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Abstract

Background and Aims We aimed to validate newly proposed noninvasive criteria for diagnosing clinically significant portal
hypertension (CSPH) using liver stiffness measurements (LSM) by transient elastography (TE) and platelet count.
Methods Diagnostic performance of these new criteria for CSPH (LSM > 25 kPa to rule in and Plt> 150X 10°/L + LSM < 1
5 kPa to rule out CSPH) were retrospectively tested in an independent cohort of consecutive patients who underwent hepatic
venous pressure gradient (HVPG) measurements and liver biopsy due to suspicion of compensated advanced chronic liver
disease. Suspicion of cACLD was based on LSM > 10 kPa by TE or results of liver imaging, without overt signs of CSPH.
Patients with conditions known to affect results of LSM (ALT > 5 X ULN, liver congestion, extrahepatic biliary obstruction,
infiltrative liver neoplasms) were excluded.

Results Seventy six (76) patients were included: 78.9% males, mean age 62 years, 36.8% suffered from alcoholic, 30.3% non-
alcoholic fatty liver disease, 14.5% chronic viral hepatitis, 30.3% were obese, 52.6% had HVPG > 10 mmHg, 56.6% had plate-
let count > 150 x 10%/L.. LSM > 25 kPa had 88.9% specificity (95% CI 73.9-96.9) to rule in, whereas Plt> 150 +LSM < 15 kPa
had 100% sensitivity (95% CI 91.1-100) to rule out CSPH.

Conclusion By using these simple noninvasive criteria 49/76 (64.5%) patients could be classified correctly for the presence/
absence of CSPH, thus obviating the need for HVPG measurements.
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HVPG) reduces the risk of liver decompensation or death
[2]. Previously, NSBB were recommended only when large
esophageal varices are present on screening endoscopy [3].
Although HVPG is the gold standard method for diagnos-
ing CSPH, it is invasive and limited to specialized centers
[4]. Consequently there is much interest in development
of noninvasive methods to diagnose CSPH. Recently, new
diagnostic criteria have been proposed based on results of
a multicenter study conducted in cohorts of patients with
compensated advanced chronic liver disease (cACLD) using
results of liver stiffness measurement (LSM) by transient
elastography (TE) and platelet count (Plt) [5]. These criteria
were derived from the international cohort of patients suffer-
ing from alcoholic liver disease (ALD), nonalcoholic fatty
liver disease (NAFLD) and chronic viral hepatitis.

We aimed to evaluate diagnostic performance of these
newly proposed noninvasive criteria in our cohort of patients
evaluated for the suspicion of cACLD.

Materials and Methods
Patients

Consecutive patients with available results of HVPG measure-
ments and liver biopsy performed due to suspicion of cACLD
over a period of three years were included in this retrospective
study approved by the Institutional Ethics Committee. Suspicion
of cACLD was based on LSM > 10 kPa by TE or results of liver
imaging (ultrasound, computerized tomography or magnetic
resonance that revealed coarse liver parenchyma with irregular
liver surface or irregular interface of the hepatic veins,), without
overt signs of CSPH (presence of portosystemic collaterals or
signs of decompensation—presence of ascites, not otherwise
detectable by physical examination) [3, 6, 7]. All patients under-
went standardized clinical workup in order to define etiology
and clinical stage of liver disease. Only patients over 18 years
of age, with available results of LSM by TE performed within
1-month period before HVPG measurement, and no previous
episodes of liver decompensation (ascites, variceal bleeding,
portal encephalopathy, jaundice) were included. Patients with
conditions known to affect results of LSM (ALT>5 X ULN,
liver congestion, extrahepatic biliary obstruction, infiltrative
liver neoplasms) were excluded (Fig. 1) [8].

Methods

We evaluated the criteria for diagnosing CSPH (LSM >25 kPa
by TE to rule in and Plt> 150 x 10°/L.+ LSM < 15 kPa to rule
out CSPH) as proposed by Pons et al.[5]. LSM and Plt results
were tested against the results of HVPG measurements avail-
able for each patient, performed as per the method described
elsewhere [4]. cACLD was confirmed in patients with bridging
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89 patients
with
HVPG and TJLB
dueto
suspicion of cACLD*

¢ 3 patientswith congestive
liver disease

¢ 4 patientswith ALT>5xULN

¢ 1 patientwith amyloidosis

* 5 pateintswith large HCC
considered for surgery

76 patients with:
¢ HVPGandTILB
* LSM and Plt count

*suspicion of cACLD based on:
e ISM2>10kPa, or
¢ Suggestive imaging features

Fig. 1 Flowchart of the study. ALT alanine aminotransferase; cACLD
compensated advanced chronic liver disease; HCC hepatocellular
carcinoma; HVPG hepatic venous pressure gradient; LSM liver stift-
ness measurements; Plt platelet count; 7JLB transjugular liver biopsy;
ULN upper limit of normal

fibrosis or cirrhosis on histopathology [3]. Since Pons et al.
[5] suggested that the “rule-in” (LSM >25 kPa) criterion
might not perform well in obese (body mass index > 30 kg/
m?) patients with nonalcoholic fatty liver disease (NAFLD),
we repeated the analysis after exclusion of a subset of such
patients.

Institutional Review Board Statement

This study was conducted in accordance with the World Medi-
cal Association Declaration of Helsinki, and the study proto-
col was approved by the Institutional Ethics committee (No
2021/2202-07). Due to the retrospective design of the study,
informed consent was waived by the ethics committee.

Data Analysis

We fitted logistic models to probability of HVPG > 10 mmHg
among the cohort of patients who met inclusion criteria to
determine sensitivity and specificity for LSM alone or com-
bined with platelet counts at the proposed cutoffs [5] by using
SAS 9.4 for Windows (SAS Inc., Cary, NC).

Results

The majority of 76 included patients suffered from alco-
holic (36.8%) or nonalcoholic fatty (30.3%) liver disease
(Table 1), 40 (52.6%) had HVPG > 10 mmHg, 56.6% had
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platelet counts > 150 x 10°/L and 30.3% were obese (body
mass index, BMI > 30 kg/m?) (Table 1).

LSM > 10 kPa was detected in 65/76 (85.5%) patients,
and 59 (90.8%) of them had bridging fibrosis or cirrhosis
(cACLD) on histopathology examination. Of the remaining
11 patients with LSM < 10 kPa, 2/11 had bridging fibrosis
or cirrhosis. A wide range of LSM values were recorded,
overall and across all etiology subgroups (Table 1). The
suggested LSM cutoff (>25.0 kPa) for CSPH had moderate

sensitivity and specificity and positive (PPV) and negative
(NPV) predictive values, yet enabled correct identification
of 25/40 patients with CSPH (“CSPH adequately ruled in”)
(Table 2). Combination of platelets > 150 x 10°/L and LSM
of <15.0 kPa showed 100% sensitivity for the absence of
CSPH and 24/36 patients without CSPH could be correctly
identified as such (“CSPH adequately ruled out”) with no
false negatives (Table 2). BMI altered the performance
of LSM and PIt to predict CSPH. For instance, as BMI

Table 1 Patient characteristics—overall and by etiology

All patients ALD NAFLD HBV or HCV* All other causes®
N 76 28 (36.8% of all) 23 (30.3% of all) 11 (14.5% of all) 14 (18.4% of all)
Men 60 (78.9) 24 (85.7) 19 (82.6) 10 (90.9) 7 (50.0)
Age (years) 62 (53-67; 34-76) 60 (52-66; 34-74) 62 (59-67; 37-74) 58 (54-64; 39-69) 64 (49-68; 35-76)
Hepatic venous 10.0 (5.0-15.0; 13.5 (7.0-16.8; 6.0 (4.0-11.0; 7.0 (4.0-17.0; 8.0 (4.5-16.6;
pressure gradient 1.5-30) 3.4-30) 1.5-23.0) 3.0-20.0) 2.5-18.6)
(mmHg)
Hepatic venous 40 (52.6) 21 (75.0) 8(34.8) 5(45.5) 6(42.9)
pressure gradi-
ent>10 mmHg
High-risk varices 17 (22.4) 10 (35.7) 3(13.0) 3(27.3) 1(7.1)
Platelets (x 10°/L) 161 (103-225; 120 (78-217; 59-320) 179 (107-246; 162 (141-253; 161 (135-198; 22-257)
22-320) 76-273) 90-299)
Platelets > 150 x 10%/L 43 (56.6) 12 (42.9) 14 (60.9) 8 (72.7) 9 (64.3)
Bodzy mass index (kg/ 28.3+5.0 (18.6-49.8) 29.1+5.9 (22.8-49.8) 29.9+4.0 (21.0-35.9) 25.9+4.4 (18.6-33.8) 25.5+3.1 (21.6-33.7)
m’)
Body mass 23 (30.3) 10 (35.7) 10 (43.5) 2(18.2) 1(7.1)
index > 30 kg/m?

(obese patients)

Liver stiffness meas-
urement (kPa)

HPE: bridging
fibrosis or cirrhosis
(cACLD)

HPE: cirrhosis
Bilirubin (umol/L)

Albumin (g/L)

International normal-
ized ratio

Creatinin (umol/L)

Aspartate transami-
nase (U/L)

Alanine transaminase
(UL)

Gamma glutamyl
transferase (U/L)

Alkaline phosphatase
(U/L)

24.1+16.6 (2.8-69.1)

61 (80.3)

53 (69.7)

16.4 (12-25; 3.1-49)

42 (36-45; 25-51)
1.1 (1.0-1.4; 1.0-2.3)

71 (62-83; 37-125)
44 (32-68; 15-170)

43 (27-69; 12-153)

99 (52-196; 14-1625)

100 (79-130; 47-342)

31.1+15.7 (8.3-69.1)

27 (96.4)

27 (96.4)

20.7 (12.9-37.2;
9-49)

36 (33-44; 25-50)
1.3 (1.1-1.5; 1.0-1.9)

68 (61-81; 51-121)
52 (35-78; 15-170)

35 (24-66; 12-146)

165 (66-25; 19-1568)

97 (79-137; 60-197)

19.3+15,6 (2.8-69.1)

16 (69.6)

11 (47.8)

15.0 (11-21.9;
8.6-44)

43 (41-45; 35-51)
1.0 (1.0-1.1; 1.0-2.3)

71 (64-92; 52-119)
34 (28-42; 19-82)

45 (28-76; 15-139)

93 (51-150; 25-1625)

92 (68-124; 51-280)

22.0+18.4 (9.9-63.9)

8 (72.7)

5(45.5)

13.7 (11.1-19.1;
3.1-31.4)

43.5 (41-45; 39-50)
1.0 (1.0-1.1; 1.0-1.6)

70 (56-95; 52-122)
48 (39-54; 30-103)

50 (31-71; 26-115)

65 (43-106; 19-509)

19.5+15.4 (3.4-63.9)

10 (71.4)

10 (71.4)

14.5 (11.7-22.8;
5-42.3)

39 (32-45; 26-48)
1.1 (1.0-1.7; 1.0-1.8)

74 (62-79; 37-125)
54 (35-77;29-158)

44 (33-75; 15-153)

80 (44-195; 14-477)

105 (66-124; 56-186) 120 (74-175; 47-342)

Data are counts (percent), median (quartiles, range) or mean + SD (range)
ALD alcoholic liver disease, cCACLD compensated advanced chronic liver disease, HBV/HCV chronic hepatitis B/C, NAFLD nonalcoholic fatty

liver disease, HPE histopathology examination

2All patients (8 HCV, 3 HBV, no dual infection) were viremic at the time of diagnostic evaluation (i.e., were not treated by antivirals)

"Diagnoses: autoimmune hepatitis (n="7), cryptogenic cirrhosis (n=>5), Wilson’s disease (n= 1), drug-induced liver injury (n=1)

@ Springer
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Table 2 Diagnostic performance of liver stiffness measurement (LSM) by transient elastography in respect to clinically significant portal hyper-
tension (CSPH, defined as hepatic venous pressure gradient, HVPG > 10 mmHg)

Criterion to rule in: LSM >25

Criterion to rule
out: Plt> 150 and
LSM<15*

Sensitivity (%) (95%CI)

Specificity (%) (95%CI)

Positive predictive value, PPV (%) (95%CI)
Negative predictive value, NPV (%) (95%CI)

Ruled in as CSPH 29/76
True positives (CSPH, adequately ruled in) 25/40
False positives (ruled in, but no CSPH) 4/29

“Missed” CSPH (CSPH, but not ruled in) 15/40

Ruled out as CSPH -
True negatives (no CSPH, adequately ruled out) -
False negatives (ruled out, but CSPH) -
“Missed” non-CSPH (no CSPH, but not ruled out) -
Patients adequately ruled in or ruled out

Patients who could not be ruled in or ruled out

67.5 (50.9-81.4)
88.9 (73.9-96.9)
87.1 (70.2-96.4)
71.1 (55.7-83.6)

100 (91.1-100)°
66.6 (49.0-81.4)
76.9 (63.2-87.5)
100 (85.8-100)°

24/76
24/36
0/24

12/36

25+24=49/76 (64.5%)
27/76 (35.5%), 4 misclassified as CSPH

Data are shown for cutoff values as suggested by Pons et al. [5] to rule-in CSPH (LSM>25 kPa) and to rule it out—platelet (Plt)
counts > 150 x 10%/L and LSM < 15 kPa. Among the 76 included patients, 40 (event prevalence 52.6%) suffered CSPH

This diagnostic test has a reverse logic as compared to the test/criterion defined to rule-in CSPH: a “positive test” (high platelet counts com-
bined with low LSM) here serves to detect a lack of CSPH. Therefore, its “target” is a “non-condition.” In this sense, reliable recognition of the
target would actually result in high specificity and high PPV. In order to avoid confusion, data are presented in the same direction as for the rule-

in test/criterion

®One-sided 97.5% confidence interval

increased, higher LSM measurements were required for a
given platelet count to predict CSPH, whereas for a given
LSM a lower platelet count was required to accurately define
CSPH. (Fig. 2). When obese NAFLD patients were excluded
(n=10), prevalence of patients with CSPH only slightly
changed (35/66, 53.0%). The “rule-in” criterion (sensi-
tivity 67.5% [50.9-81.4], specificity 88.9% [73.9-96.9],
PPV 87.1% [70.2-96.4], NPV 71.1% [55.7-83.6]), and the
“rule-out” criterion (sensitivity 100% [90.0-100], specific-
ity 64.5% [45.4-80.8], PPV 76.1% [61.2-87.4], NPV 100%
[83.2-100]) performed practically identically as in the entire
cohort.

Discussion

In this study, we have validated the newly proposed nonin-
vasive criteria for diagnosing CSPH [5] in patients with the
suspicion of cACLD. This is the first study to validate these
criteria in an independent cohort of patients with available
HVPG measurements and liver biopsy as the referent diag-
nostic methods. According to our results, the new criteria are
highly reliable for ruling out CSPH with 100% sensitivity,
but have somewhat lower specificity in the present cohort
for ruling in CSPH. Considering the entire cohort, 53/76

@ Springer

(69.7%) patients would fit into the suggested criteria, thus
obviating the need for HVPG measurement as an invasive
and relatively unavailable procedure, with the cost of falsely
ruling in CSPH in 4/76 (5.3%) patients, or alternatively
expressed—4/29 (13.8%) of the patients with LSM >25 kPa
were false positives.

The combination of platelet count and LSM by TE (at
other cutoffs) has been already extensively validated for
ruling out the presence of high-risk esophageal varices as
suggested by Baveno VI, and this has become even more
important during the COVID-19 pandemic where access
to endoscopy services may be limited [3]. Recently, the
introduction of non-selective beta blockers to patients with
CSPH as measured by HVPG has been shown to prevent
decompensation and improve survival [2]. Accurate non-
invasive criteria to diagnose CSPH would facilitate treat-
ment of patients without the need for HVPG measurement.
Due to important prognostic meaning of CSPH in cACLD
in general as well as when considering the possibility of
liver resection and extrahepatic surgery, these noninvasive
criteria should be considered even more important in the
era of precision medicine [1, 9, 10]. In fact, they represent
a paradigm shift in the management of portal hypertension
allowing clinicians to accurately classify patients and either
avoid invasive investigations such as HVPG measurements
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Body mass index up to 25 kg/m2

A

300

200

100 -

2
Body mass index 25.1-30 kg/m2

300

Platelet counts x 109/L
N
8

300 -

200

20 40 60
LSM (kPa)

Fig.2 Relationship between liver stiffness measurement (LSM) by
transient elastography and platelet counts and probability of clini-
cally significant portal hypertension as defined by hepatic venous
pressure gradient (HVPG)>10 mmHg conditional on the body
mass index (BMI) level. Diagonal lines (and numbers) depict levels
of probability of HVPG > 10 mmHg. Higher LSM and lower plate-
let counts were consistently associated with a higher probability of
HVPG >10 mmHg irrespective of BMI. However, with increasing
BMI, at any given level of platelet counts, higher LSM values were
needed for a certain probability of HVPG > 10 mmHg; conversely, at
any given LSM value, lower platelet counts were needed for a certain
probability of HVPG > 10 mmHg

or allow timely prescription of prophylactic medications to
at risk patients. This would mean that in patients with LSM
by TE > 25 kPa introduction of NSBB might be considered,
provided no contraindication exists for these drugs. How-
ever, if adopted, this approach would result in unnecessarily
treating almost 14% of patients as suggested by the present

cohort, and 10% as suggested by Pons et al. across differ-
ent etiologies, rising to 23% in patients with NALFD [5]—
exposing these patients potentially to the adverse effects of
NSBB. Therefore, for the time being, the most practical ben-
efit from using Pons’ criteria would be to avoid unnecessary
HVPG measurements in patients in whom CSPH has been
ruled out by these noninvasive criteria. In our opinion, the
decision to introduce NSBB for patients with LSM > 25 kPa
should be weighted individually, with probably higher like-
lihood for the presence of CSPH in patients with higher
ranges of LSM.

Interestingly, in keeping with observation by Pons et al.
[5] our patients with NAFLD had the lowest prevalence of
CSPH and accurate prediction of CSPH by noninvasive
methods required either a higher LSM or lower Plt count
with increasing body mass index. This phenomenon remains
an issue for further investigation but might be due to the
physical influence of liver fat on the TE readings, and pos-
sibly due to technical characteristics of the Fibroscan XL
probe [11, 12]. Nevertheless, when obese NAFLD patients
were excluded (n=10), the performance of tested criteria
only marginally changed, probably due to very small influ-
ence of this number of patients to the overall cohort.

Of the 4 patients who were misclassified as CSPH (did not
have HVPG > 10 mmHg but had TE > 25 kPa) in our study 3
suffered ALD and 1 suffered NAFLD. We assume that high
LSM obtained in these 3 patients with ALD resulted from
the ongoing alcohol drinking (known for its influence on
LSM, i.e., patients who actively drink have higher LSM in
comparison with patients with the same fibrosis stage who
are not drinking currently) [13, 14]. As for the remaining 1
patient with NAFLD, he probably fits the rule observed in
Pons' and our study that higher LSM is needed for accurate
prediction of CSPH among patients with NAFLD.

The limitation of this study is relatively small number of
tested individuals and the fact 20% of patients did not meet
histological criteria for cACLD. The latter specifically refers
to patients in whom the suspicion of cACLD was based on
“imaging” criteria. Indeed, only 2/11 (18.2%) of them had
histologically confirmed cACLD, as opposed to the recently
published results that revealed almost equal performance of
imaging criteria and LSM for this purpose [7]. In our study,
conventional ultrasound was used in 8/11 of the patients
to define the morphological features suggestive of cACLD.
Accordingly, it appears that conventional ultrasound prob-
ably overestimates the stage of liver fibrosis, especially if
not using high-frequency probes and with high prevalence
of obesity and fatty liver as encountered in the present study,
both known for their negative influence on the quality of the
ultrasound image. Therefore, we believe that LSM > 10 kPa,
as originally suggested by Baveno VI consensus, rather than
the imaging features of the liver, is probably more reliable
(less equipment-, operator-, and patient-dependent) criterion

@ Springer
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for considering the presence of cACLD. Additionally, the
cohort comprised patients with mixed etiology of chronic
liver disease, with a possible influence of NAFLD on the
overall results as already explained. It is important to stress
that the criteria by Pons, et al. were developed in alcohol,
viral, and NAFLD patients, and consequently, they may not
work well in other etiologies of liver disease. On the other
hand, our patients were thoroughly evaluated, using “gold
standard” methods (HVPG and liver biopsy) to serve as the
reference background for the investigated TE, and all the
methods were performed by well-trained and highly expe-
rienced operators. Also, these data represent a real-world
experience outside of the strict protocol of a clinical trial and
thus reflective of modern hepatology practice.

In conclusion, we have observed a good performance
of the newly proposed noninvasive diagnostic criteria for
CSPH in an independent cohort of patients with cACLD.
By using LSM and PIt count, it was possible to classify cor-
rectly almost 65% of patients with respect to the presence
or absence of CSPH. These criteria are best used to rule
out the presence of CSPH, whereas they tend to somewhat
overestimate the presence of CSPH.
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