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Objectives: To evaluate whether liver and spleen magnetic resonance elastography (MRE)
can measure the severity of congenital hepatic fibrosis (CHF) and portal hypertension (pHTN)
in individuals with autosomal recessive polycystic kidney disease (ARPKD), and to examine
correlations between liver MRE and ultrasound (US) elastography.

Methods: Cross-sectional study of 9 individuals with ARPKD and 14 healthy controls. MRE
was performed to measure mean liver and spleen stiffness (kPa); US elastography was performed
to measure point shear wave speed (SWS) in both liver lobes. We compared: (1) MRE liver and
spleen stiffness between controls vs. ARPKD; and (2) MRE liver stiffness between participants
with ARPKD without vs. with pHTN, and examined correlations between MRE liver stiffness,
spleen length, platelet counts, and US elastography SWS. Receiver operating characteristic (ROC)
analysis was performed to examine diagnostic accuracy of liver MRE.

Results: Participants with ARPKD (median age 16.8 [IQR 13.3, 18.9] years) had higher median
MRE liver stiffness than controls (median age 14.7 [IQR 9.7, 16.7 years) (2.55 vs. 1.92 kPa,
p=0.008), but MRE spleen stiffness did not differ. ARPKD participants with pHTN had higher
median MRE liver stiffness than those without (3.60 kPa vs 2.49 kPa, p=0.05). Liver MRE and US
elastography measurements were strongly correlated. To distinguish ARPKD vs. control groups,
liver MRE had 78% sensitivity and 93% specificity at a proposed cut-off of 2.48 kPa [ROC area
0.83 (95% CI: 0.63-1.00)].

Conclusion: Liver MRE may be a useful quantitative method to measure the severity of CHF
and pHTN in individuals with ARPKD.

Keywords

Autosomal recessive polycystic kidney disease; congenital hepatic fibrosis; magnetic resonance
elastography; portal hypertension; ultrasound elastography

Introduction

Liver involvement in autosomal recessive polycystic kidney disease (ARPKD) includes
biliary duct dilatation, congenital hepatic fibrosis (CHF) and portal hypertension (pHTN), a
triad often referred to as Caroli syndrome [1]. Clinical complications can include ascending
cholangitis and consequences of pHTN such as hypersplenism and esophageal varices.
Variceal bleeding is potentially life-threatening, and a subset of patients may require
portosystemic shunting or liver transplantation due to severe pHTN or recurrent cholangitis
[2-4].

Although no targeted disease-modifying therapies are currently approved for clinical use,
several therapies have shown promise in slowing progression of both liver and kidney
disease in ARPKD animal models [5-7]. However, a significant barrier to advancing clinical
trials in patients with ARPKD is the lack of quantitative, non-invasive measures of disease
progression. Standard blood markers of liver inflammation and synthetic function are
generally normal in patients with ARPKD, and are thus uninformative [2]. As liver fibrosis
and pHTN progress, splenomegaly and thrombocytopenia can develop. However, since these
are relatively late findings, spleen size and platelet counts are less useful measures in earlier
stages of disease. Liver fibrosis could theoretically be quantified using liver biopsy, but
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this is not routinely performed in patients with ARPKD due to invasiveness and risk for
sampling error [1, 8]. Novel non-invasive imaging methods are therefore needed to quantify
liver disease progression and potentially serve as surrogate endpoints in clinical trials of
disease-modifying therapies. We have previously reported that ultrasound (US) elastography
with acoustic radiation force impulse (ARFI) appears to be useful to quantify the severity
of ARPKD-related liver disease [9]. However, US-based methods have limitations such

as limited sampling, operator dependency, and inconsistency of post-processing algorithms
between vendors. In the current study, we sought to examine whether another imaging
method, magnetic resonance elastography (MRE), can quantify liver stiffness in individuals
with ARPKD, which we hypothesized would correlate with the severity of liver fibrosis and
pPHTN.

MRE measures tissue parenchymal stiffness by assessing the propagation of low-frequency
mechanical waves [10]. Advantages of MRE over other elastographic techniques include the
ability to evaluate the entire liver parenchyma, and standardization across manufacturer
platforms and field strengths, since the vast majority of MRE hardware and software
currently comes from a single company (Resoundant Inc., Rochester, MN)[11-13]. In
diseases such as chronic viral hepatitis, non-alcoholic fatty liver disease (NAFLD), and
autoimmune hepatitis, MRE liver stiffness has been shown to correlate strongly with
biopsy-proven fibrosis score in both adults [14] and children [15]. In addition, MRE liver
stiffness correlated well with histologic fibrosis in a mouse model of ARPKD [16]. To our
knowledge, MRE has not previously been systematically evaluated to quantify the severity
of ARPKD liver disease in children and young adults with ARPKD.

Our specific objectives were to determine if MRE liver and spleen stiffness can distinguish
healthy controls from individuals with ARPKD, and to examine the relationship of MRE
liver stiffness with the severity of pHTN in individuals with ARPKD. We also sought to
examine correlations between liver stiffness measured by MRE and US ARFI elastography.

Study design and population

Participants in this prospective, cross-sectional study were recruited at a single pediatric
tertiary care center between August 2014 and May 2018 under an Institutional Review
Board-approved protocol. Written informed consent, including HIPAA authorization, was
obtained from all participants/guardians, and child assent was obtained as appropriate.
Children and young adults with a clinical diagnosis of ARPKD were recruited from the
center’s nephrology practice, and were eligible to undergo liver imaging if they had not
received a liver transplant. Participants with ARPKD who had a portosystemic shunt were
excluded from this analysis. Healthy individuals with no personal history of hypertension,
obesity, hematologic or rheumatologic disease, and no family history of kidney or liver
disease, were recruited from the institution’s primary care practices. Eligibility criteria for
MRI included the ability to lie still for up to 1 hour (generally age >7-8 years) and absence
of standard contraindications such as claustrophobia or metal implants.
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Previously reported data—US ARFI elastography data for all participants included in
the current study have been previously published [9]; the prior manuscript also included
data from additional participants (total n=25 ARPKD and n=24 healthy controls) who were
enrolled in the overall study protocol but underwent only US elastography and not MRE
elastography due to ineligibility for MRI (e.g. due to age or claustrophobia). MRE data was
not reported in that manuscript.

MRE data from a subset of the participants in the current study (n=4 controls and n=4
ARPKD) was included in a manuscript that included 52 children with various liver diseases,
comparing results from GRE and SE-EPI MRE sequences [17]. The focus of that paper

was a technical comparison of performance between the two types of MRE sequences,

and did not focus specifically on performance of MRE to quantify liver disease severity in
participants with ARPKD.

Clinical measurements

Data collected during a single study visit included demographics, medical and family
history, and measurements of height and weight. Laboratory studies, including complete
blood counts and tests of kidney and liver function, were performed only in participants
with ARPKD. Clinical signs of pHTN were defined as the presence of splenomegaly
(sagittal spleen length measured on US of >90t" percentile for height [18]) or low platelet
counts (<150x103/uL)[1, 2]. Definitive clinical pHTN was defined as presence of both
splenomegaly and low platelet counts, and absence of clinical pHTN was defined as the
absence of both of these signs. Spleen length index was calculated as actual/90t percentile
spleen length. Known varices were defined as esophageal or gastric varices diagnosed

on upper endoscopy. Estimated glomerular filtration rate (eGFR) was calculated based

on the bedside CKD in Children (CKiD) Study equation [19]. Participants fasted for age-
appropriate durations (= 5 hours) prior to imaging.

MRE acquisition

MRE was performed on a 3T scanner (MAGNETOM Skyra, Siemens Medical Solutions,
Malvern, PA, USA) equipped with commercially available MRE hardware consisting of
an active and a passive driver system. The active driver is similar to an audio subwoofer
and generates low-amplitude 60 Hz vibrations, which are transmitted via pneumatic
pressure through a hollow plastic tube to a passive driver. The passive driver is strapped

to the abdomen just under the radiofrequency (RF) coil, positioned in the right or left
upper quadrant for liver or spleen stiffness measurements, respectively [10, 20, 21]. Two
dimensional (2D) gradient-recalled-echo (GRE) image acquisition was completed in 4
breath-holds of up to 15 seconds each, to obtain 4 axial slices through the broadest part of
the liver or spleen as identified on coronal localizer images. Scanning protocol parameters:
TR 50 ms, TE 23.7 ms, matrix size 128x64 interpolated to 128x128, voxel size 1.2x1.2x
5 mm, slice thickness 5 mm, bandwidth 260 Hz/Px, averages: 1, motion encoding gradient
(MEG) frequency 60 Hz, MEG direction Z axis; echo spacing 27.1 ms.

Anatomic T1 and T2 weighted images were reviewed by a board-certified radiologist to
generate a written report of any clinically significant findings such as biliary duct dilatation;
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however, the sequences obtained in this study were not optimized for detailed evaluation of
the biliary tract.

MRE image processing

Stiffness maps (elastograms) were generated automatically by the scanner software,
including 95% confidence maps indicating areas of good wave propagation. Regions

of interest (ROIs) were drawn manually within regions bound by the confidence maps,
including the maximal amount of liver or spleen parenchyma in each slice and avoiding the
capsule, biliary tree, and large vessels [22](Figure 1C). The mean stiffness (in kilopascals,
kPa) and area (in cm?) of each slice was calculated. Overall organ mean stiffness was
calculated as the average of stiffness measurements from each slice, weighted by the ROI
area of each slice.

US ARFI elastography

US ARFI elastography measurements were acquired per published methods [9] using the
Siemens Acuson S3000 in Virtual Touch quantification mode (Siemens Medical Solutions
USA, Inc, Malvern, Pennsylvania). Mean point shear wave speed (SWS), in meters

per second (m/s), of the left and right liver lobes was calculated from ten valid SWS
measurements at each site.

Statistical Analysis

Results

Continuous variables were reported as median and interquartile range (IQR), and binary
variables were reported as frequency and percentage. Group differences were compared
using Wilcoxon rank sum test for continuous variables and Fisher’s exact test for binary
variables. MRE liver and spleen stiffness (in kPa) were compared between healthy controls
and all participants with ARPKD. MRE liver stiffness was also compared between healthy
controls, participants with ARPKD without clinical pHTN (neither splenomegaly nor low
platelets), and participants with ARPKD with definitive clinical pHTN (both splenomegaly
and low platelets). Linear fit plots and Spearman correlation were performed to examine
relationships between MRE liver stiffness and the following variables: spleen length

index, platelet count, age, and SWS in both liver lobes measured using US elastography.
Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic
performance of MRE liver stiffness to distinguish between participants with ARPKD and
healthy controls. Diagnostic value of MRE liver stiffness cut-offs was evaluated using the
sensitivity, specificity, and percent of subjects correctly classified, with the cut-off chosen
to maximize the percent of subjects correctly classified. Statistical analyses were performed
using Stata 13.1 (StataCorp, College Station, TX).

Clinical and demographic data

Ten participants with ARPKD and 14 healthy controls underwent MRE. One participant
with ARPKD was excluded from this analysis due to history of a portosystemic shunt,
because shunts alter spleen size and platelet count and would therefore affect our
ascertainment of clinical pHTN [23], and because shunts are known to affect MRE
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parameters [24]. This left n=9 individuals with ARPKD in the final analysis. Two of the
participants with ARPKD had previously received a kidney transplant. All participants had
evaluable liver MRE data; 8/9 (89%) of participants with ARPKD and 10/14 (71%) of
controls (71%) had evaluable spleen MRE data. Unusable spleen MRE data was due to
inadequate wave propagation through the spleen (i.e. no spleen parenchyma within 95%
confidence maps).

Clinical and demographic characteristics of the participants are shown in Table 1. Median
age was similar in controls and participants with ARPKD (14.7 vs. 16.8 years, p=0.3).
Splenomegaly was more common in the ARPKD group compared to controls (63% vs. 7%,
p=0.01), with median spleen length index of 1.06 in the ARPKD group vs. 0.84 in controls
(p=0.05). Within the ARPKD group, 5/9 (63%) participants had splenomegaly; of these, 3
had low platelet counts and were thus considered to have definitive pHTN (33% of total
ARPKD group), and 2 had normal platelet counts and were considered to have possible
pHTN. Three participants (33%) with ARPKD had no signs of pHTN (neither splenomegaly
nor low platelets). One participant with ARPKD had missing spleen length data because US
could not be obtained during the study visit; this individual had a normal platelet count.
Participants with ARPKD who had definitive pHTN (n=3) were older than those with no
signs of pHTN (n=3) (18.9 vs. 8.5 years, p=0.05). One participant with ARPKD had a
history of varices; this individual had both splenomegaly and low platelets. Two participants
with ARPKD had MRI findings consistent with biliary duct dilatation, both of whom also
had low platelets and splenomegaly. None of the participants with ARPKD had a history of
ascending cholangitis.

Liver and spleen stiffness in control vs. ARPKD groups

Participants with ARPKD (n=9) had higher liver stiffness than healthy controls (n=14), with
median liver stiffness of 2.55 (range 1.72-4.88) vs. 1.92 (range 1.51-2.54) kPa (p=0.008).
Spleen stiffness did not differ significantly between the two groups (Figure 1A). Given the
lack of association between spleen stiffness and ARPKD status, further analyses examined
only liver stiffness.

To ensure that the slight age difference between the control and ARPKD groups was not
contributing to the observed differences in MRE liver stiffness, we examined correlations
between MRE liver stiffness and age in both groups. There was no correlation between MRE
liver stiffness and age in healthy controls (rho=—0.02, p=0.9). There was a weak positive
correlation between liver stiffness and age in the ARPKD group, but this was not statistically
significant (rho=0.13, p=0.7) (Figure, Supplemental Digital Content 1).

Relationship of liver stiffness and severity of pHTN in participants with ARPKD

To explore whether MRE liver stiffness could distinguish different severities of ARPKD
liver disease, we compared liver stiffness between healthy controls, participants with
ARPKD without pHTN, and participants with ARPKD with definitive pHTN (splenomegaly
and low platelets). Median liver stiffness for controls (n=14) was 1.92 (range 1.51-2.54)
kPa; for participants with ARPKD without pHTN (n=3) was 2.49 (range 2.48-2.66) kPa;
and for participants with ARPKD with definitive pHTN (n=3) was 3.60 (range 3.07-4.89)

Abdom Radiol (NY). Author manuscript; available in PMC 2022 February 01.
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kPa (p=0.02 for controls vs. ARPKD without pHTN; p=0.05 for ARPKD without vs. with
pHTN; Figure 1B). Representative MRE stiffness maps for each of these groups are shown
in Figure 1C. Of the remaining participants with ARPKD, the two individuals with possible
pHTN (splenomegaly with normal platelet counts) had liver stiffness measurements of 1.72
kPa and 2.55 kPa respectively, and the individual with missing spleen length data but normal
platelet count had liver stiffness of 1.91 kPa. Statistical comparisons of these individuals
with the other groups was not possible due to small sample size.

We next examined linear correlations of MRE liver stiffness with clinical markers of pHTN
in participants with ARPKD, namely spleen length and platelet count. Liver stiffness showed
a moderately strong positive correlation with spleen length index, but did not reach statistical
significance (rho=0.67, p=0.07, Figure 2A). Liver stiffness showed a weaker negative
correlation with platelet count (rho=-0.48, p=0.2, Figure 2B).

Relationship between MRE and US ARFI elastography measurements of liver stiffness

Given our previously published data showing that liver US ARFI elastography, particularly
of the left liver lobe, has high sensitivity and specificity for detecting ARPKD liver disease
[9], we examined the correlation between MRE and US elastography measures of liver
stiffness. We found that MRE liver stiffness was strongly correlated with US elastography
SWS in the left and right liver lobes, both in analyses of control and ARPKD groups
combined (rho 0.82, p<0.0001 left lobe; rho 0.71, p=0.0002 right lobe) and in analyses of
the ARPKD group only (rho 0.79, p=0.02 for left and right lobes) (Figure 2C).

ROC analysis

ROC analysis showed that MRE liver stiffness had high accuracy for differentiating
participants with ARPKD from healthy controls, with area under the ROC curve (AUROC)
of 0.83 (95% CI: 0.63-1.00) (Figure 3). A proposed MRE liver stiffness cut-off of 2.48

kPa had 78% sensitivity and 93% specificity, resulting in correct classification of 87% of
individuals as ARPKD vs. healthy controls. The number of participants within the ARPKD
group who did vs. did not have definitive pHTN was too small to allow valid ROC analysis
(n=3 in each group). However, we note that all 3 (100%) participants with ARPKD who had
definitive pHTN had liver stiffness =3.07 kPa.

Discussion

This study sought to examine the performance of MRE of the liver and spleen as measures
of liver fibrosis and pHTN in children and young adults with ARPKD. We found that
MRE liver stiffness was significantly higher in individuals with ARPKD compared to
healthy controls, and ROC analysis showed that a proposed cut-off of 2.48 kPa had high
sensitivity and specificity for distinguishing these groups. In addition, MRE liver stiffness
was able to distinguish healthy controls from individuals with ARPKD who did not have
clinical evidence of pHTN, suggesting that MRE may be useful to detect early stages of
liver fibrosis. Within the ARPKD group, we found that a cut-off of 3.07 kPa completely
differentiated individuals with clinical evidence of pHTN (splenomegaly and low platelets)
from those without pHTN. Although linear correlations of MRE liver stiffness with spleen
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length and platelet count did not reach statistical significance in this small study, the trends
observed suggest that MRE liver stiffness may track with severity of pHTN. MRE spleen
stiffness did not appear to be a helpful marker of ARPKD liver disease severity, as it

did not differ significantly between individuals with ARPKD and healthy controls. MRE
spleen stiffness measurements also had a higher rate of technical failure due to poor wave
propagation. This problem predominantly occurred in healthy control participants recruited
early in the study, and was likely due to the passive driver not being secured tightly enough
with the strap. It is also possible that because a GRE-based MRE acquisition was performed,
that the smaller spleen size in healthy controls contributed to decreased efficiency of wave
propagation compared to participants with ARPKD. Future prospective studies with a spin-
echo echo planar imaging (SE-EPI) based acquisition, which has a lower rate of technical
failure than GRE,[25] may be needed to further investigate differences in spleen stiffness.
[17, 26]

Overall, our results suggest that liver MRE may be a useful quantitative measure of
ARPKD-related liver fibrosis and pHTN. If these results are validated in larger studies,

it could allow MRE to potentially serve as a surrogate endpoint in future clinical trials of
targeted ARPKD therapies. Several agents such as octreotide, pasireotide, and tesevatinib,
have appeared promising for ARPKD-associated liver disease in orthologous rodent models
[5, 7], and a Phase 1 clinical trial for tesevatinib has been completed [27]. However, the
ability to perform any future efficacy trials will depend on the availability of reliable,
non-invasive measures of liver disease progression and response to therapy. Since liver MRE
appears to be able to detect elevated liver stiffness in individuals with ARPKD even before
they have clinical evidence of pHTN, it may be more useful than current clinical measures
(e.g. platelet count and spleen size) to detect early signs of liver disease progression.

We have previously shown that liver stiffness measured by US ARFI elastography is a
sensitive and specific measure of ARPKD liver disease severity [9]. In this study, we found
strong correlations between liver stiffness measurements obtained by MRE and US ARFI
elastography, both in healthy individuals and in those with ARPKD. Prior studies in other
patient populations have similarly found good correlation between MR and US elastography
stiffness measurements [28, 29]. This suggests that US elastography and MRE may have
complementary roles as measures of ARPKD liver disease severity, both in clinical and
research settings. Although US has the benefit of being less expensive and feasible in
patients of all ages without the need for sedation, MRE has the advantage of capturing

the entire organ parenchyma and being able to be combined with other MRI sequences to
provide more detailed anatomic evaluations. In other patient populations, MRE also appears
to have higher diagnostic performance than US elastography for prediction of histologic
fibrosis [30, 31]. MRE may therefore be useful in patients who require more comprehensive
evaluations of liver and biliary tract anatomy (e.g. patients with biliary tract dilatation
requiring magnetic resonance cholangiopancreatography) or as a confirmatory method in
patients suspected to have liver fibrosis based on US elastography. The GRE MRE sequence
used in this study requires four breath-holds, which restricts its usefulness to patients who
are able to comply. However, a newer SE-EPI based sequence is available that has a

much faster acquisition time and can be completed in a single breath-hold [17]. We have
previously shown that SE-EPI has excellent agreement with GRE measures of liver stiffness

Abdom Radiol (NY). Author manuscript; available in PMC 2022 February 01.
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in children with various liver diseases including ARPKD [17]. Therefore the use of SE-EPI
sequences may expand the feasibility of MRE to wider range of patients.

The liver stiffness cut-off values obtained in this study appear to be consistent with the
published literature. We identified thresholds of 2.48 kPa to differentiate participants with
ARPKD from healthy controls, and 3.07 kPa to differentiate participants with pHTN within
the ARPKD group. In comparison, a pooled analysis of >200 adults with NAFLD who
underwent MRE paired with liver biopsy identified thresholds of 2.61 kPa to differentiate
stage =1 from stage O fibrosis, and 2.97 kPa to differentiate stage =2 from stage <1 fibrosis
[32]. Similarly, in pediatric studies of NAFLD and other liver diseases, Xanthakos et al.
[15] reported a threshold of 2.71 kPa to differentiate stage >2 from stage<1 fibrosis, and
Schwimmer et al. [33] reported a threshold of 2.69-2.77 kPa to differentiate stage =1 from
stage O fibrosis. Liver stiffness measurements in our healthy controls were also similar

to those in the literature, with median liver stiffness of 1.92 (range 1.51-2.54) kPa. In
comparison, a study of 102 healthy young adults (aged 20-28 years) by Obrzut et al.

[34] reported a mean liver stiffness of 2.14 (range 1.37-2.66) kPa (GRE sequences, 1.5T
Optima GE). In another study of 24 healthy adults, Trout et al. [13] reported a mean liver
stiffness of 1.95 + 0.27 kPa (3T GE 750W scanner). Similar values have also been reported
in several other studies of healthy adults using both 1.5T and 3T scanners from different
manufacturers [35, 36]. However, one study in 81 healthy children (aged 8-17 years) by
Sawh et al. [37] reported higher mean liver stiffness of 2.45 kPa (standard deviation 0.35
kPa; 95th percentile 3.19 kPa; GRE sequences, 3T Signa HDxt GE) [37]. This resulted in
~20% of their healthy cohort being classified as having higher than normal liver stiffness
when applying published cut-off values [37]. It is unclear whether this study’s higher values
were due to true physiologic differences between children and adults or possibly due to
technical factors. However, similar to the healthy participants in our study, Sawh et al.

[37] did not find any correlation between liver stiffness measurements and age within their
cohort, making it less likely that there are true differences in liver stiffness between children
and adults [37].

There are several limitations to our study, most notably the small sample size. Larger
multicenter studies are therefore needed to validate the MRE liver stiffness cut-off values
reported here. Since liver biopsies are not part of the standard of care in individuals with
ARPKD, we cannot determine whether the differences we observed in MRE liver stiffness
measurements correlate with histologic fibrosis. However, the similarities in our cut-off
values to those obtained in studies that included histologic correlations in other patient
populations supports the validity of our findings. Although we presumed that elevated liver
stiffness in our participants with ARPKD correlated with liver fibrosis, we cannot rule out
an effect of biliary duct dilatation on liver stiffness measurements. For example, in a study
of primary sclerosis cholangitis, segmental liver stiffness was positively correlated with
segmental bile duct strictures (but not with dilatation)[38]. Since only two of the ARPKD
participants in this cohort had biliary dilatation, we could not ascertain its effect on liver
stiffness measures. Given this study’s cross-sectional nature, we cannot yet determine how
MRE liver stiffness measurements change over time with progression of liver fibrosis and
pHTN. Our ongoing longitudinal study in this ARPKD cohort will help to address this
question.
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In summary, this study shows that liver MRE may be a promising non-invasive method to
measure the severity of liver fibrosis and pHTN in children and young adults with ARPKD.
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Figure 1.
A. MRE liver and spleen stiffness in healthy controls and participants with ARPKD (n=14

and n=9, respectively, for liver measurements; n=10 and n=8, respectively, for spleen
measurements); B. MRE liver stiffness in controls (n=14), participants with ARPKD without
pHTN (normal spleen size and platelet counts, n=3), and participants with ARPKD with
definitive pHTN (splenomegaly and low platelet counts, n=3). Blue dots show individual
stiffness measurements, and red crosses indicate group medians. C. Representative liver
elastograms with 95% confidence maps for an 18 year old control participant, a 13 year old
with ARPKD without pHTN, and a 16 year old with ARPKD with pHTN, and an example
of manually-drawn region of interest (ROI) for the latter participant (thicker line traced over
original ROI outline for clarity).
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Relationship of MRE liver stiffness with A. spleen length index and B. platelet count in
participants with ARPKD. C. Relationship of liver stiffness measured by GRE MRE (whole
liver) vs. US ARFI elastography (left and right lobes) in all healthy and ARPKD participants
combined (C, upper panels) and in the ARPKD group only (C, lower panels).
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Receiver operating characteristic (ROC) curve to evaluate diagnostic performance of MRE
liver stiffness to distinguish between healthy controls and participants with ARPKD. Area
under the ROC curve with 95% confidence interval (Cl) is as shown.
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Comparison of clinical and demographic characteristics of healthy controls vs. participants with ARPKD, and
of participants with ARPKD without portal hypertension (i.e. normal platelet count and spleen size) vs. with
definitive portal hypertension (i.e. both low platelet count and splenomegaly).

Characteristic Healthy All ARPKD (n = p ARPKD without ARPKD with p
controls(n = 9) pHTN (n=3) definitivepHTN (n
14) =3)
Age, years 14.7[9.7,16.7] | 16.8[13.3,18.9] 0.3 8.5[8.5,13.3] 18.9[16.8, 20.9] 0.05
Male sex 6 (43%) 6 (67%) 0.4 0 (0%) 2 (67%) >0.99
eGFR * (mL/min/1.73m?) - 59 [52, 66] - 82.7[55.1, 90.4] 58.9 [32.9, 65.2] 03
History of kidney transplant - 2 (22%) 0 (0%) 1(33%)
WBC count (x103/uL) - 4.41[4.1,6.3] - 4.2[33,6.3] 41[3.1,4.4] 05
Platelets
Count (x10%/uL) 204 [147, 272] - 272 [268, 358] 81 [81, 147] 0.046
<150x103/uL 3(33%) 0 (0%) 3 (100%) -
Spleen length *
Index (actual/90t percentile) 8.2;1][0.75, 1.06 [0.82, 1.44] 0.048 | 0.82[0.77,0.83] 1.45[1.44,1.57] 0.05
>901 percentile 1(7%) 5 (63%) 001 | 0(0%) 3 (100%) -
History of varices - 1 (11%) - 0 (0%) 1(33%) -
With bleeding n/a 0 (0%)
History of ascending cholangitis | - 0 (0%) - - - -

Continuous variables given as median [IQR]; binary variables as count (%).

*
includes 2 participants with kidney transplant

+
Spleen length data missing in 1 participant with ARPKD.

ARPKD, autosomal recessive polycystic kidney disease; eGFR, estimated glomerular filtration rate; pHTN, pHTN; WBC, white blood cell count
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