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MISCELLANEOUS
Relapsing Polychondritis in the Department of Defense
Population and Review of the Literature

Stephanie D. Mathew, DO,* Daniel F. Battafarano, DO, FACP, FACR,*
and Michael J. Morris, MD, FACP, FCCP†

Objective: The objective of this study was to characterize the clinical features of relapsing polychondritis
(RPC) within the Department of Defense beneficiary population and determine the utility of echocardiog-
raphy, imaging studies, and pulmonary function testing for diagnosis and monitoring disease.
Methods: We performed a retrospective Electronic Medical Record chart review of all patients diag-
nosed with RPC within the Department of Defense between January 2004 and December 2009.
Results: Thirty patients met McAdam’s diagnostic criteria and an additional 13 met our criteria for
partial RPC. Auricular chondritis (88%), inflammatory eye disease (57%), and arthritis (60%)
were the most common clinical manifestations. Pulmonary involvement was seen in 16 (37%)
patients. Methotrexate (42%) and corticosteroids (21%) were the most conventional therapies.
Thirty (70%) patients had pulmonary function tests with flow volume loop abnormalities ob-
served in 33%. Chest computed tomography was performed in 63%, with abnormalities in 48%.
Abnormalities on echocardiography were observed in 12 of 25 (48%) patients.
Conclusions: The incidence, demographic data, and organ involvement in our RPC patients were
similar to previous studies. The diagnosis of RPC was determined primarily on physical examina-
tion and symptom-driven diagnostic testing. There was no notable pattern by rheumatologists for
monitoring the progression of tracheobronchial tree or large vessel involvement. Interpreting flow
volume loops is recommended with pulmonary function testing to detect early laryngotracheal
involvement. Computed tomography of the chest is also recommended to monitor for vascular
and tracheobronchial tree involvement.
Published by Elsevier Inc. Semin Arthritis Rheum 42:70-83
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Relapsing polychondritis (RPC) is a rare autoim-
mune disorder of unknown etiology. It was first
described by Jaksch-Wartenhorst in 1923 and

ermed polychondropathia (1); the term relapsing poly-
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hondritis was coined in 1960 by Pearson and coworkers
2). The disease is characterized by episodic inflammation
nd destruction of cartilaginous and protean structures
ncluding the ear; eye; nose; larynx; trachea; bronchi;
oints; skin; heart valves; and aorta. The auricular cartilage
s classically affected; however; involvement of the tra-
heobronchial tree is a major cause of morbidity and mor-
ality.

RPC occurs in individuals of all races and age groups
ith men and women affected equally. It appears to be
ore common in Caucasians and the age of onset is typ-

cally between 40 and 60. Although the prevalence of
PC is unknown, the estimated incidence based on de-
ographics from Rochester, MN is reported at 3.5 cases/
illion (3). Approximately 30% of patients have a con-

omitant connective tissue disease or malignancy (4).
The diagnosis is based on compatible clinical features,

aboratory data, and occasionally biopsy of involved car-

ilage. Disease monitoring is usually symptom driven and
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may involve echocardiography, pulmonary function test-
ing, or imaging of the neck and chest. The current treat-
ment of RPC is not standardized and is influenced by the
extent and type of organ involvement. Isolated auricular
involvement may respond to nonsteroidal anti-inflamma-
tory medications alone, whereas patients with cardiac and
pulmonary manifestations may require high-dose cortico-
steroids initially followed by disease-modifying anti-rheu-
matic drugs (DMARDs) or biologic agents as mainte-
nance therapy.

This retrospective review was undertaken after a pa-
tient with 2 years of recurrent episodes of dyspnea and
abnormal flow volume loop on pulmonary function tests
(PFTs) was discovered to have RPC. This index case
prompted a search within our patient population for typ-
ical clinical features and monitoring patterns practiced by
rheumatologists. The purpose of this study was to char-
acterize the clinical features of RPC within the Depart-
ment of Defense (DoD) patients and to determine the
utility of echocardiography, imaging studies, and pulmo-
nary function testing for diagnosis and monitoring the
disease.

MATERIALS AND METHODS

We performed a retrospective electronic medical record
(EMR) review, with approval by the Brooke Army Med-
ical Center Institutional Review Board, for all patients
diagnosed with RPC, within the DoD beneficiary popu-
lation between January 2004 and December 2009. The
International Classification of Diseases, ninth Revision
(ICD-9) diagnostic code, 733.9 polychondritis (atrophic,
chronic, relapsing), was used to search the centralized
DoD database to identify these patients. During the spec-
ified years, the beneficiary patient base was approximately

Table 1 Diagnostic Criteria

McAdam’s Criteria (5) Damiani an

Clinical features:
Bilateral auricular chondritis
Nonerosive, seronegative

inflammatory polyarthritis
Nasal chondritis
Ocular inflammation
Respiratory tract chondritis
Cochlear or vestibular dysfunction

or both

3 clinical features
One clinical feature

evidence of chon
Chondritis at 2 or m

anatomic location
corticosteroids, d

Diagnosis:
3 clinical features

Diagnosis:
3 McAdam criteria
1 McAdam criteria
2 McAdam criteria

corticosteroids or
9.5 million people. Patients were included if they met
McAdam’s diagnostic criteria for RPC (Table 1) (5-7) or
if they had partial RPC manifested by recurrent chondri-
tis with deformity, plus vestibular dysfunction, ocular in-
flammation, or inflammatory arthritis. The criteria for
partial RPC were developed as many patients did not
meet current diagnostic criteria, did not fit into other
disease categories, and clinically responded to therapies.
Demographic information, disease duration, organ in-
volvement, treatment history, imaging studies, echocar-
diography, and PFTs were recorded for analysis.

An Ovid search was performed from 1996 to November
2011 using the keywords “Relapsing Polychondritis”�
“therapy” or “drug therapy”, “English language” and “Hu-
man”. This search yielded 130 articles. Twelve articles were
excluded as the primary focus of the article was surgical in-
tervention; 22 were excluded as they addressed overlap dis-
eases or were not RPC. Fifty-eight were excluded as they did
not sufficiently address treatment (the primary focus was
imaging techniques or unique presentations), and 1 article
did not address human subjects. Thirty-seven total articles
were reviewed for pattern of organ involvement, medications
administered, and outcomes. Eighteen of the articles re-
viewed biologic agents; 7 addressed DMARD therapy, col-
chicine, or indomethocin, and 12 articles provided a general
overview of treatment.

Index Case

A 42-year-old Caucasian woman presented in October
2004 with hoarseness, intermittent aphonia, and dys-
pnea. Her past medical history was only significant for
hypothyroidism. She was empirically treated for an upper
respiratory tract infection and gastroesophageal reflux dis-
ease (GERD) by her primary care physician. When her
symptoms failed to remit with these therapies, she was

ne (7) Michet’s Criteria (6)

istologic

eparate
response to

e, or both

Major criteria:
Proven inflammatory episodes involving

auricular cartilage
Proven inflammatory episodes involving

nasal cartilage
Proven inflammatory episodes involving

laryngotracheal cartilage
Minor criteria:
Ocular inflammation
Hearing loss
Vestibular dysfunction
Seronegative inflammatory arthritis

istology
sponse to

one

Diagnosis:
2 major criteria
1 major criteria plus 2 minor criteria
d Levi

and h
dritis
ore s
s with

apson

and h
and re
referred to otolaryngology in 2005. On her initial visit
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with otolaryngology, a flexible laryngoscopy showed ery-
thema and edema of the vocal cords as well as subglottic
edema (Fig. 1). Laboratory evaluation revealed an eleva-
tion of the erythrocyte sedimentation rate (ESR) (40 mm/
h), and negative antinuclear antibody, rheumatoid factor,
and antineutrophilic cytoplasmic antibody (ANCA). Fol-
lowing unsuccessful treatment by speech therapy, she was
evaluated by an allergist. She had negative skin testing and
a trial of antihistamines and nasal steroids were ineffec-
tive. Her symptoms remained unchanged and she was
referred to gastroenterology to assess for chronic GERD
as an etiology for her symptoms. An upper endoscopy and
a pH probe were both unremarkable. In January 2007,
the patient was seen by the pulmonary service. PFTs (Fig.
2) showed a pattern of fixed airway obstruction. She was
diagnosed with vocal cord dysfunction. She was evaluated
multiple times in the emergency department for acute
shortness of breath because of vocal cord dysfunction or
asthma. When she received corticosteroids for these epi-
sodes, her clinical symptoms dramatically improved. In
May 2007, a computed tomography (CT) scan showed
subglottic stenosis extending from the vocal cords to the
bottom of cricoid cartilage with an anterior posterior di-
ameter of 4 to 5 mm (Fig. 3). Laser dilation was per-
formed and biopsies of the tracheal cartilage, taken con-
comitantly, only demonstrated inflammation of the
mucosa. Cultures for fungus, acid-fast bacilli, and other
bacteria were negative. PFTs following the intervention
showed resolution of the fixed airway obstruction (Fig. 4).
One week later, she was referred to rheumatology. On the
initial visit, the patient reported a history of intermittent
nasal bridge pain with associated epistaxis and a change in
the shape of the dorsum of her nose. She also complained
of intermittent pain of her pinna over the preceding
months and recurrent erythema of the conjunctiva.

The rheumatology examination was notable for mild
collapse of the nasal cartilage. A clinical diagnosis of RPC
was established based on history and physical examina-
tion. Oral corticosteroids (1 mg/kg/d) were initiated with

Figure 1 Fiberoptic laryngoscopy showing vocal cord and
glottis erythema, edema, as well as arytenoid cartilage

edema. (Color version of figure is available online.)
resolution of her ear pain, epistaxis, and hoarseness after 4
weeks of therapy. Oral methotrexate, titrated up to 17.5
mg, was added as a steroid-sparing agent. She did well
for 2 years until symptoms of worsening dyspnea and
wheezing developed. A laryngoscopy showed subglot-
tic narrowing with an elevated ESR (95 mm/h) and
C-reactive protein (9.3 mg/dL, normal �0.49 mg/dL).
Laser incision, local corticosteroid injection, and dila-
tion resulted in immediate improvement in her symp-
toms. Adalimumab (40 mg subcutaneously every other
week) was added to methotrexate and the patient has
remained in remission.

This case represents an example of RPC presenting
with laryngotracheal disease clinically mimicking asthma

Figure 2 A flow volume loop recorded during the spirometry
examination on this patient. The area above the X axis rep-
resents expiratory flow and the area below the X axis repre-
sents inspiratory flow. Flattening or truncation of both the
expiratory and the inspiratory curves suggests a fixed airway
obstruction that does not vary with respiration. (Color ver-
sion of figure is available online.)

Figure 3 CT NECK without contrast demonstrates subglottic

stenosis at a level 3 cm above the carina.
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or GERD until the development of more classic ear and
nose manifestations. This case highlights the common
delay in diagnosis in patients with RPC but also the classic
PFT signs of extrathoracic obstruction on the flow vol-
ume loop curves with early upper airway involvement.

RESULTS

There were 50 patients diagnosed with RPC in the DoD
between January 2004 and December 2009 based on the
EMR. These 50 charts were reviewed and 43 patients met
the study inclusion criteria. Thirty patients met McAd-
am’s diagnostic criteria and an additional 13 met criteria
for partial RPC. Seven patients were excluded, as the pa-
tients were erroneously identified on a single visit as hav-
ing RPC. Of the 7 excluded patients, 1 had biopsy-proven
Wegener’s granulomatosis, 1 had trauma to the auricular
cartilage, 3 had otitis externa, and 1 had varicella zoster
infection.

Demographics

The demographic information is shown in Table 2.
Twenty-three (53%) of the patients were women with a
mean age of 51 (range, 13 to 80). There were 2 cases of
childhood-onset RPC. The average age at diagnosis in the
adult population was 44 (range, 22 to 69) and 9.5 in the
pediatric cases. The average disease duration was 7.1 years
(range, 1 to 34). The mean time to diagnosis was 3.2 years
with a range from 1 month to 9 years. The calculated
prevalence of RPC in our population was 4.5 per million.

Figure 4 The post treatment flow volume loop demonstrates
normal findings with resolution of both inspiratory and ex-
piratory abnormalities related to the upper airway obstruc-

tion. (Color version of figure is available online.)
Organ Involvement

The frequency of clinical manifestations is summarized in
Table 3. Auricular chondritis was the most common fea-
ture in 38 (88%) patients. Inflammatory arthritis was
present in 26 (60%) patients. Inflammatory eye disease,
including episcleritis, scleritis, and conjunctivitis, were
seen in 23 (57%). Laryngotracheal involvement as dem-
onstrated by symptoms of hoarseness, dysphonia, dys-
pnea, wheezing, or cough, radiographic findings, or PFT
abnormalities were seen in 16 (37%). Sensorineural hear-
ing loss on audiogram was noted in 16 (37%). Nasal
chondritis was reported in 15 (35%) and keratoconjunti-
vitis in 7 (16%). Two patients with biopsy-proven RPC
had vasculitis; 1 presented with renal insufficiency, hema-
turia, and proteinuria, and 1 presented with diffuse alve-
olar hemorrhage. Eleven (26%) patients had a concomi-
tant autoimmune/connective tissue disease including 2
rheumatoid arthritis (RA), 3 systemic lupus erythemato-
sus (SLE), 1 myositis, 1 mixed connective tissue disease, 2
ulcerative colitis, 1 sarcoidosis, and 1 hypothyroidism.

Diagnostic Evaluations

Thirty (70%) patients had PFTs with spirometry, 18 with
reviewable flow volume loops (FVLs). FVL abnormalities

Table 2 Demographic Information

Demographic Information
Number of Patients

(n � 43) (%)

Female 23/43 (53%)
Race (not available on all

individuals)
25/36 (69%)
Caucasian

Mean age 51 (range 13-80)
Mean age at diagnosis 43 (range 6-69)
Disease duration (yr) 7.1 (range 1-34)
Average time to diagnosis (yr) 3.2
Prevalence of disease 4.5 per million

Table 3 Organ Involvement in RPC Patients

Disease Manifestation Number of Patients (%)

Auricular chondritis 38 (88%)
Inflammatory arthritis 26 (60%)
Inflammatory eye disease 23 (57%)
Concomitant connective tissue

disease
11 (26%)a

Laryngotracheal involvement 16 (37%)
Sensorineural hearing loss 16 (37%)
Nasal chondritis 15 (35%)
Keratoconjunctivitis 7 (16%)
Vasculitis 2 (4.7%)
Renal involvement 1 (2.3%)
aEleven (26%) patients had a concomitant autoimmune/connec-
tive tissue disease including 2 rheumatoid arthritis (RA), 3 sys-
temic lupus erythematosis (SLE), 1 myositis, 1 mixed connective
tissue disease (MCTD), 2 ulcerative colitis, 1 sarcoidosis, and 1

hypothyroidism.
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were observed in 6 of 18 patients (33%). Eighty-three
percent (5/6) of these patients exhibited upper respiratory
symptoms, primarily hoarseness. Chest CT was per-
formed in 27 (63%) and in 5 of 6 patients with FVL
abnormalities. Pulmonary CT abnormalities were de-
scribed in 13 (48%) patients as parenchymal lung disease
(9), tracheal abnormalities (4), and enlargement of the
great vessels (2). Echocardiographic abnormalities in 12
of 25 (48%) revealed aortic regurgitation, aortic stenosis,
mitral regurgitation or mitral stenosis (8), aortic root dil-
atation (3), and pericarditis (1).

Medical Therapy

Methotrexate was used in 18 (42%), corticosteroids in 13
(21%), nonsteroidal anti-inflammatory drugs (NSAIDs)
in 10 (23%), other DMARDs (mycophenolate mofetil,
azathioprine, hydroxychloroquine) in 8 (18%), biologics
(adalimumab, infliximab, etanercept or rituximab) in 7
(16%), and dapsone in 4 (9%). Twenty (47%) patients
required multiple medications. Thirteen of the patients in
our series were maintained on dapsone or NSAIDs with
an occasional burst of corticosteroids for flares. Two pa-
tients were treated with Plaquenil alone, primarily for
auricular chondritis. Methotrexate was added in 18 pa-
tients as a second-line agent with recalcitrant chondritis,
iritis, or tracheal involvement. Eight of these 18 patients
were maintained on methotrexate monotherapy with a
significant decrease in flares. However, 10 of the 18 were
either intolerant or flaring through methotrexate. In 3 of
these 10 patients mycophenolate mofetil was added/sub-
stituted; in 4 azathioprine was the next drug of choice,
and the remaining 3 cases received a biologic. Three pa-
tients required a combination of DMARDs, biologic, and
corticosteroids to control disease activity; 2 of these pa-
tients had tracheal involvement and 1 had vasculitis.

DISCUSSION

RPC is a rare autoimmune disease characterized by recur-
rent inflammation of cartilaginous structures. The disease
frequently presents with a sudden onset, although the
presenting features are variable. The clinical manifesta-
tions and biopsy findings of this disease were first classi-
fied by McAdam and colleagues (5); the criteria for diag-
nosis have been modified to accommodate different
presentations of disease and limit the need for biopsy
(Table 1). McAdam’s clinical features include bilateral
auricular chondritis, nonerosive inflammatory arthritis,
nasal chondritis, ocular inflammation, respiratory tract
chondritis, or vestibular dysfunction. McAdam’s requires
3 of the clinical features to be present for diagnosis (5).
Damiani and Levine broadened McAdam’s criteria in
1979 to include histology and clinical response to steroids
or dapsone (7). Typical histologic findings of affected
cartilage include lymphocyte infiltration with invasion
of granulation tissue and loss of the normal basophilia.

The diagnosis is confirmed if 3 clinical features are
present, 1 clinical feature with characteristic histology,
or chondritis at 2 separate locations responsive to ste-
roids or dapsone (7).

In 1986 Michet further divided the clinical findings
into major criteria (inflammation of the auricular, nasal,
or laryngotracheal cartilage) and minor criteria (ocular
inflammation, hearing loss, vestibular dysfunction, sero-
negative inflammatory arthritis). Diagnosis is made by the
presence of 2 major plus 1 minor or 1 major plus 2 minor
criteria (6).

Although the most widely accepted diagnostic criteria
are those put forth by both Michet et al. (6), as well as
Damiani and Levine (7,10), these will fail to diagnose
those patients with isolated auricular chondritis in the
absence of infection. Subsequently, the diagnosis of RPC
must be kept within the differential diagnoses of those
patients presenting with isolated auricular chondritis,
which fails to respond to antibiotic therapy.

Clinical Manifestations

Otologic Manifestations

Otologic disease is common in RPC and can involve the
outer, middle, and inner ear. Auricular chondritis is the
presenting feature in 43% of cases and is eventually seen
in 89% of patients according to literature review (3). It is
classically characterized by erythema, warmth, swelling,
and tenderness of the helix, antihelix, tragus, or antitragus
with sparing of the noncartilaginous ear lobe (Fig. 5).
Attacks usually last several days and may resolve sponta-
neously. Prolonged or recurrent attacks can result in irre-
versible cartilage damage resulting in drooping of the
pinna or “cauliflower ear” (Fig. 6).

Figure 5 Auricular chondritis with sparing of the noncarti-

laginous ear lobe. (Color version of figure is available online.)
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Conductive hearing loss develops in up to 46% of patients
and sensorineural hearing loss and vestibular dysfunction
(vertigo, dizziness) can occur. Conductive hearing loss can be
secondary to (1) cartilage destruction with closure of the
external auditory meatus, (2) eustachian tube obstruction, or
(3) serous otitis media (8,9). The etiology of sensorineural
earing loss and vestibular dysfunction may be due to either
asculitis of the branches of the internal auditory artery (4) or
utoantibodies against labyrinthine binding sites with a local
nflammatory response and subsequent apoptosis of labyrin-
hine cells (10).

asal Chondritis

asal chondritis is the presenting feature in 21% of pa-
ients and will develop over the course of the disease in
1% (3). This is typically sudden in onset and character-
zed by swelling and tenderness of the distal part of the
asal septum. Patients can manifest with nasal crusting,
hinorrhea, or mild epistaxis. Recurrent or prolonged ep-
sodes can lead to cartilage collapse resulting in a saddle
ose deformity (Fig. 7).

cular Manifestations

cular inflammation occurs in 18% of patients at presen-
ation and in 59% over the disease course (3). Ocular
isease usually parallels other features of RPC (4,9).
piscleritis, scleritis (diffuse anterior), and keratitis occur

n 30% of affected patients (9). Uveitis occurs in up to
5% of patients and is usually anterior or sclerouveitis (4).
eripheral ulcerative keratitis is seen in 10% of patients

Figure 6 Cartilage destruction following repeated episodes
f auricular inflammation. (Color version of figure is available
nline.)
nd can lead to rapid visual loss and corneal melt; this is a
eliable clinical marker for the presence of systemic vasc-
litis (4,9).
Proptosis with periorbital lid edema is common and is

aused by posterior inflammation of the globe (9). Extra-
cular muscle palsies and ischemic optic neuropathy have
een reported and are likely caused by a vasculitis of ves-
els supplying the involved muscles or associated nerves
4,9). Keratoconjunctivitis sicca, salmon patch conjunc-
ival lesion, and optic neuritis can occur with RPC (4).

aryngotracheal/Pulmonary Disease

irway involvement represents the most serious clinical
anifestation of RPC and portends a poor overall prog-

osis (11,12). A review by Eng and Sabanathan in 1991
nly identified 62 cases reported in the literature (13).
rnst et al. in 2009 identified a prevalence of airway in-
olvement in 31 patients (21%) in their retrospective case
eries and literature review; airway symptoms were the
nitial manifestation in 17 of these patients (12). Others
ave noted respiratory tract involvement as a presenting
eature in 14 to 38% of cases and may be a clinical feature
n up to 67% of patients throughout the course of their
isease (14). Involvement of the upper airway, particu-

arly subglottic disease, seems more common in women
3,13).

Clinical findings of airway involvement may range
rom asymptomatic in early disease to dyspnea, cough,
tridor, and hoarseness (12,13). Other reported symp-
oms may include choking, wheezing, aphonia, or tender-
ess over the tracheal or anterior thyroid cartilage (14).
nvolvement of the glottis, subglottic area, or upper tra-

Figure 7 Image showing “saddle” nose deformity following
recurrent nasal cartilage inflammation. (Color version of fig-

ure is available online.)
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chea is always symptomatic, whereas lower airway or
bronchial involvement may be asymptomatic (11). Tra-
cheobronchomalacia can occur because of repeated bouts
of inflammation with loss of cartilaginous support struc-
ture, dynamic collapse of the airways, and potentially pos-
tobstructive pneumonia or collapse of distal airway dis-
ease. Other rare presentations include isolated distal
airway involvement, or costochondral involvement lead-
ing to dislocation and flail chest and sudden tracheal col-
lapse with respiratory arrest (9,11,15).

Plain radiography of the airway to include lateral neck
films and standard chest radiography is recommended in
all patients with RPC. Imaging may identify tracheal nar-
rowing, calcification of the tracheal or laryngeal cartilages,
infiltrates, atelectasis (possibly caused by obstruction),
and pulmonary edema. CT of the chest performed at end
inspiration can demonstrate fixed airway narrowing,
thickening of the anterior, and lateral cartilaginous tra-
cheobronchial wall (�2 mm) with sparing of the mem-
branous posterior wall. Dynamic expiratory CT scan
(performed during forceful exhalation) helps to identify
functional airway abnormalities including tracheobron-
chomalacia and air trapping (16). Dynamic expiratory
CT demonstrated abnormalities in 94% of the study pop-
ulation, whereas abnormalities on end-inspiratory CT
were found in only 44% (17). Tracheobronchomalacia is
seen in 63% of patients during dynamic expiratory CT
scanning (12).

Magnetic resonance imaging (MRI) is superior to CT
in distinguishing between fibrosis, inflammation, and
edema of the trachea. Long-standing fibrosis will appear
dark on T1 and T2 images and have minimal enhance-
ment with the administration of contrast. Conversely,
inflammation will appear hyperintense on T2 images and
will enhance with the administration of gadolinium of T1
images (18).

Fiberoptic bronchoscopy may be a useful adjunct in
the examination of the airway primarily for evidence of
obstruction or collapse. Reported findings may include
subglottic stenosis, tracheal and bronchial stenoses,
thickening and calcifications of the airway walls, tra-
cheobronchomalacia, or evidence of dynamic airway
collapse not identified during CT imaging.

Pulmonary function testing. Expert opinion has rec-
mmended that PFTs to include FVL should be per-
ormed in all patients with RPC to detect asymptomatic
isease and help characterize airway obstruction in symp-
omatic patients. The combination of spirometry with
VL and the measurement of airway resistance may be a
etter measurement than bronchoscopy and radiography
n detecting the presence, severity, and nature of airway
bstruction in RPC (19,20). However, there are limited
ata on the comparison of modalities because both studies
re based on small numbers of RPC patients. The largest

ohort of 31 patients in the Ernst study did not mention
he results of PFTs or FVL testing (12). Spirometric find-
ngs may demonstrate obstructive indexes based on the
xtent and location of disease. Flow volume loops need to
e carefully examined for evidence of (1) variable in-
rathoracic obstruction (flattening or truncation of the
xpiratory limb) indicative of lower tracheobronchial
isease; (2) variable extrathoracic obstruction (flatten-

ng or truncation of the inspiratory limb) suggestive of
pper airway disease, either the larynx or the upper
rachea; or fixed airway obstruction (flattening of both
imbs) indicative of a fixed airway defect (Fig. 2). Serial
FT measurements in 1 RPC case report demonstrated
emporary normalization of PFTs with early inflamma-
ory laryngotracheal disease following immunosup-
ressive therapy (21).

Monitoring. We recommend PFTs with FVLs and
lain radiographs of the neck/chest at baseline and with
ew symptoms suggestive of laryngotracheal involve-
ent. If abnormalities are initially present, then further

maging with CT scan or MRI (if isolated tracheal in-
olvement is suspected) is warranted to evaluate the loca-
ion and extent of disease. Despite recommendations for
creening for airway disease in RPC patients, 70% of our
atients had PFTs at baseline and only one-third had
eviewable FVL in their EMR.

ardiovascular Manifestations

he prevalence of cardiovascular involvement in RPC
anges from 14% to 52% of patients (3,4,22). Clinical
anifestations include vasculitis, valvular regurgitation

mitral, aortic), aneurysm formation, arterial or venous
hrombosis, conduction abnormalities, pericarditis, myo-
arditis, and myocardial infarction.

Vascular disease. Vascular disease can develop inde-
pendently of cardiac involvement (23) and encompasses
both dilatation and inflammation. Vasculitis can be a pre-
senting feature in 2% of cases and is found during the
course of disease in 14% (3). Involvement of vessels of all
sizes has been described; however, large vessel disease is
most often reported. The disease can be either focal or
diffuse and the presentation can range from indolent to
rapidly fatal (3,23). Aneurysm formation is thought to be
partially due to indolent vasculitis. The most common
area of aneurysm involvement is the aorta, developing in 5
to 7% of patients (23). Involvement of the ascending
aorta can result in aortic valve regurgitation. Vascular di-
lation is also described in the descending aorta, iliac, fem-
oral, subclavian, and abdominal vasculature, as well as the
coronary and cerebral vessels (23). Although aneurysms
tend to be asymptomatic, the risk for rupture remains a
concern and routine screening is recommended.

Valvular disease. Valvular disease is typically not a pre-

senting feature of RPC but can develop over time in 12%
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of patients (3). The aortic valve is most commonly af-
fected, followed by the mitral valve. Valvular regurgita-
tion may result from dilation of the aortic root or mitral
annulus or from valvular thickening with myxomatous
degeneration (22). Disease progression is insidious and
requires periodic monitoring with echocardiography.

Conduction abnormalities. Atrioventricular conduc-
ion abnormalities including blocks and tachyarrythmias
ave been reported in 4 to 6% of patients (23). Conduc-
ion abnormalities can be due to aortic root dilatation,
cute inflammation, or fibrosis of the conduction system.
ften temporary pacing is required for higher degree

trioventricular blocks but there have been case reports of
esolution with corticosteroid therapy (23,24).

Monitoring. Early detection of cardiac involvement is
mportant and current recommendations for evaluation
nclude cardiac auscultation, routine electrocardiograms
EKG), chest radiographs, and echocardiography (22). A
aseline evaluation of the aorta is recommended with ei-
her CT, MRI of the chest, or transesophageal echocardi-
graphy. In patients who have undergone surgery, repeat
maging is recommended every 6 months (22).

In our case series, 48% of the patients were evaluated
ith echocardiography; 70% had standard chest radiog-

aphy, and 63% underwent chest CT. We were unable to
etermine the percentage of patients evaluated by EKG
ecause this was not recorded in our EMR.

enal Manifestations

retrospective study of renal involvement in RPC was
erformed at the Mayo Clinic from 1943 to 1984 and the
revalence was found to be 22% (24). Renal involvement
ends to occur in older individuals with severe disease and
s associated with an increased incidence of systemic vas-
ulitis, arthritis, and mortality (25). The etiology of renal
nvolvement may be due to RPC or another concomitant
utoimmune disorder such as SLE. The most common
athologic lesion on biopsy is mesangial cell proliferation.
gA nephropathy, tubulointerstitial nephritis, and seg-
ental necrotizing crescentic pauci-immune glomerulo-

ephritis have also been reported (24).

oint Involvement

nflammatory arthritis is present in 32% of patients at the
ime of diagnosis and eventually develops in 72% (3). The
lassic arthritis is migratory, polyarticular, asymmetrical,
nd nonerosive. The joints most commonly affected in-
lude the metacarpophalangeal, proximal interphalan-
eal, wrist, knee, ankle, sternoclavicular, and sternoma-
ubrial. Patients are usually seronegative and any
ssociated joint effusions tend to be noninflammatory
5,46). Coexisting RA or spondyloarthropathies may

omplicate the diagnosis and influence medical therapy. (
ermatologic Manifestations

ermatologic manifestations precede the development of
hondritis in 12% of cases, occur concomitantly with
PC in 35% of cases (26), and are present overall in up to
0% of patients (4). The most common cutaneous man-
festation is oral aphthosis, followed by erythema nodo-
um-like nodules, and purpura. Other less common pre-
entations include sterile pustules, superficial phlebitis,
urpura, skin ulcerations, papules, distal necrosis, and
rythema elevatum diutinum (26). Interestingly, the fre-
uency of mucocutaneous disease may be higher in pa-
ients diagnosed with RPC and concomitant myelodys-
lastic syndrome (26). Although cutaneous involvement
n RPC is common, it is nonspecific and may be related to
n associated autoimmune disorder.

ervous System Involvement

eripheral and central nervous system (CNS) involve-
ent only occurs in 3% of RPC patients during the dis-

ase course (3). Cranial nerve involvement is most often
een with the second, sixth, seventh, and eighth cranial
erves being affected. Other reports of peripheral nervous
ystem involvement include hemiplegia, ataxia, myelitis,
nd polyneuritis. Although CNS involvement is uncom-
on, there have been reports of aseptic meningitis, me-

ingoencephalitis, encephalitis, ischemic stroke, seizures
focal and generalized), confusion, hallucinations, head-
che, and cerebral aneurysm (27,28). The pathogenesis of
eurologic involvement is thought to be secondary to vas-
ulitis. This has been corroborated on autopsy studies
emonstrating diffuse vasculitis of small arteries and arte-
ioles (29). MRI of the brain also supports vasculitis as an
tiology, typically showing areas of multifocal gray and
hite matter enhancement (29).

regnancy and RPC

here was a single pregnancy in our case series. The pa-
ient had recurrent auricular chondritis, and conductive
earing loss managed with Celecoxib prior to conception.
he did not flare during the pregnancy and delivered a
ealthy baby. In a retrospective review series, Papo et al.
escribe 11 patients with 25 pregnancies. Five patients
uffered from 5 different associated connective tissue dis-
ases (SLE, mixed connective tissue disease, RA, ankylos-
ng spondylitis, and Takayasu arteritis). A flare of the
PC occurred in 7 of the pregnancies. Flares were primar-

ly manifested by ocular disease or chondritis. Patients
ere managed with steroids, NSAIDs, dapsone, or plasma

xchange. Ten of the pregnancies were complicated by
ctopic implantation (3), spontaneous abortion (3), pre-
ature rupture of membranes (1), and premature births

3). There was 1 elective abortion and 18 live births. None
f the 18 babies had neonatal inflammatory chondritis

30).
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78 Relapsing polychondritis in the Department of Defense population
Coexistent Disease

A concomitant autoimmune disease, connective tissue de-
fect, hematologic disorder, vasculitis, or dermatologic dis-
ease is found in 30 to 50% of patients with RPC (3,4,31).
Table 4 includes a list of diseases that have been reported
in association with RPC.

Etiology and Pathogenesis

Although the pathogenesis of RPC is unknown, there
appears to be a combination of factors including genetic
susceptibility, an inciting event (either chemical or trau-
matic), and the presence of autoimmunity. The presence
of genetic susceptibility is supported by an increase in the
frequency of human leukocyte antigen (HLA)-DR4 in
patients with RPC (3,32). HLA-DR4 is found in 56% of
RPC patients compared with 26% in healthy controls (8).
The allele DRB*0421 was described in a single patient
with RPC and may represent a susceptibility factor for RPC
(33). A study of the HLA class II distribution of alleles
among Caucasian RPC patients found DQB1*0601,
DQA1*0103, and DQA1*0301 to be significantly increased
(34). An association between HLA-DR6 with patient age
nd type and extent of organ involvement has also been
eported but the significance requires further study (8).

The evidence to support involvement of humoral and
ell-mediated immunity in the pathogenesis of RPC in-
ludes the formation of autoantibodies, overlap with
ther connective tissue and autoimmune disorders, the

Table 4 Coexistent Disease

Diseases Reported in

Connective
Tissue/Autoimmune

Diseases Vasculitides De

Rheumatoid arthritis Wegener’s granulomatosis Viti

Juvenile idiopathic
arthritis

Churg–Strauss syndrome Pan

Spondyloarthropathies Polyarteritis nodosa Pso
Reactive arthritis Behçet’s Ato

Sjögren’s syndrome MAGIC syndrome Der
Systemic lupus

erythematosus
Takayasu arteritis Lich

Systemic sclerosis Temporal arteritis
Mixed connective tissue

disease
Leukocytoclastic vasculitis

Inflammatory bowel
disease

Cryoglobulinemia

Primary biliary cirrhosis
Autoimmune thyroid

disease

MAGIC, Mouth And Genital ulcers with Inflamed Cartilage; RPC,
resence of CD4 cells on biopsy of involved cartilage, i
ytokine profiles, and improvement with immunosup-
ressive medications.
The predilection of RPC to damage cartilaginous

tructures suggests the presence of autoantibodies against
his tissue. The composition and location of cartilage are
mportant in the pathogenesis and formation of autoan-
ibodies in RPC. Chondrocytes contain many epitopes
apable of eliciting an immune response. Because of the
ature of cartilage (lack of vascular and lymph flow) and
onformational structure, these epitopes are typically hid-
en from the immune system and some preceding event

ikely triggers their exposure. Anticollagen (type II, IX,
nd XI) and matrillin-1 antibodies have been reported in
p to 60% of patients with RPC and tend to correlate
ith disease severity (9,35-37). Type-II collagen in the

dult is present at 2 sites: cartilage matrix and vitreous of
he eye. Type-IX collagen functions to anchor type-II
ollagen fibrils to the extracellular matrix and type-XI
ollagen regulates collagen fibril size and distribution.

atrillin-1 is a component of the extracellular matrix of
artilage within the trachea. Although it is thought that
nti-type-II collagen antibodies are secondary to cartilage
estruction, there is evidence in animal models suggesting
n active role in RPC. In 1981, Cremer et al. injected
ovine type-II collagen into 88 rats, 14% of which devel-
ped auricular chondritis, which on biopsy resembled hu-
an relapsing polychondritis (38). Furthermore, Hansson

nd coworkers demonstrated that cartilage components were

iation with RPC3,4,31

logic Disorders
Hematologic

Disorders Other

Myelodysplastic
syndrome

Familial
Mediterranean
fever

is Pernicious anemia Retroperitoneal
fibrosis

Thymoma Diabetes mellitus
rmatitis Autoimmune

hemolytic
anemia

Glomerulonephritis

s herpetiformis Lymphoma Myasthenia gravis
anus Acute leukemia

g polychondritis.
Assoc

rmato

ligo

niculit

riasis
pic de

matiti
en pl
mmunogenic with the immunization of rats with matril-
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lin-1 resulting in inspiratory stridor, nasal swelling, and epi-
staxis (39).

Although antibodies and humoral immunity have a
role in tissue damage, cell-mediated immunity is also ac-
tive and cytokine release plays an important role in carti-
lage destruction. T-cell clones directed against type-II col-
lagen in a patient with RPC revealed activation of T cells
resulting in production of Th1 cytokines including inter-
feron � and tumor necrosis factor alpha (TNF�) (39).
These results suggest a role for T-cell clones in the patho-
genesis of RPC and reinforce type-II collagen as a possible
autoantigen in RPC (39). Other Th1 cytokines, to in-
clude monocyte chemoattractant protein 1, macrophage
inflammatory protein 1�, and interleukin-8, are elevated
n RPC patients (31). TNF�, in vitro, increases the syn-
hesis of matrix degrading proteinases from chondrocytes
nd indirectly leads to cell damage (39,41). This cytokine
ilieu results in inflammation and damage of chondro-

ytes and retards cartilage repair mechanisms. A unifying
heory suggests an insult to the cartilage, exposing chon-
rocyte epitopes leading to cytokine release, local inflam-
ation, and subsequent autoantibody production in a

enetically predisposed host (8).

aboratory and Histologic Findings

he diagnosis of RPC is typically established on clinical
riteria alone, and the contribution of laboratory findings
o diagnosis is limited. However, elevations in ESR or
-reactive protein, leukocytosis, thrombocytosis, and

nemia of chronic disease can help gauge the activity and
everity of disease. Urinary type-II collagen neoepitope,
eflecting collagenase cleavage products of type-II colla-
en, has been suggested for monitoring disease activity
ut this is not currently used in clinical practice (42).
Autoantibodies, typically associated with other con-

ective tissue diseases, may be found in patients with RPC
ut the significance of these is unclear. Antinuclear anti-
odies are reported in 20 to 60% of cases and are usually
f a homogenous or speckled pattern on immunofluores-
ence (43). Patients typically will not have antibodies to
ouble-stranded DNA, Sm, SSA (Ro), or SSB (La). AN-
As without specificity to proteinase-3 or myeloperoxi-
ase have been described in some patients with RPC
3,43). Patients also may have positive rheumatoid factor,
false positive rapid plasmin reagin (RPR), or positive

ntiphospholipid antibodies (43,44).
Only 30 to 60% of patients with RPC are found to

ave anti-type-II collagen antibodies (10,34,44). Type-II
ollagen antibodies target native or denatured type-II col-
agen and proteoglycans (43). In some cases these anti-
odies may be pathogenic, whereas in others they are
resent with cartilage damage (42). They are more likely
o be present during disease activity and may correlate
ith disease severity (4). A case report by Matsumoto et

l. reported a decline in anti-type-II collagen antibody

iter with symptom improvement following steroid ther- c
py (36). Cartilage-specific antibodies, including anti-
ype-I, -IX, and -XI, have also been reported in association
ith RPC, but usually occur in conjunction with anti-

ype-II collagen antibodies. Rarely, antibodies to matril-
in-1 are found in patients with RPC and tend to correlate
ith respiratory symptoms (40). The usefulness of anti-

ollagen antibodies in the diagnosis and disease monitor-
ng of RPC requires additional study.

Histologic examination of cartilage affected by RPC
as characteristic changes. First, there is a loss of the ba-
ophilic staining, corresponding to decrease proteoglycan
ontent as well as a reduction in the number of chondro-
ytes. Second, CD4 lymphocytes, polymorphonuclear
ells, macrophages, and plasma cells infiltrate and deposit
t the chondrodermal junction causing vacuolar degener-
tion and cartilage disruption with granulation tissue for-
ation (4,43,46). Finally, there is complete disruption of

he normal architecture of cartilage and subsequent fibrosis,
nd occasional calcification or ossification (4). Immunoflu-
rescence studies show the presence of immunoglobulin and
3 complement deposits along the chondrofibrous junction

nd in the perichondral vessel walls.

rognosis

verall survival at 17 years is reported to be 90% (47).
he leading cause of mortality in RPC is pneumonia re-

ulting from airway obstruction. Other causes of death
nclude respiratory failure or progressive cardiovascular
nvolvement. Predictors of a poor prognosis in patients
ounger than 51 include saddle nose deformity, arthritis,
aryngotracheal involvement, systemic vasculitis, and he-

aturia. In older patients anemia predicts a worse out-
ome (48). We did not have any deaths during the course
f our study and 2 patients were able to taper off of im-
unosuppressive therapy without flares for a period of 2

ears.

ifferential Diagnosis

he differential diagnosis may vary based on organ in-
olvement. Auricular chondritis is relatively unique to
PC with sparing of the lobule. This similar presentation
an occur with infectious perichondritis; however, the
obule is typically involved. Pathogens implicated include
seudomonas aeruginosa or Staphylococcus aureus, fun-
al and anaerobic or polymicrobial infection (45). Auric-
lar deformities may also be caused by leprosy, leishman-

asis, trauma, and frostbite.
The differential diagnosis of a saddle nose deformity

ncludes trauma, leprosy, congenital syphilis, septal he-
atoma, perforation of the nasal septum because of co-

aine use, sarcoidosis, and Wegener’s granulomatosis
WG). Ocular inflammation can be associated with infec-
ion, rheumatoid arthritis, WG, polyarteritis nodosa, sar-
oidosis, Behçet’s disease, SLE, and seronegative spondy-
oarthropathies. Respiratory tract involvement may be

onfused with asthma or bronchitis clinically. Tracheal
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80 Relapsing polychondritis in the Department of Defense population
stenosis may occur in WG, sarcoidosis, or amyloidosis
(48). Aortic aneurysm formation can occur from vasculi-
tis (giant cell arteritis, Takayasu’s disease, or Behçet’s dis-
ease), infection (syphilis), spondyloarthropathies, and ge-
netic diseases (Marfan’s and Ehlers–Danlos syndrome)
(4,48).

The primary mimicker of RPC is WG. WG can cause
ocular inflammation, epistaxis with nasal septal perfora-
tion, polyarticular arthritis, and auricular inflammation
with sensorineural hearing loss, vertigo, and tinnitus. Fea-
tures that differentiate WG from RPC include sinusitis,
parenchymal lung disease, mononeuritis multiplex, gran-
uloma formation on biopsy, and antibodies to c-ANCA
with PR3 antibody specificity.

Treatment

There is no consensus on the treatment of RPC based on
the medical literature. The majority of data is extracted
from case reports and management is adapted to disease
severity. A literature review provided treatment options
based on disease severity and organ involvement. In 1
case, colchicine and indomethocin were effective as ste-
roid-sparing therapies in a patient with refractory auricu-
lar chondritis and episcleritis who had failed azathioprine
(49,50). However, most patients described in the litera-
ture were treated with varying doses of corticosteroids as
first-line therapy and other DMARDs or biologics were
initiated in an attempt to taper the corticosteroid dosage
and maintain remission.

The most commonly used adjunctive DMARD was
methotrexate. Trentham and Le report on 31 patients
with RPC who received methotrexate therapy; 23 were
able to taper their prednisone dosage down from 19 to 5
mg daily and continued on methotrexate 17.5 mg weekly
(47). Seventeen additional cases, manifested by auricular,
nasal, ocular, and tracheal involvement, demonstrated a
beneficial response to methotrexate (24,31,51-56). Aza-
thioprine was the second most common DMARD used as
a steroid-sparing agent or following methotrexate failure
(5,51). Cyclosporin A is mentioned as a therapeutic op-
tion for RPC following failure of other therapies, but is
rarely used because of its unfavorable side effect profile
(8,47,56-58). Cyclophosphamide is reserved for severe
organ or life-threatening disease, such as vasculitis, ne-
crotizing scleritis, or laryngotracheal involvement
(4,9,31,47). There was 1 case report with a successful
response to leflunomide in a patient with isolated auricu-
lar chondritis (59). In another case, mycophenolate
mofetil successfully treated auricular chondritis in a pa-
tient who had failed NSAIDs, colchicine, dapsone, and
methotrexate (60).

After traditional DMARD and corticosteroid failure,
clinicians have tried biologics to control disease activity. A
recent review of biologic use in RPC by Lepka et al. re-
vealed 62 cases of RPC treated with biologic therapy re-

ported in the literature (61). Infliximab was the most
commonly used biologic in 31 cases. Fourteen of the pa-
tients treated with infliximab had rapid improvement in
chondritis (auricular, nasal, laryngotracheal), scleritis, or
vascular lesions (41,61-66). Etanercept was successfully
administered in 8 patients and improved chondritis, scle-
ritis, and tracheomalacia (61,67,68). Adalimumab use has
been reported in 4 patients and successfully treated 2 pa-
tients with chondritis, arthritis, scleritis, and laryngotra-
cheal involvement (43,61,69,70). Eleven patients have
responded to rituximab; 9 of those patients were fully
responsive and 2 were partially treated after failing other
traditional DMARDs and anti-TNF� agents (61,71,72).

nakinra has been described in 4 patients and controlled
patients with auricular, laryngotracheal disease, arthri-

is, and scleritis (61,73,74). Tocilizumab treatment has
een effective for 2 RPC patients (61,75) and abatacept
as successfully used in a 1 case reducing the frequency of
PC flares (61,76).

edical Treatment of Mild-Moderate Disease

edical treatment is helpful for resolution of symptoms
n mild to moderate RPC and slows the progression of
evere life-threatening disease. Treatment of mild disease
ithout organ damage including acute isolated auricular

hondritis, mild nasal chondritis, episcleritis, diffuse an-
erior scleritis, and arthritis typically respond to NSAIDs,
olchicine, or dapsone (3,57,58). A short course of corti-
osteroids (10 to 20 mg) can often quickly resolve mild to
oderate disease (4). In our study, mild disease was pri-
arily managed with NSAIDs, dapsone, low-dose corti-

osteroids, and methotrexate.

edical Treatment of Severe Disease

he management of acute, severe RPC requires high-dose
orticosteroids (1 mg/kg/d) with the addition of a steroid-
paring agent. For sensorineural hearing loss or vestibular
ymptoms, initial high-dose corticosteroids are required (3).
ensorineural hearing loss tends to respond to aggressive
herapy, whereas vestibular sequelae may be irreversible.

ore severe ocular disease will require high-dose corticoste-
oids in conjunction with a second-line agent (cyclophosph-
mide, azathioprine, methotrexate, cyclosporine A, or anti-
NF� agent) (63,65,70,74,77), as corticosteroids are

tapered. The drug of choice for necrotizing scleritis is cyclo-
phosphamide (9,77). There are 11 case reports of therapy
with ritixumab for refractory auricular/nasal chondritis, but
only 1 patient had a complete clinical response (71,72). In
addition, there is a single case report using anakinra for re-
fractory auricular chondritis, ocular inflammation, and ar-
thritis with success (73) and a single case report using intra-
venous immunoglobulin for refractory scleritis (78). The
initial treatment of renal disease is high-dose corticosteroids,
but crescentic disease is treated with cyclophosphamide (oral
or intravenous). Some success has been reported with plas-
mapheresis as a last resort therapy in crescentic glomerulone-

phritis secondary to RPC (25,79). The acute management of
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CNS involvement is with corticosteroids, and second-line
agents are reserved (azathioprine) for refractory disease
(3,29,80). Overall, patients in our study with severe disease
were managed with corticosteroids, mycophenolate mofetil,
azathioprine, and biologics.

Medical and Surgical Management of
Laryngotracheal Involvement

Medical management of laryngotracheal involvement
in RPC begins with high-dose corticosteroids (1 mg/
kg/d) to decrease the severity of flares but also to limit disease
progression. The common steroid-sparing, second-line
agents include cyclophosphamide, mycophenolate mofe-
til, TNF� antagonists, methotrexate, or azathioprine
(25,43,45,47,63,65,67,81). Patients with tracheobron-
chomalacia tend to have a worse prognosis and suffer
from increased symptoms and recurrent infections. These
patients warrant early aggressive surgical therapy to in-
clude tracheobronchial stenting, external airway splint-
ing, balloon dilation, intralesional corticosteroid injec-
tion, tracheostomy, or laryngotracheal reconstruction
(11).

Stenting remains a key surgical intervention in the man-
agement of complicated airway disease in RPC. There are
several types of airway stents available to include self-expand-
able metallic stents, Dumon silicone stent, dynamic stents,
and the TM stent. The benefits of metallic stents include that
they are easy to place via bronchoscopy, are visible on plain
radiographs, provide strong but dynamic expandability,
rarely migrate, and undergo rapid epithelialization resulting
in preservation of mucociliary function (11,81). The signif-
icant concerns with metallic stents include that they are easily
broken, can become narrowed from dried sputum and gran-
ulation tissue, and are difficult to remove without causing
tissue damage; multiple stents may be required for a long area
of stenosis (11,81). Current recommendations include use of
metallic stents for mild disease and use of TM or silicone
stents for severe disease (81). Other procedural interventions
for laryngotracheal disease in our patient population in-
cluded laser tracheal dilation and intralesional corticosteroid
injection. Patients in our study were managed medically pri-
marily with corticosteroids, methotrexate, and anti-TNF�
therapy.

A rare interventional option, which is reserved for se-
vere and refractory disease, is tracheal reconstruction.
Karaman et al. described this procedure in 3 patients us-
ing nasal septal and auricular cartilage (82). Two weeks
postoperatively the patients were treated with dexameth-
asone and methotrexate. At 2 years none of the patients
had suffered a disease flare.

Higher lesions, localized subglottic disease, or patients
with acute respiratory compromise may require tracheos-
tomy, similar to 2 of our patients (11,12). Other patients
in our study were treated with laser dilation and stent

placement.
Medical and Surgical Management of
Cardiovascular Complications

Cardiovascular complications of RPC are the second
most common cause for mortality after laryngotracheal
involvement (22). Aortitis/vasculitis should be managed
early with high-dose corticosteroids with the addition of a
second-line agent after steroid tapering. Additional agents
used in the management of inflammatory vascular disease
include methotrexate, cyclophosphamide, azathioprine,
chlorambucil, cyclosporine, and mycophenolate mofetil.
There have been case reports using adalimumab and inf-
liximab with success (41,43,69).

Surgical intervention should be considered for aneurys-
mal dilatation or aortic valve disease that is identified as se-
vere or symptomatic (22,83). The Bentall-type procedure is
recommended for replacement of the aortic valve, aortic
root, and ascending aorta with composite graft, and reim-
plantation of the coronary arteries (22). In patients without
aortic root involvement, it is recommended not to resect
diseased tissue as it can lead to an increased risk of aortic root
aneurysm. Common postoperative complications of the
Bentall procedure include prosthetic dehiscence and perival-
vular leakage (22). There is insufficient information in the
literature to comment on mitral valve replacement. Follow-
ing the Bentall procedure, therapy with immunosuppressive
agents is recommended with short-term corticosteroids and
prompt initiation of a second-line agent. The addition of a
second-line agent is preferred because corticosteroids in-
crease the risk for mediastinitis and congestive heart failure
and do not systematically prevent dehiscence (22). The
length of therapy following intervention remains controver-
sial but a period of 2 to 5 years has been suggested (22). In
our study 1 patient with an aortic aneurysm required surgical
repair, and other patients had mild valvular disease, which
was managed medically.

The strengths of our study lie in the ability to charac-
terize features of RPC, an uncommon disease, in a large
population representative of patients in North America.
The incidence of disease and pattern of organ involve-
ment seen in our study were reflective of that reported in
other patient populations. Our study patients had a wide
age range, varying degree of disease severity, and concom-
itant autoimmune disease.

Our study has several potential limitations common to
retrospective reviews. There is the possibility of reviewer
bias; however, the majority of data collection was gath-
ered by the primary author using a standardized method
and diagnostic criteria. The patient information con-
tained within the EMR is dependent on clinician docu-
mentation of patient symptoms, therapies, and scanning
of reports. Because ICD-9 codes were used, some patients
may have been missed if they were coded incorrectly as
having another disease. Another potential concern is a
failure to capture all DoD beneficiary patients diagnosed
with RPC, if they had been deferred to specialty network

providers without access or documentation in our EMR.
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82 Relapsing polychondritis in the Department of Defense population
RPC can affect individuals of all age groups ranging
from young children to elderly adults. Although the ma-
jority of our cases were in older individuals, 23% occurred
in active duty soldiers. The presence of RPC in our active
duty military population affects future deployment and
disability.

The extent of organ involvement must be determined
at baseline in RPC patients, as cardiac lesions and tracheo-
bronchial involvement may be asymptomatic at presenta-
tion. Baseline evaluation of the cardiovascular system
should include a thorough examination, EKG, and, if
indicated, echocardiogram. All patients should have base-
line PFTs with FVLs and a chest radiograph to assess for
tracheobronchial involvement; any relevant abnormali-
ties should be evaluated with an expiratory CT scan.
There is no consensus on how often these monitoring
tests and images should be reassessed. The authors recom-
mend at least an annual screening EKG and PFTs with
FVLs. Any significant cardiovascular abnormalities
should be pursued with echocardiogram or relevant im-
aging modalities as necessary.
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