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Risk factors of severe hemoptysis in patients with fungus ball
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Background: Hemoptysis is one of the most important complications associated with fungus ball.
However, the association of the primary size of the fungus ball and its change with the incidence of
hemoptysis was not fully established. This study aims to determine the clinical risk factors of severe
hemoptysis and natural course of fungus ball.

Methods: A retrospective study on patients with fungus ball was performed. Patients with severe
hemoptysis-related events were compared to those without events, and the predictors for severe hemoptysis
were investigated by Cox regression analysis. Three subgroups (decreased, stable, and increased) were
classified according to the long-term size change, and the severe hemoptysis-free survival duration was
analyzed by the Kaplan-Meier survival curve.

Results: Among 173 patients, 50 (28.9%) experienced severe hemoptysis-related events. Risk-adjusted
analysis revealed that age [hazard ratio (HR), 0.964; 95% confidence interval (CI), 0.939-0.989], blood-
tinged sputum [HR, 2.717; 95% CI, 1.513-4.879], and thick wall cavitary fungus balls [HR, 2.332; 95%
CI, 1.290-4.215] were significant predictors of severe hemoptysis-related events in patients with fungus
ball. However, the baseline size of the fungus ball and its change rate were not independent risk factors for
severe hemoptysis-related events. Besides, the decreased group did not have a favorable outcome in severe
hemoptysis related to fungus ball.

Conclusions: In a tertiary hospital, the incidence of severe hemoptysis-related events in patients with
fungus ball was not low and reached 28.9%. Young patients, those with thick wall cavitary fungus ball, and
those with complaints of blood-tinged sputum should be considered for early surgical treatment to prevent

severe hemoptysis.
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Introduction important complications associated with fungus ball, with

an incidence of up to 93-95% (2,3). Also, the mortality

Fungus ball is an incidental radiologic finding that can be rate for aspergilloma-associated hemoptysis ranged from

called as aspergilloma. The clinical course of fungus ball 5% to 14% (4-6). However, the relationship between the
has a wide spectrum, from spontaneous resolution to life- characteristics of fungus ball and hemoptysis is not well
threatening hemoptysis (1). Hemoptysis is one of the most established. A previous study showed that major hemoptysis
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was not related to the size of a fungus ball and the nature
of the preexisting lung disease (4). In contrast, some studies
reported the association of primary size of fungus ball and
its change with the incidence of hemoptysis (7-9).

Hemoptysis due to fungus ball has been managed
frequently by bronchial arterial embolization (BAE),
which can provide immediate response; however, a non-
bronchial systemic artery can also be a bleeding focus in
fungus ball (10), and BAE may be ineffective in some cases.
Therefore, some studies recommended surgical treatment
as the treatment of choice (11-13). However, fungus
ball is frequently associated with various predisposing
conditions, including pulmonary tuberculosis, sarcoidosis,
bronchiectasis, pneumothorax, fibrosis, abscess, cysts, and
lung cancer (11,14,15). As these underlying diseases can
disturb the natural course of a fungus ball, prognostication
and identification of the optimal timing for surgical
resection remain as challenges. Moreover, for surgical
resection to be feasible, a proper lung function is necessary.

The present study aimed to identify the risk factors
of fungus ball-related severe hemoptysis under clinical
supervision at a tertiary referral hospital and to investigate
the natural course of fungus ball. A clear understanding
of these issues may help in clinical decisions on the
management of patients with fungus ball, including the
timing of surgical resection.

Methods
Study population and design

This retrospective study was approved by the Institutional
Review Board (2016-0357), which waived the need for
informed consent. We utilized radiologic reports in the
clinical research database from January 2000 to October
2015 to find out patients with fungus ball. The 3,792
cases of chest computed tomography (CT) reports were
discovered, and the clinical and radiological data for 2,026
patients were obtained. Eligible patients were those who
had clinical symptoms and radiologic evidence of slowly
progressive fungus ball, including cavities and intra-cavitary
mass with the surrounding crescent of air (16), those who
were over 18 years and had over 2 times chest CT scans
with 3 years interval. Exclusion criteria were a limited
measurement of fungus ball due to motion artifacts, poorly
expanded lung, invasive aspergillosis, patients diagnosed
to have other diseases during the follow-up period, and
patients with the previous history of massive hemoptysis.
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After the application of the inclusion criteria, 173 patients
were enrolled and analyzed (Figure I). One pulmonologist
and one thoracic radiologist measured the size of each fungus
ball. The size of a fungus ball was calculated from serial CT
scans, using length, width, and height. As assuming that
the fungus ball is an ellipsoid, the volume formula was V =
4/3m (length/2 x width/2 x height/2). Patients were divided
into three groups (9), according to changes in fungus ball
volume, as determined between the initial-to-last ratio of
fungus ball volume. The “decreased group” comprised cases
in which the size of the fungus ball shrunk to more than half
of the original size, whereas the “increased group” included
cases in which the size of the fungus ball doubled from the
original size. The remaining cases were classified in the
“stable group.” To investigate morphologic feature of fungus
ball, various radiologic variables, including the number of
fungus ball, calcification, thick wall cavitary lesion, pleural
thickening, perilesional ground-glass opacity, and the
number of destroyed lobes, were evaluated. Cavitary wall
thickness was estimated by visual assessment. The thick-
walled cavity was defined greater than 4 mm, based on data
from cavitary lung diseases (17).

Severe hemoptysis definitions

Severe hemoptysis was defined as more than 100 mL of
coughed out blood, as estimated in the medical records
(18,19). Severe hemoptysis-related events included clinically
significant hemoptysis events. Thus, the severe hemoptysis-
related events were comprehensively defined as the
occurrence of severe hemoptysis, or cases that needed BAE
or surgical treatment due to uncontrolled hemoptysis from
fungus ball.

Statistical analysis

Characteristics of the study subgroups were compared
using an unpaired 7-test, Mann-Whitney U-test, ANOVA,
or Kruskal-Wallis test, as appropriate, for continuous
variables, and Fisher’s exact test for categorical variables.
Severe hemoptysis-free survival duration was defined
as the time from initial detection of fungus ball to the
first severe hemoptysis-related event. The differences in
severe hemoptysis-free survival were assessed by Kaplan-
Meier survival curves and log-rank test. A univariate
Cox’s proportional hazards regression model, followed
by multivariate analysis, was used to determine the risk
factors for severe hemoptysis-related events. Variables
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3,792 scans of relevant chest CT mentioned with fungus ball between
January 2000 and October 2015 (n=2,026 patients)

2,014 patients

Age <18 years (n=12)

Just a single chest CT

792 patients

scan (n=1,222)

Under 3 years follow

209 patients

interval (n=583)

Y

Excluded (n=36)
1. Non-measurable of fungus ball due to motional artifacts
poorly expanded lung, and invasive aspergillosis (n=8)
2. Confirmed to other disease: lymphoma (n=1), impacted
secretion (n=1)
3. Under 3 years follow interval (n=1)
4. Previous history of massive hemoptysis (n=25)

173 patients in the
final analysis

Figure 1 Flow diagram for patient enrollment.

with significance on univariate analysis and previously
known risk factors [i.e., age, sex, body mass index (BMI),
ever-smoker, past-history of tuberculosis, initial size of
fungus ball, multiple fungus ball, thick cavitary lesion, and
perilesional ground-glass opacity] (19-21) were evaluated
by multivariate analysis with stepwise backward elimination
method to determine the independent predictors of
severe hemoptysis-related events. Statistical analyses were
performed using SPSS 24.0 (IBM Corporation, Armonk,
NY, USA) or R version 3.2.3 (R Foundation for Statistical
Computing, Vienna, Austria). Data were expressed as mean
+ standard deviation (SD) for the variance of a normal
distribution or as the median and interquartile range (IQR)
for those with non-normal distribution. For all tests, a value
of P<0.05 was considered significant.

Results
Baseline characteristics of subjects

Baseline characteristics of the study patients are shown in Zable 1.
Among 173 patients, 100 (57.8%) were men and 85 (49.1%)
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had a median smoking habit of 30.0 pack-years. Mean age of
the patients was 58.1 (range, 23-83) years. Mean predicted
values of FVC, FEV,, and diffusion capacity were 79.3%,
78.5%, and 73.6%, respectively. Some patients had respiratory
symptoms, including blood-tinged sputum (30.1%), cough
(39.9%), purulent sputum (37.6%), and dyspnea (24.3%). The
most common respiratory comorbidities were bronchiectasis
(67.1%), and sequelae of tuberculosis (46.8%).

The radiologic features of fungus ball are described
in Table 1. The size of fungus balls was median 1.8 (IQR,
0.8-5.9; mean, 5.3x11.3) cm’. Multiple fungus balls were
observed in 30 (17.3%) patients. A thick wall cavitary lesion,
pleural thickening, and perilesional ground-glass opacity
were observed in 62 (35.8%), 69 (39.9%), and 11 (6.4%)
patients, respectively. Tuberculosis sequelae remained in a
median of 2.0 lobes. Chest CT was followed for a median of
5.1 years, and the patient's hemoptysis was monitored for a
median of 5.7 years from the initial CT scan.

Severe bemoptysis associated with fungus ball

Among the study populations, patient with severe hemoptysis-
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Baseline characteristics

Patients without severe hemoptysis

related events (n=123)

Patients with severe hemoptysis
related events (n=50)

Total patients (n=173)

Age (years)
Male
BMI (kg/m?)
Smoking history
Never smoker
Ex-smoker
Current-smoker
Smoking duration (pack-years)®
Past respiratory illness
Bronchiectasis
Tuberculosis
Non-tuberculous mycobacteria
COPD
Interstitial lung disease
Respiratory symptoms
Blood-tinged sputum
Cough
Purulent sputum
Dyspnea
Pulmonary functions
FVC, L (%opredicted)
FEV,, L (%predicted)
FEV,/FVC
DLo (Yopredicted)
Radiologic features of fungus ball
Size (cm®)?
Calcification in fungus ball
Multiple fungus balls
Thick cavitary lesion
Pleural thickening
Perilesional GGO
Destroyed lobes (1 to 6)°
CT follow-up duration®
Size change rate (cm®/year)®
Decreased group
Stable group

Increased group

60.3+9.8
67 (54.5)
22.6+3.3

59 (50.9)
38 (32.8)
19 (16.4)
30.0 (15.0-40.0)

79 (64.2)
48 (39.0)
12 (9.8)

13 (10.6)
13 (10.6)

22 (17.9)
43 (35.0)
41 (33.3)
32 (26.0)
2.9+0.8 (80.3+16.5)
2.120.7 (80.4+23.5)
0.73+0.13
71.5+19.6

1.4 (0.7-3.8)

43 (35.0)

15 (12.2)

34 (27.6)

43 (35.0)
4(3.3)

2.0 (1.0-4.0)

4.9 (3.8-6.6)

0.1 (-0.0-0.6)

15 (12.2)

69 (56.1)

39 (31.7)

52.9+11.2
33 (66.0)
21.7+3.8

21 (42.9)
21 (42.9)
7 (14.3)

19.8 (7.8-33.0)

37 (74.0)
33 (66.0)
2(4.0)
5(10.0)
2(4.0)

30 (60.0)
26 (52.0)
24 (48.0)
10 (20.0)
2.9:+0.9 (77.1x21.7)
2.120.7 (74.3+28.1)
0.72+0.15
76.8+26.0

4.5(1.6-9.9)
1 (22.0)

15 (30.0)
28 (56.0)
26 (52.0)

7 (14.0)
3.0 (1.0-5.0)
6.0 (4.4-9.9)
0.1 (-0.3-0.6)
10 (20.0)
26 (52.0)
14 (28.0)

58.1+10.7
100 (57.8)
22.4+3.4

80 (48.5)
59 (35.8)
26 (15.8)

30.0 (10.2-40.0)

116 (67.1)
81 (46.8)
14 (8.1)
18 (10.4)
15 (8.7)

52 (30.1)
69 (39.9)
65 (37.6)
42 (24.3)

2.9+0.8 (79.3+18.3)

2.120.7 (78.5+25.1)
0.73+0.14
73.6+22.4

1.8 (0.8-5.9)
54 (31.2)
30 (17.3)
62 (35.8)
69 (39.9)

11 (6.4)

2.0 (1.0-4.0)
5.1 (3.9-7.3)
0.1 (-0.1-0.6)
25 (14.5)
95 (54.9)
53 (30.6)

Subgroups according to volume change is defined as follows: decreased group, final volume <50% of initial volume; increased group,
final volume =200% of initial volume; stable group, final volume =50% of initial volume and <200% of initial volume. Data are presented
as numbers (%) or mean + standard deviation unless otherwise indicated. *, median (interquartile range). BMI, body mass index; COPD,
chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; DL, diffusing capacity for

carbon monoxide; GGO, ground-glass opacity; CT, computed tomography.
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Table 2 According to size change of fungus ball, difference of severe hemoptysis events

Hemoptysis related events Decreased group (n=25)  Stable group (n=95) Increased group (n=53) P
Patients with severe hemoptysis-related 10 (40.0) 26 (27.4) 14 (26.4) 0.413
events

Severe hemoptysis 10 (40.0) 19 (20.0) 12 (22.6) 0.109
Multiple episode of severe hemoptysis 4/10 (40.0) 9/19 (47.4) 7/12 (58.3) 0.683
Severe hemoptysis (events/year) 0.2 (0.1-0.3) 0.3 (0.2-0.4) 0.4 (0.2-0.6) 0.069
Hemoptysis amount (mL)? 150.0 (100.0-400.0) 200.0 (100.0-200.0) 200.0 (160.0-225.0) 0.758
BAE 5 (20.0) 11 (11.6) 8 (15.1) 0.530
Multiple episode of BAE 3/5 (60.0) 6/11 (54.5) 3/8 (37.5) 0.673
Surgical treatment 2(8.0) 11 (11.6) 7(13.2) 0.798
Estimated mean severe hemoptysis-related 9.7 12.7 10.1 0.267

event-free survival duration (years)

Subgroups according to volume change is defined as follows: decreased group, final volume <50% of initial volume; increased group, final
volume >200% of the initial volume; stable group, final volume =50% of the initial volume and <200% of initial volume. Data are presented as
numbers (%) or mean + standard deviation unless otherwise indicated. * median (interquartile range). BAE, bronchial arterial embolization.

-
(9]

% -o- Decreased group
% -e- Stable group
ﬁ 10 -8~ Increased group
=)
c
2 —e
k]
o 5
N
2]
c
[
< o4 : . . .
0 2 4 6 8

Mean CT follow-up duration (years)
Figure 2 Clinical course of fungus ball. Subgroups according to
volume change is defined as follows: decreased group (blue lines),
final volume <50% of initial size; increased group (red lines),
final volume >200% of initial size; stable group (black lines), final

volume >50% of initial volume and <200% of initial size.

related events was 50 (28.9%) in Table 2. Severe hemoptysis
was observed in 41 (23.7%) patients, who had a mean 0.3
events per year. Twenty patients of them suffered through
multiple severe hemoptysis episodes. Besides, 24 (13.9%)
patients underwent BAE and 20 (11.6%) patients underwent
surgical treatment to control severe hemoptysis associated with
fungus ball. During the follow-up period, 14 patients died, but
hemoptysis-related mortality was only 1 patient.

Clinical course of fungus ball

The clinical outcomes according to size change were

© Journal of Thoracic Disease. All rights reserved.

presented in Tuble 2 and Figure 2. During a chest CT
follow-up, the size of fungus ball was calculated to increase a
median of 0.1 (IQR, —0.1 to 0.6) cm’/year. Of 173 patients,
25 (14.5%) patients were in the decreased group, 53 (30.6%)
patients were in the increased group, and others 95 (54.9%)
patients were in the stable group.

The patients with severe hemoptysis-related events in the
decreased, stable, and the increased group were as follows;
10 (40.0%), 26 (27.4%), and 14 (26.4%), respectively. There
was no difference in the number of patients with severe
hemoptysis-related events (P=0.413), including severe
hemoptysis (P=0.109), BAE (P=0.530), and surgical treatment
(P=0.798), among three groups. Kaplan-Meier survival
analysis also showed no difference in severe hemoptysis-
related event-free survival duration [Log-rank (Mantel-
cox), P=0.267]. The estimated mean severe hemoptysis-
free survival duration of the decreased, stable, and increased
group as follows; 9.7, 12.7, and 10.1 years, respectively.

Severe hemoptysis and its predictive factors

The clinical features of patients with severe hemoptysis-
related events were shown in 7able 1. These patients were
significantly younger (P<0.001) and had more frequent past-
history of tuberculosis (P=0.002) and blood-tinged sputum
(P<0.001). There was no difference in the occurrence of
severe hemoptysis-related events in patients with underlying
diseases, including hypertension (P=0.370), heart disease
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Table 3 Prediction of severe hemoptysis in patients with fungus ball
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Variables

Univariate, HR

Multivariate, HR (all variables

entered)

Multivariate, HR (stepwise
backward elimination)

Age (years)
Male
BMI (kg/m?)

Ever-smoker

Tuberculosis past-history

Blood-tinged sputum

Baseline size of fungus ball (cm?®)

Multiple fungus balls
Thick wall cavity

Perilesional GGO

0.953 (0.930-0.977)"**
1.692 (0.9419-3.042)
0.933 (0.834-1.013)
1.472 (0.834-2.598)
2.478 (1.378-4.455)"
4.062 (2.304-7.160)**
1.014 (1.003-1.026)*
2.157 (1.178-3.952)"
2.918 (1.667-5.109)**
3.021 (1.354-6.739)"

0.960 (0.932-0.988)"*
1.820 (0.660-5.025)
1.061 (0.966-1.165)
0.984 (0.367-2.638)
1.013 (0.465-2.208)
2.810 (1.495-5.280)"
1.007 (0.991-1.023)
1.743 (0.880-3.455)
2.110 (0.979-4.546)
1.665 (0.636-4.359)

0.964 (0.939-0.989)*

2.717 (1.513-4.879)*

1.717 (0.926-3.183)
2.332 (1.290-4.215)™

Size change rate of fungus ball (cm®/year)

1.024 (0.868-1.206)

0.994 (0.843-1.173)

*, P< 0.05; **, P<0.01; **, P<0.001. HR, hazard ratio; BMI, body mass index; GGO, ground-glass opacity.

(P=1.000), chronic liver disease (P=0.180), or diabetes
(P=1.000).

Radiologically, larger sized fungus ball (P<0.001),
multiple fungus balls (P=0.010), thick wall cavitary lesion
(P=0.001) and perilesional ground-glass opacity (P=0.022),
were observed in the patients with severe hemoptysis-
related events, compared to those without events.

To see the predictable factors of severe hemoptysis-
related events in patients with fungus ball, cox regression
analysis was performed in 7able 3. The univariate analysis
showed that young age, past-history of pulmonary
tuberculosis, blood-tinged sputum, larger and multiple
fungus ball, thick wall cavitary lesion, and perilesional
ground-glass opacity were associated with severe
hemoptysis-related events. While multivariate analysis
showed that those events were independently associated
with young age (HR, 0.964; P=0.005), blood-tinged sputum
(HR, 2.717; P=0.001), and thick wall cavitary fungus ball
lesion (HR, 2.332; P=0.005). Notably, the initial size of
fungus ball (P=0.400) and its change rate (P=0.944) were
not a predictor of severe hemoptysis-related events in risk-
adjusted analysis.

Among 173 patients, 35 (20.2%) patients were treated
with antifungal agents for a median of 126 days. Twenty-
four patients had applied the antifungal agents before severe
hemoptysis-related events. There was no difference between
the patients to those who were not treated with antifungal
agents and those without treatment, by propensity matching

© Journal of Thoracic Disease. All rights reserved.

analysis (P=0.600).

Discussion

We investigated the risk factors of severe hemoptysis in
patients with fungus ball and the natural course by long-
term observation. Among the study population, 28.9% of
patients developed severe hemoptysis-related events. At
risk-adjusted analysis, size of fungus ball and its change rate
could not affect the incidence of severe hemoptysis-related
events. But, younger age, blood-tinged sputum, thick wall
cavitary lesion were revealed as the independent predictors
of severe hemoptysis-related events in patients with fungus
ball. The size of the fungus ball was increased as a median
of 0.1 cm’/year (18.4+39.6%/year). There was no difference
in the severe hemoptysis-related events among groups
according to the size change of the fungus ball.

Reports on the association between size of fungus ball
and prevalence of hemoptysis are contradicting (9,22). In
the present study, patients with severe hemoptysis-related
events had larger fungus ball. However, the initial size of
the fungus ball was not an independent predictor for severe
hemoptysis in the risk-adjusted analysis. The size change
rate of the fungus ball also did not relate to the development
of severe hemoptysis-related events.

Generally, the prognosis of patients with decreased size
of fungus ball may be considered better (7-9). However, the
decreased group did not have favorable outcomes in severe
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hemoptysis-related events, compared with the stable or
increased group. This finding is consistent with a previous
study (9). Besides, in the present study, there was no
difference in severe hemoptysis-related events free survival
duration among the three groups. In long-term observation,
these results suggested that a decrease in the size of a fungus
ball did not guarantee an improvement of clinical outcome.
The reason for the severe hemoptysis events in patients
with reduced fungus ball size is unclear. Active movement
and rubbing against the cavity wall of an immature and
fragile fungus ball might have led to reduction in its size,
along with conversion to an invasive form in some portions
of the fungus ball. This assumption was supported by a
research on pathology, which showed that a fungus ball is
fragile and may be broken easily into fragments; also, the
cavity and connecting bronchi were observed to be filled by
massive inflammatory exudates and necrotic tissues (20).

Recent studies reported good outcomes of surgical
treatment of fungus ball and suggested as the treatment of
choice (11-13,15,23). However, the difficulty is the timing of
surgical resection (1). In the present study, the risk-adjusted
analysis showed that young age, blood-tinged sputum, and
thick wall cavitary fungus ball lesion were independent risk
factors for severe hemoptysis-related events. Meanwhile,
a surgical team also suggested that young age was a
predictor of favorable surgical outcome (24). Some papers
radiologically classified fungus ball as a simple or complex
lesion and explained that the complex fungus ball had a thick-
wall cavity, surrounding parenchymal disease, and greater
pleural thickening (2,25). They showed the resection of the
complex lesion had a satisfactory long-term outcome (2).
"Taken together, if a young patient with a complex fungus ball
complains of blood-tinged sputum, this patient may be an
appropriate candidate for surgical management.

Old papers have shown that antifungal agents have the
effect of attenuating hemoptysis (26,27). Also, there were
studies shown that antifungal agents are effective therapeutic
tools in patients with chronic pulmonary aspergillosis as well
as fungus ball (8,28). They explained that antifungal agents
could decrease or stabilize fungus burden. In contrast,
other studies showed that systemic antifungal agents were
ineffective, because of inadequate drug penetration into the
fungus ball and that long therapeutic session may result in
poor compliance of the patients (14,29). In the present study,
the patients who applied the antifungal agents before severe
hemoptysis were too few and had not the constant duration
of treatment. Thus, we could not confirm the preventive
effect of antifungal agents on severe hemoptysis in patients
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with fungus ball. Most of the patients were treated with
itraconazole. The role of voriconazole, which has recently
emerged as the primary option of chronic pulmonary
aspergillosis (30), was not evaluated in our study. Besides, we
could not confirm the effects of anticoagulant drugs on the
development of hemoptysis in fungal patients. Indirectly, in
patients with hypertension, heart disease, or diabetes who
were more likely to take anticoagulant drugs, there was no
difference in the occurrence of severe hemoptysis.

Some limitations of this study include the following.
First, this study had a retrospective design and was
performed at a single tertiary referral center. Therefore,
some selection bias, including more symptomatic patients
with fungus ball, could not be avoided. Because of the
exclusion of some patients without multiple CT follow-up,
less severe and asymptomatic patients might be not included
in this study. In addition, patients with previous episodes of
massive hemoptysis were also excluded. Therefore, we could
not understand the clinical outcomes of these patients.
Next, patients with fungus ball were diagnosed by radiologic
findings, but not mycology. Thus, there were many diseases,
such as actinomycosis, nocardiosis, intracavitary hematoma,
and adenocarcinoma, with imaging findings that mimic
aspergilloma (31). Although we excluded patients with these
mimicking diseases in the follow-up period, this might not
be complete. Lastly, most fungus balls were incidentally
discovered, so the real-time point of the initial formation of
these balls cannot be deciphered. This may have led to time
bias in the measurement of severe hemoptysis-related events
free survival duration. Change in the size of the fungus was
calculated based on the values by CT scan at the beginning
and end, so the internal changes in follow-up duration
were not reflected the size change rate. The shape of the
fungus balls is not constant and there may be a difference
between the actual size and the calculated size. Hence, a
well-designed prospective study is required to confirm the
relationship between the size change rate of fungus balls
and severe hemoptysis.

Conclusions

In a tertiary hospital, the incidence of severe hemoptysis-
related events in patients with fungus ball was not low
and reached 28.9%. The size and its change of fungus ball
were not an independent risk factor for severe hemoptysis.
However, young age, symptom with blood-tinged sputum,
and thick wall cavitary lesion were the most significant
predictors of severe hemoptysis-related events in patients
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with fungus ball; patients with these predictors might need
early surgical treatment.
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