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. Introduction 

Cystic fibrosis (CF) is one of the most common inherited dis- 

rders, affecting about 1/40 0 0 births in the U.S. [1] . While the

ighest morbidity in CF is due to pulmonary disease, the pancreas, 

ntestine, and liver are major gastrointestinal organs affected. The 

ajority of patients with CF have elevated aminotransferases dur- 

ng their lifetime [2] ; gallstones and hepatic steatosis occur fre- 

uently [3] . Nodularity of the liver with or without portal hyper- 

ension is recognized as advanced CF liver disease (aCFLD) and oc- 

urs in 5–10% of children with CF by age 10, due to biliary cir- 

hosis, obliterative portal venopathy, or nodular regenerative hy- 

erplasia [4–6] . Clinical manifestations vary, ranging from minor 

iochemical or imaging abnormalities to dramatic clinical events 

uch as variceal hemorrhage [ 3 , 6–9 ]. 

The Prediction by Ultrasound of the Risk of Hepatic Cirrho- 

is (PUSH) (NCT01144507) study evaluated whether sonographic 

iver heterogeneity in children with CF, 3–12 years of age at en- 

ry, would predict the development of nodular liver (NOD), pre- 

umed to reflect aCFLD. Baseline data from that study revealed un- 

uspected NOD in 3.3% of these young children with CF and an 

ssociation with CF-related diabetes (CFRD) [10] . We have previ- 

usly shown that a heterogeneous liver US pattern identified chil- 

ren with a 9-fold increased risk for developing NOD or aCFLD 

ompared to NL [11] . The goals of the present study were to de-

cribe the clinical characteristics of children with NOD compared 

o normal (NL), to explore long-term clinical outcomes, and to ex- 

mine CFRD as a risk factor for progression of aCFLD in children 

ith NOD. The rationale for studying NOD was to develop an early, 
249 
D) in cystic fibrosis (CF) suggests advanced CF liver disease (aCFLD); little

liver disease (LD) after detection of sonographic NOD. 

and ultrasound (US) data from Prediction by Ultrasound of the Risk of

y participants with NOD at screening or follow-up were compared with

ts models were used for risk factors for LD progression and Kaplan-Meier

(22 screening, 32 follow-up) and 112 NL were evaluated. Baseline (BL) and

olume, forced vital capacity, height/BMI z-scores were similar in NOD vs

D at BL (250 vs 331 ×10 3 /microL; p < 0.001) and decreased by 8600/year

latelet Ratio Index (1.1 vs 0.4; p < 0.001), Fibrosis-4 Index (0.4 vs 0.2,

ore (SSZ) [1.5 vs 0.02; p < 0.001] were higher in NOD at BL; SSZ increased

 unit/year in NL. Median liver stiffness (LSM) by transient elastography

R 6–11.8) vs NL (5.3, 4.2–7, p < 0.0 0 01). Over 6.3 years follow-up (1.3–

rices (cumulative incidence in 10 years: 20%; 95% CI: 0.0%, 40.0%), 2 had

ent liver transplantation; none had ascites or hepatic encephalopathy. No

ents. 

inically evident portal hypertension faster than NL without worse growth

pean Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.

on-invasive, and useful indicator of children at risk for developing 

CFLD. 

. Materials and methods 

.1. Study population and data sources 

Between January 12, 2010 and October 17, 2013, 725 children 

ith CF 3–12 years of age underwent screening ultrasound (US) at 

he baseline visit of the PUSH study. Inclusion and exclusion crite- 

ia for the PUSH study have been described but include (1) diag- 

osis of CF determined by a sweat chloride of more than 60 mEq/L 

r two disease-causing CFTR genetic mutations with evidence of 

nd-organ involvement; (2) enrollment in either the Cystic Fibrosis 

oundation or Toronto CF registry; (3) diagnosis of pancreatic in- 

ufficiency based on fecal elastase or type of CFTR mutation; and 

4) no known cirrhosis or portal hypertension or short bowel syn- 

rome. Ultrasound grades were classified by liver parenchymal pat- 

erns as normal (NL), heterogeneous (HTG), homogeneously hyper- 

choic (HMG), or nodular (NOD) [10] . 

Classification was based on consensus grade of three protocol 

rained study radiologists blinded to the readings of the other ra- 

iologists. Among the 722 participants with consensus grades at 

he PUSH baseline visit, 249 eligible patients (125 NL, 62 HTG, 

8 HMG, and 24 NOD) entered the 9-year prospective longitudinal 

tudy. For the duration of the study, participants underwent annual 

ollow-up, including physical examination, laboratory and biospec- 

men collection, and quality of life surveys. Research US was per- 

ormed at years 2, 4, 6, and 8 or 9 of follow-up. Detailed method- 

logy of the PUSH study has been previously reported [ 10 , 11 ]. 
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For this study, we evaluated PUSH participants with a US grade 

f NOD at baseline or any follow-up US visit. PUSH participants 

ith a US grade of NL at baseline and who remained NL through- 

ut the study were used as a control comparison group. 

Demographics, physical exam, and laboratory measurements 

ere collected in PUSH, with additional CF-relevant clinical and 

istorical data including pulmonary function, lung transplant, 

FRD, and impaired glucose tolerance (IGT) status recorded from 

he United States CF Foundation Patient Registry (CFFPR) for study 

articipants (105 NL and 49 NOD) enrolled at the ten study sites 

n the United States [12] . Between March 8, 2017 and December 

1, 2018, the Longitudinal Assessment of Transient Elastography in 

ystic Fibrosis (ELASTIC) (NCT03001388) study enrolled a subset 

f participants from PUSH to collect vibration-controlled transient 

lastography (VCTE) data [13] . 

.2. Outcomes 

Liver-related events recorded on case report forms included 

leeding, documented varices in children who underwent en- 

oscopy as part of routine clinical care, ascites, encephalopathy, 

nd liver transplantation. Changes in liver-related lab measure- 

ents (albumin, platelet count, aspartate aminotransferase [AST], 

lanine aminotransferase [ALT], and gamma-glutamyl transferase 

GGT], AST to platelet ratio index [APRI: AST/upper limit of nor- 

al of AST)/platelet count] [14] , fibrosis index based on 4 factors 

FIB4; age × AST)/ (platelet count × √ 

ALT] [14] , total bilirubin, 

hite blood cell count [WBC]), and spleen size measured on US 

s the longest craniocaudal dimension and expressed as a spleen- 

ize-for-age z-score (SSZ) using age-specific normal ranges were 

ecorded [15] . CF-specific pulmonary and nutritional outcomes, in- 

luding predicted forced expiratory volume in one second (FEV1), 

orced vital capacity (FVC), Pseudomonas positivity, height z-score, 

MI z-score, anthropometrics (right mid-upper arm circumference 

-score, right triceps skinfold thickness z-score, subscapular skin- 

old thickness z-score), CFRD status, lung transplant, and all-cause 

ortality were also analyzed. CFRD was coded by three categories: 

ormal, impaired glucose tolerance (IGT), and CFRD. For this anal- 

sis, this variable was dichotomized to CFRD vs IGT or normal. The 

USH study also collected data for participants prescribed CFTR 

odulators since November 2015. 

.3. Definition of study baseline 

Baseline variables for participants with NOD and NL US pattern 

t screening were collected from the PUSH baseline clinical visit. 

or NOD participants later identified during follow-up PUSH visits, 

ab measurements, Pseudomonas positivity, height z-score, BMI z- 

core, anthropometrics, FEV1, and FVC within a year of the first 

OD US represented their baseline values. 

.4. Statistical analyses 

Clinical, laboratory, US, and VCTE data from PUSH participants 

t the time NOD was identified were compared to baseline visit 

ata from participants with NL for the duration of the study. T-test 

r Wilcoxon test were used to test differences in continuous vari- 

bles, and Chi-squared test or Fisher’s exact test were used to test 

ifference in categorical variables between the two groups. Lin- 

ar mixed effects models were used to study changes in lab mea- 

urements, spleen-size-for-age z-score, pulmonary function, BMI z- 

core, height z-score, and anthropometrics over time. The cumu- 

ative event rate of diagnosis of first varices from first NOD US 

attern was estimated using the Kaplan-Meier estimator. To com- 

are CFRD incidence in NOD vs NL, the log-rank test to compare 

aplan-Meier curves for the event of CFRD diagnosis was used. As 
250 
he recommended age for CFRD screening in children with CF is 10 

ears, CFRD status beginning at that age was used as the starting 

ime point for this survival analysis. All analyses were performed 

sing SAS 9.4 (Cary, NC), and p-value < 0.05 was considered to be 

tatistically significant. 

. Results 

.1. Study population 

Among the 722 children with CF and consensus US at their 

USH screening US visit, 24 were identified as NOD and entered 

he PUSH longitudinal study together with 125 eligible NL, 62 HTG, 

nd 38 HMG ( Fig. 1 ). Two of the 24 children who were identified

s NOD at screening US visit were lost to follow-up after the ini- 

ial NOD US. Among the three groups of children with non-NOD 

atterns at screening visit, 6 NL, 23 HTG, and 3 HMG subsequently 

eveloped NOD at follow-up; 15 participants demonstrated NOD at 

ear 2, 13 at year 4, and 4 at year 6. Among the 125 NL followed,

12 remained NL at all follow-up visits and served as the com- 

arison group. Altogether, 54 NOD and 112 NL were included in 

his analysis. Demographics of the different cohorts are shown in 

able 1 ; age of NOD at the time of first NOD US was significantly

lder than that of the NLs (mean 10.9 vs 8.4 years, p < 0.0 0 01).

djusting for age did not change the conclusions of baseline or lon- 

itudinal analyses below (data not shown). The median (min, max) 

ollow-up for the NODs and NLs were 5.7 (0.5, 10.4) and 7.7 (2.0, 

.9) years, respectively. NOD at baseline vs NOD at followup (Table 

1) were very similar except for age and WBC. 

.2. Liver related events 

Platelet (mean 250k vs 331k/microL) and WBC (mean 7.8 vs 

.2k/microL) counts were significantly lower in NOD at baseline, 

ut still within normal clinical range ( Table 1 ). Total bilirubin, AST, 

LT and GGT were significantly higher in NOD at baseline. Albu- 

in levels at baseline were similar. APRI (mean 1.1 vs 0.4) and FIB4 

mean 0.4 vs. 0.2) were significantly higher in the NOD group com- 

ared to the NL group at baseline 

Platelet count declined at a rate of 8,600/year (95% CI: 4,300–

3,0 0 0) in NOD, significantly more rapidly than in NL (2,500/year, 

5%CI: -0-50 0 0; p = 0.018) ( Fig. 2 ). The change over time in AST,

LT, and GGT were similar between the NOD and NL. There were 

o differences in change of albumin over time between the two 

roups. APRI increased more rapidly by 0.07/year (95% CI: 0.03–

.10) in the NOD group compared to the NL group ( p < 0.0 0 01);

IB4 increased by 0.05/year (95% CI: 0.03–0.06) more rapidly in the 

OD group ( p < 0.0 0 01). 

Table 1 summarizes selected sonographic variables. Mean sono- 

raphic spleen length was 11 cm in NOD vs 8.9 in NL; spleen size 

or age adjusted z-scores was also larger in NOD (mean 1.5) com- 

ared to NL (0.02). While spleen size z-score increased significantly 

ver time in both groups, the increase in NOD was more rapid 

 Fig. 2 ; 0.5 unit/year in NOD vs 0.1 unit/year in NL; p < 0.0 0 01).

nitial liver stiffness measurement (LSM) was available for 38 NOD 

nd 65 NL participants during the PUSH study follow-up. Initial 

iver stiffness measurement (LSM) was significantly higher in NOD 

8.2 kPA) vs NL (5.8 kPa); mean CAP (continuous attenuation pa- 

ameter) scores were similar between NOD and NL. 

While no participant demonstrated clinically significant as- 

ites or encephalopathy, 6 NOD participants were found to have 

sophageal varices; 2 of the 6 experienced variceal bleeding at 11.1 

nd 12.9 years of age, respectively (5.6 and 8.7 years after the 

dentification of NOD) ( Table 2 ). From first identification of NOD, 

he cumulative incidence rate at 10 years for detecting esophageal 

arices was 20% (96% CI: 00.0%, 40.0%) (Fig. S1). Among the 6 NOD 
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Fig. 1. Study cohort flowchart. 
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articipants who had esophageal varices, 2 underwent liver trans- 

lantation at 8.0 (PELD score = 2) and 18.1 (PELD score = -4; MELD 

core = 9) years of age, respectively. Four of these six participants 

ad NOD at study baseline (one of these underwent liver trans- 

lant); the other 2 participants were HTG at baseline and con- 

erted to NOD at the year 2 visit (one of these underwent liver 

ransplant). Figs. S2 and S3 present the trajectory of spleen size 

-score and platelet count for all NOD participants. The six partic- 

pants with esophageal varices had more rapid increase in spleen 

ize and steep decrease in platelet count compared to other par- 

icipants (compared to NOD or NL participants). There were zero 

iver events recorded among NL. 

.3. Pulmonary, nutritional and diabetes outcomes 

The rate of decline in FEV1% predicted was not different be- 

ween NOD vs NL (1.9%/year vs 1.5%/year, Fig. 2 ). There was also no

ifference in rate of decline in FVC% predicted between NOD vs NL. 

MI z-score, height z-score, right triceps skinfold thickness z-score, 

nd subscapular skinfold thickness z-score were similar at both 

aseline and over time NOD and NL ( Fig. 2 ). Right mid-upper arm

ircumference z-score was similar in NOD vs NL at baseline but de- 

reased slightly more in 10 years in NOD (-0.5 vs. -0.05, p = 0.059);

his change in NOD was statistically significant ( p = 0.013). 

Prevalence of CFRD at baseline (6.8% in NOD vs. 2.9% in NL) and 

ver in the course of the study (26.5% in NOD vs 21.9% in NL) were
251 
ot different between groups. While NOD had significantly more 

GT than NL at baseline (26.5% vs 4.9%; p < 0.0 0 01), cumulative 

ncidence of CFRD (33.9% vs 46.3%) diagnosis by age 20 did not 

iffer ( Fig. 3 ). 

While platelet count decreased and spleen size, FIB-4, and APRI 

ncreased significantly over time in NOD, these changes were not 

ignificantly different in NOD participants with CFRD (diagnosed 

efore or during the course of the study) and those without (Fig. 

4). 

During the course of the PUSH study, 31 out of 52 (59.6%) 

OD and 70 out of 110 (63.6%) NL subjects received CFTR modula- 

or therapy ( p = 0.62). No NOD or NL participants underwent lung 

ransplantation ( Table 2 ). 

. Discussion 

aCFLD occurs in 5–10% of people with CF [ 4 , 5 , 16 , 17 ], and por-

al hypertension often manifests before liver synthetic function is 

mpaired [3] . aCFLD may include cirrhosis as well as non-cirrhotic 

ortal venopathy [ 4 , 18 ]. In comparison to children with CF and

ormal ultrasound in this unique longitudinal study, we found that 

he presence of NOD can be an early predictor of advanced CF 

iver disease, indicating current or emerging clinically evident por- 

al hypertension [19] , but cannot differentiate between cirrhotic or 

on-cirrhotic causes. While children with NOD have normal syn- 

hetic function, they exhibit much larger spleen size and lower 



D.H. Leung, W. Ye, S.J. Schwarzenberg et al. Journal of Cystic Fibrosis 22 (2023) 248–255 

Table 1 

Participants Characteristics at Baseline. 

Demographics/Features ¶ NOD (N = 54) NL (N = 112) p -value 

N N 

Male, count (%) 54 33 (61%) 112 55 (49%) 0.15 §

Age (years), mean (SD) 54 10.9 (3.0) 112 8.4 (3.1) < .0001 # 

Ethnicity, count (%) 0.28 ∗

Hispanic 54 1 (1.9%) 112 7 (6.3%) 

Non-Hispanic 53 (98.15%) 105 (93.7%) 

Race, count (%) 0.72 ∗

Asian 54 1 (1.9%) 112 0 (0.00%) 

African American 1 (1.9%) 3 (2.7%) 

Multiracial 0 (0.00%) 2 (1.8%) 

White 52 (96.3%) 106 (94.6%) 

Unknown 0 (0.00%) 1 (0.9%) 

Platelet (10 ³/mm ³), mean (SD) 50 252.5 (90.4) 104 331.4 (71.9) < .0001 €

APRI, mean (SD) 49 1.1 (0.8) 103 0.4 (0.2) < .0001 €

APRI > 1.0 (n, %) 49 20 (42%) 103 0 (0%) < .0001 ∗

APRI > 1.5 49 8 (17%) 103 0 (0%) < .0001 ∗

FIB-4, mean (SD) 48 0.4 (0.2) 99 0.2 (0.1) < .0001 €

GGTP (U/L), mean (SD) 

median (IQR) 

46 65 (78) 

39 (25, 75) 

97 14 (7) 

12 (10, 15) 

< .0001 # 

Albumin (g/dL), mean (SD) 48 4.1 (0.5) 97 4.2 (0.4) 0.29 # 

ALT (U/L), mean (SD) 

median (IQR) 

50 58 (44) 

41 (32, 71) 

101 29 (12) 

27 (20, 35) 

< .0001 €

AST (U/L), mean (SD) 

median (IQR) 

50 59 (38) 

49 (35, 58) 

104 34 (11) 

33 (28, 39) 

< .0001 €

Total bilirubin (mg/dL), mean (SD) Median (IQR) 43 0.6 (0.5) 

0.4 (0.3, 0.7) 

84 0.4 (0.3) 

0.4 (0.2, 0.5) 

0.013 # 

WBC (10 ³/mL), mean (SD) 50 7.8 (2.7) 105 9.2 (3.5) 0.0092 €

FEV1% predicted, mean (SD) 51 92.1 (16.3) 89 92.9 (14.9) 0.78 €

BMI z-score † , mean (SD) 43 -0.37 (0.39) 77 -0.39 (0.39) 0.74 €

Height z-score † , mean (SD) 43 -0.28 (0.72) 77 -0.22 (0.73) 0.69 €

Right triceps skinfold thickness z-score ‡ , mean (SD) 38 -0.37 (0.73) 68 -0.34 (0.71) 0.85 €

Subscapular skinfold thickness z-score ∗ , mean (SD) 34 -0.52 (0.43) 67 -0.51 (0.41) 0.93 €

Right mid arm circumference z-score ∗ , mean (SD) 37 -0.49 (0.66) 63 -0.50 (0.71) 0.84 # 

Spleen Size (cm), mean (SD) 54 11.0 (2.2) 112 8.9 (1.5) < .0001 # 

Spleen Size z-score, mean (SD) 54 1.5 (2.1) 112 0.02 (1.2) < .0001 €

VCTE LSM (kPa), n 

median (IQR) 

38 8.2 (6, 11.8) 65 5.3 (4.2, 7.0) < .0001 # 

VCTE CAP, n 

mean (SD) 

25 228 (53) 36 230 (55) 0.91 €

CF related diabetes at baseline, count (%) 49 105 < .0001 §

Normal glucose tolerance 23 (46.9%) 97 (92.4%) 

Impaired glucose tolerance 13 (26.5%) 5 (4.8%) 

CFRD 3 (6.8%) 3 (2.9%) 

¶ Median and quartiles were provided for variables with right-skewed distribution. 
† BMI z-score was based on CDC 2011–2014 reference data. 
‡ Right triceps skinfold thickness z-score was based on CDC 2007–2010 reference data. 
§ Chi-squared test 
# Wilcoxon test 
∗ Fisher’s exact test 
€ t-test 

Table 2 

Events among NOD and NL patients. 

Event NOD ( N = 54) NL ( N = 112) 

Bleeding complications n (%) 2/54 (3.7%) 0/112 (0.0%) 

Documented varices n (%) 6/54 (11.1%) 0/112 (0.0%) 

Ascites n (%) 0 (0.0%) 0/112 (0.0%) 

Encephalopathy n (%) 0 (0.0%) 0/112 (0.0%) 

Liver transplant n (%) 2/54 (3.7%) 0/112 (0.0%) 

Lung transplant n (%) 0/54 (0.0%) 0/112 (0.0%) 

Death n (%) (note one death in NL 

group) 

0 (0.0%) 1/112 (0.9%) 
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latelet counts, with more rapid progression of both over 5–10 

ears. This decline in platelet count among pediatric NOD partici- 

ants is more rapid than the age associated decline in platelets in 

ealthy children without liver disease [20] . Similarly, the increase 

n spleen size in NOD participants also outpaces previously docu- 

ent normal increases in spleen size with age. [21] APRI and FIB- 
252 
, biomarker indices of fibrosis, are also higher in NOD at baseline 

nd increase at a higher rate. Even prior to any documented liver 

vent, LSM by VCTE among NOD was elevated at 8.2 kPa, echoing 

he above surrogates of portal hypertension and liver fibrosis. 

Interestingly, NOD is not associated with differences in nutri- 

ional status compared to NL as assessed by BMI z-score, height 

-score, and right triceps skinfold thickness z-score. Perhaps this 

s because the NOD group was characterized sonographically and 

efore any manifestations of hepatic dysfunction or portal hyper- 

ension occurred. FEV 1 % predicted is similar in children with NOD 

s NL, suggesting little impact of sonographic advanced liver dis- 

ase on pulmonary function, in contrast to a recent study [17] but 

onsistent with a large international study of 179 patients with se- 

ere CFLD and portal hypertension, that also reported no signifi- 

ant decline in CF-specific FEV1 percentiles [22] . This finding that 

nthropometrics and lung function are not negatively impacted by 

OD further highlights the challenges of identifying which children 

ith CF may have early aCFLD. 
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Fig. 2. Disease progression in NOD vs participants with normal US pattern. A, B, C, D, E, and F are estimated mean time trajectories of lab measurements, BMI z-score and 

predicted FEV1, and their 95% confidence intervals. 
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At initial identification of NOD, all participants were asymp- 

omatic. Over up to 10 years of follow-up, a small number of 

articipants with NOD developed liver-related events while none 

ith NL experienced these. Varices were reported in over 11% of 

OD followed for ≥5 years, and variceal bleeding occurred in 2 

articipants followed for at least 5 years; the 10-year cumulative 

ncidence rate for detection of esophageal varices was 20% (and 

he rate is likely higher since routine surveillance endoscopy was 

ot done). Hepatic encephalopathy or clinically significant ascites 
253 
ere not reported in NOD, consistent with preserved liver syn- 

hetic function. However, liver transplantation occurred in two par- 

icipants; the indications for liver transplant were not part of the 

USH database, but PELD scores were low. 

CFRD has been reported to occur in association with CF cirrho- 

is [ 10 , 23–25 ]. Liver disease, defined as portal hypertension, abnor- 

al liver enzymes, or the use of a bile acid (ursodeoxycholic acid 

r taurine) was previously reported as a risk factor for the develop- 

ent of CFRD in population-based studies [ 8 , 25 ]. In another study, 
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Fig. 3. Kaplan-Meier curves for comparing incidence of CFRD in normal and nodu- 

lar US groups. 
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irrhosis, but not elevation of liver biochemistries, was found to be 

ore common in people with CF who had CFRD [24] . In one recent

nternational study, CFRD was not identified as a clinical feature 

f severe CFLD with portal hypertension and in another, partici- 

ants with severe CFLD showed a tendency toward impaired glu- 

ose homeostasis with larger studies like this one recommended 

 26 , 27 ]. Cirrhosis was not defined in any of these studies. In our

tudy, which enrolled children prior to recognized liver disease, 

FRD was no more common in NOD than NL, and liver disease did 

ot progress more rapidly in children with NOD and CFRD, call- 

ng into question whether liver disease and CFRD are really in- 

ertwined. However, IGT was more common in NOD, without an 

ncreased rate of progression to CFRD; this may be related to in- 

ulin resistance in the context of hepatic fibrosis but merits further 

tudy. 

There are some limitations of this study on the early sono- 

raphic diagnosis of CF liver disease. Liver biopsies were not per- 

ormed in PUSH and thus NOD could not be confirmed as cirrhosis, 

odular regenerative hyperplasia, or obliterative portal venopathy. 

he timeframe captured was early, beginning as early as 3 years of 

ge. While we captured up to 10 years of follow-up in some partic- 

pants, we recognize that the study period may not fully represent 

he disease progression more recently documented in adults [8] . 

here were also some important differences between the groups. 

OD participants were older and some NOD were identified later 

n the study. The exact onset and duration of disease in those with 

OD at baseline are unknown. While the NL participants were not 

atched to NOD for age or other parameters, they were prospec- 

ively enrolled during the same time period to serve as healthy CF 

ontrols for HTG participants. The number of participants analyzed 

or CFRD was small and derived from the clinical registry. Thus, it 

s possible that not all participants were screened for CFRD as rec- 

mmended [28] . Importantly, because not all participants with ev- 

dence of portal hypertension underwent screening endoscopy as 

tandard of care, we likely underestimated the true incidence of 

arices in NOD. This study was also performed prior to broad use 

f CFTR modulators.Clearly, the impact of CFTR modulators on liver 

nvolvement in CF deserves to be studied. 

When the PUSH study began, gray scale US was the most fea- 

ible and available imaging modality and TE was in its infancy in 

ediatrics, [ 5 , 29–32 ]. Today, TE is becoming increasingly available 

mong children’s hospitals and is more quantitative, standardized 
254 
nd less subjective than ultrasound in assessing liver fibrosis and 

at [ 13 , 33–36 ]. However, US is widely available worldwide, and in

ddition to detecting heterogeneity and nodularity, it provides im- 

ortant anatomical data about biliary disease, masses, and other 

anifestations of portal hypertension. 

. Conclusions 

NOD is an early marker for advanced liver disease, characterized 

y preserved synthetic function, nutritional status, and pulmonary 

unction that cannot be distinguished from NL. NOD is associated 

ith increased liver stiffness, spleen size, APRI and FIB-4, as well 

s a more rapid decline in platelet count, suggesting emerging clin- 

cally evident portal hypertension [19] . NOD is not associated with 

n increased rate of CFRD. Importantly, within a decade of docu- 

ented nodular US pattern, variceal bleeding and even liver trans- 

lantation exclusively occur in NOD but not NL. 
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