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Invasive pulmonary aspergillosis (IPA) in 
immunocompromised patients is often 
difficult to diagnose. Many pathogens 
present initially with similar, nonspecific 
pulmonary findings. Air crescent forma­
tion has been reported to be highly sug­
gestive of IPA in the appropriate clinical 
setting, but this is a late sign in an other­
wise rapidly fatal infection. The authors 
reviewed the available chest computed 
tomography (CT) scans of nine patients 
with acute leukemia and documented 
IPA, including four patients with serial 
scans obtained during the course of infec­
tion. Typical CT findings of IPA were 
multiple inflamm atory nodules, often 
with one large dominant mass, or a single 
peripheral masslike infiltrate. Cavitation  
or air crescent formation occurred late in 
the course of infection, usually at the 
time of bone marrow recovery from che­
motherapy. CT scans obtained early in 
the course of infection in two patients 
demonstrated a distinctive feature of one 
or more pulmonary masslike infiltrates 
surrounded by a halo of low attenuation. 
These lesions subsequently progressed to 
cavitation or air crescent formation typi­
cal of IPA. While this CT halo sign may 
not be pathognomonic for Aspergillus, 
seen in the appropriate host, it may sug­
gest early on the possibility of IPA.
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In v a s i v e  pulm onary aspergillosis (IPA ) can occur in  any severely 
im m unocom prom ised  or ch ron ically  debilitated  host. By far, the 

m ost com m on clin ica l settin g  is the p atien t w ith  prolonged  granu­
locytop enia  d uring treatm ent for acute leukem ia (1 -3 ). Early recog­
n itio n  of invasive fu ngal disease in  such patients is im perative and 
m ay im prove survival, but d iagnosis is o ften  d ifficu lt, and specific 
therapy w ith  am ph otericin  can resu lt in sign ifican t toxic side e f­
fects (2 -5 ). Early clin ica l and plain  film  fin d in g s o f IPA  are n on sp e­
cific , w ith  m any o th er pathogens m anifestin g  sim ilar features. Spu­
tum cultures are positive in  less than 10% of patients w ith  proven 
IPA, and results o f serologic studies are often  u n reliable  (4). D efin i­
tive diagnosis freq u ently  requires aggressive, invasive biopsy pro­
cedures that are o ften  p rohibited  by the p atien t's m arked throm bo­
cy to p e n ia  or co m p ro m ise d  re s p ira to ry  sta tu s  (4 , 6 , 7). A ny 
radiographic fin d in g  that m ight suggest A spergillus as the in fectious 
agent over o th er pathogens w ould be h elp fu l in  in stitu tin g  earlier 
aggressive d iagnostic and therapeutic m easures.

A ir crescent form ation  has been  reported  to be h ig h ly  suggestive 
o f IPA , but th is is a late fin d in g , co incid ing  w ith  recovery  from  
granu locytopenia  and the resolution  phase o f the in fectio n  (8). To 
date, com puted tom ography (CT) scanning  has not been  extensive­
ly used for the evaluation  o f non sp ecific  pulm onary in filtra tes in 
the im m unocom prom ised host. A fter review  of the CT scans o f n in e 
patients w ith  acute leu kem ia and docum ented  IPA , w e found a 
p otential role for CT in  the early  d iagnosis o f IPA. T he spectrum  of 
CT find ings o f IPA are presented as w ell as a typical pattern  of 
progression  seen  on serial scans from  four patients. W e also de­
scribe tw o patients w ith  CT scans obtained  early  in  the course of 
in fectio n  that dem onstrate a CT halo sign  or zone o f low  attenu a­
tion surrounding a pulm onary mass. The halo sign  preceded the 
developm ent of typical cavitation or air crescent form ation  by 2 to 3 
w eeks. A lthough th is sign  may not prove to be specific for A spergil­
lus, it may indicate early  on  the possibility  o f IPA.

M A TERIA LS AN D  M ETH O D S

The m edical records, ch est radiographs, and available chest CT scans of 
nine patients w ith docum ented  IPA w ere review ed. CT scans had been 
obtained with eith er a Siem ens DR-3 scan ner (5 sec, 450 m As, 120 kVp, and  
4-m m  collim ation; Iselin, N .J.) or an AS&E scan ner (10  sec, 200 m As, 125 
kVp, and 4- or 8-m m  collim ation). All nine patients had acute leukem ia  
being treated w ith  induction  therapy, augm entation  therapy, o r for relapse. 
A ll patients had received  chem otherapy d uring or before the onset of 
i nfection and w ere gran ulocytop enic at the tim e of infection. Steroid thera­
py had been given  to one patient in term ittently , and one p atient had
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Table 1
C lin ical S um m ary  o f Case M aterial

Case/Age (yr)/Sex Diagnosis Culture/Biopsy
Granulocytopenia and 

Broad-Spectrum Antibiotics

No. of CT Scans and Time 
Obtained During Course of 
Infection

I/30/M AML Sputum + 3 early and late
2 /4 0 /F AML TNBA + 4 early and late
3/57/M AMM0L TNBA + 5 early and late
4/49/M AML Sputum/naris + 3 late
5/36/M AML TNBA + 1 late
6/31/M AML TNBA + 1 late
7/39/M AML Surgery + 1 late
8/64/M AML Sputum + 1 late
9 /36 /F AML TNBA + 1 late

Note.—TNBA = transthoracic skinny-needle biopsy aspiration, AML « acute myelogenous leukemia, AMM0L =* acute myelomonocytic leukemia. Pluses 
indicate that the patient was granulocytopenic and receiving multiple antibiotics at the time of onset of infection.

r

b.

Figure 1. A 30-year-old man with acute myelogenous leukemia, pancytopenia, and new 
infiltrate on chest radiograph, (a) CT scan obtained early in the course of IPA infection shows 
an inflammatory mass with a halo sign or surrounding zone of low attenuation in the left 
upper lobe, (b) A second smaller but similar lesion in the right lung, (c) CT scan obtained 4 
weeks later at the time of bone marrow recovery shows cavitation and air crescent formation 
in both lesions typical of IPA. (d) Follow-up scan during the recovery phase of IPA shows 
further organization and decrease in size of the cavitary lesion.

received a bone m arrow  transplant. All 
patients had persistent spiking fevers d e­
spite b road-sp ectrum  an tib io tic therapy  
for both gram -n egative and gram -positive  
bacterial organism s. In two patients, pleu­
ritic chest pain preceded the developm ent 
of pulm onary infiltrates. H em optysis oc­
curred late in the course of infection in 
two patients.

The diagnosis of IPA was established  
bacteriologically or histologically in all 
nine cases by transthoracic skinny-needle  
biopsy aspiration (5), surgical lobectom y  
(1), or by positive sputum  cultures (3). All 
nine patients survived their initial infec­
tion , though tw o subsequently died of 
progression of the leukem ia a n d /o r  rein ­
fection. A sum m ary of the clinical case m a­
terial is presented in Table 1. R epresenta­
tiv e  case h isto ries  of tw o of th e  fou r  
patients w ith serial CT scans have been  
selected for dem onstration.

Case 2. A 30-year-old  m an w ith acute  
m yelogenou s leukem ia received  in d u c­
tion chem otherapy w ith  cytosine arabino- 
sid e  (C y to s a r -U ; U p jo h n , K a la m a z o o , 
M ich .), d a u n o m y cin  (C e ru b id in e ; Ives  
Laboratories, N ew  York), and am sacrine  
(Ben V enue Laboratories). Two w eeks lat­
er, w hile  the p atien t w as g ran u lo cy to ­
penic and receiving m ultiple antibiotics, 
persistent fever and pleuritic chest pain 
d evelo p ed . Six days afte r th e  on set of 
sym ptom s, the chest radiograph  showed  
for the first tim e a left upper-lobe masslike  
infiltrate. A CT scan obtained at the tim e  
of initial abnorm ality  on chest radiograph  
(Fig. la ) show ed a p eriph erally  p laced 3- 
cm  mass in the left upper-lobe w ith  a sur­
rounding zone of low  attenuation  form ­
ing a d istinctive halo. These findings w ere  
su ggestive of an inflam m atory  process. 
Several o th er sim ilar but sm aller nodules  
in both lungs w ere also found (Fig. lb ). 
Based on the finding of m ultiple inflam ­
m atory m asses and the clinical settin g, w e  
made a presum ptive diagnosis of IPA. A 
biopsy at the tim e could n ot be perform ed  
because of severe throm bocytopenia, and  
the patient was em pirically  treated  w ith  
am photericin. M ultiple subsequent spu­
tum sam ples yielded Aspergillus flavus. Six 
w eeks after induction  therapy and three  
w eeks after the m asslike infiltrate d evel­
oped, bone m arrow  recovery  occurred. A 
CT scan obtained 1 w eek later (Fig. Ic) 
show ed cavitation of the left upper-lobe  
mass w ith  form ation of an air crescen i and

central sequestrum  or fungus ball, w hich  
is ch aracteristic of IPA. C avitation of a sec­
ond  sm aller righ t upper-lobe lesion was 
also seen. The patient's condition  gradual­
ly im p ro v ed  w h ile  re ce iv in g  exten d ed  
am p h otericin  therapy, and a third  scan  
(Fig. Id ) taken 1 m onth later show ed re­
duction  in the size and fu rth er organiza­
tion of the cavitary lesions.

Case 2 .— A 4 0 -y e a r-o ld  w o m an  w ith  
acute m yelogenous leukem ia received  in­
duction  chem otherapy w ith  cytosine ara- 
binoside, daunom ycin, and am sacrine, fol­
lo w e d  by a u g m e n ta tio n  th e ra p y . Six  
w eeks after h er second course of ch em o­
therapy, w hile  gran ulocytop enic and re ­
ceiv in g  m ultiple antibiotics, the patient 
developed persistent fever. A ch est radio­
graph  revealed  a new  m asslike infiltrate  
in the left upper lobe. A CT scan obtained  
at this tim e (Fig. 2a, 2b) show ed a 5-cm

round masslike infiltrate in the left upper 
lobe w ith  a variable su rrou n ding zone of 
low  atten uation , com patible w ith  periph­
eral air space filling. A reas of inhom ogen- | 
eity and low  attenuation  could be seen ! 
w ithin  the cen ter of the mass, suggestive j 

of very  early  necrosis. A biopsy w as not 
perform ed at this tim e because of severe ; 
th rom b ocytop en ia , and th e  p atien t was 
em p irically  trea ted  w ith  am photericin . 
Tw o and a half w eeks later, bone marrow { 
reco v ery  b egan , and ch est radiographs  
show ed developm ent of air crescent for­
m ation (Fig. 2c). A  CT scan obtained 4  days j 
later (Fig. 2d) dem onstrated  consolidation j 
o f the m asslike in filtra te  w ith  no sur-1 
rounding zone of low  attenuation  and the i 
appearance of air w ithin  the mass compat-j 
ible w ith  cavitation. A  tran sth oracic skin- j 
ny-n eedle biopsy aspiration show ed As- f 
pcryillus form s. Follow -up scans obtained 1!
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Tabic 2
CT Fin d ings in Il'A

Type of Involvement No. of Cases

Multiple nodules with one larger, 
dominant mass 5 /9

Single peripheral masslike infiltrate 
or nodule 4 /9

Wedge-shaped segmental consolidation 1/9
Air crescent formation or cavitation 6
Organizing mass on late scans 6
Halo zone of low attenuation surrounding 

a mass or nodule on early scans 2

month later (Fig. 2e) show ed further orga­
nization of the left upper-lobe process and  
a decrease in its overall size w ith  m ore  
prominent central air collections.

RESULTS

A sum m ary o f som e o f the typical 
CT find ings in  IPA  found  in our n in e 
patients is presented  in Table 2. Tw o 
basic ty p e s  o f in v o lv e m e n t w e re  
found— m u ltip le  n o d u les or flu ffy  
masses w ith* on e  la rg er , d o m in an t 
masslike in filtra te  (five cases), or a 
single m asslike in filtra te  or nodule 
usually p e r ip h e ra lly  p la ced  (fo u r 
cases). O ne patien t's CT scan show ed

a w edge-shaped consolid ation  resem ­
b lin g  a segm ental in farct. Som e form  
o f cavitation or air crescent form ation 
was found in  six o f the n in e patients, 
usually co in cid in g  w ith  bone m arrow  
re co v ery . CT scan s o b ta in ed  a fte r  
b o n e  m arrow  recovery , d u ring  the 
r e s o lu t io n  p h a s e  o f  th e  d is e a s e , 
show ed an organizing  mass in  six pa­
tien ts. As illustrated  by the case re ­
ports, a characteristic pattern  o f pro­
gression o f IPA  em erged. T ypically , 
one or m ore inflam m atory nodules or 
m asslike in filtra tes w ith  surrou nding 
halos o f low  attenu ation  progressed 
to enlarged  consolid ations w ith  sub­
sequ ent cavitation or air crescent for-

c.

Figure 2. A 40-year-old  w om an w ith  
acute m yelogenous leukemia and neutro­
penia with new infiltrate on chest radio­
graph. (a, b) CT scans obtained early in the 
course of IPA infection show large masslike 
infiltrate in left upper lobe with variable sur­
rounding zone of low attenuation. Inhomo­
geneity within mass suggests early necrosis, (c) 
Chest radiograph 2V2 weeks later at time of 
bone marrow recovery shows typical air cres­
cent formation of IPA. (d) CT scan also at this 
time shows consolidation of original mass­
like infiltrate and appearance of air within 
mass compatible with cavitation, (e) Follow- 
up CT scan 1 month later shows further orga­
nization, cavitation, and decrease in overall 
size of lesion.

m ation at or near the tim e o f granu lo­
cyte recovery. Further organization  or 
solid ification  o f the lesions, w ith loss 
o f surrou nding halo o f low  attenu a­
tion  and d ecrease in  size occu rred  
d uring the recovery phase o f the leu ­
kem ia and in fection .

DISCUSSION

The p athologic features and natural 
h istory o f IPA d uring the course of 
in fectio n  have been  exten sively  stud­
ied by O rr et al. and others (4, 9). IPA 
is characterized  by hem orrhagic in ­
farction o f lung tissue secondary to 
vascular invasion o f Aspergillus organ­
ism s, causing throm bosis o f sm all ar­
terioles and som etim es larger pu lm o­
n a r y  v e s s e l s .  O n  m a c r o s c o p ic  
exam ination, the characteristic early 
lesions o f IPA  are 1- to 3-cm  nodules 
or target lesions that have a central 
gray area o f necrosis surrounded by a 
red peripheral ring  from  hem orrhage 
or hem orrhagic in farction . O ften , a 
throm bosed artery can be seen  at the 
edge of the lesion. Target lesions arise 
from  en d obronchial p ro liferation  of 
A sp erg illu s  o rg a n ism s  th a t  sp re ad  
tran sbron chially  to ad jacent pu lm o­
n ary  a r te r io le s , w ith  c o n s e q u e n t 
throm bosis and isch em ic necrosis of
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sm all areas o f lung. C orrelation  o f au­
topsy fin d in gs w ith  prem ortem  chest 
radiographs reveals that target lesions 
correlate  w ith  the early  nodules or 
sm all flu ffy  m asslike in filtra tes seen 
on p lain  film s o f patients w ith  IPA 
(4 ). It is s p e cu la tiv e  w h e th e r  th e  
pathologically  id en tified  peripheral 
ring o f hem orrhage or hem orrhagic 
in farction  surrou nding target lesions 
corresponds to the CT halo zone of 
low attenu ation  surrounding IPA le ­
sions found on early CT scans. C h ro­
n ologically , IPA target lesions usually 
present d uring the first 2 w eeks of 
in fectio n . Som e lesions rem ain stable, 
but, characteristically , others progress 
to larger pu lm onary co n so lid atio n s 
w ith  in farction , cavitation , or a ir cres­
cen t form ation , on the average o f 2 -3  
w e e k s  la te r  (4 ) . L ess  c o m m o n ly , 
w e d g e-sh ap ed  p leu ra l-b a se d  in f i l ­
trates develop , rep resenting  hem or­
rhagic in farction  o f m ajor pulm onary 
arteries (4). R etraction of the infarcted  
cen ter o f the target lesions w ith  re­
sorption o f necrotic tissue at the pe­
riphery  by w hite blood cells (W BCs) 
leads to form ation o f a sequestrum  of 
dead tissue in term in g led  w ith  A sper­
gillus. F illin g  in w ith  air of the space 
betw een the dead tissue and the pe­
rip h e ra l lu n g  is th o u g h t to co rre ­
spond to the air crescent sign  seen on 
p la in  film s and  C T scans (10, 11). 
S in ce  resorption o f sequestrum  is re­
quired, it is not surprising that air 
crescent form ation is a re lativ ely  late 
radiographic find ing  co in cid in g  w ith  
the recovery of WBCs.

C lin ica lly , the onset o f IPA  is h ig h ­
ly variable. The m ost com m on clin ical 
presentation  is u n rem itting  fever or 
progression o f pulm onary in filtrates 
despite therapy w ith  broad-spectrum  
antib iotics (3). IPA  can appear insid ­
iously after a series o f bacterial in fec­
tions or presen t dram atically , being 
in d istin g u ish able  from  an acute bac­
terial pneum onia (2). A com m on pre­
se n ta tio n  is th e  o n se t o f  p le u ritic  
chest pain w ith  the appearance o f one 
or m ore p erip herally  based in filtrates 
m im icking pulm onary em boli or sep­
tic em boli w ith  in farction  on chest ra­
d iographs (3, 4).

The p lain  film  fin d in gs o f IPA  are 
also variable and non sp ecific  early  in 
the course o f the disease. Up to 25% of 
patients may have a norm al chest ra­

diograph at the onset o f sym ptom s (3, 
4, 12). T he earliest lesions are sin gle 
or m u ltip le  nodules or patchy, mass­
like  in filtrates, o ften  p erip herally  lo ­
cated (2, 4, 6, 11). Serial chest radio­
g ra p h s , th e n , d e m o n stra te  o n e  o f 
sev era l p attern s o f p ro g ressio n . In 
som e patients, the lesions rem ain sta­
ble. In others, they progress over sev­
eral w eeks to e ith e r  larger d iffuse 
consolid ations a n d /o r  cavitation (2, 4, 
6, 9). O ne of the m ore characteristic 
form s of progression is cavitation of 
existing  nodules to form  air crescents 
(8, 11, 13). Less com m only, d evelop­
m ent o f large w edge-shaped pleural- 
based lesions m im icking bland p u l­
m onary in farction  occurs (4). Lesions 
identical to b ronchopneum onia and 
diffuse in terstitia l p neum onitis have 
also been  reported (2).

Seria l CT scans in  our study show ed 
a sim ilar progression o f IPA  lesions 
from  sin g le  or m u ltip le nodules or 
m asslike in filtrates to larger pulm o­
nary consolid ations. Six o f n in e  cases 
show ed som e form  o f subsequent cav­
itation  or air crescent form ation. W e 
found CT scanning  h elp fu l in  evalu­
ating non sp ecific  pulm onary lesions 
in  im m u n ocom p rom ised  h osts. CT 
scanning  may detect th e  m u ltip licity  
o f lesions, id en tify in g  sm aller nod­
ules not appreciated on  chest film s; 
id entify  early cavitation ; help  in  lo ­
ca liz a tio n  fo r op tim al p la n n in g  o f 
tran sth oracic  sk in n y -n eed le  biop sy; 
and d ifferen tiate  the extent o f pleural 
versus pulm onary involvem ent. CT 
scanning  d uring the recovery  phase 
o f leu kem ia  and IPA  in fe c tio n  has 
b een  used to m onitor the cond itions 
of patients to docum ent regression  in 
s iz e  an d  o r g a n iz a tio n  o f  le s io n s , 
w h ich  often  require pro longed  outpa­
tie n t  cou rses o f a m p h o te r ic in . CT 
scanning  may also play a ro le  in the 
early diagnosis o f non sp ecific  pulm o­
nary in filtra tes  in  im m u nocom pro­
m ised hosts. In the appropriate c lin i­
cal settin g , the CT halo sign  o f a zone 
o f low  a tte n u a tio n  su rro u n d in g  a 
non sp ecific  pulm onary mass or mass­
lik e  in filtra te  may prove to be another 
clue to th e  early  d iagnosis o f IPA  in 
patients w ith  leukem ia. Further ob­
servation and study w ill be necessary 
to establish  the sp ecificity  o f the CT 
halo sign  for IPA. If the developm ent 
of a halo depends on  sm all vessel in ­

vasion and throm bosis w ith  lung in- I  
farc tio n , th en  o th er fu n g i, such as 
m ucorm ycosis, m ight be expected to 
cause sim ilar fin d in gs (14). In the ap­
p ropriate c lin ica l settin g , however 
the CT halo sign  may indicate the 
need  for m ore aggressive measures to . 
e stab lish  the d iagnosis o f invasive 
fungal disease and to in itiate  appro- * 
priate fu ngal treatm ent. B

Send correspondence and reprint requests to: i
Elliot K. Fishman, M.D., Department of Radiolo­
gy, The Johns Hopkins Hospital, 600 North * 
Wolfe Street, Baltimore, Maryland 21205.
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