.0001
PSR (N/mL/mm) 1940 (1460–2800) 1790 (910–3490) 700 (150–1550) < 0.001

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamyl-
transpeptidase; INR, international normalised ratio; PSR, platelets count to spleen diameter ratio; spleen-LD, spleen longitudinal diameter; spleen-TD,
spleen transversal diameter.

Table 2 Main factors that influence the success of spleen stiffness measurement (data are expressed as medians and ranges)

Patients SR 0% SR 1–59% SR ! 60% P

n (%) 12 (6.3) 16 (8.3) 163 (85.4)
Characteristics
BMI (kg/m2) 25.51 (22.86–34.63) 25.46 (17.21–34.19) 25.55 (18.07–36.3) 0.67
Spleen-LD (mm) 109 (80–135) 108 (77–160) 131 (74–222) 0.004
Spleen-SD (mm) 55 (40–69) 60 (37–98) 65 (23–114) 0.08
Spleen area (cm2) 41 (29–67) 50 (26–111) 73 (26–191) 0.0001

BMI, body mass index; spleen-LD, spleen longitudinal diameter; spleen-TD, spleen transversal diameter; SR, success rate.

Figure 1 Box plots of spleen stiffness values for controls, chronic
hepatitis and cirrhosis patients. The top of the bottom of the boxes are
the first and third quartiles, respectively. The length of the box thus
represents the interquartile range within which 50% of the values were
located. The line through the middle of each box represents the median.
The error shows the minimum and maximum values (range).
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absent) and those with varices (EV present). The spleen and liver
stiffness, as well as the platelet count/spleen size ratio (PSR) were
evaluated and compared in these two groups.

Platelet count to spleen size ratio

Platelet count/spleen size ratio was significantly higher in patients
presenting EV compared with those without (P = 0.01, Table 2).
The best cutoff value in our dataset was 1067 for the prediction of
EV, with a diagnostic accuracy of this value of 75.34% and an
AUROC of 0.756 (Table 3, Fig. 2).

Liver stiffness

Liver stiffness values constantly increased as the EV grade
increased, with significant differences between V0 and any other
subgroup P = 0.021 (V0–V1); 0.003 (V0–V2); 0.018 (V0–V3).

When comparing V1 with V2 and V3, respectively, no significant
difference was observed P = 0.921 (V1–V2); 0.730 (V1–V3);
0.992 (V2–V3). On the whole, the median LSM value of patients
with EV, regardless of their grade – 38.4 kPa (12–75 kPa), was
significantly higher than that of patients with no EV – 26.3 kPa
(9.9–40.3 kPa), P = 0.003.

For an LSM value higher than 28 kPa we managed to predict the
presence of esophageal varices in LC patients with 71.70% diag-
nostic accuracy, the area under the ROC curve being 0.749. The
detailed diagnostic performance and AUROC analysis of LSM in
predicting EV is shown in Table 3 and Figure 2.

Spleen stiffness

The median value of SSM for patients with no varices (V0) was
46.05 kPa (ranging from 23.7 to 75 kPa), 63.15 kPa (23.4–75 kPa)
for patients with grade 1 varices (V1), 63.91 kPa (34.8–75 kPa) for
patients with grade 2 varices (V2) and 64.9 kPa (33.3–75 kPa) for
grade 3 varices patients. No significant difference could be
observed between V1, V2, V3 subgroups, but when comparing
patients with no varices to those with esophageal varices, regard-
less of grade, a strong significant difference was noted (P < 0.001).
A detailed view of these data can be found in Table 4 and in
Figure 3.

For an SSM value higher than 46.4 kPa we managed to predict
the presence of esophageal varices in LC patients with 80.45%
diagnostic accuracy, the AUROC being 0.781. The detailed diag-
nostic performance and AUROC analysis of SSM in predicting EV
is shown in Table 3 and in Figure 2.

In our liver cirrhosis population, SSM was significantly corre-
lated with LSM (moderate/good positive Spearman analysis):
overall r = 0.424, P < 0.0001; LC patients with no EV r = 0.587,
P = 0.027; LC patients with EV r = 0.412, P < 0.001. Simulta-
neously, the SSM exhibited a moderate/poor negative correlation
with PSR when looking at the entire LC population (r = -0.314,
P < 0.003), but this was not significant when looking at the absent
EV subgroup: r = -0.423, P = 0.223, or at the EV present sub-
group: r = -0.220, P = 0.098.

Combined analysis of SSM and LSM in predicting
esophageal varices in LC patients

Further on, we attempted to appreciate the performance of SSM
combined with LSM in predicting the presence of EV in cirrhotic
patients. We imagined a ‘step by step’ approach for selecting
patients with high susceptibility for developing EV: we moved
along the LSM ROC curve so as to choose a cutoff value of high
sensitivity – 19 kPa (Se 92.21%), and then on the SSM ROC so as
to choose a high specificity value for the presence of EV –55 kPa
(Sp 78.57%). Using these LSM and SSM values, we managed to
predict the presence of esophageal varices in liver cirrhosis
patients with a diagnostic accuracy of 88.52% (Table 4).

Discussion
Noninvasive assessment of portal hypertension has become an
issue of growing importance over the past years. Although HVPG
measurement and endoscopy are considered the standard of care in
patients suffering from liver cirrhosis, alternative surrogate

Table 3 Comparison between the variations of SSM, LSM and PSR in
cirrhotic patients according to the presence or absence of esophageal
varices (EV) (data are expressed as medians and ranges)

Variable Patients P

EV absent EV present

SSM 46.05 (23.7–75) 72 (23.4–75) 0.001
PSR 1210 (550–2130) 650 (150–1990) 0.01
LSM 26.3 (9.9–40.3) 38.4 (12–75) 0.003

EV, esophageal varices; LSM, liver stiffness measurement; PSR,
platelets count to spleen diameter ratio; SSM, spleen stiffness
measurement.

Figure 2 Receiver operating characteristic (ROC) curve representation
of platelet count/spleen size ratio (PSR), liver stiffness measurement
(LSM) and spleen stiffness measurement (SSM) in distinguishing liver
cirrhosis (LC) patients with or without esophageal varices (EV).
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markers are being imagined for the appreciation of the severity of
disease, the presence of complications, or the response to treat-
ment. Until now, the liver stiffness and platelet count to spleen size
ratio have been proposed and validated as predictors for the EV.
Although splenomegaly is common in liver cirrhosis, this finding
was considered only in terms of size, and not as a complex change.
The splenomegaly developing in the context of liver cirrhosis is
commonly ascribed to blood congestion, but older studies demon-
strated that it cannot be considered only as a consequence of
increased portal pressure and augmented resistance to splenic vein
outflow.21 Surprisingly, no relationship could be found between the
spleen size and the degree of esophageal varices.22 Multiple studies
demonstrated pooling of blood in the red pulp, intraparenchymal
arterial aneurysms,23 and other multiple histopathologic changes,
which evolve towards diffuse fibrosis of the spleen,24 more likely
because of endothelin overexpression and changes in the balance
of endothelin receptors.25 Association with viral liver cirrhosis
suggests an immunologic pathway.26 In patients who underwent
liver transplantation, despite the important decrease of the outflow
resistance of the splenic vein, only a slight decrease in spleen size
could be observed, probably due to persistence of the hyperplasic

component.27 So, in our view, it is only logical to presume that the
increment in size should determine changes in the spleen’s density
as well, which is a physical parameter that may be quantified by
elastography. We used transient elastography to measure the
spleen stiffness and we were trying to demonstrate that SSM is a
useful tool for grading chronic liver disease and to compare its
performance in predicting the presence of EV in liver cirrhosis
patients with other validated noninvasive approaches.

Recently spleen stiffness was identified as a potential surrogate
marker for portal hypertension. A study28 that examined whether
MRE could accurately measure portal hypertension in 35 patients
with varying degrees of chronic liver disease and 12 healthy vol-
unteers, found a highly significant correlation between liver and
spleen stiffness in patients with portal hypertension. As far as the
SSM using transient elastography is concerned, only two reports
have been presented so far. The first one17 showed an important
increase of SSM values in LC patients compared with controls and
the strong correlation of SSM with a previously proven surrogate
marker for PH (platelet/spleen size ratio) in the same group of
patients. The other one,18 adding SSM to the usual LSM evaluation
of chronic liver disease patients, and using two different thresh-
olds, managed to increase the Se and PPV of TE in detecting liver
cirrhosis and the presence of EV; it concluded that SSM is inde-
pendent from LSM and its assessment increases the accuracy of
TE as a noninvasive diagnostic tool for cirrhosis and PH. Our data
clearly suggest that in the natural history of chronic liver disease,
starting from the healthy liver and reaching chronic hepatitis and
finally liver cirrhosis, there is a significant increase in spleen
stiffness; furthermore, in the case of liver cirrhosis we managed to
find a cutoff value (46.4 kPa) with a good AUROC (0.781), which
is predictive for the presence of esophageal varices and which
correlated with other noninvasive markers for EV (LSM and PSR).
We also showed that the spleen stiffness is a variable that can
easily be acquired in chronic liver disease patients, provided the
spleen is large enough to ‘fit’ into the acquisition window.
Although it is widely accepted that obesity is one of the factors
strongly associated with failure of liver stiffness measurement, in
our population (having only a moderately increased median BMI),
we demonstrated (Table 2) that the spleen longitudinal diameter
and spleen area were significantly lower in patients with SSM
failure, suggesting that the most important success factor is the
access to the spleen.

Table 4 Comparative analysis of platelets to spleen size ratio, spleen stiffness, liver stiffness and combination of both in predicting the presence
of esophageal varices in liver cirrhosis patients

PSR LSM SSM LSM+SSM

Cutoff value " 1068 > 28 > 46.4 LSM > 19 kPa
SSM > 55 kPa

Se (%) 77.78 74.36 83.56 92.85
Sp (%) 70 64.29 71.43 40
+LR 2.59 2.08 2.92 1.547
-LR 0.32 0.40 0.23 0.178
PPV 94.2 92.1 93.8 94.54
NPV 33.3 31.0 45.5 33.33
Diagnostic accuracy (%) 75.34 71.73 80.45 88.52

LR, likelihood ratio; LSM, liver stiffness measurement; NPV, negative predictive value; PPV, positive predictive value; PSR, platelets count to spleen
diameter ratio; SSM, spleen stiffness measurement.

Figure 3 Box plots showing the increment of spleen stiffness mea-
surement (SSM) in liver cirrhosis (LC) patients with esophageal varices
(EV) as compared with those without.
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The relationship between liver stiffness and portal hypertension
and/or esophageal varices was the subject of several studies ana-
lyzing LSM as a marker for the grade of esophageal varices. These
studies found in some situations a good correlation29,30 or no cor-
relation at all,16 or looked at LSM from the HVPG point of
view.13–16 LSM was found to be a good predictor, having the area
under the ROC curve varying from 0.76 to 0.84 in some stud-
ies.16,19,30 Depending on the cutoff value used (13.9 kPa, 17.6 kPa
or 21.3 kPa, respectively) the sensitivity for predicting the pres-
ence of EV decreased from 95% down to 79%, and the specificity
increased from 43% up to 70%. Using a higher cutoff value
(30.5 kPa), it was possible to predict large EV (! grade 2) with an
acceptable sensitivity and specificity (76% and 80%, respectively),
but the positive predictive value did not exceed 54%. These results
were critically analyzed in a review31 that noticed some important
aspects: the evaluation of the EV grade is subjective, and none of
the above cited studies mentioned data on the quality of endo-
scopic evaluation; the cutoff value of LS for predicting EV is still
a matter of debate since the results were not prospectively vali-
dated on independent cohorts; and the specificity and positive
predictive values reported so far are too low to allow their use in
current clinical practice.

Our data on this issue are even more confusing. For a higher
cutoff value (28 kPa), the AUROC in our study is only 0.749.
Nevertheless, the diagnostic accuracy is acceptable (71.73%) and
the Se and Sp as well (74.36% and 64.29%, respectively). It is
worth mentioning that the PPV was 92.1% for the presence of EV,
but unfortunately we did not manage to distinguish between dif-
ferent EV grades. Our unsatisfactory performance may be
explained by three possible factors: (i) the subjective assessment of
the size of esophageal varices on endoscopy; (ii) the unequal
distribution of patients according to the EV grade, leading to
differently sized subgroups of patients; and (iii) the fact that the
endoscopic and LSM evaluation were not always concurrent, since
we enrolled some patients presenting for their cirrhosis follow-up,
which did not necessarily include endoscopy. Taking into account
the so-far available data, it can be concluded that liver stiffness
alone is not reliable enough to be used as a screening method to
detect the EV grade in liver cirrhosis patients, so as to avoid
unnecessary endoscopies,32 which is a strong argument for the
initiation of new studies on the subject.

It has been proven that a platelet count to spleen diameter ratio
higher than 909 is a good predictor of the presence of esophageal
varices in LC patients.3 These data were further validated in a
prospective multicenter trial33 that showed for the proposed cutoff
value a very good sensitivity and diagnostic accuracy (91.5% and
86%, respectively) but a modest specificity (67%). However, a
recent independent study34 using the same cutoff value found a
negative predictive value of only 73% and a positive predictive
value of 74%, concluding that PSR with a cutoff value of 909 may
not be sufficiently accurate in predicting the presence of esoph-
ageal varices. Our findings seem to favor the latter conclusion,
since despite the relatively good AUROC and diagnostic accuracy
(see Fig. 2 and Table 4) the NPV reached only 33%. However, our
best cutoff value was 1068 (Se = 77.78% and Sp = 70%) while the
proposed value (909) in our patients showed a Se of only 66.67%
and a similar Sp.

As a drawback of our study and as a preliminary conclusion on
spleen stiffness measurement, we must state that the results we

obtained seem to be influenced by the intrinsic characteristics of
the machine (FibroScan). As described earlier, the upper SSM
limit reached the highest value measurable by the device (75 kPa)
in each group of LC patients, regardless of their variceal status or
the grade of their varices. Thus, we have to face a significant
interpolation between the patient groups. If the FibroScan had
measured values beyond 75 kPa, we would possibly have obtained
better figures after analyzing the data.

We believe that using TE to measure both liver and spleen
stiffness ensures a better prediction of the presence of esophageal
varices. We propose a simple TE algorithm: first perform a liver
stiffness measurement; if higher than 19 kPa, consider liver cir-
rhosis with clinically significant PH (EV present). Next measure
the spleen stiffness as well; if higher than 55 kPa, it is highly
probable to find esophageal varices at endoscopy (diagnostic accu-
racy of 88.5%). Table 4 clearly shows the high PPV of this
approach (94.54%) and its satisfactory -LR (0.178), suggesting
that a patient with a LSM < 19 kPa and SSM < 55 kPa is unlikely
to have esophageal varices. Of course, there is still the case of the
patients with LSM > 19 kPa and SSM < 55 kPa, whose esophageal
varices status cannot be predicted with sufficient accuracy and
who have a strong indication for gastroscopy. However, before
making any recommendations, these findings need further and
extensive internal and external validation.

This is the first extensive report on this issue, although per-
formed on a limited number of cases. However, we may safely
conclude that the spleen stiffness can be assessed using transient
elastography, the main factor influencing the measurement being
the spleen size. Spleen stiffness increases as the liver disease
worsens, evolving from the normal liver to chronic hepatitis and
to liver cirrhosis. In liver cirrhosis patients SSM, similarly to
LSM, can predict the presence, but not the grade of esophageal
varices, with good diagnostic accuracy. Using a combined
approach (both liver and spleen stiffness measurement) we can
obtain a better discrimination and a higher diagnostic accuracy in
predicting the presence of esophageal varices in this category of
patients.
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L E T T E R S  T O  T H E  E D I T O R

Bidimensional shear wave ultrasound elastography with 
supersonic imaging to predict presence of oesophageal varices 
in cirrhosis
We read with great interest the manuscript by Jansen et al.,1 recently 
published in Liver International. In keeping with their findings, we also 
hold liver and spleen elastography (L/S- 2D- SWE) as important tools 
for the non- invasive assessment of cirrhotic patients. In their work, 
Jansen1 did not assess the prediction of complications of CSPH, 
like presence of oesophageal varices (EV). The Baveno VI consen-
sus states that EV may be ruled- out when liver stiffness (measured 
by transient elastography) is <20 kPa and concurrently platelet (PLT) 
count >150 × 103/mL.2 New elastography technologies, embedded in 
conventional ultrasound scanners, such as 2D- SWE with Aixplorer® 
Supersonic Imagine (2D SWE.SSI) are appealing, but have not been 
tested in connection with the Baveno VI recommendations.

For this reason, we prospectively tested the role of L/S- 2D- SWE.
SSI in ruling out EVs in a cohort of 73 compensated cirrhotic patients 
and approved by the Ethical Committee of our hospital (93/2013/U/
Sper). Forty- four out of 73 patients (60.27%) had EV.

L- 2D- SWE, S- 2D- SWE and PLT had a modest accuracy to pre-
dict the presence of EV when tested individually, showing AUCs of 
0.753 (95% CI: 0.623- 0.883), 0.747 (95% CI: 0.617- 0.876) and 0.773 
(95% CI: 0.648- 0.898), at best cut- off values of 19 kPa, 38 kPa and 
100 × 103/mL, respectively.

In the settings of Baveno VI recommendations, L- 2D- SWE.SSI 
(<20 kPa) and PLT (>150 × 103) ruled- out EV with 68.50% accuracy 
(80% PPV; 95.45% specificity). Adopting instead our own cut- off val-
ues (L- 2D- SWE.SSI<19 kPa; PLT>100 × 103), EV were ruled- out with 
76.71% overall accuracy (87.50% PPV and 95.45% specificity).

Considering a stepwise approach (L- 2D SWE.SSI<19 and 
PLT>100 × 103=no EV; L- 2D- SWE.SSI>19 and PLT<100 × 103=EV 
probable), 34 patients remained in the grey zone (L- 2D- SWE.SSI<19 and 
PLT<100 × 103 or L- 2D- SWE.SSI>19 and PLT>100 × 103). S- 2D- SWE.
""��ŐƺņƾƒѶ�h�-ő��-v��v;7�|o�=�u|_;u�1Ѵ-vvb=��|_;v;�r-|b;m|v�=-ѴѴbm]�bm�|_;�
grey zone. With this refined algorithm, EV were ruled- out with 83.07% 
accuracy (77.8% PPV; 84.6% specificity; 86.8% NPV; 80.8% sensitivity) 
and 54/73 (74%) endoscopies could have been spared overall.

These data confirm the conclusion of Jansen et al.,1 pointing out 
L/S- 2D- SWE as a robust clinical tool for the management of cirrhotic 

patients. Although both sets of results still need external validations, 
L/S- 2D- SWE.SSI appears to be a promising non- invasive technique 
for the assessment of CSPH and EVs in patients with compensated 
advanced chronic liver diseases. The best cut- off values to be used 
in the Baveno VI algorithm are still to be agreed and validated in the 
instance of newer shear- wave elastography machines.
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Background & Aims: The SALVE Histopathology Group (SHG)
developed and validated a grading and staging system for the
clinical and full histological spectrum of alcohol-related liver
disease (ALD) and evaluated its prognostic utility in a multina-
tional cohort of 445 patients.
Methods: SALVE grade was described by semiquantitative scores
for steatosis, activity (hepatocellular injury and lobular neutro-
phils) and cholestasis. The histological diagnosis of steatohepa-
titis due to ALD (histological ASH, hASH) was based on the
presence of hepatocellular ballooning and lobular neutrophils.
Fibrosis staging was adapted from the Clinical Research Network
staging system for non-alcoholic fatty liver disease and the
Laennec staging system and reflects the pattern and extent of

ALD fibrosis. There are 7 SALVE fibrosis stages (SFS) ranging from
no fibrosis to severe cirrhosis.
Results: Interobserver j-value for each grading and staging
parameter was >0.6. In the whole study cohort, long-term
outcome was associated with activity grade and cholestasis, as
well as cirrhosis with very broad septa (severe cirrhosis) (p
<0.001 for all parameters). In decompensated ALD, adverse
short-term outcome was associated with activity grade, hASH
and cholestasis (p = 0.038, 0.012 and 0.001, respectively),
whereas in compensated ALD, hASH and severe fibrosis/cirrhosis
were associated with decompensation-free survival (p = 0.011
and 0.001, respectively). On multivariable analysis, severe
cirrhosis emerged as an independent histological predictor of
long-term survival in the whole study cohort. Severe cirrhosis
and hASH were identified as independent predictors of short-
term survival in decompensated ALD, and also as independent
predictors of decompensation-free survival in compensated ALD.
Conclusion: The SALVE grading and staging system is a repro-
ducible and prognostically relevant method for the histological
assessment of disease activity and fibrosis in ALD.
Lay summary: Patients with alcohol-related liver disease (ALD)
may undergo liver biopsy to assess disease severity. We
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developed a system to classify ALD under the microscope by
grading ALD activity and staging the extent of liver scarring. We
validated the prognostic performance of this system in 445 pa-
tients from 4 European centers.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European
Association for the Study of the Liver. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction
Alcohol abuse is a major global health concern, being a
frequent cause of chronic liver disease, cirrhosis, hepatocellular
carcinoma and indication for liver transplantation. Alcohol-
related liver disease (ALD) shows a spectrum of liver pathol-
ogy ranging from steatosis to steatohepatitis and fibrosis.1 For
the sake of clarity, steatohepatitis related to ALD2 is referred to
as histological alcoholic steatohepatitis (hASH) in this manu-
script, to differentiate it from non-alcoholic steatohepatitis and
it is not synonymous with the clinical scenario of alcoholic
hepatitis.

Clinically, steatosis is associated with few, if any, symptoms
and has a low risk of progression, whereas hASH is a major driver
of fibrogenesis and disease progression. In turn, progression can
be associated with clinical abnormalities, development of
cirrhosis and hepatocellular carcinoma. Severe symptoms may
be due to decompensation of cirrhosis and/or clinical alcoholic
hepatitis the latter being associated with 3-month mortality
rates of 20–50%.2,3 As clinical ALD classifications may correspond
poorly with histology,4 EASL Clinical Practice Guidelines for the
Management of ALD recommend liver biopsy in cases where the
diagnosis of ALD is uncertain in both clinical practice and clinical
trials.2

Standardized and reproducible assessment of disease ac-
tivity and fibrosis is a prerequisite for histology-based patient
stratification, prognosis and monitoring of treatment effects.
Several histological grading and staging systems have been
developed for use in chronic liver disease including non-
alcoholic fatty liver disease (NAFLD)5,6 and viral hepatitis.7,8

Although ALD is among the most frequent of liver diseases
and its morphological features are well described, few pro-
posals for specific grading and staging systems have been
made1 and a universally accepted system for the full clinical
spectrum of ALD is currently lacking.

As ALD and NAFLD show histological overlap, some have
proposed applying NAFLD grading and staging systems for ALD,9

but several prognostically relevant ALD features, like cholestasis,
Mallory-Denk bodies (MDB) and megamitochondria, are not
considered in NAFLD grading.10 Further, the vast majority of
patients with ALD have cirrhosis at first presentation11 in
contrast to patients with NAFLD in whom it is infrequent.12

Histological substages of cirrhosis13,14 and the extent of peri-
cellular fibrosis (PCF)15 are prognostically relevant in ALD but are
not reflected in current NAFLD staging systems. Finally, ALD is
associated with fibro-obliteration of hepatic veins, perivenular
fibrosis and sclerosing hyaline necrosis, all predictors of pro-
gression and adverse prognosis which are rare in NAFLD.16,17

A group of European liver pathologists, members of the EASL-
endorsed consortium for the Study of Alcohol-related LiVer dis-
ease in Europe (SALVE), comprising the SALVE Histopathology
Group (SHG), convened to design a morphological grading and
staging system valid for the whole clinical spectrum of the dis-
ease and evaluated its prognostic utility.

Patients and methods
Study cohort
A previously described retrospective cohort with clinical and
histologically confirmed ALD, the Graz cohort,11 was used to
design the morphological grading and staging system and to
assess interobserver variation. The prognostic utility of the
grading and staging system was then evaluated in the Graz
cohort and 3 additional cohorts from SALVE centres in Odense
(Odense University Hospital, Denmark), Paris (Hôpital Beaujon,
Clichy, France), and Cluj-Napoca (Regional Institute of Gastro-
enterology and Hepatology, Cluj-Napoca, Romania). Patients in
the Graz cohort underwent liver biopsy for diagnosis and/or
staging of liver disease. The Paris and Cluj cohorts included
consecutive patients undergoing liver biopsy for suspicion of
clinical alcoholic hepatitis. The Odense cohort included patients
from a prospective diagnostic study on patients with compen-
sated ALD in Southern Denmark.18,19 Patients received standard
of care or, if needed, intensive care support.

Follow-up data on survival and liver transplantation were
available for all patients. Length of survival and cause of death
were documented based on data from hospitals, family practi-
tioners and national death registries. Data on abstinence during
follow-up were available in 323 out of 445 patients. In addition,
data on liver-related events were collected in the subgroup of
patients with compensated ALD. All studies received approval by
the local Ethics Committees of all centres. Informed consent was
obtained in accordance with the Declaration of Helsinki.

Design of the SALVE grading and staging system
The SALVE grading and staging system was based on (i) charac-
teristic morphological features of ALD, (ii) previously reported
independent prognostic parameters of grade15,20,21 and
stage,11,14,22 and (iii) at least substantial interobserver agreement
as documented in the literature or according to the results of
studies by the SHG (described below). For the Graz cohort,
morphological evaluations were carried out by members of the
SHG in consensus using a multiheaded microscope. Scanned liver
biopsy slides of the Cluj-Napoca, Paris and Odense patients were
scored in consensus by groups of at least 3 SHG pathologists
using the “share screen” option on a digital platform. One SHG
pathologist (CL) attended all virtual scoring sessions to ensure
homogeneity of histological evaluation. The observers were un-
aware of the clinical data.

All studied samples were routinely stained with hematoxylin-
eosin and either chromotrope aniline blue or Sirius red.

SALVE grading
A semiquantitative evaluation method was defined using nu-
merical scores for macrovesicular steatosis (0-3), hepatocellular
ballooning (0-2), MDB (0-2), and lobular neutrophils (0-2).
Ballooning was defined as hepatocellular enlargement (at least
2x the size of normal hepatocytes), rounded cellular shape and
rarefied cytoplasm (cytoplasmic clarification). Cholestasis was
specified as hepatocellular, canalicular, or ductular cholestasis
and scored as absent (0) or present (1). The SHG evaluated 30
cases on digitized slides for the assessment of interobserver
variation.

Parameters with substantial interobserver agreement (j
>0.6) namely steatosis, ballooning, MDB, lobular neutrophils,
canalicular and ductular cholestasis were selected as
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descriptors of SALVE Grade defined by scores for steatosis (0-3),
activity (0-4), canalicular (0-1) and ductular cholestasis (0-1)
(Fig. S1). Because ballooning and MDB scores showed a strong
correlation (Spearman!s rho = 0.9), the higher score of either
feature rather than their sum was considered, to avoid over-
estimation of hepatocellular injury. The activity range of 0-4
was based on cellular injury and inflammation as the sum of
scores for ballooning or MDB and lobular neutrophils. The defi-
nition of ASH1 was based on ballooning and neutrophil scores of
>−1 each and cases with activity scores of 3 and 4, or in some cases
2, were diagnosed with hASH. The SALVE grading system is
shown in Box 1.

SALVE staging
Fibrosis stages were described based on a combination of the
NASH Clinical Research Network (CRN)5 and the Laennec sys-
tems14 with some modifications. The SALVE staging system de-
tails 7 SALVE fibrosis stages (SFS) comprising 4 pre-cirrhotic (SFS
0, 1, 2, and 3), similar to the CRN, and 3 cirrhotic stages (SFS 4A,
4B, and 4C), similar to Laennec. For some clinical settings, and
also within trials, the presence of severe pericellular fibrosis
(PCF) may be included, as described below and in Table 1.
Morphological aspects of staging are also illustrated in Table 1
and Figs S2, S3 and S4.

SALVE fibrosis stage 1 (SFS 1) comprises 2 distinct morpho-
logical patterns: Typically, centrilobular regions are affected by
PCF occasionally extending to intermediate lobular areas
(Fig. S2B). Alternatively, there may be predominantly portal-
based fibrosis with periportal extension (Fig. S2C).10 SFS 2 is
defined by coexisting centrilobular PCF and periportal fibrosis
(Fig. S2D). In SFS 3 portal-based dense fibrous septa develop,
linking portal tracts, portal tracts and central veins as well as
central veins. This may be accompanied by variable degrees of
PCF (see below for when PCF predominates) (SFS 3) (Fig. S2E,F).
The cirrhosis stage SFS 4 is characterized by destruction of
lobular architecture and development of parenchymal nodules
surrounded by septa, the thickness of which are used for sub-
classification. Septa may be dense and thin (SFS 4A; Fig. S3A,B),
broad (SFS 4B; Fig. S3C,D) or very broad (SFS 4C; Fig. S3E,F). The
assessment of septal thickness was based on the dimension of
the smallest distinct parenchymal nodule as detailed in Table 1.

Expanded SALVE fibrosis staging in consideration of severe forms of
pericellular fibrosis
In ALD, PCF can be the predominant pattern of fibrosis, present at
all stages and therefore SFS 1, 3, and 4A-C can be further clas-
sified as outlined below and in Table 1.

In SFS1 cases, the designation SFS 1P may be used to indicate
the presence of centrilobular PCF only (Fig. S2B). In some cases of
SFS 3, SFS 3P denotes that severe PCF may assume a septum-like
configuration (centro-central septal PCF) (Fig. S4A) or involve
entire hepatic lobules but with preservation of porto-central re-
lations (Figs S2E and S4B). In this setting obliterative venous le-
sions are frequently noted, and a few dense septa may be seen. In
SFS 4AP severe PCF is present, destroying portal-central relations
resulting in indistinct parenchymal nodules (Fig. S3B). SFS 4B and
4C with severe PCF and indistinct parenchymal nodules may be
referred to as SFS 4BP (Fig. S3D) or 4CP (Fig. S3F), respectively.

An algorithm was designed to facilitate and standardize the
staging procedure (Fig. 1). Two groups of observers of the SHG
independently assessed SFS of the first consecutive 140 cases of
the Graz cohort using the SALVE Staging Algorithm for interob-
server studies.

Assessment of venous lesions of ALD
Perivenular fibrosis, sclerosing hyaline necrosis and fibro-
obliteration of hepatic veins are presumed to be of prognostic
relevance. Therefore, their presence was evaluated by 5 SHG
observers in 140 cases of the Graz cohort.

Statistical analyses
Continuous variables were reported as median (Q1, Q3), whereas
categorical data are presented as relative frequencies. Liver-
related mortality at short-term (90 days) or long-term (end of
follow-up) was defined as death due to liver failure, complica-
tions of cirrhosis or HCC. Patients with non-liver-related death
and those undergoing liver transplantation during follow-up
were censored and counted as non-event. Decompensation-
free survival was defined as absence of liver-related events (new-
onset jaundice, ascites, portal hypertensive bleeding, hepatic
encephalopathy) or liver-related death during follow-up. The
effect of prognostic variables on survival was analysed by the
Kaplan-Meier method and compared by log-rank tests per-
forming Bonferroni correction for pairwise comparisons. The
association of clinical, biochemical, and histological variables

Box 1. SALVE grading.
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SALVE, Consortium for the Study of Alcohol-related LiVer disease in Europe.
*Lipid vacuoles in the cytoplasm of hepatocytes larger than the hepatocellular
nucleus.
**If scores for ballooning and Mallory-Denk bodies are unequal the higher score is
applied.
§Feature is appreciated after a reasonable search and is present in few micro-
scopic fields.
§§Feature is frequent and easy to find without searching and present in many
microscopic fields.
%Neutrophils surrounding ballooned hepatocytes.
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Table 1. SALVE staging.

SFS Description Morphological changesa Examples

0 No fibrosis Fibrosis is absent
1 Mild fibrosis Periportal fibrosis only or PCFb

in zone(s) 3 ± 2

SFS 1Pc: PCF in zone(s) 3 ± 2 only

2 Moderate fibrosis Periportal fibrosis and PCF in zone(s)
3 ± 2

3 Severe fibrosis >−1 complete septumd bridging portal
tracts and/or central veins, ±PCF

SFS 3Pc: Panlobular PCF and/or com-
plete septal PCF ± few dense septa ±
venous lesions

4A Cirrhosis thin septa >−1 parenchymal nodulee, thin septaf,
± 1 broad septumg,
±PCF

SFS 4APc: Severe PCFh in >50% of
parenchyma, indistinct parenchymal
nodulesi

4B Cirrhosis broad septa Parenchymal nodules, >1 broad
septum, ± 1 very broad septumj, ±PCF

SFS 4BPc: Severe PCF in >50% of
parenchyma

4C Cirrhosis very broad septa Parenchymal nodules, >1 very broad
septum, ±PCF

SFS 4CPc: Severe PCF in >50% of
parenchyma

PCF, pericellular fibrosis; SALVE, Consortium for the Study of Alcohol-related LiVer disease in Europe; SFS, SALVE Fibrosis Stage.
aDescription of the full range of topographical abnormal fibrosis including the degree of both dense septal and pericellular fibrosis.
bPericellular fibrosis: Collagen fibers surrounding single or small groups of hepatocytes.
cOPTIONAL, the presence of pericellular fibrosis as a dominant fibrosis type may be classified as “P” substage.
dComplete septum: Fibrous band consisting mainly of collagen fibers resembling septa in viral hepatitis or septal PCF crossing biopsy diameter and linking portal tracts, portal
tracts and central veins, or central veins.
eParenchymal nodule without evidence of portal-central relations surrounded by dense septa.
fThin septum: Dense septum, <50% of diameter of smallest parenchymal nodule.
gBroad septum: Dense septum, >−50% of the diameter of smallest parenchymal nodule but not thicker.
hPCF evaluated at LOW magnification (20x or 40x total magnification).
iParenchymal areas of indistinct nodular shape dissected by severe PCF.
jVery broad septum: Dense septum, wider than the diameter of smallest parenchymal nodule.
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with survival was analysed by univariable and multivariable Cox
regression. Multicollinearity was assessed with variance inflation
factors (VIF). Statistical analyses were performed using SPSS
Statistics Version 26 (SPSS Inc., Chicago, IL, USA) or R version
3.6.1. A p value of <0.05 was considered significant.

Results
Clinical, biochemical, demographical, and histological
characteristics of the study cohort
The whole study cohort consisted of 445 patients representing the
entire clinical spectrum of ALD. Subgroup analysis was performed
in patients with (i) compensated ALD defined by lack of clinical
symptoms and no evidence of cirrhosis on ultrasonography or
biochemistry (n = 159), (ii) decompensated ALD characterized by
bilirubin levels >3 mg/dl and/or signs of decompensation (new-
onset jaundice, ascites, hepatic encephalopathy, portal hyperten-
sive gastrointestinal bleeding) (n = 286), and (iii) decompensated
ALD and hASH (n = 181). Twenty-eight patients died from non-
liver-related causes. Twenty-two patients underwent liver trans-
plantation during follow-up (6 patients within 90 days from liver
biopsy). Clinical, biochemical, and demographic characteristics of
the study cohorts are shown in Table 2.

Histological characteristics of the study cohort are compiled in
Table S1. Median biopsy length was 25 mm in transcutaneous and
27 mm in transjugular biopsies. Decompensated patients more
often had severe cirrhosis (SFS 4C). In addition, all cirrhotic stages
with severe PCF (SFS 4AP, 4BP and 4CP) were more frequent in
decompensated than in compensated patients. Individuals with
decompensated disease had higher activity grade and presence of
hASH than patients with compensated ALD. Canalicular chole-
stasis was infrequent and ductular cholestasis was nearly absent
in compensated patients, but they were present in approximately
57% and 27% of those with decompensation, respectively.

Parameters of SALVE grading and staging in interobserver
studies
Substantial interobserver agreement was found for steatosis,
ballooning, MDBs, lobular neutrophils, canalicular and ductular

cholestasis, whereas agreement was moderate for the interpre-
tation of hepatocellular cholestasis. Interobserver agreement for
interpretation of the 7 SFS as well as the SFS with severe PCF was
substantial (Table 3).

Association of SALVE grading with survival
Kaplan-Meier analysis in the whole study cohort revealed no
prognostic utility for steatosis grade (data not shown). The as-
sociation of SALVE activity grade with survival is shown in
Fig. 2A. High activity (grade 2-4) was associated with signifi-
cantly shorter survival (p <0.001 vs. grade 0-1). An association
with shorter survival was also seen for patients with hASH
compared to those without hASH (p <0.001; Fig. S5). Survival of
patients with canalicular or ductular cholestasis was significantly
shorter than that of individuals without cholestasis (both p
<0.001, significance level p = 0.016) (Fig. 2B).

Patients with decompensated ALD and activity grade 2-4,
hASH or canalicular and/or ductular cholestasis had significantly
higher 90-day mortality than patients with activity grade 0-1, no
hASH or no cholestasis (p = 0.038, 0.012 or 0.001, respectively)
(Fig. S6A-C). In the subgroup of decompensated patients with
hASH, canalicular and/or ductular cholestasis was associated
with lower 90-day survival compared to those without chole-
stasis (p = 0.029) (Fig. S7).

In patients with compensated ALD, activity grade 2-4 or hASH
was associated with a higher incidence of liver-related events
during follow-up than activity grade 0-1 or no hASH (p = 0.011,
respectively) (Fig. S8A-B).

Association of SALVE staging with survival
SFS staging was aggregated in a 5-tiered system based on rela-
tion to survival: no fibrosis (SFS 0), mild and moderate fibrosis
(SFS 1 and 2), severe fibrosis (SFS 3), cirrhosis with thin or broad
septa (SFS 4A and 4B), and cirrhosis with very broad septa (se-
vere cirrhosis; SFS 4C). On Kaplan-Meier analysis the respective
10-year survival probabilities of patients were 100%, 89%, 65%,
43% and 32% (Fig. 3A).

Patient with ALD
Liver biopsy

NO YES

≥1 distinct nodule
or indistinct nodules

NO YES

≥1 complete septum

Complete septum(a)
± PCFb

Predominantly
central-based PCF

Indistinct nodules
Severe PCF

Distinct nodule(s)
± PCF

3 3P c 4AP/BP/CP c4A/B/C1/1P c/2SFS a

Fig. 1. SALVE staging algorithm. ALD, alcohol-related liver disease; PCF, pericellular fibrosis; SALVE, Consortium for the Study of Alcohol-related LiVer disease in
Europe; SFS, SALVE fibrosis stage; cOptional stages to indicate presence of PCF as the predominant fibrosis type. For further details regarding definitions please see
Table 1 footnote.
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Long-term mortality was significantly higher for patients
with severe cirrhosis vs. pre-cirrhotic stages and vs. lesser
cirrhosis (p <0.001 and p = 0.003, significance level p = 0.016). In
contrast, severe cirrhosis showed only a trend in relation to
short-term outcome (p = 0.162) in patients with decompensated
disease and also in the subgroup of decompensated patients
with hASH (p = 0.070) (Fig. S9). In compensated ALD, severe
fibrosis/cirrhosis was related to the development of liver-related
events on long-term follow-up (p <0.001) (Fig. 3B).

Association of the pericellular fibrosis type with outcome,
inflammation, and venous lesions
Stages with severe PCF (SFS 3P, 4AP, 4BP, 4CP) had significantly
worse long-term outcome than the respective SFS stages without
severe PCF (SFS 3, 4A, 4B, 4C) (p = 0.042) (Fig. S10).

Severe PCF was associated with ballooning/MDB, cholestasis
and lobular neutrophils (Chi-square test, p <0.001 for all pa-
rameters). In the Graz cohort, venous lesions were assessed and
associated with severe PCF although no association of any of the
venous lesions with long- or short-term prognosis was found.

Independent predictors of survival and liver-related events
Clinical, biochemical and histological variables associated with
long- or short-term survival on univariable Cox regression are
detailed in Table S2. On multivariable Cox regression, sex, model
for end-stage liver disease (MELD), platelet count, hepatic en-
cephalopathy, and severe cirrhosis emerged as independent
predictors of long-term liver-related mortality (Table 4). In a
subgroup of patients in whom follow-up data on abstinence
were available (n = 323), sex, MELD, hepatic encephalopathy,

Table 3. Interobserver variation in scoring of histological features of SALVE grade and stage (Graz cohort).

Item Scoring system Kappa value

Steatosis Score 0: <5%; 1:5-33%; 2:34-66%; 3: >66% 0.88a

Hepatocellular ballooning Score 0: none, 1: few; 2: many 0.66a

Mallory-Denk bodies Score 0: none, 1: few; 2: many 0.78a

Lobular neutrophils Score 0: none, 1: few, 2: many and/or satellitosis 0.67a

Hepatocellular cholestasis 0: none, 1: present 0.33b

Canalicular cholestasis 0: none, 1: present 0.65b

Ductular cholestasis 0: none, 1: present 0.66b

SFS (all substages) 0, 1/1P, 2, 3/3P, 4A/4AP, 4B/4BP, 4C/4CP 0.69c

SFS (main stages) 0, 1, 2, 3, 4A, 4B, 4C 0.80c

Pericellular fibrosis 0, 1 0.69c

SALVE, Consortium for the Study of Alcohol-related LiVer disease in Europe; SFS, SALVE fibrosis stage.
aKendall’s W, 10 raters, 27-29 observations.
bFleiss‘ Kappa, 10 raters, 28-29 observations.
cCohen’s Kappa, 2 rater groups, 138 observations.

Table 2. Clinical, biochemical and demographic characteristics of the study cohorts.

Centre Graz (n = 172) Cluj-Napoca (n = 92) Paris (n = 75) Odense (n = 106)

Period of enrolment 1995-2009 2016-2019 2011-2019 2013-2016
Decompensated ALD, % 69 100 100 0
Age, years 49 (41–57) 51 (43–57) 54 (48–59) 56 (49–62)
BMI 25 (22–29) 26 (22–30) 26 (22–30) 26 (23–28)
Sex female, % 31 27 20 26
AST, U/L 45 (26–77) 140 (99–188) 146 (96–197) 39 (27–55)
ALT, U/L 28 (16–54) 44 (27–57) 41 (31–67) 30 (21–43)
GGT, U/L 148 (62–327) 332 (207–642) 272 (134–667) 103 (47–238)
Alkaline phosphatase, U/L 160 (109–226) 463 (322–573) 164 (122–234) 96 (76–125)
Bilirubin, mg/dl 2.6 (1.1–8.5) 8.1 (4.0–19.5) 11.1 (6.7–19.4) 0.6 (0.4–0.9)
INR 1.22 (1.03–1.57) 1.93 (1.65–2.29) 1.82 (1.58–2.36) 1.0 (0.9–1.1)
Creatinine, mg/dl 0.9 (0.8–1.1) 0.7 (0.6–0.8) 0.7 (0.6–1.0) 0.8 (0.7–0.9)
Albumin, g/dl 3.5 (2.9–4.3) 2.8 (2.5–3.1) 2.0 (1.8–2.4) 4.1 (3.8–4.3)
Platelet count, G/L 138 (94–231) 110 (78–162) 127 (73–173) 227 (163–297)
Leucocyte count, G/L 6.8 (5.3–10.8) 9.8 (7.2–13.0) 9.9 (7.0–15.2) 6.7 (5.4–9.2)
MCV, fl 100 (94–105) 102 (97–108) not reported 95 (91–101)
Sodium, mmol/L 138 (135–141) 136 (133–139) 132 (128–136) 139 (138–141)
Variceal bleeding, % 15 16 not reported 0
Hepatic encephalopathy, % 21 37 31 0
Ascites, % 44 84 88 0
MELD 14 (9–20) 22 (19–26) 23 (19–27) 6 (6–8)
Child-Pugh score 8 (6–10) 10 (8–12) 12 (11–13) 5 (5–5)
Route of biopsy, n (percutaneous/transjugular) 164/8 0/92 0/75 106/0
Length of biopsy core, mm 18 (12–27) 21 (16–28) 37 (28–50) 33 (27–40)
Survival, years 4.1 (0.9–8.8) 1.6 (0.4–3.5) 0.5 (0.1–1.4) 4.0 (3.5–4.9)
90-day mortality, % 9 23 27 0
5-year mortality, % 34 49 44 5
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; INR, international normalized ratio; MCV, mean corpuscular volume; MELD,
model for end-stage liver disease.
Data are given as median (IQR).
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abstinence, and severe cirrhosis were independent predictors of
long-term liver-related mortality.

In decompensated ALD, MELD, hepatic encephalopathy, hASH,
and severe cirrhosis were independent predictors of short-term
(90-day) liver-related mortality. In the subgroup of decom-
pensated patients with hASH, MELD, hepatic encephalopathy,
and severe cirrhosis independently predicted 90-day liver-
related death.

In patients with compensated ALD, decompensation-free
survival was independently predicted by MELD, albumin, hASH,
severe cirrhosis, and abstinence during follow-up.

Discussion
The aim of our study was to design and validate an ALD-specific
histological grading and staging system that has hitherto been

lacking. This study presents the SALVE grading and staging sys-
tem, a robust histological method with substantial interobserver
agreement and clear associations to clinical outcomes in ALD.

While none of the grading features have been identified as
independent prognostic factors for long-term outcome in previ-
ous studies,11,23 ballooning, MDBs or lobular neutrophils have
been described as independent predictors of short-termmortality
in patients with decompensated ALD.15,20,24 The association of
hASHwith short-term outcome in decompensated patients in our
study confirms these results. Histological diagnosis of hASH in
patients with decompensated ALD is clinically important to
identify those with worse prognosis. Furthermore, in those with
decompensation and hASH, short-term prognosis is predicted by
clinical factors along with severe cirrhosis. The results emphasize
the clinical utility of liver biopsy in these high-risk situations.
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Fig. 2. Kaplan-Meier plots of long-term survival by SALVE grade (whole cohort, n = 445). (A) Effect of activity grade on survival: 0-1, no or mild activity; 2-4,
high activity; p <0.001 (log-rank test). (B) Effect of CC and DC on survival; p <0.001 (log-rank test). CC, canalicular cholestasis; DC, ductular cholestasis; SALVE,
Consortium for the Study of Alcohol-related LiVer disease in Europe.
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Cholestasis is a distinct feature of severe ALD, which is
not described in NAFLD.1,25 Ballooning-associated obstruction
of bile radicles,26 as well as impaired bile formation and
transport in hepatocytes,27 may be involved in canalicular
cholestasis. Defective bile secretion via canalicular trans-
porters and/or decreased bile flow have been implicated
in sepsis-associated cholestasis.28,29 Bacterial infection and
sepsis-associated immune paralysis are frequent in advanced
ALD and often fatal complications triggering acute-on-
chronic liver failure.30 Ductular cholestasis has been associ-
ated with evolving (subclinical) sepsis and thus may indicate
infection at an early stage.15,20,24 Both canalicular and duct-
ular cholestasis convey prognostic information in the whole
study cohort, in the decompensated subgroup as well as in
decompensated patients with hASH. This supports similar
results of others29,31 and underscores the prognostic utility of
morphological cholestasis as an integral factor of SALVE
grading.

Since most patients with ALD exhibit severe fibrosis or
cirrhosis at first diagnosis, any stepwise staging method should
allow sub-classification into prognostically meaningful cate-
gories. Based on the SALVE staging system and Kaplan-Meier
analyses, 2 cirrhosis substages with different mortality risk
could be defined. Patients with severe cirrhosis (SFS 4C) had
worse outcome than patients with lesser grades of cirrhosis
(SFS 4A and 4B). Moreover, severe cirrhosis emerged as an in-
dependent histological predictor for both long- and short-term
survival in the whole study cohort, in subgroups of patients
with symptomatic/decompensated disease as well as in pa-
tients with hASH. Our data are thus in line with results from

earlier studies, indicating the prognostic utility of cirrhosis
substaging in chronic liver disease.14,32

PCF can be a striking feature in ALD. Interestingly, in
contrast to SFS with predominant septal fibrosis, (like SFS 3 or
4A/B/C), severe PCF (SFS 3P or 4AP/BP/CP) was associated with
morphological features of liver injury, inflammation, fibro-
obliterative venous lesions, cholestasis, and significantly
shorter long-term outcome. The PCF pattern may indicate
active disease and ongoing fibrogenesis. It may represent an
immature type of fibrosis because it lacks elastic fibres and
clusterin, a potent inhibitor of matrix-degrading metal-
loproteinases33 present in mature scar tissue.34 Data from ro-
dent models of cirrhosis suggest that recent fibrous septa are
readily degraded whereas older septa rich in elastin are more
resistant.35 Therefore, it could be speculated that PCF is more
sensitive to degradation than dense fibrotic septa. Regression
of PCF observed in a paired biopsy on follow-up could indicate
decreased or resolved liver injury in phases of abstinence or
medical intervention and could be useful to trace early anti-
fibrotic treatment effects to monitor the evolution of fibrosis.
Specific stages – SFS 3P, 4AP, 4BP and 4CP – were introduced in
the SALVE staging system as an option to identify cases in
which PCF is the predominant fibrosis type and to define these
stages, which are not currently represented in other staging
systems. If applied with the help of the staging algorithm,
interrater agreement is substantial.

Our study has some limitations related to its retrospective
design. Although a large panel of expert hepatopathologists
reached substantial interobserver agreement, the proposed sys-
tem should also be validated in a general pathology setting.

Table 4. Clinical, biochemical and histological predictors of outcome in patients with ALD.

Variable Hazard ratio (95% CI) p value

Predictors of long-term liver-related mortality in the whole cohort (n = 445)
Severe cirrhosis (SFS 4C) 1.88 (1.32-2.68) <0.001
Male sex 0.68 (0.47–0.97) 0.036
MELD 1.11 (1.08-1.13) <0.001
Platelet count 0.997 (0.995–-0.999) 0.014
Hepatic encephalopathy 1.58 (1.09–2.27) 0.015
Entered variables: severe cirrhosis (SFS 4C), hASH, ductular cholestasis, sex, MELD, WBC, platelet count, hepatic encephalopathy. Maximal VIF = 2.17.

Predictors of 90-day liver-related mortality in patients with decompensated ALD (n = 286)
Severe cirrhosis (SFS 4C) 2.21 (1.24-3.96) 0.008
hASH present 1.98 (1.02–3.85) 0.043
MELD 1.19 (1.14–1.24) <0.001
Hepatic encephalopathy 2.44 (1.38–4.30) 0.002
Entered variables: severe cirrhosis (SFS 4C), hASH, ductular cholestasis, sex, MELD, WBC, hepatic encephalopathy. Maximal VIF = 1.64.

Predictors of 90-day liver-related mortality in decompensated patients with hASH (n = 181)
Severe cirrhosis (SFS 4C) 2.16 (1.11–4.18) 0.023
MELD 1.19 (1.13-1.26) <0.001
Hepatic encephalopathy 2.28 (1.20-4.35) 0.012
Entered variables: severe cirrhosis (SFS 4C), canalicular cholestasis, sex, MELD, WBC, platelet count, hepatic encephalopathy. Maximal VIF = 1.51.

Predictors of decompensation-free survival in patients with compensated ALD (n = 159)
Severe cirrhosis (SFS 4C) 3.26 (1.38–7.69) 0.007
hASH present 2.80 (1.32–5.96) 0.008
MELD 1.22 (1.05-1.42) 0.011
Albumin 0.44 (0.22–0.91) 0.026
Abstinence during follow-up 0.33 (0.12–0.91) 0.032
Entered variables: severe cirrhosis (SFS 4C), hASH, age, MELD, albumin, abstinence during follow-up. Maximal VIF = 1.32.

Multivariable Cox regression.
ALD, alcohol-related liver disease; hASH, histological steatohepatitis due to ALD; MELD, model for end-stage liver disease; SALVE, Consortium for the Study of Alcohol-related
LiVer disease in Europe; SFS, SALVE fibrosis stage; VIF, variance inflation factor; WBC, white blood cell count.
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In conclusion, the SALVE histopathology group developed and
validated an ALD-specific grading and staging system based on a
large cohort of patients representing the whole clinical spectrum
of ALD. This histological system integrates features of disease
activity and fibrosis in a prognostic context. The large patient
number has enabled us to evaluate the applicability and prog-
nostic utility of SALVE grading and staging in clinically important
subgroups, with compensated and decompensated disease, as
well as in patients with histological ASH. Activity scores can be
used to define the severity of injury and inflammation and to
diagnose steatohepatitis and may, along with SALVE stage, help
guide patient management.
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Background & Aims: Corticosteroids are the only effective
therapy for severe alcohol-associated hepatitis (AH), defined by a
model for end-stage liver disease (MELD) score >20. However,
there are patients who may be too sick to benefit from therapy.
Herein, we aimed to identify the range of MELD scores within
which steroids are effective for AH.
Methods: We performed a retrospective, international multi-
center cohort study across 4 continents, including 3,380 adults
with a clinical and/or histological diagnosis of AH. The main
outcome was mortality at 30 days. We used a discrete-time
survival analysis model, and MELD cut-offs were established
using the transform-the-endpoints method.
Results: In our cohort, median age was 49 (40–56) years, 76.5%
were male, and 79% had underlying cirrhosis. Median MELD at
admission was 24 (19–29). Survival was 88% (87–89) at 30 days,
77% (76–78) at 90 days, and 72% (72–74) at 180 days. A total of
1,225 patients received corticosteroids. In an adjusted-survival-
model, corticosteroid use decreased 30-day mortality by 41%
(hazard ratio [HR] 0.59; 0.47–0.74; p <0.001). Steroids only
improved survival in patients with MELD scores between 21 (HR
0.61; 0.39–0.95; p = 0.027) and 51 (HR 0.72; 0.52–0.99; p =
0.041). The maximum effect of corticosteroid treatment (21–30%
survival benefit) was observed with MELD scores between 25
(HR 0.58; 0.42–0.77; p <0.001) and 39 (HR 0.57; 0.41–0.79; p
<0.001). No corticosteroid benefit was seen in patients with
MELD >51. The type of corticosteroids used (prednisone, pred-
nisolone, or methylprednisolone) was not associated with sur-
vival benefit (p = 0.247).
Conclusion: Corticosteroids improve 30-day survival only
among patients with severe AH, especially with MELD scores
between 25 and 39.
Lay summary: Alcohol-associated hepatitis is a condition where
the liver is severely inflamed as a result of excess alcohol use. It is
associated with high mortality and it is not clear whether the
most commonly used treatments (corticosteroids) are effective,
particularly in patients with very severe liver disease. In this
worldwide study, the use of corticosteroids was associated with
increased 30-day, but not 90- or 180-day, survival. The maximal
benefit was observed in patients with an MELD score (a marker
of severity of liver disease; higher scores signify worse disease)

between 25-39. However, this benefit was lost in patients with
the most severe liver disease (MELD score higher than 51).
© 2021 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Alcohol use disorder (AUD) is one of the leading risk factors for
disability and death worldwide1 and constitutes the seventh
leading risk factor for premature death and disability.2 Every year,
2.8 million people die as a result of alcohol consumption.
Although excessive alcohol consumption is frequent, AUD is usu-
ally underdiagnosed. A total of 5.1% of adults have AUD, affecting
8.6% of men and 1.7% of women.3 Alcohol consumption explains
half of the cirrhosis cases worldwide, and approximately 35% of
patients with AUD will develop chronic liver disease.4 Alcohol-
associated hepatitis (AH) constitutes an acute and severe form
of alcohol-associated liver disease (ALD) and its global incidence is
increasing. Evidence from the Caucasian and Hispanic population
suggests an AH incidence from 10% to 35% in patients with ALD.5–8

The mortality rate associated with an AH episode is approximately
30–40% at 90 days.5 Consequently, several efforts have been made
to predict disease severity and identify patients who will benefit
from corticosteroids. The current models used to predict short-
term mortality include the Maddrey’s modified discriminant
function (mDF),9 the model for end-stage liver disease (MELD)
score,10–12 the ABIC score,13 and the Glasgow AH score.14 The Lille
score helps to reassess prognosis and identify corticosteroid non-
responders.15 The use of the MELD score at baseline along with the
Lille score on day 7 has demonstrated the best performance to
predict 2-month and 6-month mortality.16 However, the best
predictor of survival at 90 days is the ability to maintain alcohol
abstinence.17 There is currently no model that can be used to
determine futility of treatment, i.e. the characteristics of a patient
in whom the outcome will be poor despite treatment.

Several pharmacological treatments have been assessed for
severe AH during the last decades. Despite conflicting evidence,
corticosteroids are considered the first-line of pharmacological
therapy9 and are recommended by clinical guidelines.18–20 One
of the largest randomized clinical trials (STOPAH, 2015)21

demonstrated a non-significant reduction in 30-day mortality
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in patients with severe AH. However, this benefit was shown in
patients predominantly with MELD scores <30 and was lost
at 90-day and 1-year follow-up.21 Those results have been
consistently observed in 2 systematic reviews.22,23 As a limita-
tion, most of these studies have included only 1 country or re-
gion, and ALD is known to be modulated by genetic and
environmental factors.18 Studies including multinational cohorts,
which could be applicable worldwide, are lacking.

Additionally, corticosteroids have been associated with a
higher risk of complications, including bacterial, viral, and fungal
infections, gastrointestinal bleeding, and metabolic complica-
tions, among others. Currently, more centers are performing
early liver transplantation for severe AH and severe infections
secondary to the use of corticosteroids may preclude some pa-
tients from this possibility. Thus, it becomes even more relevant
to define the specific subgroup of patients who will benefit from
corticosteroids and those for whom the intervention will not
improve outcomes. Moreover, it remains unclear whether there
is a ceiling beyond which corticosteroids will cease to confer a
benefit. Therefore, we aimed to evaluate the range of MELD
scores associated with therapeutic benefit in a multinational
cohort of patients with severe AH.

Materials and methods
Study design and participants
We conducted a retrospective registry-based study of patients
admitted to the hospital with severe AH. We defined severe AH
using the National Institute on Alcohol Abuse and Alcoholism
clinical criteria as: i) increase of total bilirubin levels >3 mg/dl (>50
lmol/L), aspartate aminotransferase (AST) >50 IU/ml but <400 IU/
L, AST/alanine aminotransferase (ALT) ratio >1.5; ii) absence of
other causes of liver disease; iii) consumption of >2 drinks per day
(40 g) in women and >3 drinks per day (50–60 g) in men; iv)
excessive alcohol consumption for more than 5 years continuously
or interrupted; and v) <60 days of abstinence before the onset of
jaundice.24 Liver biopsy was obtained when the diagnosis of AH
was in question (possible AH) and according to local practice in
centers with access to and experience with transjugular liver bi-
opsy. We included all patients meeting the above criteria, clinical
(probable AH) or histological (definite AH), independent of the use
of steroids during the course of disease.We excluded patients aged
<18 year-old, pregnant women and those with AST and/or ALT
levels above 400 IU/ml. Patients meeting any of the following
criteria were also excluded: i) alcohol abstinence for >60 days
before clinical presentation; ii) presence of drug-induced liver
injury, ischemic hepatitis, biliary duct obstruction, viral hepatitis,
autoimmune hepatitis, or Wilson disease; iii) hepatocellular car-
cinoma beyondMilan criteria; iv) extrahepatic neoplasiawith a life
expectancy of less than 6 months; or v) history of severe extra-
hepatic disease (e.g., chronic kidney failure requiring hemodialysis,
heart disease [NYHA class >−3], and lung disease [mMRC class >−3]
conferring a life expectancy of less than 6 months). We included a
total of 53 centers from 17 countries on 4 continents. The median
number of patients included per center was 34 [13-80].

Data collection
We retrospectively collected data from the collaborators of each
center. We performed a retrospective review of the records of
patients hospitalized with the diagnosis of severe AH (from
January 2009 to January 2019). The centers were invited through
the Engage Platform from ALD special interest group from the

American Association for the Study of Liver Diseases. We
collected laboratory results at admission, as well as the type of
steroids and length of use. We recorded the MELD and mDF
scores at admission and during hospitalization, mortality and
causes of death at 30 days. The data collected was recorded in a
confidential electronic case report form. The electronic database
was managed by the main researchers of the study through the
RedCap platform. We requested an informed consent waiver at
each participating center or leveraging from previous consortia
(InTeam, GLOBAL), and de-identified data was analyzed.

Statistical analysis
The primary outcomewas 30-daymortality in patients with severe
AH, treated or not with corticosteroids, and the MELD therapeutic
window that correlates with treatment benefit. The secondary
outcomes were complications resulting from the use of cortico-
steroids in patients with severe AH, and the clinical differences
between the steroids used. Categorical variables were summarized
using frequencies and percentages. We assessed normality distri-
bution in continuous data using the Kolmogorov-Smirnov test.
Continuous variables with normal distribution were described
with mean and standard deviation. Variables without a normal
distribution were summarized using the median and interquartile
ranges. Analyses were completed using the chi-square test for
categorical variables, the Student’s t test for normally distributed
continuous variables and non-parametric tests in the case of
continuous variables that are not normally distributed.

We used discrete-time survival models specified in terms of
discrete-time hazard to estimate the risk of death at 30 days. In
this model, the beginning and the end of each time analysis in-
terval are the same for all patients.25 This survival model can be
estimated through dichotomous response regressions once the
database structure has been transformed into a person-period
type.26 The estimation of the discrete-time hazard was per-
formed via logistic regression models, obtaining hazards as
predicted probabilities. A multivariable logistic regression model
was used to adjust for baseline differences in socio-
demographics and clinical variables and for potential con-
founders. To relax a constant effect assumption of the regression
models, we added an interaction term between the time and
MELD score. Wald’s test was applied to assess the statistical
significance of the interaction term added to the logistic
regression model. Furthermore, a post-estimation analysis was
performed to obtain the predicted probabilities of mortality at 30
days for different MELD scores according to steroid use.
Regarding the comparisons between steroid use groups, the
hazard ratio (HR) was estimated for different MELD scores,
establishing their cut-offs. The transform-the-endpoints method
was used for estimation since it produces asymmetric confidence
intervals at 95% and guaranteed that they were entirely posi-
tive.27 STATA software reports transformed confidence intervals
based on the transform-the-endpoints method for standard para-
metric and semi-parametric survival models.28 All analyses were
performed with STATA software version 16 (StataCorp, College
Station, Texas).

Results
Baseline characteristics of the cohort
We included 3,380 patients from 53 centers in 17 countries on 4
continents. The median age in our cohort was 49 (40–56) years
old and 76.5% were male. The most frequent ethnicities were
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Caucasian (45.3%), Hispanic or Latino (17.1%), Asian (14.3%), and
Indian (13.4%). Seventy-nine percent of patients had a prior
history of cirrhosis. The median MELD score and mDF at
admission were 24 (19–29) and 54 (37–81), respectively. At
admission, patients presented with median bilirubin of 12.2
(5.9–22.6) mg/dl, International normalized ratio of 2.0 (1.5–2.0),
and albumin 2.6 (2.0–3.0) g/dl. The median creatinine at
admission was 0.9 (0.6–1.3) mg/dl and 3.3% of patients required
dialysis during hospitalization. Table 1 summarizes the main
characteristics of the global cohort, and differences in patients
according to use of steroids.

Among patients in whom follow-up information was avail-
able, the estimated survival was 88.1% (95% CI 87.2–88.9) at 30
days, 77% (95% CI 75.9–78.1) at 90 days, and 72.4% (95% CI
71.6–73.7) at 180 days. Only 56 of patients underwent liver
transplantation during the follow-up period. The main attributed
causes of death were multi-organ failure (25.6%), infections
(17.4%), liver failure (11.4%), acute kidney injury (9.7%), and
gastrointestinal bleeding (9.7%) (Fig. S1), although the majority
had more than 1 cause of death.

Use of corticosteroids among the cohort
A total of 1,225 patients were treated with corticosteroids (43.5% of
the global cohort when patients with missing datawere excluded).
The median MELD score, mDF, and bilirubin at the onset of
corticosteroid treatment were 25 (21–29), 62 (46–85), and 15.2
(8.4–23.9) mg/dl, respectively. The median MELD scores at 30, 90
and 180 days were 20 (15–26), 16 (11–22), and 14 (10–20),
respectively. There were no significant differences in MELD score

between steroid-treated and untreated groups at 30-, 90-, and
180-day follow-up (Fig. 1A and Fig. S2A). Serum bilirubin was
significantly higher in patients treated with corticosteroids; the
decrease in serum bilirubin at day 7 was also higher in the steroid-
treated group (Fig. 1B and Fig. S2B). The most frequent cortico-
steroids administered were prednisone (53.2%), prednisolone
(31.3%), andmethylprednisolone (11.9%). The median time of use of
corticosteroids was 20.1 (7–28) days.

Impact of corticosteroid use on survival and identification of
the optimal therapeutic window
Thirty-day mortality was 10.1% (95% CI 8.9–11.4) in the cortico-
steroids group vs. 12.8% (11.6–14.1) in the untreated group (p =
0.238). The 90-day mortality was 21.0% (95% CI 19.1–23.1) in the
corticosteroids group and 20.1% (95% CI 18.4–21.9) in the un-
treated group; 180-day mortality was 24.5% (95% CI 22.1–27.1) in
the corticosteroids group and 26.4% (95% CI 23.7–29.4) in the
untreated group. Due to the baseline differences between both
groups, we analyzed the data adjusting for age, gender, ethnicity,
cirrhosis, dialysis, andMELD score. On adjusted analysis, the use of
corticosteroids decreased the relative risk of 30-day mortality by
41% (HR 0.59; 95% CI 0.47–0.74; p <0.001)(Fig. 2); however, there
were no significant differences at 90 (HR 0.92; 95% CI 0.33–2.56;
p = 0.871) or 180 days (HR 0.14; 95% CI 0.01–1.48; p = 0.102)
(Fig. S3). Additionally, the therapeutic benefit in reducing 30-day
mortality was only observed when steroids were used in patients
with MELD scores between 21 (HR 0.61; 95% CI 0.39–0.95; p =
0.027) and 51 (HR 0.72; 95% CI 0.52–0.99; p = 0.041) (Fig. 2).
Importantly, considering the upper limit of the 95% CI of the HR,

Table 1. Baseline characteristics of patients according to the use of corticosteroids.

Characteristics Global
(N = 3,380)

Non-corticosteroid group
(n = 1,592)

Corticosteroid group
(n = 1,225)

p value

ˇ

Age (y)† 49 (40–56) 49 (42–57) 47 (39–55) 0.003
Men (%) 76.5 75.5 71.2 0.010
Ethnicity (%) <0.001
Caucasian 45.3 43.7 59.5
Hispanic or Latino 17.1 17.1 25.0
Asian 14.3 27.6 1.5
Indian 13.4 3.4 3.4
Black 4.8 2.7 4.0
Mestizo 3.1 3.2 4.4
American-Indian 0.6 0.8 0.7
Other 1.4 1.5 1.5

Cirrhosis (%) 79.1 76.7 79.5 0.238
MELD at admission† 24 (19–29) 22 (18–29) 25 (21–31) <0.001
mDF at admission† 54 (37–81) 45 (27–68) 63 (46–90) <0.001
Laboratory testing:
AST (IU/L)† 142 (96–216) 142 (94–220) 148 (110–214) 0.230
ALT (IU/L)† 48 (32–80) 48 (32–78) 50 (33–79) 0.323
GGT (IU/L)† 268 (118–530) 266 (116–566) 285 (132–513) 0.887
Alkaline phosphatase (IU/L)† 172 (122–260) 167 (115–249) 189 (131–292) 0.015
Total bilirubin (mg/dl)† 12.2 (5.9–22.6) 9.4 (4.7–19.3) 16.4 (8.9–25.9) <0.001
INR† 2.0 (1.5–2.0) 1.8 (1.4–2.0) 2.0 (1.8–2.1) <0.001
Creatinine (mg/dl)† 0.9 (0.6–1.3) 0.9 (0.7–1.5) 0.9 (0.6–1.4) 0.273
Sodium (mEq/L)† 133 (129–137) 133 (129–137) 130 (130–137) 0.737

Albumin (g/dl)† 2.6 (2.0–3.0) 2.7 (2.1–3.0) 2.7 (2.0–3.0) 0.371
Dialysis* (%) 3.4 5.7 1.4 <0.001
Liver transplant (%) 3.3 3.0 4.1 0.266
Comparisons were performed using Chi-square test for categorical variables, the Student’s t test for normally distributed continuous variables and non-parametric tests in the
case of continuous variables that are not normally distributed. Patients in the global cohort who had missing data were excluded from the multivariable logistic regression
model. GGT, gamma-glutamyltransferase; INR, international normalized ratio; mDF, Maddrey’s modified discriminant function; MELD, model for end-stage liver disease.ˇ

p value for non-corticosteroid vs. corticosteroid group.
†Median and interquartile range [25-75].
*At least twice in the last week.
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the maximum effect of corticosteroids (21–30% survival benefit)
was observed in patients with MELD scores between 25 (HR 0.58;
95% CI 0.42–0.77; p <0.001) and 39 (HR 0.57; 95% CI 0.41–0.79; p
<0.001). Moderate benefit (11–20% survival benefit) was observed
with MELD between 22–24 and 40–44 (Fig. 2). There was no
significant association between survival and the type of cortico-
steroid used (prednisone, prednisolone, or methylprednisolone)
(p = 0.247). DifferentMELD cut-offs and 95% CIs for 30-day patient
mortality are described in Fig. 3.

We evaluated the response to treatment with the Lille model
at day 7 (according to the validated cut-off value <0.45). We
stratified patients into 3 groups according to MELD score at
admission (less than 25, between 25–39, and 40 or
more)(Fig. S4). In patients with MELD scores of 25 or less, 70.9%
of the group without corticosteroids had response criteria,
compared to 62.8% of treated patients from the corticosteroids
group (p = 0.006). Inversely, in patients with MELD scores over
40, the treatment response was higher in the corticosteroids
group (44.2% vs. 21.8%, p = 0.018). There were no differences in

response to treatment in patients with MELD scores between
25–39 (36.4% in the group without corticosteroids and 39% in the
corticosteroids group; p = 0.482).

Complications of corticosteroid use
The most frequent reason for discontinuing corticosteroid
treatment was non-variceal gastrointestinal bleeding (78%), in-
fections (15.7%), variceal bleeding (3.4%), and acute kidney injury
(3%). At the end of follow-up, there were no differences in
mortality rate due to documented infections between cortico-
steroids and untreated groups (18.4% vs. 19.5%, respectively; p =
0.709). The observed mortality due to acute kidney injury was
higher in the untreated group than the corticosteroids group
(14.2% vs. 5.4%, respectively; p <0.001)(Fig. 4).

Discussion
Severe AH is a life-threatening condition, with high short-term
mortality.18 Corticosteroids constitute the first-line therapy for
patients with severe AH (MELD >20), despite conflicting data on
their benefit.18–20 However, it is unclear whether there is an
upper limit of MELD score beyond which corticosteroids will
cease to confer a benefit. In this large retrospective, multicenter
cohort study, we demonstrated that: i) the use of corticosteroids
decreases 30-day mortality in severe AH by 41%, but does not
reduce mortality at 90 or 180 days; ii) using an MELD score >20
to initiate treatment with corticosteroids for severe AH is valid;
iii) steroid therapy is beneficial in patients with severe AH

p = n.s.
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Fig. 1. Impact of steroid use in terms of severity at 30, 90 and 180 days. (A),
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liver disease.
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MELD, model for end-stage liver disease.
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with MELD scores between 21 and 51 points. Interestingly, cor-
ticosteroids confer their maximum survival benefit (of at least
20–30%) in patients with MELD scores between >−25 and 39; and
vi) there is a moderate benefit (10–20% survival benefit) with
steroid therapy in patients with MELD scores between 22–24
and 40–44.

One of the main strengths of our study is its global nature. We
included 3,380 patients from 17 countries and 4 continents,
including 7 different ethnicities (especially Caucasian, Hispanic,
Asian-Pacific Islander, and South Asian). This is arguably the
largest and ethnically most heterogenous cohort in this field.
Nearly half of the cohort included in the multivariable analysis
(43.5%) were treated with corticosteroids; treated patients had
more severe liver disease at baseline, evidenced by a higher
MELD score and mDF. Thus, only after appropriate adjustment
for disease severity and baseline characteristics could the real
benefit of corticosteroids be assessed. Prednisone was the most
frequently used therapy, and the median time of therapy was 3
weeks (20.1 days). Our cohort is quite different from previous
studies. First, a large percentage of prior studies were carried out
in the 70s and 80s, most had a low number of patients, and the
intensive care support for patients with severe AH was not what
we currently have today.9,29–38 In these studies, there were
important differences in corticosteroid dosage, with doses up to
3 grams of methylprednisolone in 1 study.36 Therefore, most of
the initial systematic reviews yielded contradictory conclu-
sions.39–42 Three prior studies with 131, 101, and 61 patients
demonstrated a short-term benefit with corticosteroid use.43,44

In 2015, the STOPAH study demonstrated that the use of pred-
nisolone in patients with severe AH was associated with a non-
significant decrease in mortality at 28 days; however, there
was no significant effect on mortality at 90-day or 1-year follow-
up. That study included 1,103 patients from the UK, with a mean
MELD lower than our cohort (21.2 ± 6.2).21 These results have
also been supported by recent systematic reviews.22,45 In 2019, a
Cochrane systematic review that included 16 studies (from 1977
to 2015) with a total of 1,884 participants concluded that corti-
costeroids confer no clear benefit over placebo with respect to
all-cause mortality at 3 months in patients with severe AH.
However, there is great heterogeneity in the included studies
(severity of AH, corticosteroid dose, presence of cirrhosis), many
of them with a high-risk of bias or unclear risk of bias.23

Although the STOPAH trial suggested short-term benefits, it

raised concerns regarding the benefit of corticosteroids in the
most severe stages of AH and in different ethnicities. That is, it is
unclear from current studies whether there is a level of disease
severity beyond which steroids are ineffective or futile in pa-
tients with AH.

Based on previous data, there is no robust evidence of a
possible disease severity window in which steroids are most
effective. In fact, the STOPAH study suggested a narrow thera-
peutic window (mean MELD score of 21.2 ± 6.2).21 In the current
study, we demonstrated the short-term benefit of corticosteroids
even with higher MELD scores, and the highest effect was
observed in patients with MELD scores between 25 (HR 0.58;
95% CI 0.42–0.77; p <0.001) and 39 (HR 0.57; 95% CI 0.41–0.79; p
<0.001), expanding the therapeutic window suggested by the
STOPAH study. Different preparations of corticosteroids are used
in various countries, depending on availability. We demonstrated
in this study that prednisone was as effective as prednisolone,
confirming its benefit in patients with severe AH.

Corticosteroid therapy has several adverse effects, including
an increased risk of severe infections, upper gastrointestinal
bleeding, hyperglycemia, or decompensation of diabetes melli-
tus, psychological disturbances, and adrenal insufficiency, among
others.46 All of these conditions increase morbidity, mortality,
length of hospital stay, and healthcare costs. Thus, it becomes
even more relevant to abstain or suspend corticosteroid treat-
ment when the risks outweigh the benefits. Infections are the
most important adverse effect in severe AH. Two previous
studies reported a higher risk of severe infections with the use of
prednisolone.21,46 A recent systematic review showed that
corticosteroid use does not increase mortality from bacterial
infections, but it can increase the risk of fungal infections.47

Other systematic reviews did not show that corticosteroids in-
crease severe adverse effects; however, the evidence is not
strong.48 In our study, even with prolonged use of corticoste-
roids, only 17.4% of the cohort died due to infections, with no
differences in the infection rate between treated and un-
treated patients.

Our retrospective cohort study includes a vast number of
patients, ethnicities, and centers. However, our study suffers
from the limitations of any retrospective cohort study, including
the extensive variability regarding the indication of steroid use
and the absence of all the desired variables for all patients.
Further, of the 3,380 patients included, only 45% completed
follow-up to 180 days, reducing the sample size for long-term
outcome analysis. Also, identifying cut-offs based on repeated
confidence intervals has limitations since this could disadvan-
tage groups with smaller sample size. The causes of death and
the numbers of organ failures could not be clearly ascertained
from the data. It was also unclear whether all infections were
captured in the database, given the lower prevalence than in
other studies. Based on these limitations, the indication for ste-
roids in patients with high MELD (over 40) must be analyzed
individually, balancing the benefit and the risk of infections.

In conclusion, our study confirms that corticosteroid use in-
creases 30-day, but not 90- or 180-day, survival in patients with
severe AH. The maximum benefit of corticosteroid therapy was
observed in patients with MELD scores between 25 and 39; fu-
tility of corticosteroid treatment was observed in patients with
MELD scores >51. The benefit of multiple investigational agents is
currently being investigated in clinical trials. Until the benefit of
these agents is demonstrated, it seems reasonable to use
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corticosteroids in patients with severe AH and MELD scores be-
tween 21–51 in the absence of contraindications.
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AH, alcohol-associated hepatitis; ALD, alcohol-associated liver
disease; AST, aspartate aminotransferase; AUD, alcohol use dis-
order; HR, hazard ratio; mDF, Maddrey’s modified discriminant
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ABSTRACT

This manuscript describes the use of ultrasound elastography,
with the exception of liver applications, and represents an
update of the 2013 EFSUMB (European Federation of Societies
for Ultrasound in Medicine and Biology) Guidelines and
Recommendations on the clinical use of elastography.

ZUSAMMENFASSUNG

Diese Arbeit beschreibt den Einsatz der Ultraschall-Elastogra-
fie mit Ausnahme der Leberanwendungen und ist eine Aktua-
lisierung der Leitlinien und Empfehlungen der EFSUMB
(European Federation of Societies for Ultrasound in Medicine
and Biology) von 2013 zum klinischen Einsatz der Elastografie.

ABBREVIATIONS

SE strain elastography
SWE shear wave elastography
pSWE point shear wave elastography
TE transient elastography
IQR interquartile range
IQR/M interquartile range/median
ARFI acoustic radiation force impulse
BIRADS Breast Imaging Reporting and Data System
TIRADS Thyroid Imaging Reporting and Data System
TI thermal index
MI mechanical index
SR strain ratio
SH strain histogram
EFSUMB European Federation of Societies for Ultrasound

in Medicine and Biology
ECMUS European Committee of Medical Ultrasound

Safety
WFUMB World Federation for Ultrasound in Medicine and

Biology
LoE levels of evidence
GoR grades of recommendation

1. Introduction
This manuscript describes the use of ultrasound elastography,
with the exception of liver applications, and represents an update
of the 2013 EFSUMB (European Federation of Societies for Ultra-

sound in Medicine and Biology) Guidelines and Recommendations
on the clinical use of elastography. A taskforce comprising
32 EFSUMB members was established in 2017 to draft a manu-
script derived and updated from the previous EFSUMB guidelines
on elastography: part 1 (Basic Principles and Technology) and
part 2 (Clinical Applications) [1, 2]. For each recommendation
levels of evidence (LoE) and grades of recommendation (GoR)
were also included to show the clinical role and value of elastogra-
phy in various non-liver applications. These were assigned accord-
ing to the Oxford Centre for Evidence-based Medicine criteria
(http://www.cebm.net/oxford-centre-evidencebased-medicine-
levels-evidence-march-2009/). A consensus opinion was estab-
lished by vote as follows: strong consensus (> 95 %), broad con-
sensus (> 80 %), with approval, disapproval or abstaining from
each participant. The manuscript was prepared initially by e-mail
communication and was discussed in a consensus meeting in
Frankfurt am Main, Germany, during February 2018.

2. Training
EFSUMB maintains a policy to attain high quality in all aspects of
ultrasound education and to promote excellent professional
standards in the practice of elastography. EFSUMB has defined
three levels of competence, defined in the document on minimal
training requirements [3], and these training levels also apply to
the application of elastography. To ensure high-quality scanning
and the lowest possible intra-operator variability, EFSUMB recom-
mends that ultrasound elastography should be performed by
operators that have passed competence Level 1. This is particu-
larly relevant to the evaluation of focal lesions present in various
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organs as these lesions must be first assessed by B-mode and
Doppler ultrasound [4]. However, it is possible to train dedicated
personnel to selectively perform elastography, e. g. for the thyroid
gland [5]. Nevertheless, there has to be an appreciation of the dif-
ference between acquisition and interpretation of elastography,
as the latter also requires knowledge of the patient’s clinical his-
tory, hematological and biochemical parameters, and other com-
parative imaging findings. Furthermore, experience in ultrasono-
graphy is important as this influences the ability to perform
shear wave measurements, particularly in obese patients [6]. For
all ultrasound operators it is important to follow international
guidelines, obtain adequate knowledge and training, and to
perform elastography in accordance with national medico-legal
regulations.

RECOMMENDATION 1

The operator should obtain adequate knowledge and training
in ultrasonography and elastographic methods and perform
the examination within the medico-legal framework of the
specific country (LoE 5, GoR C) (For 20, Abstain 0, Against 0).

3. Terminology
Terminology of ultrasound elastography has been widely accep-
ted [1, 7]. In the following, we briefly refer to the distinction be-
tween strain elastography (SE) and shear wave elastography
(SWE), which includes acoustic radiation force impulse (ARFI)
based techniques and transient elastography (TE). All available
ultrasound elastography methods employ ultrasound to measure
the internal tissue shear deformations resulting from an applied
force but the type of force is important. If the force varies slowly
relative to the shear propagation time to the depth of interest, as
is the case for transducer palpation or physiological motion, it is
considered quasi-static. The signal processing within the scanner
for all current commercial ultrasound elastography methods
begins with the measurement of tissue displacement as a function
of spatial position and time, which is performed using cross-corre-
lation tracking, Doppler, or other signal processing. The various
elastography methods differ importantly according to what they
do with these displacement data, to create an elastogram or elas-
ticity measurement.

According to the EFSUMB guidelines, there are two options for
the property displayed [8, 9]:
▪ Display tissue strain or strain rate, calculated from the spatial

gradient of displacement or velocity respectively, as in SE. SE is
a type of quasistatic elastography, because the applied force
varies slowly, while the acquired images are qualitative for
tissue properties.

▪ Display shear wave speed, calculated by using the time varying
displacement data to measure the arrival time of a shear wave
at various locations. There are a number of such methods,
which are grouped under the heading SWE, and include tran-
sient elastography (TE), point shear wave elastography (pSWE)

and multidimensional SWE (2D-SWE and 3D-SWE). These are
based on either a transient shear deformation induced by a
controlled applied force (TE) or by quantification of tissue
displacement induced by acoustic radiation force impulse
(ARFI) [8, 9].

Most SE ultrasound systems do have an indicator (quality index)
displayed in real time, indicating that the degree of compres-
sions/decompressions is appropriate to generate repeatable and
reproducible SE images [7 – 11]. The pressure and direction of
compressions can be changed by the examiner, especially for
external ultrasound procedures, with the compressions/decom-
pressions needed by most systems being less than 2 %. Quality
factors for the shear wave speed estimate are available also for
the 2D-SWE techniques. For ARFI-based techniques, an approach
similar to that of TE has been employed to assess the quality of the
measurement, including the interquartile range (IQR) values (i. e.
the difference between the 75th and 25th percentile) and
IQR/median. Assessment is considered reliable when the IQR is
less than 30% of the median [8, 9]. The values obtained for SWE
vary between different machines and are not interchangeable.

For more terminology and quality assurance details, refer to
the EFSUMB and WFUMB guidelines on the use of elastography
[1, 2, 7 – 11].

4. Safety
Elastography needs a “push” to the organ of interest that can be
produced either mechanically or acoustically and may be quasi-
static or dynamic. Different techniques are commercially available
for the measurement of elastic values for an increasingly wide
range of clinical applications. It is essential to know the principle
of each of the techniques and how it is applied to understand the
implications for patient safety [1– 3]. A possible risk depends on
the technology or type of elastography used and its anatomical
application.

4.1 Methods

Techniques which utilize a mechanically induced force to generate
SE, strain rate imaging, TE and time harmonic elastography (which
uses external vibrations at multiple frequencies to create com-
pound shear wave speed maps) share the same output issues as
conventional B-mode ultrasound examination [1]. Therefore,
applications of TE measuring quantitative stiffness data were
demonstrated to be feasible for children to assess not only liver
stiffness data [12, 13] but also spleen stiffness measurement
[14] with no increased risk. Also, there is new evidence that
patients with cardiac pacemakers or implantable cardioverter
defibrillators, have a low potential to be harmed by TE applica-
tions [15, 16].

Acoustically induced techniques which require push pulses
(known as ARFI imaging, ARFI quantification, pSWE, SWE [2]) on
the other hand operate with higher output (higher TI and MI
values) [17, 18]. The safety profile is comparable with pulse-
wave Doppler mode and the acoustic output will depend on the
applied sequence and repetition of pushing and tracking pulses.
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A certain amount of energy is required to displace the tissue, even
a few microns, using acoustic radiation force to generate shear
waves within the tissue (longer pulses of up to 1000 μs are need-
ed, as compared to short pulses up to 2 μs for diagnostic
ultrasound) [8, 9]. The number of push pulses and repetitions dur-
ing the measurement determine the amount of energy deposited
in the tissue. Simulations have revealed a possible temperature
rise of about 5 degrees Celsius if bone is present or sensitive tis-
sues such as the eye and a fetus are involved with the temperature
maximum at the focus [19 – 21]. Also, tracking beams, repeated
with high frequencies, use pulse pressures close to the upper
Food and Drug Administration limit (MI ≤ 1.9) to ensure a suffi-
cient signal-to-noise ratio for reliable detection [22]. During
ARFI imaging, the displayed indices (MI and TI) may be underesti-
mated.

RECOMMENDATION 2

To comply with safety, the ALARA (as low as reasonably
achievable) principle should be applied when using ultra-
sound elastography (LoE 2b, GoR B) (For 18, Abstain 2,
Against 0).

RECOMMENDATION 3

Caution is recommended for shear wave elastography using
long pulse sequences, particularly when exposing sensitive
tissues (LoE 2b, GoR B) (For 19, Abstain 1, Against 0).

5. Breast

5.1 Background

Breast elastography is used for differentiating benign focal lesions
from suspicious focal lesions – benign lesions have low stiffness,
while malignant lesions have high stiffness. Both strain and shear
wave methods have been evaluated for improving the generally
high sensitivity and specificity of the Breast Imaging Reporting
and Data System (BIRADS) and it is recommended that they are
used as add-ons to the regular B-mode examination.

5.2 Methods

5.2.1 Strain elastography

SE images in breast ultrasound may be evaluated visually using
the Tsukuba score (also known as the Itoh or Ueno score) [23],
semi-quantitatively using strain ratio (SR) or strain histograms
(SH) [24] or by the lesion size on elastography divided by the
lesion size on B-mode ultrasound (E/B ratio) [25]. An optimal
elastogram includes the glandular tissue, the surrounding fat,
and the lesion [11].

The Tsukuba score is a five-point visual scale, where the lesion
is scored according to the extent of stiff tissue. A lesion not stiffer

than the surrounding tissue is designated as 1, a value of 2 or 3 is
assigned to lesions with increasing proportions of stiff tissue, a
value of 4 is assigned to a lesion that is stiffer throughout, and
5 indicates that the stiffness extends beyond the margins of the
mass seen on B-mode. The best cut-off point for discriminating
benign from suspicious masses has been shown to be a score
between 3 and 4 [26 – 28]. It has been shown that SE, in addition
to B-mode ultrasound, increases the specificity of the examina-
tion (up to 97%) and helps to avoid unnecessary biopsies [29].

Anechoic lesions with liquid content show a typical three-
layered echo-pattern in SE, called the Blue Green Red (BGR) sign.

5.2.2 Shear wave elastography

For SWE, findings are measured in m/s but may also be reported in
kPa depending on the system used. As for SE the optimal image
should include the lesion, fat and the glandular tissue. Malignant
tumors tend to be more heterogeneous and stiffer than benign
tumors. Often the stiffness seems to be most marked at the per-
iphery of the mass and may demonstrate such high values that
the system is unable to record a measurement.

5.3 Clinical Applications

5.3.1 Evaluation of breast masses

An early study using SR in 99 nonpalpable benign and malignant
breast masses established an optimal cut-off of 2.24 and stated
that the higher the SR, the higher the risk of malignancy [30].
The cut-off for SR has since been evaluated in several studies
with different systems and is incomparable between different
vendors, as seen in other organ applications. In a recent meta-
analysis [31], the accuracy of SR was evaluated based on 9 studies
(2087 tumors) with a sensitivity of 0.88 and a specificity of 0.83.
The E/B ratio (ratio of the lesion size with SE to the lesion size with
B-mode ultrasound) increases with increasing tumor grading,
with low grade tumors having a ratio close to 1 [11].

In the BE1 multicenter study SWE results were studied retro-
spectively and several parameters were examined. One finding of
the study was that the addition of SWE resulted in some BIRADS 3
lesions appearing stiffer and potentially allowed for an upgrade to
a 4a mass, requiring a biopsy. If SWE had been included and used
in this way, the overall sensitivity and specificity would have
increased to 98.6 % and 78.5 % versus 97.2 % and 61.1 % for
B-mode ultrasound alone [32]. Increasing stiffness has also been
shown to correlate with increasing tumor grading [33 –36].

In cysts with pure liquid, no signals are obtained from the shear
waves and the lesion is seen as black. However, in cysts with a
higher viscosity shear wave signals may be obtained depicting
the cyst as having a low stiffness.

5.3.2 Evaluation of axillary lymph nodes

Both SWE and SE have been used in the evaluation of axillary
lymph nodes, with one study reporting a sensitivity and specificity
of 82.8 % and 69.6 %, respectively, using SWE to distinguish
between benign and malignant lymph nodes using a cut-off of
1.44m/s [37]. Using SE, the sensitivity was 60% and the specifici-
ty was 79.6 % for the diagnosis of malignancy [38]. Another study
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compared the AUROC for elastography with the AUROC for con-
ventional B-mode ultrasound. The values were 62 % and 92 %,
respectively, and no significant improvement was shown when
elastography was added to B-mode ultrasound (AUC: 93%) [39].

5.3.3 Prognosis

The key factors for prognostic information are provided by histo-
logical and pathological analysis, based on cancer sub-typing and
also immuno-histochemical analysis. Univariate analysis has dem-
onstrated a significant correlation between stiffness of a breast
cancer and prognostic factors. For SWE, studies reported an
increased stiffness for cancer grading of more malignant tumors,
larger lesion size, tumor and lympho-vascular invasion in invasive
breast cancer. Triple-negative carcinomas (testing negative for
oestrogen, progesterone and HER2 receptors), which are often
evaluated with BIRADS 3 on B-mode ultrasound, are quite difficult
to assess in clinical practice. SWE is reported to show increased
stiffness in these cases and can lead to the correct assessment
[33 – 35, 40].

A study reporting the analysis of 396 breast cancers showed
that SWE is an independent predictor of lymph node metastasis
when using E-mean (mean elasticity values for a defined region
of interest) as a descriptor. When the breast cancer had E-mean
< 50 kPa, only 7 % of the lymph nodes were metastatic, whereas
41 % of the lymph nodes were positive when E-mean was higher
than 150 kPa [41].

5.3.4 Efficacy of neoadjuvant therapy

The tumor response to neoadjuvant chemotherapy may be eval-
uated with different imaging modalities. In a study with a small
sample size of 15 patients, the possibility of predicting response
to neoadjuvant chemotherapy with SE was reported [42]. How-
ever, larger studies for SE using commercially available systems
are not available. A significant correlation between response to
treatment and the decrease in heterogeneity and tumor stiffness
has been reported [43, 44]. Currently, imaging methods other
than elastography should be used in the evaluation of tumor
response to neoadjuvant chemotherapy.

5.4 Limitations and artifacts

Pre-compression with the transducer should be avoided as this
increases the stiffness of all tissues. Normal fatty tissue has
E-mean values ranging from 5 – 10 kPa (using SWE) if the scale is
from 0 – 180, although the color scale may be changed. If the
color changes according to these values, the pre-compression
should be adjusted [45].

RECOMMENDATION 4

Ultrasound elastography could be used to increase diagnostic
confidence in the characterization of a breast lesion (LoE 2a,
GoR B) (For 20, Abstain 0, Against 0).

RECOMMENDATION 5

A BIRADS 3 lesion appearing stiffer on breast ultrasound elas-
tography should be considered for biopsy (LoE 2a, GoR b)
(For 20, Abstain 0, Against 0).

6. Prostate

6.1 Background

The screening standard for prostate abnormalities has been the
combination of digital rectal examination and the serum prostate
specific antigen (PSA) level. However, PSA screening leads to a
substantial number of unnecessary biopsies in patients with no
or indolent cancer who do not need immediate treatment [46]
and has a high false-negative rate (17 – 21 %) [47]. Saturation
biopsy (up to 40 cores) can rule out prostate cancer, but has
many limitations, including cost and morbidity, and over-diagno-
sis of microscopic tumor foci [48]. SE and SWE assessment and
identification of stiff prostatic tissue with a transrectal ultrasound
approach can be useful as described in previous elastography
guidelines [1].

6.2 Methods

6.2.1 Strain elastography

Hypoechoic stiff lesions of the prostate are suspicious for malig-
nancy [49]. Slight compressions are induced using the transrectal
transducer. The use of an inflatable balloon has been suggested to
improve the standardization of compressions. The elastography
box should cover the entire gland and the surrounding tissues,
but avoid the bladder. Semi-quantitative information can be
derived by measuring the SR between two regions of interest.

Using stepwise scanning of the prostate from base to apex, SE
allows detection of stiff regions and provides stiffness compari-
sons between lesions and the adjacent prostatic tissue. Most stud-
ies report a significant improvement in prostate cancer identifica-
tion with SE, including guidance for targeted biopsies [50 – 53].
However, there are still controversies and one recent study re-
ported the inability to differentiate prostate cancer from chronic
prostatitis [54]. The sensitivity, specificity, negative predictive val-
ue, positive predictive value, and accuracy for identifying cancer
index lesions for focal therapy were 58.8 %, 43.3 %, 54.1 %,
48.1 %, and 51.6 %, respectively [55]. Though improvement in
biopsy guidance is reported in many studies [53, 56, 57], others
did not confirm this result [58].

6.2.2 Shear wave elastography

Unlike SE, SWE requires no compression on the rectal wall [59].
Optimized settings include maximizing penetration and setting
up an appropriate scale. The image can cover the entire gland in
the transverse section when the prostate is not markedly en-
larged. Otherwise, each side of the prostate is imaged separately
from base to apex for review and measurements of elastography
values. For each plane, the transducer is maintained in a steady
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position until the image stabilizes. Hypoechoic stiff lesions are
suspicious for malignancy. The ratio between the mean elasticity
values of two regions can be calculated.

In young healthy subjects the entire prostate exhibits a uni-
form low stiffness appearance with low elasticity values [60, 61].
In benign prostate hyperplasia, the peripheral zone remains
homogeneous with low stiffness, while the central and transition
zones become heterogeneous and stiff, particularly when there
are calcifications. Typical benign peripheral lesions have a similar
stiffness as the surrounding normal parenchyma, while cancers
are stiff [60, 61]. The best cut-off stiffness value to maximize the
negative predictive value for malignant lesions was found to be 35
and 37 kPa in two studies with 2D-SWE [57, 58] with a sensitivity,
specificity, PPV and NPV of 63 %, 91%, 69.4 %, and 91%, respec-
tively. The SWE ratio provided additional information as it consid-
ers the increased stiffness of the peripheral zone from calcifica-
tion and chronic prostatitis. The ratio showing the best accuracy
to differentiate between the nodule and the adjacent peripheral
gland for benign and malignant lesions was 1.5 ± 0.9 and 4.0 ±
1.9, respectively (p < 0.002) [61].

6.3 Clinical applications

Several studies indicate that elastography provides useful addi-
tional information to conventional transrectal ultrasound for pros-
tate cancer detection. Applications that have been more exten-
sively investigated include the characterization of abnormal
areas, the detection of lesions not seen with any previous imaging
technique and biopsy targeting. Additionally, elastography could
be combined with other imaging techniques in the same exami-
nation to address the heterogeneous growth pattern of prostate
cancer. Improvement in detection and prediction of cancer was
seen during multiparametric ultrasound when elastography is
used as a triage test followed by contrast-enhanced ultrasound
or as an adjunct during image fusion of magnetic resonance
imaging and transrectal ultrasound [62– 65].

6.4 Limitations and artifacts

Both techniques suffer from intrinsic limitations: not all cancers
are stiff and not all stiff lesions are cancers (particularly in the
presence of calcifications and fibrosis). The transrectal technique
carries an intrinsic risk of inadvertently applying excess pre-com-
pression because of the end fire arrangement of the transducer.

Limitations of SE include the non-uniform force over the gland
and intra- and inter-operator dependency. 2D-SWE has additional
limitations such as a slower frame rate and the small elasticity box
which only allows examination of half the gland at a time.

RECOMMENDATION 6

Transrectal ultrasound elastography of the prostate could be
used to identify suspicious target regions for biopsy in order
to increase the diagnostic yield of biopsy (LoE 2b, GoR b)
(For 20, Abstain 0, Against 0).

7. Thyroid

7.1 Background

Chronic thyroiditis and malignant tumors increase diffuse or focal
thyroid stiffness [66]. Elastography is emerging as a potential indi-
cator for these abnormalities and may provide additional informa-
tion to support clinical decision-making.

7.2 Classification systems – TIRADS

Accurate estimation of the malignancy risk by ultrasound could
help to select thyroid nodules with a high risk of cancer for fine
needle aspiration and biopsy (FNAB). More recently, an assess-
ment concept called “grading system” or “reporting system”
termed “Thyroid Imaging Reporting and Data System” or TIRADS
has emerged, allowing thyroid nodules to be classified into
categories related to their ultrasound patterns [66 – 74].

7.3 Methods

SE is the initial method which has been implemented on most
commercially available ultrasound systems, thus evidence is quite
consolidated on this topic, with a number of studies and meta-
analyses being published [75 – 81]. More recently, SWE has
become available for thyroid evaluation with multiple studies
reported [82 – 85].

7.4 Clinical applications

7.4.1 Strain elastography

Two different methods of assessing SE outcome have been report-
ed, namely semi-quantitative scoring systems involving five, four,
or two color patterns respectively [86–88] and SR, which compares
the strain values of the nodule to those of the surrounding thyroid
parenchyma (parenchyma-to-nodule ratio) or the surrounding
muscles (muscle-to-nodule ratio) [4, 89]. Although no consensus
has been reached about the cut-off values to use for SR (as low as
1.5 for benign nodules and as high as 5 for malignant nodules have
been suggested), it has been shown that the SR has a lower inter-
observer variability and is more easily learned than simple color pat-
terns [4]. Importantly, most studies on SE were performed in selec-
ted populations with a high prevalence of malignant nodules. It has
been shown that SE has a lower sensitivity and specificity in a low-
risk population [4, 90]. Furthermore, tumors other than papillary
carcinomas may have an unexpectedly low stiffness [4, 91, 92]. In
patients with coexistent diffuse thyroid disease, the role of SE in
detecting malignant nodules has still not been validated [4]. The
most recent meta-analysis [81] included 13 studies on SE performed
from 2007 to 2016, with sensitivities ranging from 48% [93] to 97%
[94] and specificities ranging from 64 % [95] to 100 % [94]. The
pooled sensitivity and specificity of the meta-analysis was 84 %
(95 %CI, 76 % – 90%) and 90 % (95 % CI, 85 % – 94%), respectively,
with pooled accuracy of 94% (95%CI, 91% –96%).

7.4.2 SWE

The mean SW elasticity for malignant thyroid nodules is 19.60 –
52.18 kPa with a reported cut-off value of 26.6 – 65 kPa [96 –
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104]. For benign nodules the mean elasticity is lower at 15.3 – 28
kPa [96 – 104]. Studies included nodules from 2 – 71mm and
most were papillary carcinomas. Therefore, cut-off values have a
wide range and a single threshold cannot be established [82, 83,
85]. The sensitivity for SWE has been reported as 63.8 – 93.8 %,
and the specificity as 50 – 88.2 % [96, 97, 100, 102, 104 – 106].
The most recent meta-analysis [82] included 14 studies and
2851 thyroid nodules with cut-off values ranging from 26.6 to
85.2 kPa. It concluded that 2D-SWE has a fairly good diagnostic
accuracy although the sensitivity and specificity are average.
Studies using ARFI indicated that it enables the evaluation of tis-
sue stiffness and the mean SWE velocity for malignant nodules is
3.13 – 3.9m/s [96, 107 – 111] with a cut-off value 2.15 – 3.77m/s
[96, 107 –111]. Interestingly, a recent meta-analysis [81] showed
that SE and SWE are not significantly different in terms of sensitiv-
ity (SWE pooled sensitivity = 79 % [95 %CI, 73% – 84%]) but SE is
superior to SWE in terms of specificity (SWE pooled specifi-
city = 87% [95%CI, 79% –92%]) and accuracy (SWE pooled accu-
racy = 83% [95%CI, 80% – 86%]).

7.5 Limitations and artifacts

The thyroid is among the most extensively investigated non-liver
application after the breast. Nevertheless, the relevance in the
malignant/benign differential diagnosis remains unclear. Recent
American Thyroid Association and Korean guidelines do not con-
sider stiffness as an indicator of malignancy. However, elastogra-
phy was recently mentioned by both the French TIRADS and the
EU-TIRADS as a complementary imaging tool [70, 112]. Thus,
elastography should not replace B-mode US assessment but
should be used as a complementary tool for assessing nodules
for fine-needle aspiration, especially due to its high negative
predictive value (only 3 % false-positive results) [70].

RECOMMENDATION 7

Ultrasound elastography of the thyroid could be used as part
of nodule characterization, particularly with use of semi-
quantitative methods (LoE 2A, GoR A) (For 17, Abstain 3,
Against 0).

8. Pancreas

8.1 Background

Elastographic properties of the pancreas may be studied with a
transabdominal approach, as well as with an endoscopic or intra-
operative ultrasound approach. Pancreatic transabdominal ultra-
sound elastography requires clear visualization of the gland
(which is not always possible with external ultrasound), whereas
endoscopic ultrasound (EUS) is a minimally invasive technique
that provides high-resolution images of the pancreas, with the
close vicinity of the transducer and the pancreas avoiding artifacts
(fat, gas, etc.).

8.2 Methods

For the elastographic assessment of the pancreatic parenchyma
and focal pancreatic lesions, SWE [7, 113 – 133] as well as SE
[7, 119, 120, 123, 124, 131, 134 – 177] may be used. Transab-
dominal elastography can be performed both by using SE with
qualitative and semiquantitative information, and SWE with quali-
tative and quantitative data. EUS can be performed currently only
with SE techniques with qualitative and semi-quantitative evalua-
tion [178]. For the semi-quantitative approach, both SR and SH
can be used in order to obtain an estimate of the elasticity [153].

The normal pancreas has a uniform intermediate stiffness
throughout the head, body, and tail [123, 124, 129, 130, 132].
Embryologically, the pancreas develops from two primordia, a
dorsal and a ventral part. With SE, elasticity properties seem to
be almost similar in the two parts of a healthy pancreas with a
homogeneous low stiffness appearance [158]. Studies in normal
volunteers affirmed that the mean wave velocity value obtained
in a healthy pancreas with the ARFI technique is approximately
1.40m/s [114].

8.3 Clinical applications

8.3.1 Effect of aging, gender, anatomical segment, and
other variables

With advancing age, pancreatic elasticity may decrease as has
been shown consistently for SE [134] and SWE [121, 129, 131].
Data on the influence of gender, body mass index (BMI), and pan-
creatic echogenicity are not consistent, with most studies demon-
strating no significant influence of these variables on shear wave
velocity [113, 116, 121, 129, 131]. One study using SE with SH
analysis showed lower mean strain values in patients with a hyper-
echoic pancreas and higher BMI [134]. In another study shear
wave velocity was significantly lower in men compared to women
[129].

8.3.2 Acute pancreatitis

The consistency of the pancreatic parenchyma usually becomes
stiffer in acute pancreatitis as compared to the healthy pancreas,
which is identifiable with SE and SWE, including ARFI [116]. Ne-
crosis is identified as a low stiffness area. However, studies using
elastographic techniques in patients with acute pancreatitis are
conflicting [116, 130, 179, 180]. One prospective study failed to
find significant differences in pancreatic shear wave velocities be-
tween patients with acute pancreatitis and healthy volunteers
[130]. Three other studies showed significantly higher pancreatic
shear wave velocities in patients with acute pancreatitis compared
to persons with a normal pancreas [116, 179, 180]. In one of
these studies, shear wave velocities of patients with acute
pancreatitis were higher than in chronic pancreatitis patients
[179]. Another prospective study compared transabdominal ARFI
imaging with B-mode ultrasound and computed tomography (CT)
at hospital admission for the diagnosis of acute pancreatitis. SWE
was more accurate (100%) for the diagnosis of acute pancreatitis
than CT (76%) and B-mode ultrasound (53.4 %). The authors were
able to identify segmental involvement of the pancreas as well as
parenchymal necrosis [180].
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8.3.3 Chronic pancreatitis

Qualitative SE displays the pancreatic parenchyma in chronic
pancreatitis with a heterogeneous colored (honeycombed) pat-
tern, with predominantly stiffer strands. Nevertheless, differential
diagnosis between chronic pancreatitis and pancreatic tumor can
be challenging during elastography because both diseases have a
similar stiffness. Therefore, elastography alone is not able to
distinguish chronic pancreatitis from malignant tumors [164].

Both SWE and SE may be used to assess pancreatic fibrosis and
chronic pancreatitis and in particular to grade the severity of
fibrosis (based on simple scoring systems with 4 grades) and
chronic pancreatitis [115 – 117, 122 – 124, 127, 131, 136, 138,
142, 146, 151, 164, 167, 169, 170, 179, 181 – 185]. In patients
with chronic pancreatitis, pancreatic shear wave velocities
[116, 124, 127, 131, 186], SR [148] and SH [146] are significantly
higher than in healthy volunteers or patients with a normal
pancreatic parenchyma. Several studies have shown a significant
correlation between SWE [117, 123, 184] and semi-quantitative
SE [138, 167, 169, 185] and histological pancreatic fibrosis stage.
Moreover, SWE [122, 124, 169] and SR [141] are significantly
correlated with stages of chronic pancreatitis derived from
EUS-based criteria for the diagnosis of chronic pancreatitis.
Another recent study showed significantly higher pancreatic SWE
velocities in patients with clinical markers of severe disease
(disease duration > 10 years, chronic analgesic treatment, lower
body weight) [127]. A direct relationship between the SR of
pancreatic parenchyma and low stiffness peripancreatic tissue
and the probability of pancreatic exocrine insufficiency was
shown in a study using EUS-SE [136]. Another study reported an
inverse correlation between preoperative SW velocity and post-
operative exocrine function in patients undergoing pancreatic
resection [117].

EUS elastography might be helpful in identifying patients with
autoimmune pancreatitis, due to the unique appearance of
diffuse stiff tissue with an elastographic pattern visible both in
the mass lesion and in the adjacent pancreatic parenchyma, with
mainly stiff color signals that were evenly spread over the head
and the body of the pancreas [161, 187].

8.3.4 Preoperative indications

Recently, elastography has been used prior to pancreatic surgery
to examine the gland stiffness in order to assess the risk of surgical
complications. Evaluation of pancreatic stiffness might be an
objective index to estimate pancreatic fibrosis and predict the
risk of postoperative pancreatic fistula. Data from several studies
suggest that SWE [115, 117, 184, 188] and SE [138, 170, 185]
may be used for this purpose. In particular, a pancreatic parench-
yma with a low stiffness as determined by semi-quantitative SE
[138, 170] or SWE [117] proved to be an independent predictor
of postoperative pancreatic fistula.

8.3.5 Pancreatic ductal adenocarcinoma and other solid
pancreatic neoplasms

In pancreatic ductal adenocarcinoma (PDAC), shear wave veloci-
ties are significantly higher than in normal pancreatic parenchyma

obtained in healthy subjects [116, 125, 133] as well as in pancre-
atic parenchyma surrounding the tumor [125]. Shear wave veloci-
ties measured in PDAC usually exceed 3m/s [116, 125, 126, 133].
However, there is a significant overlap of SWE velocities between
malignant solid lesions, benign solid lesions, and chronic pancrea-
titis [116, 126]. One study demonstrated a significantly higher
difference between the SWE velocities of malignant lesions and
surrounding pancreatic parenchyma compared to the difference
values between benign lesions and surrounding parenchyma
[126]. No large prospective comparative studies evaluating the
accuracy of SWE for the characterization of solid pancreatic
lesions are available.

More evidence is available on the clinical value of EUS-SE for
the differential diagnosis of solid pancreatic lesions [172, 189 –
192]. An early study described EUS elastography patterns in
healthy subjects, in diffuse chronic pancreatitis and in focal pan-
creatic lesions [139]. All malignant pancreatic tumors and serous
cystadenomas showed a honeycomb pattern of medium stiffness,
and were well delineated against healthy parenchyma. However,
this pattern was also observed in half of the chronic pancreatitis
patients, so that the specificity of the method was reported at
only about 60%, attributed to fibrotic structures producing similar
mechanical properties in cancer and chronic pancreatitis [139,
164]. Therefore, elastography is not sufficient to contribute to
the early diagnosis of pancreatic carcinoma in chronic pancreatitis
[139, 164].

Qualitative [137, 139, 163, 164, 193 – 195] and semi-quantita-
tive SE approaches (SR, SH analysis) [135, 142 – 144, 149, 150,
152 – 156, 175, 177, 196 – 199] have been used for the differen-
tial diagnosis of benign and malignant focal pancreatic masses,
with both showing high overall accuracy. Computer-aided diagno-
sis techniques might improve the accuracy for the differential di-
agnosis of focal pancreatic masses, with artificial neural networks
being used most often [154, 156]. Several multicenter studies
[155, 156, 194] and other prospective studies [135, 149, 150,
152, 177, 197, 198] consistently showed a very high sensitivity
(over 90 %), but considerably lower specificity and negative pre-
dictive values for the diagnosis of benign versus malignant focal
pancreatic masses. These findings have been summarized in
meta-analyses, affirming the very high sensitivity (95 % – 99 %)
and negative predictive value of EUS-SE, but limited specificity
(64% – 76%) and positive predictive value to diagnose pancreatic
malignancy [172, 189 – 192]. Significant differences in favor of
qualitative or semi-quantitative assessment techniques have not
been observed in meta-analyses. Therefore, there is expert
consensus that SE cannot replace a cytopathological diagnosis of
focal pancreatic disease [162, 200, 201]. Combining several EUS-
based advanced tools of tissue characterization may provide the
best results in differential diagnosis of focal pancreatic lesions
[135, 143, 144, 149, 202 – 205]. Nevertheless, when EUS-guided
sampling is negative or inconclusive, suspicious findings with elas-
tography and contrast-enhanced techniques will influence further
clinical decisions by indicating repeat sampling or direct referral
to surgery. On the other hand, the finding of a solid pancreatic
lesion with elastographic properties of low stiffness and without
hypo-enhancement in contrast-enhanced EUS is nearly always
predictive for the benign nature of the lesion. Since the negative
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predictive value of EUS-FNA for the diagnosis of a malignant solid
pancreatic lesion is only 72 % [203 – 207], such a finding may
prevent potentially nondiagnostic or risky procedures [195, 207].

8.3.6 Cystic pancreatic tumors

Elastography can have a role in pancreatic cystic lesions, both with
SE and with SWE, in particular with ARFI. SWE has been shown to
be accurate for the differentiation between serous and mucinous
cystic pancreatic lesions [133, 208 – 212]. Serous cystadenomas
are filled with serous fluid exhibiting similar physical properties
as water, while numerous and dense septa together with a fibrous
scar can be present in a mucinous cystadenoma. Therefore, the
microcystic serous cystadenoma appears as a very stiff lesion
with EUS-SE [139, 164, 196]. With ARFI, shear wave velocity in
serous cystadenoma is infinitely high and numerical values cannot
be obtained. Due to the more complex fluid content, shear wave
velocities in mucinous cystic lesions are very high, but numerical
values may be obtained in most cases [133, 208 – 212].

8.4 Limitations and artifacts

EUS-elastography suffers from technical limitations and artifacts.
Some issues are common with transabdominal ultrasound, such
as the need to obtain a close proximity to the target and to avoid
anatomical planes allowing slip movements anterior to or within
the imaged region [1]. In particular, large vessels in the imaged
area represent the main reason for shear stress damping. Issues
peculiar to EUS are essentially caused by the small size of the
transducer providing a limited stress source to image the region
of interest. In addition, it is very difficult to standardize the pres-
sure exerted by the echoendoscope tip to the gastrointestinal
wall, resulting in variability of the color mapping. Lastly, respira-
tion and heartbeat-induced movements of the target lesion may
cause a complete lack of color signal within the region of interest.
As far as the color mapping of EUS elastography is concerned,
disadvantages include subjective differences in color vision and
image categories that may not correspond well to pathology
[194]. The selection of frames for the SR or SH measurements is
user-dependent. In addition, unrepresentative elastograms or re-
ference tissues with a different distance to the stress source may
result in method bias [213]. For these reasons, finding an optimal
cut-off for differentiating pancreatic tumors from benign disease
has been challenging.

RECOMMENDATION 8

Transabdominal and endoscopic ultrasound elastography may
be used as additional imaging tools for the diagnosis and
grading of chronic pancreatitis (LoE 2b, GoR B) (For 20,
Abstain 0, Against 0).

RECOMMENDATION 9

Endoscopic ultrasound elastography could be used as a
complementary imaging tool for the characterization of solid

pancreatic lesions. However, it cannot decisively differentiate
focal pancreatitis from pancreatic carcinoma (LoE 2a, GoR B)
(For 20, Abstain 0, Against 0).

RECOMMENDATION 10

When a combination of endoscopic ultrasound elastography
with contrast studies suggests pancreatic cancer despite a
negative or inconclusive biopsy, repeated sampling or surgery
should be considered (LoE 2b, GoR B) (For 12, Abstain 7,
Against 1).

9. GastroIntestinal Tract

9.1 Background

The gastrointestinal tract wall may be visualized by ultrasound as a
layered structure consisting of typically 5 layers [214, 215]. When
examining the intestine, it is preferable to use frequencies above
7.5MHz to enable optimal visualization of wall layers, thickened
bowel wall and focal lesions. This also applies for SE and SWE.

9.2 Methods

SE and SWE are the methods used for elasticity imaging and
measurements in bowel examinations. Studies investigating elas-
tography of bowel wall lesions are predominantly based on SE.

9.2.1 Image interpretation and evaluation

Pathological lesions that increase wall thickness are most relevant
for SE and SWE. This is because the bowel wall is a thin structure
on ultrasound imaging that has natural peristalsis and allows con-
siderable movement on both the serosa and the luminal sides.
This tends to add artifacts to strain imaging and makes a targeted
SWE or SE measurement more difficult and user-dependent. The
bowel wall may become thickened in both neoplastic and inflam-
matory disease, predominantly in Crohn’s disease (CD). In partic-
ular, SE has been applied in order to clinically distinguish fibrotic
from inflammatory lesions in CD and to distinguish rectal adeno-
ma from adenocarcinoma.

9.3 Clinical applications

9.3.1 Distinction between fibrous and inflammatory
strictures in Crohn’s disease

Several studies on CD in animal models and human specimens
conclude that stiffness is associated with the presence of fibrotic
strictures. Some studies indicate that SE and SWE elastography
can differentiate fibrosis from inflammatory lesions [216 – 218].
A study compared SE in terminal ileum stenosis in CD reporting a
higher visual score of tissue stiffness in fibrosis using magnetic
resonance (MR) enterography as a reference [219]. Another ex-
vivo study on bowel specimens from CD and neoplastic lesions
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also showed that higher stiffness was present in both CD lesions
and in adenocarcinoma, but not in adenomas [220].

The results from seven small series were included in a systema-
tic review of 154 CD lesions in 129 patients [221], suggesting that
stiffness was significantly higher in fibrotic stenosis. Nevertheless,
the systematic review mentions “inhomogeneous and scarcely
comparable” endpoints, as authors used either absolute strain
values or a strain ratio with various anatomic structures for com-
parison (mesenteric fat surrounding the bowel wall or abdominal
wall muscles). In a study of ten patients, SE using the mean strain
in the bowel wall of affected and unaffected bowel segments pre-,
intra- and postoperatively found significant differences in strain
values in affected and unaffected segments which correlated
well with the histological distribution of connective tissue and col-
lagen content [222]. Also, the strain measurements had an
acceptable intraclass correlation coefficient (ICC) in the three
examinations. A study of 23 consecutive patients undergoing sur-
gery for CD [223] found excellent differentiation of patients with
severe ileal fibrosis by histology but also by using SR (including an
excellent inter-rater agreement). Conflicting findings are reported
in a prospective study on SE in 26 patients undergoing surgery for
stricturing CD. On preoperative ultrasound, the SR did not corre-
late with histological scoring of fibrosis or inflammation [224].
Strain imaging of bowel lesions in CD may predict the response
to anti-inflammatory treatment. In a prospective study of 30 pa-
tients with CD, the five patients who needed surgery had signifi-
cantly higher SR measurements at baseline and there was a signif-
icant negative correlation between the SR at baseline and wall
thickness following 52 weeks of anti-tumor necrosis factor (TNF)
therapy [225]. SWE should not be used as a method to distinguish
fibrotic from inflammatory lesions in CD based on current
evidence.

9.3.2 Characterization and staging of rectal tumors

The differentiation and staging of rectal tumors can be performed
using SE as an add-on to B-mode endoscopic rectal ultrasound
(ERUS). Thus, SE may improve the staging of rectal cancer and
differentiate adenoma from adenocarcinoma, when compared to
ERUS alone and with MR imaging (with high interobserver agree-
ment of recorded videos and images) [226 –228]. Another group
found good correlation between diffusion-weighted MR imaging
which is associated with fibrosis, and SWE of malignant rectal
tumors [229]. Another study assessed the performance of ERUS
for rectal tumors using SWE using an 8MHz endorectal transduc-
er, finding that the tumor stiffness measurements corresponded
accurately to the pathological tumor T-stage and diagnostic accu-
racy of tumor staging improved from 76.7 % to 93.3% [230].

RECOMMENDATION 11

Ultrasound strain elastography can be used to characterize
bowel wall lesions in Crohn’s disease (LoE 3b, GoRC) (For 19,
Abstain 1, Against 0).

RECOMMENDATION 12

Ultrasound elastography may improve the staging of rectal
cancer when used as an add-on to endoscopic rectal ultra-
sound and magnetic resonance imaging (LoE 2b, GoRC)
(For 17, Abstain 3, Against 0).

10. Spleen

10.1 Background

Spleen stiffness measurement is an elastography technique used
to assess the severity of chronic liver disease, mainly in conjunc-
tion with liver stiffness measurements for the evaluation of liver
fibrosis or portal hypertension-related complications. Various
SWE techniques have been investigated to predict the presence
of clinically significant portal hypertension, esophageal varices or
to predict long-term prognosis.

10.2 Methodology

Spleen elastography should be performed after at least 3 hours of
fasting and after at least 10 minutes of rest [231, 232], with the
patient in dorsal decubitus and with the left arm in maximal
adduction [233]. The transducer should be placed between the
left intercostal spaces in an area with a good ultrasound window
needed for TE [234], or at least 2 cm below the capsule for non-
TE techniques [235, 236], with the measurement preferably being
performed at the inferior pole [237].

10.3. Clinical applications

a) Assessment of liver fibrosis

Using spleen stiffness as a surrogate marker for staging liver fibro-
sis, two studies [238, 239] demonstrated a pooled sensitivity and
specificity for detecting significant fibrosis (F2) and cirrhosis (F4)
of 0.70 and 0.87 and 0.77 and 0.82, respectively with an AUROC
of 0.88 and 0.85, respectively [22].

b) Assessment of clinically significant portal hypertension

Spleen stiffness correlates well with the hepatic vein portal gradi-
ent and has an excellent diagnostic accuracy (AUROC =0.92) for
clinically significant portal hypertension, irrespective of the tech-
nique used [240], with TE showing a better correlation with the
hepatic vein portal gradient than measuring liver stiffness [234].
For values ≥ 46 kPa, the AUROC for clinically significant portal hy-
pertension varies from 0.846 to 0.966, with good sensitivity
(0.77 – 0.88) and specificity (0.79 – 0.91) [234, 241].

For pSWE, the overall correlation with the hepatic vein portal
gradient is similar and better than for liver stiffness measure-
ments [242], but for values > 10mmHg, the association is weaker
[242, 243]. However, for pSWE, the plotted sensitivity is higher
than for other techniques (0.98 vs. 0.62 –0.83), while the specifi-
city is lower (0.78 vs. 0.89 – 0.93), thus raising the possibility of
the heterogeneity and variability of this technique [240, 244].
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As for 2D-SWE, the diagnostic accuracy varied significantly, as
AUROC analysis shows: 0.63 (for a cut-off value of 34 kPa) [245],
0.725 [235] or 0.84 [237]. Despite the fact that the last two stud-
ies recommend different cut-off values to rule-in (≥ 40 or
35.6 kPa) or out (≤ 22.7 or 21.7 kPa) clinically significant portal
hypertension, the diagnostic accuracy remains low for the study
by Procopet et al. [235] (12/40 correctly classified), but satisfac-
tory for the study by Jansen et al. [237] (66/111 patients correctly
classified). However, if a combined approach is used (both spleen
and liver stiffness measured), only 11/109 patients (89.9 % accu-
racy) are misclassified [237].

c) Assessment of oesophageal varices

TE of splenic stiffness has a good accuracy to detect the presence
of oesophageal varices (80.4 %), but it is unable to differentiate
the grade [233]. Values ≤ 40kPa were proposed to rule-out
esophageal varices, while values ≥ 55kPa were suggested to rule
them in [234]. In a meta-analysis, the pooled sensitivity and
specificity to detect varices was satisfactory (0.76 and 0.78,
respectively), while the sensitivity is better (0.86 vs. 0.69) for the
detection of varices needing treatment [246]. A modified calcula-
tion algorithm for TE was proposed, so that values > 75 kPa could
be measured, which proved to be the sole independent predictor
of the need to treat [247]. Therefore, a dedicated transducer and
calculation algorithm were developed, showing better perform-
ance compared with the original algorithm and with liver stiffness
[248].

For pSWE, the sensitivity and specificity for detecting oesopha-
geal varices varies from 0.31 and 0.79 [249] up to 0.95 and 0.92
[243]. However, the pooled performance for detecting the need
to treat appears to be lower than for TE [246], although the anal-
ysis did not take into account a report which showed very good
positive and negative predictive values: 0.97 and 0.89, respecti-
vely [243].

With 2D-SWE, [245] there is no discrimination between
patients with and without varices needing treatment. In a much
larger cohort, however, the AUROC for detecting oesophageal
varices of any grade was 0.8, while the probability is only 10% for
patients with compensated cirrhosis if the spleen stiffness is lower
than 25.6 kPa (10). If 2D-SWE SSM (</≥ 38 kPa) is used in a step-
wise approach alongside liver stiffness (</≥ 19 kPa) and platelet
count (≤/> 100x103), the oesophageal varices can be ruled-out
with 83 % accuracy and 74% of unnecessary endoscopies could
be eliminated [248].

d) Assessment of prognosis and response to therapy

Spleen stiffness can also predict liver-related complications, as the
only independent predictor of decompensation besides the MELD
score (if higher than 54 kPa), in a cohort of compensated hepatitis
C virus (HCV) cirrhosis, during a 2-year follow-up period [250]. No
data is available regarding the role of spleen stiffness in monitor-
ing the response to non-selective beta-blockers. Spleen stiffness
(assessed by pSWE) seems to decrease after TIPS placement
[251, 252], suggesting that spleen stiffness could be an additional
tool to evaluate TIPS efficiency.

Small series also suggest that successful antiviral therapy of
HCV cirrhosis induces a small reduction of spleen stiffness during
follow-up, which is not always significant and it is not as important
or as persistent as liver stiffness reduction [253, 254], reflecting
more likely a reduction of hepatic inflammation.

e) Miscellaneous

Spleen stiffness was also used to assess patients with non-cirrhotic
portal hypertension. In extrahepatic portal vein obstruction,
spleen stiffness increases and is higher in patients with a history
of bleeding [255]. In patients with idiopathic portal sinusoidal
disease, spleen stiffness is markedly increased, in contrast to qua-
si-normal liver stiffness values [256, 257]. Furthermore, a combi-
nation could be used in children with biliary atresia before or after
Kasai portoenterostomy to predict outcome or to monitor subse-
quent liver disease and portal hypertension [258, 259]. Spleen
stiffness by TE was also positively correlated with the grade of
bone-marrow fibrosis in patients with primary myelofibrosis,
suggesting that this could be a simple noninvasive method to
monitor disease progression [260].

10.4 Limitations and artifacts

TE can be performed in only 85 – 90% of cases, mainly because of
high BMI, presence of ascites, lung or colonic gas interposition, or
transverse spleen diameter < 4 cm [233, 234, 247]. An additional
12 – 21% of patients reach the maximum value (75 kPa) measured
by the conventional machine [233, 247], hence the applicability of
TE is approximately 70 %. The applicability of 2D-SWE is similar
and appears to be related to a higher BMI and smaller spleen size
[261]. As for pSWE, the applicability is higher (up to 97%) [242],
but the reproducibility is influenced by small spleen size and
central obesity [244].

RECOMMENDATION 13

Ultrasound elastography of the spleen can be used as an
additional noninvasive method to assess portal hypertension
(LoE 2b, GoR B) (For 20, Abstain 0, Against 0).

11. Kidney

11.1 Background

Renal elastography has been used for the noninvasive assessment
of chronic kidney disease (CKD), particularly for the early stages
when renal function is not yet significantly affected, or for disease
monitoring [262]. The hypothesis that the development of glo-
merular and interstitial fibrosis should lead to stiffness changes is
supported by experimental findings in a rat model of CKD [263].
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11.2 Methods & confounding factors

11.2.1 Strain elastography

SE can only be used for superficial kidneys, usually renal trans-
plants, mainly a qualitative technique that supposes uniform
deformation of the tissue of interest, with a limited role due to
the depth of the organ, the difficulty to apply reproducible homo-
geneous external deformation and the inability to achieve abso-
lute stiffness measurements [264].

11.2.2 Shear wave elastography

TE allows quantitative evaluation of the tissue stiffness and has
been widely used for liver fibrosis estimation [2, 265], but the
volume of tissue involved in the measurement is at a fixed depth
and has a length of 40mm, making this technique unsuitable for
renal stiffness estimation.

The inter-operator agreement of pSWE used in transplanted
kidneys obtained in different studies was fair or moderate with
the ICC ranging between 0.31 [268] and 0.47 [269]. In studies
performed in native kidneys, the reproducibility of the method
was strong, with ICCs between 0.60 [270] and 0.71 [271]. The
inter-operator agreement obtained in the elastographic assess-
ment of the kidneys (native and transplant) was lower compared
to studies of liver stiffness (ICCs are over 0.80), because of con-
founding factors. Currently, there are few studies available using
2D SWE techniques in the assessment of the kidneys [272, 273].

11.3 Clinical applications

11.3.1 Normal kidney stiffness

A limited number of studies (most of them using pSWE) report
normal kidney stiffness, and are different depending on the type
of pSWE device used. In adult native kidneys, normal cortical stiff-
ness values range from 2.15 to 2.54m/s with one system [114,
270, 271, 277 –279] compared to 1.23 to 1.54m/s with a differ-
ent system [280]. In 9 – 16-year-old children, higher pSWE stiff-
ness values were found, ranging from 3.00 to 3.33m/sec (mean
3.13 ± 0.09m/s, corresponding approximately to 29.4 kPa). In a
study performed in healthy people aged 18 – 30, 31 – 50, 51 – 65,
and above 65 years, pSWE was 2.94 ± 0.60, 2.26 ± 0.82, 2.48 ± 0.8
and 1.82 ± 0.63m/s, respectively [277]. In the same study, a sta-
tistically significant difference was found between women and
men. Surprisingly, normal kidney stiffness was found to exhibit
an inverse, statistically significant relationship with patient age
(p = 0.0003). Using pSWE, similar values were found in a small
series of normal volunteers with superficial kidneys, with a cortical
average stiffness of 15.4 ± 2.5 kPa [281]. The stiffness of the renal
medulla was found to be lower than the cortical stiffness [272],
except for in one study using pSWE [278].

11.3.2 Kidney stiffness for the assessment of renal pathology

In renal transplantation, serum creatinine levels and estimated
Glomerular Filtration Rate (eGFR) are poor predictors of the sever-
ity of histological lesions. A noninvasive test that could provide di-
agnosis and/or prognosis early on to avoid repeated biopsies and
to allow early targeted therapeutic intervention could improve pa-

tient management. Several studies report a correlation between
renal stiffness and fibrosis or renal function. In experimental mod-
els of glomerulosclerosis, the cortical stiffness was correlated to
the degree of renal dysfunction [263]. In humans, this correlation
remains highly variable in both native and transplanted kidneys.
Some authors reported a correlation between renal stiffness and
fibrosis or renal function with several techniques [270, 278, 282 –
285].

In other studies, the correlation between CKD stages and
kidney stiffness was negative, as shear wave velocity was found
to decrease with increasing stages of CKD [270, 286] or decreas-
ing eGFR [287, 288]. The cut-off values of renal stiffness proposed
by different studies could only predict advanced stages of CKD. In
the remaining studies, no correlation was found between renal
stiffness and the degree of CKD or interstitial fibrosis and tubular
atrophy, even in diabetic CKD [270, 272, 278, 288 – 294]. The re-
nal perfusion changes might impact renal stiffness and explain
some discrepancies between results [284], as intrarenal blood
flow is decreased with the progression of fibrosis. Thus, renal
blood flow decrease could be the cause of the decrease of
stiffness with the progression of CKD, and could have a bigger
influence on stiffness compared to renal fibrosis.

Additional preliminary applications include stiffness assess-
ment in the case of reflux nephropathy and tumor. In a study of
28 children, CKD degree increased SWE values mainly in the kid-
ney involved with vesicoureteral reflux (6.57 ± 0.96m/s) but also
in the contralateral kidney (4.09 ± 0.97m/s) while the normal
value in the pediatric population without renal disease was 3.13 ±
0.09m/s [295]. The increased stiffness even in the contralateral
kidney may result from increased glomerular filtration and
minimal fibrosis. Renal elastography might also play a role in the
detection and characterization of renal masses, improving the
identification of ill-defined lesions and providing information
about tumor stiffness [296].

11.4 Limitations and artifacts

Anatomical confounding factors include renal anisotropy, blood
perfusion and hydronephrosis. The effect of anisotropy has been
demonstrated in muscle and kidney elastography due to their
spatial organization [275, 276]. When shear wave propagation is
parallel to the renal tubules and interlobular arteries (and the
ultrasound beam is perpendicular to these structures), the veloc-
ity of the shear waves is increased [262]. Elasticity measurements
performed in the perpendicular direction to the long axis of the
pyramids exhibit higher values for all renal compartments. Renal
perfusion strongly affects renal elastography, with a drop in the
medulla ranging from 44 % to 72.7 % in renal artery occlusion,
and an increase over 500% in renal vein thrombosis [276]. Hydro-
nephrosis also results in a renal elasticity increase, with a correla-
tion between urinary tract pressure and cortical stiffness varying
from 119% to 137% between 5 and 40mmHg [276]. Additional
confounding factors include the type of technology and effect of
transmit frequency, attenuation of transmit pulse (deteriorating
signal-to-noise ratio). Using ARFI, the shear wave velocity was
reduced by 27% when the depth increased from 2 – 3 cm to 6 –
7 cm (2.95 ± 0.41m/s and 2.16 ± 0.61m/s, respectively) [277].
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Measurement depth influences the reproducibility of the method,
a lower reproducibility being found in patients with deep kidneys,
either native kidneys at a depth more than 4 cm or transplanted
kidneys.

RECOMMENDATION 14

No current recommendation can be given for the application
of ultrasound elastography in native kidneys (LoE 2b, GoR B)
(For 10, Abstain 0, Against 0).

RECOMMENDATION 15

Ultrasound renal elastography can be used as an additional
tool for the diagnosis of chronic allograft nephropathy
(LoE 2b, GoR B) (For 9, Abstain 1, Against 0).

12. Lymph nodes

12.1 Background

Noninvasive discrimination of malignant and benign lymph nodes
is important for further diagnostic and clinical decision-making.
Whereas contrast-enhanced ultrasound is not recommended for
the assessment of lymph nodes [297], elastography has a better
diagnostic performance [298], with evidence for the examination
of superficial lymph nodes and mediastinal lymph nodes. Superfi-
cial lymph nodes have been investigated by percutaneous US
using SE and SWE. Mediastinal lymph nodes have been investiga-
ted by endoscopic ultrasound using only SE.

12.2 Methods

SE is the method most frequently described, as the technique is
more widely available on most commercial systems, with more
consolidated evidence with a number of single research studies
and two meta-analyses published. More recently, SWE has been
evaluated with one meta-analysis published.

12.3 Clinical applications

12.3.1 Differential diagnosis of lymphadenopathy

Assessment of superficial lymph nodes using SE presents conflict-
ing data. Two recent meta-analyses demonstrated a high accuracy
in differentiating between benign and malignant lymph nodes.
The first meta-analysis included 578 patients with 936 lymph
nodes with a sensitivity of the scoring and SR measurements of
76% and 83%, respectively [299]. The second meta-analysis inclu-
ded 545 patients with 835 lymph nodes and indicated a sensitivity
of the elasticity scoring and SR measurements of 74 % and 88%,
with a specificity of 88% and 91%, respectively [300].

A meta-analysis including 481 patients with 647 lymph nodes
evaluated the role of SWE in superficial lymph nodes. SWE for the
discrimination of malignant and benign lymph nodes achieved a

sensitivity of 81% and specificity of 85% [301]. The latest meta-
analysis regarding the value of EUS elastography for the differen-
tiation of malignant and benign lymph nodes included 6 studies
with 368 patients and 431 lymph node, with SE demonstrating a
sensitivity of 88%, and a specificity of 85% [302]. Newer studies
including patients investigated by endobronchial ultrasound
(EBUS) had similar performance [303, 304].

12.3.2 Preoperative Assessment of Lymph Nodes in Patients
with Known Primary Cancer

With preoperative lymph node assessment for metastatic involve-
ment, no systematic review is available. Two studies investigated
SWE in the prediction of metastatic involvement from thyroid
cancer. A retrospective analysis [305] found that using the Mean
Elastic Modulus with a cut-off set to 29 kPa led to 66.67% sensitiv-
ity and 72.62% specificity, 78 % PPV, 64.71% NPV and 0.748 AUC,
whereas the combination with B-mode ultrasound lead to 98.04%
sensitivity, 45.45 % specificity, 73.53 % PPV, 93.75 % NPV and
0.811 AUROC. Other authors found that the best SWE parameter
for predicting metastatic involvement was the maximum value of
elasticity with the cut-off set to 40 kPa, leading to 80% sensitivity,
93.1 % specificity and 0.918 AUC [306].

12.4 Limitations and artifacts

Elastography is unlikely to be suitable for a differential diagnosis,
but is more likely to be useful for targeting malignant lymph
nodes for fine needle aspiration if multiple lymph nodes are pres-
ent [307]. It cannot be assumed that the entire lymph node is in-
volved in malignancy, but may range from a few undetectable
cells to involvement of a small area. Only a limited number of
studies with small sample sizes are available and invariably have a
selection bias [308, 309]. Somemalignant lymph nodes cannot be
discriminated by tissue stiffness alone, as is the case with the
lymph nodes of lymphoma [310]. There is no standardization of
the technique particularly in SE, making study comparisons diffi-
cult [311]. Often with lymph node imaging in EUS, there is a rela-
tive depletion of surrounding tissue as a normal reference for SR
calculation, including the gastrointestinal wall advocated as the
standard comparison for tissue reference [309].

RECOMMENDATION 16

High-frequency transcutaneous and endoscopic ultrasound
elastography can be used as additional tools for the differen-
tiation between benign and malignant lymph nodes (LoE 2a
GoR B) (For 20, Abstain 0, Against 0).

RECOMMENDATION 17

Ultrasound elastography can be used for identifying the most
suspicious lymph nodes and/or suspicious areas within the
lymph node to be targeted for sampling (LoE 5, GoR D)
(For 19, Abstain 1, Against 0).
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13. MusculoSkeletal

13.1 Background

In comparison with the previous guidelines, there has been an in-
crease in studies regarding musculoskeletal (MSK) elastography
[2].

13.2 Methods

Published data concerning the use of SE, ARFI imaging, and SWE
for elastographic evaluation of the MSK structures, especially for
tendons, muscles and nerves, are available.

13.3 Clinical applications

13.3.1 Tendons

In SE the healthy Achilles tendon is mostly rigid (86.7 – 93% of the
tendon has high stiffness) [312, 313] and there is an increase in
stiffness with age [314]. Using SWE, different values of shear
wave velocity or elastic modulus were obtained depending on
the machine used, tendon position, or plane of imaging [113,
315, 316]. In Achilles tendinopathy the SR (comparing tendon
with Kager’s fat) is higher and the tendon becomes less stiff
[317]. SE proved to be superior to B-mode ultrasound (sensitivity
99%, specificity 78%, accuracy 95%) [318], underlining the ability
of SE to detect pathology before the appearance of the B-mode
ultrasound morphologic changes [319, 320]. No differences be-
tween athletes and controls nor between the dominant and non-
dominant leg were found in SE evaluation of the patellar tendon
[321]. With age, a significant decrease in shear wave velocity val-
ues was detected, with SWE having the capacity to detect aging
tendons before morphologic abnormalities were observed on
B-mode ultrasound [322, 323].

For lateral epicondylitis the addition of SE to B-mode ultra-
sound findings improves the sensitivity for detecting tendon pa-
thology [324, 325]. Using B-mode ultrasound in combination
with SE resulted in a better correlation with histologic results. In
the rotator cuff, SE can detect small partial tears of the supraspi-
natus tendon [326]. In patients with tendinopathy, a significant
decrease in the shear wave velocity of the supraspinatus muscle
was observed [327]. Currently, no observations monitoring
tendon healing are available in longitudinal studies.

13.3.2 Muscle

Using SE, the normal relaxed muscle appears as an inhomoge-
neous mosaic of intermediate or increased stiffness with scat-
tered less stiff and stiffer areas, especially at the boundaries of
the muscle [328, 329]. In SWE the normal relaxed muscle has a
lower shear wave velocity (which increases during contraction)
and the boundary fascia or aponeurosis show intermediate shear
wave velocity [330].

Physiological factors (age, sex, muscle performance, fatigue,
or training) and pathological changes (trauma, degeneration, or
neuromuscular disease) influence muscle elasticity [331 – 337].
Normal and abnormal ranges of shear wave velocity of various

muscles are available [327, 333, 336, 338] but the results are
limited, without establishing any reference values.

SWE for the evaluation of muscle stiffness in various neurologic
conditions (Parkinson disease, chronic stroke, cerebral palsy, mul-
tiple sclerosis or Duchenne dystrophy) is a reliable quantitative
imaging technique for diagnosis, treatment decisions and follow-
up and may be an alternative to electromyography [333, 338 –
342].

In inflammatory myopathies SE demonstrated that the
involved muscles become stiffer, and significant correlations with
histological findings were obtained [328, 343]. Acute muscle and
fascial tears show a lower shear wave velocity [330], but no
prospective studies have been published.

13.3.3 Ligaments and fascia

Using SWE in patients with adhesive capsulitis, the coracohumeral
ligament proved to be stiffer in the symptomatic shoulder [344].
The increased stiffness of the transverse carpal ligament evaluat-
ed on SE may be one of the causes for carpal tunnel syndrome
[345]. The plantar fascia becomes less stiff with age and in
subjects with plantar fasciitis abnormality is seen when using
ARFI imaging (pixel intensity), SE or SWE even in the absence of
pathological findings on B-ode ultrasound examination [346 –
350], suggesting a role of elastography in the diagnosis of early
stages of plantar fasciitis.

13.3.4 Nerves

Median nerve strain is significantly lower in patients with carpal
tunnel syndrome than in controls [351], and the perineural area
surrounding the median nerve is stiffer than in healthy volunteers
[352]. The SE can be used to follow up the median nerve recover-
ing after carpal tunnel release [353] or after local corticosteroid
injection [354] but does not have the capability to categorize the
severity. The combined use of B-mode ultrasound and SE has been
suggested [355].

Using pSWE the shear wave velocity of the median nerve was
3.857m/s in patients with carpal tunnel syndrome and 2.542m/s
in the control group (p < 0.05) [356]. Using 2D-SWE the mean
shear modulus of the median nerve was 66.7 kPa in patients and
32.0 kPa in the control group (p < 0.001) [357]. Both methods
have high sensitivity and specificity for carpal tunnel syndrome
diagnosis and are highly reproducible. The increased stiffness
was attributed to nerve fibrosis or edema.

The elasticity of the tibial nerve in diabetic patients is reduced
compared with a control group and decreased further after devel-
oping diabetic peripheral neuropathy [358 – 360].

The joints and limb position and the patients’ age should be
taken into consideration during a nerve ultrasound examination
[361].

13.4 Practical points

SE is an operator-dependent technique, with a recommendation
to record several (at least 3) compression-relaxation cycles as
cine-loops and then select the best elastograms for evaluation.
The examination transducer should be perpendicular to the tissue
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to avoid anisotropy, as the B-mode ultrasound appearance influ-
ences the quality of the elastogram.

The use of standoff devices for SE of the superficial structures
does not influence the elastogram (a minimum 3mm distance be-
tween transducer and lesion being necessary) [362], but the in-
clusion of gel within the region of interest should be avoided
(may mask minimal differences in tendon stiffness) [329].

The SWE examination of muscles and tendons should be
performed with the lightest transducer pressure. The dimension
of the region of interest does not influence the mean elastic mod-
ulus [363].

The transducer must be oriented longitudinally to the muscle
fibers in order to achieve accurate and reliable SWE measure-
ments. The shear waves propagate faster in contracted tendons
and muscles and along the long axis of tendons [330]. The
ligaments should be examined in the same position as the
corresponding joints [344].

13.5 Limitations and artifacts

When a solid structure is delimited by an incompressible shell, SE
analysis of the internal structure is limited (the eggshell effect)
[364]. Cystic masses characteristically have a mosaic of all levels
of stiffness. Low stiffness lines may appear at the interfaces be-
tween tissues (due to tissue shifting), around calcifications, be-
hind bone or at the superficial edge of a homogeneous lesion.
Fluctuant changes at the borders of the Achilles tendon in an axial
elastogram can be seen due to varying contact with the skin
[365].

A limitation of SWE is depth of penetration. Superficial struc-
tures may be better visualized by applying a 5mm layer of cou-
pling ultrasound gel as standoff. SWE examination is influenced
by the transducer pressure and angle, and the shear modulus de-
pends on the orientation of the transducer relative to the exam-
ined structures [330, 366].

RECOMMENDATION 18

Ultrasound elastography can be used as a supplementary tool
to increase confidence in diagnosing tendinopathy, particular-
ly for Achilles tendinopathy, for evaluating muscle stiffness
and for plantar fasciitis (LoE 2b GoR B) (For 19, Abstain 1,
Against 0).

RECOMMENDATION 19

Ultrasound elastography can be used for the diagnosis and
follow-up of carpal tunnel syndrome and diabetic peripheral
neuropathy (LoE 2b, GoR B) (For 19, Abstain 1, Against 0).

14. Testis

14.1 Background

Traditionally the presence of a focal lesion in the testis was addres-
sed by removing the testis for histological examination, on the
premise that nearly all of these lesions are malignant. However,
access to modern ultrasound technology has rendered this ap-
proach obsolete, and as many as 80% of incidentally discovered
lesions are benign [367]. The use of newer contrast-enhanced
ultrasound and elastography techniques [368], combined as mul-
tiparametric ultrasound [369], has resulted in a more cautious ap-
proach to incidental focal testicular lesions [370]. The use of elas-
tography to assess the stiffness of abnormal areas of the testis to
ascertain stiffness as a sign of underlying malignancy is an attrac-
tive proposition to add to the overall multiparametric assessment.

14.2 Methods

14.2.1 Strain elastography

SE has been the most employed technique for the assessment of
testicular lesions [371 – 375]. Early studies, predominantly retro-
spective, have commented on the possibility of differentiating
malignant from benign lesions with certainty using SE and SR.
However, these findings have not been confirmed in recent stud-
ies, with specificities between 25.0 % and 37.5% in differentiating
benign from malignant lesions [375 – 377]. A number of case ser-
ies detailing the use of SE and SR (some in combination with con-
trast-enhanced ultrasound) have described the findings in Leydig
cell tumors [378], epidermoid cysts, hematoma, lymphoma, focal
infarction, capillary hemangioma, adrenal rest cells [379 – 384]
and in extra-testicular lesions [385], without comparison between
the findings of these different lesions.

14.2.2 SWE

There is limited information regarding the use of SWE in the eval-
uation of testicular lesions. Investigation of the role of SWE in the
overall assessment of background parenchyma has suggested
that values may be elevated in the case of testicular microlithiasis
[386], infertility [387], undescended testis [388]. It also has the
potential to differentiate seminomas from non-seminomatous
lesions [389] and has been evaluated in burnt-out tumors [390].
No prospective study reporting the differences in SWE in focal tes-
ticular lesions has been published.

14.3 Clinical applications

The use of all forms of elastography in the assessment of focal tes-
ticular lesions is promising, with tissue stiffness confirmed with
both SE and SWE techniques, but with overlap in findings between
benign and malignant neoplasms. The current status would allow
elastography to be an adjunct to the overall ultrasound examina-
tion rather than a standalone technique.

14.4 Limitations and artifacts

For testicular lesions, the values obtained for SWE vary between
different machines and are not interchangeable [391]. The prob-
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lems associated with the areas of fibrosis adjacent to the tunica
albuginea hamper the assessment of focal lesions adjacent to
this region [392]. Measurements using SWE between the center
and peripheral zones differ and the point of measurement
requires standardization [393, 394].

RECOMMENDATION 20

Ultrasound elastography for the evaluation of focal testicular
lesions can only be recommended in conjunction with other
ultrasound techniques, as there is overlap between benign
and malignant neoplasms (LoE 3A GoR B) (For 19, Abstain 1,
Against 0).

15. Vascular

15.1 Background

It is well established that ageing and atherosclerotic disease
increases arterial stiffness [395]. Elastography biomarkers are
emerging as potential indicators for diseases such as stroke,
hypertension, diabetes mellitus and cardiovascular disease, and
may provide additional information to support clinical decision-
making.

15.2 Methods

The majority of studies are based on SE. Early studies used intra-
vascular ultrasound and more recent studies have focused on
noninvasive techniques including SWE. These techniques have
been compared with alternative imaging techniques, histology,
clinical outcome measures and/or in experimental phantoms and
simulations.

15.3 Clinical applications

15.3.1 Strain elastography

Plaque characterization is a challenging, clinically important appli-
cation for which evidence of clinical benefit is growing [396].
Evidence from animal and human studies [397 – 403] typically
associates vulnerable plaque with regions of high strain. The
potential to detect and age thrombus has been demonstrated in
animal models [404, 405]. A clinical application to differentiate
acute from chronic deep vein thrombosis (DVT) has been demon-
strated in humans [406 – 408], and a systematic review concluded
that elastography imaging is a feasible adjunct to current first-line
imaging for DVT [409]. However, at least one recent study was not
able to differentiate acute DVT from subacute DVT [410]. Other
potential vascular applications include cardiac, abdominal aorta
and the use of elastography biomarkers for disease [411 – 414].

15.3.2 SWE

The feasibility of quantifying Young’s modulus in arteries has been
demonstrated in human [415], ex-vivo animal [416, 417] and
phantom [418– 420] studies. Identification of the vulnerable car-

otid plaque is emerging as a promising clinical application. Phan-
tom studies have demonstrated the feasibility of Young’s modulus
estimates but highlight errors due to the requirement for a differ-
ent wave propagation model than used by current commercial
systems [418 – 421]. Nevertheless, human studies show good
reproducibility and potential clinical benefit [422 – 426], with evi-
dence that Young’s modulus of carotid plaque correlates with
qualitative (Gray-Weale scale) appearance [422, 425, 426] and
quantitative (grayscale median) B-mode ultrasound measure-
ments [422, 426], and helps to provide improved diagnostic per-
formance of carotid plaque vulnerability [422, 426]. Studies found
a lower mean Young’s modulus for vulnerable plaque, although
values differ (50 kPa vs. 79 kPa [426]; 62 kPa vs. 88 kPa [422];
81 kPa vs. 115 kPa [425]). Evidence is limited for other vascular
applications such as cardiac [427 – 429] and DVT [430, 431].

15.4 Limitations and artifacts

Vascular imaging is challenging due to the small heterogeneous
tissue size, the dynamic environment resulting from pulsatile
blood flow, thin vessel walls, non-linear tissue elasticity and shear
wave propagation model assumptions which may not be valid due
to the potential for Lamb wave propagation in vessel walls [415,
418]. Studies should report the shear wave velocity or calculation
used to convert velocity to Young’s modulus as future scanners
may implement different models of wave propagation. Vascular
applications are promising, especially for the assessment of
carotid plaque, where larger, multicenter studies are required to
validate initial findings, establish cut-off values and optimize
methodologies.

RECOMMENDATION 21

Vascular ultrasound elastography is an area of active research.
However, it cannot currently be recommended for clinical
decision-making (LoE 5, GoR C) (For 20, Abstain 0, Against 0).

16. Intraoperative

16.1 Background

All surgical disciplines make use of preoperative imaging to visua-
lize a pathology for improved surgical planning.

16.2 Methods

Improved ultrasound technology has resulted in high-frequency
small transducers with better resolution including 3D ultrasound,
contrast-enhanced ultrasound and elastography.

16.3 Clinical applications

The utility of intraoperative ultrasound is less obvious. The advan-
tages include intraoperative navigation without ionizing radiation
exposure or relevant workflow interruption, assessment of the ex-
tent of resection, and organ shift monitoring and compensation
(most important for the brain). Disadvantages for ultrasound elas-
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tography include organ deformity intraoperatively due to a num-
ber of factors including tumor resection sequelae and post-inter-
ventional swelling. The use of intraoperative elastography has
been reported for the liver [8, 9, 432 – 435], brain [436 – 443],
pancreas [115, 185], prostate [444], lung [445] and other organs
[446].

RECOMMENDATION 22

Intraoperative ultrasound elastography is an area of active
research. However, it cannot be currently recommended for
clinical decision-making (LoE 5, GoR C) (For 20, Abstain 0,
Against 0).
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Noninvasive Tools and Risk of Clinically
Significant Portal Hypertension and
Varices in Compensated Cirrhosis: The
“Anticipate” Study
Juan G. Abraldes,1 Christophe Bureau,2 Horia Stefanescu,3 Salvador Augustin,4 Michael Ney,1 H!elène Blasco,2

Bogdan Procopet,3,5 Jaime Bosch,5,6 Joan Genesca,4 and Annalisa Berzigotti,5,6 for the Anticipate Investigators

In patients with compensated advanced chronic liver disease (cACLD), the presence of clinically significant portal hyper-
tension (CSPH) and varices needing treatment (VNT) bears prognostic and therapeutic implications. Our aim was to
develop noninvasive tests-based risk prediction models to provide a point-of-care risk assessment of cACLD patients. We
analyzed 518 patients with cACLD from five centers in Europe/Canada with paired noninvasive tests (liver stiffness mea-
surement [LSM] by transient elastography, platelet count, and spleen diameter with calculation of liver stiffness to spleen/
platelet score [LSPS] score and platelet-spleen ratio [PSR]) and endoscopy/hepatic venous pressure gradient measurement.
Risk of CSPH, varices, and VNT was modeled with logistic regression. All noninvasive tests reliably identified patients
with high risk of CSPH, and LSPS had the highest discrimination. LSPS values above 2.65 were associated with risks of
CSPH above 80%. None of the tests identified patients with very low risk of all-size varices, but both LSPS and a model
combining TE and platelet count identified patients with very low risk (<5%) risk of VNT, suggesting that they could be
used to triage patients requiring screening endoscopy. LSPS values of <1.33 were associated with a <5% risk of VNT, and
26% of patients had values below this threshold. LSM combined with platelet count predicted a risk <5% of VNT in 30%
of the patients. Nomograms were developed to facilitate point-of-care risk assessment. Conclusion: A significant proportion
of patients with a very high risk of CSPH, and a population with a very low risk of VNT can be identified with simple,
noninvasive tests, suggesting that these can be used to individualize medical care. (HEPATOLOGY 2016;64:2173-2184).

Liver cirrhosis is characterized by a long com-
pensated phase, with a median survival from
diagnosis of around 12 years. When decom-

pensation occurs (variceal bleeding, jaundice, hepatic
encephalopathy [HE], or ascites), the expected median
survival is around 2 years.(1,2) Although there are a
number of well-validated scores for prognosis prediction
and risk stratification in patients with decompensated
cirrhosis, these are very limited in the case of compen-
sated cirrhosis.(1) The two most widely validated

prognostic factors in compensated cirrhosis are the pres-
ence of clinically significant portal hypertension
(CSPH),(3) defined as a hepatic venous pressure gradi-
ent (HVPG) !10 mm Hg, and the presence of esopha-
geal varices.(1) The presence of varices has the additional
relevance of triggering a therapeutic intervention with
either beta-adrenergic blockers or variceal ligation in the
case these varices are at high risk of bleeding.(4)

The gold-standard tests to assess CSPH and varices
are the measurement of HVPG through hepatic vein

Abbreviations: AUC, area under the curve; cACLD, compensated advanced chronic liver disease; CSPH, clinically significant portal hypertension;
HCV, hepatitis C virus; HE, hepatic encephalopathy; HVPG, hepatic venous pressure gradient; IQR, interquartile range; kPa, kilopascals; LS, liver
stiffness; LSM, liver stiffness measurement; LSPS, liver stiffness to spleen/platelet score; NITs, noninvasive tools; PSR, platelet/spleen ratio; ROC,
receiver operating characteristics; TE, transient elastography measured by FibroScan; VNT, varices needing treatment.
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catheterization and endoscopy, respectively.(5) However,
these tests, especially HVPG measurement, are relatively
invasive and impractical for the frequent follow-up of
these patients. This has fostered the interest in the use of
noninvasive tools (NITs) for the assessment of patients
with compensated cirrhosis, but these have not permeat-
ed clinical practice until very recently.(4) Because of the
observation that liver biopsy is an imperfect gold standard
to mirror fibrosis and vascular remodeling in chronic liver
disease, it has been proposed that the term “advanced
chronic liver disease” should be used in alternative to
“cirrhosis.” In recent years, liver stiffness (LS) measure-
ment (LSM) by transient elastography (TE) emerged as
a robust, objective, and numerical NIT for the diagnosis
or exclusion of severe fibrosis/cirrhosis and of CSPH(6-8)

in compensated patients. Accordingly, the recent Baveno
VI consensus conference on portal hypertension sug-
gested that LSM can be used to identify patients having
compensated advanced chronic liver disease (cACLD)
and CSPH.
In addition, recent data suggested that LSM combined

to platelet count and spleen size can accurately identify
the patients carrying varices needing therapy.(9-11) In this
regard, the recent Baveno VI consensus conference on
portal hypertension suggested that the combination of
LSM and platelet count can be used to reduce the num-
ber of unnecessary endoscopies. However, these criteria
have not been validated yet and are a matter of debate.
A significant barrier for the translation of NITs into

practice is the use of diagnostic performance measure-
ments without direct clinical translation, such as sensi-
tivity, specificity (which are reverse probabilities,
indicating the chances of a positive or negative test

based on the presence or absence of disease),(12) and
receiver operating characteristics (ROC) curves (which
inform the discriminative capacity of the test across the
spectrum of values, but not the chances of having the
target condition).(13) Risk prediction modeling based
on these NITs could be a more straightforward answer
to the relevant clinical question, that is, what would be
the risk of CSPH, varices (V), and VNT (medium-
large varices or small with red signs) given a certain
value of these noninvasive tests. This could increase
the applicability of these tests to define decision
thresholds to triage patients in which endoscopy could
be avoided and define the probability of presenting
CSPH to target the population at risk of decompensa-
tion with new therapies.
Therefore, the aim of this study was to develop con-

tinuous risk prediction models based on noninvasive
tests to predict the risk of CSPH, varices, and VNT in
a large, multinational cohort of compensated patients
with cirrhosis who had paired noninvasive tests and
endoscopy or HVPG measurements.

Patients and Methods
PATIENTS

In this cross-sectional study, we retrospectively ana-
lyzed data from 542 patients from four centers in
Europe (one in Romania, one in France, and two in
Spain) and one in Canada. Patients from the European
centers were reported, in part, in previous publica-
tions.(10,11,14,15) The cohort of patients from the
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Hospital Vall d’Hebron-Barcelona(11) was updated up
to June 2014. Patients from the University of Alberta
(Edmonton, Alberta, Canada) were reviewed specifi-
cally for this study and were identified with an automa-
tized search in the local medical record system,
restricted to years 2010-2013.
The inclusion criteria for entering patients into the

study cohort were: (1) cACLD of any etiology defined
by LSM !10 kilopascals (kPa) according to the Baveno
VI recommendations; (2) paired noninvasive tests (blood
tests, TE, and/or ultrasound) and gastroscopy/HVPG
within 3 months; and (3) absence of previous decom-
pensation defined as ascites, variceal bleeding, HE, or
jaundice. Exclusion criteria were: LS lower than 10 kPa;
Child-Pugh greater than 6 points. We used these
restrictive criteria with the aim of: (1) targeting the pop-
ulation in which these test would be used in clinical
practice, given that all decompensated patients have
CSPH and a very high prevalence of varices, which
makes mandatory an upper endoscopy, and (2) narrow-
ing the theoretical pretest probabilities of varices, which
has been reported to be 30%-40% in compensated cir-
rhosis,(16,17) and CSPH ("60%-70% in most recent
series; Supporting Table S1). No patients were treated
with beta-blockers at the time of assessment.

PREDICTED OUTCOMES

The three outcomes under study were: (1) CSPH
defined by an HVPG greater than 10 mm Hg(18); (2)
all-size varices (V); and (3) VNT, defined as large vari-
ces or small varices with red signs.(4) HVPG was per-
formed by experienced teams according to standard
guidelines.(18) Varices were classified as small or large
according to the criteria used in each participating cen-
ter. No consensus definition was agreed on beforehand.

PREDICTIVE MODELS

Table 1 shows the predictive models assessed in the
present study, with the variables included in each model.
We choose these models on the basis of data availability
and extensive previous literature.(9,10,19-23) TE was mea-
sured with a FibroScan device provided with M probe
(Echosens, Paris, France)(6) by experienced personnel
with specific training and accreditation. The quality cri-
teria used in each center for LSMs by TE were: 10
measurements obtained with a success rate !60% and
the interquartile range (IQR) should be #30% of the
median (IQR/M #30%).(8) LSPS was calculated as
described by Kim et al.(9) Platelet to spleen ratio (PSR)

was calculated as described by Giannini et al.(24) Taking
into account that spleen diameter (required to calculate
LSPS and PSR) is provided inconsistently in ultrasound
reports in some countries and thus would limit the use
of these tests, we decided to also model the combination
of LSM with platelet count.

DECISION THRESHOLDS

Though the aim of the study was to provide models to
predict the probability of the outcomes across all the spec-
trum of values of the noninvasive tests, we provide exam-
ples of potential decision thresholds to triage patients for
endoscopy (10% for all varices, 5% for VNT). The 5%
risk of VNT was consensuated in the recent Baveno VI
consensus conference(25) for the triage of patients with
cirrhosis in need for screening endoscopy.

ETHICS

The ethics board of each participating center
approved the study.

STATISTICAL ANALYSIS

We constructed risk prediction models with logistic
regression in which the outcome variables were “CSPH,”
“all varices,” and “varices needing-treatment.” For each
outcome, we constructed four prediction models based on
the sets of variables shown in Table 1. The models were
internally validated and corrected for optimism with
bootstrapping. This has been shown more efficient than a
split-sample strategy.(26) For this purpose, 200 test data
sets of the same size as the analysis data set were generat-
ed by random selection with replacement from the analy-
sis data set. All reported performance parameters are
based on the bootstrapped analysis. All model equations
are provided in the Supporting Table S2.
To assess the performance of the risk predictionmodels,

we assessed discrimination and the calibration of the mod-
el. Discrimination refers to the ability to rank patients

TABLE 1. Noninvasive Tests, and Variables Included in
Each Model, Used for Risk Prediction in the Present Study

LSM
by TE

LSM by TE
and Platelet Count LSPS PSR

LSM by TE x x x
Platelet count x x x
Spleen diameter x x
No. of patients with

paired endoscopy
518 498 286 286

No. of patients with
paired HVPG

229 226 179 179
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according to their risk of the outcome variable. The dis-
criminative ability was assessed by ROC curves analysis,
with the area under the curve (AUC) as the main readout.
Calibration refers to the ability to predict absolute risks
(how closely the predicted probabilities agree with the
actual risk of the outcome variable).(27) Calibration was
tested by plotting the agreement of predicted and observed
probabilities with a smooth nonparametric fit.(28,29)

Nomograms were based on the corrected logistic regres-
sion models. To assess whether the etiology of cirrhosis
couldmodify the relationship between the predictivemod-
els and tested outcomes, we assessed the significance of an
interaction term composed by etiology (alcohol, alcohol 1
hepatitis C virus [HCV], HCV, and others) and the non-
invasive predictor. For all models, platelet count was
capped at 150, given that the relationship between platelets
and the risk of CSPH and varices, linear below 150, was
flat above 150. Variable log transformation was used when
this increased the performance of the models (Supporting
Table S2). A preliminary analysis showed that adding
more modeling flexibility with cubic splines (which would
markedly increase the complexity of the predictive models)
did not result in better performance.
Data were processed in SPSS and analyzed in the R

platform with the packages ROCR(30) and rms.(29)

Results
Table 2 shows the baseline characteristics of the

patients included in the study. Viral hepatitis was the
most common etiology of liver cirrhosis.

PREDICTION OF CSPH

Prevalence of CSPH was 66%. This is in keeping
with previous reports (Supporting Table S1). Figure 1
shows model representation, ROC curves, and calibra-
tion plots of the different risk prediction models. Sup-
porting Fig. S1 shows the nomograms for the
prediction of CSPH, and Supporting Table S2 shows
the model equations. The LSPS-based model showed
the highest AUC (0.88) for CSPH. LSPS values of
0.75, 1.70, and 2.65 were associated with risks of
CSPH of 20%, 50%, and 80%, respectively. Only
8% of patients had a predicted risk of CSPH <20%
and none of <10%. Calibration of the model was
excellent. TE also had an excellent discriminative value
(AUC, 0.82), which was ameliorated by the addition
of platelet count (AUC, 0.85). Calibration of the mod-
els was excellent, but, again, these models could not
identify a subpopulation with low risk of CSPH. Per-
formance of PSR was worse (AUC, 0.77), and the
PSR-based model was significantly miscalibrated
below predicted probabilities <50% (Fig. 1).
These results suggest that in a population of patients

with Child-Pugh A compensated cirrhosis, NITs were
useful to identify a population with a very high proba-
bility of CSPH.

PREDICTION OF VARICES

Prevalence of all-size varices was 42%. Figure 2
shows the representation of the models, with their
respective ROC curves and calibration plots.

TABLE 2. Baseline Demographic and Clinical Characteristics of Patients

Patients With
LSM by TE and

Endoscopy
(N 5 518)

Patients
With LSPS/PSR
and Endoscopy

(n 5 286)

Patients With
LSM by TE and HVPG

(n 5 229)

Patients With
LSPS/PSR and HVPG

(n 5 179)

Age, mean years (SD) 58 (11) 59 (10) 60 (11) 60 (10)
Etiology of cirrhosis, %

Alcohol 14 10 20 14
Alcohol 1 viral 3 3 3 3
Viral 70 79 66 73
NAFLD 6 3 5 4
Others 7 5 6 6

Prevalence of liver cancer, % 15 22 24 30
(96% BCLC 0 or A) (100% BCLC 0 or A) (100% BCLC 0 or A) (100% BCLC 0 or A)

Prevalence of varices, % 43 47 40 42
Prevalence of varices

needing treatment, %
13 16 14 17

Prevalence of CSPH, % 66 68
Percentage of patients

with Child-Pugh 5 points, %
86 87 82 86

Abbreviations: NAFLD, nonalcoholic fatty liver disease; BCLC, Barcelona Clinic Liver Cancer.
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FIG. 1. Model representation, ROC curve, and calibration plot of the four models in predicting CSPH. In the ROC curves, the gray
lines represent the 200 bootstrapped curves, and the colored line represents the median curve of the bootstrapped samples. In the cali-
bration plot, the red line represents the smooth nonparametric fit of predicted versus observed probabilities. The lines over the x-axis
represent a histogram with the distribution of the patients according to the predicted risk.
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FIG. 2. Model representation (right column), ROC curves (middle column), and calibration plots (left column) of the four models in pre-
dicting all-size varices. In the ROC curves, the gray lines represent the 200 bootstrapped curves, and the colored line represents the median
curve of the bootstrapped samples. In the calibration plot, the red line represents the smooth nonparametric fit of predicted versus observed
probabilities. The lines over the x-axis represent a histogram with the distribution of the patients according to the predicted risk.
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Supporting Fig. S2 shows the nomograms for the pre-
diction of varices. The LSPS-based model had the
best discriminative ability in predicting varices (AUC,
0.79). An LSPS of 0.63 was associated with a risk of
varices of 10%. However, only 3% of the patients had
an LSPS <0.63. LSM by TE, LSM by TE 1 platelet
count, and PSR models still had acceptable discrimina-
tive value, but they could not identify a subgroup of
patients with <10% risk of varices.
These results suggest that in a target population of

patients with compensated cirrhosis Child-Pugh A
with a pretest probability of varices of "40%, none of
the noninvasive models could identify a significant
number of patients with a low probability of varices
(<10%).

PREDICTION OF VNT

Prevalence of varices needing treatment was 13%.
Figure 3 shows the representation of the different
models, with their respective ROC curves and calibra-
tion plots. Figure 4 shows the predictive nomograms.
LSPS showed the highest discriminative value for pre-
dicting VNT (AUC, 0.79). LSPS values of 1.33 were
associated with a 5% risk of VNT, and 26% of the
sample had values below this threshold. LSM by TE-
platelet model was the second best model in terms of
discriminative capacity. As shown in the nomogram
(Fig. 4), a patient with platelet count !150,000 and an
LSM value of 20 kPa would have a predictive probabil-
ity for VNT of 5%, and 30% of the patients showed a
predictive probability of VNT below 5%. PSR also had
good accuracy (AUC, 0.74), with values of 1,644 pre-
dicting a risk of VNT of 5%. The model including
LSM by TE alone had the lowest discriminative
capacity (AUC, 0.67). Values of 14 were associated
with a 5% risk of VNT. The model with best calibra-
tion (the one with better agreement between predicted
and observed probabilities) was that combining LSM
by TE plus platelet count (Fig. 3). LSPS was signifi-
cantly miscalibrated above predicted probabilities of
40%, and PSR was significantly miscalibrated above
probabilities of 30%.
Altogether, these results suggest that LSPS, a com-

bination of LSM by TE-platelet count, or PSR could
be used to identify a relevant subset of patients with
compensated cirrhosis and Child-Pugh A with a very
low probability of VNT (<5%) in which endoscopy
could be avoided.

INFLUENCE OF ETIOLOGY

Though the low number of patients with etiologies
other than viral hepatitis limited the analysis, there
were no significant interactions between the noninva-
sive models and the etiology of cirrhosis in any of the
models, suggesting that etiology did not modify the
relationship between the noninvasive models and the
outcomes.

Discussion
In the present study, we provide a new way of

approaching the use of NITs to predict key features of
the natural history of patients with compensated cir-
rhosis; namely, we show that the numerical informa-
tion derived from NITs can provide continuous, yet
simple, risk measurement tools in the form of nomo-
grams. Our study also allows to show that simple
parameters, namely, LSM by TE, platelet count, and
spleen diameter in different combinations, allow the
clinician to reliably predict which patients have a very
high risk of CSPH, thus allowing an early, noninvasive
identification of patients at higher risk of developing
clinical decompensation of cirrhosis. In addition, these
tests could identify patients at very low risk of varices
that need prophylactic treatment and thus that might
not need an endoscopy. On the other hand, the same
simple NITs cannot reliably identify the population of
patients having a low risk of all-size varices. This can
be, at least partly, explained by the fact that endoscopy
is far from being a perfect gold standard for the diag-
nosis of gastroesophageal varices.(31)

A key point when approaching the use of diagnostic
tests from the perspective of risk prediction is the
major impact of the pretest probability of the condition
in the posttest predictions obtained after applying the
test. For this reason, it was extremely important to
select for risk modeling a population with prevalences
of the conditions under study comparable to those of
the target population in which these tests are applied.
There is a general agreement that prevalence of varices
in patients with decompensated cirrhosis is high
enough to warrant screening endoscopy; in addition,
CSPH is always present in decompensated patients.
Therefore, the niche for the noninvasive prediction of
CSPH and varices would be patients with compensat-
ed cirrhosis, given that this population shows a much
lower prevalence of CSPH (60%), varices (30%-
40%),(16) and even lower prevalence of VNT (10%-
20%).(10,32) This is the population included in this
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FIG. 3. Model representation, ROC curve, and calibration plot of the four models in predicting VNT, (defined as large varices or small vari-
ces with high-risk stigmata). In the ROC curves, the gray lines represent the 200 bootstrapped curves, and the colored line represents the
median curve of the bootstrapped samples. In the calibration plot, the red line represents the smooth nonparametric fit of predicted versus
observed probabilities. The lines over the x-axis represent a histogram with the distribution of the patients according to the predicted risk.
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FIG. 4. Nomograms to predict the presence of VNT. In nomograms with one variable, to calculate the probability of VNT trace, a
vertical line from the predictor to the risk axis. For the nomogram with two variables (LS and platelet count), trace a vertical line
from each of the predictors’ axis to the first line (“points”). Add the total points, and trace a vertical line from the “total points” axis
to the risk axis to calculate the risk of VNT.
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study, and the observed prevalence of varices is in
keeping with these figures. It is important to note that
the selection of a target population was the first step in
our risk prediction approach (by applying the concept
of compensated vs. decompensated cirrhosis and by
applying the Child-Pugh score). The increasing intro-
duction of NITs for the diagnosis of cirrhosis, and the
introduction of the broader concept of cACLD,(4)

might result in the identification of patients at even
earlier stages of disease with lower prevalence of vari-
ces. Whether these models would require recalibration
if used in such populations will require further study.
The outcomes under assessment are of clinical rele-

vance. On the one hand, the presence of CSPH in
itself is associated with a 6-fold higher risk of decom-
pensation,(33) and the presence of CSPH might serve
to prioritize patients for new treatments, patient selec-
tion or stratification in clinical trials aimed at prevent-
ing decompensation, and patient selection for surgical
treatment of hepatocellular carcinoma.(34) On the oth-
er hand, whereas the presence of any-size varices does
not translate in a therapeutic decision, the presence of
VNT has obvious therapeutic consequences, given that
both endoscopic variceal ligation and nonselective
beta-adrenergic blockers have been shown to decrease
the risk of bleeding.(4)

Another relevant question addressed by this study is
the use of decision thresholds in order to personalize
the clinical decision-making process. This strategy is
different from dichotomizing the predictive tool ab ini-
tio, which is associated with significant loss of informa-
tion and, if done using the “optimal” data-driven cut
off, introduces marked bias.(35) Though the selection
of a decision threshold is required for taking a binary
decision, the decision maker still knows the absolute
risk of the outcome. For example, if the decision
threshold to prompt screening endoscopy is 5%, and
the patient has a greater than 5% risk, the physician
making the decision still knows whether this risk is 6%
or 30% and might act accordingly taking into account
other clinical features of an individual patient (such as
age or comorbidities). It is important to note that the
choice of a decision threshold, even if is informed by a
utility analysis, necessarily bears some degree of arbi-
trariness. A 5% decision threshold means that we are
weighting the importance of a false negative (a patient
who has VNT, but is not scoped as a result of the
application of NITs) as 19 times more important than
a false-positive result (a patient scoped, but with no
VNT). This was considered reasonable at the latest
Baveno consensus conference, in which a triage and

test associated with a less than 5% risk of missed VNT
(a platelet count >150 G/L 1 an LSM by TE <20
kPa) was recommended.(4) The ultimate validation of
this strategy would require a randomized, controlled
trial, comparing the incidence of the relevant outcome
(variceal bleeding) if using this strategy to identify
patients requiring treatment, with that of a universal
endoscopy policy, including a cost and quality-of-life
analysis.
Our study has several strengths. First, our predictive

models were constructed in a large, multinational sam-
ple of patients, which increases the potential external
validity of these models. Second, our approach did not
involve intensive modeling with extensive variable
selection, but was restricted either to one (LSM by
TE) or two (LSM by TE and platelet count) variables,
or to a preset combination of variables validated in pre-
vious studies (LSPS and PSR). This, together with
internal validation with boostrapping, reduces the
chances of overfitting in model development or over-
optimisms in the estimations of model performance.
Third, we provide highly usable predictive tools, by
including nomograms that allow for the prediction of
the individual absolute risk of a given outcome in a giv-
en patient, and that could easily be converted to a web
or electronic device-based application for point-of-care
use. This differentiates this approach from traditional
measurements of diagnostic performance, that require
dichotomization of the noninvasive test and are there-
fore only applicable to groups, but not to individual
patients.(12) In addition, we show the limited value of
ROC curves for real practice, given that they reflect
the capacity for ranking patients according to their
probability of the outcome, but do not inform about
the usefulness of the model in individual risk predic-
tion. For example, in the case of CSPH, NITs had a
very high area under the ROC, but the tools could not
identify patients at low risk of CSPH, and therefore
could not be used to rule out this condition. In the
case of VNT, with much lower areas under the ROC,
models were useful to rule out the presence of VNT,
obviating the need for endoscopy, although admittedly
in a small subset of patients. Finally, avoiding tradi-
tional measurements of diagnostic performance elimi-
nates the problem of how technical failures should be
factored in these estimates.
The ANTICIPATE study has limitations. First, it

does not incorporate spleen stiffness measurements,
which have been suggested to have a high accuracy to
predict varices(36-39); in addition, data on LSM were
obtained only with TE and not with newer
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elastography techniques.(40) These data were not avail-
able for the present study, but it opens the opportunity
to extend the modeling strategy proposed in this study
to new multicenter collaborative studies using addi-
tional tools. Second, these data were a blend of pro-
spectively and retrospectively collected data, which
might limit the capacity for control of the quality of
the TE and spleen diameter measurements. However,
all participating centers had extensive experience with
the techniques before the inclusion of patients in the
study and used similar quality criteria. Third, the
majority of the patients in this study had viral-related
cirrhosis, and there were only a limited number of
patients with other etiologies. We statistically explored
whether there was heterogeneity in the predictive value
of these techniques according to the etiology, or
whether they would require different calibrations
according to the underlying etiology, and our analysis
did not detect significant interactions between etiology
and predictions. Admittedly, the relatively low num-
bers somewhat limit the robustness of this analysis. In
addition, this series predates the generalization of
HCV treatment for patients with cirrhosis with direct
antivirals. Therefore, the effect of viral clearance on the
relation between noninvasive tests and the presence of
varices or CSPH was not explored. Finally, though we
used robust modeling techniques with internal valida-
tion, performance of these models in external samples
should be assessed.
In summary, the ANTICIPATE study provides

NITs for the prediction of relevant outcomes in
patients with compensated cirrhosis. In particular, we
show that simple and readily available NITs can pre-
dict the individual risk of portal hypertension and
VNT in this population. Further studies should clarify
whether these tests can be used as clinical decision
tools to improve clinical outcomes in these patients.

Appendix
Additional ANTICIPATE investigators: Univer-

sity of Alberta, Edmonton, Alberta, Canada: Puneeta
Tandon, Mang Ma, Sylvia Kalainy; Service d’h!epato-
gastroent!erologie Hôpital Purpan CHU Toulouse,
Toulouse France et Universit!e Paul Sabatier, Tou-
louse, France: Marie Angèle Robic, Jean Marie
P!eron; Hepatology Unit, Regional Institute of Gas-
troenterology and Hepatology “Octavian Fodor”;
University of Medicine and Pharmacy “Iuliu
Hatieganu”, Cluj-Napoca, Romania: Monica Platon-

Lupsor, Radu I Badea; Liver Unit, Department of
Internal Medicine, Hospital Universitari Vall
d’Hebron, Institut de Recerca Vall d’Hebron
(VHIR), Universitat Aut"onoma de Barcelona,
CIBEREHD, Barcelona, Spain: M!onica Pons and
Laura Mill!an. Liver Unit, Hospital Clinic, University
of Barcelona, Barcelona, Spain: Juan Carlos Garcia-
Pagan, Fanny Turon, Virginia Hernandez-Gea.
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