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a b s t r a c t

Objectives: Relapsing polychondritis is a rare, multi-systemic and inflammatory condition of unknown
origin. We currently lack a core set of measures to assess and follow damage in patients suffering from
this condition. Our primary aim was to derive a disease-specific damage measuring tool for relapsing
polychondritis, the Relapsing Polychondritis Damage Index (RPDAM).
Methods: We performed an international 4-round multicenter Delphi study during which experts were
asked to rate the relevance of potential damage items for relapsing polychondritis (141 items were
obtained from a literature review and 12 from expert suggestion), using a Likert Scale. The selection of
items for each subsequent round was based on the median rating of each item.
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Results: Twenty-four experts from 11 nationalities participated in round 1 and 22 in rounds 2, 3 and 4.
From the initial 153 potential damage items, 44 items were selected during round 1, 30 items during round
2 and 16 during round 3. During round 4, we refined the index to a total of 17 items referring to ear nose
and throat, eye, respiratory, cardiovascular and hematological systems as well as to treatment-related
specific damage items.
Conclusion: We have developed by international consensus a scoring system to assess damage in patients
with relapsing polychondritis. Following its validation, the RPDAM may contribute to improve the care
of patients suffering from this rare condition as well as to standardize data collection for future clinical
trials.

© 2018 Published by Elsevier Masson SAS on behalf of Société française de rhumatologie.

1. Introduction

Relapsing polychondritis (RP) is a rare, severe, multi-systemic
and progressive inflammatory condition involving cartilaginous
structures [1], such as those of the ears, nose and of the laryngo-
tracheo-bronchial tree [2]. Additional clinical features include
inflammation of the eyes, cardiovascular system [3], peripheral
joints, inner ear, skin [4] and central nervous system [5–7]. The rar-
ity of RP makes it difficult to obtain detailed epidemiological data,
but the prevalence of the disease has recently been estimated to be
of ≈4.5 per million [8,9].

Currently, one of the difficulties in the assessment of RP is the
lack of a standardized core set of measures. This leads to a non-
standardized management of the disease and further limits the
development of clinical trials. Importantly, the clinical spectrum of
RP comprises very unique manifestations such as chondritides and
deformities that are not fully captured by existing tools for other
diseases. Also, the development of such tools would be a prerequi-
site to implement a treat-to-target approach in this disease.

Notably, distinguishing between disease activity and damage
is a crucial challenge in daily clinical practice for accurate disease
management; disease activity generally refers to reversible mani-
festations, while damage refers to irreversible manifestations that
are unlikely to benefit from treatment escalation. In 2012, our group
has derived a disease-specific activity score for RP by expert con-
sensus (the Relapsing Polychondritis Disease Activity Index, RPDAI)
[10] but we currently lack a disease-specific damage index. Build-
ing such a tool would help improving the care of RP patients, and
would allow for clinical trials to rely on standardized assessment
tools.

In this study, our primary aim was to derive a disease-specific
damage index for RP, the Relapsing Polychondritis Damage Index
(RPDAM), based on an international expert consensus using the
Delphi method.

2. Methods

2.1. Definitions

The steering committee defined “Damage” as irreversible mani-
festations of the disease that are unlikely to benefit from treatment
escalation, ascertained by clinical assessment and present for at
least 3 months. All damage manifestations reported had to occur
after diagnosis of relapsing polychondritis.

2.2. Study design

The RPDAM study is an international multicenter study based
on a 4-round Delphi method. A Delphi survey is a systematic pro-
cess involving a series of rounds of data collection and analysis to
derive expert consensus on a topic. This interactive process involves
a panel of experts who are asked to rate a list of items during consec-

utive rounds while being provided with the aggregated responses
of prior rounds. The study was headed by a steering committee
composed of a rheumatologist specialized in the care of RP patients
(L.A.), a dermatologist with a special interest in autoimmune dis-
eases (F.C.) and a rheumatology resident (P.M.).

2.3. Expert panel

The expert panel was formed by contacting the main authors
of all publications at least one series of ≥ 5 RP patients between
2006 and 2016 in Pubmed and Embase. These experts where con-
tacted individually by email and asked to participate. They were
not informed of the total number and name of other experts, which
is important to prevent judgement-based biases commonly associ-
ated with expert panels. All feedback from experts was anonymized
before being forwarded to other experts during the subsequent
Delphi rounds.

2.4. Derivation of the initial list of potential damage item

To allow the initial selection of potential items related to dam-
age in RP, the steering committee prepared a preliminary list of
items on the basis existing damage scores including the Vasculi-
tis Damage Index (VDI) [11], the IMACS Myositis Damage Index
(MDI) [12], the Sjögren’s Syndrome Disease Damage Index (SSDDI)
[13], the SLICC/ACR Lupus Damage Index [14] and expert feedback.
A total of 141 items were identified from the literature review and
12 additional items were suggested by the expert panel during pre-
liminary discussions [Appendix A, Table S1; See the supplementary
material associated with this article online].

2.5. Delphi survey for item selection

The Delphi method was used to maintain expert anonymity
during the study and therefore prevent judgement-based biases
such as dominance, conflict of interest, and group pressures that
are commonly associated with expert panels. For the four-round
Delphi, we used password-protected electronic questionnaires cre-
ated using the Google forms survey tool. After each round, experts
were provided with the aggregate responses of prior rounds. Any
comment from experts during each round was sent anonymously
to all other experts, so that these comments could be taken into
consideration.

During the RPDAM study round 1, the experts were asked to rate
the relevance of each of the potential 153 initial damage items using
a 1 (“strongly disagree to inclusion in the final RPDAM index”) to 10
(“strongly agree to inclusion in the final RPDAM index”) Likert scale.
According to the French recommendations for the development of
expert consensus, we selected for round 2 all items with a median
Score ≥ 7. During rounds 2, 3 and 4, we used a simplified Likert
scale from 1 (“should not be included in the final RPDAM index”)
to 4 (“should be included in the final RPDAM index”), and the items
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selected for the next rounds where those with a median Score ≥ 3
on the 1 to 4 Scale (first quartile).

The purpose of round 4 was to allow expert validation of items
selected after the three first rounds, and to refine the final index by
using further expert feedback.

2.6. Statistical analyses

Quantitative data were expressed as median (minimum-
maximum) values and qualitative data as number of percentages.
Statistical analyses were performed using the software JMP version
13 (SAS institute, Cary, NC, USA).

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

3. Results

3.1. Characteristics of the panel of experts

Of 44 invited experts, 24 did participate in round 1 and 22
(91.7%) in rounds 2, 3 and 4. The median age of experts was 55
(range: 30–67) years. All of them were MDs and 4 had a PhD.
These experts were located in France (n = 6), United Kingdom (n = 4),
United States of America (n = 4), Spain (n = 3), Japan (n = 2), India
(n = 2), Singapore (n = 2), and one of each in the Netherlands, Poland,
Romania and Italy. Twelve were rheumatologists, 8 were internists,
2 were ENT specialists, 2 were dermatologists and one of each were
nephrologist, pediatrician and pneumologist. All of those who had
completed the 4 rounds reported having ≥ 10 years of experience
in the management of RP patients.

3.2. Selection of items during rounds 1, 2 and 3

The median Score across all 153 potential damage items was
5.5 [1–10] on the 1 (strongly disagree to inclusion) to 10 (strongly
agree) rating scale. A total of 44 items were attributed a median
Score ≥ 7 and were therefore selected to enter round 2 (Table 1)
[Appendix A, Table S2; See the supplementary material associ-
ated with this article online]. During round 2, those 44 items were
graded using a simplified Scale from 1 (should not be included) to 4
(should be included in the RPDAM). The median Score given across
those 44 items was 3 (1.5–4) (Table 2). Of those, 30 items (with
a median Score ≥ 3) were selected for round 3 (Table 2). Among
those 30 items, 9 (assessing pulmonary damage) were semantically
redundant and were presented separately, with experts asked to
select the most relevant wording to describe pulmonary damage.
A total of 16 items with a median Score ≥ 3 were selected for round
4 (Table 2).

3.3. Delphi round 4 and index refinement

Of the 16 items selected during round three, 4 items regarding
specific respiratory damage and 2 items regarding nose cartilage
damage were still considered semantically redundant by the steer-
ing committee. These redundant items were further refined by
being submitted separately to the expert panel during phase 4. For
each of these 2 domains, the experts were asked to select the most
specific item. The one finally selected was the one which received
the higher number of vote from the 22 experts (Table 2).The
remaining 10 items were further validated by expert consensus
during phase 4 (median Score of 3.5 [3–4]).

During the final refinement phase, 6 additional items regarding
treatment-related adverse events and potentially relevant disease-

Table 1
Validated items during round 1.

Damage items Rating: median (range)

Musculo-skeletal
Deforming or erosive arthritis (including reducible

deformities, excluding avascular necrosis)
7.5 (2–10)

Avascular necrosis (regardless of treatment) 8 (1–10)
Permanent chest wall deformities 7 (1–10)
ENT
Sensorineural hearing loss 10 (7–10)
Conductive hearing loss 9 (5–10)
Permanent auricular deformities 10 (2–10)
Permanent auricular cartilage deformities 10 (7–10)
Nasal bridge collapse or septal perforation 9 (7–10)
Permanent nose deformities 9.5 (1–10)
Permanent nose cartilage deformities 10 (7–10)
Nasal blockage or chronic discharge or crusting 7 (2–10)
Chronic sinusitis or radiologic evidence of bone

destruction
7 (1–10)

Vestibular syndrome 7 (3–10)
Pulmonary
Dysphonia 8 (4–10)
Upper airway obstruction requiring surgery 10 (2–10)
Upper airway obstruction not requiring surgery 9 (2–10)
Symptomatic upper airway obstruction 9 (4–10)
Tracheomalacia 10 (7–10)
Obstructive syndrome due to stenosis 9 (3–10)
Obstructive syndrome due to malacia 9 (2–10)
Obstructive syndrome : stenosis/malacia 9.5 (4–10)
Obstructive syndrome (symptomatic):

stenosis/malacia
10 (3–10)

Laryngeal obstructive syndrome 9 (2–10)
Tracheal obstructive syndrome 9 (2–10)
Bronchial obstructive syndrome 9 (2–10)
Obstructive syndrome (laryngeal, tracheal or

bronchial)
10 (3–10)

Continuous oxygen dependency 8 (1–10)
Significant chronic breathlessness 7 (2–10)
Impaired pulmonary function tests 7 (1–10)
Cardiovascular
Aortic root dilatation 8 (1–10)
Valvular disease 7 (1–10)
Second episode of major tissue loss 8 (1–10)
Major tissue loss 7.5 (1–10)
Renal
End-stage renal failure 7 (1–10)
Dialysis 7 (1–10)
Renal transplant 7 (1–10)
Ocular
Scleral thinning (scleromalacia) 8 (1–10)
Scleral thinning 7.5 (1–10)
Scleromalacia 7.5 (1–10)
Optic nerve atrophy 8 (1–10)
Blindness in second eye 8 (1–10)
Blindness (in one or two eyes) 8 (1–10)
Blindness in 1 eye 7 (1–10)
Orbital wall destruction 7.5 (1–10)

related items were discussed. Amongst them, five relevant items
were selected by expert vote (median Score of 3 [3–3]) (Table 2).

Based on these 4 rounds of Delphi and following the refinement
phase, a total number of 17 items was selected by expert consensus
and together constitute the final RPDAM (Table 3).

4. Discussion

Both activity and damage measuring tools are essential in clini-
cal trials, as these allow standardization of collected data. We have
previously developed a disease-specific activity score for RP [10].
Here, our primary aim was to develop an index designed specifically
to evaluate damage in RP patients. This tool was developed based
on a multicenter and international consensus of experts involved
in the care of RP patients. From an initial list of 153 potential dam-
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Table 2
Validated items during rounds 2, 3 and 4.

Damage
items

Round 2 Round 3 Round 4
Range of ratings: 0–4

Musculo-skeletal
Avascular necrosis (regardless of treatment) 3 (1–4) 2.5 (1–4) –
Permanent chest wall deformities 3 (1–4) 3 (1–4) 3 (2–4)
Deforming or erosive arthritis (including reducible deformities, excluding avascular necrosis) 2.5 (1–4) – –
ENT
Sensorineural hearing loss 4 (2–4) 4 (3–4) 4 (1–4)
Conductive hearing loss 4 1–4) 3 (2–4) 4 (1–4)
Permanent auricular cartilage deformities 4 (1–4) 4 (3–4) 4 (3–4)
Permanent auricular deformities 2 (1–4) – –
Nasal bridge collapse or septal perforation 4 (3–4) 4 (1–4) 86.4%b

Permanent nose cartilage deformities 4 (1–4) 4 (3–4) b

Permanent nose deformities 2.5 (1–4) – –
Nasal blockage or chronic discharge or crusting 3 (1–4) 1 (1–3) –
Chronic sinusitis or radiologic evidence of bone destruction 3(1–4) 1.5 (1–3) –
Vestibular syndrome 3 (1–4) 2 (1–4) –
Pulmonary
Dysphonia 3.5 (2–4) 3 (1–4) 3 (2–4)
Upper airway obstruction requiring surgery 3 (1–4) a –
Upper airway obstruction not requiring surgery 1.5 (1–4) – –
Symptomatic upper airway obstruction 2 (1–4) – –
Tracheomalacia 4 3–4) a –
Obstructive syndrome: stenosis/ malacia 3 (1–4) a –
Obstructive syndrome (symptomatic): stenosis/ malacia 3 (1–4) a –
Obstructive syndrome due to stenosis 2 (1–4) – –
Obstructive syndrome due to malacia 2 (1–4) – –
Laryngeal obstructive syndrome 3 (1–4) a –
Tracheal obstructive syndrome 3(1–4) a –
Bronchial obstructive syndrome 3 (1–4) a –
Obstructive syndrome (laryngeal, tracheal or bronchial) 3 (1–4) 45.5%a 90.9%c

Continuous oxygen dependency 3 (1–4) 3 (1–4) c

Significant chronic breathlessness 3 (1–4) 3 (1–4) c

Impaired pulmonary function tests 3 (1–4) 3 (1–4) c

Cardiovascular
Aortic root dilatation 4 (2–4) 3 (2–4) 3 (2–4)
Major tissue loss 3 (1–4) 3 (1–4) 3 (1–4)
Second episode of major tissue loss 3 (1–4) 2 (1–3) –
Valvular disease 3 (2–4) – –
Ocular
Scleral thinning 1.5 (1–4) – –
Scleromalacia 2 (1–4) – –
Scleral thinning (scleromalacia) 3.5 (1–4) 3.5 (1–4) 4 (2–4)
Optic nerve atrophy 3 (1–4) 2.5 (1–4) –
Blindness in one eye 2 (1–4) – –
Blindness in second eye 2 (1–4) – –
Blindness (in one or two eyes) 3 (1–4) 3 (2–4) 4 (2–4)
Orbital wall destruction 3 (1–4) 3 (1–4) 3 (1–4)
Renal
End-stage renal failure 2 (1–4) – –
Dialysis 2 (1–4) – –
Renal transplant 2 (1–4) – –
Total number of items selected for the next round 30 16 12

a Redundant pulmonary damage items voted together during phase 3: obstructive syndrome (laryngeal, tracheal or bronchial) was selected with a Total Score of 45.5%.
b Redundant nose cartilage damage voted together during phase 4: nasal bridge collapse or septal perforation was selected with a Total Score of 86.4%.
c Redundant pulmonary damage items voted together during phase 4: obstructive syndrome (laryngeal, tracheal or bronchial) was selected with a Total Score of 90.9%.

age items, the experts selected by consensus a final list of 17 items
which together constitute the final RPDAM.

A major challenge was to distinguish adequately between items
reflecting disease activity and those reflecting damage. During
this study, we stressed that we considered only irreversible man-
ifestations, rather than those that would reflect disease activity.
Importantly, items regarding renal damage were not selected by
expert for the final RPDAM. This is of interest because renal involve-
ment is rare (being observed in none of the 142 patients reported
in the recent French RP cohort [15]) in RP. Most experts agree
that presence of renal involvement shall make one reconsider
the diagnosis of RP and consider in priority alternative diagnoses
such as ANCA-associated vasculitis, typically granulomatosis with
polyangiitis or micro-polyangiitis (MPA). Similarly, other items
(mostly regarding the ENT system) such as “Nasal blockage or

chronic discharge or crusting” and “Chronic sinusitis or radiologic
evidence of bone destruction” were believed to be more typical of
GPA than of RP and were therefore not selected by the expert panel
[16].

As for other damage measuring tools such as the Vasculitis Dam-
age Index (VDI) [11], we decided not to weight the items that
constitute the final RPDAM and to favor an approach in which
individual damage items would be considered as present or absent.

Among the limitations of the study are the size of the expert
panel, which can be explained by the rarity of the disease and the
lack of both national and international network of care for RP. How-
ever, one major asset of the derivation of this score is that the
expert panel originated from 11 countries and reflected various
medical specialties involved in the care of RP. Another limitation
was the fact that some experts participated to round 2 but not to
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Table 3
Final RPDAM.

Relapsing polychondritis damage index (RPDAM)

Ear Nose Eye

� Permanent auricular cartilage
deformities
� Sensorineural hearing loss
� Conductive hearing loss
� Permanent vestibular
syndrome

� Nasal bridge collapse or septal
perforation

� Scleral thinning (scleromalacia)
� Blindness (in one of two eyes)
� Orbital wall destruction

Respiratory Cardiovascular Haematological

� Permanent chest wall
deformities
� Dysphonia
� Obstructive syndrome
(laryngeal, tracheal or bronchial)

� Aortic root dilatation
� Left ventricular dysfunction
� Major tissue loss

� Transfusion dependency in the
context of a myelodysplastic syndrome

Treatment-related Total number of present items

� Osteoporosis with fractures or vertebral collapse� Avascular necrosis I I I

Damage defined as irreversible manifestations of the disease that are unlikely to benefit from treatment escalation, ascertained by clinical assessment and present for at least
3 months.
All damage manifestations reported in the RPDAM Score have to occur after diagnosis of relapsing polychondritis.

the subsequent phases. Those experts were sent several reminders
for completing the study but none responded. This limitation could
have been compensated by a larger panel of experts, which cannot
be realistically achieved in RP. Finally, future studies will determine
whether the RPDAM remains as an unweighted index or whether
different weights should be applied to its individual items.

We have developed by international consensus a scoring sys-
tem to evaluate damage in patients with RP, the RPDAM. From a
total of 153 potential damage items, the expert panel has derived
a 17 item index with the aim to support daily clinical practice, and
homogenize the set of clinical tools to be used in future clinical tri-
als. Although this index remains to be validated, both the RPDAI
and the RPDAM may contribute to improve the care of patients
suffering from this rare condition.
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