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1. Introduction 

 

1.1 Primary cholestatic liver disease 

Cholestasis is an impairment of bile formation and/or bile flow, which may clinically 

present with fatigue, pruritus and, in its most overt form, jaundice and signs of fat-

soluble vitamin deficiencies. By convention, cholestasis is classified as intrahepatic or 

extrahepatic, and it is considered chronic if it lasts more than 6 months [1].  

Differential diagnosis of cholestasis can be wide and sometimes challenging for the 

clinician. Careful anamnesis and physical examination, as well as a detailed 

pharmacological history are essential [2]. Imaging (ultrasound as first line, then 

Computed tomography and magnetic cholangiography) is required in order to exclude 

causes of mechanical obstruction of the bile ducts (i.e. gallstones, tumours, cysts, or 

strictures). Most chronic cholestatic diseases are purely intrahepatic and result from 

hepatocellular functional defects or from obstructive lesions of the intrahepatic biliary 

tract distal from bile canaliculi. A large number of patients are completely 

asymptomatic and identified by altered biochemistry on routine laboratory tests 

performed for other reasons. Serum alkaline phosphatase (ALP) and gamma-

glutamyltranspeptidase (GGT) are early biochemical markers, followed, at more 

advanced stages, by elevated levels of conjugated bilirubin [1]. The currently known 

causes of intrahepatic cholestasis in adulthood are listed in Table 1.  
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Table 1. Causes of intrahepatic cholestasis in adulthood.  
	  

	  
Adapted from EASL guidelines Management of cholestatic liver diseases 2009 [1]. 

 

 

Primary cholestatic autoimmune liver diseases are a rare aetiology of chronic liver 

disease that comprises primary sclerosing cholangitis (PSC) and primary biliary 
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cholangitis (PBC). These diseases are potentially progressive towards liver cirrhosis, 

portal hypertension and its complications, but nowadays lack of good prognostic 

stratifiers and have very limited therapeutical options [3].  

The last decades have seen burgeoning clinical trial activity and, more recently, a 

growing interest in defining validated surrogates of clinical end-points both in PSC 

and PBC [4]. In particular, there is an increasing effort in developing new strategies 

and non-invasive tools for the diagnosis and the staging of cholestatic autoimmune 

liver diseases, such as novel serum markers (i.e. markers of extracellular matrix 

turnover) [5-10] and elastographic techniques [11-17]. The validation of point Share 

Wave Elastography (ElastPQ) for staging liver fibrosis in PSC and PBC and its utility 

in the detection of clinical significant portal hypertension has been the main subject 

of this research. 

 

 

1.2 Primary sclerosing cholangitis 

 

Primary sclerosing cholangitis (PSC) is a chronic, cholestatic liver disease 

characterized by an inflammatory and fibrotic process affecting both intra and 

extrahepatic bile ducts, which leads to irregular bile duct obliteration and formation 

of multifocal bile duct strictures (Figure 1) [18]. It is a progressive disorder that 

eventually develops into liver cirrhosis, portal hypertension and hepatic 

decompensation in the majority of patients [19, 20]. 
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Figure 1. Primary sclerosing cholangitis (adapted from Hirschfield et al., Lancet 
2013)[18]. 

	  
	  
	  
1.2.1 Epidemiology 

Affecting less than 200,000 individuals in the United States and less than 5 per 10,000 

inhabitants in the European Union, PSC is considered a rare disease [21]. Prevalence 

rate is reported around 1 per 10,000 and an incidence in Northern Europe and the US 

ranges between 0.4 and 2.0 per 100,000 per year [22-24]. 

PSC prevalence seems to be higher in the Northern Europeans and Caucasians, with a 

geographical gradient increasing from South-East towards North-West and appears to 

be increasing over time [25-28]. 

The mean age at diagnosis is around 41 years and the disease is prevalent in male sex, 

with a male to female ratio of approximately 2:1 [20, 25, 27]. However, more recent 

data suggest that PSC may have a similar prevalence in both genders, but has 

significantly better outcomes in female patients (Figure 2) [29]. 
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Figure 2. Influence of gender on survival and prognosis in PSC (adapted from 

Weismuller, Trivedi et al., Gastroenterology 2017)[29].  
 
 

Up to 80% of PSC patients have concomitant inflammatory bowel disease (IBD), in 

the majority of cases ulcerative colitis (UC) [30] . On the other side, only a minority of 

patients with IBD is affected by concomitant PSC, which reaches a prevalence of 0.8 

to 5.6% in UC and 0.4 to 6.4% in Crohn ́s disease.  

The diagnosis of PSC may precede or follow the one of IBD, which may even occur 

after liver transplantation for PSC, as PSC may present in an IBD patient even after 

colectomy [31-33]. Patients affected by Crohn’s disease seem to have a less evolutive 

phenotype compared to those with UC or indeterminate colitis (Figure 3) [29, 34]. 

 

 

 

Figure 3. Impact of inflammatory bowel disease (IBD) phenotypes on clinical 
outcome in PSC (adapted from Weismuller, Trivedi et al., Gastroenterology 2017) 
[29]. 
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Up to 25% of patients are affected by a concomitant autoimmune disease [35]. 

PSC patients are a heterogeneous population, affected by a wide spectrum of disease 

variants. In 6-16% of PSC patients the disease affects only the small intrahepatic bile 

ducts (small duct disease). This variant is characterised by a milder course of the 

disease, with fewer symptoms and a favourable prognosis compared to large-duct 

disease [36].  

Other variant forms of primary sclerosing cholangitis include PSC with features of 

autoimmune hepatitis (AIH), once identified as “AIH overlap syndrome”, which 

occurs in 7–14% of cases and is characterized by hepatocyte affection and biochemical 

and histological features of AIH [37, 38].	  In this contest, immunoglobulin G4 (IgG4)-

positive sclerosing cholangitis, characterized by increased serum levels of IgG4, 

massive infiltration of IgG4-positive plasma cells with storiform fibrosis and/or 

obliterative phlebitis in the thickened bile duct wall, which is frequently associated 

with autoimmune pancreatitis, might represent a separate entity [39, 40].	  	  

PSC is associated with an increased risk of biliary tract cancer, in particular 

cholangiocarcinoma (CCA), a malignant primary liver tumour originating from the bile 

ducts, with a generally poor prognosis and a high rate of mortality at 1 year [28, 41]. 

Generally rare, CCA is a major threat to PSC patients, with a reported 400-fold 

increased risk to develop CCA in PSC compared to the general population [42] and a 

lifetime incidence of up to 20% [43].  

Hepatocellular cancer (HCC) seems to have a lower incidence than in other liver 

disease aetiologies [44, 45] and its risk mainly derives from the presence of established 

cirrhosis in these patients (Saffioti et al., P15.07, EASL HCC Summit 2017). 

Gallbladder stones and abnormalities are frequently observed in PSC. Up to 75% of the 

mass lesions or polyps observed are malignant, leading to reported gallbladder cancer 
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frequencies of 2.5% to 3.5% in the overall PSC population [46-50].  Pancreatic cancer 

may also occur in PSC, with a suggested increased incidence compared to the general 

population [51]. Furthermore, due to the high prevalence of IBD, PSC patients are also 

threaten by an increased risk colorectal cancer, which is five fold higher than in IBD 

without PSC and may occur at any time over the course of the disease [52].  

	  
	  
	  

1.2.2 Pathogenesis 

Likely, PSC represents a “final common pathway” for multiple underlying mechanisms 

of bile duct injury, with still largely unknown aetiology and pathogenesis. Persistent 

portal inflammation, bile duct destruction, and periportal fibrosis lead to loss of bile 

ducts, disorganised ductular proliferation, and finally, cirrhosis [18]. There is no 

consensus yet whether the primary injury is caused by immune mediated mechanisms 

or biochemical aspects related to bile physiology/or alterations in cholangiocyte 

biology. There have been considerable advances in understanding the genetics of PSC, 

with the identification of more than 20 susceptibility genes and predominant HLA 

association [53-59]. However, environmental risk likely accounts for more than 50% 

[60]. Recently, there has been a renewed enthusiasm in the study of the linkage 

between the gut and the liver and the potential involvement of the gut microbiota in the 

pathogenesis in PSC [61]. Gut-derived antigens are potential triggers of adaptive 

immune responses, and several hypotheses linking inflammation in the gut and liver 

have been generated. The most acknowledged hypothesises an aberrant lymphocyte 

homing due to the abnormal expression of mucosal addressin cell adhesion molecule 

(MAdCAM)-1, normally restricted to the gut, on the hepatic endothelium. This leads to 

and ‘‘enterohepatic circulation of lymphocytes’’ and promotes the recruitment of 
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mucosal T cells to the liver via vascular adhesion protein (VAP)-1-dependent enzyme 

activity, contributing to portal inflammation in PSC [8, 62-64]. 

Several immune cells are found in the proximity of bile ducts of PSC, mostly T cells, 

macrophages and neutrophils, likely involved in the cross-talk with an activated 

cholangiocyte phenotype [65-67], and in the fibrogenetic process [68]. Anti-neutrophil 

cytoplasmic antibodies (ANCA) are frequently observed in PSC [69], and may reflect 

B cell responses to antigens of gut origin [70].  

Cholangiocytes are protected against bile acid toxicity by several mechanisms, one of 

which is the presence of the so-called “bicarbonate umbrella”, an HCO3- layer 

generated by an involvement of the Na+-independent Cl-/HCO3- anion exchanger and 

active Cl- transporters [71, 72]. This mechanism appears to be deficient in PSC, and 

primary or secondary disturbances in bile homeostasis are hypothesised to contribute to 

the pathogenesis of the disease [60]. 

A schematic overview of the predominant processes involved in PSC pathogenesis is 

shown in Figure 4. 

Importantly, the lack of understanding of PSC pathogenesis prevents the development 

of effective therapies. 
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Figure 4. Overview of the pathophysiopathology of primary sclerosing cholangitis 
(adapted from Karlsen et al. J Hepatol. 2017;67(6):1298-1323)[60]. 

 
 
	  
	  
 

1.2.3 Natural History 

The natural history of PSC is unpredictable and varies from longstanding indolent 

phenotypes to more aggressive and rapidly progressive ones (Figure 5).  



	   12	  

	  
	  
Figure 5. Impact of variant PSC sub-phenotypes on clinical outcome in PSC (adapted 

from Weismuller, Trivedi et al. Gastroenterology 2017) [29]. 
	  
 

Typical symptoms are pruritus, pain in the right upper abdominal quadrant, fatigue, 

weight loss, and episodes of fever and chills, even if about 50% of PSC patients are 

asymptomatic at the first presentation [73].  

Disease course assessed by hepatic biochemistries and symptoms typically fluctuate. 

Similarly, IBD behaviour varies over time and does not correlate with the liver 

manifestations [60]. Liver disease progression is inevitable in most patients: the 

chronic biliary inflammation and the patchy peribiliary fibrosis lead to biliary duct 

strictures which cause regional cholestasis and, ultimately, cholestatic liver cirrhosis 

[18]. Despite the prolonged efforts, PSC lacks, at present, of an effective medical 

treatment [74], and liver transplantation remains the only curative therapeutic option 

for these patients [60].  

The transplant-free survival time differs in population-based versus transplant centre 

cohorts, ranging from 13-21 years [28]. The risk of recurrence after liver 

transplantation in these patients reaches the 50% [75, 76]. 
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1.2.4 Diagnosis 

According to the current guidelines, the diagnosis of PSC is made in patients with 

elevated serum markers of cholestasis not otherwise explained, a cholangiography 

showing the characteristic bile duct changes with multifocal strictures and segmental 

dilatations, when secondary causes of sclerosing cholangitis have been excluded. [1, 

77]. 

The pathognomonic histological lesion in PSC is a ‘‘onion skin” scar, referring to 

concentric layers of fibrosis circumferential to the cholangiocyte lining of the bile 

ducts (Figure 6) [18]. 

 
 

 

Figure 6. Characteristic “onion skin” histological lesion in PSC (adapted from 
Hirschfield et al., Lancet 2013)[18]. 

 
 
The distribution of the disease in the hepatic parenchyma is typically patchy, which 

may result in sampling variability on histological assessment of the liver [78]. 

Furthermore, the characteristic periductular lesions involve mainly medium-sized ducts 

and are frequently missed on liver sampling, thus affecting the diagnostic role of 

histology in PSC [79].  

PSC causes fibrotic strictures and dilatations of the bile tree, which results in the 
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classical “beaded” appearance on cholangiogram [80]. Therefore, cholangiography by 

magnetic resonance imaging (MRCP) or endoscopic retrograde 

cholangiopancreatography (ERCP) are nowadays the gold standard for the diagnosis 

(Figure 7), while liver histology is no longer considered essential for establishing a 

diagnosis of PSC in patients with characteristic appearance on cholangiogram. 

However, a liver biopsy is recommended in the suspect of small duct PSC or 

alternative disease processes such as AIH [1, 77].  

 

	  

	  
Figure 7. “Beaded” bile ducts appearance in PSC on A) endoscopic retrograde 

cholangiopancreatography (ERCP) and B) magnetic resonance imaging (MRCP).  
	  
	  
	  
1.2.5 Stratification and prognostication 

Several prognostic models have been developed, over time, to assess and predict the 

natural history of patients with PSC [81-83]. These models have identified serum 

bilirubin, histological stage, age, haemoglobin, alkaline phosphatase, and the presence 

of hepatomegaly and splenomegaly as important prognostic indicators.  
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At present, the PSC revised Mayo risk score is the most widely used scoring system for 

stratifying patients with PSC and seems to provide valid survival information. The 

score incorporates serum bilirubin, albumin, AST, age and a previous episode of 

variceal bleeding and through a complex algorithm it estimates patient’s survival at 1-4 

years [84].  

Other prognostic models for based on phenotypical and biochemical variables, namely 

the Amsterdam-Oxford score [85] and the UK-PSC score (Good et al., Unpublished) 

have been more recently conceived and validated to predict transplant-free survival.   

A classification system based on intra- and extrahepatic ERCP findings in PSC 

conceived by the Amsterdam group has been proposed as a potential prognostic tool, 

but its applicability has been limited by its intrinsic invasiveness [86, 87]. 

As previously mentioned, liver biopsy is not routinely performed in PSC, however the 

degree of parenchymal damage and fibrosis seem to have an important prognostic 

value in PSC [88] and the results of various studies indicate that histology can 

adequately assess progression and regression of grade/stage of the liver disease [89-

91]. Accordingly, histological changes have been included as an endpoint in several 

clinical trials in PSC [92]. Recent data demonstrated that histological scoring systems 

such as Ishak, Ludwig and Nakanuma are effective for measuring the degree of liver 

fibrosis in PSC, have a good reproducibility and can be used to predict clinical 

outcomes such as liver transplant-free survival and the development of cirrhosis-

related events [92, 93].  

Finally, quantitative liver fibrosis assessment by collagen proportionate area (CPA), a 

quantitative method to measure liver fibrosis using computer-assisted digital image 

analysis (DIA) of the proportion of collagen in liver tissue stained by the picro-Sirius 

red technique [94, 95], has been recently shown to correlate with the established 



	   16	  

histological staging systems and to predict clinical events in PSC, assuming a potential 

role in the staging and the risk stratification in these patients (Saffioti et al., 

Unpublished). 

In the last years, particular attention has been given to the development of non-invasive 

markers for stratification and prognostication of PSC [60].  

A raised ALP, although non-specific, is the most characteristic biochemical finding of 

PSC. In the last decade, ALP has gained renewed attention with regards to its potential 

role as a prognostic marker. Alkaline phosphatase has in fact been used as an endpoint 

in every clinical trial on PSC with published data in the past 20 years [4]. 

According to the results of four retrospective cohort studies, including the two long-

term post hoc analyses from the Scandinavian and the Mayo Clinic negative 

Ursodeoxicholic acid (UDCA) trials [96, 97], the normalization of ALP level or an 

improvement to <1.3-1.5 x ULN is associated with better clinical outcome and 

improved transplant- and CCA-free survival [98-101]. Thus, elevated levels of ALP 

seem to be a potentially good surrogate marker for disease progression and prognosis 

in PSC, even if further stratification, i.e. by stage of disease or biliary strictures 

distributions, may help to clarify prognosis in PSC [102]. 

Recent findings in this context indicate a promising role of serological markers of 

fibrosis. Among these, the Enhanced Liver Fibrosis (ELF) score, a non-invasive 

marker of fibrosis based on three circulating markers of hepatic matrix metabolism 

(hyaluronic acid (HA), tissue inhibitor of metalloproteinases-1 (TIMP-1) and the pro-

peptide of type III procollagen (PIIINP) [103]) has been recently demonstrated to be a 

potent prognostic marker in PSC for the prediction of transplant-free survival [5, 6].  

More recent data have confirmed that extracellular matrix remodelling is elevated in 

PSC and, in particular, proved that markers of collagen formation such as PRO-C3 are 
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independently associated with clinical outcome [7].  

 

Recent data highlighted the utility of non-invasive assessments of liver fibrosis by 

Vibration-Controlled Transient Elastography (VCTE) for staging and prognostication 

in PSC. Although the information is still limited in this disease, there is evidence that 

VCTE correlates well with histological fibrosis, being able to differentiate severe from 

non-severe fibrosis and cirrhosis, with high discriminative accuracy (AUROC 0.88) 

[14]. The diagnostic performance of VCTE was comparable to hyaluronic acid 

measurement, but superior to aspartate aminotransferase-to-platelet ratio index (APRI), 

Fibrosis-4 (FIB-4) and Mayo risk score in differentiating patients with significant or 

severe fibrosis from those without. VCTE has also been shown to have a prognostic 

value, with both baseline and delta elastography values correlating with clinical 

outcome. More precisely, patients with a liver stiffness higher than 11.2 kPa or a delta 

liver stiffness over 1 year higher than 1.5 kilopascal (kPa) are at high risk of hepatic 

complications in terms of death and liver transplantation [14, 15]. 

An alternative way of measuring liver stiffness is by magnetic resonance elastography 

(MRE). In the only published study in PSC, liver stiffness (LS) correlated with 

histological fibrosis stage in 20 patients and was predictive of hepatic decompensation 

in a series of 266 PSC patients [16]. The area under the curve (AUC) for detection of 

cirrhosis was 0.99, with a cut-off of 4.93 kPa. In addition, increased LS assessed by 

MRE was associated with the development of decompensated liver disease. 
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1.3 Primary biliary cholangitis 

 

Primary biliary cholangitis (PBC), identified until a few years ago as “primary 

biliary cirrhosis” [104]	  is a chronic autoimmune cholestatic liver disease characterized 

by non-suppurative inflammation and destruction of the small to medium size 

intrahepatic bile ducts, classically associated with circulating anti-mitochondrial 

antibodies (AMA), which are disease-specific and target the E2-subunit of the pyruvate 

dehydrogenase complex (PDC-E2) located on the inner mitochondrial membrane 

(Figure 8) [77, 105-107]. 

 

Figure 8. Anti-mitochondrial antibodies (AMA) at 
immunofluorescence. 

	  

The condition is generally slowly progressive but can lead to liver cirrhosis, portal 

hypertension and its complications and death [108]. PBC is often associated to 

symptoms such as fatigue, cholestatic pruritus, syndrome sicca and abdominal 

discomfort, which are often difficult to treat and can severely affect patients’ quality of 

life [109, 110].  

AMA	  
+
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Although it is considered an autoimmune disorder, PBC does not respond to the 

conventional immunosuppressive therapies [3]. UDCA has been, for long time, the 

only drug approved for the treatment of the disease, with data showing biochemical 

and histological improvement [111-114]. However, about 30% of affected patients do 

not respond to the drug, and usually experiment a more severely progressive disease 

[115]. Furthermore, a recently published meta-analysis on clinical trials for PBC failed 

to demonstrated a clear beneficial effect on outcomes such as survival, liver transplant, 

development of cirrhosis or decompensation, of any of the pharmacological (including 

UDCA) treatments investigated until now [116]. Recently, obethicolic acid (OCA), a 

semi-synthetic hydrophobic bile acid analogue that is highly selective for FXR (a 

nuclear ligand-activated receptor abundantly expressed in tissues involved in the 

entero-hepatic circulation of bile acids), has been licensed for PBC patients with an 

inadequate response to UDCA, or for those intolerant to UDCA [108]. OCA has been 

shown to be effective in reducing ALP and bilirubin levels, but its use is complicated 

by frequent side effect (in particular exacerbation of pruritus and increase of serum 

cholesterol) [117, 118]. Furthermore the long-term effects of the drug are still 

unknown. Current available treatments, including off-label fibrates and budesonide 

[108] are of little efficacy in the more advanced stages of the disease and survival 

benefit has yet to be demonstrated.  

 

1.3.1 Epidemiology 

PBC affects mainly female sex (F:M=9:1) - although some recent data suggest an 

increasing male prevalence - with a mean age at diagnosis of 55 years [119, 120]. 
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The clinical disease is rare and the estimate overall prevalence varies widely among 

epidemiological studies, ranging between 0.3–5.8 and 1.9–40.2 per 100,000 per year, 

respectively, with an increasing trend over time The estimated incidence in Europe is 

1–2 per 100,000 persons per year [30, 121-124].  

The diagnosis of PBC is established in the absence of symptoms in 20–60% of cases 

[125]. Thanks to the increased awareness of the disease and the improvement of the 

diagnostic tools, the number of asymptomatic patients diagnosed at an early stage is 

increasing over time [126]. Some patients may present AMA positivity without 

evidence of symptoms or liver tests abnormalities [127]. The overall prevalence of 

AMA antibodies is not known, but some studies reported estimates of 0.5–0.64% [124, 

128]. About 16% of people with detectable AMA will develop overt disease at 5 years 

[129]. The prevalence of AMA positivity in first-degree relatives of PBC patients is 

increased compared to controls (13.1% and 1%, respectively), in particular regarding 

female sex [130]. In 5-10% of PBC patients, AMA is absent or found at a low titre (≤ 

1:80) [131]. Antibodies against the major M2 components (PDC-E2) or antinuclear 

antibodies such as anti-glycoprotein 210 (anti-gp210) and/or anti-sp100 are detected in 

up to 30% of these patients and may correlate with prognosis [132, 133]. 

Compared to AMA-positive patients, AMA-negative PBC subjects present more 

severe histological damage [134] and concomitant non-hepatic autoimmune 

conditions [135, 136].  

Other biochemical features typical of PBC are increased immunoglobulin 

concentrations, particularly IgM, which may be driven by epigenetic changes [137] 

and hyperlipidaemia, which can be detected in up to 80% of patients with PBC [138]. 

PBC patients present a higher prevalence of autoimmune diseases compared to the age 

and sex-matched population, and in particular Sjögren’s/sicca syndrome; CREST 
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syndrome (Calcinosis, Raynaud’s, Esophageal dysfunction, Sclerodactyly, and 

Telangectasias); scleroderma, Raynaud’s disease and autoimmune thyroid disease 

[139].  

Around 8–10% of patients exhibit biochemical ad/or histological features 

characteristic of AIH (“AIH-PBC overlap syndrome”) and may benefit from 

immunosuppressive treatment [140].  

Compared to healthy individuals matched for age and sex, patients with PBC have an 

accelerated bone loss due to reduced bone deposition, with osteopenia and osteoporosis 

diagnosed in about 30% and 10% of patients, respectively [126].  

 

 
1.3.2 Pathogenesis 

PBC is an idiopathic autoimmune cholestatic liver disease, in which genetic 

background and environmental triggers like infections, reproductive hormones, 

nutrition, vitamin D and chemical compounds play a combined role [107, 141-147].  

The very high concordance rate for PBC (0.63) in monozygotic twins compared with 

dizygotic twins [141], the increased AMA rates in asymptomatic relatives, and 

disproportionate rates of disease in siblings of PBC patients, PBC family members and 

certain genetically-defined populations, as well as the more recent demonstration of the 

strong association of the disease with human leukocyte antigen (HLA) alleles produced 

from genome-wide association studies (GWAS) in large cohorts of patients support the 

hypothesis of a genetic cause of inherited risk [148-156]. Twenty-seven non-HLA loci 

associated with PBC susceptibility have also been identified [149] and epigenetic 

dysregulation events such as alteration in the DNA methylation and/or acethylation, as 

well as X chromosome monosomy and, more recently, alterations of cholangiocellular 

microRNAs have been widely described [137, 157-160]. 
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The autoimmune mechanisms behind PBC seems to be related to a loss of immune 

tolerance to mitochondrial antigens (in particular the PDC-E2), possibly stimulated by 

infectious agents and/or chemical compounds through mechanisms of molecular 

mimicry and cross-reactivity, which lead to a pro-inflammatory burst against the 

cholangiocytes and a consequent progressive destruction of the bile ducts [161-163]. 

Defects in cholangiocyte bicarbonate secretion, and particularly an impaired activity of 

the anion exchanger 2 (AE2), have also been associated with the PBC phenotype. 

Physiologically, the intraluminal secretion of bicarbonate protects the biliary 

epithelium by the bile acids-related toxic apoptosis, while this protective alkaline 

“umbrella” is deficient in PBC [164, 165]. 

Figure 9. Pathogenesis of Primary Biliary Cholangitis. Adapted from EASL Clinical Practice 
Guidelines: The diagnosis and management of patients with primary biliary cholangitis. J Hepatol 
2017 [108].   
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1.3.3 Diagnosis 

Serological positivity for AMA is the hallmark for diagnosis of PBC, therefore a 

diagnosis of PBC can be made with confidence in adult patients with an otherwise 

unexplained cholestatic pattern of serum liver tests (elevation of ALP) for at least 6 

months and the presence of AMA ≥ 1:40 and/or AMA type M2 in the serum [108], 

without the need of performing a liver biopsy. However, liver histology can provide 

some useful information on disease activity and stage [1]. Typical histologic findings 

in PBC include florid bile duct lesions with segmental degeneration of ducts and 

formation of poorly defined epithelioid granulomas (Figure 10) [1, 166, 167].  

	  

	  
Figure 10. Histopathologic features of primary biliary cholangitis. (A) Lymphocytic cholangitis; 

(B and C) Bile duct loss and ductular reaction; (D) Interface hepatitis; (E) Cirrhosis.  (Adapted from 

EASL Clinical Practice Guidelines: The diagnosis and management of patients with primary biliary 

cholangitis [108]).  
 
 
 
 

Immunofluorescence and/or specific anti-sp100/anti-gp210 testing by Western blotting 

or enzyme-linked immunosorbent assay (ELISA) are useful in the diagnosis of PBC in 

AMA negative patients [1, 129, 168-170].  

Liver biopsy finds its indication for the diagnosis of PBC in patients in whom, in the 

absence of disease-specific antibodies, other causes of cholestasis have been excluded, 

when an additional or alternative processes such as AIH or non-alcoholic 

steatohepatitis (NASH) is suspected or in the presence of systemic/extrahepatic co-

morbidities [1, 108]. 
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1.3.4 Natural History 

Despite the progression of the disease is generally slow and varies widely among 

patients, PBC is potentially evolutive towards liver cirrhosis and its complications.  

PBC patients with cirrhosis are at risk of developing HCC. The incidence of HCC 

among patients with diagnosed PBC is estimated at 0.36 per 100 person years [171]. 

Results from a recent multicentre study confirmed that higher histological stage, male 

sex and inadequate response to UDCA are risk factors for HCC in PBC [172].  

Male patients are usually diagnosed at a more advanced stage, have a poorer response 

to UDCA and generally present a worse prognosis, compared to female [120, 172, 

173].  

Untreated patients have a significantly shorter survival compared with a healthy 

population, with a median survival for symptomatic patients of 5-8 years from 

presentation, and a 25% chance of developing liver failure during this time [174-177]. 

Lower mortality rates have been reported in asymptomatic individuals, in which the 

median survival reached up to 16 years [174]. The 10-year survival for UDCA-treated 

patients, instead, is about 80% [108]. Furthermore, clinical trials have reported a 

positive effect of UDCA on reducing fibrosis progression and development of 

cirrhosis, in comparison to placebo or penicillamine [1, 108]. 

As in the other causes of cirrhosis, liver transplantation is the ultimate treatment for 

end-stage PBC. In PBC transplantation may also be considered in cases of intractable 

pruritus refractory to medical treatment [178, 179]. Post-transplant survival rates at 1 

and 5-year is above 90% and up to 80–85%, respectively, and outcome is generally 

more favourable than for most other indications for liver transplantation, with need of 

re-transplantation in less than 10% of patients [180-182]. The rate of post-transplant 

recurrence has been traditionally stated to be around 20%. However recent data 
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obtained from a cohort in which liver biopsy was systematically performed at 1,5, 10 

and 15 years showed an incidence of histological recurrence reaching the 60-70% at 15 

years [183, 184]. Recurrent disease is generally benign and progression towards with 

graft failure is rare [185]. 

Thanks to his choleretic, cytoprotective, anti-inflammatory, and immunomodulatory 

properties, UDCA is nowadays the first-line therapy for PBC [108]. UDCA leads to 

biochemical improvement in the majority of treated patients and an improvement in 

transplant-free survival has also been reported [115, 186, 187] although not confirmed 

by some meta-analyses on the subject [116, 188]. The high rate of response to UDCA 

and the improvement of the diagnostic tools over time, which allow to recognise and 

therefore to treat the disease at earlier stages, have certainly had a positive impact on 

the natural history of PBC. As a result, a reduction of liver transplants for PBC has 

been registered over the last decades [180-182]. 

For a long time, UDCA was the only accepted pharmacological treatment in PBC, but 

the approval of OCA as second-line therapy and the recently published promising data 

on the positive effect of bezafibrate on biochemistry and itching [189] open new 

prospectives in the future management in PBC. Nevertheless, these combined 

treatment are mainly effective in patients with lower fibrosis and severity of 

cholestasis. Hence, the need to stratify patients and identify those at higher risk of 

progression and of developing complications, who may benefit from a tighter follow 

up and potentially need additional treatments. 
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1.3.5 Stratification and prognostication 

Risk stratification is important to ensure that a personalised approach is provided to 

patients’ care. The recently published European guidelines make a distinction between 

“dynamic” and “static” markers of risk stratification in PBC, according to whether 

response to treatment is considered [108]. In detail, demographics, symptoms, 

serological profiles, biochemistry, serum markers of fibrosis, liver stiffness 

measurement (LSM), histological features, and direct measurement of portal pressure 

are considered static markers that can be used at presentation or at any time during 

treatment.  

A younger age at presentation (<45 years), male sex and the presence of symptoms are 

known to be associated with lower response to UDCA, a quicker progression and a 

poorer prognosis [172, 173, 190, 191].  

PBC-specific ANA or anti-centromere antibodies seem to be associated with more 

severe phenotypes. However, given the paucity of longitudinal studies, the reliability 

of the serological pattern as a potential marker of prognosis needs further validation 

[113, 132, 192-196].  

High bilirubin and low albumin are established predictors of poor outcome in PBC [106, 

197, 198]. However, they become abnormal in the later stages of cirrhosis and hepatic 

dysfunction and therefore are not sensitive markers of progression earlier in the course of 

the disease. Similarly, the Mayo risk score (traditionally the most widely used prognostic 

system in PBC) [199], and the model for end-stage liver disease (MELD) score [200] are 

excellent predictors of death but, for the same reason, their utility in the early stages of the 

disease is questionable.  

Histological staging of PBC (stages 1–4) has been proposed by Ludwig et al. [201] and 

Scheuer [202] according to the degree of bile duct damage, inflammation and fibrosis. 
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More recently, Nakanuma and colleagues have proposed a new grading and staging 

system for PBC, which takes into account particular features such as the presence of 

chronic cholangitis, hepatitis activity, and loss of bile ducts. A score of 0–3 is attributed to 

three histologic components: fibrosis, bile duct loss and deposition of orcein-positive 

granules and the total score identifies 4 different stages. The Nakanuma system seems to 

predict outcomes at 10 years more accurately that the traditional histology models [203]. 

As already discussed, despite some histological characteristics (such as the degree of 

lymphocytic interface hepatitis and the presence of ductopenia) have been shown to be 

independent predictors of histological stage progression, development of cirrhosis 

and/or major events in PBC [114], the use of liver biopsy for diagnostic purposes is no 

longer recommended. Furthermore, liver biopsy is subject to risk of complications and 

sampling error. PBC is, in fact, a “patchy” disease typically characterised by a not 

uniform distribution of fibrosis throughout the liver [204]. As a consequence, features 

of all four stages of PBC can co-exist simultaneously in a single bioptic specimen [1]. 

The direct measurement of the hepatic venous pressure gradient (HVPG) is highly 

correlated with the probability of death or liver transplant in PBC, and its reduction 

after 2 years of UDCA therapy may identify a subgroup of patients with good 

outcomes [205]. However, the emergence of non-invasive methods (i.e. elastography) 

for assessing portal hypertension indirectly, has drastically reduced the use of such an 

invasive procedure in routine practice.  

 

LSM assessed by VCTE is one of the best surrogate markers for the detection of 

cirrhosis or severe fibrosis in patients with PBC [13, 206]. The best cut-offs validated 

against histology are 7.1, 8.8, 10.7 and 16.9 kPa for fibrosis stages ≥F1, ≥F2, ≥F3, and 

F=4, respectively. LSM has also shown to have an important value in predicting 



	   28	  

outcomes in PBC. It has been reported that values ≥9.6 kPa are associated with a 5-fold 

increased risk of decompensation, liver transplantation or death. Variation of LSM 

from the baseline seems to be a stronger predictor of outcomes than LSM itself [13]. 

Furthermore, it has been recently demonstrated that patients with inadequate 

biochemical response to UDCA show a more progressive disease, which can be 

detected by worsening LSM (Corpechot et al, Hepatology 2016:64:194A-195A) and 

that LSM may provide added predictive value to newly introduced prognostic scores 

like the Globe score (Corpechot et al, Hepatology 2016:64:S177-A178).   

It has been shown that ELF score can be used as a valuable tool to predict clinical 

outcomes in PBC, with a 3-fold increase in future complications for each one point 

increase [207]. In the only direct comparison between FibroTest (an algorithm of 

five fibrosis markers: alfa2-macroglobulin, apolipoprotein A1, haptoglobin, GGT, 

bilirubin), ELF and transient elastography, performed using histology as the reference 

method, it has been shown that both serum markers and VCTE performed with 

comparable diagnostic accuracy for the non-invasive staging of liver fibrosis in PBC 

[208]. More recently, APRI has been validated from different PBC cohorts as a 

predictor of adverse events, independently and additively of UDCA-response [209]. 

A number of definitions to define biochemical response to UDCA have been proposed, 

with Paris-I criteria showing the best performance in predicting outcomes (Table 2) 

[108]. These criteria are all based on the dynamic changes of standard serum liver tests 

under UDCA treatment (in most cases after 12 months from baseline), and established 

to predict histological stage progression or liver transplant-free survival. ALP and total 

bilirubin have been recently validated as robust pre-treatment predictors of UDCA 

response [210] and can be therefore used as surrogate markers of outcome for patients 

with PBC [108, 211].  
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In the attempt to improve the predictive value of the just-described prognostic tools 

based on dichotomous criteria, the Global PBC Study Group 

(http://www.globalpbc.com/globe) and the UK-PBC consortium (www.uk-pbc.com) 

have recently developed two scoring systems incorporating both measures of treatment 

response and parameters of disease severity [212, 213]. The GLOBE score and the 

UK-PBC score have shown comparable risk quantification and seem to be stronger 

predictors of death or liver transplantation compared to the Paris-I criteria [213]. 

 
 

 
Table 2. Criteria and scoring systems for assessing response to UDCA treatment. 

Binary	  definitions	   Time	  (months)	   Treatment	  failure	  

Rochester	  	   6	   ALP	  ≥2	  ULN	  or	  Mayo	  score	  ≥4.5	  

Barcelona	  	   12	   Decrease	  in	  ALP	  ≤40%	  and	  ALP	  ≥1	  x	  ULN	  

Paris-‐I	  	   12	   ALP	  ≥3	  x	  ULN	  or	  AST	  ≥2	  x	  ULN	  or	  bilirubin	  >1	  
mg/dl	  

Rotterdam	  	  	   12	   Bilirubin	  ≥1	  x	  ULN	  and/or	  albumin	  <1	  x	  ULN	  

Toronto	  	   24	   ALP	  >1.67	  x	  ULN	  

Paris-‐II	  	   12	   ALP	  ≥1.5	  x	  ULN	  or	  AST	  ≥1.5	  x	  ULN	  or	  bilirubin	  >1	  
mg/dl	  

Ehime	  	   6	   Decrease	  in	  GGT	  ≤70%	  and	  GGT	  ≥1	  ULN	  

Continuous	  scoring	   Time	  (months)	   Scoring	  parameters	  

UK-‐PBC	  	   12	   12	  months:	  bilirubin,	  ALP	  and	  AST	  (or	  ALT);	  
Baseline:	  albumin	  and	  platelets	  

GLOBE	  	   12	  
12	  months:	  bilirubin,	  ALP,	  albumin,	  and	  platelet	  
count;	  Baseline:	  age	  

Adapted from EASL Clinical Practice Guidelines: The diagnosis and management of patients with 
primary biliary cholangitis. J Hepatol 2017 [108].   

Abbreviations: UDCA, ursodeoxycholic acid; ALP, alkaline phosphatase; ULN, upper limit of 
normal; GGT, gammaglutamyl-transpeptidase; AST, aspartate aminotransferase; ALT, alanine 
aminostransferase.   
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1.4 Staging liver disease 

	  

Since it has been shown that liver fibrosis is potentially reversible [214, 215], its early 

detection is fundamental in order to make therapeutic decisions, thus preventing, where 

possible, the progression towards more advanced stages of the disease [214, 215].	  

Figure 11. Natural history of liver disease. (Pellicoro et al., Nat Rev Immunol 2014) [216].  
	  
	  
The Child-Pugh score and the Model for End-Stage Liver Disease (MELD) score are 

currently the most used to define prognosis by modelling hepatic dysfunction, but do 

not provide direct evidence of the stage or of the dynamic evolution of cirrhosis. 

 

 

1.4.1 Portal hypertension and oesophageal varices 

 
Portal hypertension (PH) is the most important consequence of cirrhosis and underlies 

its most severe clinical complications, including ascites, hepatic encephalopathy (HE) 

and bleeding from gastroesophageal varices [217].  
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Portal hypertension results from an increased intrahepatic resistance combined with 

increased portal (and hepatic arterial) blood flow. The increased intrahepatic resistance 

is the result of architectural distortion (fibrous tissue, regenerative nodules), 

endothelial dysfunction leading to intrahepatic vasoconstriction, and intrahepatic 

vascular shunting between afferent and efferent vessels of the liver [218, 219]. 

	  
	  
	  

 
	  

Figure 12. Liver cirrhosis, portal hypertension and oesophageal varices.  
	  
 

Hepatic-vein pressure gradient (HVPG) is a good surrogate marker of portal 

hypertension (normal values < 5 mmHg) and 10 mmHg is the identified threshold for 

the risk of developing varices and/or clinical decompensation (“clinically significant” 

portal hypertension) [81, 220-222]. 
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The development of oesophageal varices, representing stage 2 of cirrhosis [218] 

(Figure 13), is the result of the increased pressure in the portal system, the formation 

of portosystemic collateral circles (including haemorrhoids, recanalization of the 

umbilical vein and spleno-renal circles) and the angiogenesis stimulated by the VEGF 

and other angiogenic factors [81, 218, 223-226]. 

	  

	  

 Figure 13. Clinical Classification of Cirrhosis. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 14. Oesophageal varices.  
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Treatment options for varices include non-selective beta-blockers (Propranolol or 

Carvedilol), irrespective of the size of the varices, or endoscopic band ligation, for 

medium or large varices. 

Oesophageal varices bleeding is the most worrisome consequence of portal 

hypertension and represent a major threat to patients’ life. Until a few years ago, the 

screening for oesophageal varices with oesophagogastroduodenoscopy (OGD) was 

recommended for all cirrhotic patients [227, 228].  

Thanks to the progressive introduction of non-invasive methods for the diagnosis of 

cirrhosis, an increasing number of patients are diagnosed at an earlier stage of the 

disease, in which the prevalence of varices at risk of bleeding is relatively low (5-15%) 

[229, 230]. Screening these patients therefore results in a large number of unnecessary 

endoscopies. For this reason, guidelines for varices surveillance have been reviewed 

from a panel of experts at the Baveno VI Consensus workshop in 2015, which focused 

on “stratifying risk and individualizing care for portal hypertension’’. The Baveno VI 

recommendations suggest that cirrhotic patients with a liver stiffness measurement 

(LSM) <20 kPa and a platelet count >150 × 109 cells/L can avoid screening endoscopy 

as their combination is highly specific for excluding clinically significant varices 

[228]. These criteria have been afterwards validated in large cohorts of patients with 

compensated advanced chronic liver disease [231, 232]. 

In order to improve their performance and further reducing the number of the saved 

endoscopies, the Baveno VI criteria have been expanded (platelet count >110 × 

109 cells/L and LSM <25 kPa) and validated in a large multicenter retrospective study 

[233]. However, in most of the studies assessing Baveno VI criteria the number of 

patients with cholestatic liver disease was very limited [231, 233, 234], and their 
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performance (as well as the one of their expanded version) in PSC and PBC has only 

recently been validated in a multicentre study [235].  

	  
	  
	  
	  
	  
1.4.2 Elastographic techniques to measure liver stiffness and portal hypertension 

Vibration-Controlled Transient Elastography (FibroScan®) 

VCTE is performed by FibroScan® (F-TE), Echosens, Paris, France [236], a device 

consisting in a 5-MHz ultrasound transducer probe mounted on the axis of a vibrator 

which generates a completely painless vibration (with a frequency of 50 Hz and amplitude 

of 2 mm) leading to an elastic shear wave propagating through the skin and the 

subcutaneous tissue to the liver (Figure 15). 

	  

	  

	  

	  

	  

	  

 

	  

	  

	  

Figure 15. Transient elastography performed Vibration-Controlled Transient 
Elastography (FibroScan®). 
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The shear wave velocity, which is expressed in kilopascals (kPa), correlates with tissue 

stiffness: the stiffer the tissue, the faster the shear wave propagates [237]. 

F-TE has a well-established role in the non-invasive assessment of liver fibrosis from 

various aetiologies [238-244], including PBC [11, 13] and, more recently, PSC [14].   

F-TE is a cheap and easy-to-learn technique, and thanks to its numerous advantages, 

including the wide availability and the possibility to perform the test at the bed-side, 

the short procedure time, and the possibility to get immediate results, it is widely used 

in clinical practice and it is considered the non-invasive standard for the measurement 

of LS [237]. F-TE has are well-validated quality criteria and is highly reproducible. 

However, the test is more accurate for the detection of cirrhosis than for the detection 

of significant fibrosis and performs better at ruling out than at ruling in cirrhosis [237].  

The applicability of F-TE is limited in obese patients (problem partially resolved 

thanks to the introduction of the “XL” probe), but also in patients with narrow 

intercostal space, severe osteo-skeletal abnormalities (i.e. severe kyphosis), ascites. 

Furthermore, it is well known that cholestasis, inflammation, congestion (i.e. 

congestive heart failure), excessive alcohol intake, and recent food intake may 

influence FibroScan results, leading to an overestimation of liver stiffness values [237, 

245]  

Due to the lack of safety data in these groups of patients, the use of F-TE in pregnancy 

or in the presence of pacemaker is currently not recommended by the manufacturer.  
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Ultrasound-based elastography  

From a physics point of view, elasticity (reciprocal of stiffness) is defined as the ability 

of a tissue of maintaining its shape after being challenged by a mechanical stress. This 

is an intrinsic characteristic of each tissue, and is expressed by the Young’s elastic 

module. The main principle of quantitative ultrasound elastography is based on 

measuring the velocity of shear waves induced in a tissue by the tissue deformation 

(which is inversely related to the tissue stiffness) caused by the application of a 

mechanical stimulus such as vibration or an ultrasound impulse. The degree of the 

deformation is inversely related to the tissue stiffness, whereas the velocity of the shear 

waves is proportional [246, 247]. 

Over the last years, several ultrasound-based elastography techniques have been 

developed. Acoustic radiation force impulse imaging (ARFI) is the physical principle 

standing behind all the ultrasound-based elastography methods. The enforced acoustic 

impulse causes displacement of the liver tissue and induces shear waves that travel 

perpendicularly to the direction of the original acoustic impulse. In 2D-shear wave 

elastography (2D-SWE), the velocity of the multiple shear waves is tracked by the 

ultrafast ultrasound transducer (receiver) and this information is used to construct the 

2D image of the examined region of interest, in which each pixel of the image 

represent the absolute value of the shear wave velocity at that specific point in real 

time. This allows the operator to visually control the quality and reliability of the 

elasticity maps [237]. Because in 2DSWE the elastogram is displayed in real time, one 

single stiffness measurement might suffice, in theory. However, even with this method 

experts and international guidelines recommend to perform 3-5 acquisitions and 

calculate median value and IQR [248]. 



	   37	  

In point shear wave elastography (pSWE) (Figure 16) the basic principle is the same, 

but 2D image is no not constructed. Instead, the velocity of the generated shear waves 

is tracked in a small box (region of interest), without making the elastogram visible 

[237]. In pSWE, the operator does not have possibility to control the quality of the 

elasticity maps and the resultant stiffness measurements, therefore quality criteria rely 

exclusively on the statistical calculation of the median value of the stiffness 

measurement, which should have low dispersion around the median value as expressed 

by IQR<30% [248].  

Among pSWE methods, there are now several commercially available solutions such 

as Virtual Touch Tissue Quantification (VTQ®), by Siemens, which is most usual and 

wrongly called ARFI (again: ARFI is the physical principle behind US elastography 

methods), ElastPQ® by Philips, and some others. Measurements are reported either as 

metres/second or as kPa, according to the settings.  

 

 

 

Figure 16. Transient elastography performed with point shear wave elastography (pSWE).  
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Similar to F-TE, pSWE is more accurate for detecting cirrhosis than significant fibrosis 

[249], but it as a wider applicability, allowing to measure stiffness also in patients with 

ascites or obese. As for F-TE, results may be influenced by food intake and 

inflammation, which lead to an overestimation of liver fibrosis [237].  

Point Share Wave Elastography has been successfully applied in patients with viral 

hepatitis and non-alcoholic fatty liver disease [250-252], but data about its 

performance in rarer aetiologies such as PSC, PBC and AIH are limited [253]. 

  

Magnetic resonance elastography 

Magnetic resonance elastography (MRE) uses a modified phase-contrast method 

incorporating motion-encoding gradients to image the propagation characteristics of 

the shear wave in the liver induced by a vibrating compression device [254].  

Advantages of MRE include its ability to analyse almost the entire liver and its good 

applicability in patients with obesity or ascites. However, it cannot be used in patients 

with iron overload (due to technical issues), and the high costs and the logistic needs 

(including long times requirement) currently limit its employment in routine clinical 

practice [237].  

 

Spleen stiffness 

Over the last years, the spleen has gained a renewed attention as a potential surrogate 

marker of portal hypertension. It is well known, in fact, that in patients with cirrhosis 

the spleen undergoes enlargement and changes mostly related to portal hypertension 
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[245, 255]. 	  

Spleen diameter, in combination with platelet count (platelet count/spleen diameter 

ratio) has been validated in multiple studies and found to be the most accurate non-

invasive test for the prediction of the presence of oesophageal varices in a recently 

published meta-analysis on the argument [256].	   

Spleen-stiffness measurement (SSM) has been recently proposed as a novel parameter 

to better mirror portal hypertension as compared to LSM [257]. It has been shown, in 

fact, that SSM performs better than LSM in predicting the presence of oesophageal 

varices and improves the performance of the Baveno VI criteria alone, for the detection 

of high-risk oesophageal varices [258, 259]. 

SSM has low applicability in normal-sized spleens (splenic parenchymal thickness    < 

4 cm). Another limitation, when the measurements are obtained with TE, is the upper 

limit value of 75 kPa, which limits risk stratification above this threshold [255].  
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2. Aims and research plan 

A cross sectional study was carried out with the following aims: 

-‐ To validate pSWE as represented by ElastPQ as a non-invasive method for the 

assessment of liver fibrosis and staging in patients with PSC and PBC. 

-‐ To evaluate the correlations of LSM by ElastPQ with the currently validated scores 

and non-invasive markers of liver fibrosis and with F-TE in a cohort of patients 

affected by PSC and PBC. 

-‐ To assess the performance of LSM and SSM as performed by ElastPQ in detecting 

the presence of clinically significant portal hypertension in PSC and PBC. 

	  

	  

3. Materials and methods 

3.1 Participants Identification and Recruitment 

This research was conducted at a Hepatology tertiary centre, the Royal Free Hospital 

London, between November 2015 and March 2018. 

 

Inclusion Criteria  

1. Confirmed diagnosis of PSC, PBC, according to the validated criteria [1, 77, 108]. 

2. Age > 18 years. 

3. Signed informed consent.  

4. Optimal period of fasting of at least 3 hours. 
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Exclusion criteria  

1. All cases of secondary sclerosing cholangitis, which include: congenital biliary 

tree abnormalities, previous biliary surgery, bile duct carcinoma, HIV 

cholangiopathy, sarcoidosis, graft-versus-host disease and drug reactions, IgG4 

cholangiopathy. 

2. Other concomitant liver diseases, except for AIH overlap syndrome (quiescent) 

and fatty liver (not-NASH). 

3. Autoimmune overlap syndrome flare. 

4. Aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT) values 

higher than 5 times the upper limit of normal (ULN) [237, 248]. 

5. Patients undergone liver transplantation. 

6. Patients with current dominant stricture (cholangiographically defined as 

a stricture < 1.5-mm diameter in the common bile duct, or < 1 mm in the left or 

right main hepatic ducts [1]). 

7. Decompensated cirrhosis. 

8. Moderate to severe ascites. 

9. Patients with current bacterial cholangitis. 

10. Severe obesity (body mass index  ≥ 40 kg/m2). 

11. Medical history of cardiac disease and pulmonary hypertension. 

12. Patients with congestive liver disease [237, 248]. 

13. Current pregnancy, in female patients. 

14.  Patients with cardiac pacemaker or implantable cardioverter defibrillator (ICD). 

 



	   42	  

Patients meeting the above criteria were invited to participate to the study, and were 

enrolled after having read the information sheet and signed the consent form. 

 

On the enrolment date, patients underwent: 

-‐ Baseline clinical assessment, 

-‐ Routine bloods collection (full blood count, biochemistry, clotting), 

-‐ Liver stiffness measurement with F-TE and pSWE, 

-‐ Spleen size measurement with ultrasound, 

-‐ When possible, spleen stiffness measurement with pSWE. 

 

F-TE and pSWE were consecutively performed by expert operators in liver 

elastography. pSWE was performed first, followed by F-TE as the reference method.  

Clinical scoring systems and non-invasive scores of severity of liver disease were 

calculated on the basis of baseline data (described below).  

Demographic data were acquired and clinical information was retrospectively 

obtained from patient’s clinical records.  

Upper gastro-intestinal (GI) endoscopy for varices screening was performed in 

patients with established liver cirrhosis, as part of the routine clinical practice. High-

risk varices were defined as grade ≥2 oesophageal varices, or any varix with a red 

colour sign. Only endoscopies performed within 12 months from the liver stiffness 

measurements were considered in the analysis.  

When available, liver histology (METAVIR score) performed within 12 months from 

the visit date was considered for fibrosis staging.  
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3.2 Methodology of non-invasive assessment of disease severity. 

3.2.1 Ultrasonography and Elastography 

Abdominal Ultrasonography – Prior to every elastographic measurement an upper 

abdominal ultrasound assessment was carried out to evaluate the presence of biliary 

dilatation, gallstones or polyps, the patency of the portal vein and hepatic veins as well 

as the presence of ascites and spleen size in terms of length and area. 

Each patient was placed in the supine position and a conventional 3.5 MHz probe was 

used. Spleen longitudinal cross-sectional area and bipolar diameter (crossing the spleen 

hilum) were measured. Splenomegaly was defined as a spleen length greater than 120 

mm and spleen area greater than 45 cm2 [260].  

 

Liver transient elastography was performed using the FibroScan® (Echosense, Paris), 

placing the transducer perpendicularly to the skin in the right intercostal spaces, with the 

patient lying in dorsal decubitus with the right arm in maximal abduction. The test was 

considered valid when at least 10 successful acquisitions with a success rate of at least 

60% and an IQR (range of interquartile) ≤ 30% were obtained. 

 

Liver point shear wave elastography was performed using the Affiniti 70 G 

ultrasound system (Philips Healthcare, Bothell, WA, USA) with a convex C5-1 

broadband probe and the ElastPQ® software. Patients were placed in supine position, 

with the right arm in maximal abduction to widen the intercostal spaces and optimize 

images acquisition. Measurements were acquired while patients were holding their 

breath for a few seconds after expiration, by placing the transducer between one of the 

intercostal spaces to secure an appropriate acoustic window. The preferred target area 
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of liver parenchyma was in the upper right lobe, usually segment V [261]. After 

obtaining an adequate B-mode liver image, the region of interest (ROI) was targeted by 

placing the 0.5 x 1 cm box-cursor on the liver parenchyma avoiding large vessels and 

bile ducts, with the upper edge of the box placed 1.5–2.0 cm away from the Glisson 

capsule [262]. Ten consecutive measurements were acquired. A reliable result was 

defined as an examination in which the success rate was higher than 60%. The final 

data were displayed in kPa [263].  

 

Spleen point shear wave elastography was performed using the same technique, after 

obtaining a good visualization of the organ, placing the transducer perpendicularly to 

the skin in the left intercostal spaces, with the patient lying in dorsal decubitus with the 

left arm in maximal abduction. ROI was positioned 1-2 cm below the splenic capsule 

in correspondence of the middle lobe and 10 consecutive measurements were acquired.  

 

	  

Figure 17. Spleen size measurement and transient elastography performed by 

ElastPQ.  
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3.2.2 ELF Testing  

When an ELF tests was available (performed from serum sample obtained on the date 

of the elastographic assessment, in the context of other clinical studies, using ADVIA 

Centaur® XP system – Siemens Healthcare Diagnostics Inc. – Tarrytown, NY, 

USA), the ELF score was calculated with the published algorithm, combining TIMP-

1, HA, and PIIINP values: ELF score = 2.278 + 0.851 ln(CHA) + 0.751 ln(CP3NP) + 

0.394 ln(CTIMP1) [264].  

 

3.2.3 Prognostic scores 

The PBC Mayo risk score and the Revised PSC Mayo risk score were calculated for 

all PBC and PSC patients, respectively using the specific algorithms [84, 199], 

considering blood tests performed on the day of the elastographic measurement. 

Child-Pugh score and MELD score [200] were calculated for all the patients, and the 

recent Oxford-Amsterdam score [85] was obtained for PSC patients.  

	  

	  

3.2.4 Scores of fibrosis 

The following scores, ratios and indices were calculated for all patients, based on the 

serum tests results on the day of elastography:  

• AST/platelet ratio index (APRI) = (AST/TopNormAST)*(100/Platelets) [265] 

• Aspartate aminotransferase-to-alanine aminotransferase ratio = AST/ALT [266] 

• FIB-4 =  (age [yr] * AST) / ((Platelets [x109/L]) * (ALT)(1/2)) [267] 
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• King’s score = Age (years) * AST (IU/L) * INR / Platelets (109/L) [268] 

• Fibrosis index = 8.0-0.01 * Platelets (10(3)/microliter) - Alb (g/dl) [269] 

• Lok score  = e(LogOddsLok) / (1 + e(LogOddsLok)), where LogOddsLok = (1.26 * 

AST/ALT) + (5.27 * INR) - (0.0089 * Platelets) - 5.56  [270] 

• Fibro Q = [(10 * age (years) * AST * PT INR)/ (Platelets * ALT)] [271] 

• Göteborg University Cirrhosis Index (GUCI) = (AST/TopNormalAST) * INR * 

100/Platelets    

• Bonacini score = Platelets (x109/L)+ALT/AST (IU/L)+INR [272] 

• LSPS: liver stiffness measurement x spleen diameter/platelet count [273] 

• SSPSA:  LS * spleen area/Platelets (Rosselli & Roccarina, Unpublished) 

 

 

 

3.3 Statistics and data analysis  

Continuous variables were expressed as mean ± standard deviation or median and 

interquartile range (IQR), as appropriate according to distribution (Kolmogorov-

Smirnov test). Dichotomous variables were expressed as frequencies and percentage. 

Chi-squared test was used for percentages comparison. T-Student and Mann-Whitney 

tests were used to compare continuous variables according to their normal or not 

normal distribution, respectively.  

The correlation between quantitative variables was assessed by Spearman’s ranking 

test. Lin’s concordance correlation coefficient (CCC), which can been expressed as the 

product of Pearson’s r (the measure of precision) and the bias-correction factor (Cb, 
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the measure of accuracy), was used as a measure of the concordance between F-TE and 

ElastPQ liver elastography. CCC ranges in values from 0 to +1. Agreement was 

classified as poor (0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), good (0.61–

0.80) or excellent (0.81–1.00). The agreement between two quantitative variables was 

also evaluated by the Bland–Altman plot analysis with 95% limits of agreement [274]. 

IQR/Median is a commonly used criterion in elastography [275]. However, on the old 

version of Affiniti software, which was used for a large part of the ElastPQ 

measurements performed for this study, there is no possibility to automatically 

calculate IQR/median, while mean and standard deviation (SD) are provided. To assess 

whether the use of quality criteria improves the diagnostic accuracy, the diagnostic 

performance was therefore evaluated overall and for the cases with ElastPQ SD/mean 

≤30%). 

F-TE was used as surrogate of histological fibrosis, and used as the reference method 

for the fibrosis staging adopting the cut-offs validated against liver biopsy in PSC (7.4, 

8.6, 9.6 and 14.4 kPa for fibrosis stages ≥F1, ≥F2, ≥F3, and =F4, respectively) [14] and 

PBC (7.1, 8.8, 10.7 and 16.9 kPa for fibrosis stages ≥F1, ≥F2, ≥F3, and =F4, 

respectively) [13]. 

The diagnostic performance of ElastPQ for discrimination between staging categories 

was evaluated. ElastPQ cut-offs for each stage of fibrosis were established using 

receiver operating characteristics (ROC) curves to calculate sensitivity (Se), specificity 

(Sp), positive and negative predictive values (PPV and NPV), positive likelihood ratio 

(PLR) and negative likelihood ratio (NLR). The optimal cut-off values were chosen 

maximising the sum of sensitivity and specificity. Similarly, ROC curves were 

constructed to establish the performance (area under the curve (AUROC), Se, Sp, PPV, 
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NPV, PLR and NLR) of the elastographic techniques in predicting the presence of 

oesophageal varices. Optimal diagnostic cut-offs were calculated.  

To identify the factors potentially affecting the concordance between the two 

elastographic techniques used to measure liver stiffness and to identify potential 

predictors of the presence of clinically significant portal hypertension, binary logistic 

regression analyses have been carried out. Potential multicollinearity between variables 

was checked by Spearman’s rank correlation coefficient. All tests were two-sided and 

statistical significance was set at P <0.05. Data analysis was performed with the SPSS 

21 (IBM® SPSS®, Inc., Chicago, IL) and MedStat packages.  

 

 

3.4 Ethics 

The study was conducted in accordance with the Declaration of Helsinki and its latest 

amendments and approved by the local Ethics Committee (ref. NC01.14, 9190/ 20 

March 2014). Signed informed consent was obtained from all the patients before taking 

part to the study.	    
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4.  Results 

4.1 Non-invasive assessment of fibrosis stage in Primary Sclerosing 

Cholangitis 

 

4.1.1 Baseline characteristics 

One hundred fifty-two patients with PSC [93 males (61.2%), mean age 46 ± 16] were 

recruited in the study. The main characteristics of the studied population are described 

in Tables 3 and 4.   

Measurements performed with both ElastPQ and F-TE were available for all patients, 

while spleen stiffness measurement was available in 109 (72%) patients. 

 
 
 

Table 3. Clinical and biochemical characteristic of the patients affected by 

primary sclerosing cholangitis. 

 

Number of patients                      152                   

Age, years, mean ± SD 47 ± 16 

Male sex, n (%)   93 (61.2) 

Age at PSC diagnosis, years, mean ± SD 40 ± 16 

PSC duration, months, median (IQR) 49 (97) 

Large duct PSC/small duct PSC, n (%) 133/19 (87.5/12.5) 

AIH overlap syndrome, n (%)         6 (3.9) 

Disease localisation, n (%)          

Intra-hepatic 64 (43.2) 

Extra-hepatic 1 (0.7) 

Intra- and extra-hepatic 83 (56.1) 
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Hepato-biliary cancer, n (%) 9 (5.9) 

HCC 2 (1.3) 

CCa 5 (3.3) 

GB carcinoma 1 (0.7) 

Inflammatory bowel disease, n (%)         108 (70.6) 

Ulcerative colitis 92 (60.5) 

Crohn’s disease 14 (9.2) 

Indeterminate 2 (1.3) 

Bowel malignancy, n (%) 9 (5.9) 

Dysplasia (low grade) 1 (0.7) 

DALM 3 (2) 

Dysplasia (high grade) 1 (0.7) 

Colon carcinoma 4 (2.6) 

Cirrhosis at imaging, n (%) 45 (29.6) 

History of ascites, n (%) 13 (8.6) 

History of HE, n (%) 0 (0) 

History of variceal bleeding, n (%) 3 (2) 

OGD overall, n (%) 70 (45.7) 

OGD within 12 months, n (%) 46 (30) 

Oesophageal varices, n (%) 21 (13.7) 

High risk oesophageal varices, n (%)* 3/46 (6.5) 

Gastric varices, n (%) 2 (1.3) 

Portal hypertensive gastropathy, n (%) 18 (11.7) 

Child-Pugh class, n (%)  

A 131 (87.3) 

B 19 (12.4) 

C 0 (0)  

MELD score, median (IQR) 7.5 (3) 
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PSC Mayo risk score, median (IQR) -0.31 (1.35) 

Biochemistry at the time of elastography  

Bilirubin (mg/dL), median (IQR) 0.7 (0.9) 

Albumin (g/dL), median (IQR) 4.4 (0.6) 

AST (IU/L), median (IQR) 45 (62) 

ALT (IU/L), median (IQR) 53 (81) 

ALP (IU/L), median (IQR) 165 (247) 

PLTs, mean ± SD 250 (105) 

Serum creatinine (mg/dl), mean ± SD 0.8 ± 0.2 

Serum Na, mean ± SD  141 ± 2 

INR, median (IQR) 1.0 (0.1) 

 
* High-risk varices were defined as grade ≥2 oesophageal varices, or any varix with a 

red colour sign.  

Values are expressed as median (IQR), unless otherwise specified. Abbreviations: SD, 

standard deviation; PSC, primary sclerosing cholangitis; AIH, autoimmune hepatitis; 

HCC, hepatocellular carcinoma; CCa, cholangiocarcinoma; GB, gallbladder; DALM, 

dysplasia-associated lesion or mass; HE, hepatic encephalopathy; OGD, 

oesophagogastroduodenoscopy; MELD, model of end-stage liver disease; IQR, 

interquartile range; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 

ALP, alkaline phosphatase; PLTs, platelets; Na, sodium; INR, International Normalized 

Ratio.   
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Table 4. Fibrosis scores, sonographic characteristics and elastography in the 

group of PSC patients.  

 

Fibrosis scores at the time of elastography  

APRI index 0.01 (0.01) 

AST/ALT ratio 0.91 (0.61) 

FIB-4 1.17 (1.34) 

Fibrosis index score, mean ± SD 1.26 ± 1.22  

King's score 9.5 (12.8) 

Lok score -1.2 (1.9) 

Fibro Q score	   1.7 (2.1) 

GUCI score 0.59 (0.84) 

Bonacini score, mean ± SD 4 ± 2 

ELF score* 10.14 ± 1.6 

Liver stiffness measurement by F-TE  

Probe M/XL, n (%)         150/2 (99/1) 

F-TE (median, kPa) 8.4 (14) 

F-TE IQR (kPa) 1.1 (2.0) 

F-TE IQR/median% 14 (10) 

ElastPQ liver stiffness  

ElastPQ liver stiffness (average, kPa) 9.23 (13.2) 

ElastPQ liver SD (kPa) 1.69 (2.7) 

ElastPQ liver stiffness (median, kPa) 9.01 (12.69) 

ElastPQ liver stiffness SD/average (%) 19 (11) 

ElastPQ liver SD/average ≤30% 130 (85.5) 
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ElastPQ spleen stiffness  

ElastPQ spleen failure, n (%) 19 (14.7) 

ElastPQ spleen stiffness (average, kPa) 29.65 (16.10) 

ElastPQ spleen stiffness SD (kPa) 6.03 (4.51) 

ElastPQ spleen stiffness (median, kPa) 28.78 (14.52) 

ElastPQ spleen stiffness SD/average (%) 22 (13) 

Fibrosis Stage assessed with F-TE as reference standard 

F0 67 (44.1) 

F1 10 (6.6) 

F2 9 (5.9) 

F3 19 (12.5)  

F4 47 (30.9) 

Spleen size, cm, mean ± SD  11.9 ± 3.4  

Spleen area, cm2** 40 (28.5) 

LSPS 0.47 (1.05) 

SSPSA 5.20 (9.06) 

Baveno VI criteria  

Low risk, n (%) 105 (70) 

High risk, n (%) 45 (30) 

Expanded Baveno VI criteria  

Low risk, n (%) 116 (77.3) 

High risk, n (%) 34 (22.7) 

* ELF score at the time of elastography was available in 43 (28.3%) patients. 

** Spleen area was available for 111 (73%) patients. 

Values are expressed as median (IQR), unless otherwise specified. Abbreviations: 

APRI, AST to platelet ratio; AST, aspartate aminotransferase; ALT, alanine 

aminotransferase; SD, standard deviation; ELF, enhanced liver fibrosis; F-TE, 

transient elastography performed by FibroScan. 
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4.1.2 Comparison between shear wave elastography (ElastPQ) and F-TE.  

ElastPQ liver stiffness demonstrated to have an excellent correlation with F-TE 

regardless of whether ElastPQ mean value (P<0.0001, Spearman’s correlation 

coefficient 0.93; Lin’s correlation coefficient 0.87, 95%CI 0.83-0.91) or ElastPQ 

median value was considered (P<0.0001, Spearman’s correlation coefficient 0.93; 

Lin’s correlation coefficient 0.86, 95%CI 0.82-0.90) (Figure 18 A and B). The 

comparison of the correlation’s coefficients for mean ElastPQ and median ElastPQ 

liver stiffness did not show a statistically significant difference (P=0.596).  

A

	  	  
	  
B

	  

Figure 18. Linear correlation between F-TE and ElastPQ mean (A) or median 

(B) in the overall PSC population.  
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Figure 19. Linear correlation between F-TE and ElastPQ in the subgroup with 

ElastPQ SD/mean ≤30%. 

	  

	  

The application of quality criterion (ElastPQ SD/mean ≤30%), which was met by 130 

patients (86%), did not influence the test accuracy (P<0.0001, Spearman’s correlation 

coefficient 0.92; Lin’s correlation coefficient 0.88, 95%CI 0.83 to 0.91 (Figure 19).  

Bland-Altman plot agreement analyses are shown in the figures below (Figures 20 A, 

B and C). 

 

	  

Figure 20 A. Bland-Altman plot agreement analysis between F-TE and mean 

ElastPQ in the overall PSC population.  

Sample size 152 
Arithmetic mean -1,1273 
95% CI -2,5369 to 0,2823 
P (H0: Mean=0) 0,1162 
Standard deviation 8,7958 
Lower limit -18,3670 
95% CI -20,7813 to -15,9527 
Upper limit 16,1124 
95% CI 13,6981 to 18,5267 
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Figure 20 B. Bland-Altman plot agreement analysis between F-TE and median 

ElastPQ in the overall PSC population.  

 
 
 
 
 

 
	  
Figure 20 C. Bland-Altman plot agreement analysis between F-TE and mean 

ElastPQ in the subgroup with ElastPQ SD/mean ≤30%. 

 
The continuous line is the mean of the differences. The dashed grey lines define the 95% 

limits of agreement, with the blue lines representing the confidence interval (CI) (mean of 

the difference (±2SD)). 

 
 
 
 

Sample size 152 
Arithmetic mean -1,7920 
95% CI -3,2313 to -0,3528 
P (H0: Mean=0) 0,0150 
Standard deviation 8,9806 
Lower limit -19,3940 
95% CI -21,8590 to -16,9290 
Upper limit 15,8099 
95% CI 13,3449 to 18,2750 

Sample size 130 
Arithmetic mean -0,8124 
95% CI -2,0108 to 0,3860 
P (H0: Mean=0) 0,1822 
Standard deviation 6,9061 
Lower limit -14,3483 
95% CI -16,4016 to -

12,2950 
Upper limit 12,7235 
95% CI 10,6702 to 14,7768 
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4.1.3 Correlation between liver elastography and surrogate markers of 

liver fibrosis. 

Liver ElastPQ, as well as F-TE, showed a significant correlation with all the 

commonly used non-invasive scores of fibrosis (P<0.001), with the exception for 

AST/ALT ratio (Table 5). The best Spearman’s coefficient (rho) was found for the 

APRI index (0.72 with regards to F-TE, 0.69 with regards to ElastPQ) and with the 

ELF score (0.71 with regards to F-TE, 0.64 with regards to ElastPQ). The 

correlation with the ELF score was clearly limited by the small number of patients 

with an available ELF test at the time of elastography.  

 

 

Table 5. Correlation between liver elastography and surrogate markers of liver 
fibrosis. 

 

 
Abbreviations: APRI, AST to Platelet Ratio Index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 

GUCI, Göteborg University Cirrhosis Index; ELF, enhanced liver fibrosis (score). 

 

	  

	  

	   	   APRI	   AST/ALT	   FIB-‐4	   King’s	  
score	  

Fibrosis	  
index	  

Lok	  
score	  

Fibro	  
Q	   GUCI	   Bonacini	   ELF	  

F-‐TE	  
r	   0.721	   0.132	   0.488	   0.664	   0.391	   0.303	   0.208	   0.732	   0.267	   0.714	  

P	   <0.000	   0.107	   <0.000	   <0.000	   <0.000	   <0.000	   0.011	   <0.000	   0.001	   <0.000	  

ElastPQ	  
liver	  

(mean)	  

r	   0.693	   0.085	   0.475	   0.641	   0.398	   0.280	   0.199	   0.704	   0.236	   0.643	  

P	   <0.000	   0.339	   <0.000	   <0.000	   <0.000	   0.001	   0.025	   <0.000	   0.008	   <0.000	  

ElastPQ	  
liver	  

(median)	  

r	   0.690	   0.080	   0.474	   0.642	   0.385	   0.269	   0.196	   0.703	   0.228	   0.639	  

P	   <0.000	   0.367	   <0.000	   <0.000	   <0.000	   0.002	   0.027	   <0.000	   0.010	   <0.000	  
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4.1.4. Correlation between elastography, prognostic scores and serum 

markers of inflammation and cholestasis.  

The correlation between liver elastography (measured both with FibroScan and 

ElastPQ), spleen elastography and the currently validated prognostic scores in PSC 

were also assessed. Elastography of both liver and spleen was significantly 

correlated with the MELD, the PSC Mayo risk score and the Oxford-Amsterdam 

score (Table 6). However, the highest correlation coefficient were found for the 

Mayo risk score, both for F-TE (Spearman’s rho 0.65, P<0.001) and liver ElastPQ 

(Spearman’s rho 0.64, P=0.002). Still statistically significant but much weaker 

correlations with all the prognostic scores were found for ElastPQ spleen stiffness 

(Spearman’s rho 0.26 (P=0.007), 0.38 (P<0.001) and 0.44 (P<0.001) for MELD, 

PSC Mayo risk score and Oxford-Amsterdam score, respectively).  

As previously reported [14], liver stiffness measured by F-TE was positively 

correlated with serum total bilirubin, alkaline phosphatase (ALP), and 

transaminases levels (P<0.001). This significant correlation was maintained, with 

similar correlation coefficients, when liver stiffness measurement was performed 

with ElastPQ. With regards to ElastPQ spleen stiffness, instead, the correlation with 

the above-mentioned markers of inflammation and cholestasis was poor (Table 6). 
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Table 6. Correlation between liver elastography, prognostic scores and serum 

markers of inflammation and cholestasis.  

 

	   	   MELD	  
PSC	  
Mayo	  
RS	  

Oxford-‐
Amsterdam	  

score	  
ALT	   AST	   Bilirubin	   ALP	  

F-‐TE	  
r	   0.392	   0.649	   0.568	   0.494	   0.655	   0.587	   0.476	  

P	   <0.001	   <0.001	   <0.001	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  
liver	  

(mean)	  

r	   0.450	   0.643	   0.577	   0.462	   0.637	   0.601	   0.461	  

P	   0.001	   0.002	   <0.001	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  
liver	  

(median)	  

r	   0.455	   0.651	   0.574	   0.470	   0.643	   0.608	   0.468	  

P	   <0.001	   0.003	   <0.001	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  
spleen	  
(mean)	  

r	   0.259	   0.377	   0.442	   0.171	   0.320	   0.224	   0.232	  

P	   0.007	   <0.001	   <0.001	   0.075	   0.001	   0.019	   0.015	  

ElastPQ	  
spleen	  

(median)	  

r	   0.295	   0.364	   0.451	   0.193	   0.328	   0.237	   0.228	  

P	   0.002	   0.000	   <0.001	   0.044	   0.000	   0.013	   0.017	  

Abbreviations: MELD, model of end-stage liver disease; PSC, primary sclerosing cholangitis; 

RS, risk score; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline 

phosphatase. 

 
 
 

4.1.5 Performance of liver ElastPQ in differentiating liver fibrosis stages.  

With a few exceptions, histology is no longer considered necessary for establishing 

a diagnosis of PSC in patients with characteristic appearance on cholangiogram [1, 

77] and therefore is not routinely performed in these patients. Accordingly, no 

recent liver biopsy was available for most of the patients included in this cohort. In 

order to establish the optimal cut-off of liver stiffness measured by ElastPQ for each 

grade of fibrosis, F-TE was used as a surrogate of histological fibrosis, adopting the 
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cut-offs recently validated against liver biopsy in PSC [14]. AUROC curves were 

obtained for each stage of fibrosis (Figures 22-25). AUROCs (95%CI) for ElastPQ 

were 0.96 (0.91–0.98), 0.97 (0.93–0.99), 0.97 (0.93–0.99), 0.99 (0.95–0.99) for 

fibrosis stage F≥1, F≥2, F≥3 and F=4 respectively. Optimal cut-off values were 7.4 

kPa (91% sensitivity, 92% specificity), 8.5 kPa (95% sensitivity, 88% specificity), 

10.5 kPa (89% sensitivity, 94% specificity) and 12.1 kPa (100% sensitivity, 89% 

specificity) for mild, moderate, severe fibrosis and cirrhosis, respectively (Table 7). 

The results remained similar when patients with AIH overlap where excluded from 

the analysis. The distribution of liver ElastPQ values according to fibrosis stage 

defined by F-TE is shown in Figure 21.  

 

	  

Figure 21. Distribution of ElastPQ liver stiffness values according to fibrosis 

stage as defined by F-TE.  
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Figure 22. Receiver operating characteristic analysis of the ability 

of liver ElastPQ to predict mild fibrosis (F≥1) in PSC. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23. Receiver operating characteristic analysis of the 

ability of liver ElastPQ to predict moderate fibrosis (F≥2) in 

PSC. 
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Figure 24. Receiver operating characteristic analysis of the ability 

of liver ElastPQ to predict severe fibrosis (F≥3) in PSC. 

 

 

 
Figure 25. Receiver operating characteristic analysis of the ability 

of liver ElastPQ to predict cirrhosis (F=4) in PSC. 
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Table 7. Performance of ElastPQ in differentiating liver fibrosis stages 

(according to F-TE) in PSC. 

 

Abbreviations: kPa, kilopascal; Se, sensitivity; Sp, specificity; PPV, positive predictive 

value; NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative 

likelihood ratio; AUROC, area under receiver operating characteristic curve; CI, 

confidence interval.  

 

 

 

 

The application of the quality criterion ElastPQ SD/mean ≤30% did not improve 

significantly the performance of liver ElastPQ in discriminating liver fibrosis stages 

(Table 8). 

 

 

 

 

 

 

Stage	  	   N.	  
Cut-‐
off	  
(kPa)	  

Se	   Sp	   PPV	   NPV	   PLR	   NLR	  
AUROC	  

(95%CI)	  

≥	  F1	   91	   7.4	   0.91	   0.92	   0.94	   0.88	   11.4	   0.10	   0.96	  	  	  	  	  	  	  
(0.91-‐0.98)	  

≥	  F2	   75	   8.5	   0.95	   0.88	   0.89	   0.94	   7.9	   0.06	   0.97	  	  	  	  	  	  	  
(0.93-‐0.99)	  

≥	  F3	   66	   10.5	   0.89	   0.94	   0.92	   0.92	   14.8	   0.12	   0.97	  	  	  	  	  	  	  
(0.93-‐0.99)	  

F4	   47	   12.1	   1.0	   0.89	   0.80	   1.0	   9.1	   0	   0.99	  	  	  	  	  	  	  
(0.95-‐0.99)	  
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Table 8. Performance of ElastPQ in differentiating liver fibrosis stages  

(according to F-TE) in PSC when the quality criterion ElastPQ SD/mean ≤30% 

was applied.  

Abbreviations: kPa, kilopascal; Se, sensitivity; Sp, specificity; PPV, positive predictive 

value; NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative 

likelihood ratio; AUROC, area under receiver operating characteristic curve; CI, 

confidence interval.  

*P value refers to the comparison between the AUROC obtained for the overall population 

and the AUROC obtained when the quality criterion ElastPQ SD/mean ≤30% was applied.  

 

 
 
 
 
 

Table 9 reports the misclassification in staging liver fibrosis (defined by F-TE cut-

offs), using the cut-offs obtained for ElastPQ liver stiffness.  

 

 
 
 
 
 

Stage	   N.	  
Cut-‐
off	  
(kPa)	  

Se	   Sp	   PPV	   NPV	   PLR	   NLR	   AUROC	  
(95%CI)	   P*	  

≥	  F1	   74	   7.4	   0.89	   0.95	   0.96	   0.87	   17.8	   0.12	   0.949	  	  	  
(0.911-‐0.987)	   ns	  

≥	  F2	   59	   8.5	   0.95	   0.89	   0.88	   0.96	   8.6	   0.06	   0.968	  	  	  
(0.942-‐0.944)	   ns	  

≥	  F3	   53	   10.5	   0.87	   0.96	   0.94	   0.91	   21.8	   0.14	   0.969	  	  	  
(0.943-‐0.995)	   ns	  

F4	   36	   12.1	   1	   0.90	   0.80	   1	   10	   0	   0.982	  	  	  
(0.965-‐0.999)	   ns	  
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Table 9.  Misclassification in staging liver fibrosis using ElastPQ liver 

stiffness. 

Abbreviations: F-TE, liver transient elastography performed with FibroScan; FN, 

false negative; FP, false positive; TOT, total; SD, standard deviation.  

 
 
 
 
 
 
4.1.6 Factors influencing the discrepancy between F-TE and ElastPQ.  

The factors potentially influencing the discrepancy between F-TE and ElastPQ 

values were examined. When a difference between the two techniques of ± 2 kPa 

was considered, statistically significant variables at the univariate analysis were the 

Mayo risk score, total bilirubin, ALT, AST, ALP, PLTs and the presence of 

cirrhosis (Table 11).  On multivariate, only the diagnosis of cirrhosis (either defined 

by F-TE values or diagnosed at imaging) maintained its statistical significance (OR 

Fibrosis	  stage	  (F-‐TE)	   FN	   FP	   TOT	  

ElastPQ	  Mean	  (Overall)	   	   	   	  

F≥1	   8/91	  (9%)	   5/61	  (8%)	   17%	  

F≥2	   4/75	  (5%)	   9/77	  (12%)	   17%	  

F≥3	   7/66	  (11%)	   5/86	  (6%)	   17%	  

F=4	   0/47	  (0%)	   12/105	  (11%)	   11%	  

Total	  misclassified	   19/152	  (13%)	   31/152	  (20%)	   33%	  

ElastPQ	  Mean	   	   	   	  

(SD/mean	  ≤30%)	   	   	   	  

F≥1	   8/74	  (11%)	   3/56	  (5%)	   16%	  

F≥2	   3/59	  (5%)	   8/71	  (11%)	   16%	  

F≥3	   7/53	  (13%)	   3/77	  (4%)	   17%	  

F=4	   0/36	  (0%)	   9/95	  (10%)	   10%	  

Total	  misclassified	   18/130	  (14%)	   23/130	  (18%)	   32%	  
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9.87, 95%CI 3.35-29.10, P<0.001). The results did not change using a delta liver 

stiffness of 5 or 10 kPa (data not shown). 

 

 

Table 10. Factors associated with a difference of ± 2 kPa between liver stiffness 

measured by F-TE and ElastPQ in the PSC cohort.   

Numerical variables are expressed as median (IQR) or mean ± SD, dichotomous variables 

are expressed as n (%).  

Abbreviations: F-TE, liver transient elastography performed with FibroScan; kPa, 

kilopascal; OR, odd ratio; CI, confidence interval; PSC, primary sclerosing cholangitis; RS, 

risk score; MELD, model of end-stage liver disease; AIH, autoimmune hepatitis; ALT, 

alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase, 

IQR, interquartile range; SD, standard deviation.   

	  

Univariate	  	   Multivariate	  

F-‐TE	  -‐	  ElastPQ	  
liver	  <	  2	  kPa	  

F-‐TE	  -‐
ElastPQ	  

liver	  ≥2	  kPa	  
P	  	   OR	   95%	  CI	   P	  	  

PSC	  Mayo	  RS	   -‐0.46	  (1.22)	   0.34	  (1.49)	   <0.000	   	   	   	  

MELD	  score	   7	  (3)	   7	  (4)	   0.611	   	   	   	  

AIH	  overlap	   3/119	  (2.5)	   3/33	  (9.1)	   0.117	   	   	   	  

Small	  duct	  PSC	   17/119	  (14.3)	   2/33	  (6.1)	   0.251	   	   	   	  

Age,	  years	   46	  ±	  16	   49	  ±	  16	   0.501	   	   	   	  
Bilirubin	  
(mg/dL)	   0.58	  (1.0)	   0.94	  (0.8)	   0.009	   	   	   	  

ALT	  (IU/L)	   45	  (73)	  	   78	  (68)	   <0.000	   	   	   	  

AST	  (IU/L)	   37	  (55)	   67	  (60)	   <0.000	   	   	   	  

ALP	  (IU/L)	   145	  (256)	   222	  (193)	   0.147	   	   	   	  

Platelets/mmc	   255	  (129)	   200	  (142)	   0.023	   	   	   	  

Cirrhosis	  	  	  	  	  	  	  	  	  
(F-‐TE	  =	  F4)	   22/119	  (18)	   25/33	  (76)	   <0.000	   9.87	   3.38-‐28.88	   <0.000	  
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4.2 Non-invasive assessment of portal hypertension in PSC.  

The factors potentially associated with the presence of clinically significant portal 

hypertension (CSPH), therefore with the presence of oesophageal varices (OV), 

were investigated. This analysis was performed only in the subgroup of 46 patients 

who underwent an upper-GI endoscopy within 12 months from the date of the 

elastographic assessment. Eighteen patients had OVs in this group, with only two 

patients having varices at high-risk of bleeding (HRVs). The differences in clinical, 

biochemical and elastographic parameters between the groups of patients with and 

without oesophageal varices are shown in Table 11. In particular, median values of 

F-TE, liver ElastPQ, spleen stiffness and LSPS were significantly higher in patients 

with OV compared to those without OV (Figures 26-29). On univariate analysis, a 

statistically significant association of the presence of oesophageal varices was found 

with serological parameters such as bilirubin, platelet count, albumin and INR, 

spleen longitudinal diameter (but not with spleen area), liver stiffness measured 

both with F-TE and ElastPQ, spleen stiffness, the composite scores LSPS, Child-

Pugh, MELD and Mayo risk score (Table 12). Different models of multivariate 

logistic regression analysis were performed including the variables statistically 

significant in the univariate analysis. ElastPQ spleen stiffness was the only 

independent predictor of CSPH (OR 1.137; CI 1.02-1.27; p <0.021) (Table 12), 

regardless of whether the Mayo risk score, MELD or Child-Pugh score was 

included in the model as indicator of liver disease severity. Similarly, the results did 

not change when either F-TE or ElastPQ were included in the multivariate analysis 

as measure of liver stiffness. Finally, spleen stiffness remained the only variable 

statistically significant in the multivariate analysis model including the LPSP score 

(OR 1.124; CI 1.01-1.26; p <0.034) (Table 12). 
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Table 11. Comparison between patients with and patients without 

oesophageal varices.   

 

	   No	  OVs	   OVs	   P	  

PSC	  Mayo	  RS	   -‐0.27	  (1.43)	   1.06	  (1.5)	   <0.000	  

Child-‐Pugh	  score	   5.0	  (0)	   7	  (3)	   <0.000	  

MELD	  score	   7.01	  (3)	   12.46	  (7)	   <0.000	  

Spleen	  area,	  cm2	   55	  (56)	   87	  (55)	   0.040	  

Spleen	  LD,	  cm	   12	  (4.4)	   16	  (4.3)	   0.007	  

Bilirubin	  mg/dL	   0.9	  (1.2)	   3.0	  (5.5)	   <0.000	  

AST	  (IU/L)	   70	  (60)	   81	  (71)	   0.045	  

ALP	  (IU/L)	   256	  (292)	   210	  (243)	   0.566	  

Platelets/mmc	   254	  (483)	   102	  (138)	   0.001	  

Albumin	  g/dL	   4.3	  (0.6)	   3.4	  (0.9)	   0.001	  

INR	   1	  (0.1)	   1.2	  (0.8)	   <0.000	  

F-‐TE	  liver	  stiffness,	  
kPa	   12	  (22.2)	   46.5	  (44.5)	   <0.000	  

ElastPQ	  liver	  
stiffness,	  kPa	   12	  (14.1)	   39.8	  (28)	   <0.000	  

ElastPQ	  spleen	  
stiffness,	  kPa	   31.6	  (14.1)	   51.8	  (26.5)	   <0.000	  

LSPS	   0.61	  (2.1)	   6.3	  (12.6)	   <0.000	  

SSPSA	   11.6	  (18.2)	   28.9	  (41.9)	   0.020	  

ELF	  score*	   11.4	  (0.9)	   13.4	  (1.6)	   0.006	  

Values are expressed as median (IQR) or mean ± SD, according to distribution.  

*ELF available only in 11 patients with an OGD within 1 year. 

Abbreviations: OVs, oesophageal varices; PSC, primary sclerosing cholangitis; 

RS, risk score; MELD, model of end-stage liver disease; LD, longitudinal 

diameter; INR, international normalized ratio; F-TE, liver transient 

elastography performed with FibroScan; kPa, kilopascal; ELF, enhanced liver 

fibrosis score.  
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Figure 26. Difference in the median values of F-TE between patients 

with and without oesophageal varices (P<0.000).  

 

 

 

Figure 27. Difference in the median values of ElastPQ liver stiffness 

between patients with and without oesophageal varices (P<0.000).  
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Figure 28. Difference in the median values of ElastPQ spleen stiffness 

between patients with and without oesophageal varices (P<0.000).  

 

 

 

Figure 29. Difference in the median values of LSPS score between 

patients with and without oesophageal varices (P<0.000).  
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Table 12. Univariate and multivariate logistic regression analysis of factors 

potentially associated with the presence of clinically significant portal hypertension 

in PSC patients with an OGD within 12 months.  

 

	   Univariate	   	   Multivariate	   	  

	   OR	   95%	  CI	   P	   OR	   95%	  CI	   P	  

PSC	  Mayo	  RS	   3.672	   1.694-‐7.962	   0.001	   	   	   	  

Child-‐Pugh	  score	   3.868	   1.780-‐8.402	   0.001	   	   	   	  

MELD	  score	   1.634	   1.215-‐2.198	   0.001	   	   	   	  

Spleen	  area,	  cm2	   1.029	   1.000-‐1.059	   0.054	   	   	   	  

Spleen	  LD,	  cm	   1.264	   1.040-‐1.535	   0.018	   	   	   	  

Blirubin	  mg/dL	   1.901	   1.185-‐3.048	   0.008	   	   	   	  

AST	  (IU/L)	   1.012	   0.999-‐1.025	   0.063	   	   	   	  

ALP	  (IU/L)	   0.999	   0.996-‐1.001	   0.412	   	   	   	  

Platelets/mmc	   0.994	   0.988-‐1.000	   0.043	   	   	   	  

Albumin	  g/dL	   0.090	   0.020-‐0.397	   0.001	   	   	   	  

INR	   45619	   62-‐3347…	   0.001	   	   	   	  

F-‐TE	  liver	  
stiffness,	  kPa	  

1.075	   1.032-‐1.121	   0.001	   	   	   	  

ElastPQ	  liver	  
stiffness,	  kPa	   1.073	   1.024-‐1.124	   0.003	   	   	   	  

ElastPQ	  spleen	  
stiffness,	  kPa	  

1.123	   1.037-‐1.216	   0.004	   1.137	   1.020-‐1.268	   0.021	  

LSPS	   1.741	   1.199-‐2.527	   0.004	   	   	   	  

SSPSA	   1.056	   0.987-‐1.130	   0.112	   	   	   	  

ELF	  score*	   3.293	   NA	   0.996	   	   	   	  

*ELF score was available for only 11 patients in this group.  

Abbreviations: OR, odd ratio; CI, confidence interval; PSC, primary sclerosing cholangitis; RS, 

risk score; MELD, model of end-stage liver disease; LD, longitudinal diameter; AST, aspartate 

aminotransferase; ALP, alkaline phosphatase; INR, international normalized ratio; F-TE, liver 

elastography performed with FibroScan; kPa, kilopascal; ELF, enhanced liver fibrosis score. 
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The ability of F-TE, ElastPQ liver stiffness, and ElastPQ spleen stiffness in 

predicting the presence of oesophageal varices was evaluated and compared with 

the performance of the other non-invasive markers of liver fibrosis. ROC curves 

were obtained for each non-invasive test (Tables 13 and 14). The performance of 

ELF score could not be evaluated in this cohort owing to the very small number of 

patients with available ELF test (n.11). F-TE, liver ElastPQ and spleen ElastPQ 

performed better than the other non-invasive diagnostic tests, showing similar ROC 

curves. AUROCs (95%CI) were: 0.88 (0.78-0.98) for F-TE, 0.87 (0.77-0.97) for 

ElastPQ liver stiffness and 0.87 (0.76-0.99) for ElastPQ spleen stiffness. Also LSPS 

was found to have a fairly high predictive value in detecting the presence of OVs 

(AUROC 0.90, 95%CI 0.81-0.99) (Table 13, Figure 30).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 30. Receiver operating characteristic analysis of the ability of F-TE, 

ElastPQ liver stiffness, ElastPQ spleen stiffness and LSPS to predict the 

presence of oesophageal varices in PSC.  
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The best cut-off value for predicting the presence of OVs was then calculated for 

each curve, and the diagnostic accuracy was analysed. F-TE, ElastPQ liver and 

spleen stiffness demonstrated a good sensitivity, however specificity was relatively 

low, ranging between 77% and 68%. Accordingly, while NPVs and NLRs were 

good, PPV and PLR were modest for all tests (Table 13). No statistically significant 

difference was detected between the AUROCs of F-TE, ElastPQ liver stiffness and 

ElastPQ spleen stiffness (P value not significant for all the comparisons), indicating 

a similar performance of the three techniques, as well as the LSPS. The AUROC of 

ElastPQ liver stiffness did not improve significantly when the quality criterion 

SD/mean ≤30% was applied (data not shown). 

 

 

Table 13. Performance of liver stiffness (F-TE and ElastPQ), ElastPQ spleen 

stiffness and LSPS in predicting the presence of oesophageal varices in PSC.  

 

Test	   OVs/n	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  
Cut-‐off	  
value	  
(kPa)	  

AUROC	  	  	  	  	  
(95%	  CI)	  

F-‐TE	  liver	   18/46	   0.94	   0.68	   0.65	   0.95	   2.9	   0.09	   18.5	   0.880	  	  	  	  	  
(0.783-‐0.977)	  

ElastPQ	  
liver	   18/46	   0.89	   0.75	   0.70	   0.91	   3.6	   0.15	   21.1	   0.871	  	  	  	  	  

(0.770-‐0.972)	  

ElastPQ	  
spleen	   13/35	   0.92	   0.77	   0.71	   0.94	   4	   0.10	   40.2	   0.874	  	  	  	  	  

(0.760-‐0.988)	  

LSPS	   18/46	   0.83	   0.74	   -‐	   -‐	   -‐	   -‐	   -‐	   0.899	  	  	  	  	  
(0.812-‐0.986)	  

Abbreviations: PSC primary sclerosing cholangitis; F-TE, transient elastography performed 

with FibroScan; LSPS, liver stiffness X spleen diameter/platelet count; OVs, oesophageal 

varices; n, number of patients; Se, sensitivity; SP, specificity; PPV, positive predictive value; 

NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood 

ratio; AUROC, area under receiver operating characteristic curve; CI, confidence interval.  
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All the other non-invasive diagnostic tests had smaller AUROCs, with the exception 

of the Lok score, which reached an area of 0.87 (95%CI 0.74-1.00) (Table 14), 

when evaluated in the overall cohort of 46 patients with OGD within 12 months. 

However, when the AUROCs were performed in the sub-population of the patients 

who had spleen stiffness measurement (n. 35, 13 with OVs), ElastPQ spleen 

stiffness showed the best AUROC (0.87, 95%CI 0.75-0.98), followed by the LSPS 

(AUROC 0.86, 95%CI 0.74-0.98) and then by the Lok score (AUROC 0.85, 95%CI 

0.68-1.00) (Figure 31).  

 
 

Table 14. Performance of the non-invasive scores of liver 

fibrosis in predicting the presence of oesophageal varices 

in PSC.  

 

Test	   OVs/n	   AUROC	  	  (95%	  CI)	  

APRI	   18/46	   0.813	  (0.686-‐0.941)	  

AST/ALT	   18/46	   0.819	  (0.689-‐0.950)	  

FIB-‐4	   18/46	   0.812	  (0.667-‐0.954)	  

King’s	  score	   18/46	   0.815	  (0.678-‐0.952)	  

Fibrosis	  Index	   18/46	   0.839	  (0.691-‐0.988)	  

Lok	  score	   18/46	   0.873	  (0.744-‐1.000)	  

Fibro	  Q	   18/46	   0.798	  (0.655-‐0.941)	  

GUCI	  	   18/46	   0.853	  (0.736-‐0.970)	  

Bonacini	  score	   18/46	   0.851	  (0.727-‐0.975)	  

 
Abbreviations: APRI, aspartate aminotransferase-to- platelet ratio 

index, AST to Platelet Ratio Index; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase; GUCI, Göteborg 

University Cirrhosis Index.  
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Figure 31. Receiver operating characteristic analysis of the ability of the 

non-invasive scores of liver fibrosis, liver and spleen elastography to 

predict the presence of oesophageal varices. 

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GUCI, 

Göteborg University Cirrhosis Index; F-TE, transient elastography 

performed with FibroScan; LSPS, liver stiffness X spleen diameter/platelet 

count. 
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Comparison of ElastPQ spleen stiffness with the Baveno VI criteria. 

 

Finally, the performance of ElastPQ spleen stiffness in predicting CSPH was 

evaluated in comparison with the currently validated Baveno VI and expanded 

Baveno VI criteria [228, 233]. This analysis was performed only on 35 patients who 

had an OGD within a year from the elastographic assessment and a valid spleen 

stiffness measurement. Among these, 13 patients were found to have OVs. Thirteen 

(37%) patients met the Baveno VI criteria and 14 (40%) and the Expanded Baveno 

VI criteria for avoiding endoscopy, while 18 (51%) patients were at low-risk based 

on their ElastPQ spleen stiffness (<40.2 kPa). Both Baveno VI and Expanded 

Baveno VI criteria showed a good sensitivity (92%, for both tests) but a scarce 

specificity (54% and 59%, respectively) for detecting CSPH. ElastPQ spleen 

stiffness showed the same sensitivity (92%), but improved specificity (77%). The 

performance of the Baveno VI, Expanded Baveno VI and ElastPQ spleen stiffness 

is summarized in Table 15.  

The misclassification of the patients with or without oesophageal varices at 

endoscopy and the number of the endoscopies that could have been saved using the 

Baveno VI criteria, the Expanded Baveno VI criteria or ElastPQ spleen stiffness 

(≥40.2 kPa or <40.2 kPa) are reported in Table 16. The Baveno VI criteria, the 

Expanded Baveno VI criteria would have saved 55% and 59% of the wasted OGDs, 

respectively. Using ElastPQ spleen stiffness to determine the need of varices 

screening would increase the rate of saved endoscopies to 77%, without increasing 

the number of undiagnosed OVs.  

The application of the quality criterion of ElastPQ spleen stiffness SD/mean ≤30% 

did not improved ElastPQ spleen stiffness performance (Table 16). 
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Table 15. Performance of Baveno VI criteria, Expanded Baveno VI criteria 

and spleen stiffness in predicting the presence of oesophageal varices in PSC.  

Abbreviations: PSC primary sclerosing cholangitis; OVs, oesophageal varices; n, number 

of patients with varices; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV 

negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio. 

 

 
Table 16. Misclassification and performance of the patients with or without 

oesophageal varices at endoscopy using Baveno VI criteria, Expanded Baveno 

VI criteria and ElastPQ spleen stiffness.  

Abbreviations: FN, false negative; FP, false positive; OVs, oesophageal varices; OGDs, 

oesophagogastroscopies; SD, standard deviation.  

* Spared OGDs are expressed as: (number of patients who did not have OVs at endoscopy 

– FP) / number of patients who did not have OVs at endoscopy %.  

* Missed OGDs are expressed as: FN / number of patients who met criteria for avoiding 

endoscopy %. 

 

	   OVs/n	   Cut-‐off	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  

Baveno	  VI	   13/35	   -‐	   0.92	   0.54	   0.55	   0.92	   2.0	   0.15	  

Expanded	  
Baveno	  VI	  

13/35	   -‐	   0.92	   0.59	   0.57	   0.93	   2.2	   0.14	  

ElastPQ	  
spleen	  
stiffness	  

13/35	   40.2	  
kPa	   0.92	   0.77	   0.71	   0.94	   4	   0.10	  

	   FN	   FP	   Spared	  OGDs*	   Missed	  OVs**	  	  

Baveno	  VI	   1	  	   10	   12/22	  (55%)	   1/13(8%)	  

Baveno	  VI	  expanded	   1	   9	   13/22	  (59%)	   1/14	  (7%)	  

ElastPQ	  spleen	  stiffness	   1	   5	   17/22	  (77%)	   1/18	  (6%)	  

ElastPQ	  spleen	  stiffness	  

SD/mean	  ≤30%	  
1	   4	   14/18	  (78%)	   1/15	  (7%)	  
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4.3 Non-invasive assessment of fibrosis stage in Primary Biliary 
Cholangitis 

 
 

4.3.1 Baseline characteristics 

One hundred fifty-four patients with PBC [10 males (6.5%), mean age 57 ± 11] 

were recruited in the study. The main characteristics of the studied population are 

described in Tables 17 and 18.   

Measurements performed with both ElastPQ and F-TE were available for 152 

patients, while spleen stiffness measurement was available in 97 (63%) patients. 

 

 

 
Table 17. Clinical and biochemical characteristic of the patients affected by 

primary biliary cholangitis. 

Number of patients                      154                   

Age, years, mean ± SD 57 ± 11 

Male sex, n (%)   10 (6.5) 

AMA positivity, n (%)         130 (87.2) 

Age at PBC diagnosis, years, mean ± SD 50 ± 11 

PBC duration, months, median (IQR) 74 (113) 

AIH overlap syndrome, n (%)         12 (7.8) 

Treatment with UDCA, n (%) 112 (72.7) 

UDCA responders, n (%) 55/112 (49.1) 

HCC, n (%)         2 (1.3) 

Ascites, n (%) 4 (2.6) 
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History of HE, n (%) 0 (0) 

History of variceal bleeding, n (%) 1 (0.6) 

OGD overall, n (%) 53 (34.4) 

OGD within 12 months, n (%) 53 (34.4) 

Oesophageal varices, n (%) 12 (22.6) 

High risk oesophageal varices, n (%)* 4 (2.6) 

Gastric varices, n (%) 0 (0) 

Portal hypertensive gastropathy, n (%) 9 (5.8) 

Treatment with beta-blockers, n (%) 4 (2.6) 

Child-Pugh class, n (%)  

A 147 (95.5) 

B                   7  (4.5) 

C 0 (0) 

MELD score, median (IQR) 6.4 (0.7) 

PBC Mayo risk score, median (IQR) 4.32 (0.76) 

Biochemistry at the time of elastography**  

Bilirubin (mg/dL), median (IQR) 0.4 (0.36) 

Albumin (g/dL), mean ± SD 4.3 (0.3) 

AST (IU/L), median (IQR) 39 (32) 

ALT (IU/L), median (IQR) 44 (52) 

ALP (IU/L), median (IQR) 151 (212) 

PLTs, mean ± SD 263 (88) 

Serum creatinine (mg/dl), mean ± SD 0.8 ± 0.2 

Serum Na, median (IQR)  141 (3) 

INR, median (IQR) 1.0 (0.1) 
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* High-risk varices were defined as grade ≥2 oesophageal varices, or any varix with a 

red colour sign.  

Values are expressed as median (IQR), unless otherwise specified. Abbreviations: SD, 

standard deviation; AMA, anti-mitochondrial antibodies; PBC, primary biliary 

cholangitis; AIH, autoimmune hepatitis; UDCA, ursodeoxycholic acid; HCC, 

hepatocellular carcinoma; HE, hepatic encephalopathy; OGD, 

oesophagogastroduodenoscopy; MELD, model of end-stage liver disease; IQR, 

interquartile range; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 

ALP, alkaline phosphatase; PLTs, platelets; Na, sodium; INR, International Normalized 

Ratio.   

 

 

 

 
Table 18. Fibrosis scores, sonographic characteristics, elastography and 

histology in the PBC patients.  

 

Fibrosis scores at the time of elastography  

APRI index 0.45 (0.57) 

AST/ALT ratio 0.84 (0.39) 

FIB-4 1.25 (0.97) 

Fibrosis index score, mean ± SD 1.02 ± 1.10  

King's score 7.7 (9.5) 

Lok score -4.8 (7.6) 

Fibro Q score 1.9 (1.9) 

GUCI score 0.43 (0.50) 

Bonacini score, mean ± SD 3 ± 3 

ELF score* 10.03 ± 1.04 
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Liver stiffness measurement by F-TE  

Probe M/XL, n (%)         149/5 (96.8/3.2) 

F-TE (median, kPa) 7.7 (6.5) 

F-TE IQR (kPa) 1.1 (1.4) 

F-TE IQR/median% 15 (12) 

ElastPQ liver stiffness  

ElastPQ liver stiffness (average, kPa) 6.6 (6.8) 

ElastPQ liver stiffness SD (kPa) 1.4 (1.5) 

ElastPQ liver stiffness (median, kPa) 6.68 (6.80) 

ElastPQ liver stiffness SD/average (%) 20 (10) 

ElastPQ liver stiffness	  SD/average ≤30% 132 (86.3) 

ElastPQ spleen stiffness  

ElastPQ spleen stiffness failure, n (%)  57 (37) 

ElastPQ spleen stiffness (average, kPa) 26.1 (13.3) 

ElastPQ spleen stiffness SD (kPa) 5.5 (4.8) 

ElastPQ spleen stiffness (median, kPa) 25.7 (14.6) 

ElastPQ spleen stiffness SD/average (%) 21 (73) 

Histology stage, n (%)**   

F0 4 (25) 

F1 4 (25) 

F2 4 (25) 

F3 1 (6.3) 

F4 3 (18.8) 
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Fibrosis stage assessed with F-TE as reference standard 

F0 72 (47.1) 

F1 18 (11.8) 

F2 16 (10.5) 

F3 25 (16.3) 

F4 22 (14.4) 

Spleen size, cm 10.1 (2.3)  

Spleen area, cm2*** 33 (17) 

LSPS 0.29 (0.42) 

SSPSA§ 0.94 (1.8) 

Baveno VI criteria  

Low risk, n (%) 133 (86.4) 

High risk, n (%) 21 (13.6) 

Expanded Baveno VI criteria  

Low risk, n (%) 140 (90.9) 

High risk, n (%) 14 (9.1) 

*ELF score at the time of elastography was available in 48 (31.2%) patients. 

**Liver biopsy within 12 months from elastography was available in only 16 patients.  

***Spleen area was available for 87 (56.5%) patients. 

§SSPSA was available for 86 (55.8%) patients. 

Values are expressed as median (IQR), unless otherwise specified. Abbreviations: 

APRI, AST to platelet ratio; AST, aspartate aminotransferase; ALT, alanine 

aminotransferase; SD, standard deviation; ELF, enhanced liver fibrosis; F-TE, 

transient elastography performed by FibroScan. 

 
 
 
 
 
 
 



	   83	  

4.3.2 Comparison between shear wave elastography (ElastPQ) and F-TE. 

ElastPQ liver stiffness demonstrated to have an excellent correlation with F-TE 

regardless of whether ElastPQ mean value (p<0.0001, Spearman’s correlation 

coefficient 0.85; Lin’s correlation coefficient 0.91, 95%CI 0.88 to 0.93) or ElastPQ 

median value was considered (p<0.0001, Spearman’s correlation coefficient 0.83; 

Lin’s correlation coefficient 0.87, 95%CI 0.83 to 0.91) (Figure 32 A and B).  

 
A 

 
 

B	  

  

Figure 32. Linear correlation between F-TE and liver ElastPQ mean (A) or 

median (B) in the overall PBC population.  
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The comparison of the correlation’s coefficients for mean ElastPQ and median 

ElastPQ liver stiffness was not statistically significant (p=0.140). The application of 

quality criterion (ElastPQ SD/mean ≤30%), which was met by 132 patients (86%) did 

not influence the test accuracy (p<0.0001, Spearman’s correlation coefficient 0.83; 

Lin’s correlation coefficient 0.90, 95%CI 0.87 to 0.91) (Figure 33). 

 

 
 
Figure 33. Linear correlation between F-TE and ElastPQ liver stiffness in the 

subgroup with ElastPQ SD≤30%. 
 
 
Bland-‐Altman	  plot	  agreement	  analyses	  are	  shown	  in	  the	   figures	  below	  (Figure	  

34	  A,	  B	  and	  C).	  

 
 
Figure 34 A. Bland-Altman plot agreement analysis between F-TE and mean 

ElastPQ in the overall PBC population. 
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Figure 34 B. Bland-Altman plot agreement analysis between F-TE and median 

ElastPQ in the overall PBC population.  

 
 
 
 
 

 
Figure 34 C. Bland-Altman plot agreement analysis between F-TE and mean 

ElastPQ in the subgroup with ElastPQ SD/mean≤30%. 

 

The continuous line is the mean of the differences. The dashed grey lines define the 95% 

limits of agreement, with the blue lines representing the confidence interval (CI) (mean of the 

difference (±2SD)). 
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4.3.3. Correlation between liver elastography and surrogate markers of 

liver fibrosis. 

Liver ElastPQ, as well as F-TE, showed a significant but moderate correlation with 

APRI index, FIB-4, King’s score, GUCI and ELF score (P<0.001). A poor but still 

significant correlation was found with Fibro Q, Fibrosis index, Lok score and 

Bonacini score (P<0.001), while (as for PSC) no correlation was detected with 

AST/ALT ratio (Table 18). The best Spearman’s coefficient (rho) was found for the 

ELF score (0.60 with regards to F-TE, 0.58 with regards to ElastPQ) and the APRI 

index (0.55 with regards to F-TE, 0.57 with regards to ElastPQ). The correlation with 

the ELF score was limited by the small number of patients with an available ELF test 

at the time of elastography.  

 
 
 
 

Table 18. Correlation between liver elastography and surrogate markers of liver fibrosis. 
 

	  
Abbreviations: APRI, AST to Platelet Ratio Index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 

GUCI, Göteborg University Cirrhosis Index; ELF, enhanced liver fibrosis (score). 

	  

	   	   APRI	   AST/ALT	   FIB4	   King’s	   Fibrosis	  
index	  

Lok	  
score	  

Fibro	  
Q	   GUCI	   Bonacini	   ELF	  

F-‐TE	  
r	   0.55	   -‐0.05	   0.43	   0.53	   0.35	   0.30	   0.23	   0.54	   0.30	   0.60	  

P	   <0.001	   0.521	   <0.001	   <0.001	   <0.001	   <0.001	   0.004	   <0.001	   <0.001	   <0.001	  

ElastPQ	  
liver	  

(mean)	  

r	   0.57	   -‐0.04	   0.40	   0.55	   0.32	   0.24	   0.17	   0.56	   0.24	   0.58	  

P	   <0.001	   0.592	   <0.001	   <0.001	   <0.001	   0.002	   0.036	   <0.001	   0.002	   <0.001	  

ElastPQ	  
liver	  

(median)	  

r	   0.57	   -‐0.06	   0.39	   0.54	   0.31	   0.23	   0.15	   0.56	   0.23	   0.60	  

P	   <0.001	   0.445	   <0.001	   <0.001	   <0.001	   0.006	   0.068	   <0.001	   0.004	   <0.001	  
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4.3.4 Correlation between elastography, prognostic scores and serum 

markers of inflammation and cholestasis.  

Liver elastography (measured both with FibroScan and ElastPQ) and ElastPQ spleen 

elastography were demonstrated to have a fair statistically significant correlation with 

the MELD score (P<0.001 for all the correlations; Spearman’s rho coefficient 0.28, 

0.30 and 0.36 for F-TE, liver ElastPQ and spleen ElastPQ, respectively) and a poorer 

but still significant correlation with the PBC Mayo risk score (rho = 0.23, P=0.004 for 

F-TE; rho = 0.24, P=0.002 for liver ElastPQ and rho = 0.28, P=0.006 for spleen 

ElastPQ) (Table 19). All the elastographic parameters showed a moderate significant 

correlation with ALT, AST and bilirubin. F-TE and liver ElastPQ were also 

significantly correlated with the levels of ALP, again with modest correlation 

coefficients (rho=0.30 for F-TE, rho=0.38 for ElastPQ, P<0.001 for both the 

correlations). On the contrary, ALP levels were not correlated with the spleen stiffness 

(Table 19). 
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Table 19. Correlation between liver elastography, prognostic scores and serum 

markers of inflammation and cholestasis.  

	  

	   	   MELD	   PBC	  
Mayo	  RS	   ALT	   AST	   Bilirubin	   ALP	  

F-‐TE	  
r	   0.28	   0.23	   0.39	   0.51	   0.44	   0.30	  

P	   <0.001	   0.004	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  liver	  
(mean)	  

r	   0.30	   0.24	   0.45	   0.54	   0.46	   0.38	  

P	   0.001	   0.002	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  liver	  
(median)	  

r	   0.28	   0.24	   0.47	   0.41	   0.50	   0.41	  

P	   <0.001	   0.003	   <0.001	   <0.001	   <0.001	   <0.001	  

ElastPQ	  
spleen	  
(mean)	  

r	   0.36	   0.28	   0.14	   0.36	   0.44	   0.19	  

P	   <0.001	   0.006	   0.18	   <0.001	   <0.001	   0.06	  

ElastPQ	  
spleen	  

(median)	  

r	   0.37	   0.31	   0.15	   0.39	   0.43	   0.18	  

P	   <0.001	   0.002	   0.15	   <0.001	   <0.001	   0.78	  

Abbreviations: MELD, model of end-stage liver disease; PBC, primary biliary cholangitis; RS, 

risk score; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline 

phosphatase, r, rho. 

 
 
 
 
 
4.3.5 Performance of liver ElastPQ in differentiating liver fibrosis stages.  

 
Since in most cases biochemical and serological profile are sufficient to achieve a 

diagnosis of PBC [108], a liver biopsy in these patients is performed only rarely in 

routine clinical practice. For this reason, histology within 12 months from 

elastography was available only for 16 patients, in this cohort.  

As in PSC, also in PBC the ability of FibroScan to differentiate fibrosis stages has 

been validated against liver histology (gold standard). Due to the lack of available 
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biopsies, for the purpose of this study F-TE has been used as a surrogate of 

histological fibrosis, using the previously validated thresholds of liver stiffness as the 

reference standard [13].  

The median value of liver ElastPQ was significantly different according to the fibrosis 

stage as defined by F-TE categories (P=0.001) (Figure 35). 

 

 

Figure 35. Distribution of ElastPQ values according to fibrosis stage as 

defined by FibroScan.  

 

In the pairwise comparison, after Bonferroni adjustment, a statistically significant 

difference did not exist only when comparing two consecutive stages (with the 

exception of F0 vs. F1), but was present in all other inter-stage comparisons.    

The Kruskall-Wallis test revealed a statistical significance also when evaluating the 

differences of median values of liver elastography (measured both by F-TE and 

ElastPQ) across the stages determined by histology. However, due to the very small 
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number of available biopsies, these results are reported only with a descriptive 

purpose (Figure 36 A and B).   

 

Figure 36 A. Distribution of F-TE values according to histological stage.  

 

	  

Figure 36 B. Distribution of ElastPQ liver stiffness values according to 

histological stage.  
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AUROC curves and optimal liver ElastPQ cut-offs were obtained for each stage of 

fibrosis (Figures 37-40). AUROCs (95%CI) for liver stiffness measured by ElastPQ 

were 0.93 (0.89–0.97), 0.94 (0.90–0.98), 0.98 (0.97–0.99), 0.97 (0.94–0.99) for 

fibrosis stages F≥1, F≥2, F≥3 and F=4, respectively. Optimal cut-off values were 7.7 

kPa (80% sensitivity, 99% specificity), 8.9 kPa (84% sensitivity, 93% specificity), 9.6 

kPa (94% sensitivity, 95% specificity) and 13.3 kPa (96% sensitivity, 93% 

specificity) for mild, moderate, severe fibrosis and cirrhosis, respectively (Table 20).  

Similar results were obtained when the patients with AIH overlap where excluded 

from the analysis. The application of the quality criterion ElastPQ SD/mean ≤30% did 

not improved significantly the performance of ElastPQ liver stiffness in 

discriminating fibrosis stages (Table 21). 

 

 

Figure 37. Receiver operating characteristic analysis of the ability of liver 

ElastPQ to predict mild fibrosis (F≥1) in PBC. 
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Figure 38. Receiver operating characteristic analysis of the ability of liver 

ElastPQ to predict moderate fibrosis (F≥2) in PBC. 

	  

	  

Figure 39. Receiver operating characteristic analysis of the ability of liver 

ElastPQ to predict severe fibrosis (F≥3) in PBC. 
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Figure 40. Receiver operating characteristic analysis of the ability of liver 

ElastPQ to predict cirrhosis (F=4) in PBC. 

	  

	  

Table 20. Performance of ElastPQ liver stiffness in differentiating liver fibrosis 

stages (according to F-TE) in PBC. 

Abbreviations: kPa, kilopascal; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV 

negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; AUROC, 

area under receiver operating characteristic curve; CI, confidence interval.  

 

Stage	   N.	   Cut-‐off	  
(kPa)	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  

AUROC	  
(95%CI)	  

≥	  F1	   80	   7.7	   0.80	   0.99	   0.99	   0.81	   80	   0.20	  
0.93	  

(0.89-‐0.97)	  

≥	  F2	   62	   8.9	   0.84	   0.93	   0.90	   0.89	   12	   0.17	  
0.94	  

(0.90-‐0.98)	  

≥	  F3	   47	   9.6	   0.94	   0.95	   0.90	   0.97	   18.8	   0.06	  
0.98	  

(0.97-‐0.99)	  

F4	   22	   13.3	   0.96	   0.93	   0.70	   0.99	   13.7	   0.04	  
0.97	  

(0.94-‐0.99)	  
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Table 21. Performance of ElastPQ liver stiffness in differentiating liver fibrosis stages 

(according to F-TE) in PBC, when the quality criterion ElastPQ SD/mean ≤30% was 

applied.  

Abbreviations: kPa, kilopascal; Se, sensitivity; Sp, specificity; PPV, positive predictive value; 

NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; 

AUROC, area under receiver operating characteristic curve; CI, confidence interval.  

*P value refers to the comparison between the AUROC obtained for the overall population and 

the AUROC obtained when the quality criterion ElastPQ SD/mean ≤30% was applied.  

 

 

 

Table 22 reports the misclassification in staging liver fibrosis (defined by F-TE cut-

offs), using the cut-offs obtained for ElastPQ liver stiffness.  

 

 

 

 

 

 

 

 

Stage	   N.	  
Cut-‐
off	  
(kPa)	  

Se	   Sp	   PPV	   NPV	   PLR	   NLR	  
AUROC	  
(95%CI)	  

P*	  

≥	  F1	   66	   7.7	   0.82	   0.99	   0.98	   0.84	   82	   0.18	  
0.94	  

(0.89-‐0.98)	  
ns	  

≥	  F2	   51	   8.9	   0.84	   0.94	   0.89	   0.90	   14	   0.17	  
0.94	  

(0.90-‐0.99)	  
ns	  

≥	  F3	   39	   9.6	   0.92	   0.97	   0.92	   0.97	   30.7	   0.08	  
0.98	  

(0.96-‐1.0)	  
ns	  

F4	   17	   13.3	   0.94	   0.94	   0.70	   0.99	   15.7	   0.06	  
0.97	  

(0.94-‐0.99)	  
ns	  
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Table 22. Misclassification in staging liver fibrosis using ElastPQ liver stiffness. 

Abbreviations: F-TE, liver transient elastography performed with FibroScan; FN, false 

negative; FP, false positive; TOT, total; SD, standard deviation.  

 

 

 

 

4.3.6 Factors influencing the discrepancy between F-TE and ElastPQ.  

The confounding factors potentially influencing the discrepancy between F-TE and 

ElastPQ values were investigated.   

Statistically significant variables associated with a difference between the two 

techniques of ± 2 kPa, at the univariate analysis, were the Mayo risk score, bilirubin, 

platelet count, and the diagnosis of cirrhosis as per F-TE values (Table 23). On 

multivariate analysis, only the diagnosis of cirrhosis maintained its statistical 

significance  (OR 9.017, 95%CI 2.90-27.98, P<0.001).  

Fibrosis	  stage	  (F-‐TE)	   FN	   FP	   TOT	  

ElastPQ	  mean	  (Overall)	   	   	   	  

F≥1	   16/80	  (20%)	   1/71	  (1%)	   21%	  

F≥2	   10/61	  (16%)	   6/89	  (7%)	   23%	  

F≥3	   3/47	  (6%)	   5/105	  (5%)	   11%	  

F=4	   1/22	  (4%)	   9/130	  (7%)	   11%	  

Total	  misclassified	   30/152	  (20%)	   32/152	  (14%)	   24%	  

ElastPQ	  mean	   	   	   	  

(SD/mean	  ≤30%)	   	   	   	  

F≥1	   12/66	  (18%)	   1/64	  (2%)	   20%	  

F≥2	   8/50	  (16%)	   5/79	  (6%)	   22%	  

F≥3	   3/39	  (8%)	   3/92	  (3%)	   11%	  

F=4	   1/17	  (6%)	   7/114	  (6%)	   12%	  

Total	  misclassified	   24/131	  (18%)	   16/131	  (12%)	   30%	  
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The results were not significantly different when the considered delta liver stiffness 

between F-TE and ElastPQ measurement was 5 kPa or 10 kPa (data not shown). 

 

 

Table 23. Factors associated with a difference of ± 2 kPa between liver stiffness 

measured by F-TE and ElastPQ in the PBC cohort.  

Numerical variables are expressed as median (IQR), dichotomous variables are expressed as 

n (%).  

Abbreviations: F-TE, liver elastography performed with FibroScan; kPa, kilopascal; OR, odd 

ratio; CI, confidence interval; PBC, primary biliary cholangitis; RS, risk score; AIH, 

autoimmune hepatitis; SD, standard deviation; ALT, alanine aminotransferase; AST, 

aspartate aminotransferase; ALP, alkaline phosphatase. 

  

 

	  

Univariate	   Multivariate	  

F-‐TE-‐ElastPQ	  
liver	  <	  2	  kPa	  

F-‐TE	  
ElastPQ	  

liver	  ≥2	  kPa	  

P	  
value	   OR	   95%	  CI	   P	  

PBC	  Mayo	  RS	   4.23	   4.46	   0.028	   	   	   	  

AIH	  overlap	   8/103	  (8%)	   4/49(8%)	   0.581	   	   	   	  

Gender	  (male)	   7/103	  (7%)	   3/49	  (6%)	   0.590	   	   	   	  

Age,	  years	  ±	  SD	   57	  ±	  11	   57	  ±	  11	   0.987	   	   	   	  

BMI	  ≥30	  kg	  m2	   13/103	  (13)	   6/49	  (12)	   1.000	   	   	   	  

Bilirubin	  
(mg/dL)	   0.4	  (0.3)	   0.5	  (0.4)	   0.006	   	   	   	  

ALT	  (IU/L)	   42	  (54)	   49	  (45)	   0.191	   	   	   	  

AST	  (IU/L)	   34	  (29)	   44	  (35)	   0.104	   	   	   	  

ALP	  (IU/L)	   151	  (218)	   151	  (208)	   0.573	   	   	   	  

Platelets/mmc	   270	  (100)	   246	  (110)	   0.029	   	   	   	  

Cirrhosis	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(F-‐TE	  =	  F4)	   5/103	  (5%)	   17/49	  

(35%)	   <0.001	   9.017	   2.90-‐27.98	   <0.001	  
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4.4  Non-invasive assessment of portal hypertension in PBC. 

 

Predictors of CSPH were investigated in the subgroup of patients who had an upper-

GI endoscopy within 12 months from the date of the elastographic assessment. This 

group consisted of 53 patients. OVs were detected in 12 cases, and among these, only 

four presented varices at high-risk of bleeding.  

The comparison between the groups of patients with and without OVs with regards to 

clinical, biochemical and elastographic characteristics are reported in Table 24. In 

particular, median values of F-TE, ElastPQ liver stiffness, ElastPQ spleen stiffness 

and LSPS were significantly higher in patients with OVs compared to those without 

OVs (Figures 41-44). Logistic regression analysis was performed in order to identify 

factors predicting the presence of OVs.  At univariate analysis, statistically significant 

variables associated with the presence of OVs were: diagnosis of cirrhosis, Child-

Pugh score, MELD score, PBC Mayo risk score, spleen area and spleen longitudinal 

diameter, platelet count, albumin, AST, ALT, INR, F-TE, liver and spleen ElastPQ, 

LSPS and SSPSA (Table 25). Different models of multivariate logistic regression 

analysis were performed including the variables statistically significant in the 

univariate analysis. Due to a high degree of collinearity (Spearman’s rho=0.80, 

P<0.001), ElastPQ spleen stiffness and LSPS were not included in the same model. 

ElastPQ spleen stiffness remained the only independent predictor of CSPH in all the 

models (OR 1.101; CI 1.14-1.20; p <0.022) (Table 25), regardless of whether the 

Mayo risk score, MELD or Child-Pugh score was included as indicator of liver 

disease severity, or if F-TE or ElastPQ were included as measure of liver stiffness. 

ElastPQ spleen stiffness remained the only variable independently associated with 

OVs also when the multivariate analysis was adjusted for the presence of cirrhosis. 
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Table 24. Comparison between patients with and patients without varices.   

	   No	  OVs	   OVs	   P	  

Age	  	  	  	   58±12	   54±14	   0.265	  

Cirrhosis	  	   11	  (26.8%)	   8	  (72.7%)	   0.011	  

PBC	  Mayo	  RS	  	   4.5±0.6	   4.1±1.1	   0.099	  

Child-‐Pugh	  score	   5	  (0)	   5	  (2)	   0.003	  

MELD	   6.4	  (1.1)	   8.2	  (3.4)	   0.003	  

Spleen	  area,	  cm2	   31	  (32)	   67	  (59)	   0.017	  

Spleen	  LD,	  cm	   10.3	  (3.8)	   13.4	  (5.0)	   0.001	  

Bilirubin	  mg/dL	   0.4	  (0.3)	   1.2(1.0)	   0.005	  

AST	  (IU/L)	   40	  (45)	   83	  (96)	   0.004	  

ALP	  (IU/L)	   156	  (202)	   237	  (303)	   0.758	  

Platelets/mmc	   263±92	   145±65	   <0.001	  

Albumin	  g/dL	   4.3±0.3	   4.0±0.5	   0.067	  

INR	   1.0	  (0.1)	   1.1	  (0.2)	   <0.001	  

F-‐TE	  liver	  stiffness,	  
kPa	   10.9	  (11.3)	   28.8	  (31.8)	   0.001	  

ElastPQ	  liver	  
stiffness,	  kPa	   11.3	  (9.6)	   27.7	  (22.3)	   0.001	  

ElastPQ	  spleen	  
stiffness,	  kPa	   31.6	  (14.1)	   51.8	  (26.5)	   <0.000	  

LSPS	   28	  (10.8)	   90.7	  (46.2)	   <0.001	  

SSPSA	   0.44	  (0.59)	   2.9	  (2.8)	   0.001	  

ELF	  score*	   1.6	  (5.6)	   12.1	  (12.1)	   0.004	  

Values are expressed as median (IQR) or mean ± SD, according to distribution.  

*ELF available only in 18 patients with OGD within 1 year (and only in 3 with 

OVs).  

Abbreviations: OVs, oesophageal varices; PBC, primary biliary cholangitis; RS, 

risk score; MELD, model of end-stage liver disease; LD, longitudinal diameter; 

AST, aspartate aminotransferase; ALP, alkaline phosphatase; INR, international 

normalized ratio; F-TE, liver elastography performed with FibroScan; kPa, 

kilopascal; ELF, enhanced liver fibrosis score.  
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Figure 41. Difference in the median values of F-TE between patients with and 

without oesophageal varices (P=0.000).  

 
 

 

Figure 42. Difference in the median values of ElastPQ liver stiffness between 

patients with and without oesophageal varices (P=0.000).  
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Figure 43. Difference in the median values of ElastPQ spleen stiffness 

between patients with and without oesophageal varices (P<0.000). 

 

 

 

Figure 44. Difference in the values median of LSPS score between patients 

with and without oesophageal varices (P<0.000).  
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Table 25. Univariate and multivariate logistic regression analysis of factors 

potentially associated with the presence of clinically significant portal 

hypertension in PBC patients with an OGD within 12 months.  

	   Univariate	   	   Multivariate	   	  

	   OR	   95%	  CI	   P	   OR	   95%	  CI	   P	  

PBC	  Mayo	  RS	   2.595	   1.103-‐6.104	   0.029	   	   	   	  

Child-‐Pugh	  
score	   3.135	   1.268-‐7.750	   0.013	   	   	   	  

MELD	   1.569	   1.057-‐2.329	   0.025	   	   	   	  

Spleen	  area,	  
cm2	   1.040	   1.007-‐1.075	   0.017	   	   	   	  

Spleen	  LD,	  cm	   1.442	   1.128-‐1.854	   0.004	   	   	   	  

Bilirubin	  mg/dL	   1.751	   1.889-‐3.448	   0.105	   	   	   	  

AST	  (IU/L)	   1.029	   0.010-‐1.050	   0.003	   	   	   	  

ALP	  (IU/L)	   1.000	   0.997-‐1.004	   0.863	   	   	   	  

Platelets/mmc	   0.980	   0.968-‐0.992	   0.001	   	   	   	  

Albumin	  g/dL	   0.105	   0.015-‐0.752	   0.025	   	   	   	  

INR	   167244E	   1010-‐2768…	   0.002	   	   	   	  

F-‐TE	  liver	  
stiffness,	  kPa	   1.142	   1.049-‐1.242	   0.002	   	   	   	  

ElastPQ	  liver	  
stiffness,	  kPa	  

1.133	   1.044-‐1.230	   0.003	   	   	   	  

ElastPQ	  spleen	  
stiffness,	  kPa	   1.124	   1.035-‐1.220	   0.005	   1.135	   1.010-‐1.276	   0.033	  

LSPS	   3.593	   1.650-‐7.822	   0.001	   	   	   	  

SSPSA	   1.217	   1.026-‐1.443	   0.024	   	   	   	  

ELF	  score*	   1.136	   0.327-‐3.942	   0.841	   	   	   	  

*ELF available only in 18 patients with OGD within 1 year (and only in 3 with OVs).  

Abbreviations: PBC, primary biliary cholangitis; OGD, oesophagogastroduodenoscopy; OR, 

odd ratio; CI, confidence interval; RS, risk score; MELD, model of end-stage liver disease; LD, 

longitudinal diameter; AST, aspartate aminotransferase; ALP, alkaline phosphatase; INR, 

international normalized ratio; F-TE, liver elastography performed with FibroScan; kPa, 

kilopascal; ELF, enhanced liver fibrosis score.  
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The ability of F-TE, liver ElastPQ and spleen stiffness measured with ElastPQ in 

predicting the presence of oesophageal varices was assessed. AUROC curves were 

obtained for each elastographic technique, as well as for the LSPS and all the 

available non-invasive scores of liver fibrosis (Tables 26 and 27). The best cut-off 

value for predicting the presence of OVs was then calculated for each curve, and the 

diagnostic accuracy was analysed. The performance of ELF score was not evaluated 

in this cohort owing to the very small number of patients with available ELF test and 

the subsequent unreliability of the results. 

 

 
Table 26. Performance of the non-invasive scores of liver 

fibrosis in predicting the presence of oesophageal varices in 

PBC.  

 

Test	   OVs/n	   AUROC	  	  (95%	  CI)	  

APRI	   12/53	   0.890	  (0.787-‐0.993)	  

AST/ALT	   12/53	   0.552	  (0.363-‐0.740)	  

FIB-‐4	   12/53	   0.851	  (0.707-‐0.994)	  

King’s	  score	   12/53	   0.892	  (0.766-‐1.000)	  

Fibrosis	  Index	   12/53	   0.860	  (0.743-‐0.977)	  

Lok	  score	   12/53	   0.880	  (0.771-‐0.989)	  

Fibro	  Q	   12/53	   0.772	  (0.619-‐0.926)	  

GUCI	  	   12/53	   0.915	  (0.819-‐1.000)	  

Bonacini	  score	   12/53	   0.850	  (0.735-‐0.964)	  

 
Abbreviations: APRI, aspartate aminotransferase-to- platelet ratio 

index, AST to Platelet Ratio Index; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase; GUCI, Göteborg 

University Cirrhosis Index.  
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Table 27. Performance of liver stiffness (F-TE and ElastPQ), spleen stiffness and 

LSPS in predicting the presence of oesophageal varices in PBC.  

Test	   OVs/n	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  
Cut-‐off	  
value	  
(kPa)	  

AUROC	  	  	  	  	  
(95%	  CI)	  

F-‐TE	  liver	   11/52	   0.91	   0.66	   0.42	   0.96	   2.7	   0.14	   14.3	  	   0.84	  	  	  	  	  	  	  	  	  
(0.71-‐0.97)	  

ElastPQ	  
liver	   12/52	   0.83	   0.65	   0.42	   0.93	   2.4	   0.26	   13.8	   0.81	  	  	  	  	  	  	  	  	  

(0.66-‐0.96)	  

ElastPQ	  
spleen	   9/40	   0.89	   0.97	   0.89	   0.97	   29.7	   0.11	   50.1	   0.95	  	  	  	  	  	  	  	  	  

(0.88-‐1.0)	  

LSPS	   11/50	   0.91	   0.85	   0.63	   0.97	   6.06	   0.11	   1.22	   0.90	  	  	  	  	  	  	  	  	  
(0.79-‐1.0)	  

Abbreviations: PBC primary biliary cholangitis; F-TE, transient elastography performed 

with FibroScan; LSPS, liver stiffness X spleen diameter/platelet count; OVs, oesophageal 

varices; n, number of patients; Se, sensitivity; Sp, specificity; PPV, positive predictive value; 

NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood 

ratio; AUROC, area under receiver operating characteristic curve; CI, confidence interval.  

 

 

Both F-TE and ElastPQ liver stiffness showed good ROC curves, having AUROCs 

(95%CI) of 0.84 (0.71-0.97) and 0.81 (0.66-0.96), respectively. The best cut-off was 

14.3 kPa for F-TE and 13.8 kPa for ElastPQ liver stiffness. However, due to quite low 

values of specificity, although both techniques had a good NPV, their PPV was scarce 

(<50%). ElastPQ spleen stiffness, instead, revealed an excellent ability in detecting 

CSPH, preforming better than all the other tests. The AUROC for ElastPQ spleen 

stiffness was 0.95 (95%CI 0.88-1.0), sensitivity 89%, specificity 97%, with an 

optimal cut-off of 50.1 kPa (PPV 0.89, NPV 0.97). Also LSPS was found to have a 

very good capacity to detect the presence of OVs (AUROC 0.90, 95%CI 0.79-1.0, Se 

91%, Sp 85%), although its PPV was modest (0.63) (Table 27, Figure 45).  
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Figure 45. Receiver operating characteristic analysis of the ability of F-TE, 

ElastPQ liver stiffness, ElastPQ spleen stiffness and LSPS to predict the 

presence of oesophageal varices in PBC.  

 

 

The AUROC for ElastPQ spleen stiffness was significantly different from the areas 

obtained for F-TE and ElastPQ liver stiffness (P=0.001 and P=0.002, respectively), 

while no statistically significant difference was identified between the areas for 

ElastPQ spleen stiffness and LSPS (P=0.753) (Table 28).    

The AUROC for ElastPQ liver stiffness did not improve significantly when the 

quality criterion SD/mean ≤30% was applied (data not shown). 
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Table 28. Pairwise comparisons of ROC curves for F-TE, liver ElastPQ, 

spleen ElastPQ and LSPS.  

 

Variables	   Difference	  between	  areas	   	  	  P	  value	  

ElastPQ	  spleen	  stiffness	  
vs.	  
F-‐TE	  

0.392	   0.001	  

ElastPQ	  spleen	  stiffness	  
vs.	  

ElastPQ	  liver	  stiffness	  
0.425	   0.002	  

ElastPQ	  spleen	  stiffness	  
vs.	  
LSPS	  

0.017	   0.753	  

F-‐TE	  
vs.	  

ElastPQ	  liver	  stiffness	  
0.033	   0.446	  

F-‐TE	  
vs.	  
LSPS	  

0.375	   <0.000	  

ElastPQ	  liver	  stiffness	  
vs.	  
LSPS	  

0.408	   <0.000	  

Abbreviations: F-TE, transient elastography performed with FibroScan; LSPS, 

liver stiffness X spleen diameter/platelet count.  

 

 

Among the other non-invasive diagnostic tests, GUCI (AUROC 0.91, 95%CI 0.82-

1.00), APRI (AUROC 0.89, 95%CI 0.79-0.99), King’s score (AUROC 0.89, 95%CI 

0.77-1.00) and Lok score (AUROC 0.88, 95%CI 0.77-0.99) showed a good accuracy 

in predicting the presence of OVs when evaluated in the overall cohort of 53 patients 

with OGD within 12 months (Table 26). 
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When the ROC analysis was performed in the sub-population of the patients who had 

spleen stiffness and spleen diameter measurement (n. 38, 8 with OVs), ElastPQ 

spleen stiffness showed to be the test with the best performance in predicting OVs, 

with an AUROC of 0.95 (95%CI 0.86-1.00), followed by GUCI (AUROC 0.94, 

95%CI 0.87-1.00), King’s score (AUROC 0.94, 95%CI 0.85-1.00) and LSPS 

(AUROC 0.93, 95%CI 0.85-1.00) (Figure 46). 

 

 

Figure 46. Receiver operating characteristic analysis of the ability of the non-

invasive tests of liver fibrosis, liver and spleen elastography to predict the 

presence of oesophageal varices. 

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase; GUCI, Göteborg University 

Cirrhosis Index; LSPS, liver stiffness X spleen diameter/platelet count. 
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ElastPQ spleen stiffness performed better than F-TE, ElastPQ liver stiffness and LSPS 

also when the ability of the non-invasive tests to detect patients with HRVs was 

examined, with a best cut-off of 53.4 kPa (AUROC = 0.94, 95%CI 0.87-1.0, Se 100%, 

Sp 89%) (Figure 47). However, the number of HRVs in this group was very low (n.4), 

therefore these results should be interpreted with caution.  

 

 

 

Figure 47. Receiver operating characteristic analysis of the ability of F-TE, 

ElastPQ liver stiffness, ElastPQ spleen stiffness and LSPS to predict the 

presence of high-risk oesophageal varices in PBC.  
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Comparison of ElastPQ spleen stiffness with the Baveno VI criteria. 

Finally, the performance of ElastPQ spleen stiffness in predicting CSPH was 

evaluated in comparison with the Baveno VI and Expanded Baveno VI criteria [228, 

233]. This analysis was performed only on 40 patients who had an OGD within a year 

from the elastographic assessment and a valid spleen stiffness measurement. Among 

these, 9 patients were found to have OVs. Both Baveno VI and Expanded Baveno VI 

criteria showed a low sensitivity, therefore a low PPV for OVs (PPV 0.46 and 0.60 

for Baveno VI and Expanded Baveno VI, respectively). In contrast, spleen stiffness 

had a good sensitivity (89%) and an excellent specificity (97%), with a best cut-off of 

50.1 kPa. Using spleen stiffness as a predictor of CSPH, the rate of both false positive 

and false negative results dropped significantly in comparison to the Baveno VI and 

the Expanded Baveno VI criteria, reaching the 0% when the quality criterion of 

ElastPQ spleen stiffness SD/mean ≤30% was applied.  

The performance of the Baveno VI, Expanded Baveno VI and ElastPQ spleen 

stiffness to identify patients at high-risk to have OVs is summarized in Table 29. The 

misclassification of the patients with or without OVs at endoscopy and the number of 

the endoscopies that could have been saved using the Baveno VI criteria, the 

Expanded Baveno VI criteria or ElastPQ spleen stiffness (≥50.1 kPa or <50.1 kPa) are 

reported in Table 30.  

Twenty-seven (66%) and 30 (75%) patients met the Baveno VI and the Expanded 

Baveno VI criteria for avoiding endoscopy. These would have saved 77% and 87% of 

the wasted OGDs, respectively. Thirty-one (76%) patients had ElastPQ spleen 

stiffness <50.1 kPa (low-risk). The rate of the saved unnecessary endoscopies using 

ElastPQ spleen stiffness to determine the need of a screening OGDs would have risen 

to 97%, reaching the 100% when criterion of ElastPQ spleen stiffness SD/mean ≤30% 
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was applied. Furthermore, the use of ElastPQ spleen stiffness as a discriminant of risk 

of CSPH reduced the number of the missed endoscopies compared to Baveno VI and 

the Expanded Baveno VI criteria, which performance was similar in this cohort 

(Table 30). 

 
 
 
 
Table 29. Performance of Baveno VI criteria, Expanded Baveno VI criteria and 

spleen stiffness in predicting the presence of oesophageal varices in PBC.  

Abbreviations: PBC primary biliary cholangitis; OVs, oesophageal varices; n, number of 

patients with varices; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV 

negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

	   OVs/n	   Cut-‐off	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  

Baveno	  VI	   9/40	   -‐	   0.67	   0.77	   0.46	   0.89	   2.0	   0.42	  

Expanded	  
Baveno	  VI	  

9/40	   -‐	   0.67	   0.87	   0.60	   0.90	   5.15	   0.37	  

ElastPQ	  	  	  	  
spleen	  stiffness	  

9/40	   50.1	  
kPa	   0.89	   0.97	   0.89	   0.97	   29.7	   0.11	  
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Table 30. Misclassification and performance of the patients with or without 

oesophageal varices at endoscopy using Baveno VI criteria, Expanded Baveno 

VI criteria and ElastPQ spleen stiffness.  

Abbreviations: FN, false negative; FP, false positive; OVs, oesophageal varices; OGDs, 

oesophagogastroscopies; SD, standard deviation.  

* Spared OGDs are expressed as: (number of patients who did not have OVs at endoscopy – 

FP) / number of patients who did not have OVs at endoscopy %.  

* Missed OGDs are expressed as: FN / number of patients who met criteria for avoiding 

endoscopy %. 

 

 

 

ElastPQ spleen stiffness performed better than the Baveno VI and Expanded Baveno 

VI criteria also for detecting patients with HRVs (cut-off for high-risk 53.4 kPa). 

ElastPQ spleen stiffness reduced both the number of the number of false positive and 

false negative obtained with Baveno VI and Expanded Baveno VI criteria, reaching its 

higher performance when the quality criterion SD/mean ≤30% was applied (Table 31).  

The misclassification of the patients with or without OVs at endoscopy using the three 

tests is reported in Table 32. However, numbers in this cohort are very small (only 4 

patients with HRVs) and therefore these results are reported mainly for a descriptive 

purpose.  

	   FN	   FP	   Spared	  OGDs*	   Missed	  OVs**	  	  

Baveno	  VI	   3	   7	   24/31	  (77%)	   3/27	  (11%)	  

Baveno	  VI	  expanded	   3	   4	   27/31	  (87%)	   3/30	  (10%)	  

ElastPQ	  spleen	  stiffness	   1	   1	   30/31	  (97%)	   1/31	  (3%)	  

ElastPQ	  spleen	  stiffness	  

SD/mean	  ≤30%	  
0	   0	   31/31	  (100%)	   0/23	  (0%)	  
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Table 31. Performance of Baveno VI criteria, Expanded Baveno VI criteria and 

ElastPQ spleen stiffness in predicting the presence of high-risk oesophageal 

varices in this cohort of PBC patients.  

Abbreviations: PBC primary biliary cholangitis; HRVs, high-risk oesophageal varices; n, 

number of patients with varices; Se, sensitivity; Sp, specificity; PPV, positive predictive 

value; NPV negative predictive value; PLR, positive likelihood ratio; NLR, negative 

likelihood ratio. 

 

 

Table 32. Misclassification and performance of the patients with or without 

high-risk oesophageal varices at endoscopy using Baveno VI criteria, Expanded 

Baveno VI criteria and ElastPQ spleen stiffness.  

Abbreviations: FN, false negative; FP, false positive; OVs, oesophageal varices; OGDs, 

oesophagogastroscopies; SD, standard deviation.  

* Spared OGDs are expressed as: (number of patients who did not have HRVs at endoscopy 

– FP) / number of patients who did not have HRVs at endoscopy %.  

** Missed OGDs are expressed as: FN / number of patients who met criteria for avoiding 

endoscopy %. 

	   HRVs/n	   Cut-‐off	   Se	   Sp	   PPV	   NPV	   PLR	   NLR	  

Baveno	  VI	   4/40	   -‐	   0.75	   0.72	   0.23	   0.96	   2.7	   0.34	  

Expanded	  
Baveno	  VI	   4/40	   -‐	   0.75	   0.81	   0.30	   0.97	   3.9	   0.31	  

ElastPQ	  
spleen	  
stiffness	  

4/40	  
54.3	  
kPa	   1.0	   0.89	   0.50	   1.0	   9.1	   0	  

	   FN	   FP	   Spared	  OGDs*	   Missed	  OVs**	  	  

Baveno	  VI	   1	   10	   26/36	  (72%)	   1/27	  (3.7%)	  

Baveno	  VI	  expanded	   1	   7	   29/36	  (81%)	   1/30	  (3.3%)	  

ElastPQ	  spleen	  stiffness	   0	   5	   31/36	  (86%)	   0/32	  (0%)	  

ElastPQ	  spleen	  stiffness	  

SD/mean	  ≤30%	  
0	   0	   26/26	  (100%)	   0/23	  (0%)	  
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5. Discussion 

 
 
The present results demonstrate that ElastPQ pSWE is an accurate non-invasive tool 

for staging liver disease in chronic primary cholestatic liver disease. Both in PSC and 

PBC, liver point share wave elastography measured with the ElastPQ technique 

strongly correlated with F-TE and the currently used scores of liver fibrosis, as well as 

with the scores of disease severity. Furthermore, transient elastography and, in 

particular ElastPQ spleen stiffness, proved to be a useful tool for the non-invasive 

diagnosis of clinically significant portal hypertension in this group of patients. 

 

To date, reports regarding pSWE in PSC and PBC are scarce, mainly consisting in 

small cases vs. controls studies or scattered patients in the context of multi-aetiology 

evaluations [276], with a single larger study on PBC cirrhotics vs. controls evaluating 

pSWE in comparison with serum fibrosis markers throughout the Child-Pugh scores. 

Furthermore, the majority of these studies used ARFI pSWE [17]. Therefore, this is 

the first evaluation of the performance of ElastPQ elastography in a large cohort of 

primary sclerosing cholangitis and primary biliary cholangitis.  

 

Over the last decades there has been a growing interest in the research of non-invasive 

surrogates for the staging of liver disease and, in particular, large efforts have been 

made in the attempt to identify markers of clinically significant portal hypertension, 

which can be life-threatening when unrecognised and untreated. 

The advances in diagnostic methods have increased the proportion of patients with 

chronic liver disease diagnosed in the compensated stage of cirrhosis, often before the 

development of the PH-related complications [273]. The correct stratification of 
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prognostic risk is fundamental to ensure that an adequate personalised diagnostic and 

therapeutic approach is provided to the patients, maximizing the benefits and reducing 

the risks. Furthermore, the evidence that an effective aetiological treatment can lead 

to a variable degree of fibrosis regression [215] has raised the need of flexible 

prognostic markers for longitudinal follow-up. 

Liver biopsy is still the gold standard for the diagnosis and staging of fibrosis. 

However, it is not free from drawbacks and complications such as invasiveness, 

sampling error, poor repeatability, inter-/intra-observer variability and risk of severe 

complications [277-279]. 

Similarly, the use of HVPG, the most validated tool to assess the presence and 

severity of portal hypertension, is limited by narrow availability, costs, invasiveness, 

and chances of complications.  

In this context, the recent development of elastographic techniques offers valuable 

alternatives for the non-invasive assessment of liver disease stage, allowing to spare 

invasive procedures often obtaining real-time/bed-side diagnosis [255].  

F-TE has a well-established role in the non-invasive assessment of liver fibrosis from 

various aetiologies, including PSC and PBC [11, 13, 255], and is widely used in 

clinical practice.   

ElastPQ pSWE is a newly developed ultrasound-based technique, which has some 

advantages over F-TE, including the opportunity of wider liver scanning and a 

broader applicability (i.e. in patients obese or with ascites) [280].  

ElastPQ has been proven to be accurate for the staging liver fibrosis in studies 

performed using liver biopsy as the reference standard, and a high level of 

concordance between F-TE and ElastPQ has been demonstrated in cohorts including 

mainly patients with chronic viral hepatitis [248, 281, 282]. It has been recently 
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demonstrated that F-TE has a very good correlation with histological fibrosis both in 

PBC and in PSC [13, 14, 283].  

Based on these evidences, in the absence of an adequate number of liver biopsies in 

our cohort, owing to the fact that liver biopsy is not a standard requirement in clinical 

practice for patients with chronic cholestatic liver disease, the performance of 

ElastPQ was evaluated using F-TE as a surrogate of liver fibrosis.  

ElastPQ liver stiffness and F-TE showed a very high level of agreement in both the 

diseases, showing a better concordance in the lower fibrosis stages. In fact, the main 

factor associated with a difference of 2 kPa or more between F-TE and ElastPQ liver 

stiffness was elevated grade of liver fibrosis/cirrhosis, in accordance to previous 

reports [280].  

ElastPQ liver stiffness had a very good performance in discriminating between the 

stages of fibrosis, with a best accuracy for detecting advanced fibrosis/cirrhosis. In 

both cohorts, the misclassification was lower for the higher stages, with rates 

comparable to what has been obtained in the comparison between ElastPQ liver 

stiffness and liver histology in a large cohort of patients with hepatitis C [284]. From 

a prognostic point of view, the most important endpoint in patients with chronic liver 

disease is the assessment of liver cirrhosis [237]. Noticeably, in this cohort, the 

overall rate of patients correctly staged as F=4 by liver ElastPQ was 89-90%.  

Similarly to what reported for F-TE [15], ElastPQ liver stiffness was better in ruling 

out than in ruling in cirrhosis, as already shown from a meta-analysis on the argument 

[249], with a best cut-off of 12.1 kPa in PSC (AUROC 0.99, 100% Se, 89% Sp) and 

13.3 kPa in PBC (AUROC 0.97, 96% Se, 93% Sp). An inverse trend was noticed for 

the lower stages of fibrosis, where ElastPQ had higher specificity and poorer 
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sensitivity. The best cut-offs obtained for the diagnosis of cirrhosis were lower than 

the equivalent cut-offs for F-TE, in line with the data from the literature [280]. 

Interestingly, the application of quality criterion (ElastPQ SD/mean ≤30%) did not 

influence significantly the test accuracy and its concordance with F-TE. This is 

possibly related to the patchy distribution of fibrosis in the livers affected by PSC and 

PBC, which leads to a consequent higher variability of the liver measurements. 

Liver ElastPQ, as well as F-TE, showed to be strongly associated with non-disease-

specific markers of liver fibrosis, (except for AST/ALT ratio) with the highest rho 

Spearman’s coefficient found for APRI, GUCI and ELF score. Slightly smaller 

Spearman’s coefficients were obtained in the PBC cohort.  

In PSC, liver elastography was also significantly associated with established 

prognostic scores such as MELD, the Oxford-Amsterdam score and, in particular, 

with the Mayo risk score. In PBC, the association with the Mayo risk score was still 

highly significant but less strong, likely due to the fact that all the patients included in 

this cohort were well compensated, with only 7 patients in Child Pugh class B and no 

patients in Child Pugh class C.   

Total bilirubin, ALP and transaminases levels were also significantly associated with 

liver elastography performed both with F-TE and ElastPQ. Due to the lack of liver 

biopsies, the histological grade of inflammation could not be evaluated, and this is 

one of the limitations of this study. However, in order to avoid potential confounding 

factors, patients with AIH flares or very high transaminases were not included in the 

analysis. In the two studies evaluating F-TE in comparison with histological features 

in PSC and PBC, performed by Corpechot et al. did not found correlation between 

liver stiffness measured by TE and histological necroinflammatory activity. 

Moreover, on a multivariate analysis including serological markers of inflammation 
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and cholestasis, the stage of liver fibrosis remained the only independent parameter 

associated with liver stiffness [13, 14]. Because obstructive cholestasis has been 

shown to influence the results of F-TE, extrahepatic cholestasis (i.e. the presence of 

dominant strictures) was chosen as an exclusion criterion in the present study. 

However, a degree of intrahepatic cholestasis is intrinsic in the nature of PSC and 

PBC, and raised ALP and bilirubin are the most characteristic biochemical findings in 

these diseases [1]. ALP and bilirubin levels have been associated with disease 

progression and outcomes in PSC and PBC, and this association underlines further the 

potential role of liver elastography as a good surrogate prognostic marker [285, 286]. 

A lower level of correlation was also found between the above-reported variables and 

Elast-PQ spleen stiffness, which conceptually reflects the development of portal 

hypertension [247].  

It is well known that, as a consequence of the haemodynamic changes subsequent to 

the increase of the pressure in the portal system, the spleen undergoes morphologic 

and functional changes [287]. Splenomegaly is usually one of the indirect signs of the 

presence of portal hypertension, but its degree may vary among the different liver 

disease aetiologies. Spleen diameter has been reported to be an independent predictor 

of OVs in compensated cirrhosis (and has been included in combined scores to 

evaluate the risk of CSPH) [273], but it loses its predictivity in the more advanced 

stages of the disease [288], reflecting a nonlinear relationship with PH [245].  

In both PSC and PBC cohort, spleen stiffness was significantly higher in patients with 

values of liver elastography compatible with advanced fibrosis and cirrhosis (stages 

F3-F4), compared to patients with no-to-moderate fibrosis (Stages F0-F2).  

The correlation between spleen stiffness and portal hypertension as measured by 

HVPG has been reported, and a meta-analysis of 16 studies performed by different 
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ultrasound elastography techniques, concluded for a better performance of spleen 

stiffness, compared to liver stiffness, in predicting the presence of OVs [258]. 

However, a statistically significant difference was detected only with regards to the 

specificity, while no difference between LSM and SSM was found in terms of 

sensitivity. Also, this meta-analysis comprises data from studies including patients 

with decompensated cirrhosis who, by definition, have CSPH and therefore high 

likelihood of having OVs. Another meta-analysis could not conclude for a definitive 

utility of SSM as a reliable predictor of OVs presence, due to the significant 

heterogeneity among the studies included, in particular owing to differences in 

elastography techniques used, and the high risk of bias [289]. Hence, the superiority 

of SSM versus LSM for the diagnosis of PH in compensated advanced chronic liver 

disease has not been definitively proven [257].  

To date, data regarding the diagnostic performance of spleen stiffness measured with 

FibroScan in predicting CSPH are quite controversial and characterized by limitations 

such as heterogeneous cut-offs according to liver disease aetiology, high rate of 

failure, in particular in small-sized spleens, and a ceiling value of 75 kPa, which limits 

risk stratification above this threshold [237, 245, 255]. Point-SWE overcomes most of 

these limitations and data on spleen stiffness assessment by ARFI are promising, 

although need further validation [290]. Data regarding ElastPQ, in this context are 

currently missing [247]. 

In the present study, ElastPQ spleen stiffness was the only independent factor of 

CSPH in both cohorts of patients (OR 1.14, 95%CI 1.02-1.27, P=0.021 in PSC; OR 

1.14, 95%CI 1.01-1.28, P=0.033 in PBC). In the group of patients with PSC, F-TE, 

ElastPQ liver stiffness, ElastPQ spleen stiffness and LSPS performed better than the 

other non-invasive diagnostic tests in detecting the presence of OVs, with similar 
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AUROCs (between 0.87 and 0.89). All the tests had a very good sensitivity, while 

specificity ranged between 68% and 77%, implying a better performance in ruling out 

than in ruling in the presence of CSPH.  

In the group of the PBC patients, instead, ElastPQ spleen stiffness showed a 

significantly better performance compared to liver stiffness (F-TE and ElastPQ), 

reaching an AUROC of 0.95, with a best cut-off of 50.1 kPa. ElastPQ spleen stiffness 

had a very good sensitivity (89%) and an excellent specificity (97%) for the diagnosis 

of CSPH. LSPS showed an AUROC of 90%, with a best cut-off of 1.2, comparable to 

what reported in the literature [291].  

With a cut-off of 53.4 kPa, in the PBC cohort ElastPQ spleen stiffness was also the 

best predictor of the presence of HRVs (AURO 0.94, 95%CI 0.87-1.0; Se 100%, Sp 

89%). However numbers were very small in this cohort, and these results need to be 

interpreted carefully. 

The application of the Baveno VI criteria allows sparing between 10% to 30% of 

screening endoscopies in patients with compensated chronic liver disease, with a very 

low risk of missing HRVs that need treatment [231, 233, 234]. In a large cohort of 

patients with cirrhosis due to hepatitis C, alcoholic and non-alcoholic steatohepatitis, 

the Expanded Baveno VI criteria increased the number of spared endoscopies to 40%, 

while maintaining risk of missing HRVs below the accepted threshold of <5%. When 

specifically examined in a multicenter cohort of patient with chronic cholestatic liver 

disease, both the criteria showed a good applicability in PSC, while in PBC the 

Expanded criteria resulted in an unacceptable number of missed varices (6%) [235].  

In the present study, both the Baveno VI and the Expanded Baveno VI criteria were 

characterised by a high sensitivity but a relatively low specificity for predicting the 

presence of OVs of any grade.  
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In the PSC group, ElastPQ spleen stiffness (with a best performance when the quality 

criterion of SD/mean ≤30% was applied) had a higher specificity and reduced the 

number of FN obtained with the two sets of criteria, leading to a significant increase 

of the endoscopies that could have been saved, without increasing the number of 

unscreened varices. ElastPQ spleen stiffness showed an excellent performance as a 

discriminant of risk of CSPH in PBC. In this cohort, stratifying patients according to 

ElastPQ spleen stiffness values would have saved up to 100% of the wasted screening 

endoscopies, also decreasing the number of the missed OVs compared to Baveno VI 

and the Expanded Baveno VI criteria.  

The higher performance of SSM compared to LSM in PBC is in keeping with the pre-

sinusoidal component of portal hypertension typical of PBC [291]. In these patients, 

the portal-to-portal distribution of fibrosis and the development of porto-portal septa 

lead to an increased presinusoidal resistance, with a consequent increase of the portal 

pressure that, because of its peculiar characteristic, is underestimated by HVPG 

measurement [215]. 

In summary, this study supports the utility of LSM by ElastPQ for staging liver 

fibrosis and disease severity, both in PSC and PBC. Additionally, and in contrast with 

some previous reports failing to demonstrate an adequate reliability of SSM by 

different methods to rule-out any OVs, these data provide evidence on the excellent 

diagnostic performance of SSM by ElastPQ for detecting CSPH, and in particular for 

excluding the presence of OVs of any grade, in this group of patients. In this regard, 

spleen ElastPQ was even superior to the validated Baveno VI recommendations, 

although these refer to the use of TE to rule-out HRVs.  

 

Limitations of this study include the lack of histology as a standard reference for liver 
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fibrosis stage, the small number of patients with OGDs within 12 months, the small 

number of patients with OVs and, among these, the very small number of HRVs. For 

this reason, these results warrant validation in larger, independent cohorts. 

 

 

6. Conclusions 
 

This study provides evidence of the suitability of liver and spleen ElastPQ 

elastography as valuable diagnostic and prognostic markers in PSC and PBC.  

Nevertheless, the combination of different non-invasive tests providing often 

complementary information remains the most reliable approach for improving 

patients’ risk-stratification and reducing the risk of false-positive and false-negative 

results.  
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