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Tomographic and pathological findings of crazy-paving
pattern®

Aspectos tomograficos e anatomopatoldgicos do padrdo de pavimentagdo em mosaico

Karen Amaral do Vabo!, Simone Duarte Damato?

Abstract Objective: To describe high-resolution computed tomography findings in several diseases that run their course with the
“crazy-paving” pattern. Materials and Methods: The present study has evaluated seven patients with diagnoses of alveolar
proteinosis, bronchioloalveolar carcinoma, lipoid pneumonia and pneumocystosis, correlating tomographic and pathologijcal
findings. Results: In the cases of pneumocystosis, the alveolar spaces were filled with foamy material where parasitic organisms
intermingled with surfactants, fibrin and cell debris were observed. In the cases of bronchioloalveolar carcinoma, the septa
were thickened by associated fibrosis or lymphangitis, with the alveolar walls internally lined with tumor cells, and production
of mucus. In the patient with alveolar proteinosis, the septa were thickened by edema, with alveolar filling determined by
lipoprotein. In the patient with mineral oil aspiration, the histopathologjcal findings included alveolar septa thickening caused
by cell proliferation, with presence of fat vacuoles in alveolar septa. Conclusion: The crazy-paving pattern offers a wide range
of differential diagnoses and must be evaluated in conjunction with clinical findings.
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Resumo Objetivo: Relatar os aspectos na tomografia computadorizada de alta resolugdo de diversas doengas que cursam com o
padrdo tomografico de “pavimentacdo em mosaico”. Materiais e Métodos: Foram estudados sete pacientes, com diag-
nosticos de proteinose alveolar, carcinoma bronguiolo-alveolar, pneumonia lipidica e pneumocistose, e é discutida a corre-
lagéo dos aspectos tomograficos com os achados anatomopatoldgicos. Resultados: Nos casos de pneumocistose, 0s
espacos alveolares estavam cheios de material espumoso, no qual eram encontrados parasitas de permeio a surfactante,
fibrina e restos celulares. Nos casos de carcinoma bronquiolo-alveolar, os septos estavam espessados por fibrose ou por
linfangjte associada, com células tumorais revestindo internamente as paredes alveolares, e producéo de muco. No paciente
com proteinose alveolar foram observados septos espessados por edema, com enchimento alveolar determinado por
material lipoproteico. No paciente com aspiracao de éleo mineral, os achados histopatolégicos foram de espessamento dos
septos alveolares determinado por proliferacéo celular, observando-se vacuolos de gordura no interior dos septos alveola-
res. Conclusao: O padréo de pavimentagdo em mosaico oferece um amplo diagnostico diferencial, necessitando ser ava-
liado em conjunto com os dados clinicos.

Unitermos: Tomografia computadorizada; Pavimentagdo em mosaico; Anatomopatologia; Doencas pulmonares.
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INTRODUCTION

“Crazy-paving” is a pattern observed
at high-resolution computed tomography
(HRCT) which presents superimposition
of ground-glass opacities and thickened
interlobular septa®?,
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Ground-glass attenuation is a frequent
finding at HRCT, characterized by in-
creased lung attenuation in which it is still
possible to identify vascular and bron-
chial images®.

On the other hand, interlobular septal
thickening superimposed on a back-
ground of ground-glass opacity is hardly
found, and was first identified in patients
with alveolar proteinosis®. Later, this
finding could be observed in bronchiolo-
aveolar carcinoma®, pneumocystosis®®,
lipoid pneumonia®, and in several other
conditions.

In the present study, the authors de-
scribe different conditions that may de-
velop with the “crazy-paving” pattern

0100-3984 © Colégio Brasileiro de Radiologia e Diagndstico por Imagem

and discuss the correlation between
HRCT and anatomopathological find-
ings.

MATERIALSAND METHODS

The present study evaluated seven
patients whose HRCTs demonstrated
“crazy-paving” pattern, three of them
with pneumocystosis, two with bron-
chioloalveolar carcinoma, one with alveo-
lar proteinosis, and one with pneumonia
due to mineral oil aspiration.

Anatomopathological material was
collected by biopsy or at necropsy of the
mentioned patients and results were cor-
related with HRCT findings.
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RESULTS

The three patients with pneumocys-
tosis presented different degrees of in-
terlobular septal thickening, two of them
presenting only ground-glass opacity,
and the third one with associated areas
of consolidation. Anatomopathological
study demonstrated septal thickening
caused by edema and cellular infiltration.
Alveolar spaces were filled with foamy
material where parasitic organisms inter-
mingled with surfactants, fibrin and cell
debris were observed (Figure 1).

In one of the patients with bronchiolo-
alveolar carcinoma, thickened septa were

superimposed on focal, homogeneous
ground-glass attenuation, involving only
the left lower lobe. In the other patient,
irregular hypodense areas were observed
in association with consolidation and
preserved parenchymal areas. The histo-
pathological pattern observed in such
patient corresponded to septal thicken-
ing caused either by fibrosis (desmoplas-
tic reaction) or by associated lymphan-
gitis, with tumor cellsinternaly lining the
alveolar walls and production of mucus
(Figure 2).

High-resolution computed tomogra-
phy of the patient with alveolar proteino-
sis presented areas of “crazy-paving” in-

termingled with areas where the paren-
chyma was relatively preserved. Histopa-
thology demonstrated septal thickening
due to edema, with aveolar filling deter-
mined by relatively acellular lipoprotein
with positive periodical acid-Stiff reaction
(Figure 3).

In the patient with pneumonia caused
by mineral oil aspiration, the tomographic
findings were similar to the above men-
tioned findings, and the histopathol ogi-
cal findingsincluded alveolar septal thick-
ening caused by cell proliferation, with
presence of fat vacuoles in alveolar septa
(Figure 4).
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Figure 1. Pneumocystosis. On A, HRCT with “crazy-paving” pattern: secondary lobules compromised by the disease, with ground-glass opacity, separated from
normal lobules by thickened interlobular septa. On B, histological section demonstrating septal thickening by edema and cellular elements between two compromised
secondary lobules. On C, other thickened septum separates a normal lobule from another affected by the disease.
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Figure 2. Bronchioloalveolar carcinoma. On A, HRCT demonstrating interlobular
septal thickening intermingled with areas of low attenuation that are most clearly
seen in the anterior region of the right lung. The areas of low attenuation corre-
spond either to deposition of mucus in alveolar spaces or to the partial filling of
such spaces by tumor cells. On B, interlobular septal thickening, due mainly to
fibrosis, intermingled with tumor-like areas. On C, other thickened septum, basi-
cally related to lymphangitis.
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Cc
Figure 3. Alveolar proteinosis. On A and B, classical “crazy-paving” pattern, with
superimposition of interlobular septal thickening and ground-glass opacity. On C,
histopathologic appearance of the lesions, with lipoprotein deposition, positive
PAS, within alveolar spaces. Also, thickened interlobular septum is observed,
separating alveoli filled with abnormal material from the rest of healthy paren-
chyma.

217



Vabo KA et al.

Crazy-paving pattern

Figure 4. Lipoid pneumonia. On A, HRCT demonstrating superimpo-
sition of ground-glass opacity and interlobular septal thickening. On
B, Surgical biopsy specimen demonstrating thickened interlobular
septum separating practically healthy areas from areas with thick-
ened alveolar walls. On C, a marked increase is observed, with alveo-
lar walls thickening at the expense of macrophages, inflammatory
cell infiltration and varied degrees of fibrosis. Also, fat vacuoles are
observed within the septa.

/

)
4_"
»

&y I
e

.“' _'\ﬁ'r.
PRI
PN

6 iy £ et Ly e wit
- N { e S Cob e PR =
S g ‘c.-.? {in:‘_:’,_ gromss, ) 1.2

e far g -{:‘f’a‘;‘?e’.t‘;@'&' Kt B

B R Ay VTR AR T o i 4

DISCUSSION

The “crazy-paving” pattern was first
characterized in 1989 by Murch & Carr®
who described ground-glass opacity,
with geographic distribution and inter-
lobular septal thickening at HRCTs of six
patients with alveolar proteinosis. Typi-
caly, the septa were thickened only in
areas of ground-glass attenuation, corre-
sponding, at biopsy, to septa edema.
Septal thickening in alveolar proteinosis
may also represent interstitial deposition
of proteinaceous material®.

In a study published in 1997, Tan &
Kuzo® described a case of bronchiolo-
alveolar carcinoma in a 59-year-old pa-
tient whose CT demonstrated extensive
ground-glass opacity intermingled with
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interlobular septal thickening, corre-
sponding to a “crazy-paving” pattern of
alveolar proteinosis. Such authors re-
ported that, as far as they were con-
cerned, this pattern was typical of alveo-
lar proteinosis and had not been previ-
ously reported in any other disease.

In bronchioloalveolar carcinoma, neo-
plastic cells grow on the internal surface
of the alveolar walls without affecting the
parenchymal architecture. Areas of
ground-glass opacity represent the pres-
ence of intraalveolar tumor spread or pres-
ence of mucus produced by the tumor.
Typically, such mucus presents low at-
tenuation®®,

Although these two diseases repre-
sent completely different pathological
processes, in both of them the alveoli are

filled with low-density material (phos-
pholipoprotein in alveolar proteinosis,
and glycoprotein in bronchioloalveolar
carcinoma), with the alveolar septa and
parenchymal architecture typically re-
maining normal. The low-density intra-
alveolar material accounts for the ground-
glass opacity. The network of superim-
posed linear opacities represents the
thickened interlobular septa®.

In one of the present cases of bron-
chioloalveolar carcinoma, lymphangitis
was found as cause for septal thickening.

As regards pneumocystosis, Bergin et
a.®, in astudy evaluating 14 cases, have
found superimposition of septal thicken-
ing and areas of ground-glass opacity in
50% of them, leading to the assumption,
still to be demonstrated, that septal thick-
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ening would be due to a combination of
edemaand cellular infiltration. Also, Hart-
man et a.®, studying 24 cases, have
found ground-glass opacity in 92% of
their cases, and interlobular septal thick-
ening in 17%. The intraalveolar material
has a foamy appearance and corresponds
to amix of surfactant, fibrin and cell frag-
ments. Septal thickening is due to edema
and cellular infiltration®,

In 1998, exogenous lipoid pneumonia
was described as cause for the crazy-pav-
ing pattern by Franquet et a.(” who re-
ported that, as far as they were con-
cerned, such a pattern had not been pre-
viously described in this disease.

Generaly, inlipoid pneumonia, agreat
amount of fatty material is aspirated.
Computed tomography can demonstrate
low-density consolidation with negative
attenuation (-35 to —75 UH), that may
simulate a ground-glass opacity. Such a
pattern is commonly found in patients
with chronic minera oil aspiration. How-
ever, because of inflammation or fibrosis
which may be associated with the pres-
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ence of fatty material, the density is not
necessarily low®,

In the early phases of the disease, the
oily substance is emulsified by pulmonary
lipases resulting in a foreign-body-type
reaction in the lungs. The microscopic
finding corresponds to numerous mac-
rophages filled with lipids, inflammatory
cell infiltration and varied degrees of fi-
brosis™.

In the present study, one of the cases
demonstrated this same pattern in a one-
year-old child who, for three months ago,
after forced ingestion of mineral oil for
ascariasis, had aspirated a massive
amount of the product. Histopathologi-
cal results demonstrated the presence of
macrophages in the alveolar spaces, with
vacuoles containing fat, thickening of
alveolar walls and interlobular septa due
to the presence of lymphocytes and mac-
rophage migration to septa.

It is important to note that, although
itisinitially described as atypical pattern
in alveolar proteinosis, “crazy-paving” is
a pattern that offers a wider range of dif-

ferential diagnoses, and has aready been
described in bronchioloalveolar carci-
noma, lipoid pneumonia and pneumocys-
tosis. In the future, such pattern will cer-
tainly be identified in other conditions that
run their course with ground-glass opac-
ity and interlobular septal thickening.
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