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Exogenous lipoid pneumonia: HRCT, MR, and pathologic findings
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Abstract. The objective of this study was to describe
high-resolution CT (HRCT) and MR findings of ex-
ogenous lipoid pneumonia and to correlate them
with pathologic findings. A retrospective review of
the medical records of our institution revealed seven
patients with a diagnosis of lipoid pneumonia based
on clinical data, chest films, bronchoalveolar lavage,
and follow-up. Both HRCT and MR imaging were re-
viewed by two readers. Pathologic examination of the
resected specimen or surgical biopsies were also re-
viewed in the four available cases. The HRCT find-
ings were pulmonary consolidations (n = 6) with fatty
(n=3) or unspecific but low attenuation values
(n = 3), areas of ground-glass opacities (n = 5), septal
lines, and centrilobular interstitial thickening (n = 5).
In five of the seven cases, a crazy-paving pattern of
various spread was also present, either isolated
(n=1) or surrounding a pulmonary consolidation. In
two cases traction bronchiectasis and cystic changes
consistent with fibrosis were seen. At MR imaging
(n=2) a pulmonary consolidation of high signal in-
tensity on T1-weighted image consistent with lipid
content was present in one case. Pathologic examina-
tion (n = 4) showed the coexistence of lobules with le-
sions of various ages, sometimes in contiguous lob-
ules, within the same patient. Recent lesions were
those with alveolar fill-in by spumous macrophages
and almost normal alveolar walls and septae. In
more advanced lesions, lobules were filled in with
larger vacuoles often surrounded by inflammatory in-
filtrates of alveolar walls, bronchiolar walls, and sep-
ta. The oldest lesions were characterized by fibrosis
and parenchymal distortion around large lipid-con-
taining vacuoles. The HRCT findings reflect patho-
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logic findings in exogenous lipoid pneumonia. Al-
though non-specific, consolidation areas of low atten-
uation values and crazy-paving pattern are frequently
associated in exogenous lipoid pneumonia and are in-
dicative of the diagnosis.
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Introduction

Exogenous lipoid pneumonia refers to an uncommon
condition resulting from aspiration or inhalation of min-
eral, animal, or vegetable oils into the lung over an ex-
tensive period of time [1, 2, 3]. Chronic aspiration of oil
is often undetected during lifetime. Few autopsy cases
documenting exogenous lipoid pneumonia at autopsy
have reported significant clinical symptoms [4]. Com-
puted tomography and MR imaging findings have been
reported in small series. The most often reported and
evocative appearance at CT is one or multiple areas of
consolidation of low attenuation, with sometimes specif-
ic fatty attenuation [5, 6, 7, 8, 9, 10]. The fatty compo-
nent may also be detectable at MRI [11, 12]. Recently,
a distinctive pattern consisting of crazy-paving appear-
ance, similar to the pattern described in alveolar protei-
nosis, was reported with high-resolution CT (HRCT)
[13]. Therefore, it has been suggested that HRCT and
MR play a significant role in the diagnosis of lipoid
pneumonia. Nevertheless, correlations between imag-
ing and pathologic findings have seldom been reported.
The purpose of our study was to review cases of exoge-
nous lipoid pneumonia explored and treated at our in-
stitution in recent years in an attempt to correlate
HRCT findings with pathologic features.
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Materials and methods

Between April 1986 to January 1998, we retrospectively
reviewed the clinical and radiographic records of seven
patients diagnosed with exogenous lipoid pneumonia.
The inclusion criteria were: (a) presence of abnormal
imaging features compatible with the diagnosis of lipoid
pneumonia; (b) presence of intrapulmonary lipids at
pathologic examination; (c) exogenous origin assessed
by clinical history; and (d) availability of HRCT, patho-
logic examination, and follow-up. We identified 7 pati-
ents corresponding to these criteria. Chest radiograph
and HRCT were available in all cases, whereas MR was
only available in two. In four cases exogenous lipoid
pneumonia was proven at biopsy by surgical specimen
after lobectomy (n = 2) and open lung biopsies (n = 2).
In the remaining patients the diagnosis was made on
the basis of clinical, bronchoalveolar lavage results, ra-
diographic findings, and follow-up. Criteria to assess di-
agnosis were: a compatible clinical history with exoge-
nous origin of the lipid, radiographic findings showing
pulmonary consolidations in dependent areas, broncho-
alveolar lavage (BAL) showing predominance of lipid-
laden macrophages, and stability of symptoms and chest
radiograph findings for at least 1 year.

The HRCT technique was performed using a Som-
atom Plus 4 scanner (Siemens, Erlangen, Germany) in
three cases, a DRH scanner (Siemens, Erlangen, Ger-
many) in three others, and a GE 8800 (General Electric,
Buck, France) in one case. Scans were obtained with 1-
mm slices at 10-mm intervals from the apex to the lung
base, or by 1-mm slices performed at selected levels af-
ter whole-lung scanning using 7- to 10-mm contiguous
slices. Scans were photographed in windows appropri-
ate for pulmonary parenchyma (level 660 to -650 HU,
width 1500-1800 HU) and mediastinum (level 50 HU,
width 350-400 HU). Measurement of attenuation in ar-
eas of consolidation was noted when available.

The MR technique was performed in two cases with a
Magnetom at 1 T (Siemens, Erlangen, Germany) with
conventional T1-weighted spin-echo and T2-weighted
turbo spin-echo sequences. On MR scans signal intensi-
ty of pulmonary consolidation was subjectively com-
pared with the normal component, fat, and muscles of
the thoracic wall and mediastinum.

Chest radiographs, HRCT scans, and MR examina-
tion were reviewed by two readers independently and fi-
nal evaluation was reached by consensus. The HRCT
findings were noted and classified according to the glos-
sary of terms used in HRCT [14].

In the four patients in whom a resected specimen
(n=2) was obtained or surgical biopsies (n =2) were
performed, the pathologist reviewed the available mate-
rial in order to describe and date the lesions.

Results
Clinical, HRCT findings, BAL results, treatment cho-

sen, and follow-up of the seven patients are reported in
Table 1. The seven patients were three women and four
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men aged from 40 to 72 (mean age 53 years). All pati-
ents had a characteristic history of oil aspiration. For
three of them the leading cause was chronic and pro-
longed use of paraffin in nose drops and for a fourth pa-
tient, a singer, it was drops for vocal cords. Exogenous li-
poid pneumonia was related to aspiration of liquid par-
affin used for the treatment of constipation in the three
other patients. Clinical symptoms were absent in five
subjects. One patient suffered from an irritative cough
for 3 months and another suffered from known rheuma-
toid arthritis without pulmonary symptoms clinically re-
lated to this disease. In all cases chest films showed one
or multiple areas of consolidation, with ill-defined irreg-
ular boundaries. In patient 6 the suggested diagnosis
was lung cancer, despite the low attenuation of the con-
solidation. He was referred to surgery.

The HRCT findings consisted individually of one or
several areas of pulmonary consolidation (n = 6 ), areas
of ground-glass opacities (n = 6), thickened interlobular
septa (n = 6), centrilobular interstitial thickening (n = 5)
and small cystic areas (n=1). Areas of consolidation
were isolated in two cases and multiple in five cases.
Measurement of attenuation in the most hypodense ar-
eas showed typical fatty attenuation in three cases. In
three other cases, areas of attenuation were greater
than fat and lesser than soft tissue (Fig.1a). A CT angio-
gram sign was detectable within the pulmonary consoli-
dation in six of six cases. In five of six cases the areas of
consolidation were centrally located, leaving a peripher-
al band of normally aerated pulmonary parenchyma
(Fig.1b). They were surrounded by areas of ground-
glass opacities superimposed on thickened septal lines
and centrilobular interstitial thickening, with the char-
acteristic crazy-paving pattern in five cases (Fig.1b).
The segments involved were the posterior segment of
the upper lobe, the segments of the lower lobes, the
middle lobe, and the lingula.

One patient showed dilated and distorted bronchi
within areas predominantly showing consolidation and
a crazy-paving pattern (Fig.2a). Another patient
showed areas of ground-glass opacities with centrilobu-
lar interstitial thickening, crazy-paving pattern, and
some areas of cystic changes without any consolidation
area (Fig.3).

Two patients underwent MR examination in addition
to HRCT since the diagnosis had been suggested on CT.
Abnormal areas of consolidation with irregular limits
were found, with a fairly high signal intensity on T1-
weighted images. Nevertheless, this signal was lower
than in the chest wall and not considered to be charac-
teristic of fat. No areas of ground-glass attenuation sur-
rounding areas of consolidation as well as septal lines
were visible (Fig.1c, d).

Bronchoalveolar lavage findings were available in
five cases and showed an increased cellularity with pre-
dominance of lipid-laden macrophages. One case had
neutrophilic alveolitis, and mixed lymphocytic, and neu-
trophilic alveolitis was detected in three other cases.

Pathologic examination of surgical specimen (n = 2)
and biopsies (n =2) showed diffuse lesions. The most
striking feature in the four cases reviewed was the coex-
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Table 1. Clinical, HRCT, BAL Results and follow-up
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Clinical findings

HRCT

BAL results/diagnosis

Treatment/follow-up

F/55 yo

— cough for 3 months

— an chest film

— paraffin oil for constipation

M/72 yo

— rhumatoid arthritis
— an® chest film

— paraffin in drops for
vocal cords

F/46 yo

— an® chest film
— paraffin oil for constipation

M/65 yo

— paraffin in nose drops for
chronic rhinitis

— an® chest film

F/40 yo
— an? chest film
— paraffin in nose drops

M/53 yo

— an® chest film

— paraffin in nose drops
M/42 yo

— an® chest film

— paraffin oil for constipation

— middle lobe consolidation
of low density (- 49 HU) sur-
rounded by ill defined areas of
ground glass opacities and a
crazy paving pattern

— areas of consolidation

(- 60 HU) surrounded by
groundglass opacities, seg-
ments S6R, S10R, S6L.

— one enlarged right hilar node

— larges areas of groundglass
opacities with crazy-paving
pattern and small consolidation
of low density attenuation

— S3R, S10R and L, S4R, S5R

— areas of consolidation of low
density surrouneded by ground
glass opacities and crazy-paving
pattern

— S6R and L/S3R/S4 and 5R
and L and S10R and L

— large areas of ground glass
opacities with crazy paving
pattern; cystic changes in
some areas

— S4and SR and L,

S9 and 10R and L

— areas of consolidation
of low attenuation (- 80 HU)

— areas of ground glass
opacities without consolida-
tion with small cystic areas
and a crazy-paving pattern
— S4and SR and L,

S6R and L, S8, 9, 10R and L

BAL: increased cellularity.
lymphocytes and lipid-laden
macrophages

BAL: increased cellularity.
lipid-laden macrophages

BAL: increased cellularity
lipid-laden macrophages

BAL: increased cellularity
lipid-laden macrophages

BAL: 300000 elements
with 50 % of polynuclear
surgical biopsy

surgical biopsy: macrophages
containing vacuoles with some
areas of inflammatory reaction
and fibrosis

Lobectomy
no symptoms

Stable over 8 years
no symptoms

Stable over 1 year
No symptoms

Stable over 2 years
No symptoms

Stable over 1 year
No symptoms

Lobectomy

Stable over 1 year

Pulmonary segments involved are named according to Boyden classification. R is right and L is left. BAL is bronchialveolar lavage

istence of lobules occupied by lesions of different ages
in the specimen of a patient. Recent and old lesions
were sometimes seen in contiguous secondary pulmo-
nary lobules (Fig.1e). Recent lesions were those with
alveolar fill-in by spumous macrophages containing cy-
toplasmic microvacuoles and an abundant lipoproteina-
ceous material with normal or almost normal (few in-
flammatory infiltrates) alveolar walls and septae. In
more advanced lesions, larger vacuoles were present, of-
ten surrounded by macrophages and inflammatory infil-
trates of the alveolar walls and interlobular septae
(Fig.1f). The oldest lesions were those with interstitial
fibrosis and parenchymal distortion (Fig.2b). In a single
patient (patient 5), a typical appearance of follicular
bronchiolitis was present in addition to the other chan-
ges described previously (Fig.2c). The thickening of in-
terlobular septae was due to edema, large vacuoles, in-
flammatory infiltrates, or fibrosis, depending on the le-
sions visible within the adjacent lobules.

Considering follow-up, we had chest films available
and at least one CT examination performed after the di-
agnosis (between 7 months and 8 years) in the seven

cases. In every patient who was not operated on, stabili-
ty of pulmonary lesions was noted. No regression, even
partial, was observed despite the recommendations giv-
en to the patients not to use their drops.

Discussion

Lipoid pneumonia is caused by aspiration oils. Predis-
posing factors, such as neuromuscular disorders and
esophageal abnormalities, have been reported [1, 2, 3,
4]. In many cases excessive use of an oily substance is
the presumed cause. Unlike animal oils, which elicit a
very active inflammatory response [15], mineral oils
are fairly inert because they have no fatty acids and are
rapidly emulsified and consumed by pulmonary macro-
phages. Vegetable oils are emulsified and not hydro-
lyzed by the lung lipase and result in a foreign-body re-
action. The macrophages containing phagocytosed oil
fill in the alveoli and distend the alveolar walls and in-
terlobular septae. Fibrosis is present occasionally and is
of variable extent [1, 2, 3].
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Fig.1a—f. Patient 1. a A CT scan. Mediastinal windows. Area of
consolidation of the middle lobe of uniform attenuation value,
lower than soft tissue but not characteristic of fat. b Lung window
at a slightly higher level: consolidation area abutting the main fis-
sure surrounded by a crazy-paving pattern (ground-glass opacity
with superimposed septal thickening and centrilobular interstitial
thickening). ¢ T1-weighted MR image: area of high signal intensi-
ty corresponding to the main area of consolidation. d T2-weighted
MR image: low signal intensity of the consolidation area. e Micro-
scopic view of a septum (between arrows) thickened by edema and
separating two lobules with lesions of different ages. On the right-
hand side, characteristic young lesions are visible: sparse spumous
cells within alveolar lumina and normal alveolar walls. On the
left-hand side, large vacuoles of lipoid inclusion are separated by
interstitial fibrosis. f Microscopic higher-power view of young le-
sions: alveoli are filled in by macrophages with intracytoplasmic
vacuoles (star) and separated by normal alveolar wall (arrow)

1193

Aspiration of oil commonly occurs in elderly sub-
jects who may take their oily nose drops or cathartics
at bedtime. In our series the mechanism was always a
chronic aspiration and symptoms were light. Suspicion
of pulmonary cancer on the chest film was the main
reason for chest CT. Fat may be trapped in the lymph
nodes [4]. One patient in our series had an enlarged hi-
lar node.

Pathologic microscopic features of exogenous lipoid
pneumonia include intra-alveolar spumous macrophag-
es associated with interstitial pneumonia. Sometimes fat
is entrapped in the interstitium [1, 2, 4, 15]. In our series
lesions of various ages were identified in the specimens
of the four patients whose pathological features could
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Fig.3. Patient 7. High-resolution CT at lung windows. Large areas
of ground-glass opacities of the middle lobe and right upper seg-
ment of the lower lobe. A superimposed centrilobular interstitial
thickening and cystic changes are prominent in the middle lobe.
Pathologic examination (not shown) showed coexistence of lesions
of different ages
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Fig.2a-c. Patient 5. a High-resolution CT, lung windows. Areas of
consolidation and ground-glass opacities of basal pulmonary seg-
ments. A typical crazy-paving pattern is visible. Some distorted
lobules (arrowhead) and dilated bronchi (arrow) indicate paren-
chymal fibrosis. b Microscopic view of a lobule showing interstitial
fibrosis around lipoid vacuoles, inflammatory lymphocytic infil-
trates and fibrosis separating large vacuoles. ¢ Pathologic exami-
nation of the surgical specimen of an open lung biopsy. Alveolar
fill in by macrophages and coalescence of lipoid intracytoplasmic
vacuoles (curved arrow). Follicular bronchiolitis pattern (large ar-
row): The bronchiolar lumen is obstructed by an inflammatory in-
filtrate of the bronchiolar wall

be reviewed. The youngest lesions consisted of alveolar
fill-in by macrophages containing microvacuoles with
normal alveolar walls and interstitial septae. Inflamma-
tory infiltrates of alveolar walls and thickened interlobu-
lar septae by edema or macrophagic infiltration were
likely to represent chronic inflammatory changes. It is
noteworthy that all these changes were observed in dif-
ferent areas in the four patients. The distribution of le-
sions corresponded to the secondary pulmonary lobule
anatomy with lesions of different ages in contiguous lob-
ules. Fibrosis and destruction of the background lung ar-
chitecture was the latest stage and was observed in two
patients. It corresponded to those with HRCT findings
of fibrous changes. Follicular bronchiolitis was a pattern
observed in a single specimen. This entity is defined as
the abnormal presence of lymphoid follicles along small
airways and has been reported with many chronic inflam-
matory conditions, especially rheumatoid arthritis [16].
To the best of our knowledge, the association with lipoid
pneumonia has not been previously reported.

The simple presence of lipid-containing macrophages
from bronchoalveolar lavage aspirates is not sufficient to
make the diagnosis, but the amount of lipid-rich macro-
phages is noteworthy. For the three patients without
pathologic proof, the diagnosis was based on compatible
clinical and radiological features, BAL results, long-
term stability over time, and absence of any other possi-
ble cause of pulmonary diffuse lung disease.
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Chest-film patterns have been reported to be air-
space consolidation, irregular mass-like lesion. or reti-
culonodular pattern [8]. These findings are non-specific.
Nevertheless, discrepancies between the extent of pul-
monary abnormalities and the paucity of symptoms is
an appealing feature for the referring clinician.

The most characteristic CT finding of lipoid pneumo-
nia is lung consolidation of fat attenuation [5, 6]. This
probably occurs when the vacuoles are sufficiently clus-
tered and fused to lower CT density. The HRCT tech-
nique is likely to be more sensitive than conventional
CT because of the lesser partial-volume effect and higher
spatial resolution obtained with thin slices. Nevertheless,
CT attenuation measurements are not always character-
istic due to the averaging with attenuation values from
surrounding inflammatory infiltrates. In these cases ex-
tensive consolidation is of lower attenuation value than
expected but is higher than subcutaneous fat [8]. In our
series, when measurement was performed in the most hy-
podense part of the consolidation area of our patients,
three cases showed specific fatty values of attenuation.

Recently, an evocative although unspecific appear-
ance at HRCT was reported in three patients with lipoid
pneumonia: the so-called crazy-paving pattern [13]. This
pattern consists of interlobular septal thickening and su-
perimposed ground-glass opacities and/or centrilobular
interstitial thickening [17]. We found this pattern to a
variable extent in five of our seven patients, either iso-
lated in wide areas or located at the periphery of the
consolidation, much less predominant than the latter
and therefore easily ignored by the previous descrip-
tions of lipoid pneumonia. The pattern is non-specific
since it has also been described in alveolar proteinosis
[18] and bronchoalveolar carcinoma [19]. It reflects
gross and microscopic features of pathologic findings.
In the particular case of lipoid pneumonia, ground-glass
opacities are very likely to reflect the fill-in of alveoli
with macrophages and the variable amount of inflam-
mation. Thickened septae and centrilobular thickening
are due to inflammatory infiltrates of interstitial tissue.
Cystic changes and traction bronchiectases are known
HRCT findings indicating parenchymal distortion; how-
ever, pathologic parenchymal distortion in areas of con-
solidation is not detectable at HRCT.

In this retrospective review of seven cases, low atten-
uation areas of consolidation and crazy-paving pattern
were present together in six of seven cases. These find-
ings, considered together in an appropriate clinical con-
text, are very evocative of the diagnosis of lipoid pneu-
monia. The particular location of these findings, consol-
idations centrally located and the more peripheral cra-
zy-paving pattern, are particularly of value in suggesting
the diagnosis of lipoid pneumonia. All these findings
were remarkably stable at follow-up, and patients re-
mained asymptomatic.

Magnetic resonance imaging did not prove to be as
efficient as HRCT for the diagnosis of lipoid pneumo-
nia. Lack of specific signal intensity may be due to the
relative inability of conventional sequences to demon-
strate a fatty component compared with more sophisti-
cated sequences such as “in-and-out-of-phase” tech-
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niques [11, 12]. Spatial resolution of MR images is also
much lower than that of HRCT. This explains why MR
imaging was unable to show the thickened septae and
ground-glass opacities at the periphery of pulmonary
consolidation areas.

Our data confirm that consolidation of low-attenua-
tion, sometimes specifically fatty and crazy-paving pat-
terns, are the most common and evocative findings of li-
poid pneumonia. These findings are frequently associat-
ed. They reflect pathologic findings before the advent of
extensive fibrosis: fill-in of alveoli by macrophages, in-
flammatory reaction and thickened septa by inflamma-
tory infiltrates, macrophages, or vacuoles. We believed
that HRCT is the imaging method of choice for the diag-
nosis of lipoid pneumonia. Although this is an uncom-
mon diagnosis, coexistence of centrally located low-at-
tenuation-value consolidation areas surrounded by a
crazy-paving pattern are very evocative and may help
to suggest this diagnosis.
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Freedom R.M., Mawson J.B., Yoo S.J., Benson L.N.: Congenital
heart disease: textbook of angiocardiography (2 volumes). Ar-
monk, NY: Futura Publishing, 1997, 1432 pages, 2703 illustrations,
$275.00, ISBN 0-87993-656-8

Professor Robert Freedom, head of the Department of Pediatric
Cardiology in The Hospital for Sick Children in Toronto, is known
as an exceptional clinician. He possesses an amazing skill in the
cardiac catheterisation laboratory. He has an imposing memory
and an impressive knowledge of the worldwide literature of conge-
nital cardiology. Above all, he has an exceptional teaching ability
and is proud of sharing his knowledge freely with his fellows and
colleagues.

Congenital Heart Disease: Textbook of Angiocardiography con-
sists of two beautifully bound volumes comprising 1432 pages and
2703 illustrations. The book reflects the extensive clinical and ca-
theterisation experience of the authors. The 51 chapters cover
morphological descriptions of the whole range of congenital heart
malformations, including common as well as very rare cardiac ab-
normalities. For each malformation the different anatomical sub-
types and frequently associated cardiac anomalies which may com-
plicate the lesion are described. The numerous high-quality digital-
ly constructed angiogaphic images are the highlight of each chap-
ter. Particular attention is paid to angiographic technique and the
various projections required for a complete anatomical evaluation
of each malformation. Furthermore special techniques such as
transhepatic catheterisation, coronary angiography using balloon
occlusion of the aorta and retrograde pulmonary venous wedge in-
jections to visualise ‘absent’ pulmonary arteries are reported. The
angiographic images are accompanied by a clear descriptive com-
ment.

Each chapter is similarly structured and well organised in a lo-
gical sequence, starting with an initial section on embryology, mor-
phogenesis and prevalence. This is followed by an extensive de-
scription of the anatomy, beautifully illustrated by schematic draw-
ings, pathological specimens and numerous angiographic images.
The final section of each chapter discusses the post-surgical status
and possible complications. The authors underline the importance
of a segmental and sequential analysis, which was introduced by
Van Praagh and Anderson. There is a clear explanation of the con-
cepts of atrial arrangements, atrioventricular and ventriculoarter-
ial connections, pulmonary and systemic venous connections and
the spatial relationships of the different cardiac chambers. In addi-
tion the authors discuss techniques and results of transcatheter in-
terventions: for example occlusion of a patent arterial duct, bal-

loon valvuloplasty of stenotic valves, angioplasty and stent implan-
tation of pulmonary arteries, and fulguration of atretic pulmonary
valves. In contrast to the first edition this second edition is much
more extensive and adapted to current interventional and surgical
techniques. The book provides a wonderful source of references
which are up-to-date and extensive.

The first volume covers general principles of angiography fol-
lowed by seven chapters on malformations characterised by left-
to-right shunts and 12 chapters on right heart malformations. The
reader will find extensive information on all the possible anomalies
and variations of pulmonary blood supply, including pulmonary ar-
teriovenous fistulae, vascular slings and scimitar syndrome. As re-
markable advances in surgery have been made to treat patients
with pulmonary atresia and ventricular septal defect it has become
essential to define precisely the complex pulmonary circulation of
the different bronchopulmonary segments. Chapter 23 is excep-
tional in its description of the pathology of pulmonary atresia and
intact septum. This is beautifully illustrated by outstanding angio-
graphic images and pathological specimens of the right ventricle,
the atretic pulmonary valve and the ventriculocoronary communi-
cations which may complicate this lesion.

The second volume describes malformations of the left heart
and malformations of atrioventricular and ventriculoarterial con-
nections. The final chapters discuss important acquired and miscel-
laneous disorders. The controversial and difficult subject of double
outlet right ventricle is very clearly described and beautifully illu-
strated with picture specimens, drawings and angiograms (Chap-
ter 27). The complexity of univentricular hearts, atrial isomerism
or heterotaxia and corrected transposition are elucidated in an ex-
ceptional and unique manner.

The book is very comprehensive and will provide the reader
with many hours of reading pleasure. It is also an excellent refer-
ence book for both invasive and non-invasive paediatric cardiolo-
gists, as well as radiologists involved in cardiovascular assessments.
The book is a unique and authoritative source of information. The
beautiful angiographic images are a work of art. Although echocar-
diography and nuclear magnetic resonance imaging have assumed
an important place in the assessment of congenital heart malfor-
mations, cardiac catheterisation and angiography will remain a
very important diagnostic and therapeutic modality.

Unfortunately the two volumes are large, heavy and difficult to
transport. The price of $ 275.00 is expensive but worth the invest-
ment. The library of any paediatric cardiologist would be incom-
plete without this reference book. B.Eyskens, Leuven



