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A 33-year-old Caucasian male, with a background of end-stage renal disease due to recurrent
pyelonephritis requiring dialysis for over 2 years, was admitted for the management of respiratory failure
secondary to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. He had a medical
history significant for hypertensive heart disease, a previous transient ischaemic attack and benign prostatic
hyperplasia. He reported a 7-pack-year smoking history, but no occupational or environmental exposure to
inhalants known to cause respiratory disease. The computed tomography (CT) scan performed upon
admission is shown in figure 1. The patient had never undergone a chest CT scan previously.

Task 1
Describe the abnormalities observed on the CT scan performed at the time of admission (figure 1).

Go to Answers >>

During hospitalisation, the patient received standard oxygen therapy, systemic corticosteroids, antibiotic
therapy (amoxicillin/clavulanate) and thromboprophylaxis with low-molecular-weight heparin. Upon
discharge, oxygen saturation (S,o,) on room air was 96%, his respiratory rate was normal and he was

FIGURE 1 Computed tomography scan performed upon admission. a) Axial and b) coronal view.
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afebrile, with a white blood cell count of 6010 cells-mm™>, haemoglobin of 14.1 g-dL_l, albumin of
41.4 g-L™!, serum potassium of 4.7 mmol-L™}, total serum calcium of 9.5 mg-dL™" and a C-reactive
protein level of 0.7 mg-dL ™ . Follow-up with a pulmonologist was recommended due to the abnormalities
noted on CT imaging.

3 months after discharge, he presented to our clinic with persistent dyspnoea on moderate exertion
(modified Medical Research Council dyspnoea scale 2) [1] and occasional non-productive cough. The
patient did not report any joint pains, muscle aches, Raynaud phenomenon, skin changes, dry eyes/mouth,
dysphagia or other symptoms suggestive of connective tissue disease.

A repeat CT scan showed persisting bilateral ground-glass opacities, consolidative areas partially calcified
in the upper lobes and bilateral solid centrilobular micronodules, some of which were calcified.

Task 2

What further investigations would you perform in this scenario? Choose all that apply.

a) Serum precipitins panel (specific IgG antibodies levels for common avian and mould antigens).

b) Serological tests for autoimmunity antinuclear antibodies (ANA), antineutrophil cytoplasmic antibodies
(ANCA), extractable nuclear antigen antibodies and anti-double-stranded DNA antibodies.

c) Spirometry, diffusing capacity of the lung for carbon monoxide (D o) test and 6-min walking test (6MWT).

d) Bronchoalveolar lavage (BAL) for cellularity and microbiology.

e) Serological tests for rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-CCP) antibody,
complement factors C3 and C4 and myositis antibodies panel.

Go to Answers >>

Spo, on room air was 97% at rest but dropped to 89% during 6MWT, which covered 430 m. Pulmonary
function tests revealed a forced expiratory volume in the first second (FEV,) of 2.23 L (61% predicted),
forced vital capacity (FVC) of 2.65L (61% predicted), FEV/FVC ratio of 84% and Dyco of 47%
predicted.

The serological precipitin panel was negative, and autoimmune screening revealed positivity for
bactericidal/permeability-increasing protein ANCA (BPI-ANCA, a minor c-ANCA antibody), while ANA,
anti-CCP, RF and myositis panel tested negative.

BAL showed increased cellularity with lymphocytosis (16%) and normal lymphocyte subsets.
Microbiological tests (bacteria, fungi, mycobacteria, galactomannan, Actinomycetes, Nocardia and
Pneumocystis jirovecii) were negative.

A provisional diagnosis of non-fibrosing hypersensitivity pneumonitis was formulated considering the
compatible radiological findings (centrilobular nodules, ground-glass opacities) and BAL lymphocytosis,
although a clear exposure to inhalants was not documented. The significance of BPI-ANCA antibodies
remains uncertain, they are occasionally associated with systemic vasculitis [2]. Following consultation
with rheumatology specialists, we did not ascribe specific relevance to this laboratory finding within this
clinical context, which lacked clinical signs indicative of vasculitis.

Considering the provisional diagnosis of non-fibrotic hypersensitivity pneumonitis, functional impairment,
and refractoriness to previous antibiotic and short-course steroid treatments, a longer course of systemic
steroids was initiated, with a planned follow-up CT scan at 6 months. However, treatment was
discontinued after 4 months due to a recurrent episode of pyelonephritis requiring hospitalisation. After
recovering from the acute infectious episode, the patient underwent a kidney transplant.

The CT scan (figure 2) and pulmonary function tests showed no significant changes over the 6-month
follow-up period. The serological precipitin panel (specific IgG antibodies levels for common avian and
mould antigens) and extended autoimmune panel were negative upon repetition.

The case underwent discussion at a multidisciplinary meeting on interstitial lung diseases.
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FIGURE 2 6-month follow-up computed tomography scan with maximum intensity projection reconstruction.

Task 3

Based on the clinical course and imaging findings, which of the following options is the most probable
diagnosis?

a) Amiodarone lung

b) Metastatic pulmonary calcification (MPC)

c) Pulmonary P. jirovecii infection

d) Talcosis

e) Sarcoidosis

Go to Answers >>

Task 4

Which of the following investigations would you choose to support the diagnosis?
a) Ventilation—perfusion scintigraphy

b) Positron emission tomography with fluorodeoxyglucose

¢) Urinary calcium

d) Technetium-99m bone scintigraphy

e) Serum vitamin D

Go to Answers >>

Discussion

MPC represents an uncommon metabolic pulmonary disease marked by the deposition of calcium in the
pulmonary parenchyma [3, 4], thus being different from dystrophic calcification, a situation where calcium
deposits in damaged lung tissue [5]. MPC is associated with an increased calcium-phosphate product due
to hypercalcaemia and/or hyperphosphataemia [6]. MPC is primarily seen as a complication in individuals
with chronic renal failure and secondary hyperparathyroidism, where factors such as acidosis during
interdialytic intervals and post-dialysis alkalosis contribute to calcium deposition in soft tissues [7].
Reduced glomerular filtration rate and uraemia further exacerbate this condition by facilitating
hyperphosphataemia and altering protein configuration to promote calcification [3, 8]. Other benign causes
of MPC include excessive exogenous administration of calcium and vitamin D, osteoporosis and
sarcoidosis, while malignant aetiologies like multiple myeloma, leukaemia and lymphoma can also lead to
MPC [3, 4, 9, 10]. Additionally, rare instances of MPC can arise post renal or liver transplantation and
cardiac surgery [3, 4].
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FIGURE 3 Technetium 99m-methyl diphosphonate scintigraphy showing diffuse pulmonary parenchyma
radiotracer uptake.

MPC is an interstitial process characterised by the deposition of calcium in the alveolar epithelial basement
membranes [11]. MPC can develop relatively acutely within weeks, but usually it occurs over a longer
period of time [3, 12]. In patients receiving renal dialysis, it is usually related to the length of survival [3].
The factors responsible for the development of more rapidly progressive forms of MPC are not entirely
understood [3]. Clinical symptoms are often mild or absent, although dyspnoea and acute respiratory
failure can occur rarely [12, 13]. Spirometry is usually within normal limits in cases of MPC, whereas
Dy o could be reduced due to the interstitial nature of the disease [3]. Chest plain film X-ray findings are
nonspecific: often resembling pneumonia or pulmonary oedema. High-resolution CT is much more
sensitive, revealing abnormalities predominantly in the upper lung zones due to increased alkalinity at the
apices, encouraging calcium deposition [4]. Three main patterns of MPC have been reported [14]:
centrilobular ground-glass nodular opacities with or without foci of calcification [10, 12, 15], simulating a
pathology of airspace despite MPC being histologically interstitial [11]; multiple diffuse calcified nodules;
and confluent high-attenuation consolidation with a predominantly lobar distribution and often
accompanied by pleural effusion [12, 15]. If performed, BAL tends to be nonspecific and without a
definite pattern [16]. Nuclear imaging with technetium 99m-methyl diphosphonate (99mTc-MDP) aids in
diagnosis by demonstrating increased radioactive isotope uptake in the lungs, which is typically
symmetrical [3, 17, 18]. 99mTc-MDP is a labelled organic analogue of pyrophosphate that affixes to
hydroxyapatite crystals in bone and calcium crystals in mitochondria [19]. When paired with the patient’s
medical history of chronic kidney disease, it allows establishing a diagnosis with considerable confidence
even without histological data, thereby obviating the need for biopsies.

The differential diagnosis of MPC includes conditions that may lead to diffuse small, calcified nodules
(such as infection, occupational and deposition disease and metastasis), diffuse small high-attenuation
noncalcified nodules (namely talcosis), and high-attenuation consolidation as in amiodarone toxicity,
talcosis, extravasation of iodinated contrast material and oil embolism [3, 20]. Consequently, a
multidisciplinary approach is mandatory when there is a clinical suspicion of MPC, especially when CT
scans do not show evident calcification, and to undertake nuclear imaging with 99mTc-MDP.

Most patients do not require any treatment if their involvement is asymptomatic and not progressive [3, 4].
Renal dialysis is indicated in patients presenting this entity associated with advanced stage nephropathy.
Symptomatic management may involve bisphosphonates, phosphorus chelators, or even parathyroidectomy
and renal transplant in non-responsive cases [3].

https://doi.org/10.1183/20734735.0174-2024 4
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In conclusion, MPC should be primarily suspected in individuals with chronic kidney disease and
interstitial infiltrates. Since the presentation of this condition as well as pulmonary function tests are
nonspecific, a multidisciplinary approach is crucial to assist the diagnostic workup and correctly identify
MPC among possible differential diagnoses.

Answer 1

The CT scan revealed diffuse subtle ground-glass opacities, denser consolidative areas partially calcified in the
apico-dorsal segments of the upper lobes, and bilateral centrilobular micronodules, some of which calcified.

<< Go to Task 1

Answer 2
The patient underwent all the above investigations.

<< Go to Task 2

Answer 3

b. Based on the history of chronic kidney disease, compatible clinical and imaging findings, refractoriness to
previous antibiotic and steroid treatments, and exclusion of infectious or autoimmune causes, a diagnosis of
MPC was formulated. Talcosis is unlikely as there is no indication in the patient’s history of occupational
exposure to talc or intravenous drug abuse. Likewise, amiodarone-induced lung disease is improbable, as there
is no reported use of this medication by the patient. Negative microbiological findings on BAL make P. jirovecii
pneumonia less plausible. Although the presence of ill-defined bilateral nodules may raise suspicion of
sarcoidosis among the potential differential diagnoses, factors such as their centrilobular distribution, absence
of mediastinal lymph node involvement, normal distribution of lymphocyte subsets in BAL, and lack of
response to steroid treatment decrease the likelihood of this diagnosis.

<< Go to Task 3

Answer 4

d. Pulmonary parenchyma in MPC typically demonstrates diffuse radiotracer uptake on bone scintigraphy
(figure 3), thus supporting the formulated diagnosis.

<< Go to Task 4
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