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INTRODUCTION

Pulmonary calcifications can be either localized or dif-
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Abstract

Pulmonary calcifications are usually incidental asymptomatic findings discovered
on x-rays or computed tomography scans that can be easily overlooked, and their
significance undermined, especially in a seemingly asymptomatic person. Calcifica-
tions can be a marker of chronicity or disease severity, and thus have diagnostic
value. Rarely, calcification can be the direct cause of morbidity. Calcifications can be
either localized or diffuse. Many diseases, in particular infectious diseases, can cause
localized calcifications. Diffuse calcifications are less common and usually secondary
to a handful of conditions such as dystrophic pulmonary calcifications, metastatic
pulmonary calcifications, disseminated pulmonary ossifications and pulmonary
alveolar microlithiasis. We describe three cases of diffuse pulmonary calcifications,
review the different causes of diffuse pulmonary calcifications and provide some
indicators on how to differentiate between them. Differentiating between the differ-
ent types of pulmonary calcifications has significant implications on the manage-
ment and prognosis of the patients, and thus it is important to distinguish
between them.

KEYWORDS
dystrophic pulmonary calcifications, metastatic pulmonary calcifications, pulmonary alveolar microlithiasis,
pulmonary calcifications

CASE SERIES

Case 1

fuse. Localized calcifications are much more common

and are usually of diagnostic value only. Diffuse calcifi-
cations on the other hand can be the direct cause of
morbidity; however, they are often overlooked. There
are many causes of pulmonary calcifications, the most
common being infectious diseases. Other causes include
inflammatory, fibrotic, genetic, metabolic, neoplastic
and cardiac diseases.'> It can be challenging and
time-consuming to differentiate between the different
aetiologies. We describe three cases of diffuse pulmo-
nary calcifications, review the literature on the different
types and provide clinical as well as radiological clues

to establishing a diagnosis.

A 40-year-old male patient presented to the emergency
room with shortness of breath, dry cough and low-grade
fever for 1 month. He is a heavy smoker with about
40 pack-years.

He had kidney transplantation 10 years ago, following
renal fajlure secondary to focal segmental glomerulone-
phritis. He is treated with prednisone, tacrolimus and
mycophenolic acid.

He underwent a chest x-ray that showed bilateral
opacities.

A chest computed tomography (CT) scan showed bilat-
eral ground-glass opacities, mainly peripheral and more
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prominent in the upper lobes with no apparent calcifica-
tions. The radiological pattern and distribution were sugges-
tive of metastatic pulmonary calcifications (MPC) (shown in
Figure 1).

Due to his immunocompromised state and his low-
grade fever, the patient underwent bronchoscopy with
bronchoalveolar lavage (BAL) and transbronchial biopsies
that ruled out infection and confirmed the initial diagnosis
of MPC. His dialysis protocol was changed with better con-
trol of his calcium and phosphate levels. He has had yearly
follow-ups for 3 years since then. A recent chest x-ray
showed marked regression of the ground-glass opacities,
and his recent pulmonary function test (PFT) was normal.
He still complains of mild, occasional dry cough and still
smokes despite medical advice.

Case 2

An 83-year-old asthmatic male was suffering from exer-
tional dyspnoea in the 3 months before his referral.

On auscultation, the patient had wheezes and prolonged
expiration bilaterally.

G 1.0 B50f LCAD
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FIGURE 1 Case 1: A 40-year-old male with chronic renal failure and
diagnosis of metastatic pulmonary calcification. (A) High-resolution
computed tomography shows upper lungs predominant fluffy-appearing
centrilobular ground-glass opacities. (B) Bone windows show no apparent
calcifications

Chest CT scan showed branching, dendritic, calcifica-
tions mainly in the lower lobes with mild fibrotic changes.
The clinical and radiological presentation was suggestive of
disseminated pulmonary ossification (DPO) of the dendritic
form (shown in Figure 2).

The patient’s dyspnoea improved after optimizing his
asthma treatment. Since then, the patient has been
followed up regularly with no apparent deterioration in his
condition. His PFT showed a mild obstructive pattern with
reversibility.

Case 3

A 93-year-old female was admitted to the internal medicine
ward due to shortness of breath, dry cough and hypoxia with
a 7-day duration. The patient had a history of ischaemic heart
disease, severely impaired left ventricle contraction and dia-
stolic dysfunction grade II. She had a long-standing diagnosis
of silicosis in her medical records based on an ambulatory CT
scan done many years ago.

A CT scan was done upon her admission and showed
diffuse, lower lobe predominant, nodular calcifications with
signs of pulmonary congestion. There was no mediastinal
lymph node calcification or enlargement. The radiological
findings were consistent with nodular DPO and pulmonary
congestion rather than silicosis (shown in Figure 3). The
patient ruled out any exposure to silica or other dust. In
comparison to the previous CT scan, an evident progression
was seen. Her PFT showed a restrictive pattern, with total
lung capacity of 58% of the predicted value and a diffusion
capacity of carbon monoxide of 37% of the predicted value.

The patient’s acute symptoms subsided after appropriate
diuretic treatment. She was referred to a cardiologist for fur-
ther optimization of her heart failure treatment.

DISCUSSION

Pulmonary calcifications involve the lung parenchyma. They
can be categorized depending on the mechanism, form, site
and extent (localized vs. diffuse). We focused on diffuse pul-
monary calcification. Localized pulmonary calcification as
well as pleural and lymph node calcifications are not
reviewed in this paper.

Pulmonary calcifications are considered diffuse when
there are multiple foci and involvement of both lungs or
multiple lobes. There are four main mechanisms of diffuse
calcifications—dystrophic pulmonary calcifications, MPC,
DPO and pulmonary alveolar microlithiasis (PAM)."~

Dystrophic pulmonary calcifications
Dystrophic calcifications are the most common cause of dif-

fuse pulmonary calcifications. Infectious and occupational
aetiologies are the leading causes.'”
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FIGURE 2 Case 2: An 83-year-old male with disseminated pulmonary
ossification and fibrotic lung changes. (A) High-resolution computed
tomography using lung window settings demonstrated branching dendritic
calcifications mainly in the lower lobes with mild reticular changes. (B) In
bone windows, fine calcifications are seen

Radiological features of dystrophic calcifications include
signs of previous tissue damage (e.g., post-infectious granu-
lomas or metastasis), lymph node enlargement or calcifica-
tion and pleural calcification, thickening or plaques. Other
features that help us distinguish dystrophic calcifications
from the other three aetiologies are the size, amount and
distribution of calcifications. In dystrophic calcifications,
multiple large calcified nodules are usually seen in compari-
son to the smaller, much more diffuse calcifications seen in
MPC, DPO and PAM.'

Diagnosis is based on previous medical history and
radiological features. A medical history of infectious diseases
or exposure to dust is usually evident.

Prognosis depends on the underlying disease; calcifica-
tions in DPO are of diagnostic value but do not usually
cause morbidity or mortality. Progression of the calcifica-
tions is not usual unless there is ongoing tissue damage and
repair.

G 1.0 B50f LCAD

FIGURE 3 Case 3: A 93-year-old female with disseminated
pulmonary ossification and chronic heart failure. (A) High-resolution
computed tomography shows nodular calcifications along the septa
predominantly in the lower lobes. (B) On bone window setting, the
calcifications are more conspicuous

Treatment: In infectious diseases, no treatment is usually
warranted unless signs of active disease are evident. In other
aetiologies, the treatment is directed towards the underlying
disease (e.g., stopping occupational exposure to the causative
dust).

Metastatic pulmonary calcifications

MPC is a metabolic lung disease characterized by the depo-
sition of calcium in the pulmonary parenchyma.'

MPC occurs most often in association with conditions
that directly or indirectly result in hypercalcaemia, for
example, hyperparathyroidism and chronic renal failure. It
rarely occurs in patients with normal renal function, normal
calcium and phosphate levels and no underlying pulmonary
disease. Either benign or malignant diseases can cause
MPC.!”7 Orthotropic liver transplantation is a well-
documented cause of MPC.

Chronic renal failure and chronic dialysis are the most
common causes of MPC. MPC is the most likely cause of
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TABLE 2 Clinical implications of diffuse pulmonary calcifications

Screening

Diagnostic value

Prognosis Treatment
Dystrophic ~ Depends on the underlying  Directed to primary
cause disease
MPC Poor in severe cases Calcium/phosphate level
control
DPO Depends on the cause Depending on the cause
PAM Poor Lung transplant

Chest x-ray for family

Differentiating between the causes and treating
accordingly

Must be differentiated from opportunistic
infections
Prevent lung fibrosis

Can contribute to morbidity and symptoms
Prevent/decrease ongoing lung damage

Screening family members

members Timing for a lung transplant

Abbreviations: DPO, disseminated pulmonary ossification; MPC, metastatic pulmonary calcification; PAM, pulmonary alveolar microlithiasis.

multifocal pulmonary parenchymal calcification in patients
with chronic renal failure.” Due to improved dialysis tech-
niques and control of calcium and phosphate levels, the inci-
dence of MPC is declining.®

In MPC, calcifications usually occur in tissues that expe-
rienced significant changes in pH, such as the lungs, kidneys
and stomach. In the lungs, the areas with the more alkaline
media are more severely affected. The upper lobes and the
peripheral zones have higher ventilation-to-perfusion ratio
and thus have a more alkaline pH and are more commonly
affected with MPC.®

Calcium deposition can be seen in the alveoli, alveolar
septa, alveolar-capillary walls, bronchial walls and small pul-
monary vessels.

The most common radiological findings are centrilobular
ground-glass opacities, with numerous fluffy and poorly
defined nodules measuring 3-10 mm with peripheral calcifi-
cations. Other patterns can be seen. In 40% of the cases, calci-
fications can be so minute that they do not show on the CT
scans (Table 1).}7*7

Diagnosis is based on typical radiological features in pre-
disposed patients. Bronchoscopy with BAL and lung biop-
sies can sometimes be needed to confirm the diagnosis, as
seen in Case 1.

Calcifications in MPC are progressive and can cause
marked morbidity and symptoms; proper treatment can lead
to significant regression of the opacities and the symptoms.

Treatment is usually directed towards better control of
calcium and phosphate levels. In the case of haemodialysis,
this usually includes changing the patient’s medications and
dialysis plan. In other aetiologies, the treatment is directed
to the underlying cause.®™®

Disseminated pulmonary ossifications

DPO is a chronic progressive, metaplastic ossification that is
characterized by new bone formation with or without marrow
elements. It can be idiopathic or secondary (more common).
It can be secondary to mitral valve disease, chronic pulmo-
nary congestion, pulmonary fibrosis disorders and amyloid-
osis. New bone tissue formation can occur in the alveolar
spaces and thus will have a circular nodular form, or it can

occur in the alveolar interstitium and septa, resulting in a
branching dendriform appearance (Table 1)."*79~1?

Nodular DPO is the more common type. It usually
affects the alveolar spaces, preferentially the lower lobes. It is
more common in passive congestion, such as in mitral valve
stenosis, chronic pulmonary oedema and pulmonary venous
hypertension."*"2

Dendriform DPO commonly affects the alveolar inter-
stitium and the septa. It usually occurs in the setting of
chronic inflammation and interstitial fibrosis. It typically
appears as fine, dendritic, branching calcifications promi-
nently in the lower lobes."~"?

Diagnosis is based on typical radiological features in a
patient with a predisposing condition.

Calcifications can be progressive; however, they are
usually a marker of the underlying disease’s chronicity or
progression. Morbidity and mortality are dependent on the
underlying cause.

Treatment is based on managing the underlying disease.

Pulmonary alveolar microlithiasis

PAM is a rare autosomal recessive genetic disorder characterized
by calcifications within the alveoli. Mutations of the SLC34A2
gene, which encodes a type IIb sodium-phosphate cotransporter,
result in intra-alveolar accumulation of phosphate, which causes
calcium deposition, leading to microliths."*™"

The typical radiological feature is a ‘sandstorm’ appear-
ance on chest x-rays, characterized by diffuse micronodules
of 0.01-0.1 mm in size, with calcifications usually starting
and are more severe in the lower lobes, mainly in the medial
and posterior parts (Table 1).'>'*

The typical radiological features in a person with a family
history of PAM are diagnostic. In this case, a bronchoscopy is
done; the common findings are microliths, which are periodic
acid-Schiff positive in the BAL and variable degrees of fibrosis
with alveolar spaces filled with microliths in the lung biopsy.

PAM is a progressive disease; the rate of deterioration is
variable among patients. Smokers tend to have more severe
clinical phenotypes. PFT, as well as clinical assessment, help
follow-up patients with PAM, and detect early deterioration
in lung function.”>™"
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Lung transplantation is the only treatment for advanced
PAM. Clinical and radiological follow-up as well as PFTs
are essential in following up patients with PAM."> Family
members should be screened with chest x-rays.'>'*

Differentiating between types of diffuse
pulmonary calcifications

Proper medical history, including occupational exposure,
along with physical examination, is the cornerstone of esta-
blishing a diagnosis.

The extent, distribution, form and size of the calcifica-
tions are the main radiological features to consider
(Table 1). Associated features are also important clues to the
diagnosis, and they include:

A. Calcifications of lymph nodes, pleura, blood vessels and
calcifications of the myocardium, liver, spleen, stomach
and kidneys.

B. Signs of an underlying disease, such as fibrosis, granulo-
mas, masses and pulmonary congestion.

It is essential to distinguish calcification from high-
attenuation opacities, for these are two different processes
and are usually caused by different diseases.

CONCLUSION

We conclude it is essential to distinguish between the differ-
ent forms of, and entities causing, diffuse pulmonary calcifi-
cations. This differentiation has a significant impact on
workup and treatment, including the need for further inves-
tigation, change in treatment plans and rarity in screening
for family members (Table 2).
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