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Background: Nebulized amphotericin B (NAB) is recommended for preventing invasive fungal diseases 
(IFDs) after lung transplantation. However, the optimal duration of NAB treatment is still unknown. This 
study aimed to compare the effectiveness of three different durations of antifungal prophylaxis with NAB 
after lung transplantation: a prolonged course beyond post-transplant 3 months, a medium course of 2 weeks 
to 3 months, and a short course of less than 2 weeks.
Methods: This a single-center retrospective cohort study analyzed 333 patients who underwent lung or 
heart-lung transplantation between January 2015 and November 2021.
Results: A prolonged course of NAB treatment was associated with a significantly lower incidence of IFDs 
(12.6%) at 1 year post-transplant compared with a short (50.9%) or a medium course (28.0%) (P<0.001). 
There was no significant difference in the rates of adverse effects among the three durations of NAB 
treatment (P>0.05). A prolonged course of NAB treatment was associated with a significantly higher 1-year 
survival rate (94.7%) compared with a short (36.8%) or a medium course (72.0%) (P<0.001).
Conclusions: A prolonged course of NAB treatment provided better protection against IFDs than a 
short or medium course after lung transplantation. Prolonged use of NAB did not significantly increase the 
incidence of adverse effects.
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Introduction

Lung transplantation is often the final treatment method 
for a variety of end-stage lung diseases. However, post-
lung transplant survival is still low compared with other 
solid organ transplantations, mainly due to pulmonary 
and airway fungal infections (1,2). Aspergillus is the most 
frequent pathogen causing invasive fungal diseases (IFDs) in 
Chinese lung transplant recipients (3). Universal antifungal 
prophylaxis is recommended by many lung transplantation 
guidelines and adopted by most transplant centers.

Compared with other antifungal agents, nebulized 
amphotericin B (NAB) exhibits a wide range of fungicidal 
activity, less systemic absorption, a longer half-life, a 
site-targeted effect, and fewer drug interactions (4,5). 
Antifungal prophylaxis with either conventional or liposomal 
amphotericin B is safe and effective (6,7). However, the 
latter agent has not yet received approval for use in China. 
Moreover, there is currently no agreement on the most 
effective duration of antifungal prophylaxis with NAB 
in individuals who have undergone lung transplantation. 
The antifungal prophylaxis protocol at our center includes 
voriconazole plus NAB twice daily for the first 2 to  
4 weeks after lung transplantation. The American Society of 
Transplantation Infectious Disease Community of Practice 
recommended 2016 a regimen of NAB for 3–4 months (8). It 
has also been suggested that universal antifungal prophylaxis 
with inhaled amphotericin B and systemic voriconazole for 
a minimum of 3–6 months following lung transplantation 
may be beneficial (9). A Chinese national survey found that 
invasive pulmonary aspergillosis (IPA) mostly occurs in the 
first 4–6 months post-transplant (3). This finding suggests 
that a prolonged duration of antifungal prophylaxis with 

NAB deoxycholate beyond post-transplant 3 months may 
provide better protection against IFDs, especially IPA.

The present study aimed to retrospectively compare 
the efficacy and safety among three different durations of 
NAB treatment in preventing IFDs after lung or heart-
lung transplantation at a single center in China. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-601/rc).

Methods

Patients

This retrospective cohort study included patients who 
received lung or lung-heart transplantation between January 
2015 and November 2021 at the First Affiliated Hospital of 
Guangzhou Medical University. The inclusion criteria were: 
(I) aged 18 years or older; (II) single-lung, double-lung, or 
heart-lung transplantation; (III) post-transplant antifungal 
prophylaxis with NAB deoxycholate. The exclusion criteria 
were: (I) missing medical data; (II) recipients who failed to 
attend their scheduled follow-up appointments; (III) death 
caused by other reasons than IFDs within post-transplant 
2 weeks. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethics approval 
was obtained from the Institutional Ethics Review Board 
of the First Affiliated Hospital of Guangzhou Medical 
University (No. K-2021.11). Due to the retrospective 
nature of the study, the requirement for informed consent 
was waived.

Immunosuppressive regimen

The immunosuppressive regimen comprised an immune 
induction therapy and a maintenance therapy. The immune 
induction therapy included polyclonal and monoclonal 
antibodies. A polyclonal antibody, rabbit-anti-human T 
lymphocyte immunoglobulin (25 mg/dose), was used on the 
day of transplantation and during the early post-transplant 
period. A monoclonal antibody, interleukin 2-receptor 
antagonists, was used on the day of transplantation and 
post-transplant day 4, with 20 mg each time. Patients also 
received 10 mg/kg of methylprednisolone intravenously 
per anastomosis at the time of reperfusion as part of the 
induction therapy.

A standard triple-immunosuppressant regimen was used 
for immune maintenance. The methylprednisolone dose 
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was tapered down daily to 0.25 mg/kg of prednisolone 
over 1 week and then maintained for 12 months after 
transplantation until graft rejection occurred. On the 
first post-transplant day, a tacrolimus-based therapy was 
initiated in combination with mycophenolate mofetil,  
500 mg, twice daily. The doses of calcineurin inhibitors 
were adjusted according to the plasma drug concentrations, 
and mycophenolic acid to the area under the curve. The 
target plasma concentrations of calcineurin inhibitors were 
maintained between 13–19 ng/mL during the perioperative 
period and mycophenolic acid between 30 to 60 mg/mL.

Antifungal prophylaxis

All recipients received 5 mg of NAB at a flow rate of 7 L/min  
every 12 hours after transplantation using a Respirgard 
medication nebulizer system (Marquest Medical Products, 
Englewood, CO, USA). The duration of NAB treatment 
was defined as a short course of less than 2 weeks, a 
medium course of 2 weeks to 3 months, and a prolonged 
course of over 3 months. The duration of NAB treatment 
was decided at the discretion of the clinicians with 
considerations of patient financial ability, compliance, types 
of transplantation, and anastomotic necrosis.

Caspofungin was administered universally during 
the initial 7 days following transplantation, followed by 
posaconazole oral suspension or voriconazole oral tablets, 
which were chosen at the discretion of the clinicians 
according to the specific condition of each patient. 
Triazoles were used for 3–4 months after transplantation 
in the recipients, with target plasma trough levels of  
0.75–3.5 μg/mL. For the prevention of pneumocystis 
jirovecii pneumonia, oral sulfamethoxazole was used for  
6 months after transplantation, unless the recipients had bone 
marrow suppression, impaired renal function, gastrointestinal 
intolerance, drug allergy, or severe adverse effects.

Data collection

The clinical data were retrieved from electronic medical 
records for both donors and recipients. Donor data such 
as age, sex, blood type, cigarette smoking, and history 
of positive cultures were collected. For recipients, data 
included demographics, primary indications for lung 
transplantation, human leukocyte antigen (HLA)-matched 
information with donors, operative and postoperative 
data, history of positive cultures, and immunosuppressive 
regimens. Pre-transplant clinical data were also collected, 

such as aspergillus airway colonization and history of IFD. 
In addition, fungus-related laboratory data, which involved 
thoracic imaging, bronchoscopy test, fungal separation and 
culture in deep sputum or bronchoalveolar lavage fluid 
(BALF), level of serum (1,3)-β-D-glucan, galactomannan 
test results, and histopathology examination were collected.

Diagnosis of IFD

IFD was diagnosed and categorized into proven, probable, 
possible, and undefined cases, based on the revised definitions 
released by the European Organization for Research and 
Treatment of Cancer/Mycoses Study Group (10), the 2016 
guidelines of the American Society for Infectious Diseases (8), 
the 2019 Chinese Clinical Specifications for Invasive Fungal 
Diseases of Organ Transplant Recipients (11), and the 2010 
ISHLT consensus (12). Proven and probable cases were 
regarded as IFDs in the present study.

Airway IFDs with unremarkable thoracic radiographs 
were defined as the isolation of fungi in respiratory cultures 
with pathological findings of tissue invasion/necrosis or 
ulceration/pseudomembranes by bronchoscopy. Routine 
pathological biopsy was performed through bronchoscopy 
in case of any anastomotic lesions, such as decay, necrosis, 
ulcers, stenosis, cracking, and fistulas (13). From post-
transplant day 2, the airway anastomosis was checked by 
bronchoscopy every 2–3 days, of which the frequency was 
adjusted according to anastomotic healing.

Clinical outcomes

The primary endpoint was the post-transplant 1-year 
incidences of lung IFDs and airway fungal colonization. 
Fungal colonization was identified as positive cultures, not 
during antifungal prophylaxis, without documentation of 
IFDs. IFD was defined based on the documentation of 
signs, symptoms, and positive respiratory cultures of fungi.

The secondary endpoints included amphotericin B 
safety and the incidences of IFD breakthroughs. Safety 
was evaluated by adverse symptoms such as cough, chest 
tightness, bronchospasm, dizziness, dyspnea, nausea, and 
vomiting. A breakthrough infection was defined as an IFD 
that occurred during NAB treatment.

Statistical analysis

Statistical analysis was performed by using SPSS 19.0 (IBM 
Corp., Armonk, NY, USA). Graphs were created with 
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GraphPad Prism Version 5.04 for Windows. Continuous 
variables were described using mean values and standard 
deviations, while categorical variables were described using 
frequency and percentages. Between-group differences 
were analyzed by using the Chi-square test or Fisher’s 
exact test for categorical variables, and the Student’s t-test 
for continuous variables. Risk factors of survival that were 
statistically significant in the univariate analysis or clinically 
significant were included in the Cox regression analysis. 
Survival curves were drawn and compared using the Kaplan-
Meier method. A P value less than 0.05 was considered 
statistically significant.

Results

Characteristics of the recipients

A total of 362 lung or heart-lung transplant recipients were 
screened for inclusion, and 29 of them were excluded for 
irrelevant or incomplete information. The final analysis 
included 333 recipients, which were classified into three 
groups by the durations of NAB treatment: short-course 
NAB (<2 weeks, n=106), medium-course NAB (2 weeks 
to 3 months, n=132; median 84 days, interquartile range 
63–90 days), and prolonged-course NAB (>3 months, n=95)  
(Figure 1). The general characteristics of the recipients are 
shown in Table 1.

IFDs

A total of 103 recipients (30.9%) developed IFDs in the first 
year after transplantation (Table 2). During the first month 

post-transplant, 51 patients were tested positive for Candida. 
The Aspergillus spp. growth was as follows: 5 Aspergillus 
niger (A. niger), 4 Aspergillus flavus (A. flavus), 1 Aspergillus 
terreus (A. terreus), and 1 Aspergillus fumigatus (A. fumigatus). 
A significantly higher rate of Candida growth was noticed 
in the short-course NAB group (n=30, 28.3%), including 3 
cases of proven blood infection, 11 cases of airway candida 
infection, and 16 cases of airway colonization.

In the prolonged-course NAB group, no breakthrough 
IFDs occurred throughout the NAB treatment. In the 
medium-course NAB group, 12 (9.1%) patients had 
breakthrough IFDs, including 3 cases of mucormycosis and 
9 cases of IPA. In the short-course NAB group, 3 (2.8%) 
patients had breakthrough IPA, which may be infections 
derived from the donors.

Adverse effects

NAB was well tolerated in most patients. Cough (15.3%), 
taste abnormality (8.4%), nausea (6.6%) and shortness of 
breath (6.6%) were the most prevalent adverse effects. The 
incidences of adverse effects were not significantly higher in 
the prolonged-course NAB group than the other two groups 
(Table 3). There was also no significant difference in the 
discontinuation rate of NAB among the three groups (P=0.45).

Survival and risk factors

The average follow-up time was 19.8±17.2 months. The 
post-transplant 1-year survival rate was significantly higher 
in the prolonged-course NAB group (94.7%) compared to 
the medium-course group (72.0%) and the short-course 

362 lung or heart-lung transplant recipients 
were screened

29 recipients were excluded for 
irrelevant or incomplete information

333 recipients received NAB treatment of 
different durations

<2 weeks (n=106) 2 weeks to 3 months (n=132) >3 months (n=95)

Figure 1 A flowchart of patient inclusion and exclusion. NAB, nebulized amphotericin B. 
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Table 1 Pre-operative and peri-operative characteristics of the lung or heart-lung transplant recipients

Characteristics s-NAB (n=106) m-NAB (n=132) p-NAB (n=95) P value

Age (years), mean ± SD 54.6±13.3 55.1±15.3 56.3±12.8 0.85

Male, n (%) 88 (83.0) 110 (83.3) 73 (76.8) 0.40

Transplantation type, n (%)

Single-lung transplantation 48 (45.3) 80 (60.6) 62 (65.3) 0.01

Double-lung transplantation 50 (47.2) 47 (35.6) 30 (31.6) 0.056

Heart-lung transplantation 8 (7.5) 5 (3.8) 3 (3.2) 0.27

Primary indications for lung transplantation, n (%)

Chronic obstructive pulmonary disease 30 (28.3) 36 (27.3) 29 (30.5) 0.87

Idiopathic interstitial pneumonia 47 (44.3) 56 (42.4) 39 (41.1) 0.51

CTD-ILD 12 (11.3) 8 (6.1) 6 (6.3) 0.27

Bronchiectasis 3 (2.8) 9 (6.8) 6 (6.3) 0.36

Other interstitial lung diseases 2 (1.9) 5 (3.8) 6 (6.3) 0.26

Pulmonary hypertension 6 (5.7) 5 (3.8) 5 (5.3) 0.77

Other 6 (5.7) 13 (9.8) 4 (4.2) 0.21

Respiratory colonization 6 months pre-transplant, n (%) 18 (17.0) 14 (10.6) 1 (1.1) 0.0008

Pre-operative severity, n (%) 0.34

NCOI 2 (1.9) 8 (6.1) 4 (4.2)

NIMV 80 (75.5) 98 (74.2) 79 (83.2)

IMV 16 (15.1) 18 (13.6) 10 (10.5)

ECMO 8 (7.5) 8 (6.1) 2 (2.1)

Diabetes, n (%) 31 (29.2) 30 (22.7) 11 (11.6) 0.0092

s-NAB, short-course nebulized amphotericin B (<2 weeks); m-NAB, medium-course nebulized amphotericin B (2 weeks to 3 months); 
p-NAB, prolonged-course nebulized amphotericin B (>3 months); SD, standard deviation; CTD-ILD, connective tissue disease-related 
interstitial lung disease; NCOI, nasal catheter oxygen inhalation; NIMV, non-invasive mechanical ventilation; IMV, invasive mechanical 
ventilation; ECMO, extracorporeal membrane oxygenation.

Table 2 Post-transplant 1-year incidences of lung IFDs and airway fungal colonization

IFDs s-NAB (n=106) m-NAB (n=132) p-NAB (n=95) P value

Overall IFDs, n (%) 54 (50.9) 37 (28.0) 12 (12.6) <0.001

Candidiasis 22 (20.8) 6 (4.5) 0 (0.0) <0.001

Aspergillus 22 (20.8) 26 (19.7) 4 (4.2) 0.001

Cryptococcosis 1 (0.9) 1 (0.8) 0 (0.0) 0.635

Pneumocystis jirovecii pneumonia 5 (4.7) 4 (3.0) 5 (5.3) 0.362

Mucormycosis 4 (3.8) 0 (0.0) 3 (3.2) 0.038

Airway fungal colonization, n (%) 26 (24.5) 18 (13.6) 3 (3.2) <0.001

IFDs, invasive fungal diseases; s-NAB, short-course nebulized amphotericin B (<2 weeks); m-NAB, medium-course nebulized 
amphotericin B (2 weeks to 3 months); p-NAB, prolonged-course nebulized amphotericin B (>3 months). 
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Table 3 Adverse effects and discontinuation rate of nebulized 
amphotericin B 

Variables
s-NAB 
(n=106)

m-NAB 
(n=132)

p-NAB 
(n=95)

P value

Adverse effects, n

Respiratory symptoms

Cough 18 19 14 0.85

Wheezing 4 3 3 0.79

Chest tightness 7 7 5 0.89

Shortness of breath 9 7 6 0.61

Bronchospasm 5 4 3 0.56

Digestive symptoms

Taste abnormality 11 9 8 0.62

Nausea 7 8 7 0.93

Vomiting 5 4 3 0.77

Palpitation 2 1 0 0.27

Discontinuation rate, n 12 11 6 0.45

s-NAB, short-course nebulized amphotericin B (<2 weeks); 
m-NAB, medium-course nebulized amphotericin B (2 weeks to 
3 months); p-NAB, prolonged-course nebulized amphotericin B 
(>3 months). 
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Figure 2 Survival curves of the lung or heart-lung transplant 
recipients. s-NAB, short-course nebulized amphotericin B  
(<2 weeks); m-NAB, medium-course nebulized amphotericin 
B (2 weeks to 3 months); p-NAB, prolonged-course nebulized 
amphotericin B (>3 months). 

group (36.8%) (P<0.001; Figure 2).

Discussion

This is the first study that compared the antifungal 
prophylaxis effect of different durations of NAB treatment 
in lung transplant recipients. A very recent study 
investigated the safety and effectiveness of different dose 
regimens of NAB (twice daily compared with 3 times daily) 
for antifungal prophylaxis after lung transplantation (14). 
However, no previous study had compared the safety and 
effectiveness of different durations of NAB treatment after 
lung transplantation. Moreover, no previous studies had 
compared the effectiveness of NAB monotherapy alone 
with its combination with systemic antifungal agents. The 
combination therapy may enhance the efficacy of NAB 
and reduce the risk of fungal infection and adverse effects. 
Our study for the first time compared the effectiveness 
between NAB alone and NAB in combination with systemic 
antifungal agents after lung transplantation. We found that 
NAB, whether administered alone or in conjunction with 
systemic triazoles, is effective in preventing IFDs after lung 
transplantation without severe adverse effects. Our findings 
are consistent with previous studies (5,6,15), confirming the 
benefits of NAB for lung transplant recipients.

Our study used the conventional  deoxycholate 
amphotericin B as an antifungal medication, which is the 
only formulation of amphotericin available in China. NAB 
dosing, formulation, and treatment duration varied in 
previous studies and guidelines (16-18). The dosing and 
duration of NAB may also vary depending on whether the 
liposomal or conventional formulation is used (6). Thus, 
there is still no consensus on the safest and most effective 
regimen and the optimal duration of NAB treatment. 
Nebulized liposomal amphotericin B has not been approved 
in China.

Our patients received deoxycholate amphotericin 
B formulations twice daily with different durations for 
antifungal prophylaxis. The study results showed that the 
prolonged course of NAB treatment was associated with 
a much lower rate of IPA and Aspergillus spp. colonization 
compared to the short- and medium-courses. In the early 
stage after transplant, Candida was the most prevalent fungi 
cultured, which often causes airway colonization. However, 
in the recipients who had received medium-course NAB, 
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more patients with Aspergillus infection or colonization were 
observed after the withdrawal of the systemic antifungal 
drugs. Aspergillus colonization is recognized as a risk factor 
for invasive aspergillosis in lung transplantation (19,20), 
which may be acquired from the donors. Other reasons 
for Aspergillus colonization may be related to the recipients 
themselves, including prolonged use of corticosteroids for 
underlying lung diseases or allograft rejection (15). The 
significantly lower incidence of IFDs associated with the 
prolonged course of NAB treatment suggests that longer 
antifungal prophylaxis with NAB may be more effective 
than shorter courses after lung transplantation.

Most of our patients received the medium course of 
NAB treatment, which means that the IFDs prophylaxis, 
either NAB or systemic antifungal drugs, was discontinued 
3 months after transplantation. Previous studies suggested 
that most Aspergillus infections occur between 3.2 and  
8.8 months after transplantation (17,21). Consistently, 
our previous study showed that most new-onset IPA 
occurred 4–6 months post-transplant (3). The present study 
showed the median time to Aspergillus spp. infection was  
2.9 months post-transplant in the short-course NAB group, 
4.5 months in the medium-course group, and 10 months 
in the prolonged-course group. The main reason for the 
higher rate of new-onset IPA in those patients might be 
attributed to the enhanced immunosuppressive agents, 
post-transplant time, and withdrawal of the anti-fungal 
medications. For lung transplantation, most recipients 
require a triple immunosuppressant regimen that include 
high doses of corticosteroids and calcineurin inhibitors, 
which may increase the risk of IPA. Another reason could 
be the discontinuation of antifungal medications, including 
systemic antifungal drugs and NAB.

In the present study, prolonged courses of NAB 
treatment were used for preventing Aspergillus infection, 
and, expectedly, no new-onset IFD was found in the 
prolonged-course NAB group, indicating the effectiveness 
of antifungal prophylaxis of NAB monotherapy. Our results 
suggested that lung transplant recipients should receive 
NAB for 4–6 months after lung transplantation, especially 
those who are at increased risk of IPA, such as single-
lung transplant recipients and recipients with a history of 
pre-transplant IPA (3). In addition, prolonged courses of 
NAB treatment can decrease airway fungal infection and 
colonization in recipients with airway anastomosis.

Most  of  the NAB-related adverse ef fects  were 
tolerable in our patients, including cough, chest tightness, 
palpitation, nausea, vomiting, taste abnormality, and 

bronchospasm. Among them, bronchospasm was the most 
severe one. However, its incidence was low (3.6%) and it 
was improved by nebulized Ventolin or/and tiotropium 
before the use of NAB. Inconsistently, a previous study 
reported that bronchospasm was the main reason for NAB 
discontinuation (22). Therefore, our study suggested that 
systemic antifungal agents in combination with NAB should 
be given to lung transplant recipients for the synergic 
effect. This combination can reduce the high risk of IFDs 
and colonization at the early post-transplant stage, which 
is associated with intensified immunosuppressive therapy 
in this period. However, prolonged duration of NAB 
treatment is recommended beyond 3 months after lung 
transplantation.

Some limitations in this study should be noted. Firstly, 
the short-course NAB group had more double-lung and 
heart-lung transplantations and therefore might be sicker 
than the other two groups. This may lead to increased 
mortality and IFDs incidences in this group. Secondly, due 
to the retrospective design of our study, IFDs may not be 
clearly distinguished from fungal colonization. Thirdly, 
additional systemic antifungal agents were used in the 
short- and medium-course NAB groups, which may bias the 
results. Finally, the duration of NAB treatment was affected 
by patient compliance and financial ability.

Conclusions

A prolonged course of NAB treatment beyond post-
transplant 3 months showed greater effectiveness in 
preventing IFDs, especially IPA, compared to short or 
medium courses of NAB in lung transplant recipients. The 
incidences of adverse effects were comparable between the 
three durations of NAB treatment. Continued use of NAB 
after the withdrawal of systemic antifungal agents may 
provide additional protection against IFDs.
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