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ABSTRACT
Background: Hemolytic uraemic syndrome (HUS) is progressive renal failure disease and deter-
mination of their quality of life (QoL) on the basis of patient-reported outcomes (PROs) are
becoming increasingly important in the economic evaluations for its treatment with eculizumab
(ECU).
Aim: To perform the systematic evaluation of QoL in HUS patients treated with ECU on the basis
of Evaluating Measures of Patient Reported Outcomes (EMPRO) tool.
Materials and methods: A systematic review was conducted in PubMed, EMBASE, the Cochrane
Library, CINAHL and Google Scholar till September 2016 by two independent researchers. Each
identified instrument was evaluated for its quality of performance by using the EMPRO tool for
its overall score and seven attribute specific scores (range 0–100, worst to best).
Results: Five different PROs instruments were identified from 10 articles (n¼ 112) which showed
eculizumab significantly improves health-related quality of life (HRQOL) in atypical HUS (aHUS)
patients. Amongst five instruments viz. EuroQol five dimensions questionnaire (EQ-5D),
Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), Headache Impact Test-6
(HIT-6), 36-Item Short Form Health Survey (SF-36) and Visual Analogue Scale (VAS), the overall
EMPRO score was higher for VAS (73.83) and EQ-5D (73.81). Whereas, FACIT-F and HIT- 6 were
just able to meet the minimal threshold of EMPRO scoring (50.24 and 59.09, respectively).
Conclusions: Evidence from present investigation support that eculizumab significantly improves
HRQoL in patients with aHUS furthermore, EQ-5D and VAS instrument should be recommended
for assessing HRQoL in them. However, selection of PRO instrument for determination of QoL in
HUS entirely depend upon the study requirements.
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1. Introduction

Hemolytic uraemic syndrome (HUS) is progressive renal
failure disease clinically characterized by the presence
of increased serum urea and creatinine levels, microan-
giopathic hemolytic anemia and thrombocytopenia
[1,2]. Amongst the two different types of HUS, atypical
HUS (aHUS) is etiologically distinct and classified as a
rare or ultra-orphan disease. The incidence of aHUS is
estimated to two per million and prevalence is approxi-
mately seven per million in children [3]. A study carried
out by Loirat and Fr�emeaux-Bacchi [4] have shown that
aHUS represents 5–10% of HUS in children and is
increasingly recognized in adults. Genetic mutations in
complement-regulating genes (such as complement
factor H, complement factor I and thrombomodulin)
has been responsible for aHUS. Despite active

treatment, 30% patients develop end-stage renal dis-
ease (ESRD) which may lead to death [5,6]. Although
the progression of aHUS to ESRD is more frequent in
adults (46%) but mortality is higher in children (6.7%)
[7,8].

Management of aHUS includes intensive care, dialysis
and plasma exchange which helps to decrease mortality
in children. However, long-term dialysis options have
been very restrictive in patients with ESRD [9,10]. To
overcome this issues an initiative has been undertaken
for renal transplantation or use of combined liver-kid-
ney transplantation [11,12] however, it is associated
with significant morbidity and risk of death [4]. Thus a
newer therapy was tested in these patients such as ecu-
lizumab which is a recombinant, humanized, a mono-
clonal IgG2/4j antibody that targets C5 [11]. In 2011,
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eculizumab was approved in the US [13] and shortly
after that after that in Europe [14]. Now, it is used
worldwide for the treatment of aHUS. It is almost uni-
formly recommended that eculizumab should be
started immediately once a patient is diagnosed with
aHUS [4].

Quality of life (QoL) plays a vital role in the economic
evaluations for any treatment thus its determination is
important [15]. Moreover, global QoL of patients is a
very useful marker for evaluation of an outcome meas-
ure [16,17]. For an array of the disease state, self-
reported measures of physical and mental health can
be captured by the multidimensional Health-related
quality of life (HRQoL) [18–20]. It’s a validated question-
naire that measures various aspects of life such as
including physical functioning, psychosocial function-
ing, role functioning, mental health and general health
status [21,22]. The data derived from HRQoL can be
used for measuring treatment risk and as well as bene-
fits which may assist in developing interventions to
improve patient’s life [23,24].

Nowadays, patient-reported outcomes (PROs) are
becoming increasingly important along with the other
clinical endpoints and many agencies including the
Food and Drug Administration (FDA) recommend the
use of PROs for clinical evaluation [25]. Furthermore,
PRO measurement needs reliable as well as valid instru-
ments and their selection must be based on the individ-
ual study purpose, setting and available resource [26].
Numerous PROs are used in aHUS patients; however,
only few are being used consistently [27–29]. To the
best of our knowledge, none of the studies have
assessed the effect of demographic, clinical, psycho-
logical and treatment-related factors on HRQOL in aHUS
patients.

Therefore, there is an unmet need for tools capable
of capturing all relevant aspects in aHUS patients which
is a validated, sensitive and reliable measure to assess
disease symptoms, progression and severity. Many
attempts have been made to systemize evaluation crite-
ria for PROs. Amongst various tools, two important tools
used for PROs evaluation criteria are: the COnsensus-
based Standards for the selection of health status
Measurement INstruments (COSMIN) [30] and the
Evaluating Measures of Patient-Reported Outcomes
(EMPRO) [31]. For evaluation of the methodological
quality of each study, the COSMIN tool was developed
whereas to assess the quality of the PRO, EMPRO tool
was developed. EMPRO tool has advantages of obtain-
ing a standardized global score from different instru-
ments and allows to compare between them [31].

EMPRO developers have defined the quality of a PRO
measure as the ‘degree of confidence that all possible

bias has been minimized and that the information
about the process which led to its development and
evaluation is clear and accessible’ [31]. EMPRO consist
of important aspects including well-depicted and estab-
lished attributes for assessment, expert reviewers to
conduct the assessment and scores that permit a direct
comparison of outcome measures. It has been well
established that EMPRO is a valid and reliable tool
for assessing the performance generic [31] and disease-
specific PROs (such as heart failure, shoulder disorders,
disease-specific breast cancer and disease-specific
prostate cancer) [32–35].

The present study aimed to conduct a systematic
review of the effect of eculizumab on HRQoL in aHUS
and the standardized EMPRO evaluation of HRQoL
instruments that are currently applicable in patients
with aHUS disease.

2. Materials and methods

This systematic review was conducted in line with the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement [36,37].

2.1. Search strategy

We systematically searched for randomized controlled
trials (RCTs) involving articles concerning determinants
of HRQOL in aHUS published in English. PubMed (since
1966), EMBASE (since 1966), Cochrane Library (since
1996), PsycInfo (since 1960), CINAHL (since 1982) and
Google Scholar were systematically searched for titles
and abstracts published between inception date of the
database and September 2016. The search strategy con-
tained a combination of keywords (and their synonyms)
and Medical Subject Headings (MESH)/EMTREES (in the
case of EMBASE), including ‘hemolytic uremic syn-
drome’, ‘eculizumab’, ‘Quality of Life’ and ‘patient-
reported outcome measure’. Spelling variations were
also used. Additional articles were obtained through cit-
ation snowballing to locate primary sources. We also
searched Clinicaltrials.gov to identify ongoing but still
unpublished studies.

2.2. Study inclusion criteria

Inclusion criteria for the studies of the present investi-
gation were as follows: studies with English language
published in a peer-reviewed journal, aHUS patient
population which received eculizumab treatment and
HRQoL determination with a validated instrument.

Exclusion criteria for this study was as follows: experi-
mental studies, mechanistic studies, commentary,
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animal studies, letters/reviews/editorials, case series
(sample size <10 patients), pharmacodynamic/pharma-
cokinetic studies, economic evaluation studies and stud-
ies with full-text published in a language other than
English. Review articles were searched for eligible
articles in their reference lists.

Two independent reviewers AM and AK reviewed all
retrieved full-text articles depending on inclusion and
exclusion criteria. A third arbiter (SB) agreement was
obtained in case the eligibility could not be
accomplished.

2.3. Evaluating Measures of Patient-Reported
Outcomes (EMPRO)

The EMPRO [31,35] was designed to measure the quality
of PRO instruments. It assesses quality as an overall con-
cept, which is based on eight attributes (39 items) cov-
ering: ‘’conceptual and measurement model’ (concepts
and population intended to assess); ‘reliability’ (to
which degree an instrument is free of random error);
‘validity’ (to which degree an instrument measures what
it intends); ‘responsiveness’ (ability to detect change
over time); ‘interpretability’ (assignment of meanings to
instruments scores); ‘burden’ (time, effort and other
demands for administration and response); ‘alternative
modes of administration’ (i.e., self- or interviewer-
administered, telephone or computer-assisted inter-
view) and ‘cross-cultural and linguistic adaptations’
(equivalence across translated versions). All EMPRO
attributes and items are accompanied by a short
description to facilitate understanding the intended
meaning and to guarantee a standardized application
during the evaluation process. The item content of each
attribute is summarized in the table of EMPRO results.
Agreement with each item can be answered on a four-
point Likert’s scale, from 4 (strongly agree) to 1
(strongly disagree). The ‘no information’ box can be
checked in case of insufficient information. Five items
allow replying with ‘not applicable’. It is recommended
to provide detailed comments to justify each EMPRO
rating. These comments aid in the better interpretation
of the EMPRO scores.

2.4. Standardized EMPRO evaluation

Each instrument was evaluated by two appraisers inde-
pendently and disagreements were resolved either by
discussion, or if required, an additional evaluation
was performed by a third independent reviewer.
Reviewers expressed their degree of agreement on a
four-point scale ranging from 4 ‘strongly agree’ to 1
‘strongly disagree’ for all the items. A further option of

‘no information available’ could be checked if the infor-
mation in the available document was insufficient to
make the decision. For a few items, the option of ‘not
applicable’ was also available. Also, reviewers provided
detailed comments to explain their ratings. Attribute
scores were calculated as the mean of the responses to
all items for that attribute, with a linear transformation
to obtain the scores on a scale from 0 (minimum) to
100 (maximum).

2.5. Quality assessment

Studies were assessed for quality of randomization,
blinding, reporting of withdrawals, generation of ran-
dom numbers and concealment of allocation accord-
ing to the Cochrane systematic review software
(version 5.0.1) [38,39]. This validated Cochrane Risk of
Bias tool consisted of the following six categories: (1)
random sequence generation; (2) allocation conceal-
ment; (3) blinding of participants; (4) incomplete out-
come data; (5) selective outcome reporting and (6)
other bias. Each category was scored as high, uncer-
tain or low risk of bias. Two independent reviewers
(AM, AK) performed the quality assessment and dis-
agreements on scores were resolved through discus-
sion with a third arbiter, SB.

2.6. Statistical analysis

Attribute-specific scores and an overall score were cal-
culated. Detailed information and algorithms to obtain
EMPRO scores are available online [31,35]. First, the
mean of the applicable items was calculated for each
attribute (when at least 50% of them were rated) and
second, this raw mean was linearly transformed into a
range of 0 (worst possible score)–100 (best possible
score). Items for which the response option ‘no
information’ had been selected were assigned a score
of 1 (lowest possible score). Separate sub-scores for the
‘reliability’ and ‘burden’ attributes were calculated as
they are composed of two components each: ‘internal
consistency and reproducibility’ for reliability, as well as
‘respondent and administrative’ for the burden. For reli-
ability, the highest sub-score for the two components
was then chosen to represent the attribute.

Besides the attribute-specific scores, an overall score
was computed by calculating the mean of the five met-
ric related attributes: ‘conceptual and measurement
model’, ‘reliability’, ‘validity’, ’responsiveness to change’
and ‘interpretability’. The overall score was only calcu-
lated when at least three of these five attributes had a
score. EMPRO scores were considered reasonably
acceptable if they reached at least 50 points (out of the
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100 maximum theoretical points). This threshold was
chosen based on the global recommendations made by
the reviewers in the first two EMPRO studies [31,32].
The receiver operating characteristic (ROC) curve was
calculated to evaluate the agreement between
EMPRO attribute scores and the reviewers global
recommendations.

3. Results

3.1. Study identification and inclusion

Our literature searches initially identified 112 articles
after removal of all duplicates. Then they were screened
on title and abstract following the predefined inclusion
and exclusion criteria. Incorrect study design and a
population of interest were the main reasons for article
exclusions. In total, 80 articles were excluded, leaving
32 articles which satisfied the inclusion criteria for full-
text screening. After full-text review, 10 articles satisfied
the inclusion criteria and were included for qualitative
analysis [27–29,40–46]. Consensus between the two
independent reviewers [AM, AK] was reached in 24% of
cases. Figure 1 depicts the PRISMA flow chart of the
present study. The primary findings from the included
studies are summarized in Table 1. Out of 10 studies,
only one study was conducted in the US [40] and
remaining were conducted in multiple countries
[27–29,41–46].

3.2. Characteristics of the studies included

Table 1 shows the study characteristics which were
included in this study. Totally out of the1279 enrolled

patients, only263 (20.56%) patients received eculizumab
treatment. Nine studies were open-label and single-arm
prospective clinical trial studies [27–29,41–46]. Only one
was a prospective clinical trial study [40].

3.3. Risk of bias

The risk of bias assessment for the included studies are
presented in Figure 2. All 10 studies [27–29,41–46]
showed a high risk of bias related to random sequence
generation, allocation concealment and blinding
whereas eight studies [27–29,42–46] showed a low risk
of bias for the incomplete collection of outcome data or
selective reporting.

Downs and Black scoring were used to evaluate the
quality of the studies Using the study quality as a vari-
able. The overall quality of study reporting was good;
external validity was better and internal validity was
low amongst studies (Table 2). A heat map of an over-
view of the quality of the studies determined using
Downs and the Black scoring system is provided in the
Supplementary material.

3.4. Evaluating Measures of Patient-Reported
Outcomes (EMPRO)

We identified 32 articles with information concerning
five different instruments. After application of the
defined exclusion criteria, 22 articles were excluded as
they were not instrument related or did not provide
any information on the development process, metric
properties or administration issues. Finally at the end of

Figure 1. PRISMA flow diagram depicting the selection of studies for systematic review.
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the review process., 10 articles which provided informa-
tion about the PRO measures were included.

Figure 3 depicts the results of the systematic review
process for EMPRO. Seven of the included studies
employed generic HRQoL questionnaires i.e., EuroQol
five dimensions questionnaire (EQ-5D) 36-item
[27,29,41,42,44–46]. The disease-specific questionnaires,
i.e., Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F) were utilized in three studies to
evaluate the HRQoL [28,43,46]. Another generic
unidimensional pain questionnaires, i.e., Visual Analog
Scale (VAS) were used in a couple of studies [27,41].
Short-Form Health Survey Questionnaire (SF-36) [46]
and Headache Impact Test-6 (HIT-6) [40] were also used
to determine HRQoL in aHUS patients.

3.5. EMPRO ratings

Detailed EMPRO results of the standardized evaluation
are presented in Table 3 and summarized in Figure 4.
The overall score, which summarizes the five attribute-
specific scores were ranged from 73.83 (VAS) to 50.24
(FACIT-F). In the ‘conceptual and measurement model’
attribute, instruments scored from 85.71 (EQ-5D) to
42.86 (FACT-F), with all instruments presenting scores
higher than 50. ‘Reliability’ scores ranged from 66.67
(VAS and SF-36) to 25 (FACT-F) and 4/5 instruments
scored above the threshold of 50. ‘Validity’ scores
ranged from 83.33 (VAS) to 44.44 (HIT- 6), with only one
instruments score below 50 (HIT- 6). In ‘Responsiveness’,
instruments scored from 100 (EQ-5D) to 55.56 (FACIT-F
and SF-36) and all instruments scored more than 50.
‘Interpretability’ scores ranged from 77.78 (FACT-F and
HIT-6) to 44.44 (SF-36) and only SF-36 instrument scored
below the threshold of 50. ‘Burden’ scores were highest
for VAS (59.52), followed by EQ-5D (54.76), 45.24 (HIT-6)
and 42.86 (SF-36) with FACIT-F presenting the lowest
burden (23.81).

PRO instrument viz. EQ-5D, FACIT-F and SF-36 pro-
vide alternative modes of administration. Only EQ-5D
instrument scored the minimum threshold of EMPRO
(75.00). In FACIT-F and SF-36 cases, the EMPRO scores
were unable to reach the minimum threshold of 50
points (16.67 and 41.67, respectively) for ‘Alternative
modes of administration’. However, no information
was found for two instruments (HIT-6 and VAS) for
‘Alternative modes of administration’. EQ-5D and VAS
were well rated (100 points) for ‘Cultural and language
adaptations or translations’, whereas SF-36 was rated as
83.33 for the same. FACIT-F instrument scored below
the threshold of 50 for EMPRO (27.78) and there was no
information available for HIT- 6 for ‘Cultural and lan-
guage adaptations or translations’.Ta
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4. Discussion

Understanding and evaluation of the HRQoL in patients
with aHUS plays an significant role in the development
of new treatment regimen as well as health protocols.
QoL is now becoming progressively perceived as an
essential aspect for aHUS patients. Improving HRQoL
should be considered while utilizing costly medications
as a treatment option for prolonging life for a short
length of time [47]. Eculizumab, a monoclonal antibody

that specifically binds to C5 has been widely used
worldwide for the treatment of aHUS [48]. The present
study demonstrates that treatment with the eculizumab
significantly improves HRQoL in patients with aHUS
[27–29,41–46]. Moreover, it also provides symptomatic
relief and improves the renal function as well as hema-
tologic parameters of patients with aHUS [49].

To the best of our knowledge, only two reviews have
reported the data of HRQoL in aHUS population [48,50].

Figure 2. Risk of bias graph of included trials: Review authors’ judgments about each risk of bias item for each included study
(A) and each risk of bias item presented as percentages across all included studies (B).

Table 2. Review of the quality of studies determined using downs and black scoring system.

Sl. No. Author
Reporting
(Max: 11)

External validity
(Max: 3)

Internal validity-bias
(Max: 7)

Internal validity -confounding
(selection bias) (Max: 6)

Total
(27)

1. Saultz et al. (2015), USA [40] 5 3 1 0 9
2. Muus et al. (2011), Multinational [41] 11 3 4 2 20
3. Licht et al. (2012), Multinational [41] 11 3 4 2 20
4. Legendre et al. (2013), Multinational [27] 11 3 4 2 20
5. Licht et al., (2015), Multinational [29] 11 3 4 2 20
6. Greenbaum et al. (2014), Multinational [43] 11 3 3 1 18
7. Greenbaum et al. (2016), Multinational [28] 11 3 3 1 18
8. Greenbaum et al. (2012), Multinational [44] 10 3 3 0 16
9. Loirat et al. (2011), Multinational [45] 10 3 3 0 16
10. Fakhouri et al. (2016), Multinational [46] 11 3 4 2 20

112 A. A. MUKHERJEE ET AL.



However, none of the studies reported the performance
of patient self-reported HRQoL instruments applicable
for aHUS patients. In the present systematic review, we
have reported the psychometric determinants proper-
ties of HRQoL instruments in patients with aHUS by
assessing 10 studies which used five different PRO
instruments. Furthermore, we have also provided the
comparison amongst the PRO instruments based on
EMPRO scoring via evaluating information related to
the development process, metric properties and admin-
istrative issues.

Previously it has been established that the PRO
instrument obtained the category of ‘recommended
with provisos or alterations’ if it’s overall EMPRO score
can achieve above the threshold of 50. Furthermore, if
the EMPRO score is higher than 50.00 in every dimen-
sion, then instrument was categorized as ‘strongly rec-
ommended’. If the instrument is unable to achieve its
overall EMPRO score above the threshold of 50, then it
was categorized as ‘not recommend’. The PRO instru-
ment obtained the category of ‘unsure’ if there was a
discrepancy between reviewers [34].

Amongst the five instruments, most frequently used
instrument was EQ-5D and it had the best rating
according to EMPRO standard criteria along with VAS.
These generic HRQoL Instruments (EQ-5D and VAS)
have their overall scores higher than 50. Thus they are
much satisfactory for assessing HRQoL in aHUS patients.
Both instruments (EQ-5D and VAS) scored higher than
50 in every dimension and achieved overall score higher
than 70 (73.81 and 73.83, respectively). However, there
was a couple of differences on the responsiveness and
validity attributes. EQ-5D also scored higher (100
points) in responsiveness than VAS, whereas in terms of
validity VAS achieved higher score (83.33) than EQ-5D.
In congruence to the literature [34], our findings
showed that EQ-5D and VAS administration should be

recommended as a generic instrument for assessing
HRQoL in aHUS patients.

SF-36 obtained the third best rating in the overall
summary score. It was at the top for ‘reliability’ along
with VAS in our metric quality evaluation. Furthermore,
it was also able to achieve above the threshold in
EMPRO scoring for ‘conceptual and measurement mod-
el’ and ‘reliability’ but just passed the requirements of
‘responsiveness’. However, ‘interpretability’, ‘burden’
and ‘alternative modes of administration’ attributes
unable to meet the threshold of EMPRO scoring. In the
light of these results, our investigation showed that
SF-36 could be ‘recommended with provisos or alter-
ations’ in aHUS patients for determination of HRQoL.

TheSF-36 is a self-report questionnaire which deter-
mines eight multi-item variables which include physical
functioning, social functioning, physical limitation of
role, emotional limitation of role, pain, mental health,
general health and vitality. The scale of 0–100 is used to
record a score of each dimension. This scale is most
popularly used to determine the functional status of the
patients. Whereas, the Euroqol questionnaire is a quick
response instrument which consists of five different ele-
ments, each with three levels [51]. Studies report that
EQ-5D provides more comparable results than SF-36 in
the patients with various levels of perceived ill-health
[52]. The finding of the present investigation also
showed that EQ-5D administration should be recom-
mended than SF-36 for assessing HRQoL in aHUS
patients and this is in line with the previous studies [52].

It has been well documented that EQ-5D instrument
is an extreme brevity and is been well characterized in
large normal population studies [52]. When comparing
the two instruments EQ-5D and SF-36 based on health
status, EQ-5D provides insights about the current
health status of patients, whereas SF-36 provides previ-
ous four weeks health status which might provide an
idea of the relative health stability of patients' over a
period. However, patients’ current health status gives a
better idea about the disease state than a health state
of several weeks ago. The pain and anxiety/depression
largely affected the usual activities of the patient and
these are greatly captured by EQ-5D than SF-36.
Additionally, SF-36 has a limited range of possible
responses in the dimensions of physical or emotional
factors. In the assessment of mental health problems,
EQ-5D has an advantage of capturing the response by
simply asking the patient qualitatively about their anx-
ious or depressed state.

The FACIT-F scale is a 13-item instrument designed
to evaluate the impact of fatigue/tiredness daily activ-
ities and functioning in numerous chronic conditions
[53,54]. It was originally designed to assess the fatigue

Figure 3. Results of the systematic literature review. Number
of manuscripts identified and used in the EMPRO evaluation.
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in cancer patients where it showed good reliability and
validity [54]. Further, it has been employed in an array
of chronic diseases including systemic lupus erythema-
tosus [55,56]; psoriatic arthritis [57]; chronic immune
thrombocytopenia [58] and Parkinson’s disease [59].
HIT-6 is another disease-specific PRO instrument which
was developed to measure pain. However, the low num-
ber of items in the questionnaire and inability to measure
very mild headache impact may constituted a drawback
for HIT-6 [60]. In our study, both instruments obtained a
very high rating in ‘interpretability’, however, FACIT-F

was unable to meet the minimal threshold of EMPRO
scoring (except interpretability). Furthermore, HIT-6 and
FACIT-F scored slightly above the overall threshold of
acceptable results in our EMPRO minimum quality criter-
ion. Thus, they were categorized as ‘not recommend’.

5. Limitations

Our present investigation possesses limitation as well
and thus results of the present investigation should be
interpreted by considering this limitation. Firstly, the

Table 3. Ratings of each EMPRO item and attribute for every quality of life instrument identified.
Attributes HIT- 6a EQ-5Da VASa FACIT-Fa SF-36a

Conceptual and measurement model 52.38 85.71 80.95 42.86 71.43
Concept of measurement stated þþþþ þþþþ þþþþ þþþþ þþþþ
Obtaining and combining items described þþþþ þþþþ þþþþ þþ þþþþ
Rationality for dimensionality and scales þ þþþþ þþþþ þ þþþþ
Involvement of target population þþþþ þþþþ — þþþ —
Scale variability described and adequate þ þþþ þþþþ þþ þþþ
Level of measurement described þ þþþþ þþþ þ þþþ
Procedures for deriving scores þþþþ þþþ þþþþ þþþ þþþþ
Reliability 62.50 62.50 66.67 25.00 66.67
Data collection methods described þþþþ þþþþ þþþþ þþ þþþþ
Cronbach’s alpha adequate þ þ þþþþ þþ þþþ
Item Response Theory (IRT) estimates provided þþþ þþþþ — — —
Testing in different populations þþþþ — — — þþþþ
Data collection methods described þþþ þþþþ þþþ þþ þþþþ
Test–retest and time interval adequate þþþ þþþ þþþ þþ þþþ
Reproducibility coefficients adequate þ þþ þþ þþ þþ
IRT estimates provided þþþ þþþ þþþ — —

Validity 44.44 63.89 83.33 54.17 76.67
Content validity adequate þ þþ þþþþ þþþ þ
Construct/criterion validity adequate þþþþ þþþþ þþþþ þþþ þþþþ
Sample composition described þþþþ þþ þþþþ þþ þþþþ
Prior hypothesis stated þ þþ þþþ þþþ þþþ
Rational for criterion validity þ þþþ N/A N/A N/A
Tested in different populations þþþþ þþþþ N/A N/A þþþþ
Responsiveness 66.67 100.00 77.78 55.56 55.56
Adequacy of methods þþþþ þþþþ þþþþ þþþ þþþ
Description of estimated magnitude of change þþþ þþþþ þþþþ þþþ þþþ
Comparison of stable and unstable groups þþ þþþþ þþ þþ þþ
Interpretability 77.78 61.11 66.67 77.78 44.44
Rational of external criteria þþþ þþþþ þþþþ þþþ þþþ
Description of interpretation strategies þþþþ þþ þþþ þþþþ þþþ
How data should be reported stated þþþ þþ þþ þþþþ þ
Burden 45.24 54.76 59.52 23.81 42.86
Skills and time needed þþþ þþþ þþþ þþ þ
Impact on respondents þþþ þþþ þþ þþ þþþþ
Not suitable circumstances þþþ þþþþ þ þþ þ
Resources required þþþ þþþ þþþ þþþ þþþþ
Time required — — þþþ — —
Training and expertise needed — — þþþþ — —
Burden of score calculation þþ þþþþ þþþþ þ þþþþ
Alternative modes of administration — 75.00 — 16.67 41.67
Metric characteristics of alternative forms — þþþ — þ þþ
Comparability of alternative forms — þþþ — þþ þþþ
Cultural and language adaptations or translations — 100.00 100.00 27.78 83.33
Linguistic equivalence — þþþþ þþþþ þþ þþþþ
Conceptual equivalence — þþþþ þþþþ þþ þþþþ
Significant differences — þþþþ þþþþ þ þþþ
Global score (Panoramic) 59.09 73.81 73.83 50.24 61.70

Global score (Version Specific) — 78.17 78.19 47.42 65.31
aþþþþ: 4 (strongly agree);þþþ: 3;þþ: 2;þ: 1 (strongly disagree), —: no information, N/A: Not Applicable. The higher the agreement the better the
rating. EQ-5D: EuroQol five dimensions questionnaire; FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue; SF-36: 36-item Short Form Health
Survey; HIT-6: Headache Impact Test-6; VAS: Visual Analogue Scale.
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available evidence from present investigation showed
that HRQoL is significantly improved by eculizumab
treatment in aHUS patients. However, this evidence was
mainly based on prospective randomized studies and
most of patients were 28 years (range 13–68 years).

Further, real-world evidence studies with the more rep-
resentative sample or long-term follow-up data are
needed to validate this in daily clinical practice.
Secondly, evaluation of PRO instrument on the basis of
EMPRO is completely depended on quantity and quality

Figure 4. Overall ranking of instruments and their attribute-specific EMPRO scores. EMPRO scores ranged 0–100 (worst to best).
EMPRO: Evaluating Measures of Patient-Reported Outcomes; EQ-5D: EuroQol five dimensions questionnaire; FACIT-F: Functional
Assessment of Chronic Illness Therapy-Fatigue; SF-36: 36-item Short Form Health Survey; HIT- 6: Headache Impact Test-6; VAS:
Visual Analogue Scale.
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of published literature. Furthermore, any unavailable or
missing information in various attributes such as cul-
tural adaptation, the burden of administration, validity,
responsiveness or interpretation is considered as a
worst possible rating in the EMPRO scoring algorithm
may account for penalizes in the global EMPRO score. If
more than half of the information is available, then
overall EMPRO score should not determine to reduce
this penalize of the global EMPRO score. Lastly,
although the scoring of EMPRO was carried out by two
independent reviewiers there may be a scope of bias by
an individual expertise.

6. Conclusions

In conclusion, eculizumab significantly improves HRQoL
in patients with aHUS. Evidence from present investiga-
tion support that EQ-5D and VAS administration should
be recommended as PRO instrument for assessing
HRQoL in aHUS patients. Furthermore, EQ-5D can be
used in the evaluation of HRQoL aspects on an eco-
nomic evaluation such as a cost-utility analysis and
quality-adjusted life years (QALYs), where it would be
necessary to map another instrument with it. However,
their selection is entirely depending upon the objective
and study requirements.

7. Implications for clinical practice

Our results suggest that EQ-5D is the recommended
PRO instrument for determination of HRQoL in aHUS
patients treated with eculizumab. It would be impli-
cated in case of economic evaluations for cost-utility
analysis. However, determination of the quality of life in
aHUS patient by using VAS and SF-36 can be achieved
if the objective of study focuses attention on the items
related to the validity attribute.
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