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Pulmonary Cavitation and Massive Hemoptysis in Invasive
Pulmonary Aspergillosis

Influence of Bone Marrow Recovery in Patients with Acute Leukemial2
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and PETER A. CASSILETH

Introduction

Opportunistic pulmonary infections are
a leading cause of morbidity and mor-
tality in immunocompromised hosts (1).
Fungal pneumonias, particularly invasive
pulmonary aspergillosis (IPA), have be-
come increasingly common (2, 3). Al-
though IPA occurs in a variety of immu-
nocompromised patients and occasion-
ally in normal individuals, 50 to 70% of
reported cases have been associated with
acute leukemia (4-7). Furthermore, IPA
has been discovered at autopsy in as many
as 15to 20% of patients dying with acute
leukemia (3,8).

Although IPA was once a uniformly
fatal disease (4,6), early diagnosis and
treatment with amphotericin B can lead
to recovery from the infection (5, 7, 9,
10), at least in those leukemic patients
inwhom chemotherapy-induced granu-
locytopenia resolves. Thus, there is a
group of patients with acute leukemia
who attain hematologic remission and
survive Aspergillus pneumonia. The in-
formation available about the clinical
characteristics of this group of patients
is limited because previous large clinical
studies were primarily autopsy-derived
series (2-4, 6, 8, 11). Similarly, most of
the descriptions of the radiographic ap-
pearance of IPA have been based on data
obtained from patients in whom the di-
agnosis of IPA was made by autopsy
(11-14).

Over the past four and one half years,
27 patients with acute leukemia and IPA
have been treated in the Oncology Study
Unit of the Hospital of the University
°f Pennsylvania. Although bone marrow
recovery was critical for patient survival,
Weobserved that the period immediate-
ly after recovery from granulocytopenia
wes associated with marked changes in
[he radiographic appearance of the pul-
monary infiltrates and on occasion with

SUMMARY The influence of bone marrow recovery on the clinical and radiographic course of inva-
sive pulmonary aspergillosis in patients with acute leukemia has not been well characterized. We
studied 26 patients with acute leukemia and invasive pulmonary aspergillosis, comparing those
who recovered from chemotherapy-induced granulocytopenia (Group 1,15 patients) with those who
did not (Group 2, 11 patients). Radiographic evidence of pulmonary cavitation was not seen in any
Group 2 patient, but developed in 11 of 15 (73%) Group 1 patients (p < 0.005). In these patients,
cavitation always occurred after marrow recovery, an average of 2.0 days (range: 0 to 6 days) after
the granulocyte count exceeded 500/mm3. Eight patients in Group 1 and 2 in Group 2 experienced
a total of 38 episodes of hemoptysis. Four of the 26 patients, all in Group 1, developed massive
hemoptysis (>150 ml of blood per episode), leading to 1 death, in 3 of these 4 patients, cavitation
preceded the episode of massive hemoptysis. At the time of massive bleeding, the granulocyte
count was >500/mm3, the platelet count >38,000/mm3, and the other coagulation parameters were
normal in all 4 patients. Our findings demonstrate that in patients with acute leukemia undergoing
chemotherapy, bone marrow recovery markedly influences the clinical and radiographic course of

invasive pulmonary aspergillosis. Development of agranulocyte count >5G0/mm ' is associated with

pulmonary cavitation, and on occasion with massive hemoptysis.

the occurrence of massive hemoptysis,
supposedly an uncommon complication
of IPA (15). This paper examines differ-
ences between the radiographic and clin-
ical courses of patients with IPA and
acute leukemia who recovered from gran-
ulocytopenia and those who did not.

Methods

Incidences of IPA among patients hospital-
ized in the Oncology Study Unit between July
1, 1978 and December 31, 1982 were identi-
fied by retrospective review of all patients
admitted prior to November 1980 and by pro-
spective evaluation of all subsequently ad-
mitted patients. Invasive pulmonary asper-
gillosis was diagnosed in 27 of 130 adult pa-
tients with acute leukemia (including chronic
myelogenous leukemia in blast crisis) ad-
mitted during the study period. Data were col-
lected by review of the patient’s chart, pathol-
ogy records, the bronchoscopy suite loghook,
and the mycology laboratory loghook. The
results of fiberoptic bronchoscopy in these
patients have been reported elsewhere (16),
as have analyses of risk factors for IPA (17),
utility of Aspergillus antigen detection (18),
and other clinical features (19).

Review and interpretation of the chest radi-
ographs were performed by one of the inves-
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tigators (WTM) without knowledge of the
clinical course of the patients. Radiographi-
cally defined pulmonary infiltrates were char-
acterized as having one of the following pat-
terns: (/) nodule(s); (2) cavitary alveolar in-
filtrate”™) (cavities); (3) wedge-shaped,
pleural-based defect(s); (4) nonspecific alve-
olar infiltrate(s); (5) diffuse lung disease; or
(6) “miliary” pattern (diffuse, finely nodular
pattern).

All physicians’and nurses’ progress notes
were examined for information regarding the
presence and quantity of hemoptysis. Hemop-
tysis was graded as follows: massive (greater
than 150 ml of blood per episode), intermedi-
ate (between 20 and 150 ml blood per epi-
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sode), and minor (20 mi or less of blood per
episode).

Patients were placed into 1of 2 groups for
analysis. Patients who received chemothera-
py, developed granulocytopenia (defined as
a granulocyte count <500/mm3), and then re-
covered from granulocytopenia were desig-
nated as Group 1 These patients did not nec-
essarily achieve complete remission of their
leukemia. Those patients who received chem-
otherapy, developed granulocytopenia, but
never recovered granulocyte counts greater
than 500/mm3 were designated as Group 2.
One patient who never received chemothera-
py during the admission in which IPA devel-
oped was placed in the latter group. One pa-
tient was not included in the final study group
because of transfer to another hospital early
in the course of her illness.

Data were analyzed for significance by the
two-tailed Fisher exact test, Mann-W hitney
ranked sum test, or by the Kruskal-Wallis non-
parametric statistic. Values of p < 0.05 were
considered significant.

Results

Twenty-one patients had acute myeloge-
nous leukemia; 13 of these were under-
going initial treatment. A variety of
chemotherapeutic protocols were ad-
ministered, but the regimen of daunoru-
bicin, cytosine arabinoside, and 6-
thioguanine was used most frequently
(12 of 26 patients). We observed no rela-
tionship between a particular chemo-
therapeutic regimen and the subsequent
course.

The diagnosis of invasive pulmonary
aspergillosis was established as follows:
(7) histologic demonstration of lung in-
vasion by branched septate hyphae con-
sistent with Aspergillus spp. (22 pa-
tients); (2) multiple expectorated spu-
tum cultures positive for Aspergillus
flavus during an episode of obvious
lower respiratory tract disease (4 pa-
tients); (3) histology and culture of
bronchoscopically obtained pulmonary
secretions (2 patients).

Aspergillus spp. were cultured in 18 of
26 (69%) patients: A. flavus in 16 pa-
tients, and A. nigerand A. fumigatus in
1 patient each. Seven patients had con-
comitant pulmonary infections with an-
other organism. The pathogens includ-
ed Candida spp. (5 patients), cyto-
megalovirus (1 patient), Nocardia spp.
(1 patient), and gram-negative bacilli (2
patients).

There were 15 patients in Group 1
(bone marrow recovery) and 11 patients
in Group 2 (no bone marrow recovery).
The 2 groups were similar with respect
to age as well as in the frequency of acute
myelogenous leukemia, bacteremia, and
white blood cell transfusions (table 1).

The number of days of granulocytope-
nia before the appearance of the infiltrate
ultimately diagnosed as IPA was not dif-
ferent between groups, but, as would be
expected, the total days of granulocytope-
nia and the days of granulocytopenia af-
ter the infiltrate had appeared were sig-
nificantly greater in Group 2 patients. Al-
though significantly more patients in
Group 1 had the diagnosis of IPA es-
tablished premortem, there was no sig-
nificant difference in the proportion of
patients receiving amphotericin B thera-
py (15 of 15 Group 1 patients versus 9
of 11 Group 2 patients) because of the
frequent use of empiric amphotericin B
in this patient population at this institu-
tion. Therapy with amphotericin B was
initiated an average of 2.7 days (range:
- 20to + 20 days) after the first infiltrate
ultimately diagnosed as IPA was visual-
ized on chest radiograph in the Group
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1patients and an average of 4 days (range:
-8 to +18 days) after the appearance
of the initial infiltrate in Group 2 pa-
tients. This difference was not statistically
significant. Significantly more patients
in Group 1survived longer than 2 months
after the onset of the infection. Asper-
gillus pneumonia caused or contributed
to the death of 6 of 15 Group 1 patients
and 10 of 11 Group 2 patients.

The radiographic findings of both
groups are compared in table 2. There
were no significant differences in the ini-
tial appearance of the infiltrates ultimate-
ly diagnosed as IPA. Twenty-three
patients presented with either single or
multiple nodular infiltrates. Nodular in-
filtrates appeared an average of 17 days
after the onset of the chemotherapy-
induced granulocytopenia; infiltrate(s)
usually enlarged slowly, and often addi-
tional nodules appeared in other parts

TABLE 1

CORRELATION OF CLINICAL FEATURES TO MARROW RECOVERY

Group 1 Group 2
(Marrow Recovery) (No Marrow Recovery)
n=15 n=1 p Value
Age 46.4 + 15.7* 50 + 14.6 NS
Number with AML 11 (73%) 10 (91%) NS
Number with documented bacteremia 6 (40%) 6 (55%) NS
Number receiving WBC transfusions 3 (20%) 6 (55%) NS
Number with premortem diagnosis 14 (93%) 3 (27%) < 0.001
of IPA
Number receiving Amphotericin B 15 (100%) 9 (82%) NS
Number who survived longer than 9 (60%) 0 < 0.05
2 months after appearance of
radiographic infiltrate ultimately
diagnosed as IPA
Total days of granulocytopeniat 27 + ©° 36.5 = 9.7 < 0.05
Days of granulocytopenia before 16.7 £ 75 18.6 + 10 NS
appearance of infiltrate
Days of granulocytopenia after 111 + 105 21.6 + 12 < 0.05

appearance of infiltrate

Definition of abbreviations: NS = not significant; AML = acute myelogenous leukemia; WBC = white blood cell; IPA

= invasive pulmonary aspergillosis.
' Mean % standard deviation,
t Less than 500 granulocytes/mma3

TABLE 2

CORRELATION OF RADIOGRAPHIC FINDINGS TO MARROW RECOVERY

Group 1 Group 2
(Marrow Recovery) (No Marrow Recovery)
n=15 n= 1 p Value
Initial Findings
Singular nodular infiltrate 8 (55%) 3 (27%) NS
Multiple nodular infiltrates 7 (45%) 5 (45%) NS
Nonspecific alveolar infiltrates 0 1 (9%) NS
“Miliary" pattern 0 2 (18%) NS
Cavitation 0 0 NS
Later Findings
Cavitation 11 (73%) 0 < O.uu3
Multiple nodular infiltrates 11 (73%) 9 (82%) NS
Diffuse lung disease 8 (73%)t - 0005

' NS = not significant.

t Many of these patients had concomitant congestive heart failure or other infections.
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Tj9- 1 Clinical and radiographic events correlated with total white blood cell counts in a patient with invasive pulmonary aspergillosis and acute leukemia A. (fop left)
®total white blood cell count on a logarithmic scale ;s plotted against time Day O represents the first day that the infiltrate ultimately diagnosed as invasive pulmonary
Pergdlosis was visualized The patient received courses of chemotherapy on Day -31 and Day -16. An episode of minor hemoptysis occurred on Day 6 followed by

D | 1leP's°de of massive hemoptysis on Day 12. 2 days after cavity formation, B. (top right). Multiple small noduies were the first radiographic manifestation of invasive
ntonary aspergillosis. C. (bottom left) Five days later the nodules have enlarged in size. D. (bottom right) Cavitation of the nodules (arrows) occurred on Day 10, 3

after the total white blood cell count exceeded 1,000/mm' and the granulocyte count exceeded 500/mm .
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of the lung. There seemed to be no pre-
dominant location for the nodules. The
peripheral “wedge-shaped pleural-based
defect” pattern was not observed in any
patient.

In contrast to the initial findings, there
were significant differences between
groups when the radiographic findings
that developed later in the course of the
infection were analyzed. Eight of 1l
Group 2 patients developed diffuse lung
disease, whereas none of the patients in
Group 1did. Autopsy results were avail-
able in 7 of these 8 patients. Diffuse dis-
ease most often occurred preterminally
and represented either pulmonary edema
secondary to severe renal failure and/or
congestive heart failure, or a concomi-
tant diffuse pneumonia most often due
to Candida.

The most striking difference was the
development of cavitary lesions in 11 of
15(73%) of the Group 1patients, where-
as no cavitary lesions were observed in
the patients in Group 2. The appearance
of cavitation only occurred after bone
marrow recovery. We analyzed this rela-
tionship with respect to both granulocyte
and total white blood cell recovery. Cavi-
tation was observed an average of 2 days
(range: O to 6 days) after the granulocyte
count exceeded 500/mm3and an aver-
age of 3.6 days (range: 2 to 7 days) after
the total white blood cell count exceed-
ed 1,000/mm3. No cavitary lesion was ob-
served in any patient who had a total
white blood cell count less than
1,000/mm3; only 1patient had a granulo-
cyte count below 500/mm3. The clinical
and radiographic features of a represen-
tative patient are shown in figure 1

Autopsy or lobectomy specimens were
available from the 4 patients without
cavities in Group l1and from 8 patients
in Group 2. Cavities not visualized on
radiographs were discovered in 2 patients
from each group. When the incidence of
cavities detected by both radiographic
and histologic methods was analyzed,
there was still a significant difference be-
tween groups (table 3).

There were 38 episodes of hemoptysis
in 10 patients, including 8 of the 15 (53%)
patients in Group land 2 of the 11 (18%)
patients in Group 2 (table 3). Four of the
26 patients (16%), all in Group 1 had
massive hemoptysis. One patient died fol-
lowing this episode. The other 3 patients
survived after emergency bronchoscopy
with a rigid bronchoscope and subse-
quent lobectomy.

At the time of bleeding, the average
platelet count was 205,000/mm3(range:
38.000 to 493,000), and only 1 patient’s
platelet count was less than 50,000/mma3.
All had an absolute white blood cell
count that exceeded 1000/mm3 and a
granulocyte count above 500/mm3. The
average total white blood cell count dur-
ing each episode was 18,850/mm3(range:
1.000 to 52,000). Finally, the coagulation
profiles of all 4 patients were normal.

In 3 of the 4 patients experiencing mas-
sive hemoptysis, the appearance of a cavi-
tary lesion on chest radiograph preced-
ed the episode by an average of 1.7 days
(range: 1to 2days). One of these patients
had a minor episode of hemoptysis one
day prior to the massive bleed. The fourth
patient, who did not have a cavity, also
had a small amount of hemorrhage 2
days before the episode of massive he-

TABLE 3

CORRELATION OF CAVITATION AND HEMOPTYSIS TO MARROW RECOVERY

Group 1 Group 2
(Marrow Recovery) (No Marrow Recovery)
n=15 n=1 p Value
Number with cavities on chest 11 (73%) 0 < 0.005
radiograph
Number with cavities in pathologic 2 of 4 (50%) 2 of 8 (25%) NS*
specimen but not on chest
radiograph
Number with cavities in pathologic 13 (87%) 2 (18%) < 0.001
specimen or chest radiograph
Number of days of granulocytes 20 £ 2.0*
>500/mm3before appearance of
cavity on chest radiograph”
Number with hemoptysis of any 8 (53%) 2 (18%) NS
degree
Number with massive hemoptysis® 4 (27%) 0 NS

* NS = not significant.

t Excluding one patient with cavity formation prior to recovery of granulocytes to greater than 500/mm3

$ Mean # standard deviation.
§ Greater than 150 ml of blood per episode.
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moptysis. None of the remaining 8 pa-
tients with cavitary lung lesions had any
hemoptysis.

In summary, 3 of 11 patients (27%)
with cavitary lung lesions demonstrated
by chest radiograph and 4 of 15 (26%)
of Group 1patients had massive hemop-
tysis.

The survival of each patient was, for
the most part, dependent on successful
treatment of the underlying leukemia. All
11 patients whose granulocytes remained
<500/mm3died within 2 months of the
first appearance of the radiographic in-
filtrate ultimately diagnosed as IPA. Six
of the 15 patients who had granulocyte
recovery to >500/mm3died during this
2-month period: 1secondary to massive
hemoptysis, 1from an unexplained cardi-
opulmonary arrest, and 4 in leukemic re-
lapse. All of the 9 survivors were treated
with amphotericin B for a period of 6
to 8 wk to a total dose of approximately
2 g. Three of these patients underwent
lobectomy of the involved pulmonary tis-
sue because of massive hemoptysis. All
of the remaining 6 patients had cavitary
lesions that slowly disappeared over a
period of 2 to 3 months. As resolution
occurred, the cavities “filled-in” and be-
came nodular, ultimately appearing as
small linear scars. The 9 patients who sur-
vived for 2 months or longer ultimately
died in leukemic relapse.

Discussion

A number of investigators have described
the appearance of “fungus balls” or
“aspergillomas” in patients with invasive
pulmonary aspergillosis (14, 20, 21). It
is now recognized that these cavitary le-
sions are not true mycetomas but are ac-
tually areas of pulmonary necrosis
caused by fungal invasion of pulmonary
vascular and parenchymal structures (11,
21, 22). The cavity characteristically ap-
pears as an “air crescent” —a nodular in-
filtrate with central necrosis and periph-
eral crescentic or circumferential cavita-
tion (21). Although a number of entities
(including echinococcal cysts, mucormy-
cosis, tuberculosis, nocardiosis, bacteri-
al lung abscess, and malignancy) have
been reported to cause “air crescents,”in-
vasive pulmonary aspergillosis is the most
likely origin in an immunocompromised
host with lower respiratory tract infec-
tion (21).

Some controversy exists about the fre-
quency of cavitation in IPA. In the large
autopsy series of Young and associates
(4) and Meyer and coworkers (6), cavi-
ties were visualized in only 6 of 185 (3°7°)
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11 ofPat :nts- Later studies by Orr and coi-

leaau™ (ID, Libshitz and Pagani (12),
and Curtis and associates (21), report a
hieher prevalence of cavitation: 13 to
I"o/o. In 1982, Slevin and colleagues (22)
claimed that in patients with acute leuke-
mia the “formation of air crescents ap-
pears so be rare, and to our knowledge
only 12 similar cases have been reported.”

In contrast, the study of Sinclair and

K associates (23) found that 7 of 9 patients

|
J
I;

; struction (28) and are probably

with IPA and leukemia developed cavi-
tary infiltrates on chest radiographs. This
report differed from the previous studies
inthat the host population included only
adult patients with leukemia, and that
only 2 patients had the diagnosis of IPA
established postmortem. Six of the 9 pa-
tients survived. In reports describing the
radiographic appearance of IPA in renal
transplant patients, Burton and cowork-

ers (24) found cavities in 3 of 4 patients

and Weiland and colleagues (25) report-
ed cavities in 10 of 11 patients with “pri-
mary lung aspergillosis.”

The explanation for the widely differ-
ing estimates of the frequency of cavita-
tion in IPA probably resides in the host
populations studied. This study has
shown that granulocytes seem to be im-
portant in cavity formation. It is there-
fore not surprising that the prevalence of
cavitation in IPA is higher in groups of
patients without leukopenia, e.g., renal
transplant recipients (24, 25). We found
cavitation to be unusual in patients dy-
ing with leukemia who remained gran-
ulocytopenic.

Burke (20), Przyjemski (26), and
Brinker (27) all described single patients
with IPA and acute leukemia who devel-
oped cavitary lung lesions shortly after
granulocyte recovery. Przyjemski and
Mattii (26) hypothesized that potent
proteolytic enzymes are released by the
influx of granulocytes. These leukocyte
enzymes are known to facilitate tissue de-
re-

sponsible for formation of a necrotic

“lung ball.”
The influx of leukocytes may also lead
10destruction of vascular structures, ex-
plaining the association of massive he-
moptysis with recovery from granulocy-
topenia. Although hemoptysis is com-
mon in patients with aspergillomas, this
implication has been considered rare in
> r>vasi\e pulmonary aspergillosis (15).
Meyer and coworkers (6) observed he-
Moptysis in only 2 of 93 patients, and

oung and colleagues (4) described he-
moptysis in only 3 of 98 patients. In no
.. Patient was hemoptysis massive. In a re-

=

view of IPA associated with fatal mas-
sive hemoptysis, Borkin and associates
(15) reported one case in a young female
with acute lymphoblastic leukemia and
could cite only two other examples in pa-
tients with leukemia. Aisner and cowork-
ers (5) reported a case of massive hemop-
tysis associated with acute leukemia, and
Curtis and associates (21) reported that
2 of 4 patients with IPA and acute leuke-
mia who developed cavitary lung lesion
had massive hemoptysis as well.

Our study shows that hemoptysis is not
uncommon in patients with IPA and
acute leukemia; 10 of our 26 patients had
at least 1 episode of pulmonary bleed-
ing. Surprisingly, massive hemoptysis was
never observed in the patients who re-
mained granulocytopenic, despite con-
current thrombocytopenia, but occurred
in 4 of 15 (26%) of patients whose mar-
row recovered. Massive bleeding caused
the death of one patient and necessitated
emergency surgery in the other three. Like
cavity formation, massive hemoptysis oc-
curred only after the granulocyte counts
had exceeded 500/mm3. It was not as-
sociated with either severe throm-
bocytopenia (<20,000/mm3 or with a
concurrent coagulopathy. We noted no
relationship between other risk factors
for hemoptysis such as previous bacteri-
al infection (15), amphotericin B thera-
py, or white blood cell transfusions, al-
though the sample size limits the power
of these observations.

Because we purposely chose a relative-
ly specific population, the potential for
bias should be considered. All of the
study patients had acute leukemia, and
all were treated in a single oncology study
unit. The prevalence of IPA during this
study was relatively high, and almost all
infections were due to A. flavus. The di-
agnosis of IPA was established by obtain-
ing multiple positive sputum cultures for
Aspergillus spp. in 4 of the 26 patients.
Although evidence of both parenchymal
invasion of lung tissue and growt h of the
fungus should be demonstrated to estab-
lish unequivocally the diagnosis of IPA
(1), many authors consider the visuali-
zation of characteristic septate hyphae
or recovery of Aspergillus spp. from mul-
tiple expectorated sputum samples com-
bined with a compatible clinical and ra-
diographic picture as strong presumptive
evidence of infection (24, 25), as do we
(16). Even if these 4 patients are exclud-
ed from analysis, the findings of this
study remain unchanged.

In conclusion, this study demonstrates
that in patients with acute leukemia un-
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dergoing chemotherapy, bone marrow re-
covery can markedly affect the clinical
and radiographic course of invasive pul-
monary aspergillosis. Radiographic evi-
dence of cavity formation did not occur
in any of the 11 patients with acute leuke-
mia and IPA whose granulocyte count
was lower than 500/mm3, but 11 of 15
(73%) of our patients with marrow recov-
ery developed one or more cavities with-
in 6 days of the granulocyte count exceed-
ing 500/mm3 The clinician should ex-
pect to see the characteristic “air crescent”
sign of IPA only in leukemic patients who
recover from granulocytopenia. The ab-
sence of the “air crescent” sign should
not be used as evidence against the diag-
nosis of IPA in patients whose granulo-
cyte count remains <500/mm3.

We have found also that hemoptysis
was a relatively common finding in our
patients with IPA and acute leukemia and
that massive, life-threatening hemopty-
sis occurred in 26°70 of our patients who
achieved a marrow recovery. The period
immediately following recovery of gran-
ulocytes may be a previously unrecog-
nized danger period with respect to mas-
sive pulmonary hemorrhage. Vigilance
should be heightened during this period,
especially in the 1 to 2 days following
cavity formation. Because 2 of the 4 pa-
tients with massive hemoptysis had
smaller “sentinel” bleeds immediately be-
fore their massive hemorrhage, the ap-
pearance of any degree of hemoptysis
during this period should be viewed with
concern. We suggest that blood be avail-
able for transfusion and that the patient
be evaluated by a thoracic surgeon in or-
der to facilitate emergency surgery, if
needed. As the success rate in the treat-
ment of acute leukemia improves, prompt
recognition and treatment of this prob-
lem could prevent needless mortality.
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