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Abstract 

Background: Relapsing polychondritis  (RPC) is a rare autoimmune disease and its early diagnosis remains challeng-
ing. Defining the clinical patterns and disease course may help early recognition of RPC.

Results: Sixty-six males and 60 females were included in this study. The average age at onset were 47.1 ± 13.8 years 
and the median follow-up period was 18 months. Correlation analysis revealed a strong negative correlation between 
airway involvement and auricular chondritis  (r = − 0.75, P < 0.001). Four distinct clinical patterns were identified: Ear 
pattern  (50.8%), Airway pattern  (38.9%), Overlap pattern  (4.8%) and Airway-Ear negative pattern  (5.6%), and patients 
with Ear pattern and Airway pattern were further divided into limited and systemic form of RPC  (27.8% with limited 
form of Ear pattern and 24.6% with limited form of Airway pattern initially). During follow-up, a minority of patients 
with Ear pattern and Airway pattern progressed into Overlap pattern, and some Airway-Ear negative pattern patients 
progressed into Ear pattern. While a large majority of limited RPC patients remained limited form during follow-up, a 
minority of limited RPC patients progressed into systemic form. Patients with Ear pattern had the highest survival rate 
and relatively lower inflammatory status.

Conclusions: RPC patients can be categorized as 4 different clinical patterns and 2 distinct presenting forms  (limited 
and systemic) based on organ involvement. The clinical patterns and presenting forms may evolve during follow-up. 
Our findings may facilitate early recognition of this rare disease.
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Background
Relapsing Polychondritis  (RPC) is a systemic inflam-
matory disorder of unknown etiology and characterized 
by recurrent and progressive inflammation of the carti-
laginous structures, particularly involving the auricles, 

nose and respiratory tract as well as extra-cartilaginous 
tissues, including eyes, heart, skin, central nervous and 
hematological systems [1–3].

The incidence of RPC is about 3.5 per million per 
year in the U.S. [4] and 0.71 per million population per 
year between 1990 and 2012 in the UK [5]. Often time, 
patients’ first visits are to non-rheumatologic specialists 
[5–8], due to protean manifestations and wax and wane 
disease courses of RPC, which may lead to misdiagnosis 
and delayed diagnosis [5–13].

Open Access

*Correspondence:  fcczhangl6@zzu.edu.cn
†Lei Zhang, Shuang Yun contribute equally to this work
1 Rheumatology Department, The First Affiliated Hospital of Zhengzhou 
University, E1 Jianshe Road, Zhengzhou 450052, Henan, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4105-0824
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-021-01861-x&domain=pdf


Page 2 of 11Zhang et al. Orphanet J Rare Dis          (2021) 16:225 

Because of the rarity, the diagnosis of RPC is mainly 
based on empirical criteria proposed by McAdams [14], 
Damiani [15], Michet [16] and their colleagues. How-
ever, early and prompt diagnosis is difficult to establish 
because of the inadequacy of clinical manifestations [8]. 
Meanwhile, partial RPC has been reported by Mathew 
et al. [11] as well as in our previous study [6]. Emerging 
data suggest that limited RPC are not uncommon in clin-
ical practice [6, 17–24]. Furthermore, lack of vigilance to 
RPC, particularly in non-rheumatologic specialists, may 
contributes to diagnostic delay and misdiagnosis [6, 25, 
26]. Thus, the analysis clinical patterns of RPC patients, 
particularly those in early stage, as well as partial and lim-
ited RPC, may help non-rheumatologic specialists get a 
clear and complete scenario of this rare disease, facilitat-
ing early recognition. While endeavors have been made 
by a few groups, these studies did not cover all clinical 
spectrum of this disease because they included neither 
patients in early stage nor those with partial or limited 
disease [27–29]. Therefore, our current study aimed to 
clarify distinct clinical patterns based on organ involve-
ment using our own cohort including early-stage PRC 
patients as well as partial and limited RPC patients. In 
addition, we described the evolution of clinical patterns 
for the first time.

Results
Patient characteristics
This study included 66 male and 60 female patients with 
an average age of 47.1 ± 13.8 years at disease onset. The 
age of male patients was comparable to female patients 
at disease onset  (46.1 ± 13.7 vs. 48.1 ± 13.8, P = 0.408). 
Median follow-up period after diagnosis was 18 months  
(1–153  months). Among them, 34 patients were fol-
lowed up for at least 36 months, 51 for at least 24 months 
and 82 for at least 12  months. One patient with airway 
involvement was lost after follow-up for 2  months. 
Median disease duration since the disease onset to 
the last follow-up was 26  months  (3–162  months). 
Median diagnostic delay between the appearance of the 
first symptom and the establishment of diagnosis was 
5 months  (0–132 months), and 31 patients were delayed 
for over a year.

Initial and cumulative features
The most frequent initial features included auricu-
lar chondritis  (n = 70,55.6%) and airway involve-
ment  (n = 55, 43.7%)  (including 17 patients[13.5%] 
with laryngeal involvement and 48 patients[38.1%] 
with tracheobronchial involvement), ocular inflamma-
tion  (n = 25, 19.8%), fever  (n = 20,15.9%), nasal chon-
dritis  (n = 15,14.3%), arthritis  (n = 16,12.7%), hearing 
loss  (n = 12,9.5%), cardiac involvement  (n = 8, 6.3%), 

costochondritis  (n = 3, 2.4%), neurological involvement  
(n = 6, 4.8%), cutaneous lesions  (n = 1, 0.8%), and myelo-
dysplastic syndrome  (n = 1, 0.8%). More cumulative fea-
tures developed during follow-up  (Table 1). Cumulative 
features in previous reports were also detailed in Table 1 
[7–9, 11, 13, 14, 16, 27, 30, 31].

At the final stage of the follow-ups, airway involve-
ment was found in 61patients  (48.4%). Among them, 
20 patients  (15.9%) had laryngeal involvement and 52 
patients  (41.3%) had tracheobronchial involvement, indi-
cating 11 of them had both laryngeal and tracheobron-
chial involvement  (Table 1).

Neurological involvement was seen in 6 patients  
(4.8%), and no new onset of neurological impairment was 
observed during follow-up. One patient with rapture of 
intracranial aneurysm  (anterior communicating artery) 
received surgical procedures. Four patients had psychi-
atric symptoms including persecutory delusion, mania, 
hallucinations, cognitive disorder, and impaired memory, 
and 1 patient had headache and diplopia. Magnetic Reso-
nance Imaging  (MRI) of these latter 5 patients revealed 
ischemia and edema of the brain in 4 patients and 
demyelination in 1 patient. The lesions were detected in 
frontal, temporal and parietal cerebrum as well as basal 
ganglia and thalamus, unilaterally or bilaterally. Cer-
ebrospinal fluid tests of these 5 patients were normal in 
4 patients, but with increased white blood cells  (mainly 
neutrophils) in 1 patient. The cerebrospinal fluid pres-
sure increased in 2 patients and was normal in 3 patients. 
Cardiac involvement was found in 13 patients  (10.3%), 
including premature contraction  (n = 8), atrial tachycar-
dia  (n = 2), conduction block  (n = 2), atrial fibrillation  
(n = 2), pre-excitation syndrome  (n = 1) and valvular 
insufficiency  (n = 1).

Associated autoimmune rheumatic conditions were 
found in 4 patients, including 2 patients with recurrent 
oral ulceration resembling Bechet’s syndrome, 1 with 
Sjögren’s syndrome and 1 with IgG4 related disease.

Clinical pattern and disease evolution
We performed correlation analysis and calculated cor-
relation coefficients between cumulative organ involve-
ment and found a strong negative correlation between 
airway involvement and auricular chondritis  (r = -0.75, 
P < 0.001), and also between tracheobronchial involve-
ment and auricular chondritis  (r = -0.74, P < 0.001). We 
only found a weak negative correlation between ocular 
inflammation and airway or tracheobronchial involve-
ment  (r = − 0.34, P < 0.001 and r = − 0.32, P < 0.001 
respectively). A weak positive correlation was also 
revealed between hearing loss and nasal chondritis  
(r = 0.36, P < 0.001), and between ocular inflammation 
and arthritis  (r = 0.36, P < 0.001)  (Fig. 1).
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Based on these findings, we consider auricular chondri-
tis and airway involvement to be the most distinguishable 
variables to define subgroups of RPC, similar to previ-
ous reports [28, 29]. Thus 4 clinical patterns were identi-
fied: Ear pattern  (ear lesion without airway involvement, 
subgroup A), Airway pattern  (airway lesion without ear 
involvement, subgroup B), Overlap pattern  (both ear and 
airway involved, subgroup C) and Airway-Ear negative 
pattern  (nether auricular nor airway involved, subgroup 
D)  (Table 2). Apparently, a large majority of the patients 
were classified as Ear pattern and Airway pattern  (50.8% 
and 38.9%, respectively at disease onset, and 49.2% and 
38.1%, respectively during follow-up).

A proportion of patients were referred to as the limited 
RPC at disease onset as well as during the whole disease 

process, for they presented with auricular chondritis or 
airway involvement as the sole manifestation, while the 
rest were referred to as systemic RPC  (Table 2).

We then analyzed the evolution of clinical patterns 
from disease onset to the last visit  (Fig. 2). A few evolu-
tion courses were noticed. First, one clinical pattern may 
progress to another one. Six patients with Ear pattern  
(3 limited form and 3 systemic form) developed airway 
lesions and one patient with Airway pattern developed 
auricular chondritis, which were collectively classified as 
Overlap pattern. Four patients with Airway-Ear negative 
pattern developed auricular chondritis and progressed 
into Ear pattern. Second, limited RPC may become sys-
temic. Seven limited RPC patients with Ear pattern and 
5 limited RPC patients with Airway pattern progressed 
into systemic disease. Third, a large majority of the lim-
ited RPC patients  (25 with Ear pattern and 26 with 

Fig. 1 Correlation analysis of different organ involvement. The color depth is proportional to correlation strength, and red represent negative 
correlation while green represent positive correlation. * P < 0.05; ** P < 0.01
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airway pattern) remained unchanged during follow-up, 
indicating no disease progression in these patients.

Clinical features in different patterns of RPC
Compared with those with Airway pattern, RPC 
patients with Ear pattern had a higher incidence of ocu-
lar involvement  (38.7% vs 8.3%, P < 0.001) and arthri-
tis  (27.4% vs 4.2%, P = 0.002), and a relatively lower 
incidence of nasal chondritis  (6.5% vs 25%, P = 0.011). 
Of note, RPC patients with Airway pattern had higher 
mortality rate compared with those with Ear pat-
tern  (29.2% vs 1.6%, P = 0.015). Interestingly, Overlap 
pattern seems to be a combination of Ear pattern and 
Airway pattern as those patients had an intermediate 
rate of ocular inflammation  (23.1%), arthritis  (15.4%) 
and mortality (23.1%), between that of those with Ear 
pattern and Airway pattern, except a relatively higher 
incidence of hearing loss  (23.1%) and nasal chondritis  
(30.8%)  (Table  3). Among 3 patients with Airway-Ear 

negative pattern, all had ocular inflammation and 2 had 
hearing loss, nasal chondritis, and arthritis. No signifi-
cant difference of ages at disease onset was detected 
between different patterns but Ear pattern presented 
lower CRP levels compared with Airway pattern and 
Overlap pattern, indicating relatively lower inflamma-
tory status of these patients  (Table 3).

There were 18 deaths  (14.3%) during a median fol-
low-up of 23.5  months  (range 5–81  months), and the 
causes of deaths were refractory disease  (n = 13), pul-
monary infection  (n = 3), brain tumor  (n = 1), and 
unknown cause  (n = 1). One patient was with ear pat-
tern  (died of brain tumor), 14 with airway pattern and 
3 with overlap pattern.

The probability of survival was significantly different 
between Ear pattern and the other 2 patterns, whereas 
no difference was detected between Airway pattern 
and Overlap pattern  (Fig.  3), suggesting that airway 
involvement may be a predominant prognostic factor.

Table 2 Classification based on organ involvement pattern

Data are presented as n  (%)

Organ involvement At disease onset During follow-up

Ear Airway Limited Systemic Limited Systemic

Subgroup A  + − 35  (27.8) 29  (23.0) 25  (19.8) 37  (29.4)

Subgroup B −  + 31  (24.6) 18  (14.3) 26  (20.6) 22  (17.5)

Subgroup C  +  + 0  (0) 6  (4.8) 0  (0) 13  (10.3)

Subgroup D − − 0  (0) 7  (5.6) 0  (0) 3  (2.4)

Fig. 2 The evolution of clinical patterns and presenting forms from disease onset to last visit
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Discussion
Early diagnosis of RPC remains an unmet medical need 
after its first description in 1932 despite the introduction 
of empirical diagnostic criteria by McAdams et  al. [14], 
Damiani et al. [15] and Michet et al. [16]. In the absence 
of updated criteria, it is important for physicians, espe-
cially non-rheumatologic ones, to keep vigilance for 
this rare disease in order to make prompt diagnosis. To 
achieve this goal, detailed characterization of differ-
ent presenting patterns is warranted in RPC patients. 
Herein, we report a retrospective cohort of 126 Chi-
nese RPC patients with definition of 4 clinical patterns 
and 2 presenting forms  (limited and systemic forms) 
and described the evolution of clinical patterns during 
follow-up.

Cumulative features of large case series were summa-
rized in Table 1 and most series were about Caucasians. 
Clinical manifestations may differ in patients from dif-
ferent regions. The age at diagnosis of our patients was 
comparable to previous reports. The diagnostic delay 

Table 3 Different characteristics of 4 clinical patterns

Variables

Subgroup A Subgroup B  Subgroup C Subgroup D 

A vs B vs C

P value

A vs B

P value

A vs C

P value

B vs C

P value

Ear pattern

(n=62) 

Airway pattern

(n=48) 

Overlap pattern

(n=13) 

A-E (-) pattern* 

(n=3)

Organ involvement 

Auricular chondritis, % 100 0 100 0 <0.001 <0.001 / <0.001 

Hearing loss, % 9.7 8.3 23.1 66.7 0.293 1.000 0.183 0.159 

Nasal chondritis, % 6.5 25 30.8 66.7 0.011 0.012 0.027 0.728 

Ocular inflammation, % 38.7 8.3 23.1 100 0.001 <0.001 0.355 0.159 

Arthritis, % 27.4 4.2 15.4 66.7 0.006 0.002 0.496 0.196 

Airway involvement, % 0 100 100 0 <0.001 <0.001 <0.001 / 

Tracheobronchial, % 0 89.6 69.2  0 <0.001 <0.001 <0.001 0.087 

Laryngeal, % 0 27.1 53.8 0 <0.001 <0.001 <0.001 0.097 

Fever, % 19.4 22.9 15.4 33.3 0.806 0.649 1.000 0.715 

Costachondritis, % 3.2 10.4 0 0 0.175 0.236 1.000 0.575 

Skin involvement, % 1.6 2.1 0 0 0.870 1.000 1.000 1.000 

Neurological manifestation, % 6.5 2.1 0 0 0.379 0.384 1.000 1.000 

Cardiac manifestation, % 12.9 8.3 7.8 0 0.696 0.546 1.000 1.000 

Myelodysplasia, % 1.6 0 0 0 0.609 1.000 1.000 / 

Deaths, % 1.6 29.2 23.1 0 <0.001 0.015 <0.001 1.000 

Age at onset, mean ± SD, years 46.6±14.4 48.2±12.7 45.0±15.5 46.3±16.6 0.715 0.559 0.698 0.460 

ESR, median (range), mm/h 15(0-166) 53.5(0-127) 25(2-90) 53(21-95) 0.234 0.136 0.215 0.993 

CRP**, median (range), mg/L 7.7(0-116.3) 36.1(0.2-165.0) 24.0(1.5-95.9) 12.7(9.9-105.0) 0.003 0.002 0.023 0.652 

Note: P-values in boldface indicate statistical significance  (P < 0.05). Airway-Ear  (-) pattern was not compared with other patterns, due to limited number of patients
*  A-E  (-) pattern: Airway-Ear negative pattern
** CRP, C-reactive protein

Fig. 3 Survival curve of Ear pattern, Airway pattern and Overlap 
pattern
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was much shorter than previous study, indicating more 
RPC patients in early stage were included in our study. 
Comparable airway involvements but lower frequency of 
other features were observed, which may be due to the 
shorter follow-up period of our study. Meanwhile, it also 
demonstrated relatively more severe disease in Chinese 
population, since more patients in our cohort developed 
airway involvement in a relatively shorter follow-up dura-
tion compared with other reports. Consistent with Lin’s 
findings [7], the patients in our study had a higher initial 
frequency of laryngo-tracheal involvement  (42.9%) than 
the Caucasians  (14–38% initially), further demonstrating 
more severe disease in Chinese population [32].

Clinical classification is of vital importance to for early 
diagnosis. Dion et al. [27] and Shimizu et al. [28, 29] have 
made such attempts, however, these two studies did not 
cover all clinical spectrum of this disease. Dion and col-
leagues divided RPC into 3 clinical subtypes: hematologic  
(with the worst prognosis), respiratory and mild pheno-
type [27]. However, hematologic involvement constitu-
ents a relative larger part in this cohort  (8% had MDS 
and 13% had hematologic diseases) than that in Chinese 
patients  (only 3.2% in our cohort and no patient in Lin’s 
cohort had MDS), indicating that this classification is 
not suitable for Chinese patients. In addition, this clas-
sification seems not to be developed for early diagnosis 
since this classification was based on disease severity, 
progression and prognosis instead of the initial pres-
entations. Correlation analysis of 239 cases by Shimizu 
et al. [28] revealed a negative correlation between airway 
involvement and external ear involvement  (r = − 0.48). 
Therefore, the disease was divided into three clinical sub-
groups [29]: airway involvement  (47 cases), external ear 
involvement  (118 cases) and both airway and external 
ear involvement  (70 cases). However, this study did not 
include limited RPC or partial RPC. The re-analysis of 
the cohort data by French researchers also found a nega-
tive correlation between tracheobronchial involvement 
and external ear involvement  (r = − 0.245, P = 0.003) but 
not the airway overall [33].

Compared to the observations made in French and 
Japanese patients [28, 29, 34], our current study demon-
strated a much stronger negative correlation between air-
way involvement and auricular chondritis  (r = − 0.754, 
P < 0.001). Based on these findings, we divided RPC 
patients into 4 clinical patterns: Ear pattern  (Subgroup 
A), Airway pattern  (Subgroup B), Overlap pattern  (Sub-
group C) and Airway-Ear negative pattern  (Subgroup 
D). The fact that patients with Ear pattern had the best 
prognosis and relatively lower inflammatory status, fur-
ther suggests that patients with ear involvement can be a 
distinct clinical pattern. A large majority of patients had 
Ear pattern and Airway pattern, while the percentages 

of Overlap pattern and Airway-Ear negative pattern 
were relatively small. However, the clinical pattern did 
not remain unchanged during follow-up. Ear pattern 
and Airway pattern may progress into Overlap pattern 
and Airway-Ear negative pattern into ear pattern. The 
progression of the disease was also reflected by the fact 
that limited form may progress into systemic form. Par-
ticular attention should be paid to the patients with Ear 
pattern that progressed into Overlap pattern because 
devastating events may ensue. Clinical characterization 
of different patterns indicate that auricular chondritis is 
related to ocular inflammation and arthritis, and airway 
involvement is related to nasal chondritis, suggesting dif-
ferent pathognomonic mechanisms in different clinical 
patterns.

Patients with laryngo-tracheal involvement or auricu-
lar inflammation as the only initial feature of the dis-
ease [13], sometimes as the sole feature [8, 17–24], have 
been defined as limited form of RPC. In our cohort, 
52.3% of the patients presented as limited RPC initially 
and 40.5% of them remained limited form during fol-
low-up, suggesting that limited RPC is not uncommon 
among Chinese patients. The concept of limited and 
systemic form is also supported by a recent online sur-
vey in the US [8], but the incidence of limited RPC was 
much lower  (16 and 2 out of 304 patients presented as 
isolated ear involvement and isolated airway involvement 
respectively).

There are some limitations of our study. First, this ret-
rospective analysis of the hospitalized patients did not 
include patients in out-clinics, thus comprehensive and 
real scenario of RPC may not be well represented. The 
recall bias may also exist, but we called back most of our 
patients to confirm the history. Second, the relatively 
short follow-up duration may underestimate the fre-
quency of organ involvements. However, our study also 
has some strengthens. First, we include RPC patients 
in early stage because the diagnostic delay was much 
shorter than previous study which may facilitate early 
recognition of RPC. Second, we included full spectrum 
of this rare disease because a proportion of our patients 
presented as partial RPC and limited RPC, which further 
strengthen the consensus that new classification criteria 
should be put on agenda.

Conclusions
In conclusion, our study included early RPC patients, 
defined distinct characteristics of Chinese RPC patients 
and categorized them into 4 different clinical patterns 
and 2 distinct presenting forms  (limited and systemic 
forms) which may facilitate early recognition of this rare 
disease. In addition, we believe our study may contribute 
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to an updated classification criteria covering all the clini-
cal spectrum of RPC.

Methods
Study population
We retrospectively reviewed the medical records of 126 
RPC patients that were hospitalized and followed-up by 
rheumatologists at our hospital between January, 2008 
and August, 2019. RPC was defined according to tradi-
tional criteria proposed by Michet et al. [16] and Damiani 
et  al. [15]. Patients that underwent recurrent chondritis 
associated with deformity, vestibular dysfunction, ocu-
lar inflammation, or inflammatory arthritis were diag-
nosed as partial RPC as suggested by Mathew et al. [11]. 
Limited RPC can also be diagnosed if patients presented 
with recurrent inflammatory episodes at isolated carti-
laginous sites after exclusion of other possible causes and 
are responsive to glucocorticoids, based on the obser-
vations by other groups and our own [6, 8, 13, 17–24]. 
The diagnostic criteria used in present study were listed 
in Table  4. Patients younger than 18  years or without 
complete electronic case files were excluded. Patients 
with positive anti-neutrophilic cytoplasmic antibody  
(ANCA) against proteinase-3  (PR3) were also excluded 
as suggested by Piette and colleagues [34]. The testing of 
ANCA was performed using Euroimmun AG detecting 
system (Lübeck, Germany), according to the procedures 

suggested by the instruction. The diagnosis was care-
fully evaluated and jointly established by a group of 
rheumatologists and physicians of other specialties. The 
recorded clinical data included manifestations associated 
with external ear, inner ear, nose, larynx, joints, costo-
chondral cartilage, tracheobronchial tree, eye, heart, skin, 
and central nervous system involvement, as well as con-
stitutional symptoms.

Definition of organ involvement
Auricular chondritis was defined as redness and swell-
ing of the pinna accompanied with tenderness or cau-
liflower ear, sparing the lobule. Airway involvement 
include laryngeal and tracheobronchial chondritis. 
Laryngeal chondritis was defined by the symptoms 
of hoarseness and aphonia and should be confirmed 
by direct laryngoscopy, bronchoscopy or cervical CT 
scan showing swelling and narrowing of the larynx, 
including subglottis. Tracheobronchial chondritis was 
defined by thickness of anterior tracheal wall or nar-
rowing of the trachea or bronchi, visualized by CT scan 
or bronchoscopy, with or without calcification of the 
tracheobronchial wall. Nasal chondritis was defined 
as documented nasal pain with redness and swelling 
or saddle nose. Ocular inflammation was defined as 
physician-observed scleritis, episcleritis, iritis or uvei-
tis. Arthritis was defined as documented joint pain and 

Table 4 Diagnostic criteria of relapsing polychondritis used in present study

Criteria Items of criteria Requirement

McAdam’s criteria [14] Bilateral auricular chondritis
Nasal chondritis
Respiratory tract chondritis
Non-erosive seronegative polyarthritis
Ocular inflammation
Cochlear and/or vestibular dysfunction

3 out of 6 criteria

Damiani’s criteria [15] 3 of 6 McAdam et al. criteria
1 of 6 McAdam et al. criteria + histologic confirmation
2of 6 McAdam et al. criteria + Response to corticosteroids or 

dapsone

Any of these

Michet’s criteria  [16] Major criteria:
 Auricular cartilage inflammation
 Nasal cartilage inflammation
 Laryngotracheal cartilage inflammation
Minor criteria:
 Ocular inflammation
 Hearing loss
 Vestibulary dysfunction
 Seronegative arthritis

2 major criteria
or
1 major crite-

ria + 2 minor 
criteria

Criteria of Partial RPC   [11] A. Recurrent chondritis with deformity
B. Vestibular dysfunction
C. Ocular inflammation
D. Inflammatory arthritis

A + any of B to D

Criteria of Limited RPC   [6, 8, 13, 17–24] A. Recurrent inflammatory episodes at isolated cartilaginous sites
B. Exclusion of other possible causes
C. Responsive to glucocorticoids

A + B + C
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swelling. Hearing loss was defined acute-onset deaf-
ness that may not be explained by other causes. Cos-
tochondritis was defined by documented pain and/or 
tenderness of at least one costo-sternal joint. Cardiac 
involvement include arrhythmia detected by electro-
cardiogram (ECG), valulopathy detected by echocardi-
ogram and myocarditis confirmed by cardiac enzymes 
and/or ECG changes without other causes. Neurologi-
cal involvement included encephalitis, cerebral vas-
culitis and psychiatric symptoms due to inflammation 
of the brain parenchyma confirmed by MRI and CSF, 
without other causes. Fever was defined as elevated 
body temperature documented in case files after exclu-
sion of other causes. Cutaneous manifestation includes 
purpura or eruptions without other causes. Diagnosis 
of myelodysplastic syndrome (MDS) was established by 
a hematologist based on bone marrow examination.

Statistical analysis
Descriptive statistics were used to describe demographic 
and disease characteristics, and all results were expressed 
as mean ± standard deviation  (SD), median  (range) or 
percentage  (%) where appropriate. Continuous variables 
were compared using Student’s t-test where the data had 
normal distribution or Wilcoxon rank sum test where the 
data were not normally distributed. Categorical variables 
were compared using Fisher’s exact test or chi-square 
test, if appropriate.

The numbers 1 and 0 were assigned to describe the 
presence or absence, respectively, of each organ involve-
ment, just as previous study [28, 29, 33]. Then correla-
tion analysis was performed to disclose the correlation 
between organ involvement and correlation coefficients 
were calculated. A correlation coefficient r > 0 represents 
positive correlation and r < 0 represents negative corre-
lation. When doing correlation analysis, the cumulative 
organ involvement was incorporated. Cluster analysis 
was performed with the method of hierarchical cluster. 
Survival rates over time were plotted using the Kaplan–
Meier method and compared by log rank test. A two-
sided P-value < 0.05 was considered to be statistically 
significant. Statistical analyses were performed using the 
SPSS version 17.0 software package  (IBM).

Abbreviations
RPC: Relapsing polychondritis; ANCA: Anti-neutrophilic cytoplasmic antibody; 
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