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Localised pulmonary metastatic calcification
associated with pulmonary artery obstruction
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Abstract

Background Metastatic pulmonary
calcification, a complication of uraemia
and disordered calcium metabolism,
may be diffuse or localised. The factors
that determine calcium precipitation are
complex, but tissue alkalosis is thought
to be important. As obstruction of the
pulmonary artery theoretically causes
local alkalosis a retrospective necropsy
study was carried out to examine the
relation between metastatic pulmonary
calcification and vascular obstruction.
Methods Five patients with focal and two
with diffuse metastatic calcification in the
lungs were identified over eight years.
Lungs were studied macroscopically and
by light microscopy, haematoxylin and
eosin and histochemical stains being
used for calcium.

Results Underlying risk factors for cal-
cification in these patients included renal
failure in six and disseminated malig-
nancy in five. In the five patients with
localised calcification obstruction of the
pulmonary artery by thrombus or
tumour was found proximal or adjacent
to areas of calcium deposition. In two
patients metastatic calcification was con-
fined to a lung with unilateral pulmonary

- artery thromboembolic occlusion. Cal-

cification was not specifically associated
with infarction, pneumonia, or diffuse
alveolar damage. Lesions of the pulmon-
ary artery were not seen in the two
patients with diffuse bilateral metastatic
calcification.

Conclusion In this small series there was
a spatial association between pulmonary
artery obstruction and localised meta-
static calcification. It is proposed that
pulmonary artery obstruction alters the
microchemical environment of the lung,
favouring tissue alkalosis and thereby
enhancing parenchymal calcification in
patients predisposed to this condition.

Metastatic calcification is .an important
complication of disordered calcium metabo-
lism due to chronic renal failure, destructive
bone disease, hyperparathyroidism, hyper-
vitaminosis D, or the therapeutic administra-
tion of phosphate and corticosteroids.'?
Organs concerned with acid-base regulation,
such as the lungs, kidneys, and stomach, are
frequent sites of calcinosis.”> The mechanism
of deposition of calcium salts is complex and

is thought to be related to tissue pH and,
variably, to an increase in the calcium-
phosphorus ion product.?*

Metastatic pulmonary calcification, in which
calcium salts encrust alveolar septa and blood
vessels, may be diffuse or focal.® Sporadic
reports of localised pulmonary calcification
have suggested that ventilation-perfusion
(V-Q) mismatching, resulting in an increased
V:Q ratio, favours precipitation of calcium
salts.®” In this report we describe a series of
patients with unilateral or multifocal meta-
static pulmonary calcification affecting lung
parenchyma distal to obstructed pulmonary
arteries. Our findings support the idea that V-
Q abnormalities, presumably by altering tis-
sue pH, contribute to metastatic calcification
in the lung.

Methods

We were stimulated to review cases of meta-
static pulmonary calcification by finding at
necropsy two patients (Nos 1 and 2) who had
metastatic calcification in lungs with unilateral
thromboembolic occlusion of proximal pul-
monary arteries. We reviewed all cases in adults
having a postmortem examination at our hos-
pital from 1982 to 1990. By reviewing necropsy
reports and the notes of one of the authors
(JFT) we identified seven patients—the
subjects of this report—with metastatic pul-
monary calcification, which is defined as the
linear deposition of basophilic calcium salts on
previously normal alveolar septa or blood ves-
sel walls. Metastatic calcification is morpho-
logically distinguished from dystrophic cal-
cification, in which coarse, granular precipitates
of calcium are deposited within inflammatory
exudate, fibrin, fibrous tissue, or necrotic lung
or tumour.*

PATHOLOGICAL EXAMINATION

Lungs were examined at the time of necropsy in
a standard fashion. One lung was expanded
with 10% neutral buffered formalin, instilled
through the main bronchus at about 30-50 cm
H,0, and fixed for at least 24 hours. The lung
was then sectioned in the coronal plane into
slices 1 cm thick. The contralateral lung was
sliced sagitally and examined while fresh.
Representative tissue samples were embedded
in paraffin, cut into sections 5-10 ym thick and
stained with haematoxylin and eosin. In most
cases calcification was verified with Alizarin red
or Von Kossa stains (or both). Special con-
sideration was given to the relation between
parenchymal calcification and pulmonary
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Table 1 Clinical data

Serum concentration (mmol/l)* Ca-PO,
Patient Age ion
No (y) Sex  Underlying disease Ca PO, product
1 22 F Nephrotic syndrome renal vein thrombosis 210 2-52 65-7
2 40 F Metastatic breast carcinoma 2-42t 1-42 42-7
3 22 M Thrombocythaemia, Budd-Chiari syndrome 25t 23 713
4 33 F Metastatic small cell undifferentiated carcinoma of 3-57 2:03 90-0

ovary

5 63 F Metastatic breast carcinoma 2:54 1-99 62-7
6 67 M Multiple myeloma 4-04 1-36 68-2
7 43 M Metastatic squamous carcinoma of epiglottis 4-09 1-94 983

*The values are those associated with highest ion product. Normal values: serum calcium 2-2-2-6 mmol/l; serum

phosphate 0-8-1-6 mmol/l.

tIsolated serum calcium values were raised: 2:7 mmol/l (patient 2) and 2-8 mmol/] (patient 3).

artery obstruction. We reviewed the gross lung
specimens that were available in five cases and
macroscopic photographs of lungs in all cases.

THE PATIENTS

Three of the patients were men and four
women, who ranged from 22 to 67 years of age
(table 1). We reviewed hospital records and
complete necropsy reports for all patients and
chest radiographs for five.

In five patients (Nos 1-5) pulmonary cal-
cification was focally distributed and in two
(patients 6 and 7) bilateral and diffuse. Five
patients (Nos 2, 4, 5, 6, 7) had disseminated
malignancy with bone metastases. Patient 1
presented with renal failure due to the
nephrotic syndrome and renal vein thrombosis
and five others developed renal failure, which
had lasted from seven days to three months.
Four of these patients (Nos 1, 3, 5, and 6)
required haemodialysis; patient 7 was treated
with diuretics for a month before death; patient
4 had untreated anuria for a week before her
death. The causes of renal failure were minimal
change glomerulopathy with renal vein throm-
bosis (patient 1), acute tubular necrosis
(patients 1, 3, 5, 6, 7) and hypovolaemia
(patient 4). Serum calcium and phosphate
concentrations ranged from low to raised (table
1). In one case (No 2) hypercalcaemia was
treated with mithramycin. Pulmonary embol-
ism was suspected clinically and treated with

Table 2 Metastatic pulmonary calcification: pathological features

anticoagulants only in patient 1. Two patients
(Nos 1 and 6) developed respiratory failure
compatible with the adult respiratory distress
syndrome.

Metastatic calcification was not diagnosed, or
even suspected, in any patient before death.
The chest radiograph of patient 1 showed a left
sided infiltrate in the lower two thirds of the
lung field. The radiographs of the other four
patients with focal calcification showed no rela-
tion between metastatic calcification and lung
infiltrates.

Results

The pathological features associated with
metastatic calcification are summarised in table
2. Gross examination showed foci of metastatic
calcification appearing as granular yellow-tan to
red-yellow areas of consolidation with accen-
tuation of small airspaces (fig 1). Calcification
was bilateral in four patients. The lung paren-
chyma was diffusely affected in two patients, the
remaining patients showing focal zones of
calcification in a lobular (patients 1, 2, 3, 5) or
segmental (patient 4) distribution (fig 2).

In all patients metastatic calcification
appeared histologically as linear, basophilic
encrustation of alveolar septa and blood vessel
walls (fig 1). Diffuse alveolar damage was seen in
three patients and regional damage in two.%°
Calcification was seen predominantly in areas

Patient Location of Vascular Extrapulmonic Lung Other
No calcification obstruction Infarct Pneumonia DAD calcification culture findings
1 Left lung T-E, left main PA + + + - Mixed bacteria* Renal vein
thrombosis
2 Left lung T-E, left main, + - +,RAD - Pseudomonas Metastatic
lobar, segmental aeruginosa adenocarcinoma
PA
3 Both lungs, T-E, subsegmental — + — Liver, kidneys Mixed bacteria —
multifocal PA, bilateral Candida albicans
4 Right lower and Tumour invasion + - - - Mixed bacteria Metastatic carcinoma
upper lobes RLL segmental
artery
5 Left upper lobe T-E segmental LUL — + +,RAD - Serratia sp Metastatic
and right lower PA adenocarcinoma
lobe
6 Diffuse bilateral — - + + Heart, kidneys, C albicans Acute alveolar
stomach, haemorrhage
oesophagus, trachea,
liver
7 Diffuse bilateral — - + + Stomach Mixed bacteria -

*Diagnosed by Gram stain only.
T-E—thromboembolus; PA—pulmonary artery; RAD—regional damage; DAD—diffuse alveolar damage; RLL—right lower lobe; LUL—Ileft upper

lobe.
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Figure 1 Patient 2:

A Left lower lobe
pulmonary artery occluded
by an organised
thromboembolus (large
arrow). Metastatic
calcification is present
inferiorly at the base,
giving pale, granular areas
of parenchymal
consolidation. A healed
infarct (small arrow) is
present laterally, above the
area of metastatic
calcification. The scale bar
is 0-8 cm.

B Linear deposition of
darkly stained calcium on
alveolar septa. (Alizarin
red.)

that showed diffuse alveolar damage in three
patients (1, 6, 7); in the others it was also seen in
areas with no alveolar damage. Five patients
had acute bronchopneumonia but this was
extensive only in patient 1. Metastatic calcifica-
tion was not localised to the area of acute
pneumonia. Cultures or Gram stains of post-
mortem lung tissue identified a mixture of
Gram positive and negative bacteria in four
patients, a single Gram negative organism in
two patients, and Candida albicans in two
patients.

In four of the five patients with focal calcifica-
tion mineralisation occurred predominantly or
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Bloodworth, Tomashefski

exclusively in regions of lung in which
branches of the pulmonary artery were ob-
structed by thrombus or tumour. In patients 1
and 2 metastatic calcification was seen only in
one lung distal to thromboembolic occlusion of
the main and lobar pulmonary arteries (fig1). In
patient 4 a macroscopically segmental distribu-
tion of calcification in the right lower lobe was
associated with vascular invasion by micro-
scopic tumour (fig 2). Review of photographs of
the gross appearance in this case suggested
occlusion of the proximal segmental artery by
tumour (fig 2). In patient 3, who had essential
thrombocythaemia, multifocal lobular zones of
calcification were associated with thromboem-
boli in subsegmental branches of the pulmon-
ary artery.

Review of the histological appearances in
patient 5 showed minimally obstructive organ-
ising arterial thrombi or vascular invasion by
tumour in parabronchial vessels of lung lobes
that also showed lobular parenchymal foci of
metastatic calcification. In this case we could
not confirm that the obstructed vessels supplied
the lung segments that contained the calcified
zones. Thromboemboli in all patients were
undergoing organisation and were at least one
to two weeks’ old. Although lung infarcts were
seen in patients 1, 2, and 4, metastatic calcifica-
tion was present in non-infarcted parenchyma
in all three patients (fig 1). Dystrophic calcifica-
tion was also present in organising thrombi or
necrotic tumour in four patients (patients 1, 2,
4, 5). No pulmonary artery obstruction was
found in patients 6 and 7, both of whom had
diffuse and bilateral pulmonary metastatic cal-
cification.

Discussion

Soft tissue calcification is divided into meta-
static calcification, in which calcium salts are
deposited in previously normal tissue, and
dystrophic calcification, in which calcification
occurs at pathologically altered sites.* Meta-
static pulmonary calcification, as this study
shows, is distributed diffusely or localised.> 7 1>
The factors that govern the tissue deposition of
calcium include systemic derangement of cal-
cium homeostasis and local environmental con-
ditions within the target organs. In this study
focal pulmonary metastatic calcification tended
to be associated with obstruction of pulmonary
arteries. We suggest that changes in the
alveolar microenvironment secondary to an
altered pulmonary circulation contribute to
precipitation of calcium within the lung.

The main conditions that predispose to
metastatic calcification include destructive
(non-metabolic) bone disease, wuraemia,
primary hyperparathyroidism, and vitamin D
intoxication.' > Metastatic calcification occurs
most commonly in patients with renal failure,
of whom 50-80% have soft tissue calcification
at necropsy.' '’ Five of our patients had dis-
seminated malignancy with bone metastases
and six had renal failure.

In renal failure calcium and phosphate are
leached from bone as a consequence of the
acidosis. Failure of the kidney to hydroxylate
25-hydroxycholecalciferol and decreased ab-
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sorption of calcium from the gastrointestinal
tract lead to a negative calcium balance, which
stimulates secretion of parathormone and
release of calcium phosphate from bone. Under
these conditions, when the glomerular filtration
rate is low the serum phosphate concentration
rises.'” Metastatic soft tissue calcification may
occur in both dialysed and non-dialysed
patients, but may be accentuated after
haemodialysis.?3!* !¢

Malignant bone lesions can also give rise to
metastatic calcification. In nine of 14 patients
studied by Kaltreider er al metastatic calcifica-
tion was associated with malignancy.!! Seven of
these had evidence of bone destruction and five
had hypercalcaemia. Patients with a low serum
calcium concentration had a raised serum
phosphate concentration, emphasising the fact
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Figure2 Patient4: A Coronally sliced right lung.
Metastatic calcification is present in a segmental
distribution extending from a tumour nodule affecting the
bronchovascular unit (arrow). The scale bar is 1-4 cm.

B Muscular pulmonary artery infiltrated and obstructed
by undifferentiated small cell carcinoma. ( Movat
pentachrome.) C  Alveolar walls diffusely encrusted by
calctum in a reticular pattern. ( Haematoxylin and
eosin.)

that metastatic calcification may be seen with
either a normal or a depressed serum calcium
concentration.

Serum calcium and phosphate were
increased in five of our patients. The two
patients with generalised pulmonary calcifica-
tion had higher serum calcium concentrations
and more widespread extrapulmonary calcifica-
tion than did the patients with focally dis-
tributed calcification. Raised serum calcium
and phosphate concentrations, leading to a
calcium-phosphate ion product greater than
70, are thought to be important in soft tissue
calcium precipitation,? though several studies
have shown no correlation between metastatic
calcification and the calcium-phosphate ion
product.?’® Only three of our patients had a
calcium-phosphate ion product greater than
70.

In the setting of an abnormal calcium
balance the visceral chemical microenviron-
ment influences the tissue precipitation of cal-
cium. The stomach, kidneys, lungs, and heart
are the organs affected most commonly. Organs
concerned with hydrogen ion production or
excretion are thought to be particularly
susceptible to calcification owing to the relative
tissue alkalosis that accompanies cellular
metabolism at these sites.?’? Postdialysis
alkalosis is thought to enhance the formation of
metastatic calcification in uraemic patients in a
similar way.’'*'® Shear and Kramer showed
that the critical calcium-phosphate ion product
for precipitation is raised as the pH is
lowered."”
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Figure 3 Proposed
mechanism relating
pulmonary arterial
obstruction to metastatic
pulmonary calcification
(see text).

The primary target of metastatic calcification
is the lung;'! this occurred in 75% of
Mulligan’s cases and in all the patients studied
by Kaltreider and colleagues.'!" Pulmonary
metastatic calcification may be diffuse or focally
distributed. In our series localised calcification
was more common. Within the lung the upper
lobe is more commonly affected.’®!*!® The
higher ventilation:perfusion ratio in the lung
apex relative to the base, resulting in a lower
alveolar carbon dioxide tension (Pco,) and
higher tissue pH, may be responsible®”'® as
relative alkalinity favours precipitation of cal-
cium phosphate.'” The blood pH at the apex is
about 7-51, compared with 7-39 at the base.®®

A similar mechanism may favour the pul-
monary calcification that may follow throm-
boembolic obstruction of pulmonary arteries.
In previous morphological studies of localised
or diffuse metastatic pulmonary calcification
vascular obstruction has not been empha-
sised.?>!! 21620 Only in the case of Wraight was
there a suggestion of lung calcification
associated with pulmonary emboli as evidenced
by a technetium-99m methylene diphosphon-
ate scan.'”’ In our five patients with localised
metastatic calcification there was a clear associa-
tion with proximal thromboemboli or tumour
emboli in four and a suggestion of an associa-
tion with vascular obstruction in one (patient
5). These patients represent all those we could
readily identify as having metastatic calcifica-
tion from our necropsy files of the study period.
As we relied on necropsy reports; however, we
cannot be certain that all cases of focal meta-
static calcification were included. Calcification
in our patients was not confined to areas of
infarction, nor did it exclusively affect areas of
bronchopneumonia or zones of diffuse alveolar
damage.

Perhaps vascular occlusion was a coinci-
dental finding in our patients, given the high
prevalence of pulmonary emboli in earlier
reports found at necropsy; but we believe that
this is unlikely.?? We suggest that vascular
obstruction alters the microchemical environ-
ment of the lung, favouring calcium precipita-
tion. Theoretically, hypoperfusion secondary
to pulmonary emboli means that less carbon
dioxide is delivered to the distal pulmonary
capillary bed.” As ventilation is not

PULMONARY ARTERIAL
OCCLUSION

¥ Parenchymal
Blood Flow

Hyperventilation

y CO, Delivery fCO2 Excretion

4 Tissue pH

Disordered Calcium
Metabolism

Metastatic Pulmonary
Calcification
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immediately decreased and may even be
increased after pulmonary embolism the
alveolar Pco, will fall, leading to local tissue
alkalosis, the optimal condition for calcium
phosphate precipitation®'?'” as outlined in
figure 3.

Many factors interact to influence the evolu-
tion of metastatic calcification of the lung. Our
study suggests that the finding of metastatic
pulmonary calcification at necropsy or by open
lung biopsy should instigate a careful search for
pulmonary vascular obstruction. The clinical
diagnosis of pulmonary metastatic calcification
is difficult, but the diagnosis may be suggested
by technetium lung scanning or dual energy
digital chest radiography.!'???* The pos-
sibility of concomitant pulmonary vascular
obstructive lesions should be borne in mind,
particularly when the calcification is focally
distributed.
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