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Fungal Pulmonary Infections
after Bone Marrow Transplantation:
Evaluation with Radiography and CT'

The authors reviewed 55 pairs of
chest radiographs and computed
tomographic (CT) studies obtained
in 33 febrile bone marrow trans
plant (BMT) recipients. The images
were read separately, without
knowledge of the clinical diagnosis.
Twenty-one episodes of fungal in
fection were documented. One chest
radiograph showed a pneumonia
like opacity, and 17 showed nodular
opacities, five with cavitation. In 20
of 21 episodes, CT showed nodules
with cavitation (n 7), halo (n 4),
hazy margin (n = 5), air broncho
gram (n = 2), cluster of fluffy nod
ules (n = 1), or sharp margin (n = 1).
In none of the nine bacteremic epi
sodes, however, were there opacities
on chest radiographs or CT studies.
CT studies demonstrating compli
cated nodules in febrile BMT pa
tients strongly suggest a fungal
infection, whereas negative CT
studies suggest bacteremia or non
filamentous fungal infection of
nonpulmonary origin. CT appears
to add useful information to radio
graphic analysis during the assess
ment of febrile episodes in BMT pa
tients, especially when invasive di
agnostic procedures pose a high
risk.
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H UMAN bone marrow tmansplanta
tion is used widely for the

treatment of patients with various le
thai hematologic diseases and some
solid tumor malignancies (1,2). How
ever, infectious complications, to
gethen with graft-versus-host disease,
are a major cause of morbidity and
mortality (3-7). Most bone marrow
transplant (BMT) recipients are pre
pared for the transplant with high
dose chemotherapy and total-body in
radiation before the donor marrow is
infused. Engmaftment of the marrow
requires approximately 3 weeks (1).
During the early posttransplant pen
od, patients are severely neutnopenic
and almost all are febmile. Clinical on
microbiologic evidence of infectious
complications is present in about
one-third of febmile BMT recipients
(5). Late in the posttnansplant period,
bacterial infections are more com
monly seen in patients with chronic
graft-versus-host disease, reflecting
the prolonged state of humomal im
munodeficiency (1).

The respiratory tract is often the
portal of entry for infectious organ
isms, and it has been reported that

pulmonary infections are the most
common complication in BMT recipi
ents (4,8). Recognition of the radio
logic features of infectious complica
tions in febmile BMT patients is im
portant for early diagnosis and
treatment. We reviewed the chest ma
diographs and computed tomograph
ic (CT) images of febnile BMT mecipi
ents to evaluate the usefulness of
these modalities in the clinical assess
ment of infectious complications.

MATERIALS AND METHODS

Thirty-three BMT recipients with ei
then fever or fever combined with other
symptoms were studied in the period be
tween October 1988 and September 1989.
Twenty patients had fever, and 13 had fe
yen combined with other symptom(s)
(dyspnea in one, cough in three, chest
pain on males in six, and a combination of

symptoms in three). There were 17 wom
en and 16 men, ranging in age from 24 to
60 years (mean, 37 years). Bone marrow
transplantation was performed for breast
cancer (12 patients), lymphoma (12 pa
tients), chronic myelogenous leukemia
(seven patients), or acute lymphocytic
leukemia (two patients). Ten patients had
allogeneic transplants, and 23 had autolo
gous transplants.

Fifty-five pairs of chest nadiographs
and CT studies were obtained in the 33
patients 3-326 days (median, 22 days) af
ten the BMT procedure for the evaluation
of infectious symptoms or for follow-up.
The first examination of each patient was
performed 3â€”i23 days (median, i2 days)
after the BMT procedure. Two CT studies
that had no corresponding chest radio
graphs were included. The chest radio
graphs obtained were posteroantenior and
lateral (n = 38), posteroantenior (n 9),
and portable (n 6). The interval be
tween chest radiographic and CT exami
nations was 0â€”5days (mean, 1.5 days).
The white blood cell (WBC) count was
100-8,100/mm@ (0.1â€”8.1 X i09/L; mean,
2,044/mm3 Â±2,462 [2.0 X 1O9/L Â±2.5 X
i0@]) when these 55 examinations were
performed. Nineteen patients underwent
one pair of examinations, and 14 patients
underwent two to five pairs of examina
tions during the study period.

All radiographs and CT studies were
reviewed in random order by three ob
servers (MM., J.R.G., T.J.B.), and a con
clusion was reached by consensus. The
control images consisted of 203 pains of
CT scans and plain radiographs obtained
in 128 patients with interstitial lung dis
ease and asbestosis. The CT studies were
read separately from the corresponding
chest radiognaphs, without knowledge of
the radiographic findings. The observers
had no specific knowledge of clinical his
tony or pathologic data. Radiologic find
ings and up to three differential diag
noses were provided for each radiograph
ic or CT examination. We used the term
â€œ¿�indistinctbronchovascular bundlesâ€• on
chest nadiographs when the margins of
the vascular structures were not clearly
seen and no superimposed parenchyma!

Abbreviations: BMT bone marrow trans
plant, IPA = invasive pulmonary aspergillosis,
WBC = white blood cell.
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opacities were visualized. Differential di
agnoses were chosen from the following
diagnostic categories: asbestosis; asbestos
related pleural disease; bronchiectasis;
bronchitis; bronchiolitis oblitenans; em
physema; congestion (cardiac failure, flu
id overload); noncandiogenic edema;
adult respiratory distress syndrome; drug
effect; graft-versus-host disease; hemor
nhage; histiocytosis X; granulomatous dis
ease (histoplasmosis); infections (bacteni
al, mycotic, viral, Pneumocystis carinii, tu
berculosis, and others); lymphocytic
interstitial pneumonitis; idiopathic pul
monary fibrosis; pulmonary diseases asso
ciated with progressive systemic sclerosis,
rheumatoid arthritis, systemic lupus ery
thematosus, on mixed connective tissue
disease; radiation fibrosis; lymphangitic
spreading of carcinoma; lymphoma; ma
lignancy; sancoidosis; thromboembolism;
atelectasis; penicardial effusion; pleural
effusion. One of three grades of certainty
(definitely, probably, on possibly correct)
accompanied each diagnosis.

The CT scans were obtained with the
patient in the supine position on an ultra
fast CT scanner (Fastrac C-iOO; Picker In
tennational, Cleveland). No contrast me
dium was administered. Contiguous 10-
mm-thick sections of the entire chest
were obtained in all 55 CT examinations.
High-resolution images (3 mm thick)
were taken in 52 of the 55 CT examina
tions at three levels: approximately 3 cm
below the lung apex, at the pulmonary
hila, and approximately 3 cm above the
diaphragm. Additional high-resolution
scans were also obtained through any
abnormal areas seen on the radiograph.
All images were viewed at lung (width,
2,000 HU; level, â€”¿�500HU) and mediasti
nal (width, 500 HU; level, 0 HU) win
dows.

For each examination, the medical me
cord was reviewed, and final diagnoses
were based on autopsy findings, broncho
scopic and surgical biopsy results, sputum
and blood culture findings, and/on clini
cal findings. Patients in whom both a
fungus and other organisms coexisted
were classified as having fungal infec
tions. The radiographic and CT features
were correlated with these data.

Calculated values were expressed as
mean :1:standard deviation and compared
with the upained Student t test. The @2
test was used for comparison of differ
ences in proportions. P values of less than
.05 were considered significant.
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RESULTS

Complications were noted in 45 of
the 55 pairs of examinations in 33
BMT recipients: fungal infection (21
episodes, 13 patients), bacteremia
(nine episodes, eight patients), capil
lary leak syndrome (four episodes,
four patients), congestion (four epi
sodes, three patients), hemorrhage
(three episodes, two patients), graft
versus-host disease (one episode, one
patient), interstitial pneumonitis
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Figure 1. Pulmonary aspergillosis (22 days
after transplantation; WBC count, 100/mm3
[0.i X i09/L]) in a 24-year-old man with
chronic myelogenous leukemia. (a) Postero
anterior chest radiograph shows a nodule in
the right middle lung. (b) CT scan (10 mm
thick) shows a halo zone surrounding the
nodule (halo sign).

I
I

cent formation in seven episodes,
hazy margin in five, halo sign in
four, aim bronchogmam in two, cluster
of fluffy nodules in one, and sharp
margin in one. Cases with the halo
sign on cavitation are shown in Fig
unes 1 and 2. Two patients with As
pergillus sp infection showed newly
developed infiltrates along the bron
chovasculam bundle together with
nodular opacities (Fig 3); these ex
aminations were performed just be
fore their death (1 day and 3 days be
fore, respectively). A patient with C
tropicalis fungemia showed no abnom
malities at either CT on chest madiog
maphy.

The WBC count and the number of
days since transplantation were com
pared for three types of fungal opaci
ties: those with the halo sign, those

â€˜¿�@ with cavitation on an aim crescent, and

those with a hazy margin (Table 2).
There was a significant difference in
the WBC count between the episodes

.@ with halo sign (300/mm3 Â± 183 [0.3

x i09/L Â±0.2 X i0@])and thosewith
@ cavitation on an aim crescent (4,015/

mm3 Â±2,129 [4.0 X i09/L Â±2.1 X
i0@]) (P < .01). There was a similar
significant difference in the interval
from transplantation between the
episodes with a halo sign (i5.0 days
Â±4.8) and those with cavitation on an

aim crescent sign (41.7 days Â±15.5)
(P < .01).

When the first-ranked differential
diagnoses for the chest madiogmaphs
and CT studies in fungal infection
cases were compared, both diagnoses
were connect in 12, the CT diagnosis
was correct and the radiographic di
agnosis incorrect in six (nondiagnos
tic in one, bacterial infection in two,

malignancy in three), the radio
graphic diagnosis was correct and the
CT diagnosis incorrect in one (malig
nancy), and both diagnoses were in
correct in two (malignancy in one,
nondiagnostic in one). The CT diag
nosis was correct in 18 examinations
and the radiographic diagnosis was
correct in 13, but theme was no signif
icant difference between them (P>
.05). The confidence in diagnosing
fungal infection with CT was higher
than that with radiography in five of
12 episodes in which both modalities

a. b.

p

a. b.

Figure 2. Pulmonary aspergillosis (36 days after transplantation; WBC count, 3,000/mm3
[3.0 X l09/L]) in a 44-year-old woman with chronic myelogenous leukemia. (a) Posteroante
nor chest radiograph shows a cavitary lesion in the left upper lung. (b) CT scan (3 mm thick)
clearly shows two lesions with cavitation.

(one episode, one patient), urinary
tract infection (one episode, one pa
tient), and sinusitis (one episode, one
patient). For the remaining 10 exami
nations (nine patients), no apparent
cause for the fever was discovered.
No cytomegalovirus or other viral in
fection was found in these subjects.

Fungal Infection

The method of diagnosis and the
madiologic findings in the 13 patients
with fungal infections are presented
in Table 1. These examinations were
performed 8-133 days (38.8 days Â±
33.5) after the BMT procedure. The

WBC count was 2,243/mm3 Â±2,309
(2.2 X i09/L Â±2.3 X i0@). Seven of
the 13 patients (54%) died during
hospitalization, and the remaining
six recovered.

Among the 21 episodes of fungal
infection, chest radiography revealed
nodules without cavitation in 12,
nodules with cavitation in five,
pneumonialike opacity in one, sus
pected hilam lymphadenopathy in
one, and no opacity in two. CT
showed nodular areas of increased at
tenuation in 20 of 21 episodes and no
abnormality in the remaining epi
sode. The features of the nodular am
eas at CT were cavitation on aim cres

Radiology â€¢¿�723Volume 178 â€¢¿�Number 3



Type of OpacityWBC/mm3 @No.of Days after BMTProcedureHalo

sign (n 4)
Cavitation, crescent(n = 7)300

Â±183(0.3 Â±0.2)t
4,015 Â±2,129 (4.0 Â±2.i)t15.0

Â±4.8t
41.7 Â±15SfHazy

margin (n 5)2,360 Â±2,749(2.4 Â±2.7)46.4 Â±50.7

b.a.

Figure 3. Images of the same patient as in Figure 2 (69 days after transplantation; WBC count, 6,600/mm3 [6.6 X i09/LJ). (a) Chest radio
graph shows ground-glass opacity in the left middle and lower lung. (b) CT image (3 mm thick) shows not only a cavitating nodule in the
right lower lobe but also infiltration along the bronchovascular bundle in the left lower lobe. This patient died 3 days after this examination,
and the autopsy revealed disseminated infection of the lung by Aspergillus sp.

were correct. In the remaining seven
episodes, the confidence level with
both modalities was the same.

Bacterial Infection

The clinical and radiologic find
ings in the eight patients with bacte
nial infection are presented in Table
3. Bacterial infection was diagnosed
by means of blood culture in all nine
episodes. The CT examinations were
performed 3-56 days after the BMT
procedure (18.8 days Â±16.8). The
WBC count was 61 1 /mm3 Â±1,067
(0.6 X 109/L Â±1.1 X 10@).Neither the
number of days after transplantation
non the WBC count in episodes of
bactememia were significantly differ
ent from those in episodes of fungal
infection (P > .1 and P > .05, nespec
tively). Two of eight patients (25%)
died during hospitalization, and the
remaining six recovered.

In all episodes of bacteremia, nei
them chest radiography nor CT
showed parenchymal opacities other
than fibrotic change due to radiation.
The first-ranked chest radiographic
diagnoses were as follows: normal
(three episodes), nondiagnostic
(two), radiation fibrosis (three), and
congestion (one). The CT diagnoses
were normal (two episodes), non
diagnostic (two), radiation fibrosis
(four), and penicardial effusion (one).

Other Complications

In four episodes of capillary leak
syndrome, CT showed thickened in
temlobulam septa in three, pleural ef

Table 2
Type of Opacity, WBCCount, and Number of Days after Bone Marrow
Transplantation in Patients with Fungal Infection

Noteâ€”Values are expressed as means Â±standard deviations.
C Number of cells (X109) pen liter in parentheses.

tP<.Ol.

fusion in three, infiltrates along the
bronchovasculan bundle in two, and
ground-glass opacity in two. In four
episodes of congestion, three of
which were secondary to drug-in
duced cardiomyopathy, CT demon
strated pleural effusion in three and
nondependent infiltration in one.
All patients recovered from these
episodes, except a patient with con
gestion that was complicated by
brain stem infarction.

In 10 febnile episodes of unknown
cause, CT demonstrated no opacity in
seven, penicandial effusion in one, a
nodular area in one, and increased at
tenuation along the bronchovasculan
bundle in one. All patients with fe
yen of unknown cause recovered.

DISCUSSION

In our series of febnile BMT necipi
ents, various pulmonary and nonpul
monany complications were docu
mented in 45 of 55 episodes (82%); no
apparent cause for the febmile epi
sodes was found in 10. Among the 45
complications, infections were the

most common (32 of 45 [71%]); 21 of
the 32 were fungal infections, and
nine were bactememia; the remaining
two were infections of nonpulmo
nary organs.

The pathologic and radiographic
features of invasive pulmonary as
pengillosis (IPA) have been studied
by several authors (9,10). At macno
scopic examination the typical early
lesions are 1-3-cm nodules with ne
crotic centers and a surrounding rim
of hemorrhage. Lesions caused by
Aspergillus species start with endo
bronchial fungal proliferation fol
lowed by transbnonchial vascular in
vasion, eventually causing thrombo
sis and ischemic necrosis. Curtis et al
(1 1) studied the chest madiographs
and autopsy findings in four patients
with acute leukemia and IPA and
found that crescent-shaped areas of
hypenlucency surrounding or within
preexisting parenchymal opacities
were strongly suggestive of IPA.
However, the presence of granulo
cytes is crucial for the formation of
pulmonary cavitation in IPA, and
this sign is a relatively late radio

March 1991724 â€¢¿�Radiology



graphic finding marking the onset of
the resolution phase of the infection
(12,13). Kuhlman et al (14) studied
the chest CT examinations of nine
patients with acute leukemia and IPA
and described the halo sign, which is
an early CT feature of IPA. The halo
sign implies a zone of intermediate
attenuation surrounding a higher-at
tenuation mass and separating it
from the surrounding lung panen
chyma. Early CT features also include
multiple small inflammatory masses
or clusters of fluffy nodules (12).

Among 21 episodes of fungal in
fection in our series, 10 were ob
served within 4 weeks after trans
plantation and the remaining 11 at 4
weeks or more. Chest radiography
demonstrated nodular opacities in 17
episodes and a pneumonialike shad
ow in one. CT showed nodular areas
in 20 of 21 episodes and revealed
more detailed features of the nod
ules. Twelve of 20 nodules at CT
demonstrated either cavitation, air

@ crescent formation, halo sign, on clus
.@ tens of fluffy nodules. These CT find

@ ings were considered strongly sug
@. gestive of IPA (1 1â€”14). Hazy margins

.@ were observed in the other eight

:@ nodules. This could be another fea
.@ tune of infection by Aspergillus spe

@ cies, but this finding is not specific,
@ as malignant nodules might also

:@â€˜ show hazy margins.
.@ The three types of nodules demon

,@ strated at CT were correlated with

-@ the WBC count and number of days

@ after transplantation. The halo sign
@ was frequently observed during the

.@ earliest and most neutmopenic period,

.@ whereas the air crescent sign on cavi

.@ tation was seen in the later, nonneu

@ tropenic period (Table 2). Our data
@ support the concept that the halo

-@ sign appears early in the course of in

@, fection before engnaftment (14) and

.9 that the air crescent sign is a feature

@ of the resolution phase of IPA (13).
.@ Two patients with Aspergillus sp in

C@) fection showed newly developed in

@ filtrates along the bronchovasculam
.@ bundle other than nodular opacities,

@ and these patients died soon afterI theirexaminations.Histopathologic
:@ studyofthespecimensobtainedat

@- autopsy revealed disseminated Asper

t gillus sp pneumonia in one and wide
@â€˜¿� spread Aspergillus sp septic emboli of

@ the lung and endocarditis in the oth
@ en. Newly developed infiltrates in

.@) patients with fungal infections may

@ indicate a poor short-term prognosis.
I Two patients in this study group

@ had Candida sp fungemia. Dubois
z al (15) retrospectively studied the

pathomadiologic correlation of pul

monary candidiasis in 25 immuno
suppressed patients. They concluded
that no definitive radiographic pat
tern characterized opportunistic pul
monamy infection with Candida spe
cies. In their patients, the nodules of
hematogenous candidiasis produced
tiny infiltrates that were not visible
madiogmaphically. Our two patients
were diagnosed by means of blood
culture: One showed a nonspecific
nodule, and the other showed no
opacity at either chest radiography on
CT. Since the potential route of fun
gemia may be gastrointestinal rather
than endobronchial, fungemia in it
self does not necessarily imply pul
monary involvement. We think that
the latter patient had no pulmonary
involvement.

In our patients with bacteremia,
most episodes were observed in a mel
atively early posttransplantation pe
nod compared with the time of epi
sodes in patients with fungal infec
tions. However, theme was no
significant difference between the
number of days from transplantation
in cases of bactenemia compared with
that in cases of fungal infection. All
bactenemic episodes in our series
failed to show specific opacities at
chest radiography on CT. Kuhlman et
al (16) described CT features of pul
monary septic emboli. These includ
ed multiple peripheral nodules, feed
ing vessels, cavitation, wedge-shaped
peripheral lesions abutting the pleu
ma, aim bmonchogmams within nodules,
and extension into the pleural space.
None of the bactememic episodes in
our series showed such CT features.
This difference in the CT appear
ances in the two studies may be ex
plained by the difference in patient
population. Patients with predispos
ing conditions, such as intravenous
drug users on those with acquired im
munodeficiency syndrome, were not
included in our study.

Twenty of 21 fungal infection epi
sodes in this study showed nodular
opacities at CT, and the remaining
one (Candida sp fungemia) revealed
no opacity at either chest madiogra
phy on CT. CT enabled detection of
more nodular opacities and revealed
more detailed features of the nodules
than did plain chest radiography.
Conversely, opacities were not seen
in any of the nine bactenemic epi
sodes. The absence of opacities on
the CT images in febmile BMT mecipi
ents is strongly suggestive of infec
tious processes caused by organisms
other than Aspergillus species, such as
bacterial or nonfilamentous fungal
infections (eg, by Candida species);
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normal CT studies support the chest
radiographic features.

We conclude that, in febmile BMT
recipients, (a) nodular opacities
showing either cavitation, a halo, a
cluster of fluffy nodules, on hazy
margins at CT strongly suggest a
complicated fungal infection; (b) the
absence of opacities at CT suggests a
bacterial infection or nonfilamentous
fungal infection; and (c) chest CT
without contrast enhancement is use
ful, especially when invasive diag
nostic procedures pose a high risk.
Definitive proof that the CT studies
change the clinical outcome may be
difficult to obtain because of the high
mortality in this group. U
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