
ORIGINAL RESEARCH

Development of the Patient- and Observer-Reported
PRUCISION Instruments to Assess Pruritus and Sleep
Disturbance in Pediatric Patients with Cholestatic
Liver Diseases

Chad Gwaltney . Stephanie Bean . Meredith Venerus .

Lisa Karlsson . Natalie Warholic . Lise Kjems . Patrick Horn

Received: March 26, 2022 / Accepted: July 6, 2022 / Published online: September 6, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Understanding how patients
experience their disease is a vital step in optimal
disease management, and patient- and observer-
reported outcome (PRO and ObsRO, respec-
tively) measures can add important details to
clinical information that is obtained as novel
treatments are developed. Instruments that
measure meaningful symptoms and impacts
from the perspective of pediatric patients with
cholestatic liver disease or their caregivers are
needed. This study aimed to identify salient
concepts in pediatric cholestatic liver disease,
develop novel PRO and ObsRO instruments,
and establish the instruments’ content validity.
Methods: Relevant signs, symptoms, and
impacts of cholestatic liver disease were

identified through a literature review, inter-
views with expert clinicians, and concept elici-
tation interviews with children and caregivers
of children who had progressive familial intra-
hepatic cholestasis (PFIC), Alagille syndrome,
biliary atresia, or primary sclerosing cholangitis.
Additional cognitive debriefing interviews with
patients and caregivers were performed to
ensure that participants could understand the
instructions, questions, and response scales of
the PRO and ObsRO instruments, with modifi-
cations made as necessary to improve compre-
hension and/or usability.
Results: A total of 36 interviews with patients
and caregivers were conducted. Pruritus and
sleep disturbance (e.g., difficulty falling or
staying asleep due to itch) were identified as the
most problematic symptom and significant
impact, respectively, of the pediatric cholestatic
liver diseases assessed. The ObsRO and PRO
instruments, called PRUCISION, focus on these
key disease features in the morning and eve-
ning. Several modifications were made to the
draft instruments following cognitive inter-
views. The final PRUCISION PRO and ObsRO
measures are designed as an electronic diary to
be completed twice daily. The response scales
include pictorial, verbal, and numeric scales.
Conclusion: Novel PRO and ObsRO
PRUCISION instruments were created that
evaluate the patient experience of cholestatic
pruritus in children with PFIC and other
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cholestatic liver diseases. The content validity
of the PRUCISION instruments is established.

PLAIN LANGUAGE SUMMARY

Bile, a greenish liquid that is made in the liver,
is released into the gut to help digest food. In
cholestatic liver disease (CLD), bile flow is
interrupted, and bile can build up in the body.
One potential effect of this buildup is pruritus,
or itchiness of the skin, which can be so intense
that it interferes with daily activities. In this
study, interviews were done with doctors,
patients, and their caregivers to develop new
tools to evaluate the most impactful symptoms
of CLD in children. After interviewing five
doctors and 36 patients and caregivers, two
questionnaires called PRUCISION were devel-
oped and refined. During this process, partici-
pants were first asked about the frequency,
severity, duration, and impact of their or their
child’s symptoms; pruritus was identified as the
most common and disruptive symptom associ-
ated with CLD, even interfering with sleep.
Then, the wording of the questionnaires was
modified to make them easier to understand,
particularly for younger children. The
researchers also had patients do a card-sorting
task to ensure that they understood the picture-
based responses used in the questionnaires.
Finally, more details were added to the
instructions for caregivers to more clearly define
scratching behaviors. In summary, the ques-
tionnaires developed in this study include the
perspective of the patient or their caregiver and
may be useful to see if new treatments can
impact the most prominent symptoms and
impacts associated with CLD.

Keywords: Cholestasis; Outcome assessment;
Caregivers; Patient-reported outcome measures

Key Summary Points

Pruritus is a debilitating symptom
experienced by pediatric patients with
cholestatic liver disease. Itching in this
population is not alleviated by scratching,
has a significant impact on daily
functioning, and substantially disturbs
patients’ ability to sleep.

New patient-reported and observer-
reported outcome measures were
developed in this study to assess pruritus,
sleep disturbance, and tiredness. These
instruments can be used in clinical trials
to evaluate the efficacy of novel
treatments for children with cholestatic
liver diseases.

INTRODUCTION

Progressive familial intrahepatic cholestasis
(PFIC), Alagille syndrome, biliary atresia, and
primary sclerosing cholangitis are rare, severe
pediatric cholestatic liver diseases (CLDs) that
typically progress to liver failure if left untreated
[1–3]. Historically, medical treatments were
primarily palliative (e.g., nutritional support,
symptomatic treatment of extrahepatic features
including pruritus) and/or unapproved by
health regulatory agencies [1, 4, 5]. The excep-
tions are recently approved inhibitors of the
ileal bile acid transporter, odevixibat and mar-
alixibat. Odevixibat was approved in 2021 for
treatment of PFIC in patients C 6 months of age
in the European Union and for the treatment of
pruritus associated with PFIC in
patients C 3 months of age in the United States
[6, 7]. Maralixibat was approved in 2021 in the
United States for treatment of cholestatic pru-
ritus in patients C 1 year old with Alagille syn-
drome [8]. Surgical operations (e.g., partial
surgical interruption of the enterohepatic cir-
culation in the case of PFIC and Alagille syn-
drome, Kasai portoenterostomy in the case of
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biliary atresia, and liver transplantation in
general) are also used to treat these diseases
[1, 4, 9, 10].

Patients with these CLDs may experience
intense pruritus (e.g., itching with cutaneous
mutilation that draws blood) [3, 11–14]. This
can lead to sleep loss, mood changes such as
increased irritability, and potentially reduced
attention and/or ability to focus at school;
cumulatively, these disruptions can greatly
reduce quality of life [1, 3, 9, 14, 15].
Intractable pruritus may be so disruptive that
patients can be referred for liver transplantation
in the absence of liver failure [1, 9, 11].

In recent years, there has been an effort to
understand patient perspectives of these dis-
eases, including the key symptoms, burden, and
potential benefits of treatment [16, 17]. These
perspectives, or the perspective of caregivers
who have direct knowledge about patients’
condition-related behaviors, have been increas-
ingly recognized as important to characterize
since clinical perspectives or physiologic mea-
sures may not always capture aspects of the
disease that are meaningful to patients. As such,
patient-reported outcome or observer-reported
outcome (PRO and ObsRO, respectively) mea-
sures can augment clinician perspectives about
disease progression or improvement. Addition-
ally, gaining a better understanding of how
patients and caregivers experience disease may
facilitate the development of novel treatments
by providing patient-centric endpoints for use
in clinical trials.

Regulatory and health outcomes research
bodies have issued best-practice guidelines to
standardize the development of new PRO/
ObsRO instruments [18–21]. Such codified steps
of development broadly fall into two categories:
(1) eliciting concepts related to disease burden
that are important to the patient population
being studied (and that are representative for
the patient population) through interviews or
other methods, and (2) as new tools are devel-
oped, ensuring that patients or caregiver
respondents understand them as intended.

The objective of this study was to develop
PRO and ObsRO instruments for pediatric
patients with CLDs and their caregivers that
reflected the patient experience of CLD,

including the most salient symptoms and
impacts. Here, an ObsRO instrument was
developed in addition to a PRO instrument
since many patients with CLDs are diagnosed in
early childhood before they can self-report their
symptoms and/or functional limitations
[3, 12, 22].

METHODS

This was a qualitative, observational study to
identify meaningful concepts of health among
pediatric patients with CLDs and their care-
givers and to establish content validity (i.e., the
extent to which the developed instrument
measured the concept[s] of interest). To this
end, the most relevant signs, symptoms, and
impacts were identified by conducting a litera-
ture review, interviewing expert clinicians, and
interviewing patients and caregivers (Fig. 1). As
a part of this process, cognitive debriefing
interviews [23] were conducted with patients
and caregivers to evaluate the comprehension
and ease of use of the PRO or ObsRO questions,
response options, and instructions.

The study protocol, informed consent lan-
guage, recruitment material, and other sup-
porting information were submitted to an
independent institutional review board (New
England Institutional Review Board, Newton,
MA, USA) for approval prior to study initiation.
In addition, this study was conducted in
accordance with the Declaration of Helsinki,
Good Clinical Practice guidelines, and applica-
ble regulatory requirements.

Literature Review

A targeted literature review was performed via
searches of PubMed, ScienceDirect, AccessMe-
dicine�, ClinicalTrials.gov, CortellisTM, and
PROQOLIDTM databases to identify relevant
signs, symptoms, and impacts of PFIC and
related pediatric CLDs, with a focus on chole-
static pruritus. An additional search was con-
ducted to identify experiences reported by
patients or patient groups outside of the pub-
lished literature and formal scientific databases
(e.g., patient blogs). Articles were excluded if
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they did not provide any detail on signs or
symptoms of pruritus or CLDs, emphasized
elderly patients with liver diseases, or focused
on pruritus among pregnant patients. Finally, a
search was conducted to identify clinical out-
come assessment (COA) instruments that were
in use at the time to assess the patient

experience of PFIC and other CLDs. After com-
pletion of the structured literature searches,
additional ad hoc literature searches (e.g.,
reviewing reference lists of articles identified in
structured searches) were performed. The
reviews of the literature provided background

Literature Review and Clinician Interviews

• Targeted literature review and five clinician interviews conducted
• Topics include signs, symptoms, and impacts of pediatric CLDs

Recruitment and Screening

• Patients identified and recruited
• Interviews scheduled for patients or their caregivers meeting eligibility criteria

Material Development and Ethics Approval

• Draft PRO and ObsRO instruments developed
• Institutional review board approved study materials

Stage I Patient/Caregiver Interviews

• Concept elicitation and cognitive debriefing interviews: 4 sequential series (n  =  15   )
• Initial analysis and iterative revision

Stage II Patient/Caregiver Interviews

• Additional cognitive debriefing interviews: 3 sequential series (n     =  21  )
• Final refinements made; content validity of PRUCISION instruments established

Fig. 1 Study flowchart. CLD cholestatic liver disease, ObsRO observer-reported outcome, PRO patient-reported outcome
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information that was used to plan for the
interviews.

Clinician Interviews

Interviews with five expert clinicians were con-
ducted to confirm and add to the initial litera-
ture review findings. These clinicians were
based in major academic medical centers or
centers that specialized in liver disease and/or
sleep disorders across the United States. Inter-
views with three clinicians with PFIC expertise
focused on the most relevant signs, symptoms,
and impacts of pediatric CLDs, including PFIC.
These clinicians were also asked about their
perceptions of existing PRO instruments used to
assess pruritus in PFIC and other CLDs and
these instruments’ relevance to the pediatric
population. Interviews with two additional
clinicians focused on sleep disturbance. Fol-
lowing completion of the literature review and
clinician interviews, draft PRO and ObsRO
instruments were developed.

Patient/Caregiver Interviews

Overview
Interviews with patients and/or their caregivers
were conducted in two stages. In the first stage
(i.e., stage I), interviews included both concept
elicitation and cognitive debriefing steps. Con-
cept elicitation interviews with patients and/or
their caregivers were conducted to confirm the
initial findings from the literature review and
identify additional relevant features of CLD.
Cognitive debriefing interviews were also con-
ducted. Following initial feedback from stage I
interviews, the draft PRO and ObsRO instru-
ments were adjusted. Stage II interviews were
primarily conducted to assess the appropriate-
ness of the revised measures.

Recruitment and Inclusion Criteria
Patients and caregivers were recruited via a
recruiting service (HealthUnlocked), social
media sites, and physician referrals. Eligible
patients were aged B 18 years; resided in the
United States, Canada, the United Kingdom, or
Australia; had a diagnosis of PFIC, Alagille

syndrome, biliary atresia, or primary sclerosing
cholangitis; and were diagnosed with chole-
static pruritus. Patients with previous liver
transplantation were excluded.

Format
The format of these interviews varied depend-
ing on patient age (Table 1). For patients aged 1
to 5 years, telephone interviews were conducted
with the caregiver, as patients younger than
6 years were assumed to be unable to reliably
report on their condition. For patients aged
6–12 years, in-person interviews were con-
ducted with both the patient and caregiver, and
for patients aged 13–17 years, telephone inter-
views were conducted with both the patient and
caregiver. During the interviews, participants
were shown the PRO or ObsRO instruments on
PowerPoint� slides. All interviews were audio
recorded, and the audio files were deidentified
and transcribed for subsequent data analysis.

Stage I Interviews
In these interviews, patients and caregivers were
asked open-ended, probing questions about
how they would describe the patient’s symp-
toms, the impacts of these symptoms on func-
tioning, and the frequency, severity, and
duration of symptoms and impacts. Specifically,
participants were asked to describe the follow-
ing: their experience with cholestatic pruritus
and other symptoms of CLDs; their first expe-
rience with the condition and how this may
have changed over time; and current signs,
symptoms, and impacts of the condition and its
treatments. Participants were also asked to rate
the disturbance associated with each reported
symptom and daily impact on a 0–10 scale, with
higher scores indicating greater disturbance. In
cognitive debriefing interviews, patients and
caregivers were asked to give feedback on the
relevance and clarity of the PRO and ObsRO
items and the instruments’ instructions.

Initial Analysis and Revision
Concept elicitation interviews were evaluated
for saturation, the point at which no new con-
cepts were identified from the data. Addition-
ally, concepts mentioned during these
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interviews were manually tagged with codes;
the number of occurrences of each code (i.e.,
distinct concepts) was then summarized using
Atlas.ti software (ATLAS.ti Scientific Software
Development GmbH, Berlin, Germany). The
average disturbance rating for each concept was
calculated among all interviewees, as well as
among a subgroup of patients with PFIC. Cog-
nitive debriefing data were also reviewed to
identify areas where changes could lead to
improved understanding. Based on the stage I
interviews, the research team modified, added,
or removed concepts from the instruments, as
appropriate.

Stage II Interviews
Stage II interviews aimed to evaluate patients’
and caregivers’ understanding of the revised
instruments, determine what patients and
caregivers considered a clinically meaningful
change in pruritus, and define an appropriate
age at which pediatric patients can begin to self-
report. Specifically, stage II interviews consisted
of several components: (i) cognitive debriefing
after review of a new training guide that was
developed to explain how to use the PRO and
ObsRO instruments; (ii) cognitive debriefing
after review of the revised PRO and ObsRO
instruments; (iii) card-sorting exercises to assess
patients’ understanding of a pictorial response
scale; and (iv) a qualitative evaluation of
meaningful change.

For the card-sorting exercise, patients aged
6 years and up were shown individual pictorial
response options on separate cards. They were
asked to sort them in order of severity or to
compare two cards and indicate the one that
was ‘‘feeling worse.’’

In the qualitative meaningful-change task,
patients and caregivers were asked how much a
patient’s pruritus would have to decrease for
them to consider the change meaningful. To
assess this, patients (or caregivers) were asked to
respond to three scenarios: (i) rate how bad
their itching (or their child’s scratching) would
have to be to prevent them from falling asleep
and the level of itching where they could fall
asleep; (ii) rate how bad their itching would
have to be to stop them from playing or hang-
ing out with their friends and the level ofT

ab
le

1
Su
m
m
ar
y
of

in
te
rv
ie
w
s
(s
ta
ge
s
I
an
d
II
)

A
ge

gr
ou

p
In
te
rv
ie
w
co
nt
en
t

In
te
rv
ie
w
ee
s

In
te
rv
ie
w
fo
rm

at
(d
ur
at
io
n,

m
in
ut
es
)

St
ag
e
I

Pa
ti
en
ts
ag
ed

1–
5
ye
ar
s

C
on
ce
pt

el
ic
it
at
io
n

C
og
ni
ti
ve

de
br
ie
fin

g
of

or
ig
in
al
in
st
ru
m
en
t

C
ar
eg
iv
er

on
ly

T
el
ep
ho
ne

(6
0)

Pa
ti
en
ts
ag
ed

6–
12

ye
ar
s

Pa
ti
en
t
an
d
ca
re
gi
ve
r

In
-p
er
so
n
(9
0)

Pa
ti
en
ts
ag
ed

13
–1

7
ye
ar
s

Pa
ti
en
t
an
d
ca
re
gi
ve
r
(c
og
ni
ti
ve

de
br
ie
fin

g
on
ly
)

T
el
ep
ho
ne

(6
0)

St
ag
e
II

Pa
ti
en
ts
ag
ed

1–
5
ye
ar
s

C
og
ni
ti
ve

de
br
ie
fin

g
of

in
st
ru
ct
io
ns

an
d
re
vi
se
d
in
st
ru
m
en
ts

C
ar
d-
so
rt
in
g
an
d
m
ea
ni
ng
fu
l-c
ha
ng
e
ta
sk
s

C
ar
eg
iv
er

on
ly

T
el
ep
ho
ne

(6
0)

Pa
ti
en
ts
ag
ed

6–
12

ye
ar
s

Pa
ti
en
t
an
d
ca
re
gi
ve
r

In
-p
er
so
n
(9
0)

Pa
ti
en
ts
ag
ed

13
–1

7
ye
ar
s

Pa
ti
en
t
an
d
ca
re
gi
ve
r

T
el
ep
ho
ne

(9
0)

Adv Ther (2022) 39:5126–5143 5131



itching where they could still play with their
friends; and (iii) rate how bad their itching
would have to be to bother them, but not stop
them from doing the activities that they wanted
to do and the level of itching that would not
bother them. Estimates of meaningful change
were obtained by subtracting the ‘‘unimpaired’’
rating (e.g., able to sleep) from the ‘‘impaired’’
rating (e.g., when itching was too intense to
sleep).

Final Refinements
Patient and caregiver understanding of the
instructions, concepts, and response scales was
evaluated during stage II interviews, and final
adjustments were made to the PRO and ObsRO
instruments and associated training materials
when gaps in understanding were observed.
Ratings of meaningful change were summarized
descriptively.

RESULTS

Clinician Interviews

In general, clinicians confirmed the findings
from the literature review in terms of the signs,
symptoms, and immediate impacts of chole-
static pruritus. For example, clinicians consis-
tently emphasized the importance of pruritus
and noted that it is most troublesome when a
child goes to bed, can be exacerbated by warm
weather, and that itching of the ears can be
particularly troublesome. Clinicians also sug-
gested that cholestatic pruritus varies in severity
and age of onset depending upon the underly-
ing CLD. They indicated that cholestatic pruri-
tus is a more severe symptom and emerges
earlier in life in PFIC and Alagille syndrome
than in other CLDs such as biliary atresia or
primary sclerosing cholangitis.

Suggestions from clinicians included the
addition of ‘‘bone loss/brittle bones’’ to the ini-
tial listing of signs from the literature review.
Clinicians emphasized that interference with
sleep and difficulty focusing while in school are
two key impacts of CLD and indicated that
‘‘impaired cognitive development’’ is too broad
to be measured through this type of instrument.

In place of this concept, they suggested assess-
ing difficulty focusing while in school and
forming social bonds. They also noted that
general impacts, such as depression or fatigue,
are not easily attributable to cholestatic pruritus
alone and may not be useful in instrument
development. All clinicians agreed that existing
instruments for assessing pruritus at the time
that the interviews were conducted did not
adequately measure the features and impacts of
pediatric cholestatic pruritus. Examples of
available instruments (and the patient popula-
tions in which they were initially described)
that were reviewed with clinicians included the
Pruritus Grading System (in patients with der-
matologic or uremic conditions) [24], the
Patient Benefit Index (in patients with pruritus
of various origins) [25], the Eppendorf Itch
Questionnaire (in patients with eczema) [26],
the ItchyQoL (in adults with dermatologic
conditions) [27], the 5-D itch scale (in adults
with liver disease, kidney disease, dermatologic
conditions, human immunodeficiency virus, or
burn injuries) [28], the Children’s Dermatology
Life Quality Index (in children with dermato-
logic conditions) [29], the Itch Severity Scale (in
patients with psoriasis) [30], the Visual Ana-
logue, Numerical Rating, and Verbal Rating
Scales (in patients with chronic pruritus of any
origin) [31], and the McGill Pain Questionnaire
adapted for use in uremic pruritus [32]. In
addition, examples of pruritus rating scales used
in natural history or interventional studies in
children with CLDs were also presented (e.g,. as
described in Kronsten et al. [33] and Hasegawa
et al. 2014 [34], which used the scale described
by Whitington [35] that is sometimes referred
to as the Clinician Scratch Scale, or CSS [36]).

Based on the information gathered during
the literature review and clinician interviews,
initial versions of the PRO and ObsRO instru-
ments for pediatric CLD (i.e., PRUCISION
instruments) were drafted. These measures were
to be completed twice daily (upon waking each
morning and before going to bed) and covered
concepts such as pruritus, pain, gastrointestinal
problems, and sleep disturbance.
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Patient and Caregiver Interviews

Study Participants
A total of 36 interviews were conducted with 28
patients and caregivers across the two stages;
eight patients and caregivers were interviewed
in both stages I and II. While the study was
designed to include 21 patients and/or their
caregivers in stage I interviews, only 15 were
recruited, met eligibility criteria, and partici-
pated in stage I interviews, which were com-
pleted in four sequential series (n = 5, n = 5,
n = 4, and n = 1, respectively), with modifica-
tions to the instruments made after each series.
Twenty-one patients and/or their caregivers met
eligibility criteria and were interviewed in
stage II in three series (n = 15, n = 1, and n = 5,
respectively). Series in stage I and II interviews
that only included one interview each were due
to receipt of regulatory feedback and subse-
quent revision of the instruments. A summary
of patient characteristics among interviewees,
including CLD type and age group, is shown in
Table 2.

Stage I Interview Findings
Saturation, Symptoms, and Impacts During
the stage I concept elicitation interviews, satu-
ration was attained after eight interviews had
been conducted. Patients and their caregivers
indicated that pruritus was the most frequent
and highly disturbing symptom associated with
CLDs, with an average disturbance rating of 7.7
(Fig. 2a). In the subgroup of patients with PFIC,
the average disturbance rating associated with
pruritus was similar but slightly higher than in
patients with non-PFIC diagnoses (Fig. 2b).

Overall, the impact that pruritus had on
sleep was considered to be highly disruptive
because it often interfered with the sleep of not
only the patient but also the family. Sleep dis-
turbance and fatigue were the most common
impacts experienced by patients with CLDs and
pruritus, with an average disturbance rating of
8.3 and 7.8, respectively (Fig. 3a). In the sub-
group of patients with PFIC, the average dis-
turbance ratings associated with sleep
disturbance and fatigue were similar but slightly
higher than in patients with non-PFIC

diagnoses (Fig. 3b). Many caregivers reported
that their children were highly irritable as a
result of fatigue and constant pruritus. Several
quotes from caregivers of patients with CLDs,
presented in Table 3, illustrate patients’ experi-
ence with pruritus, which seems to be particu-
larly bothersome at night.

The frequency and average disturbance rat-
ings of other commonly reported symptoms
and impacts in all patients and in patients with
PFIC or other diagnoses are depicted in Figs. 2
and 3.

Insights from Stage I Cognitive Debriefing
Interviews and Summary of Changes Made
After the stage I cognitive interviews, several
refinements were made to the PRO and ObsRO
instruments based on feedback from patients
and caregivers. First, wording adjustments were
made to certain phrases so they would be easier
for children to understand. For example, several
children questioned the meaning of the word
‘‘moderate,’’ so it was replaced with the word
‘‘medium.’’ In addition, the original instruction
of ‘‘please rate’’ the itching was simplified to
‘‘how bad is’’ the itching. Wording changes in
the PRO were carried over to the ObsRO for
consistency. Second, several concepts were
either removed or expanded based on the

Table 2 Summary of patient characteristics among
interviewees

Diagnosis Age category, n Total

1–5
years

6–12
years

13–17
years

PFIC 7 9 1 17

Alagille syndrome 5 4 2 11

Biliary atresia 0 3 0 3

Primary sclerosing

cholangitis

0 1 4 5

Total 12 17 7 36a

PFIC progressive familial intrahepatic cholestasis
aEight patients participated in two separate series of
interviews for a total of 28 unique patients interviewed and
36 total patient/caregiver interview sessions
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information gathered during the interviews. For
example, concepts that were identified in the
literature review or included following clinician
interviews were not considered as relevant to
patients and caregivers (e.g., gastrointestinal

symptoms, pain) and were subsequently
removed from the PRO and ObsRO instruments.
Furthermore, caregivers considered sleeping
with and soothing their children to be two
separate concepts, so these were split into
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Fig. 2 Patient/caregiver-reported symptoms and associ-
ated disturbance in pediatric cholestatic liver diseases in all
patients (a) and by subgroups of patients with PFIC or
other diagnoses (i.e., non-PFIC) (b). Based on sample of

n = 13; disturbance ratings were not obtained during two
patient interviews. PFIC progressive familial intrahepatic
cholestasis
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separate items when the instruments were
revised. Finally, the PRO and ObsRO instru-
ments were modified to use a five-point picto-
rial faces scale instead of a verbal response scale,
and a training guide for caregivers was created.

Stage II Interview Findings
The major adjustments made following the
stage II interviews were the addition of details
to the caregiver training guide and modifica-
tions to the ObsRO instrument instructions.
Specifically, in the caregiver training, a few
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Fig. 3 Patient/caregiver-reported impacts and associated
disturbance in pediatrics with cholestatic liver diseases and
pruritus in all patients (a) and by subgroups of patients
with PFIC or other diagnoses (i.e., non-PFIC) (b). Based

on sample of n = 13; disturbance ratings were not
obtained during two patient interviews, and ratings for
fatigue were only reported by eight interviewees. PFIC
progressive familial intrahepatic cholestasis
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sentences were added to give caregivers exam-
ples of what could be considered scratching
behavior. For example, observable pruritus-
related behaviors in patients could include
scratching with their hands, scratching by rub-
bing their body parts against objects, asking
their parents to scratch them, restlessness,
kicking of legs, and/or crying/irritability and
complaints about itching. The instructions in
the ObsRO were then revised to align with the
caregiver training material, such that caregivers
were asked to think about all of the different
types of scratching behaviors when rating their
child’s scratching.

Card-Sorting Task A total of 13 patients
completed the card-sorting task. All of these
patients could correctly sort the cards in order
from ‘‘feeling ok’’ to ‘‘feeling the worst,’’ and
when comparing two cards, all patients cor-
rectly identified which card was ‘‘feeling worse.’’
Therefore, it was determined that children
aged C 6 years could differentiate between all

five faces of the pictorial scale and understood
their order, supporting the content validity of
this rating scale.

Qualitative Assessment of Meaningful
Change Potential thresholds for meaningful
within-patient change were explored in 19 stage
II interviews. Interviewed patients and care-
givers indicated that an approximately two-
point decrease in itching or scratching on the
five-point pictorial scale would constitute a
meaningful change. However, this estimate
should be considered preliminary, as patients
did not experience actual changes in pruritus
during the course of instrument development.

Quantitative measurement characteristics,
including an empirically derived threshold for
clinically meaningful change in pruritus score,
were established based on an independent,
blinded, psychometric analysis that is the sub-
ject of a companion article in this issue. In brief,
the psychometric performance of the ObsRO
PRUCISION instrument was evaluated using

Table 3 Select quotations from caregivers of patients with cholestatic liver disease on the patient experience of pruritus and
associated impacts

Respondent and patient details Caregiver perspective

Parent of male patient, age 1 year, with

Alagille syndrome

‘‘…[He] does need a caregiver to help him go to sleep. He’ll itch until you can get

him settled and actually asleep for the night’’

Parent of male patient, age 1 year, with

Alagille syndrome

‘‘At night, he will kick his legs. He doesn’t necessarily rub them together, but he

will kick them when they really itch. If he’s having a really bad night, he’s

kicking a lot. He’s very restless. He cries a lot like he’s in pain. He’ll be in pain

and crying but he doesn’t want you to touch him. He’s pretty inconsolable’’

Parent of female patient, age 2 years,

with Alagille syndrome

‘‘…[We’ve] noticed that my daughter gets aggressive when she’s itchy. It’s her

way—since she doesn’t speak a lot—of expressing herself, so she becomes very

aggressive when she’s itchy’’

Parent of female patient, age 2 years,

with Alagille syndrome

‘‘She’ll scratch from like midnight until 4:00 in the morning’’

Parent of female patient, age 12 years,

with biliary atresia

‘‘The warmer it gets outside, the warmer she is, she starts to scratch more’’

Parent of male patient, age 7 years, with

PFIC

‘‘He’ll come to me and say can you scratch if it’s a spot he can’t get to’’

PFIC progressive familial intrahepatic cholestasis
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PRO Morning Diary (to be completed shortly after waking each morning)

Please

PRO Bedtime Diary (to be completed when going to bed each night)

Please answer the questions on the following screens. There are no right or wrong answers.
Please think about the time since you woke up this morning.

answer the questions on the following screens. There are no right or wrong answers.
Please think about the time since you went to bed last night (beginning when you started trying to fall asleep).

1. How bad was your worst itching
since you went to bed last night?

2. How hard was it to fall asleep
last night because of your itching?

3. How hard was it to stay asleep
last night because of your itching?

4. Did you wake up last night
because of itching?

5. How tired do you feel this morning?

0
NO 

ITCHING

1
A LITTLE
ITCHING

2
MEDIUM
ITCHING

3
A LOT OF
ITCHING

4
THE WORST 

ITCHING

0
NOT HARD 

AT ALL

1
A LITTLE
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2
MEDIUM
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3
VERY
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4
VERY, VERY

HARD

0
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VERY
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NOT TIRED 
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2
MEDIUM
TIRED

3
VERY
TIRED

4
VERY, VERY

TIRED

YesNo

1. How bad was your worst itching
since you woke up this morning?

2. How tired were you since you
woke up this morning?

0
NO 

ITCHING

1
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ITCHING

2
MEDIUM
ITCHING

3
A LOT OF
ITCHING

4
THE WORST 

ITCHING

0
NOT TIRED 
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4
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a

Fig. 4 Final PRUCISION PRO (a) and ObsRO (b) instruments to assess pruritus and sleep characteristics in patients with
pediatric cholestatic liver diseases. ObsRO observer-reported outcome, PRO patient-reported outcome
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data from the phase 3, randomized, placebo-
controlled study of odevixibat in patients with
PFIC (NCT03566238) [37]. Scores on the PRU-
CISION scale in this patient population were
compared with scores from other established

rating scales (i.e., patient-, caregiver-, and clin-
ician-reported Global Impression of Change
and Global Impression of Symptoms scales;
Pediatric Quality of Life Inventory and family
impact module) to test the instrument’s

ObsRO Bedtime Diary (to be completed when child is going to bed each night)

Please answer the questions on the following screens. There are no right or wrong answers. Please
think about the time since your child woke up this morning. As a reminder, when we use the term
“scratching,” we would like you to think about all of the different types of scratching behaviors that you
can see.

ObsRO Morning Diary (to be completed shortly after child wakes up each morning)

1. How bad was your child’s worst scratching
since he/she went to bed last night?

2. Since your child went to bed last night,
did you see blood due to scratching?

3. Did your child need a caregiver to
help him/her fall asleep last night
due to his/her itching?

4. Did your child need a caregiver to
soothe him/her at some point during
the night last night due to his/her itching?

5. Did your child need a caregiver to sleep
with him/her at some point during the night
last night due to his/her itching?

6. How many times did you notice that
your child woke up last night? Enter a number from 0 to 99

0
NO 

SCRATCHING

1
A LITTLE

SCRATCHING

2
MEDIUM

SCRATCHING

3
A LOT OF 

SCRATCHING

4
WORST 

POSSIBLE 
SCRATCHING

YesNo

YesNo

YesNo

YesNo

b

1. How bad was your child’s worst scratching
since he/she woke up this morning?

2. How tired does your child seem to be today?
0

NOT TIRED 
AT ALL

1
A LITTLE

TIRED

2
MEDIUM
TIRED

3
VERY
TIRED

4
VERY, VERY

TIRED

0
NO 

SCRATCHING

1
A LITTLE

SCRATCHING

2
MEDIUM

SCRATCHING

3
A LOT OF 

SCRATCHING

4
WORST 

POSSIBLE 
SCRATCHING

Please answer the questions on the following screens. There are no right or wrong answers. Please
think about the time since your child went to bed last night (beginning when your child started trying
to fall asleep). As a reminder, when we use the term “scratching,” we would like you to think about 
all of the different types of scratching behaviors that you can see.

Fig. 4 continued
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reliability, construct validity, and sensitivity to
change.

Age at Administration Over the course of the
stage II interviews, the minimum age at which
the PRO instrument could be administered was
determined based on multiple factors, including
a patient’s ability to pay attention over the
course of the interview, read the items, answer
the items, explain what the items meant to
them, complete the card-sorting task, or answer
the meaningful-change questions. In general,
patients aged 6 to 8 years had difficulty
responding to the PRO items appropriately,
even with support from their caregiver. There-
fore, it was decided that the ObsRO instrument
was to be used for patients younger than 8 years
of age, while the PRO instrument could be used
in patients aged 8 years and older.

Final Developed Instruments

The PRO and ObsRO instruments were finalized
following completion of the stage II interviews.
The final developed PRUCISION instruments
are depicted in Fig. 4a and b, respectively. For
each PRUCISION instrument, intended to be
administered once in the morning and once in
the evening in an electronic diary format, it
takes users approximately 1–2 minutes to com-
plete each assessment.

DISCUSSION

In this qualitative study, novel PRO and ObsRO
instruments, called PRUCISION, were created as
COAs to characterize the patient experience of
cholestatic pruritus in children. During the
development process, evidence was gathered
from multiple sources, including the literature
and interviews with expert clinicians, patients,
and caregivers. The final developed instruments
cover concepts that were identified as the most
meaningful to pediatric patients with CLD and
their caregivers, namely pruritus and sleep
disturbance.

In a recent systematic review of PROs used in
studies of primary biliary cholangitis and pri-
mary sclerosing cholangitis conducted from

1990 to 2019, only 4 of 318 identified publica-
tions (1%) measured any PRO concepts in
pediatric patients [38]. Further, only two of
these used a PRO instrument, and these were
different from each other. In the current study,
interviewed clinicians indicated that COAs
existing at the time the interviews were con-
ducted did not adequately measure the features
and impacts of pediatric cholestatic pruritus.
Altogether, this indicated a need for standard-
ized instruments to address pruritus in a man-
ner that was relevant to pediatric patients with
CLD [39].

At the time this study commenced, existing
COAs to measure pruritus in clinical settings
[40] had been developed primarily for specific
dermatologic conditions (e.g., the Patient-
Oriented SCORing Atopic Dermatitis [PO-
SCORAD] [41]) or were primarily characterized
in adult populations (e.g., the 5-D itch scale [28]
and Visual Analog, Numerical Rating, and Ver-
bal Rating Scales [31]). While these measures
have been adapted for clinical use in pediatric
patients with CLD [42, 43], few scales have been
specifically developed and validated in this
patient population [11]. Limitations of existing
scales designed for use in pediatric patients with
CLD include lack of validation [33, 44] or gen-
eration of clinician-reported scores only and/or
assessment of pruritus without considering the
burden on the patient more generally (i.e., the
Whitington-itch scale/CSS) [35, 45]. The
PRUCISION instruments developed here were
designed for pediatric patients with CLD to
characterize pruritus and sleep disturbance from
caregiver and patient perspectives using easy-to-
understand questions and responses; these
instruments were also validated, the results for
which are presented in the companion article.

While this study was underway, another set
of instruments for assessing the impact of itch-
ing in pediatric cholestasis was developed with
PRO and ObsRO components: the Itch Reported
Outcome (ItchRO) Patient (or ItchRO [Pt]) and
ItchRO Observer (ItchRO [Obs]), respectively
[46]. These were developed primarily in a pop-
ulation of children with Alagille syndrome, but
they have been subsequently employed in
patients with PFIC [47]. In the current study,
four types of patients with pediatric CLD were
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included, and patients with PFIC or their
caregivers (47%) were the most common inter-
viewees. Other similarities exist between the
ItchRO and the PRUCISION instruments, such
as both having morning and bedtime pruritus
assessments, measures of sleep disturbance, five-
point response scales, and administration via
electronic diaries. However, PRUCISION differs
from ItchRO in several ways, including more
questions focused on sleep disturbance (5–6 in
PRUCISION v.s. 2 in the ItchRO) [46], use of
pictorial face response options in PRUCISION to
help younger patients express the severity of
their symptoms, and age at administration
(PRUCISION PRO can be administered to
patients C 8 years old while the ItchRO (Pt) can
be administered to patients C 9 years old [46]).
Given the paucity of tools previously available,
gaining a better understanding of how children
and their caregivers experience CLDs through
instruments such as these may facilitate the
development and testing of new treatments for
these diseases.

The PRUCISION PRO and ObsRO instru-
ments developed here followed industry and
regulatory best practice guidelines [18–21].
According to these guidelines, PRO measures
should aim to provide the patient perspective
on treatment benefits; these can be supple-
mented with reports of observable disease-
related behaviors by caregivers for patients who
cannot report for themselves (i.e., very young
children) [18]. In developing PRO measures, it is
also important to determine the lower age limit
at which children can understand the questions
and provide reliable and valid responses. Here,
it was found that patients aged C 8 years could
reliably use the PRO, whereas for patients
aged\8 years, the ObsRO should be used,
which is consistent with recommendations for
PRO measures [48]. The development of both
PRO and ObsRO PRUCISION instruments may
allow for a broader scope of pruritus informa-
tion to be collected in clinical trials (i.e., data
can be captured for patients with a range of
ages).

The small sample size of interviewees, par-
ticularly those with biliary atresia, could be
considered a study limitation. This primarily
results from the diseases assessed in this study

being rare disorders in children [1–3]. To ensure
that all relevant signs, symptoms, and impacts
were identified, caregivers were also invited to
participate in the interviews that informed
instrument development. A strength of this
study was the inclusion of patients with multi-
ple pediatric CLDs, which allowed the most
salient shared symptoms and impacts to be
identified.

In conclusion, a systematic approach was
undertaken to develop the PRUCISION PRO and
ObsRO instruments, including extensive input
from patients and caregivers to confirm the
content validity of those instruments. The final
instruments focus on a prominent and prob-
lematic symptom and its impact (pruritus and
sleep disturbance, respectively) identified by
pediatric patients with CLD and their
caregivers.
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11. Thébaut A, Debray D, Gonzales E. An update on the
physiopathology and therapeutic management of
cholestatic pruritus in children. Clin Res Hepatol
Gastroenterol. 2018;42(2):103–9. https://doi.org/
10.1016/j.clinre.2017.08.007.

Adv Ther (2022) 39:5126–5143 5141

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.4254/wjh.v11.i1.19
https://doi.org/10.3748/wjg.v20.i28.9418
https://doi.org/10.3748/wjg.v20.i28.9418
https://doi.org/10.1097/mpg.0000000000001958
https://doi.org/10.1016/j.jhep.2009.04.009
https://doi.org/10.12688/f1000research.16732.1
https://doi.org/10.12688/f1000research.16732.1
https://doi.org/10.1002/lt.24640
https://doi.org/10.1002/lt.24640
https://doi.org/10.1038/ejhg.2011.181
https://doi.org/10.1038/ejhg.2011.181
https://doi.org/10.1016/j.clinre.2017.08.007
https://doi.org/10.1016/j.clinre.2017.08.007


12. Baker A, Kerkar N, Todorova L, Kamath BM,
Houwen RHJ. Systematic review of progressive
familial intrahepatic cholestasis. Clin Res Hepatol
Gastroenterol. 2019;43(1):20–36. https://doi.org/
10.1016/j.clinre.2018.07.010.

13. Meena BL, Khanna R, Bihari C, Rastogi A, Rawat D,
Alam S. Bile duct paucity in childhood-spectrum,
profile, and outcome. Eur J Pediatr. 2018;177(8):
1261–9. https://doi.org/10.1007/s00431-018-3181-3.

14. Kremer AE, Oude Elferink RP, Beuers U. Patho-
physiology and current management of pruritus in
liver disease. Clin Res Hepatol Gastroenterol.
2011;35(2):89–97. https://doi.org/10.1016/j.clinre.
2010.10.007.

15. Mehl A, Bohorquez H, Serrano MS, Galliano G,
Reichman TW. Liver transplantation and the man-
agement of progressive familial intrahepatic
cholestasis in children. World J Transplant.
2016;6(2):278–90. https://doi.org/10.5500/wjt.v6.
i2.278.

16. Benjamin K, Vernon MK, Patrick DL, Perfetto E,
Nestler-Parr S, Burke L. Patient-reported outcome
and observer-reported outcome assessment in rare
disease clinical trials: an ISPOR COA Emerging
Good Practices Task Force report. Value Health.
2017;20(7):838–55. https://doi.org/10.1016/j.jval.
2017.05.015.

17. Walton MK, Powers JH 3rd, Hobart J, Patrick D,
Marquis P, Vamvakas S, et al. Clinical outcome
assessments: conceptual foundation-report of the
ISPOR Clinical Outcomes Assessment—Emerging
Good Practices for Outcomes Research Task Force.
Value Health. 2015;18(6):741–52. https://doi.org/
10.1016/j.jval.2015.08.006.

18. U.S. Department of Health and Human Services.
Guidance for industry: patient-reported outcome
measures: use in medical product development to
support labeling claims. 2009. http://www.fda.gov/
downloads/Drugs/Guidances/UCM193282.pdf.
Accessed June 13, 2022.

19. Committee for Medicinal Products for Human Use.
Reflection paper on the regulatory guidance for the use
of health-related quality of life (HRQL) measures in the
evaluation of medicinal products. 2005. https://www.
ema.europa.eu/en/documents/scientific-guideline/
reflection-paper-regulatory-guidance-use-healthrelated-
quality-life-hrql-measures-evaluation_en.pdf. Accessed
June 13, 2022.

20. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK,
Martin ML, Molsen E, et al. Content valid-
ity–establishing and reporting the evidence in
newly developed patient-reported outcomes (PRO)
instruments for medical product evaluation: ISPOR
PRO Good Research Practices Task Force report: part

1–eliciting concepts for a new PRO instrument.
Value Health. 2011;14(8):967–77. https://doi.org/
10.1016/j.jval.2011.06.014.

21. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK, Martin
ML,Molsen E,etal.Content validity–establishingand
reporting the evidence in newly developed patient-
reported outcomes (PRO) instruments for medical
product evaluation: ISPOR PRO Good Research Prac-
tices Task Force report: part 2–assessing respondent
understanding. Value Health. 2011;14(8):978–88.
https://doi.org/10.1016/j.jval.2011.06.013.

22. Bezerra JA, Wells RG, Mack CL, Karpen SJ,
Hoofnagle JH, Doo E, et al. Biliary atresia: clinical
and research challenges for the twenty-first century.
Hepatology. 2018;68(3):1163–73. https://doi.org/
10.1002/hep.29905.

23. Cheng KKF, Clark AM. Qualitative methods and
patient-reported outcomes: measures development
and adaptation. Int J Qual Methods. 2017;16(1):
1–3. https://doi.org/10.1177/1609406917702983.

24. Al-Qarqaz FA, Al Aboosi M, Al-Shiyab D, Bataineh
A. Using pruritus grading system for measurement
of pruritus in patients with diseases associated with
itch. J Med J. 2012;46(1):39–44.

25. Blome C, Augustin M, Siepmann D, Phan NQ,
Rustenbach SJ, Ständer S. Measuring patient-rele-
vant benefits in pruritus treatment: development
and validation of a specific outcomes tool. Br J
Dermatol. 2009;161(5):1143–8. https://doi.org/10.
1111/j.1365-2133.2009.09328.x.

26. Darsow U, Scharein E, Simon D, Walter G, Bromm
B, Ring J. New aspects of itch pathophysiology:
component analysis of atopic itch using the
‘‘Eppendorf Itch Questionnaire.’’ Int Arch Allergy
Immunol. 2001;124(1–3):326–31. https://doi.org/
10.1159/000053748.

27. Desai NS, Poindexter GB, Monthrope YM, Bendeck
SE, Swerlick RA, Chen SC. A pilot quality-of-life
instrument for pruritus. J Am Acad Dermatol.
2008;59(2):234–44. https://doi.org/10.1016/j.jaad.
2008.04.006.

28. Elman S, Hynan LS, Gabriel V, Mayo MJ. The 5-D
itch scale: a new measure of pruritus. Br J Dermatol.
2010;162(3):587–93. https://doi.org/10.1111/j.
1365-2133.2009.09586.x.

29. Lewis-Jones MS, Finlay AY. The Children’s Dermatol-
ogy Life Quality Index (CDLQI): initial validation and
practical use. Br J Dermatol. 1995;132(6):942–9.
https://doi.org/10.1111/j.1365-2133.1995.tb16953.x.

30. Majeski CJ, Johnson JA, Davison SN, Lauzon CJ.
Itch Severity Scale: a self-report instrument for the
measurement of pruritus severity. Br J Dermatol.

5142 Adv Ther (2022) 39:5126–5143

https://doi.org/10.1016/j.clinre.2018.07.010
https://doi.org/10.1016/j.clinre.2018.07.010
https://doi.org/10.1007/s00431-018-3181-3
https://doi.org/10.1016/j.clinre.2010.10.007
https://doi.org/10.1016/j.clinre.2010.10.007
https://doi.org/10.5500/wjt.v6.i2.278
https://doi.org/10.5500/wjt.v6.i2.278
https://doi.org/10.1016/j.jval.2017.05.015
https://doi.org/10.1016/j.jval.2017.05.015
https://doi.org/10.1016/j.jval.2015.08.006
https://doi.org/10.1016/j.jval.2015.08.006
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://doi.org/10.1016/j.jval.2011.06.014
https://doi.org/10.1016/j.jval.2011.06.014
https://doi.org/10.1016/j.jval.2011.06.013
https://doi.org/10.1002/hep.29905
https://doi.org/10.1002/hep.29905
https://doi.org/10.1177/1609406917702983
https://doi.org/10.1111/j.1365-2133.2009.09328.x
https://doi.org/10.1111/j.1365-2133.2009.09328.x
https://doi.org/10.1159/000053748
https://doi.org/10.1159/000053748
https://doi.org/10.1016/j.jaad.2008.04.006
https://doi.org/10.1016/j.jaad.2008.04.006
https://doi.org/10.1111/j.1365-2133.2009.09586.x
https://doi.org/10.1111/j.1365-2133.2009.09586.x
https://doi.org/10.1111/j.1365-2133.1995.tb16953.x


2007;156(4):667–73. https://doi.org/10.1111/j.13
65-2133.2006.07736.x.

31. Phan NQ, Blome C, Fritz F, Gerss J, Reich A, Ebata T,
et al. Assessment of pruritus intensity: prospective
study on validity and reliability of the visual ana-
logue scale, numerical rating scale and verbal rating
scale in 471 patients with chronic pruritus. Acta
Derm Venereol. 2012;92(5):502–7. https://doi.org/
10.2340/00015555-1246.

32. Yosipovitch G, Zucker I, Boner G, Gafter U, Shapira
Y, David M. A questionnaire for the assessment of
pruritus: validation in uremic patients. Acta Derm
Venereol. 2001;81(2):108–11. https://doi.org/10.
1080/00015550152384236.

33. Kronsten V, Fitzpatrick E, Baker A. Management of
cholestatic pruritus in paediatric patients with
Alagille syndrome: the King’s College Hospital
experience. J Pediatr Gastroenterol Nutr.
2013;57(2):149–54. https://doi.org/10.1097/MPG.
0b013e318297e384.

34. Hasegawa Y, Hayashi H, Naoi S, Kondou H, Bessho
K, Igarashi K, et al. Intractable itch relieved by
4-phenylbutyrate therapy in patients with progres-
sive familial intrahepatic cholestasis type 1.
Orphanet J Rare Dis. 2014;9:89. https://doi.org/10.
1186/1750-1172-9-89.

35. Whitington PF, Whitington GL. Partial external
diversion of bile for the treatment of
intractable pruritus associated with intrahepatic
cholestasis. Gastroenterology. 1988;95(1):130–6.
https://doi.org/10.1016/0016-5085(88)90301-0.

36. Shneider BL, Kamath BM, Magee JC, Goodrich NP,
Loomes KM, Ye W, et al. Use of funded multicenter
prospective longitudinal databases to inform clini-
cal trials in rare diseases—examination of chole-
static liver disease in Alagille syndrome. Hepatol
Commun. 2022;6(8):1910–21. https://doi.org/10.
1002/hep4.1970.

37. Thompson RJ, Arnell H, Artan R, Baumann U,
Calvo PL, Czubkowski P, et al. Odevixibat treat-
ment in progressive familial intrahepatic cholesta-
sis: a randomised, placebo-controlled, phase 3 trial.
Lancet Gastroenterol Hepatol. 2022;7(9):830-842.
https://doi.org/10.1016/S2468-1253(22)00093-0.

38. Kim HP, Lieber SR, Rogers ME, Moon AM, Loiselle M,
Walker J, et al. A systematic review of patient-reported
outcomes in primary biliary cholangitis and primary
sclerosingcholangitis.HepatolCommun.2020;4(10):
1502–15. https://doi.org/10.1002/hep4.1567.
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