turbinates and especially the inferior turbinates suggest that the
drug was moving from the frontal cavity over the turbinates and
then being cleared toward the throat. This would also be
expected due to the normal mucociliary clearance mechanisms,
which are known to not be affected by the drug. This motion,
suggested by the data curves, was clearly visible in time-lapse
video display of the data. The frontal cavity may be serving as
a reservoir of drug to replenish that being eliminated from the
turbinates. The superior turbinates received about half the total
dose of the inferior turbinates and also exhibited more pro-
nounced individual variation in curve shape during the first 10
min after inhalation. Those variations correlated (inversely)
with changes in the frontal cavity uptake. Individual differences
strongly diminished after the first 10 min. Other clear conclu-
sions from the data are that the amount of drug in the target
areas remains significant at 1.5 hr postadministration and that
the clearance rates (Table 1) suggest that the drug will persist in
those areas. This is an important observation in light of the fact
that the target areas are well perfused, so a drug that was readily
dissolved and absorbed into the tissues could be rapidly
removed. The observation period was limited by the half-life of
the ''C label, so it is difficult to estimate and extrapolate the
slow washout or absorption component of the curves. Still,

simple linear or exponential extrapolations predict that micro-
gram amounts of drug should be present on the target tissues for
at least several additional hours.

CONCLUSION

The purpose of this study was limited to demonstration of the
ability of PET to provide this unique type of information and to
function effectively for measurement of dose delivery and
pharmacokinetics. It was not intended to address clinical use
and effectiveness or to assess the delivery system. It is clear that
regional biodistribution and kinetic data for the active ingredi-
ent in the drug formulation could not be determined by other
means. This direct in vivo evaluation of the formulation in only

three volunteers is a more reliable indicator of its performance
than inferences drawn even from extensive in vitro experiments.
Despite the small sample size and expected intersubject varia-
tions, the study shows effective deposition of drug into the
target tissues and demonstrates that the clearance of drug from
the target areas is slow enough to allow significant amounts of
drug to be present for at least several hours. This information
was not otherwise available to the manufacturer of the formu-
lation. Although penetration of drug into the sinus cavities was
not expected, it has now been demonstrated and measured. We
believe that this study clearly demonstrates the value and
effectiveness of PET for investigation and screening of locally
administered drug formulations.
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Increased Subglottic Gallium Uptake in Relapsing

Polychondritis

Chio Okuyama, Yo Ushijima, Hiroki Sugihara, Shigeyuki Okitsu, Hirotoshi Ito and Tomoho Maeda
Department of Radiology, Kyoto Prefectural University of Medicine, Kyoto, Japan

Gallium scintigraphy was performed on a 14-yr-old girl with sub-
glottic airway narrowing that caused wheezing and dyspnea. The
study showed increased gallium uptake in the neck. A biopsy was
performed on the subglottic region, and the histology was compat-
ible with relapsing polychondritis. After treatment with steroids,
laboratory data that had indicated active inflammation soon normal-
ized. Repeat gallium scintigraphy showed diminished uptake, al-
though the subglottic stenosis did not improve. These results
suggest that gallium scintigraphy is valuable for evaluating inflam-
matory activity in relapsing polychondritis.
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Relapsing polychondritis is thought to be a rare disorder
characterized by inflammation of cartilaginous structures
throughout the body. Its cause is unknown but it is thought to be
autoimmune mediated. The inflammatory process commonly
involves the ears, eyes and joints, resulting in pain and
deformity. In more than 50% of patients, the cartilages of the
upper airway are affected. In such patients, the stenotic lesions
can be life threatening and tracheostomy may be required. We
describe gallium scintigraphy in a patient with relapsing poly-
chondritis presenting persistent wheezing and inspiratory
dyspnea.
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FIGURE 1. Lateral radiograph of neck shows smooth symmetrical narrowing
of subglottic part of trachea.

CASE REPORT

A 14-yr-old girl was admitted to our hospital in January 1997,
with wheezing, hoarseness and dysphagia for approximately 1 mo.
Previous treatments for bronchial asthma and upper respiratory
tract infection had failed to ease her symptoms. Inspiratory stridor
developed, and the patient lost 7 kg in body weight in this 1 mo. In
addition to these complaints, physical examination revealed a
saddle nose deformity, which the patient’s mother had noticed 7 or
8 yr previously. Laboratory findings revealed C-reactive protein of
6.6 mg/dl, gamma globulin of 24.0% and white blood cell count of
10,200/mm>. Chest radiographs showed only focal callus forma-
tion on right fifth rib and left fourth rib perhaps representing
fractures, and no abnormal findings were seen in lung fields or
mediastinum. A noncontrast lateral radiograph (Fig. 1) and contrast
and noncontrast CT scans of the neck revealed apparent annular
narrowing of the subglottic larynx and upper trachea surrounded by
enhanced thick soft tissue. Laryngoscopy showed subglottic
smooth severe stenosis, and tracheostomy was performed. Since
some kind of neoplasm was suspected because of the weight loss
and soft-tissue mass, gallium scintigraphy was performed. Seven-
ty-two hours after 72 MBq ®’Ga-citrate were injected intrave-
nously, whole-body and SPECT images of the neck were obtained.
Focal abnormal accumulation was seen in the medial neck and
bilateral chest wall. SPECT images showed intense abnormal
bandlike accumulation anterior to the uptake of cervical vertebrae,
which demonstrated the subglottic lesion. The hot spots in each
lateral chest wall corresponded to the rib lesions (Fig. 2). Bone
scintigraphy showed no abnormal accumulation in the neck.

A biopsy of the subglottic soft-tissue wall showed loss of
basophilic staining of the degenerative cartilage matrix, decreased
number of chondrocytes, invasion of capillaries and mild pericap-
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FIGURE 2. (A) Gallium scintigrams before steroid treatment demonstrate
intense uptake in the medial neck and bilateral chest wall. On sagittal (B) and
axial (C) SPECT images of neck, arows show abnormal uptake anterior to
the vertebral body.

illary neutrophilic and mononuclear leukocytic infiltration. On the
basis of the clinical and pathological evidence, relapsing polychon-
dritis was diagnosed, and treatment using predonisolone was begun
in February 1997.

After 1 wk, laboratory data had normalized. Four weeks after
steroid therapy was begun, follow-up gallium scintigraphy was
performed. No abnormal uptake was seen in the neck, and less
intense accumulation than before was seen in bilateral ribs. Even
on the SPECT images, abnormal accumulation in the subglottic
lesion anterior to the vertebral body had disappeared (Fig. 3).
However, the radiographic and laryngoscopic appearance, i.c., the
stenosis of the subglottic region, remained unchanged, so perma-
nent tracheostomy was necessary.

DISCUSSION

Relapsing polychondritis was first reported by Jaksch-
Wartenhorst in 1923 (/). This is still believed to be a rare
disorder characterized by recurrent episodes of inflammation
affecting cartilaginous structures throughout the body. A diag-
nosis of relapsing polychondritis depends on several character-
istic findings of the disease, and McAdam et al. (2) defined the
diagnostic criteria in 1976. Histological findings show typical
perichondral inflammation, loss of basophilic staining of carti-
laginous matrix in the early stage and dissolution and fragmen-
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FIGURE 3. (A) Gallium scintigrams after steroid therapy show that abnormal
uptake in medial neck has di . At the same time, stenotic findings
remained on sagittal (B) and axial (C) SPECT images.

tation of cartilaginous structures, with replacement of fibrous
tissue and inflammatory changes in adjacent connective tissue
).

The external ear is affected most frequently, and the nose,
joints, external auditory canal, eustachian tube and other carti-
lage are involved less frequently (/-3). The airway cartilage is
affected in more than half of all patients. The involvement can
occur in the larynx, trachea and even bronchi, can result in
collapse of tracheal rings, and can narrow the airway due to
edema, large amounts of granulation tissue and fibrous scarring
(3). Therefore, the stenosis may not always improve even after
the inflammation has been suppressed, although Im et al. (4)
reported two patients in whom tracheobronchial wall thickening
was decreased after treatment. The stenotic change of the
airway often brings about choking and recurrent pneumonia that
may cause death. Therefore, estimating whether the inflamma-
tion is active is important for appropriate treatment to prevent
the progression of the disease (3—-5). To date, laboratory data,
symptoms and radiographic findings have been used to assess
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this disorder (2-7). In particular, objective assessment of
abnormalities of airway was made on noncontrast radiographs
or CT scans (8). It has been reported that plain chest radio-
graphs can indicate two thirds of the abnormalities involving
the trachea or main bronchi and that CT detects 91%-97% of
abnormalities (9). By its nature, this disorder is characterized
by an episodic course with exacerbations and remission of
inflammation on one hand. Permanent deformity can be caused
by only one episode of inflammation, on the other hand. This
patient showed that after treatment there may be a dissociation
between the radiographic findings and the activity of inflam-
mation that C-reactive protein, white blood cell count and
gallium-citrate uptake made clear. Thus, the findings of radi-
ography, CT and even laryngoscopy might not always demon-
strate the actual inflammatory activity. We could not follow the
histological difference between before and after treatment, but
we theorize that steroid therapy sedated only the infiltration of
the leukocytes without removing the scar, which caused nar-
rowing of the airway.

Many authors have reported on ways to diagnose or treat this
disorder (6,8,10,11). Gallium scintigraphy has little diagnostic
value when a biopsy is performed. The way to monitor the
response to therapy has not been discussed in depth. Laboratory
data, which are usually used for monitoring, might reflect the
inflammatory activity of other noncritical lesions. As demon-
strated in this patient, radiographic findings cannot always
reflect the real activity. Giingor et al. (/2) reported the
usefulness of methylene diphosphonate bone scintigraphy in
follow-up of costochondral junctional lesions. We support the
usefulness of bone scintigraphy for the lesion adjacent to bone,
but it is not sufficient to examine lesions unrelated to bone, for
example, ears, trachea and bronchi.

CONCLUSION

In this patient, gallium scintigraphy was superior to radio-
graphic and laryngoscopic findings in estimating the activity of
inflammation. This case suggested that in patients with dreadful
tracheal lesions, taking into account the characteristics and
natural course of the disease, gallium scintigraphy may be
useful in assessing focal inflammatory activity.

REFERENCES
. Jaksch-Wartenhorst R. Polychondropathia. Wien Arch Intern Med 1923:6:577-579.

2. McAdam LP, O’Hanlan MA, Bluestone R, Pearson CM. Relapsing polychondritis:
prospective study of 23 patients and a review of the literature. Medicine (Baltimore)
1976:55:193-215.

3. Eng J, Sabanathan S. Airway complications in relapsing polychondritis. Ann Thorac
Surg 1991;51:686-692.

4. Im JG, Chung JW, Han SK, Han MC, Kim CW. CT manifestations of tracheobronchial
involvement in relapsing polychondritis. J Comput Assist Tomogr 1988;12:792-793.

5. Booth A, Dieppe PA, Goddard PL, Watt I. The radiographical manifestations of
relapsing polychondritis. Clin Radiol 1989;40:147-149.

6. Kilmann WJ. Narrowing of the airway in relapsing polychondritis. Radiology
1978;126:373-376.

7. Djalilian M, McDonald TJ, Devine KD, Weiland LH. Nontraumatic, nonneoplastic
subglottic stenosis. Ann Otol Rhinol Laryngol 1975;84:757-763.

8. Mendelson DS, Som PM, Crane R, Cohen BA, Spiera H. Relapsing polychondritis
studied by computed tomography. Radiology 1985;157:489-490.

9. Kwong JS, Adler BD, Padley SP, Muller NL. Diagnosis of diseases of the trachea and
main bronchi: chest radiography vs. CT. AJR 1993:161:519-522.

10. Bhalla M, Grillo HC, McLoud TC, Shepard JO, Weber AL, Mark EJ. Idiopathic
laryngotracheal stenosis: radiologic findings. 4/R 1993;161:515-517.

11. Kao CH, Liao SQ, Wang SJ. Technitium-99m-methylene diphosph graphy
of relapsing polychondritis. Kao Hsiung I Hsueh Tsa Chih l99| ;7:489-491.

12. Giingor F, Ozdenur F, Tuncdemir F, Paksoy N, Karayalcin B, Erkilic M. Tc-99m MDP
bone scintigraphy in relapsing polychondritis. Clin Nucl Med 1997;22:264-266.

1979





