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Abbreviations

2DSWE Two-dimensional Shear wave elastography

AUROC  Area under the Reciever operating characteristic curve

BMI Body mass index

cACLD Compensated advanced chronic liver disease

CAP Controlled attenuation parameter

CSPH Clinically significant portal hypertension

HRV High risk esophageal varices

HVPG Hepatic vein pressure gradient
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LSM Liver stiffness measurement

NPV Negative predictive value

PPV Positive predictive value

SSM Spleen stiffness measurement

TE Transient elastography
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Background and aims: To evaluate two-dimensional shear wave elastography (2DSWE) in parallel 

with transient elastography (TE) for diagnosing clinically significant portal hypertension (CSPH) 

and high-risk varices (HRV) in patients with chronic liver disease.

Patients and methods: Consecutive patients with suspicion of compensated advanced chronic 

liver disease (cACLD) [liver stiffness measurement (LSM)≥10 kPa by TE, or morphological signs 

suggestive of cACLD on imaging], with no history of liver decompensation, underwent hepatic 

venous pressure gradient (HVPG) measurement, transjugular liver biopsy and 

esophagogastroduodenoscopy which served as the reference methods for diagnosing CSPH, 

cACLD and HRV. All patients underwent LSM and spleen stiffness measurements (SSM) by 2DSWE 

and TE.

Results: Seventy-six (76) patients were included (78% men, mean age 62 years, body mass index 

28.3 kg/m2, 36.8% alcoholic, 30.3% non-alcoholic fatty liver disease, 14.5% viral hepatitis). Of 

them, 80.3%, 69.7%, 52.6% and 22.4% had cACLD, cirrhosis, CSPH and HRV, respectively. LSM 

performed better than SSM in diagnosing CSPH and HRV. For CSPH, AUROCs (0.926 vs. 0.866), 

optimal cut-offs (20.1 vs. 20.2 kPa) and sensitivity/specificity (80.5%/94.3% vs. 77.5% /86.1%) 

were comparable for 2DSWE and TE. Ruling-out of CSPH by 2DSWE (LSM at cut-off with ≥90% 

sensitivity (13.5 kPa) and platelets ≥150x109/L) performed comparably to TE, with 1/24 cases 

falsely classified as negative. For HRV, AUROCs were similar (0.875 2DSWE, 0.851 TE) with similar 

optimal LSM cut-offs enabling 100% sensitivity and ruling-out HRV. 

Conclusion: LSM by 2DSWE appears to perform equally well as TE for diagnosing CSPH and 

ruling-out HRV in compensated chronic liver disease.

KEY WORDS:   Cirrhosis, liver; Portal hypertension; Esophageal varices; Non-invasive tests; 

ElastographyA
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INTRODUCTION

Portal hypertension (PH) is the key driver of progression of compensated advanced chronic liver 

disease (cACLD), leading to development of complications such as portosystemic collaterals 

including esophageal varices (EV), liver decompensation and death (1,2). These complications 

start to develop at a hepatic venous pressure gradient (HVPG) of 10 mmHg, and from this point 

PH is considered clinically significant (CSPH) (2,3). Therefore, it is of clinical interest to accurately 

diagnose the presence or absence of CSPH. Previously, this has only been possible using an 

invasive approach by HVPG measurements (4). Due to its invasive nature, HVPG determination 

has been limited to a relatively small number of tertiary care centers and therefore not widely 

available. Although generally used, platelet count is not a sufficiently reliable surrogate for 

evaluating the degree of PH and may be influenced by various extrahepatic conditions (5-7). 

During the last 20 years, elastography has been introduced as daily practice in hepatology, 

mostly for the non-invasive assessment of the stage of liver fibrosis (8). Elastography has also 

been proposed as a reliable non-invasive tool to rule-in CSPH, and in combination with platelet 

count to rule-out high risk esophageal varices (HRV) (9, 10). Indeed, by using Baveno VI criteria 

[Liver stifness measurement (LSM)<20 kPa + Platelet count>150x109/L], about 30% of the upper 

GI endoscopies can be avoided with the risk of missing HRV of less than 5% according to several 

reports (10-12). These recommendations rely on studies employing transient elastography (TE), 

which however does not offer the possibility of analysing liver morphology or changes in portal 

blood flow. This limitation has been overcome by incorporating elastographic technology into 

ultrasound machines, making it possible to perform a morphological, elastographic and Doppler 

assessment employing the same machine during the same examination (13, 14). Two-

dimensional shear wave elastography (2DSWE) allows visual control of the elasticity in real time 

superimposed over a large area of the grey scale image of the liver or spleen. Several studies 

have investigated this method for the presence of EV or CSPH, but they included a significant 

number of decompensated patients, which might have influenced the calculated cut-offs, and 

also have limited clinical relevance since CSPH exists by definition in decompensated patients 

(15-19). Therefore, the current study aimed at evaluating the diagnostic performance of 2DSWE A
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in comparison to that of TE, for the evaluation of CSPH and HRV specifically in patients with 

chronic liver disease suspected to have cACLD, and no history of liver decompensation.
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PATIENTS AND METHODS

This cross-sectional study was conducted between 1st January 2017 and 31st December 2019 at 

University hospital Dubrava, Zagreb, in line with the Declaration of Helsinki (7th revision) and was 

approved by the Institutional Ethics Committee (Approval Number: KBD/01072015). 

Patients

Eligible for inclusion were consecutive adults (age >18 years) meeting the following criteria: a) 

presence of compensated chronic liver disease and suspected of having cACLD based on LSM≥10 

kPa by TE, or based on morphological signs suggestive of cACLD on ultrasound (US) examination 

(coarse liver parenchyma with irregular  liver surface or irregular interface of the hepatic veins, 

but no overt signs of CSPH such as presence of portosystemic collaterals, or signs of 

decompensation-presence of ascites, not otherwise visible by physical examination); b) provided 

signed informed consent. Patients with congestive liver disease due to right-sided heart failure, 

portal vein thrombosis, extrahepatic biliary obstruction, liver tumours, ALT>5x ULN were 

excluded (14).

Patients underwent a standardised clinical work-up to define the etiology of liver disease 

including an interview on their alcohol consumption (AUDIT-C), medication history, presence of 

metabolic syndrome components (central obesity, arterial hypertension, dyslipidaemia and 

decreased glucose tolerance or presence of diabetes), screening for viral and autoimmune liver 

disease, haemochromatosis and Wilson's disease. Included patients underwent HVPG 

measurement and transjugular liver biopsy (in the same procedure), as well as LSM and SSM by 

2DSWE and TE on the same day. Elastographic measurements preceeded HVPG measurements. 

Esophagogastroduodenoscopy (EGD) was performed in all patients for detection of oesophageal 

varices.

HVPG measurements

HVPG measurements were performed by using transjugular approach, as reported elsewhere (4). 

Briefly, balloon catheter (Berenstein Catheter, Boston S, ref. M001173010) was introduced A
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through the guiding sheath (Arrow 45 cm/7 Fr; Kimal CL-07745) into the right hepatic vein under 

fluoroscopic guidance, 3-4 cm from the ostium to inferior vena cava. Wedged (WHVP) and free 

hepatic vein pressures (FHVP) were measured in triplicate and the HVPG was calculated as the 

mean value of WHVP-FHVP expressed in mmHg.  

Transjugular liver biopsy

Following removal of the balloon catheter, a 19-gauge Trucut biopsy needle (Bio-Cut semi 

automatic biopsy device 19 G/60 cm, Kimal) was introduced and at least 3 cylinders of liver 

parenchyma were taken for histology, and one additional was taken in case of clinical suspicion 

of Wilson's disease or haemochromatosis (20). 

Elastography of liver and spleen

Liver and spleen stiffness measurements (LSM and SSM) were performed in patients prior to 

HVPG and TJB (usually on the same morning, or the day before) by using 2DSWE and TE. 2DSWE 

was performed immediately before TE. LSM by both methods was performed in patients after 

overnight fasting, in the supine position, with the right arm in maximal abduction (14). For 

2DSWE, the Aixplorer® Ultrasound system (version 4.3.2.19566) was used, equipped with an 

abdominal convex probe XC6-1 with a 1-6 MHz bandwidth (Supersonic Imagine, Aix-en-Provence, 

France). For TE, the Fibroscan Touch 502 (Echosens, France) machine equipped by M and XL 

probe and automatic probe selection tool was employed.  

For LSM by 2DSWE the ultrasound probe was positioned in the intercostal space over the right 

liver lobe to obtain the best possible visualisation of liver free of artefacts. LSM was performed 

during a short apnea period in the neutral breathing position with the measuring box positioned 

at least 1.5 cm below the liver capsule. Upon stabilisation of the elastogram, Q-box was 

positioned within the most homogeneous part of elastogram to measure the stiffness. The 

median value of five successful LSM was calculated and only those patients with 

IQR/Median≤30% were included in the study (14).  The same approach was used for SSM. 

For TE, conditions were the same as described with 2DSWE. The M probe was initially placed in 

the same intercostal space over the right liver lobe as with 2DSWE and then switched to XL probe 

if suggested by the machine.  For SSM, ultrasound guidance was employed for optimal A
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positioning of Fibroscan probe.  Median values of 10 LSM and SSM were calculated and only 

those with IQR/Median≤30% were considered reliable. 

Histopathological examination

Tissue cylinders were paraffin embedded, sliced and stained by Haematoxylin & Eosin and 

Massom trichrome. Liver fibrosis was scored by an experienced pathologist who was blinded to 

clinical and elastographic data, and cACLD was defined in patients having bridging fibrosis or 

cirrhosis (21, 22). For steatosis quantification, NASH CRN classification was used: S≥1 for 5-33%, 

S≥2 for 34-66%, and S3 for >66% fatty transformed hepatocytes (22).

Diagnosing esophageal varices

All patients underwent esophagogastroduodenoscopy (EGD) within 1 month following 

elastographic measurements. Esophageal varices (EV) were categorised into 3 grades: 0-no EV; 1-

small EV (submucosal veins in the lower part of esophagus slightly protruding into the lumen but 

flattened by the air insufflation); 2-large EV not flattened by air insufflation (23). Large EV or 

those with cherry red spots (CRS) were catergorised as high-risk varices (HRV) as suggested by 

Baveno VI (10). 

Data analysis

Statistical analysis was aimed at: (i) explore the agreement between elastographic measures by 

2DSWE and by TE (Passing-Bablok regression, Bland-Altman agreement analysis); (ii) explore the 

relationship between elastographic measures and HVPG (general linear models fitted to HVPG); 

(iii) explore the diagnostic performance of LSM by 2DSWE and by TE in respect to CSPH. We 

analyzed empirical ROC curves to identify cut-offs with an optimal combination of sensitivity and 

specificity. We searched for LSM cut-offs that would yield at least 90% specificity (to be used as a 

criterion for ruling-in CSPH), and cut-offs that would have at least 90% sensitivity (to be used as a 

criterion for ruling-out CSPH), if these goals were not achieved at the optimal cut-offs. Analagous 

to the approach pertaining to TE (as used in ANTICIPATE study and more recently by Pons et al., 

ref. 9, 24), we also evaluated ability of LSM (by either method) to correctly exlude CSPH based on 

the cut-offs with at least 90% sensitivity combined with platelet counts ≥150x109/L; (iv) explore 

diagnostic performance of LSM by the two methods in respect to HRV. Similarly to the  Baveno VI A
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approach,  we searched for 2DSWE LSM cut-off with at least 90% sensitivity, if this was not 

achieved at the optimal cut-offs, that would allow for, in combination with Plt≥150x109/L, 

correctly ruling-out HRV; (v) explore diagnostic performance of SSM by the two methods in 

respect to CSPH and HRV (analysis of empirical ROC curves; diagnostic performance), and to 

explore whether SSM could be used to additionally increase the number of patients in whom 

HRVs could be excluded or identified by evaluating its diagnostic properties in a subset of 

patients in whom HRVs could not be clearly excluded based on LSM (recusive partitioning 

models). We used NCSS 11 (NCSS, LLC, Kaysville Utah) and SAS 9.4 for Windows (SAS Inc., Cary, 

NC) (proc logistic, proc glimmix, proc nlmixed, macro rocplot, and proc hpsplit) statistical 

software.

RESULTS

Patients

Seventy-six patients were included: 40 (52.6%) with HVPG ≥10 mmHg (CSPH), 13 (17.1%) with 

HVPG 6-9 mmHg and 23 (30.3%) with HVPG <6 mmHg (Table 1). Male gender prevailed, and 

alcohol was overall the most prevalent cACLD cause, particularly among patients with CSPH 

(Table 1). No significant adverse effects were noticed resulting form HVPG or TJLB.

Sixty-five patients were considered to have cACLD based on LSM≥10 kPa by TE, and 59 were 

histologically confirmed as such, i.e., TE correctly classified 59/65 patients (90.8%). In addition, 

11 patients were included based on morphological criteria alone, and cACLD was confirmed by 

histology in only 2 of them, i.e. correct classification by morphological criteria was achieved in 

2/11 (18.2%).

The number of valid LSM and SSM measurements was 74 and 63 for 2DSWE, and 76 and 61 for 

TE, respectively. 2DSWE and TE values appeared correlated, but the agreement was poor: LSM 

and SSM by 2DSWE were on average 2.7 kPa and 4.3 kPa respectively lower than the values 

measured by TE (Supplemental Figure S1).

Performance of LSM by 2DSWE in diagnosing CSPHA
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LSM positively correlated with HVPG. The correlation was stronger by 2DSWE than by TE (R2=0.68 

vs. R2=0.53) (Supplemental Figure S2). Overall, there was less overlap of LSM values in patients 

with/without CSPH when measured by 2DSWE than by TE (Supplemental Figure S3). Both 

methods discriminated well for the presence of CSPH (Table 2), but the AUROC was higher for 

2DSWE (0.926 vs. 0.866) (Table 2, Supplemental Figure S4). LSM cut-offs with optimal 

combination of sensitivity and specificity were similar for the two methods (20.1 and 20.2 kPa, 

respectively), but specificity with 2DSWE was higher (Table 2). Sensitivities and NPVs were 

moderate with both methods (Table 2). By using optimal LSM cut-offs, similar numbers of 

subjects could be ruled-in with CSPH by the two methods, with similar numbers of true and false 

positives and false negatives (Table 2). For 2DSWE, the optimal cut-off resulted in at least 90% 

specificity, while for TE a higher cut-off (27.7 kPa) was identified as one with at least 90% 

specificity and slightly reduced number of false positives (Table 2). For 2DSWE, a cut-off of 13.5 

kPa was identified with at least 90% sensitivity (Table 2) for ruling-out CSPH. In this respect, a 

combination of this cut-off with platelet counts ≥150x109/L performed comparably to the similar 

criteria by using TE (LSM <15 kPa and platelets ≥150) as proposed by Pons M et al. (24). 

Altogether, presence of CSPH could be correctly classified in 54/74 (73%) patients by 2DSWE and 

45/76 (59%) by TE using LSM and Plt count. 

Performance of LSM by 2DSWE in diagnosing high-risk varices (HRV) and applicability of the 

Baveno VI criteria

Overall, 17/76 (22.4%) patients had HRV. LSM assessed by both 2DSWE and TE provided a good 

discrimination between patients with and without HRV (Table 3). Optimal cut-offs (19.3 kPa for 

2DSWE, 21.8 kPa for TE) resulted in 100% sensitivity for both methods with modest specificity 

(Table 3). In addition, both methods allowed ruling-out HRV without false negatives (Table 3). 

Nevertheless, in line with the Baveno VI approach, we evaluated a combination of the optimal 

2DSWE cut-off (LSM ≤19.3 kPa) and the TE cut-off suggested by Baveno VI (<20 kPa) with platelet 

counts ≥150x109/L.  Regarding the 2DSWE LSM, there were 29/74 (39.2%) patients meeting 

these criteria, and all 29 were true negatives (Table 3). Application of the Baveno VI criteria in the 

present sample (LSM by TE <20.0 kPa) indicated that 31/76 (40.8%) patients could be ruled-out 

as HRV, without false negative cases (Table 3). A
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Performance of SSM by 2DSWE in diagnosing CSPH

Spleen stiffness positively correlated with HVPG, but the association was weaker than in the case 

of LSM (R2=0.355 for 2DSWE, R2=0.427 for TE) (not shown). Overall, there was less overlap of 

SSM values in patients with/without CSPH by 2DSWE than by TE (Supplemental Figure S5). Both 

methods discriminated comparably well between patients with and without CSPH but AUROCs 

were numerically lower than for LSM (Table 4). At optimal cut-offs (34.8 kPa for 2DSWE and 43.5 

kPa for TE, Table 4), sensitivities and specificities were rather modest for both methods (Table 4). 

Cut-offs resulting in at least 90% specificity (Table 4) were quite apart for both methods, and 

both methods appeared less informative for ruling-in or ruling-out CSPH (more false negatives) 

(Table 4) than was the case with LSM (Table 2). In a recursive partitioning model based on 

platelet counts, LSM and SSM (by either method), SSM was not found informative for 

identification of patients with CSPH, beyond what was achieved based on LSM and platelet 

counts (data not shown).

Performance of SSM by 2DSWE in diagnosing high-risk varices (HRV)

SSM assessed with both methods moderately discriminated between patients with and without 

HRV (AUROCs close to 0.80, Table 5). At the optimal cut-offs (37.2 kPa for 2DSWE and 42.2 kPa 

for TE), both methods had a reasonable sensitivity but poor specificity, and were comparably 

informative in terms or ruling-out HRV: there were a few false negatives by either method (Table 

5). With 2DSWE, a slightly lower cut-off (34.8 kPa) achieved at least 90% sensitivity, but the 

reliability in ruling-out HRV was not improved (Table 5). Nevertheless, in recursive partitioning 

models accounting for platelets, LSM and SSM (by either method), SSM was found to be 

(additionally) informative in ruling-out patients with HRV in a subset of subjects not ruled-out 

based on LSM, regardless of whether elastographic measurements were performedby TE or by 

2DSWE (data not shown). 

Following this observation, patients who remained outside Baveno VI criteria were evaluated by 

SSM. In the case of 2DSWE, 40/45 patients (16 with HRV) had valid SSM: 8 had SSM <34.8 kPa A
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(cut-off identified in Table 5), 7 of whom were true negatives (no HRV) and 1 patient was a false 

negative (had HRV). Consequently, in the present cohort using 2DSWE LSM + platelets to rule-out 

HRV as a first step, followed by SSM evaluation in unclassified patients, HRV was correctly ruled-

out in 36/74 patients with 1 case of “missed” HRV. Regarding TE, 39/45 patients (14 with HRV), 

had valid SSM: 12 had SSM <42.2 kPa (cut-off identified in Table 5), 11 of whom were true 

negatives (no HRV) and 1 patient was a false negative (had HRV). Therefore, in this two-step 

process HRV was correctly ruled-out in 42/76 patients with 1 case of “missed” HRV.

DISCUSSION

Portal hypertension is the main driving force affecting the course of advanced chronic liver 

disease, with HVPG≥10 mmHg representing the turning point for development of all clinically 

relevant complications (1-3). Because measurement of HVPG, the gold-standard diagnostic 

method for PH, is invasive and not widely available, non-invasive surrogates are becoming more 

attractive for a wider use in clinical practice (4, 25). The best evaluated elastography method, TE, 

has a very good diagnostic performance in ruling-in CSPH, but much weaker ability to rule it out, 

when LSM was used as the single criterion, according to meta-analyses (26, 27). Different cut-off 

values of LSM by TE (ranging from 8 to 38 kPa) have been suggested, with lower cut-offs (e.g., 

13.6-18 kPa) with apparently better performance for ruling-out CSPH and higher values (e.g., 20-

25 kPa) for ruling-in CSPH (27). In line with ANTICIPATE (9) and Baveno VI approach (10), recent 

multicentre study reported very high reliability of LSM by TE for ruling-out CSPH when combined 

with Plt count (LSM <15 kPa and Plt ≥150 x 109/L) (24).

The results of the present study provide evidence for a good performance of LSM by 2DSWE as 

an additional non-invasive diagnostic method for CSPH in patients with cACLD. Its discriminative 

property numerically appeared somehow better than that of LSM by TE, with higher specificity at 

a cut-off with optimal combination of sensitivity and specificity. In line with on average lower A
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LSM readings with 2DSWE than with TE in a particular patient, a slightly lower cut-off than the 

ones proposed for LSM by TE (24) were identified to result in comparably reliable rulling-in, and 

(in combination with Plt count) ruling-out CSPH.  

Apart from prognostic purposes, ruling-in and –out CSPH has been generally considered of 

relevance for patients undergoing liver resection or extrahepatic surgery, since it is an important 

landmark for postoperative liver failure and death (28, 29). In addition to this, the PREDESCI trial 

demonstrated that patients with cACLD and CSPH might benefit from early introduction of NSBB, 

as they significantly reduced liver decompensation and mortality (30). This reflects shift in 

paradigm from the previous practice when NSBB were reserved exclusively for patients 

diagnosed with HRV. The results of the PREDESCI trial represent a logical background to invest 

more efforts in diagnosing CSPH by using non-invasive methods amongst patients with cACLD, 

and elastography is currently  the most favourable diagnostic tool. As elastography modules have 

been incorporated into majority of contemporary ultrasound machines, allowing for 

multiparametric assessment of liver disease, it is  important to validate diagnostic performance 

of these new ultrasound-based elastography techniques (13). As for the 2DSWE by Supersonic 

Imagine, a wide range of cut-offs for CSPH and EV have been published, probably due to the 

heterogenous structure of the studied populations. A recent meta-analysis (31) included 328 

patients with CSPH from 5 studies and revealed 14 kPa as the best LSM cut-off to rule-out and 25 

kPa to rule-in CSPH. However, only 27% of the included patients had compensated cirrhosis, 

which is a limitation, as decompensated patients by definition have CSPH. 2DSWE LSM cut-offs 

with ≥90% sensitivity (13.5 kPa when used in combination with Plt>150) and ≥90% specificity 

(20.1 kPa) for CSPH, as derived from out cohort of strictly compensated patients (who are more 

relevant target for searching for CSPH),  are close to the aforementioned thresholds, but still 

somewhat lower, probably as the result of the different composition of the investigated cohorts.  

For this reason, the present study provides a relevant additional input into the area of non-

invasive diagnostics of CSPH by using this relatively new elastographic modality. Interestingly, 

according to our results SSM by either method (2DSWE or TE) was not found informative for 

identification of patients with CSPH, beyond what was achieved based on LSM and platelet 

counts.A
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In terms of diagnosing HRV, better performance of LSM by TE was reported for ruling-out than 

for ruling-in HRV (26). In compensated patients the most frequently used non-invasive criteria 

are those adopted by Baveno VI consensus for ruling-out HRV (Plt count>150 + LSM<20 kPa by 

TE). These criteria have been extensively validated and can be used to avoid EGD in around 30-

40% of patients (12) (with less than 5% risk of missing HRV). For patients outside these criteria, 

EGD would be mandatory. Further improvement to this concept was introduced by a stepwise 

algorithm with measuring SSM in patients outside Baveno VI criteria and deferring EGD in those 

with SSM≤46 kPa, as this was the threshold with 98% NPV for HRV. (32). The present data 

suggest that LSM by 2DSWE might be at least equally as reliable as LSM by TE for ruling-out HRV. 

Its discriminative properties in respect to HRV were comparable to those of LSM by TE when 

used alone, as well as when it was combined with platelets ≥150 x109/L resulting in 100% 

sensitivity (and reliable ruling-out of HRV with no false exclusions) at optimal cut-offs. The 

present subset of patients in whom HRV could not be excluded based on these criteria was too 

small for a meaningful evaluation of utility of SSM (by either method). Exploratory analysis 

(recursive partitioning) however suggests that SSM by 2DSWE might also provide useful 

additional information, just as it has been suggested for SSM by TE (32).

Thus, by using combination of 2DSWE LSM<19.3 kPa and Plt ≥150 x109/L in the first step, 

followed by SSM<34.8 kPa for the patients who remained unclassified, EGD might have been 

potentially avoided in 36/74 (48.6%) patients with 1 case of “missed” HRV based on the results 

from our cohort of patients with suspicion of cACLD. Similar SSM cut-off (35.8 kPa) for ruling-out 

HRV was reported in the study that used the same type of SWE as we did, in a cohort of patients 

with known cirrhosis (75% compensated) (33).

The present observations are limited by a relatively small sample size resulting in imprecise 

estimates (wide confidence intervals, small patient subsets resulting in fragile proprotions) and 

the fact that patients suffered liver disease of mixed aetiologies.   Also, imaging methods 

revealed to be rather imprecize for diagnosing cACLD (only 2/11 patients or 18.2% correctly 

classified with cACLD). These results are in disagreement with some other studies claiming very 

high accuracy of imaging for recognizing the presence of cACLD (34,35). Of the 11 patients 

refered for HVPG measurements based on imaging features, 8 were examined by ultrasound. It A
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should be kept in mind that the quality of ultrasound image can significantly vary between the 

ultrasound platforms, may be influenced by the patient’s body habitus, as well as the experience 

of the operator.  Based on our results, elastographic criterion of LSM≥10 kPa seems much more 

reliable parameter for the recognition of cACLD. Nevertheless, we decided to consider the 

patients with morphological signs of potential cACLD also eligible for the study, even if they did 

not have LSM≥10 kPa, because in daily clinical practice LSM<10 kPa is not 100% sensitive to rule-

out the presence of cACLD, and it might be wrong to defere such a patient from further work-up 

if he/she had imaging features suggestive of cACLD. 

Another potential limitation is that we could not provide the data about the interobserver and 

intraobserver variability of LSM and HVPG. However, existing literature suggest excellent intra- 

and inter-observer variability both  for TE and 2DSWE, hence we consider the results obtained 

here reliable (36-39). As for the HVPG procedure, all measurements were performed in triplicate 

and according to international standrards, and recently published study shows low HVPG 

variability in cACLD (40).  

A particular strength of this study is the inclusion of consecutive, ‘real world’ consenting patients, 

who were well characterized in respect to a range of standard laboratory tests and liver 

histology, HVPG was measured in all patients and elastographic measurements were performed 

by experienced hepatologists. 

In conclusion, in the present cohort of patients most of whom had cACLD, LSM determined by 

2DSWE performed well in diagnosing CSPH and HRV, comparably to LSM by TE.  As expected, 

different cut-off values of 2DSWE and TE were obtained in this study due to known differences in 

the agreement between the two methods in quantification of LSM (and SSM).  These results are 

especially valuable because the performance of 2DSWE for the presence of CSPH has not been 

previously tested exclusively among patients with cACLD, and the reported results from other 

studies were biased by inclusion of already decompensated patients. Nevertheless, due to 

limited sample size our results need further validation to confirm their reliability in clinical 

practice. A
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TABLES LEGEND

Table 1. Patient characteristics, overall (N=76) and according to the hepatic vein pressure 

gradient (HVPG) value indicating portal hypertension: HVPG < 6 mmHg (n=21, 30.3%, no portal 

hypertension); 6-9 mmHg (n=13, 17.1%, subclinical portal hypertension); ≥10 mmHg (n=40, 

52.6%, clinically significant portal hypertension). Data are medians (quartiles, ranges), 

means±standard deviations (ranges) or counts (percent).

Table 2. Diagnostic performance of liver stiffness measurement (LSM) by two-dimensional shear-

wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to clinically 

significant portal hypertension (CSPH) defined as hepatic vein pressure gradient (HVPG) ≥10 

mmHg. Sensitivity, specificity and predictive values are given as percentages.
1Specificity ≥90% already at the optimal cut-off
2Suggested by the literature (Pons M. et al. Ref. 24)

Table 3. Diagnostic performance of liver stiffness measurement (LSM) by two-dimensional shear-

wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to high-risk 

varices (HRV). Sensitivity, specificity and predictive values are given as percentages. 
1 One-sided 97.5% confidence interval

2Cut-off proposed by Baveno VI criteria in combination with platelet counts

Table 4. Diagnostic performance of spleen stiffness measurement (SSM) by two-dimensional 

shear-wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to 

clinically significant portal hypertension (CSPH) defined as hepatic vein pressure gradient (HVPG) 

≥10 mmHg. Sensitivity, specificity and predictive values are given as percentages.A
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Table 5. Diagnostic performance of spleen stiffness measurement (SSM) by two-dimensional 

shear-wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to 

high-risk varices (HRV). Sensitivity, specificity and predictive values are given as percentages. 
1Sensitivity ≥90% already at the optimal cut-off
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TABLES AND FIGURES

Table 1. Patient characteristics, overall (N=76) and according to the hepatic vein pressure 

gradient (HVPG) value indicating portal hypertension: HVPG < 6 mmHg (n=21, 30.3%, no portal 

hypertension); 6-9 mmHg (n=13, 17.1%, subclinical portal hypertension); ≥10 mmHg (n=40, 

52.6%, clinically significant portal hypertension). Data are medians (quartiles, ranges), 

means±standard deviations (ranges) or counts (percent).
All patients HVPG <6 mmHg HVPG 6 -9 mmHg HVPG ≥10 mmHg

N 76 23 13 40

Males 60 (78.9) 20 (87.0) 10 (76.9) 30 (75.0)

Age (years) 62 (53-67; 34-76) 60 (47-65; 35-73) 62 (53-65; 34-75) 62 (55-67; 37-76)

Hight (cm) 176±8.8 (157-198) 177±9.8 (157-198) 178±8.7 (162-194) 175±8.3 (157-190)

Weight (kg) 85 (76-98; 56-144) 84 (78-97; 60-144) 86 (80-102; 67-114) 85 (75-95; 56-125)

BMI (kg/m2) 28.3±5.0 (18.6-49.8) 27.6±6.2 (18.6-49.8) 28.4±4.1 (23.1-35.9) 28.4±4.5 (21.6-38.1)

Skin-capsule distance (mm) 22.1±5.6 (10-36) 20.3±4.6 (13-32) 23.1±5.9 (15-33) 23.0±5.9 (10-36)

Etiology 

Alcohol 28 (36.8) 4 (17.4) 3 (23.1) 21 (52.5)

NAFLD 23 (30.3) 9 (39.1) 6 (46.2) 8 (20.0)

Viral hepatitis (B, C) 11 (14.5) 5 (21.7) 1 (7.7) 5 (12.5)

Autoimmune 7 (9.2) 3 (13.0) 2 (15.4) 2 (5.0)

Other 7 (9.2) 2 (8.7) 1 (7.7) 4 (10.0)

Esophageal varices

0 40 (57.1) 23 (100) 11 (84.6) 10 (25.0)

1 14 (20.0) 0 1 (7.7) 14 (35.0)

2 14 (20.0) 0 1 (7.7) 14 (35.0)

3 2 (2.9) 0 0 2 (5.0)

Bridging fibrosis or cirrhosis 

(cACLD) by histopatology

61 (80.3) 10 (43.5) 12 (92.3) 39 (97.5)

Cirrhosis by histopatology 53 (69.7) 7 (30.4) 9 (69.2) 37 (92.5)

Steatosis (%) 10 (0-25; 0-70) 10 (0-45; 0-70) 10 (0-30; 0-70) 5 (0-20; 0-70)

CAP (dB/m) 273±74 (100-394) 291±58 (192-382) 272±80 (141-380) 262±81 (100-394)A
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HVPG (mmHg) 10 (5-15; 1.5-30) 4 (3-5; 1.5-5.8) 7 (6-8) 15 (11-17.5; 10-30)

LSM by 2DSWE (kPa) 21.5±14.4 (4.5-68.6) 10.1±3.6 (4.5-18.1) 14.7±5.6 (7.2-23.3) 30.4±14.4 (10.1-68.6)

LSM by TE (kPa) 24.1±16.6 (2.8-69.1) 11.5±6.0 (2.8-30.3) 18.6±9.8 (9.5-45.0) 33.0±17.3 (9.0-69.1)

SSM by 2DSWE (kPa) 38.5±15.3 (14-97.2) 25.7±7.2 (14-47.3) 33.0±6.1 (23-42.8) 46.1±15.3 (22.3-97.2)

SSM by TE (kPa) 42.1±17.6 (17-75) 24.3±6.2 (17-41.8) 37.7±13.3 (20-65.2) 50.7±16.2 (26-75)

Spleen, longer diam. (mm) 127±22.9 (86-190) 113±17.7 (86-150) 122±17.2 (102-160) 138±22.2 (102-190)

Spleen, shorter diam. (mm) 48.4±10.8 (26-80) 41.5±9.1 (26-63) 46.6±8.5 (34-66) 53.0±10.2 (32-80)

Bilirubin (µmol/L) 16.4 (12-25; 3.1-49) 12.0 (10-13; 3.1-48) 13.1 (10-18; 8.6-25) 21.7 (16.9-33.8; 9-49)

Albumin (g/L) 42 (36-45; 25-51) 44 (42-47; 39-50) 44 (43-46; 27-51) 36 (33-42; 25-50)

INR 1.1 (1.0-1.4; 1.0-2.3) 1.0 (1.0-1.3; 1.0-1.6) 1.0 (1.0-1.1; 1.0-1.4) 1.2 (1.0-1.4; 1.0-2.3)

Creatinin (µmol/L) 71 (62-83; 37-125) 77 (62-92; 52-122) 72 (62-83; 52-95) 69 (57-81; 37-125)

AST (U/L) 44 (32-68; 15-170) 37 (29-54; 19-163) 35 (30-49; 21-74) 54 (38-81; 15-170)

ALT (U/L) 43 (27-69; 12-153) 52 (28-71; 15-139) 43 (26-50; 20-119) 40 (26-75; 12-153)

GGT (U/L) 99 (52-196; 14-1625) 86 (34-152; 14-1568) 69 (53-126; 18-382) 136 (58-240; 19-1625)

Alkaline phosphatase (U/L) 100 (79-130; 47-342) 85 (66-113; 48-220) 87 (62-115; 49-130) 120 (89.156; 47-342)

Platelets (x 109/L) 161 (103-225; 22-320) 217 (156-257; 78-299) 193 (178-251; 133-300) 107 (78-162; 22-320)

Platelets >150 (x 109/L) 43 (56.6) 19 (82.6) 12 (92.3) 12 (30.0)

Table 2. Diagnostic performance of liver stiffness measurement (LSM) by two-dimensional shear-

wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to clinically 

significant portal hypertension (CSPH) defined as hepatic vein pressure gradient (HVPG) ≥10 

mmHg. Sensitivity, specificity and predictive values are given as percentages.

2DSWE TE

N 74 76

Prevalence with HVPG ≥10 mmHg 39 (52.7%) 40 (52.6%)

Area under the ROC curve (95%CI) 0.926 (0.870-0.981) 0.866 (0.784-0.949)

LSM cut-off (optimal sensitivity-specificity) 20.1 kPa 20.2 kPa

Sensitivity (95%CI) 80.5 (65.1-91.2) 77.5 (61.6-89.2)

Specificity (95%CI) 94.3 (80.8-99.3) 86.1 (70.5-95.3)

PPV (95%CI) 93.9 (79.8-99.2) 86.1 (70.5-95.3)

NPV (95%CI) 80.5 (65.1-91.2) 77.5 (61.6-89.2)

Ruled-in as CSPH 33/74 36/76

True positives 31/39 31/40

False positives (ruled-in, but no CSPH) 2 5

False negatives (not ruled-in, but CSPH) 8/39 9/40

Cut-off with at least 90% specificity ---1 27.7 kPa

Actual specificity at this cut-off (95%CI) ---1 94.4 (81.3-99.3)

PPV at this cut-off ---1 91.7 (73.0-99.0)A
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Ruled-in as CSPH ---1 24/76

True positives ---1 22/24

False positives (ruled-in, but no CSPH) ---1 2

False negatives (not ruled-in, but CSPH) ---1 18/40

Cut-off with at least 90% sensitivity 13.5 kPa 15.0 kPa2

Acutal sensitivity at this cut-off (95%CI) 92.3 (79.1-98.3) 90.0 (76.3-97.2)

NPV at this cut-off (95%CI) 89.3 (71.8-97.7) 86.2 (68.3-96.1)

Ruled-out as CSPH due to LSM ≤cut-off 31/74 30/76

True negatives 25/35 25/36

False negatives (ruled-out, but CSPH) 6 5

Platelets ≥150x109/L and LSM ≤cut-off 24/74 23/76

Ruled-out as CSPH 24/74 23/76

True negatives 23/35 23/36

False negatives (ruled-out, but CSPH) 1 0
1Specificity ≥90% already at the optimal cut-off
2Suggested by the literature (Pons M. et al. Ref. 24)

Table 3. Diagnostic performance of liver stiffness measurement (LSM) by two-dimensional shear-

wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to high-risk 

varices (HRV). Sensitivity, specificity and predictive values are given as percentages. 

2DSWE TE

N 74 76

Prevalence of high-risk varices 17 (23.0%) 17 (22.4%)

Area under the ROC curve (95%CI) 0.875 (0.797-0.952) 0.851 (0.767-0.934)

LSM cut-off (optimal sensitivity-specificity) 19.3 kPa 21.8 kPa

Sensitivity (95%CI) 100 (80.5-100)1 100 (80.5-100)1

Specificity (95%CI) 68.4 (54.8-80.1) 71.1 (57.9-82.2)

PPV (95%CI) 48.6 (31.3-66.0) 50.0 (32.4-67.6)

NPV (95%CI) 100 (91.9-100)1 100 (91.6-100)1

Ruled-out as high risk varices 39/74 42/76

True negatives 39/57 42/59A
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False negatives (ruled-out, but HRV) 0 0

Platelets ≥150x109/L and LSM <cut-off 29/74 (LSM<19.3 kPa) 31/76 (LSM <20 kPa)2

Ruled-out as HRV 29/74 31/76

True negatives 29/57 31/59

False negatives (ruled-out, but HRV) 0 0
1 One-sided 97.5% confidence interval

2Cut-off proposed by Baveno VI criteria in combination with platelet counts

Table 4. Diagnostic performance of spleen stiffness measurement (SSM) by two-dimensional 

shear-wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to 

clinically significant portal hypertension (CSPH) defined as hepatic vein pressure gradient (HVPG) 

≥10 mmHg. Sensitivity, specificity and predictive values are given as percentages.

2DSWE TE

N 63 61

Prevalence with HVPG ≥10 mmHg 36 (57.1%) 35 (57.4%)

Area under the ROC curve (95%CI) 0.877 (0.792-0.963) 0.857 (0.763-0.951)

SSM cut-off (optimal sensitivity-specificity) 34.8 kPa 43.5 kPa

Sensitivity (95%CI) 83.3 (67.2-93.6) 89.3 (71.8-97.7)

Specificity (95%CI) 81.5 (61.9-93.7) 69.7 (51.3-84.4)

PPV (95%CI) 85.7 (69.7-95.2) 71.4 (53.7-85.4)

NPV (95%CI) 78.6 (59.1-91.7) 88.5 (69.9-97.5)

Cut-off for at least 90% specificity 41.4 kPa 46.7 kPa

Actual specificity at this cut-off (95%CI) 92.6 (75.7-99.1) 92.3 (74.9-99.0)

PPV at this cut-off (95%CI) 91.7 (73.0-99.0) 90.0 (68.3-98.7)A
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Ruled-in as CSPH 24/63 20/61

True positives 22/36 18/35

False positives (ruled-in, but no CSPH) 2 2

False negatives (not ruled-in, but CSPH) 14/36 17/35

Cut-off for at least 90% sensitivity 30.1 kPa 29.3 kPa

Actual sensitivity at this cut-off (95%CI) 91.7 (77.5-98.2) 91.4 (76.9-98.2)

NPV at this cut-off (95%CI) 76.9 (46.2-95.0) 84.2 (60.4-96.6)

Ruled-out as CSPH 21/63 20/61

True negatives 17/27 16/26

False negatives (ruled-out, but CSPH) 4 4

Table 5. Diagnostic performance of spleen stiffness measurement (SSM) by two-dimensional 

shear-wave elastography (2DSWE) and by transient elastography (TE, FibroScan) in respect to 

high-risk varices (HRV). Sensitivity, specificity and predictive values are given as percentages. 

2DSWE TE

N 63 61

Prevalence with high-risk varices 16 (25.4%) 14 (22.9%)

Area under the ROC curve (95%CI) 0.795 (0.687-0.904) 0.797 (0.682-0.912)

SSM cut-off (optimal sensitivity-specificity) 37.2 kPa 42.2 kPa

Sensitivity (95%CI) 87.5 (71.3-100) 92.9 (79.4-100)

Specificity (95%CI) 66.0 (52.4-100) 61.7 (47.8-75.6)

PPV (95%CI) 46.7 (28.8-64.5) 41.9 (24.6-59.3)

NPV (95%CI) 93.9 (85.8-100) 96.7 (90.2-100)

Ruled-out as high-risk varices 34/63 33/61

True negatives 31/47 31/47

False negatives (ruled-out, but HRV) 3 2

Cut-off with at least 90% sensitivity 34.8 kPa ---1A
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Actual sensitivity at this cut-off (95%CI) 93.7 (69.8-99.8) ---1

NPV at this cut-off (95%CI) 96.4 (81.6-99.9) ---1

Ruled-out as high-risk varices 29/63 ---1

True negatives 27/47 ---1

False negatives (ruled-out, but HRV) 2 ---1

1Sensitivity ≥90% already at the optimal cut-off
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