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Abstract : An 11-year-old, intact male Shih Tzu presented with obesity, thin hair coat, and abdominal distention. The
patient had previously received corticosteroid therapy for dermatitis. Thoracic radiographs showed incidental findings
of a generally diffuse bronchointerstitial pattern and markedly radiolucent pleural lines between the middle and caudal
lung lobes, but clinical signs related to the thoracic radiographic findings were absent. Echogenicity of the hepatic
parenchyma was increased and bilateral adrenal glands were not enlarged on ultrasonography. On computed tomography,
the central regions of the lung lobes showed ground-glass attenuation, the peripheral regions of the lung lobes were
relatively hypoattenuated compared with the central regions, and hyperattenuated nodules were distributed throughout
the pulmonary parenchyma. latrogenic hyperadrenocorticism and secondary pulmonary mineralization was diagnosed
on the basis of diagnostic imaging and adrenocorticotropic hormone stimulation test.
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Introduction

Hyperadrenocorticism may result in soft-tissue mineraliza-
tion in dogs, with bronchial mineralization in 90% of canine
patients and pulmonary mineralization in 40% (5). Pulmo-
nary and bronchial mineralizations are commonly seen on
thoracic radiographs and may be confused with geriatric
changes (4,18,22). Survey thoracic radiography is a low-con-
trast technique and is less sensitive for confirmation of pul-
monary mineralization than high-resolution computed tomo-
graphy (HRCT), in which images are reconstructed with thin
slice thickness and high definition, as well as nuclear scintig-
raphy (6,7,19). This report describes diagnostic imaging find-
ings on computed tomography of generalized pulmonary
mineralization secondary to iatrogenic hyperadrenocorticism.

Case

An 11-year-old, intact, male Shih Tzu weighing 6.5 kg was
presented to Nowon N Animal Medical Center with anor-
exia and vomiting. The patient had received corticosteroid
therapy for dermatitis at another hospital. Physical examina-
tion revealed obesity (body condition score, 4/5), thin hair
coat, and abdominal distention as well as calcinosis cutis
signs on dorsal cervical and thoracic skin regions. Thoracic
auscultation was normal. Hemoglobin (18.2 g/dL; reference
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range, 12-18 g/dL) and platelets (710 x 10° /L; reference range,
175-500 x 10° /L) were increased on complete blood cell
count. Serum chemistry showed increased ALKP (1,299 U/L;
reference range, 23-212 U/L), ALT (452 U/L; reference range,
10-100 U/L), AST (117 U/L; reference range, 0-7 U/L), and
GGT (110 U/L; reference range, 0-7 U/L).

Thoracic radiography revealed incidental findings of a gen-
erally diffuse bronchointerstitial pattern and markedly radi-
olucent pleural lines between the middle and caudal lung
lobes (Fig 1). The margin of the liver was rounded on the lat-
eral view of abdominal radiographs. Clinical signs related to
thoracic radiographic findings were absent, so the patient was
referred to the Veterinary Medical Teaching Hospital of
Konkuk University for further diagnosis. On ultrasonography
(Prosound alpha7, Aloka Co. Ltd., Tokyo, Japan), echogenic-
ity of the hepatic parenchyma was similar to that of the
spleen (Fig 2A and B). Renal cortices were hyperechoic
bilaterally, but blood flow distribution of the cortices
appeared normal on color Doppler mode ultrasonography
(Fig 2C and D). There was no adrenal gland enlargement
(caudal pole diameter, 4.7 mm). CT (LightSpeed Plus, GE
Medical Systems LLC, Waukesha, WI, USA) was per-
formed for further evaluation of the lung lesions. A high spa-
tial reconstruction protocol was used to enhance detail of the
pulmonary parenchymal structure. The central regions of the
lung lobes showed ground-glass attenuation, and the periph-
eral regions of the lung lobes were relatively hypoattenuated
compared with the central regions; hyperattenuated miliary
nodules were distributed throughout the pulmonary paren-



234 Noh-won Park, Wook-hun Chung, Jae-ik Han and Ki-dong Eom

e

4/ o T
§ o k.

t. f‘- N e,
e * SN

Fig 1. Ventrodorsal thoracic radiograph of the patient in the
humanoid position. A generally diffuse bronchointerstitial pat-
tern is present in the entire lung.

chyma (Fig 3). The bronchioles and blood vessels were well
delineated from the pulmonary parenchyma. Diffuse attenua-
tion value increase was revealed in entire lobes of the lung
on pulmonary 3-dimensional reconstruction images (Fig 4).
Mean Housefield Unit value of the pulmonary parenchyma in
the patient was —495.62 + 330 HU (range, —1007-86 HU). That
was higher than that in another patient of that lung was consid-
ered as normal (—811.73 + 88.16 HU; range, —934 - —622 HU).

An adrenocorticotropic hormone stimulation test (SNAP
cortisol test kit, IDEXX laboratories Inc., Westbrook, Maine,
USA) was performed after CT examination by administering
tetracosactrin (250 pg IM; Synacthen, Dalim Bio Tech, Co.,
Ltd., Seoul, Korea). Cortisol levels before and 1 hour after
adrenocorticotropic hormone stimulation were 0.5 and 2.5
uL/dL, respectively (reference range, 0.5-10 uL/dL). The

Fig 3. Transverse computed tomographic image at the level of
the cranial aspect of the diaphragm of the patient in this case (A)
and another patient considered normal regarding pulmonary
findings with the same window width and window level (B).
The pulmonary parenchyma of the hyperadrenocorticism case
shows diffuse ground-glass attenuation in bilateral caudal and
accessory lung lobes and hyperattenuated miliary nodules in the
dorsal region of the left caudal lung lobe.

Fig 4. Three-dimensional reconstructed image of the lung of the
patient in this case (A) and another patient considered normal
regarding pulmonary findings with the same window width and
window level (B). The entire lung lobes are mineralized in the
hyperadrenocorticism case compared with the normal patient.

patient was diagnosed with iatrogenic hyperadrenocorticism
with secondary pulmonary mineralization and was treated
with trilostane (2.5 mg/kg PO; Vetoryl® 60 mg, Dales Phar-
maceuticals, Ltd., Skipton, UK) for 3 months. Follow-up
examination was performed 3 months after the initial adreno-
corticotropic stimulation test. According to the client, the

Fig 2. Ultrasonographic images of liver (A), spleen (B), and left kidney (C and D). The hepatic parenchyma is hyperechoic, with sim-
ilar echogenicity to that of the splenic parenchyma. The left renal cortex is hyperechoic, but there is a normal vascular reaction on

color Doppler ultrasonography.
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chief complaints of vomiting and anorexia were resolved
after treatment administration. Cortisol levels were within the
reference range on the adrenocorticotropic hormone stimula-
tion test (pre- and 1-hour-post-adrenocorticotropic hormone
stimulation, 2.3 uL/dL and 8.7 uL/dL, respectively; refer-
ence range, 0.5-10 uL/dL), but thoracic radiographic exami-
nation findings were identical to those 3 months previously
despite improved clinical signs and cortisol levels.

Discussion

Pulmonary mineralization is categorized into 4 types
according to pathogenic mechanism: dystrophic, metastatic,
idiopathic, and iatrogenic (2). The pulmonary mineralization
presented in this case was considered dystrophic mineraliza-
tion because of the presence of hepatopathy and increased
renal cortical echogenicity as well as the ACTH stimulation
test result. Dystrophic mineralization is caused by abnormal
calcium and phosphorus deposition in catabolic protein
matrix due to excessive cortisol in hyperadrenocorticism (5).
Dystrophic mineralization is associated with calcinosis cutis
and mineralization of tracheal rings, bronchial walls, mucosa,
kidney, and liver (1,13). The presented case showed calcino-
sis cutis and mineralization of tracheal rings, bronchial walls,
pulmonary parenchyma, and kidneys. Radiographic findings
of dystrophic pulmonary mineralization secondary to hypera-
drenocorticism include interstitial pulmonary parenchymal pat-
tern and ectopic calcification of bronchial walls and tracheal
rings. However, these findings are not usually as pronounced
as in this case and are often confused with normal geriatric
changes (14). Furthermore, survey thoracic radiography has
low sensitivity for the diagnosis of pulmonary mineraliza-
tion because of low contrast exposure techniques (19).

Nuclear scintigraphy using 99mTechnitium-methylene dis-
phosphonate (99mTc-MDP) and HRCT is used to diagnose
pulmonary mineralization in human medicine (19). Nuclear
scintigraphy using 99mTc-MDP exposes mineralized lesions
by binding to hydroxyapatite crystals in the extracellular space
of soft tissue (3,20), and 99mTc-MDP uptake can clearly show
mineralized lesions in the lung. Nuclear scintigraphy was not
available in this case, and HRCT was performed instead.
HRCT involves image acquisition with a thin slice thickness
of 1-2mm and high spatial frequency reconstruction algo-
rithm (8,17). The image acquisition protocol in the presented
case included a 1.25 mm slice thickness coupled with a high
spatial reconstruction algorithm. HRCT is more sensitive for
diagnosis of pulmonary parenchymal and airway disease than
is conventional pulmonary CT (15). On HRCT, pulmonary
mineralization appears as multiple calcified and/or noncalci-
fied nodules, ground-glass opacification areas, and relatively
dense areas of consolidation (6). The findings of CT images
of the present case were similar to those of previous study.
Although not present in this case, respiratory distress in
hyperadrenocorticism due to various pathogenic mechanisms
has been reported previously.

Pulmonary diffusion impairment due to pulmonary miner-
alization and thromboembolism secondary to hyperadreno-
corticism induces ventilation-perfusion mismatch, which results
in hypoxia (1). Hyperadrenocorticism also causes respiratory
distress because of increased pressure on the diaphragm due
to hepatomegaly, respiratory muscle weakness, and decreased
respiratory excursion due to fat deposition on the thoracic
wall (5). Thrombocytosis was present in the complete blood
cell count of this case, and hyperadrenocorticism is associ-
ated with development of pulmonary thromboembolism (4,16).
Clinical signs associated with pulmonary thromboembolism
include dyspnea, tachypnea, and depression together with
thrombocytosis on CBC and increased hypoxemia and
hypocapnia on arterial blood-gas analysis (11). Findings on
thoracic radiography are inconsistent in pulmonary throm-
boembolism, but pulmonary infiltrate, oligemia, and decreased
vascular pattern have been frequently reported (10,21). CT
angiography is a highly sensitive diagnostic tool for pulmo-
nary thromboembolism, which is recognized by round con-
trast medium filling defects in the pulmonary vasculature
(9,12). This case displayed thrombocytosis without pulmo-
nary thromboembolism because filling defects were not evi-
dent on CT angiography. However, thrombocytosis is con-
sidered associated with the hyperadrenocorticism in the pre-
sented case, and the patient is at risk of respiratory distress
due to pulmonary thromboembolism in the future.

Conclusion

This report describes the diagnosis of pulmonary mineral-
ization secondary to iatrogenic hyperadrenocorticism. Pulmo-
nary mineralization is characterized by a diffuse broncho-
interstitial pattern on thoracic radiography and ground glass
attenuation in the pulmonary parenchyma with hyperattenu-
ated nodules on CT. Pulmonary thromboembolism second-
ary to hyperadrenocorticism is associated with a high
incidence of respiratory distress with poor prognosis, so close
follow-up is needed regarding respiratory distress.
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