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Background: Cystic fibrosis (CF) is a multi-organ genetic disease caused by mutations in the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene which encodes the CFTR protein. CF-associated liver 
disease (CFLD) is a common complication; diagnosis is based on clinical, laboratory findings and abdominal 
imaging. However, non-invasive diagnostic approaches are needed to early detect CFLD, its progression 
and severity. Recent studies demonstrate a possible role of point shear wave elastography (p-SWE) with liver 
stiffness measurement (LSM) as a tool for CFLD diagnosis also in children. This non-invasive technique 
measures liver stiffness to assess liver fibrosis and is suggested to be less operator-dependent compared 
to ultrasonography. Aim of our prospective observational study is to investigate the role of p-SWE with 
LSM for CFLD diagnosis in children and adolescents with CF and to compare this finding with aspartate 
aminotransferase to platelet ratio index (APRI), fibrosis index based on four factors (FIB-4) and gamma-
glutamyl-transpeptidase to platelet ratio (GPR) indices. 
Methods: Fifty-nine children with CF, who had routinely undergone abdominal imaging, were 
consecutively enrolled. Laboratory findings and clinical data were recorded, as abdominal ultrasound and 
shear wave elastography at baseline. The cases were divided into two groups based on collected data and 
classified as CFLD and CFnoLD (without liver disease) according to Debray criteria. APRI, FIB-4 and GPR 
fibrosis indices were also evaluated. 
Results: Twenty-four/59 (40.7%) were defined as CFLD. LSM test is superior to the APRI (P<0.001), the 
FIB-4 test (P=0.001) and the GPR test for early detection of liver fibrosis. LSM had an area under receiver 
operating characteristic (ROC) curve =0.818 (95% CI: 0.702–0.934) compared with APRI (0.571, 95% CI: 
0.421–0.722), FIB-4 (0.656, 95% CI: 0.511–0.801) and GPR (0.632, 95% CI: 0.485–0.779). At a cut-off of 
≥6.2 LSM show a sensitivity of 75.0% and a specificity of 88.6%. 
Conclusions: LSM by transient p-SWE is a non-invasive, highly accessible, reliable, and reproducible test 
that can be used to assess early detection of liver fibrosis and its severity in children and adolescents with CF, 
limiting the use of liver biopsy. These preliminary observations point to the need of larger study population 
to confirm our data.
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Introduction

Cystic fibrosis (CF) is one of the most common inherited 
disease in the Caucasian population (1). The multiorgan 
involvement of disease may include a wide range of liver 
abnormalities, known as cystic fibrosis-associated liver 
disease (CFLD) (2). In the last decades as CF patient’s 
life expectancy has improved the prevalence of CFLD 
has increased ranging from 5.7% to 39% (3,4). Usually, 
CFLD starts at the end of the first decade of life (4) with a 
progression to multilobular cirrhosis and in a 5% of cases 
to chronic liver failure that may occur even in paediatric 
population. Hepatobiliary disease is the fourth leading 
cause of mortality in CF patients (5,6). It is well known 
that CFLD represents a risk predictor of an unfavourable 
evolution and prognosis of CF (7,8). Therefore, non-
invasive diagnostic approaches to early detect CFLD, its 
progression and severity are needed. Over the past years, 
new techniques to diagnose features of CFLD have been 
investigated. Although most of these tests confirm CFLD 
involvement, they are not still suitable to distinguish 
different phenotypical presentations or predict progression 
to clinically relevant cirrhosis or portal hypertension. 

To date CFLD is diagnosed according to EuroCare 
CFLD criteria, which include ≥2 of the following: 
persistent abnormal levels of liver function tests over  
12 months, clinical hepatomegaly and/or splenomegaly, or 
ultrasound evidence of liver disease (7). Current methods 
to detect CFLD include clinical examination, monitoring 
of liver enzymes, ultrasonography, abdominal computed 
tomography, and abdominal magnetic resonance imaging. 
Despite hepatic biopsy procedure is still considered the 
gold standard for the diagnosis of CFLD, in paediatric 
population it is considered invasive and difficult to perform. 
For this reason, the abdominal ultrasound test is widely 
used to detect CFLD in children with CF, however it is 
limited by inter-observer variability and poor sensitivity and 
specificity (7). 

As currently no factors are being identified to provide 
a guidance for selecting children at risk of chronic liver 
disease, the potential of combined markers for early 
detection of liver fibrosis must be explored. The use of 
conventional biomarkers can potentially meet the need 
for an inexpensive, reproducible, sensitive screening 
tool to predict histology in CFLD. Among biomarkers, 
aspartate aminotransferase to platelet ratio index (APRI), 
previously studied in children infected with hepatitis B, 
C and biliary atresia (9-11) as a non-invasive marker of 

fibrosis and cirrhosis and fibrosis index based on the four 
factors (FIB-4), previously studied in adults with hepatitis 
C and nonalcoholic fatty liver disease, have been used to 
predict degree of fibrosis in paediatric CFLD (12-16). The 
gamma-glutamyl-transpeptidase to platelet ratio (GPR) is a 
new serum diagnostic model for liver fibrosis and cirrhosis, 
for which there are conflicting data about its superiority 
over APRI and FIB-4 in diagnosing significant fibrosis 
and cirrhosis in patients with chronic hepatitis B (17); few 
data exist in CF. Moreover, recent studies demonstrate 
a possible role of transient elastography (TE) with liver 
stiffness measurement (LSM) as a tool for CFLD diagnosis 
also in children (12,14,17-20). The ultrasound elastography 
techniques allow a non-invasive method to estimate the 
degree of liver fibrosis. TE is a non-imaging elastographic 
technique, while point shear wave elastography (p-SWE) 
and 2D-SWE combine imaging with elastography. The 
evidence currently suggests that p-SWE is as accurate as 
but more reliable than TE, while 2D-SWE is more accurate 
than TE (21-23). Some studies also speculated that the 
combination of TE and APRI could increase the accuracy 
of CFLD detection (12,24).

The aim of this study is to investigate the role of p-SWE 
for CFLD evaluation in a cohort of subjects with CF and its 
diagnostic performance to assess liver disease progression 
risk. We also investigated the usefulness of LSM, APRI, 
FIB-4 and GPR as non-invasive tools for the diagnosis of 
CFLD. 

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-68).

Methods 

A prospective observational study was performed including 
children and adolescents with diagnosis of CF. Fifty-
nine subjects with CF were consecutively enrolled from 
April 2018 to April 2019 at the Regional Paediatric 
Centre of University Federico II in Naples. All enrolled 
patients underwent abdominal ultrasound and shear wave 
elastography at baseline. Liver p-SWE and 2D-SWE were 
performed by a single/two trained operator(s), blinded to 
patients’ clinical information, at the Paediatric Radiology 
Section of the University Hospital. A 60% success rate and 
an interquartile range (IQR) of less than 30% of the mean 
value of LSMs were considered reliable (25). 

Measurements of liver stiffness were performed using 
a Samsung RS85A ultrasound scanner with Prestige 

https://dx.doi.org/10.21037/tp-21-68
https://dx.doi.org/10.21037/tp-21-68


3Translational Pediatrics, 2021

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021 | https://dx.doi.org/10.21037/tp-21-68

equipment (Samsung Medison Co. Ltd., Seoul, Korea), 
with a convex array transducer (CA1-7; Samsung Medison 
Co. Ltd., Seoul, Korea). The smart-shear wave elastography 
(S-SWE), installed on this ultrasound scanner, is a particular 
type of p-SWE. In this technique, a localized transient 
displacement is generated using an acoustic radiation 
force impulse (ARFI). Some studies have demonstrated a 
potential role for ARFI in identifying liver disease even in 
children (26,27). It creates a transient shear wave spreading 
with cylindrical symmetry away from the pushing-
beam’s axis and focus, which is strongest at the depth of 
the pushing-beam’s focus (22). The shear displacement 
propagates along the ultrasound imaging beam, so the small 
displacements of the shear wave are measured and its time 
of arrival at lateral positions of the region of interest (ROI) 
is detected (22). The S-SWE measurements were carried 
out in the morning, after at least 6-hour fasting time. For 
the examination, all the children were placed in a supine 
position, with the right arm under the head. The ROI, from 
which the shear wave velocities were measured, was placed 
in the right hepatic lobe and the radiologist first localized 
the best acoustic window as an area without large vessels 
and with a minimum thickness of the hepatic parenchyma 
of 6 cm at 1.5 cm to the Glissonian. The probe has been 
placed on the chest wall at the intercostal space level next 
to the right hepatic lobe, on the mid-axillary line. B-mode 
imaging was used to confirm the correct placement of the 
transducer.

S-SWE enables to place freely the ROI with a fixed 
height of 1 cm. The width is automatically adjusted 
depending on the measurement depth. The method had an 
only performance index, called “Reliability Measurement 
Index” (RMI), calculated by the weighted sum of the 
residual of the wave equation and the magnitude of 
the shear wave. RMI range is from −1.0 to 1.0 and, in 
characterizing diffuse liver disease, a standardized value 
of 0.5 or higher is considered acceptable and correlates 
with reproducible measurements, according to the 
manufacturer (22). This value is used to filter out unreliable 
measurements and results in performance improvement of 
shear wave elastography. The average value was considered 
representative of liver elasticity and therefore of its rigidity. 
For each patient, 10 measurements were performed in 
succession validated by the same device, with the result 
expressed in kilopascal (kPa). 

Liver function tests including aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma glutamyl 
transferase (GGT), alkaline phosphatase (ALP) and platelet 

count were assessed at enrolment; parameters were analysed 
using validated assays at the centralized laboratory, the 
same day of LSM. Clinical features were also recorded, 
including body mass index (BMI), forced expiratory volume 
in 1 second (FEV1) and maximum average expiratory flow 
(MMEF), expressed as a percentage of the predicted value 
by age, sex and ethnicity, and measured by spirometry 
performed only in collaborating patients. Furthermore, data 
about chronic colonization and the presence of comorbidity 
were collected. In particular, chronic colonization by 
pseudomonas aeruginosa (PA), was defined as the positivity 
of at least 3 consecutive sputa in 6 months; the presence/
absence of diabetes or carbohydrate intolerance was 
assessed on the basis of oral glucose tolerance test (OGTT). 
Treatments with ursodesossicolic acid and probiotics 
assumption, as well as the use of new therapies, were also 
recorded. Two groups were classified as CFLD (with liver 
disease according to Debray criteria) and CFnoLD (without 
liver disease). In particular, the patients were clinically 
defined as CFLD in presence of at least 2 of the 3 signs or 
symptoms: (I) hepatomegaly ± splenomegaly; (II) persistent 
elevation (>6 months) of serum ALT (ALT >1.5 × upper 
limit of normal); (III) abnormal ultrasound scan (showing 
all the abnormal echogenicity or nodularity that suggests 
the presence of cirrhosis) (7). APRI, FIB-4 and GPR fibrosis 
index were calculated, as previously described, by the 
statistician blinded to the clinical information of patients (13): 
 APRI = [AST/normal upper limit of AST (U/L) 

×100]/platelet count (109/L); 
 FIB-4 = [age (years) × AST (U/L)]/[platelet count (109/L) 

× √ALT (U/L)]; 
 GPR = [GGT (U/L)/normal upper limit of GGT)/

platelet count (109/L) ×100.
An AST value of 34 U/L was used as the upper limit of 

the normal value. 
Patients with chronic hepatobiliary diagnosed for other 

causes were excluded.
The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The approval 
of ethic committee was not obtained because the data were 
anonymous, and the analysed procedures are carried out 
as part of the routine follow-up of patients without any 
additional risk. Before all study procedures, all patients and/
or their parents signed an informed consent form.

Statistical analysis 

After a descriptive analysis of the distributions of the 
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different variables (calculation of means, standard deviations, 
proportions) the association between each variable and the 
outcome (prevalence of CFLD according to Debray criteria) 
were tested through a series of univariate analyses, with 
Student’s t-test on the means for numerical variables and 
with the exact Fisher’s test for the proportions. Statistical 
significance was tested with alpha =0.05; the variables that 
were significantly associated (P<0.05) with the presence of 
liver disease were then studied in a multiple logistic analysis 
model, to estimate the diagnostic performances of the LSM 
test and the APRI, FIB-4, GPR, AST, ALT, GGT, ALP, 
age and BMI tests. Sensitivity, specificity, predictive values, 
likelihood ratios and the area under receiver operating 
characteristic (ROC) curve (AUC) were calculated, with 
the limits of the 95% confidence interval (CI) for all these 
parameters. Through ROC analysis the optimal cut-off, 
that maximizes the sum of true positives and true negatives 
values (Youden’s Index), was estimated.

Hanley et al. test (28) was applied for the comparison 
between the LSM test and the other three tests. Finally, 
through a multiple logistic regression model, we tested the 
independent contribution of the three LSM tests, APRI 
and FIB-4 for the diagnosis of liver disease, to understand 
whether the diagnostic performance of the LSM test could 
be further improved including other two tests performed 
simultaneously. 

Since this is a study with exploratory purposes, a 
formal calculation of the sample size was not carried out 
and an attempt was made to recruit all possible subjects 
affected by CFLD. Despite this limited number of subjects 
available (given the rarity of the condition investigated), we 
considered that with 25 subjects with CFLD we would have 
obtained the following 95% confidence limits for sensitivity: 
from 64% to 93% in case of sensitivity =80%; from 80% 
to 99% in case of sensitivity =90%. Similarly, the following 
95% CI limits for specificity could be obtained with 45 
control subjects: 68% to 89.4% in case of specificity =80%; 
88.8% to 96.2% in case of specificity =90%. With these 
sample sizes, even a difference of 0.15 (e.g., 0.80 vs. 0.65) in 
the AUC between new and old tests would be appreciated 
as significant (alpha =0.05) (29).

Results

Fifty-nine patients (31 females) diagnosed as CF were 
enrolled in the study, with an average age of (mean ± SD) 
9.24±4.55 years, range 1–17.8 years. In all 59 patients CF 
was diagnosed based on 2 causing mutations and sweat tests 

with chloride concentrations above 60 mEq/L. In total 
51/59 (86.4%) patients had pancreatic insufficiency and 
5/59 (8.5%) patients had a history of recurrent pancreatitis. 
According to the described criteria 24/59 (40.7%) were 
defined as CFLD. Gallbladder was not visible in 4 patients 
and in 3 patients only a draft was visible. All the patients 
classified as CFLD, except one, had two severe mutations in 
the CFTR gene. Demographic and clinical characteristics of 
study patients were collected from medical records and are 
listed in Table 1.

The variables significantly associated with CFLD at 
univariate analysis were studied with multiple logistic 
regression model, having CFLD as a dependent variable. 
Given the small subject number, different models were 
evaluated including subsets of the above variables.

Table 2 showed the comparison between the diagnostic 
performance of non-invasive tools. 

By applying appropriate statistical tests (28), we reported 
that the LSM test is superior to both the APRI test (z 
=2.89, P<0.001) and the FIB-4 test (z =2.28, P=0.001). The 
value of the linear correlation coefficient between LSM 
and APRI and between LSM and FIB-4 are 0.34 and 0.52, 
respectively. The logistic regression analysis showed that 
the addition of the other tests (APRI and/or FIB-4) to LSM 
do not add any significant contribution to the diagnosis 
(their independent effect is not significant, data not shown). 
Finally, a multiple regression model including LSM, age 
and pancreatic insufficiency showed that age and pancreatic 
insufficiency do not have a significant effect, additional to 
LSM, on the risk of liver disease (data not shown).

No adverse events were recorded during tests execution.

Discussion

CFLD is an umbrella term that encompasses a wide 
spectrum of liver disease including elevated liver enzymes, 
hepatic steatosis, neonatal cholestasis, focal biliary cirrhosis, 
multilobular cirrhosis, and cholangiopathy (13). In 2007, 
the North American Cystic Fibrosis Foundation classified 
CFLD into three categories: pre-clinical disease, CFLD 
without cirrhosis and portal hypertension, and CFLD 
with cirrhosis and portal hypertension. The most clinically 
relevant forms of CFLD are biliary cirrhosis and portal 
hypertension because of their associated mortality risk. 
Within the first decade of life up to 10% of children with 
CFLD can develop CF from focal biliary cirrhosis to 
multilobular cirrhosis and portal hypertension.

As CFLD represents the most common extrapulmonary 
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Table 1 Clinical characteristics of CFLD vs. CFnoLD.

Characteristics All (N=59) CFLD (N=24) CFnoLD (N=35)
CFLD vs. CFnoLD

P value

Males, n (%) 28 (47.5) 14 (58.3) 14 (40.0) NS

Age, years (mean ± SD) 9.24±4.55 11.35±4.15 7.80±4.30 <0.05

Platelets, /μL (mean ± SD) 307,305±110,201 285,292±136,955 322,400±86,324 NS

AST, U/L (mean ± SD) 27.6±8.5 27.5±10.0 27.7±7.4 NS

ALT, U/L (mean ± SD) 21.6±12.2 24.5±15.6 19.7±9.0 NS

GGT, U/L (mean ± SD) 20.2±39.8 31.0±60.8 12.8±7.8 NS

ALP, U/L (mean ± SD) 270.1±105.4 267.9±118.3 271.6±97.3 NS

FEV1, % (mean ± SD) 92.8±24.4 89.4±27.9 95.9±20.9 NS

MMEF, % (mean ± SD) 72.4±33.6 64.5±35.2 79.6±31.1 NS

PI, n (%) 51 (86.4) 23 (95.8) 28 (80.0) 0.08

Recurrent pancreatitis, n (%) 5 (8.5) 2 (8.3) 3 (8.6) NS

Chronic Pa, n (%) 6 (10.2) 4 (16.7) 2 (5.7) NS

CF-related diabetes, n (%) 3 (5.1) 2 (8.3) 1 (2.9) NS

Altered glucose tolerance, n (%) 20 (33.9) 12 (50.0) 8 (22.9) <0.05

Ursodesossicolic acid, n (%) 33 (55.9) 17 (70.8) 16 (45.7) 0.05

Hepatomegaly, n (%) 43 (72.9) 24 (100.0) 19 (54.3) <0.001

Splenomegaly, n (%) 12 (20.3) 9 (37.5) 3 (8.6) <0.001

Steatosis, n (%) 9 (15.3) 9 (37.5) 0 (0) <0.001

Abnormal echogenicity, n (%) 25 (42.4) 24 (100.0) 1 (2.9) <0.001

Cirrhosis, n (%) 4 (6.8) 4 (16.7) 0 (0) <0.001

Stiffness, kPa (mean ± SD) 6.39±2.79 8.4±3.2 5.0±1.3 <0.001

APRI (mean ± SD) 0.332±0.273 0.416±0.397 0.274±0.111 <0.05

FIB-4 (mean ± SD) 0.241± 0.279 0.359±0.401 0.161±0.086 <0.05

GPR (mean ± SD) 14.7±57.0 30.1±88.2 4.3±2.6 0.08

BMI <10 cent, n (%) 3 (5.1) 3 (12.5) 0 (0) <0.05

ALP, alkaline phosphatase; ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate 
aminotransferase; BMI, body mass index; CF, cystic fibrosis; CFLD, cystic fibrosis-associated liver disease; CFnoLD, cystic fibrosis 
without liver disease; GGT, gamma glutamyl transferase; GPR, gamma-glutamyl-transpeptidase to platelet ratio; FEV1, forced expiratory 
volume in 1 second; FIB-4, fibrosis index based on four factors; MMEF, maximum average expiratory flow; N, number; NS, not significant; 
Pa, Pseudomonas aeruginosa; PI, pancreatic insufficiency.

cause of morbidity and mortality in CF patients, an early 
diagnosis of CFLD is urgently needed. Although defined 
criteria for the diagnosis and management of CFLD have 
been recently published, they might miss early stages of 
CFLD, especially in the absence of significant fibrosis 
deposition within the liver. In CF subjects an early marker 

of liver fibrosis continues to pose a great challenge, as 
no single diagnostic modality except for the liver biopsy 
has demonstrated sensitivity and specificity values such 
enough to predict disease risk. Current recommendations 
include to perform at least annually biochemical blood tests 
and abdominal ultrasound which however have limited 
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Table 2 Comparison of non-invasive tools

Variables LSM APRI FIB-4 Platelets, μL AST, U/L ALT, U/L GGT, U/L ALP GPR BMI, kg/m2 Age, years

Cut-off 6.2 0.353 0.208 241,000 43.0 33.0 13.0 220.0 4.778 17.1 10.3

Sensitivity, % 75.0 41.7 58.3 50.0 20.8 25.0 70.8 45.8 58.3 66.7 66.7

Specificity, % 88.6 80.0 77.1 80.0 94.3 91.4 77.1 71.4 77.1 71.4 74.3

LR+ 6.56 2.08 2.55 2.50 3.65 2.92 3.10 1.60 2.55 2.33 2.59

LR− 0.28 0.73 0.54 0.63 0.84 0.82 0.38 0.76 0.54 0.47 0.45

AUC 0.818 0.571 0.656 0.594 0.443 0.523 0.688 0.527 0.632 0.637 0.698

95% CI lower 0.702 0.421 0.511 0.444 0.294 0.371 0.547 0.376 0.485 0.490 0.558

95% CI upper 0.934 0.722 0.801 0.744 0.592 0.674 0.829 0.679 0.779 0.784 0.838

Z 5.359 0.929 2.109 1.232 −0.752 0.293 2.610 0.354 1.760 1.829 2.767

ALP, alkaline phosphatase; ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate 
aminotransferase; AUC, area under receiver operating characteristic curve; BMI, body mass index; 95% CI, 95% confidence interval; FIB-
4, fibrosis index based on four factors; GGT, gamma glutamyl transferase; GPR, gamma-glutamyl-transpeptidase to platelet ratio; LR, 
likelihood ratios; LSM, liver stiffness measurement. 

sensitivity and specificity (7). In case of uncertain diagnosis, 
it is indicated to perform a liver biopsy that has a higher 
morbidity risk in children and requires the use of a general 
anaesthesia which can further complicate lung disease. The 
early progression of liver disease in cirrhosis in selected 
cases suggests identifying earlier and more accurate 
markers of liver fibrosis in order to anticipate therapeutic 
intervention and follow-up. Non-invasive diagnostic 
methods are therefore necessary for the detection of CFLD 
and to define a grading for severity of this complication. 
In previous study APRI appears to be superior to the FIB-
4 in the assessment of fibrosis. An APRI score >0.264 had a 
sensitivity of 73.1% and specificity of 70.2% for predicting 
CFLD (13). FIB-4, however, performed better when 
differentiating patients with portal hypertension from those 
without portal hypertension, with an AUC of 0.91 and a 
sensitivity and specificity of 78% and 93% respectively (13).  
Stonebraker et al. have also shown significantly different 
FIB-4 and APRI scores among patients with and without 
varices (29). The inclusion of biomarkers, such as 
APRI and FIB-4, into the diagnostic criteria for CFLD 
has demonstrated to capture more patients with liver 
involvement at an early stage compared to the Debray 
criteria and warrants further consideration given their 
ability to identify patients with both fibrosis and portal 
hypertension (30). 

In our study, we speculate that new non-invasive tools 
may detect liver function in CF, such as the APRI and FIB4 
indices and the LSM values (12,13) in a cohort of children 

and adolescents with CF.
Main results provided that LSM values measured by 

p-SWE and 2D-SWE are able to discriminate CFLD from 
CFnoLD. As previously reported, the measurement of 
liver stiffness (LSM) has a high diagnostic accuracy for the 
detection of CFLD in adults and children. The optimal 
cut-off of LSM over 6.2 kPa has shown to get a high 
sensitivity and specificity (14), while in our study APRI, 
FIB-4 and GPR indices had a poor diagnostic capacity for 
the best cut-offs respectively ≥0.353, ≥0.208 and ≥4.778, 
differently from published data (13,31). Indeed, LSM 
values were better than the clinical markers APRI, FIB-4 
and GPR in discriminating CFLD patients in a cohort of 
children/adolescents with CF with different stages of liver 
disease.

A potential advantage of elastographic measurement 
over liver biopsy is the ability to monitor liver disease 
progression (32). Recent studies have shown that shear 
wave elastography is an excellent method of assessing the 
degree of severity of liver fibrosis not only in adults but 
also in children and adolescents (23,33,34).

Based on these preliminary results we speculate that the 
measurement of the “stiffness” for evaluating hepatic liver 
tissue by p-SWE and 2D-SWE may be used for the early 
detection of liver fibrosis. p-SWE and 2D-SWE are non-
invasive, highly accessible, reliable, and reproducible test 
that can be used to screen liver disease and to assess the 
severity of fibrosis in children with CF limiting the use 
of liver biopsy. Our preliminary observations point to the 
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need of larger study population to confirm results.
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