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Abstract
Background: A plethora of outcome measurement instru-
ments (OMIs) are being used in port wine stain (PWS) stud-
ies. It is currently unclear how valid, responsive, and reliable 
these are. Objectives: The aim of this systematic review was 
to appraise the content validity and other measurement 
properties of OMIs for PWS treatment to identify the most 
appropriate instruments and future research priorities. 
Methods: This study was performed using the updated Con-
sensus-Based Standards for the Selection of Health Mea-
surement Instruments (COSMIN) methodology and ad-
hered to PRISMA guidelines. Comprehensive searches in 
Medline and Embase were performed. Studies in which an 
OMI for PWS patients was developed or its measurement 

properties were evaluated were included. Two investigators 
independently extracted data and assessed the quality of 
included studies and instruments to perform qualitative 
synthesis of the evidence. Results: In total, 1,034 articles 
were screened, and 77 full-text articles were reviewed. A to-
tal of 8 studies were included that reported on 6 physician-
reported OMIs of clinical improvement and 6 parent- or pa-
tient-reported OMIs of life impact, of which 3 for health-re-
lated quality of life and 1 for perceived stigmatization. 
Overall, the quality of OMI development was inadequate 
(63%) or doubtful (37%). Each instrument has undergone a 
very limited evaluation in PWS patients. No content validity 
studies were performed. The quality of evidence for content 
validity was very low (78%), low (15%), or moderate (7%), 
with sufficient comprehensibility, mostly sufficient compre-
hensiveness, and mixed relevance. No studies on respon-
siveness, minimal important change, and cross-cultural va-
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lidity were retrieved. There was moderate- to very low-qual-
ity evidence for sufficient inter-rater reliability for some 
clinical PWS OMIs. Internal consistency and measurement 
error were indeterminate in all studies. Conclusions: There 
was insufficient evidence to properly guide outcome selec-
tion. Additional assessment of the measurement properties 
of OMIs is needed, preferentially guided by a core domain 
set tailored to PWS. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Port wine stains (PWS) are congenital capillary mal-
formations resulting from differentiation-impaired en-
dothelial cells with a progressive dilation of immature, 
venule-like vasculature [1, 2]. These lesions occur in 0.3–
0.5% of the population, enlarge and darken proportion-
ally to age [3–5], and can present a significant psycho-
logical burden [6, 7]. Pulsed dye laser (PDL) treatment is 
the current gold standard but fails to achieve optimal re-
sults in a significant proportion of patients [8]. 

Although much effort has been devoted to develop-
ing technical tools to objectively quantify PWS blanch-
ing [9–12], (physician- or patient-reported) clinical 
outcome measurement instruments (OMIs) appear to 
have undergone far less scrutiny, despite the fact that 
robust and uniform clinical PWS OMIs are crucial in 
clinical trials to steer the field towards progress. To 
date, progress has not materialized [8] notwithstanding 
the medical need and patient demand [13]. A recent 
systematic review of all prospective PWS studies per-
formed since 2005 by our group unveiled the wide va-
riety of clinical scoring systems [14], a phenomenon 
that has hampered study comparisons and meta-analy-
ses. An appropriate OMI must have good measurement 
properties: it has to be valid (i.e., it measures what it 
purports to measure), reliable, and responsive to 
change. This information is derived from (high-quali-
ty) clinimetric studies. 

The aim of this systematic review was to critically ap-
praise the content validity and other measurement prop-
erties of all patient-, parent-, and physician-reported 
OMIs for the evaluation of clinical outcome or life im-
pact of PWS treatments using the Consensus-Based 
Standards for the Selection of Health Measurement In-
struments (COSMIN) framework [15]. Secondary aims 
were to establish the most appropriate OMI for measur-
ing effectiveness in PWS and to identify areas for future 
research.

Methods

This systematic review was reported in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines, and the study protocol was registered 
in PROSPERO (CRD42019119252) [16]. A medical librarian (J.L.) 
performed a systematic search in OVID Medline and OVID Em-
base, using controlled terms and free-text words, combined with a 
clinimetric search filter developed for PubMed by Terwee et al. 
[17], adapted for Medline and Embase, and extended with feasibil-
ity, acceptability, and practicability (online suppl. Table 1; see 
www.karger.com/doi/10.1159/000511438 for all online suppl. ma-
terial). The search was last performed on April 1, 2019. Nonessen-
tial methodological details are provided in the online supplemen-
tary Methods for purposes of brevity.

The aim of the included studies had to be the development of 
an OMI or the evaluation of one or more of its measurement prop-
erties. The studies had to have either an observer-/clinician-re-
ported OMI or patient-/parent-reported outcome measure 
(PROM) for the evaluation of effectiveness in PWS. This included 
clinical OMIs as well as measures of life impact (in accordance with 
COMET classification; life impact includes the domains (psycho-
social) functioning, perceived health status, and quality of life) 
[18], even if these OMIs had not yet been used as an outcome of 
effectiveness but could be so used (i.e., cross-sectional studies were 
also eligible). Further exclusion and inclusion criteria as well as 
data extraction procedures are addressed in the online supplemen-
tary Methods [19–22].

The updated COSMIN methodology was employed to assess 
the measurement properties (listed and defined in accordance with 
COSMIN taxonomy in online suppl. Table 2) [15, 23–26]. Al-
though the COSMIN checklists have been developed primarily for 
the evaluation of PROMs, they are widely implemented for clini-
cian-reported OMIs too [27–29]. Accordingly, some standards 
were ignored or adapted where necessary (online suppl. Methods). 
Studies on the comprehensibility of included OMIs in other, yet 
similar populations were also retrieved and considered inasmuch 
as these can provide meaningful evidence.

For each included OMI the original development study, man-
ual, and/or additional resources were also retrieved online and by 
contacting authors (online suppl. Methods) and evaluated because 
proper item construction during development helps to ensure 
content validity. It was decided a priori that there is no gold stan-
dard in the assessment of PWS, therefore criterion validity and 
criterion approach for responsiveness could not be assessed (ex-
cept to compare short versions to the original (long) question-
naires). For the assessment of construct validity, the generic COS-
MIN hypotheses were applied [15]. In order to help establish 
whether OMIs adhered to a formative and/or a reflective model, 
we used the checklist of Fleuren et al. [30].

Assessment of the methodological quality of the OMI’s devel-
opment study, additional content validity studies, and studies on 
measurement properties was performed independently by 2 re-
viewers (M.I.R. and S.C.) using the corresponding COSMIN risk 
of bias checklists [23] (and rated “very good,” “adequate,” “doubt-
ful,” or “inadequate”). A score per section per study was deter-
mined using the lowest rating of any item. The content validity and 
measurement properties themselves were assessed using the pre-
defined COSMIN criteria for good content validity and the up-
dated criteria for good measurement properties, respectively, and 
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rated as sufficient (+), insufficient (–), or indeterminate (?) (online 
suppl. Table 2) [31, 32]. For all reviewer ratings of content validity, 
an expert panel comprising a plastic surgeon (C.M.A.M.H.) and 
dermatologist (A.W.) was consulted.

For each OMI the measurement properties and corresponding 
quality of evidence were summarized and pooled if possible. The 
overall ratings for measurement properties were rated as sufficient 
(+), insufficient (–), indeterminate (?), or inconsistent (±) [32]. 
Then, the overall rating of the quality of evidence was given using 
the modified GRADE approach (“high,” “moderate,” “low,” or 
“very low” quality of evidence) [33].

Results

Study Characteristics
The search retrieved 1,030 unique hits (Fig. 1). After 

reviewing 77 full-text articles, 8 studies were included 
[34–41]. Reference checking yielded 4 additional eligible 
articles: 1 was not analyzed because it was a preliminary 
version of another included study [42] and 3 articles with 
some clinimetric assessment (albeit limited in reporting 

and/or quality) of self-constructed questionnaires re-
garding PWS-related stress and stigmatization were ex-
cluded because the questionnaires proved impossible to 
source [6, 43, 44]. Searches for studies on the comprehen-
sibility of included OMIs performed in other populations 
yielded 1 additional study [45].

The characteristics of included studies are presented in 
Table 1. In these studies, 6 physician-reported clinical 
OMIs and 6 PROMs of life impact were evaluated (sum-
marized in Table 2).

Included Clinical (Physician-Reported) OMIs
Koster et al. [39] have developed the most comprehen-

sive PWS-specific instrument (Table 2). This physician-
reported questionnaire contains 8 items (PWS color, 
patchiness, boundary, pigmentation, size, shape, surface, 
and hypertrophy) and requires pre- and post-treatment 
measurement. 

Sajan et al. [37] developed a questionnaire for facial 
infantile hemangiomas and PWS in children that covers 

Records identified
through Medline

(n = 680)

Records identified
through Embase

(n = 633)

Records screened after removal of duplicates
(n = 1,034)

Full-text articles assessed
for eligibility

(n = 77)

Included studies
(n = 8)

6 physician-reported
OMls and 6 PROMs

Records excluded based on title
and abstract

(n = 957)

Additional records identified
through screening of

reference lists
(n = 4)

- No assessment of measurement
  property or development of OMI (n = 63)
- Preliminary version of included
  paper (n = 2)
- Technical instrument (n = 1)
- Questionnaire not accessible (n = 3)

Full-text articles excluded because of:

Fig.  1. PRISMA flow chart showing the 
study selection and exclusion process. 
OMI, outcome measurement instrument; 
PROM, patient-reported outcome.
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(percentage) improvement in color, thickness, and size, 
and the appearance of (new) scarring, atrophy, and hy-
popigmentation. 

The study of Currie and Monk [34] evaluated 3 previ-
ously employed clinical OMIs. In the first OMI, clinical 
results were categorized into poor (almost no change), 
fair (partly cleared), good (much improved), and excel-
lent (essentially gone, barely discernible). Note that many 
trials have used the same categories with different defini-
tions [19].

The second OMI in Currie’s study assessed percentage 
lightening. A variety of percentage improvement scales 
are commonly used in PWS trials and given distinct des-
ignations (percentage “lightening,” “improvement,” 
“success,” etc.) and reported as continuous variables or 
ranges (usually 0–24, 25–49, 50–74, and 75–100%). As 
these constitute highly intuitive measures, no published 
development paper exists. Their measurement properties 
have also been investigated in the studies of Pérez (per-
centage clearance; both continuous and ordinal scale) 
and Szychta (percentage success; continuous scale) [35, 
36]. Although it could be argued that the construct “color 
improvement,” “lightening,” or “blanching” is much nar-
rower than “improvement” or “success,” in this review 
these were considered equivalent and the data were 
pooled depending on the scales.

The third OMI assessed by Currie and Monk [34] was 
originally described by Achauer et al. [46]. Treated PWS 
were categorized into class 0–IV and then also converted 
to poor, fair, good, or excellent (Table 2). Note that orig-
inally, Achauer et al. also included class V (“all of class IV 
plus nodularity”) [46]. 

Naran et al. [38] used a very simple 3-point rating scale 
(“lighter,” “darker,” or “did not change”) to assess addi-
tional lightening after additional PDL treatments in chil-
dren.

Summary of Included Life Impact PROMs
Three instruments for health-related quality of life 

(HRQoL), 2 for detecting emotional and behavioral prob-
lems and 1 for perceived stigmatization, were included 
(Table 2). None of these PROMs has yet been used as an 
OMI in published PWS intervention studies. The average 
Flesch-Kincaid grade level for readability of the English 
translations was 3.5 (online suppl. Table 3). These and 
other characteristics of OMI feasibility and interpretabil-
ity are listed in online supplementary Tables 3 and 4.

The Dermatology Life Quality Index (DLQI) was the 
first dermatology-specific HRQoL questionnaire [47]. It 
consists of 10 items (symptoms and feelings, daily activi-

ties, leisure, work, and school, personal relationships, and 
treatment) and has been employed for a range of derma-
toses. In the included study using the DLQI’s adult ver-
sion, PWS patients had a small to moderate HRQoL im-
pairment (online suppl. Table 4). A study that assessed 
the DLQI’s content validity in adults with psoriasis was 
also included because its findings regarding comprehen-
sibility are likely to apply to PWS patients as well [45]. 

The 21-item Perceived Stigmatization Questionnaire 
(PSQ) ascertains how often people are confronted by cer-
tain stigmatizing behavior [48]. Although it was designed 
for people with visible distinctions, its further develop-
ment was limited mostly to adult burn survivors. The pa-
tient- or parent-reported instrument yields a total score 
and subscores (range 1–5) for “absence of friendly behav-
ior,” “confused/staring behavior,” and “hostile behavior.” 
In this study, preschool and school-age children with a 
facial difference (including PWS) had a PSQ score of 1.66 
and 2.10, respectively (compared to, e.g., 2.2 in adult burn 
survivors [48]).

The TNO-AZL Questionnaire for Preschool Chil-
dren’s Health-Related Quality of Life (TAPQOL) mea-
sures parent’s perception of HRQoL in children aged 9 
months to 6 years and incorporates the (perceived) emo-
tional reaction of the child to their health status problems 
[49]. This multidimensional questionnaire is presented 
primarily as an instrument for research and group-level 
data. In this study of children with a facial difference, 
TAPQOL scores were not impaired (online suppl. Table 
4).

The KIDSCREEN-27 is a generic, parent- or self-re-
ported HRQoL measure for children and adolescents (8–
18 years old) that covers 5 domains (physical well-being, 
psychological well-being, autonomy and parents, peers 
and social support, and school environment) [50]. It is the 
short version of the KIDSCREEN-52 [51]. Both KID-
SCREEN questionnaires were developed in 12 European 
countries to measure HRQoL in largely healthy children. 
The included study in children with a facial difference 
found statistically significant impairment of child- and 
parent-reported psychological well-being and parent-re-
ported overall HRQoL and physical well-being.

The Child Behavior Checklists (CBCL) gauge parent-
reported emotional and behavioral problems, competen-
cies, and adaptive functioning in children and adoles-
cents [52]. Throughout its existence, many revisions have 
been made. The CBCL/1.5–5 (the successor to the 
CBCL/2–3; for 18 months to 5 years old) and the CBCL/4–
18 (the predecessor of the current CBCL/6–18; for 4–18 
years old) were included here. Both offer 3 composite 
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scales (internalizing, externalizing, and total problems) 
and differential syndrome- and DSM-oriented scales. 
Neither the included study (online suppl. Table 4) nor 
others have observed increased prevalence of psychopa-
thology in children with PWS using the CBCL [53, 54].

OMI Development and Content Validity
The quality of OMI development is shown in Table 3. 

OMIs that have been presented without any information 
on their development were omitted. Overall scores were 
poor. Neither of the 2 clinical OMIs had performed ade-
quate concept elicitation to identify relevant items (most 
importantly, it was unclear if and how professionals or 
patients were involved). The questionnaire of Koster had 
been pilot-tested but it was unclear whether problems re-
garding the comprehensibility of the instructions, items, 
response options, and recall period were properly ad-
dressed. Also, physicians were not asked about its com-
prehensiveness. The questionnaire of Sajan did not report 
any pilot testing. The PSQ’s target population was people 
with physical distinction, yet its development was limited 
to adult burn survivors. None of the PROMs performed 
proper pilot testing for comprehensibility or any form of 
testing for comprehensiveness. 

No (additional) content validity studies performed in 
PWS patients were found. As a result, the overall ratings 
for content validity (and its 3 subcomponents: relevance, 
comprehensiveness, and comprehensibility) depended 
highly on reviewer ratings (Table 4) with low levels of 
evidence. The lack of supportive data on what constitute 
relevant items for clinical assessment of PWS and mea-
sures of functioning for PWS patients negatively impact-
ed relevance scores. For Koster’s questionnaire, this re-
sulted in an inconsistent score for relevance. Also, the an-
swering options for the items “size” and “hypertrophy” 
were considered imprecise. Comprehensiveness and 
comprehensibility were rated as sufficient. The relevance 
of Sajan’s questionnaire was deemed inadequate because 
question 4 (new atrophy) was considered irrelevant for 
PWS. As a result, the criterion for relevance (“reviewers 
consider ≥85% of items relevant for the population of in-
terest”) was not met. Comprehensiveness was considered 
insufficient because, for example, hyperpigmentation 
was not included. No paper has published on the develop-
ment or content validity of the other clinical OMIs [34, 
38, 46].

The DLQI and PSQ had sufficient ratings for all 3 sub-
components. The relevance was inconsistent for the 
TAPQOL and KIDSCREEN-27 (too many items were 
considered insufficiently relevant for PWS patients) and Ta

b
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indeterminate for the CBCL questionnaires. All PROMs 
had sufficient comprehensiveness and comprehensibili-
ty. 

Measurement Properties of PWS OMIs
The quality and results of the studies on measurement 

properties are summarized in Table 5. Most studies were 
of doubtful or inadequate quality. 

Structural Validity and Internal Consistency
Wang et al. [40] have performed principal component 

analysis (a form of exploratory factor analysis) of the Chi-
nese translation of the DLQI in patients with exposed 
PWS and identified 2 common factors (Table 5). This 
study was found to be of doubtful quality because no fac-
tor rotation method was applied. No criteria for good 
measurement properties have been defined by COSMIN 
for exploratory factor analysis, resulting in an indetermi-
nate score (and low-grade quality of evidence score; Ta-
bles 5, 6). Because of the lack of evidence for sufficient 
structural validity and calculation of only an overall inter-
nal consistency despite suggesting a two-dimensional 
model (internal consistency can only be interpreted with-
in a unidimensional scale), internal consistency of the 
DLQI was also scored as indeterminate (very low quality 
of evidence). Of note, studies in other diseases have yield-
ed inconsistent results regarding unidimensionality of 
the DLQI [55–57]. 

Masnari et al. [41, 42] evaluated internal consistency 
of several PROMs in children with various facial blem-
ishes. Note that internal consistency has no meaningful 
interpretation for questionnaires with a formative model. 
Unfortunately, not all OMIs have studied or reported 
their putative model (reflective vs. formative). Classifying 
questionnaires correctly can be difficult, and mixed mod-
els also exist. We assigned a formative model to the PSQ 
and CBCL, and a reflective or mixed model to the other 
PROMs. Even though most (sub-)scales had sufficient in-
ternal consistency, there was a lack of information on the 
structural validity in PWS patients resulting in an inde-
terminate score. The quality of evidence for these PROMs 
was downgraded to low or very low due to small sample 
sizes (imprecision) and indirectness (only 22% of patients 
had PWS).

Reliability and Measurement Error
The inter-rater reliability of Koster’s questionnaire 

was evaluated for a panel of 5 in children and (young) 
adults (Table 1). Insufficient reliability was found for all 
8 items, particularly pigmentation and surface-structure. 
This can be explained by the low frequency of hypopig-
mentation and hyperpigmentation and uneven surface in 
the study population, as supported by the relatively high 
percentage of absolute agreement (average of 5 raters): 88 
and 79%, respectively (Table 5). The Cronbach α-values 
on averaged ratings of the 5 panel members suggest that 
application of this method improves reliability, although 

Table 4. Ratings and quality of evidence for content validity

OMI Relevance Comprehensiveness Comprehensibility Overall content validity

rating quality of 
evidence

rating quality of 
evidence

rating quality of 
evidence

rating quality of 
evidence

Koster’s PWS questionnaire ± very low + very low + very low + very low
Sajan’s PWS and IH questionnaire – very low – very low + very low ± very low
DLQI + low + very low + moderate + very low
PSQ + very low + very low + very low + very low
TAPQOL ± very low + very low + very low
KIDSCREEN-27 ± moderate + low + low
CBCL/1.5–5 ? very low + very low + very low
CBCL/4–18 ? low + very low + very low

The content validity was rated as sufficient (+), insufficient (–), inconsistent (±), or indeterminate (?). Outcome measures with very 
different results for relevance, comprehensiveness, and comprehensibility do not have an overall content validity rating. CBCL, Child 
Behavior Checklist; DLQI, Dermatology Life Quality Index; IH, infantile hemangioma; OMI, outcome measurement instrument; PSQ, 
Perceived Stigmatization Questionnaire; PWS, port wine stain; TAPQOL, TNO-AZL questionnaire for preschool children’s health-
related quality of life. 
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this would have to be properly evaluated in a separate 
study. Agreement for the other items varied between 47 
and 71% (Table 5). Unfortunately, no criteria for good 
measurement error have been defined by COSMIN for 
categorical parameters (i.e., percentage agreement) [15], 
and no alternative criteria were found in the literature re-
sulting in an indeterminate score.

The questionnaire of Sajan was used in PDL-treated 
children with PWS and infantile hemangiomas. The inter-
rater reliability was sufficient for all items except hypopig-
mentation. Because of the small number of (PWS) pa-
tients, this study provided a very low quality of evidence.

Currie and Monk [34] intended to assess intrarater re-
liability of 3 common PWS OMIs after 1 month but cal-
culated mean agreement (“concordance”), which is a 
measure of measurement error (see above). Because the 
exact distribution of scores is unknown, a post hoc calcu-
lation of reliability was impossible. Although no criteria 
for this parameter of measurement error have been de-
fined, the 3 OMIs can be compared to each other. OMI 1 
(poor, fair, good, or excellent) had the best overall results 
(67–89% mean agreement per outcome category; Table 
5). OMI 2 (percentage lightening) performed less but was 
the most consistent across all 4 categories (50–62%). OMI 
3 (class 0–IV) performed relatively well (52–76%) for “ex-
cellent,” “good,” and “poor” outcomes but exceptionally 
poorly (17%) in “fair” outcomes. For all 3 OMIs concor-
dance was highest for the best and worse outcome and 
lowest in the intermediate categories.

Szychta et al. [35] assessed inter-rater reliability and 
measurement error of “percentage success” after PDL treat-
ment for both core physicians as well as lay people. For this, 
they used parameters typically used in anthropometry for 
which also no COSMIN criteria for good measurement 
properties have been defined (TEM, technical error of mea-
surement, and R, coefficient of reliability). Because TEM 
was calculated instead of the standard error of measure-
ment (SEM; the gold standard), this study received an inad-
equate score. Anthropometric literature suggests an R ≥ 
0.95 as sufficient [58], which would yield an insufficient 
score for the current results for both core physicians and lay 
people (Table 5). The inter-rater TEM values (9.9% for ex-
pert physicians) appear acceptable but, because TEM is not 
the same as SEM, it is difficult to interpret the results [59]. 
In addition, no information is available on the minimal im-
portant change in PWS patients.

Pérez et al. [36] investigated inter-rater reliability of a 
0–100% clearance scale among specialized dermatolo-
gists (Table 1). The continuous score was also converted 
to 0–24, 25–49, 50–74, and 75–100% clearance. The study 

was of only adequate quality because it could only be as-
sumed that test conditions were similar for all 3 assessors. 
Both the categorized and continuous scores had sufficient 
reliability (Table 5). Overall, there was low quality of evi-
dence due to the limited sample size and quality of the 
study.

If the percentage improvement scales are regarded as 
equivalent and the results of Sajan’s (percentage color im-
provement) and Pérez’ (percentage clearance) studies are 
pooled (even though Sajan uses 2 extra categories for 0 
and 100% color improvement), there is moderate evi-
dence for sufficient reliability (Tables 5, 6). Because of the 
differences in scales, no meta-analysis was performed.

Naran et al. [38] used correlation analysis to assess the 
inter-rater reliability of its OMI. However, correlations 
are not appropriate for this purpose, particularly because 
the OMI is an ordinal score.

Construct Validity
The OMI of Naran et al. was compared to ΔE (i.e., the 

change in color difference in comparison to normal skin) 
derived from digital image analysis. Because this study 
lacked a predefined hypothesis, it was considered to be of 
inadequate quality. Spearman correlations between the 3 
observers and digital image analysis varied from –0.33 to 
–0.09 (p > 0.01), which is much smaller than what would 
be expected (Tables 5, 6). 

COSMIN Recommendations
In line with COSMIN guidelines, instrument recom-

mendations are provided below based on 2 conclusions 
of this review: (1) no OMI with evidence for sufficient 
content validity (any level) and at least low-quality evi-
dence for sufficient internal consistency was included 
(this OMI would be recommended for use and produce 
results that can be trusted), and (2) no OMI with high-
quality evidence for an insufficient measurement prop-
erty was found (this OMI would not be recommended for 
use). Accordingly, all included instruments have the po-
tential to be included as an OMI for PWS treatment but 
would require further assessment of quality. Based on 
content validity, the PSQ and DLQI are provisionally rec-
ommended. No clinical OMI can be recommended.

Discussion

This study was the first to systematically review the 
measurement properties of PWS OMIs. We have identi-
fied 6 physician-reported clinical OMIs and 6 PROMs of 
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life impact. Each has undergone very limited evaluation 
in PWS patients. Although not all elements of the COS-
MIN are applicable for all OMIs, each OMI has important 
data missing. No study addressed responsiveness, mini-
mal important change, or cross-cultural validity. The 
quality of the development (if any) of PWS-specific OMIs 
was inadequate because substandard methods were used 
to generate relevant items and assess the comprehensibil-
ity and comprehensiveness of the OMI. Most important-
ly, no study has asked PWS patients (or their parents) 
what matters to them, nor have professionals been ade-
quately interviewed about relevant items. Together with 
the small number of PWS patients this generally resulted 
in low levels of evidence (quality was very low and low for 
74 and 21% of all evidence, respectively). No study has 
assessed the content validity of OMIs originally devel-
oped for other populations and now used in PWS pa-
tients. 

Considering the lack of high-quality evidence, it was 
impossible to recommend a clinical OMI. Koster’s ques-
tionnaire is clearly the most elaborate clinical OMI. This 
approach is justified at least in part by another study of 
Koster et al. [60], in which Koster’s questionnaire and a 
disfigurement score were used to study the disfiguring ef-
fect of PWS on the head and neck. According to physi-
cians, PWS size, color, and boundary contributed the 
most to disfigurement, underscoring their relevance in 
clinical OMIs. The inter-rater reliability of Koster’s ques-
tionnaire was insufficient. However, in evaluative studies 
measurement error is much more important than reliabil-
ity [61]. This is based on the fact that reliability refers to 
how well patients can be discriminated, that is, the ability 
of an instrument to distinguish patients from each other 
despite measurement error [62]. As a result, reliability 
could be low because variability in the study population is 
low. The measurement error (percentage agreement) was 
< 70% for a majority of items, indicating substantial mea-
surement error. The measurement properties of Koster’s 
questionnaire have not been investigated further since, 
nor has the instrument been employed in a published tri-
al. The relevance of Sajan’s questionnaire [37] suffered 
from the fact that it was also designed for infantile hem-
angiomas and included a question on new atrophy, which 
was considered irrelevant for PWS. Consequently, it did 
not meet the COSMIN criterion (≥85% relevant items). 
Perhaps this criterion is too strict for such brief question-
naires. Nevertheless, this questionnaire could be easily 
modified and retested. This instrument has not yet been 
used in a published PWS trial either. The OMI of Naran 
et al. [38] was considered to be far too limited.

The most common OMI in recent PWS trials is a per-
centage improvement or lightening, also referred to as 
blanching, clearance, or other similar terms [14]. It is un-
clear whether these terms are actually interchangeable. 
For example, a very lightened but patchy lesion may score 
better for “lightening” than for “success.” Unfortunately, 
the content validity of these methods has not been inves-
tigated. When all studies are taken together there is mod-
erate evidence for sufficient inter-rater reliability (when 
performed by experienced physicians). Note that these 
data are derived almost exclusively from patients with a 
PWS in the face or neck and may not apply to lesions else-
where. When the percentages are categorized it is impor-
tant to be aware of floor and ceiling effects (online suppl. 
Table 4), as these may obscure treatment superiority. The 
classification of Pérez [36] suffers from such a ceiling ef-
fect, which could be prevented by adding another top cat-
egory (as in Sajan’s questionnaire [37]). Unfortunately, 
the data on measurement error could not be compared to 
COSMIN criteria but the results do indicate that experi-
enced physicians perform better than lay people.

In order to achieve treatment results that most closely 
align with what means the most for patients, it is impor-
tant to measure corresponding outcomes, that is, PROMs. 
The emphasis on and inclusion of such patient-reported 
data has increased greatly, also in dermatology [63, 64], 
and helps to provide patient-centered care and guide clin-
ical decision making. In terms of PROMs for PWS pa-
tients, many studies have demonstrated a significant psy-
chosocial impact of PWS, stigmatization, and reduced 
HRQoL [6, 7, 43, 44, 53, 65]. However, the use of PROMs 
in PWS trials is limited [14]. In this study no clinimetric 
studies of PWS-specific PROMs or a (generic) PROM 
used as an outcome for a PWS intervention trial were 
found. Because PROMs not yet used in effectiveness stud-
ies were also eligible, we included 6 PROMs. The assess-
ment of these PROMs was very restricted (limited to 
structural validity and/or internal consistency). Addi-
tionally, the information on structural validity was of 
poor quality or absent, which hampered the interpretabil-
ity of the internal consistency. The sufficient overall con-
tent validity of the DLQI and PSQ do justify a provision-
al recommendation. The relevance of the TAPQOL, KID-
SCREEN-27, and CBCL questionnaires was less certain, 
primarily because too many questionnaire items were 
deemed irrelevant for PWS patients as be supported by 
the lack of aberrant TAPQOL and CBCL scores (Table 1 
and online suppl. Table 4). 

This review was limited in several ways. First, 3 studies 
of 3 PROMs could not be included because the question-
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naires themselves were not accessible. However, these 
studies were of low quality and would have provided little 
evidence (data not shown). Second, some OMIs were de-
veloped prior to the introduction of current methodolog-
ical standards. Because of the COSMIN’s worst score 
counts principle, this negatively impacted OMI develop-
ment and content validity scores for older OMIs. Third, 
even though the COSMIN methodology specifies many 
criteria and possibilities, many questions (particularly for 
content validity) still require some form of subjective as-
sessment. Other assessors may thus arrive at slightly dif-
ferent results. It should also be emphasized that this re-
view is not a comprehensive index of all OMIs used in 
PWS studies, as OMIs without any assessment of mea-
surement properties are not covered in this methodology. 

Finally, it is important that we address the lack of evi-
dence for the measurement properties of PWS OMIs be-
cause this hinders outcome selection, especially since 
PWS OMIs have thus far been highly heterogeneous [14]. 
Ideally, a PWS core outcome set is developed. This would 
drastically improve study quality and comparability 
across trials and enable interstudy comparison, which is 
direly needed considering the paucity of high-quality 
PWS trials [14]. First, consensus on the core domains 
(constructs) measured in therapeutic trials would need to 
be reached in a structured Delphi process that includes all 
stakeholders. Subsequently, new OMIs need to be devel-
oped, or existing OMIs could be repurposed. Finally, fur-
ther assessment of all relevant measurement properties 
needs to be performed.

Conclusions

There was insufficient evidence to recommend a single 
clinical OMI or PROM for treatment of PWS. More re-
search into the measurement properties of clinical OMIs 
and PROMs is needed, preferentially guided by the estab-
lishment of a set of core domains.

Key Message

The current literature provides insufficient evidence to guide 
outcome measurement instrument selection for port wine stains.
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