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ABSTRACT

Introduction: Bronchopleural fistula (BPF)is associated with high morbidity and mortality rates in patients
undergoing pulmonary resections. Surgery, bronchoscopy, and conservative management have their lim-
itations for small fistulas. Platelet-rich plasma (PRP) has regenerative properties, which might be efficient
in enhancing tissue recovery and repairing small BPF. This study aimed to investigate efficacy and safety
of PRP on BPF.

Methods: Thisis a pilot prospective cohort study. Patients whose fistulas smaller than 4 mm were enrolled
in this study, treated with PRP under bronchoscopy and followed up at 2 weeks and 4-6 weeks after the
last PRP treatment. The cure rate, improvement rate and ineffectiveness rate were investigated. The
severity of respiratory symptoms was evaluated by modified Medical Research Council dyspnea scale
(mMRC) and COPD Assessment Test (CAT). The recurrence of fistula, new infection and mortality rate
were examined. Adverse events were documented to explore the safety profile of PRP therapy.

Results: A total of 16 patients (mean age, 50.1 years) met the eligibility criteria. The median time from
the first PRP treatment to the closure of the fistula was 12.0 (IQR 6.0, 21.5) days. Our findings indicate
an effectiveness rate of 87.6%, with 68.8% of cure and 18.8% of improvement, along with significant
improvement of respiratory symptoms evaluated by mMRC (P<0.001) and CAT (P<0.001). No recurrent
of fistulas, newly developed infection, or death was observed. Adverse events of the procedure were most
mild (82.6%) and temporary.

Conclusions: PRP is a potential treatment for small BPF and is well tolerated.
© 2024 SEPAR. Published by Elsevier Espaiia, S.L.U. All rights are reserved, including those for text

and data mining, Al training, and similar technologies.

Introduction

Bronchopleural fistula (BPF), an abnormal connection between
the bronchial tree and pleural space, is a severe condition with
high morbidity and mortality rates in patients, often seen after
pulmonary resections due to lung cancer, tuberculosis, trauma, or
radiation.!~> The treatment strategy for BPF depends on the fistula
size, the patient’s condition, and the timing post-surgery.> Surgical
intervention is typically reserved for large fistulas and comes with
high morbidity and mortality rates.'~# In contrast, bronchoscopic
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techniques such as blockers, tissue adhesives, and stents are used
for smaller fistulas but can still lead to recurrence and death.”~’ The
complexity of treating BPF, especially small fistulas, highlights the
need for further development of regenerative repair strategies.
Recent studies have highlighted the widespread application of
platelet-rich plasma (PRP) in regenerative medicine. The enriched
growth factors substantially promote tissue repair and regenera-
tion across various fields such as orthopedics, dermatology, and
wound healing. These studies underscore PRP’s ability to expedite
tissue recovery and mitigate inflammation.®° The use of autolo-
gous PRP significantly reduces the likelihood of immune rejection
and adverse reactions, offering a notable advantage over traditional
therapies. In our prior research, we successfully leveraged PRP ther-
apy to address benign airway stenosis, effectively mitigating the
risk of subsequent narrowing.'? PRP has unveiled its regenerative
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Fig. 1. The flowchart of this study.

and reparative capabilities for airway conditions. The regenerative
capabilities of PRP have sparked an increased interest in managing
complex conditions, including BPF.

This pilot prospective cohort study aims to evaluate the efficacy
and safety of PRP for small BPF, and endeavors to provide a novel
therapeutic avenue for BPF patients, potentially improving clinical
outcomes and quality of life. By rigorously analyzing PRP’s utility in
a clinical setting, this research intends to provide valuable insights
into its potential as a novel treatment for BPF, thereby advancing
regenerative medicine applications and informing future therapeu-
tic strategies.

Material and method
Study design

This nonrandomized, prospective study enrolled 16 BPF patients
at the First Affiliated Hospital of Guangzhou Medical University
from April 16,2022, to December 20, 2023, with follow-up until Jan-
uary 25, 2024. The protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Guangzhou Medical University (No.
2021-118). Written, informed consent was obtained from all sub-
jects. The trial was registered at Clinicaltrials.gov (Clinicaltrials.gov
number, NCT05304897).

Study participants

The selection and follow-up processes are depicted in the
flowchart (Fig. 1). The eligibility criteria included subjects aged
between 18 and 75, diagnosed with BPF with sizes less than 4 mm,
and willing to accept PRP treatment. Subjects with fistulas larger
than 4 mm, those who cannot tolerate bronchoscopy due to severe
cardiac disease or other major comorbidities, and pregnant or
breastfeeding women were excluded.

Preoperative evaluation

At enrollment, demographics, the cause of BPF, diagnosis,
and prior treatments were recorded. Dyspnea severity was mea-
sured using the modified Medical Research Council dyspnea scale
(mMRC), and respiratory symptoms and quality of life were
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assessed with the COPD Assessment Test (CAT). Fistula position,
diameter, and any exposed sutures or staples were evaluated via
bronchoscopy and chest CT. Infection presence and type were iden-
tified through etiological examination of pleural drainage fluid.

Anesthesia method

All patients received sedation and analgesia in the operating
room with spontaneous respiration preserved. They were pre-
medicated with intravenous dexmedetomidine (0.2 pg/kg) 15 min
before anesthesia. Anesthesia induction was intravenous sufentanil
(0.2 pg/kg) and propofol (13 pg/ml). Anesthesia during surgery was
maintained with propofol and remifentanil (0.05-0.08 p.g/kg/min),
with a Bispectral Index (BIS) of 60-80 maintained and continuous
vital signs monitoring.

PRP extraction

Initially, about 15 ml of blood was collected from the patient’s
antecubital vein into a sodium citrate tube. The PRP was isolated
using the Arthrex ACP system (ABS-10014, Arthrex, Inc., USA), a
PRP separation device, according to manufacturer’s instructions.

Surgical procedure

Prior to PRP treatment, necrotic tissue, exposed sutures, and
anastomotic staples near the fistula were removed with a flexible
bronchoscope (BF-260, Olympus, Japan), and the area was cleansed
with saline and suctioned. PRP was administered around the fistula
via the bronchoscope, with each point receiving about 0.2 ml of PRP,
placed at least 1 mm from the fistula’s edge. Total PRP per session
was 2-3 ml, depending on the fistula’s size and condition. A coag-
ulant mix (thrombin 2000ui + 3% calcium chloride 10 ml) at 0.3 ml
was then applied to the area to promote PRP clotting and cover the
fistula.

Standard for closure of fistula and criteria for continuing or
terminating PRP treatment

Multiple PRP treatments have been shown to be superior to sin-
gle PRP treatments.'!"'2 To better evaluate the efficacy, we have
established the following criteria of closure: (1) no air leak for 7
days after any PRP; (2) lung re-expansion on CT/X-ray at least 7 days
post-PRP; or (3) closed fistula on bronchoscopy at least 7 days post-
PRP. PRP treatment protocols were: (1) terminate PRP if closure
criteria met, with possible additional treatment for consolidation
upon physician’s decision; (2) continue PRP if criteria not met, with
a total of no more than 5 sessions per individual case; (3) stop PRP if
patient opts out. All patients will undergo efficacy evaluation after
completing treatment, and the definition of the evaluation results
can be found in the “Outcomes” section.

Post-treatment monitoring and evaluation

Subjects had follow-ups at 2 weeks and 4-6 weeks post-last PRP
treatment for re-evaluation. BPF recurrence and infections were
initially assessed via symptoms, with chest CT and microbiologi-
cal tests on drainage fluid conducted as needed. mMRC and CAT
scores were re-assessed at these follow-ups. Safety was monitored
by recording adverse events post-treatment and through weekly
telephone check-ups for 6 weeks. Adverse events were classified by
investigators as mild (no activity disruption), moderate (interfered
with daily activities, manageable with symptomatic treatment), or
severe (incapacitating, requiring medical intervention).
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Outcomes

The primary outcome was the cure rate of BPF. Cure was defined
as achieving the criteria for fistula closure and no recurrence dur-
ing a follow-up of 4 weeks or more. Improvement was defined as
a reduction of more than 50% in the diameter of the fistula under
bronchoscopy or a decrease in the gas leakage from the drainage
tube at the last follow-up. Ineffectiveness was defined as no reduc-
tion or less than 50% reduction in the diameter of the fistula under
bronchoscopy and with no significant change in the gas leakage
from the drainage tube at the last follow-up. The secondary out-
comes were the alleviation or aggravation of dyspnea assessed by
the mMRC scale, and change of respiratory symptoms and quality
of life evaluated by the CAT.

Statistics

This study was designed to evaluate the safety and efficacy
of PRP in patients with BPF. Statistical analyses of efficacy mea-
sures were performed for information. Categorical variables were
presented as frequency (percentage), while continuous variables
were expressed as mean + SD or median (interquartile range). The
changes in mMRC and CAT were analyzed using repeated measures
ANOVA. The Statistical analysis was performed by using R software
(v4.1.2).

Results
Patient demographics

Atotal of 33 patients were enrolled for evaluation, among which
17 subjects were excluded (13 with diameter of fistula larger than
4mm, 3 withdrew consent, 1 with severe cardiac diseases). In
total, 16 patients were enrolled, with 12 (75.0%) males, a mean
age of 50.1 (SD 12.9) years, and a mean BMI of 22.1 (SD 5.4) kg/m?.
Baseline subject characteristics are listed in Table 1. All patients
developed BPF due to surgical procedures. Diagnoses included
lung adenocarcinoma (50.0%), pulmonary tuberculosis (12.5%), and
other lung conditions. Previous treatment consisted of the com-
bination of anti-infection treatment and closed thoracic drainage
(56.2%), closed thoracic drainage (18.8%), anti-infection treatment
(12.5%), the combination of fistula thermal coagulation and closed
thoracic drainage (12.5%). Bronchoscopic procedures revealed that
the median diameter of the fistulas was 2.0 (IQR 1.8, 2.0) mm. The
location of the BPF varied among patients. In 5 (31.2%) patients,
exposed staples or sutures were observed under the bronchoscope.
Microbiological examination of the closed thoracic drainage fluid
revealed that 8 (50.0%) patients had bacterial infections, 7 (43.8%)
had fungal infections, 1 (6.2%) had a viral infection, and no patients
had tuberculosis infections. The median platelet count was 240.5
(IQR 225.8, 342.5).

PRP treatment

All bronchoscopic procedures were completed in less than
30 min. After injecting PRP around the fistula site, immediate clo-
sure of the fistula due to swelling of the surrounding tissue was
observed under bronchoscopy, accompanied by the cessation of
air discharge from the closed thoracic drainage tube. After the
acute phase of tissue swelling subsided, air discharge from the
closed thoracic drainage tube could reoccur, accompanied by the
recurrence of fistula observed in subsequent bronchoscopic exam-
inations. In these cases, further PRP treatment was necessary. In
cases who were cured, healing scars at the origin fistula could be
observed under bronchoscopy. Chest CT, chest X-ray and alter-
ations of macroscopic appearance under bronchoscopy before and
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Table 1

Patient demographics and baseline characteristics of bronchopleural fistulas.
Variables Total (n=16)
Gender, n (%)

Female 4(25.0)
Male 12(75.0)
Age, mean +SD 50.1+12.9
Height, mean 4+ SD 168.3+12.8
Weight, mean & SD 63.4+18.8
BMI, mean +SD 221+54

Cause of fistula
Thoracic surgery 16(100.0)
Diagnosis, n (%)
Lung adenocarcinoma 8(50.0)
Pulmonary tuberculosis 2(12.5)
Interstitial lung disease 1(6.2)
Lung mucinous adenocarcinoma 1(6.2)
Lung necrotizing granulomatous inflammation 1(6.2)
Lung squamous carcinoma 1(6.2)
Pulmonary neuroendocrine tumor 1(6.2)
Lung cancer, unknown type 1(6.2)
Previous treatments, n (%)
Anti-infection + closed thoracic drainage 9(56.2)
Closed thoracic drainage 3(18.8)
Anti-infection 2(12.5)

Fistula thermal coagulation +closed thoracic drainage 2(12.5)
mMRC?, median (Q1,Q3) 3.0(3.0,3.0)
CAT®, median (Q1,Q3) 27.0(23.3,30.3)
Diameter of fistula (mm), median (Q1,Q3) 2.0(1.8,2.0)
Position of fistula, n (%)

Right lower lobe bronchus 3(18.8)

Left lower lobe basal segmental bronchus 2(12.5)

Left lower lobe bronchus 2(12.5)

Right lower lobe basal segmental bronchus 2(12.5)

Left lingular segmental bronchus 1(6.2)

Left main bronchus 1(6.2)

Left upper lobe bronchus 1(6.2)

Right middle lobe bronchus 1(6.2)

Right upper lobe anterior segmental bronchus 1(6.2)

Right upper lobe bronchus 1(6.2)

Right upper lobe posterior segmental bronchus 1(6.2)

Exposure of staples or suture lines, n (%) 5(31.2)
Infection

Bacterial infection, n (%) 8(50.0)

Fungal infection, n (%) 7(43.8)

Viral infection, n (%) 1(6.2)

Tuberculosis infection, n (%) 0(0.0)

Blood routine test

WBC, mean =+ SD 7.0+£2.5
Neu, mean =+ SD 49+23
Neu percent, mean & SD 67.2+12.2
Lym, mean + SD 1.4+0.5
Lym percent, mean 4+ SD 20.3+£8.5

PLT, median (Q1,03) 240.5 (225.8, 342.5)

3 Modified Medical Research Council dyspnea scale.
b COPD Assessment Test.

after PRP treatment of a typical case are presented in supple-
mentary figure 1-3. In total, 41 bronchoscopic procedures were
performed on 16 patients, with one session in 4 (25%) patients, 2
sessions in 3 (18.8%) patients, 3 sessions in 7 (43.8%) patients, and
5 sessions in 2 (12.5%) patients. The PRP dosage used in each treat-
ment was 2.0 (IQR 2.0, 2.3) ml. The median interval between each
PRP treatment was 5 (IQR 2.3, 5.0) days (Table 2).

Efficacy outcomes

Cure rate
The median time from the first PRP treatment to the closure of
the fistula was 12.0 (IQR 6.0, 21.5) days. After PRP treatment, 11
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Table 2
Details of PRP treatment and the therapeutic effect of PRP.
Variables Total (n=16)
Dose of PRP (ml), median (Q1,Q3) 2.0(2.0,2.3)
Sessions of PRP treatments, n (%)
1 4(25.0)
2 3(18.8)
3 7(43.8)
5 2(12.5)
Average interval between PRP treatments (days), median 5.0(2.3,5.0)

(Q1.Q3)

Duration to close of fistula (days), median (Q1,Q3) 12.0(6.0, 21.5)

New infection

At 2-week follow-up 1(6.2)

At 4-6-week follow-up 1(6.2)
Recurrence of BPF

At 2-week follow-up 0(0.0)

At 4-6-week follow-up 0(0.0)
Death

At 2-week follow-up 0(0.0)

At 4-6-week follow-up 0(0.0)
Outcome, n (%)

Cured 11 (68.8)

Improved 3(18.8)

Ineffective 2(12.5)

mMRs o 1 H2EH3 M4

Without dyspnea ——® Dyspnea

| |

Before PRP treatment

2 weeks

4-6 weeks

0 25 50 75 100
Patients, %

Fig. 2. The mMRC at baseline, 2 weeks after the last PRP treatment, and 4-6 weeks
after the last PRP treatment.

(68.8%) patients were cured, 3 (18.8%) showed improvement, and
2 (12.5%) gained no efficacy from the treatment (Table 2).

Severity of symptoms

It was found that before PRP treatment, the median mMRC
score was 3.0 (IQR 3.0, 3.0). Two weeks (P<0.001) and 4-6 weeks
(P<0.001) after the last PRP treatment, the mMRC scores signifi-
cantly decreased, with median mMRC scores of 1.0 (IQR 0.0, 1.0)
and 0.0 (IQR 0.0, 0.3), respectively (Fig. 2). CAT revealed that before
PRP therapy, the median CAT score was 27.0 (IQR 23.3, 30.3). There
was a significant reduction in CAT scores two weeks (P<0.001) and
4-6 weeks (P<0.001) following the final PRP session. Specifically,
median CAT scores dropped to 3.0 (IQR 2.0, 4.3) 2 weeks after and
further to 1.5 (IQR 0.0, 3.0) 4-6 weeks after the last treatment, indi-
cating substantial improvements in patients’ respiratory symptoms
and quality of life (Fig. 3).

Recurrence of BPF, new infection, and death
At the 2-week and 4-6-week follow-up visits, no recurrence of
fistula was observed. One (6.2%) patient was found to have a newly
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Fig. 3. The CAT at baseline, 2 weeks after the last PRP treatment, and 4-6 weeks
after the last PRP treatment.

Table 3
Summary of device-related adverse events during the treatment period and follow-
up period.

Adverse event Adverse event frequency Subject frequency

Cough, n (%) 8(34.8) 6(37.5)
Throat irritation, n (%) 4(17.4) 4(25.0)
Chest tightness, n (%) 3(13.0) 3(18.8)
Dyspnea, n (%) 3(13.0) 3(18.8)
Mucus production, n (%) 3(13.0) 3(18.8)
Fever, n (%) 1(4.3) 1(6.2)
Hypoxemia, n (%) 1(4.3) 1(6.2)
Bronchitis, n (%) 0(0.0) 0(0.0)
Hemoptysis, n (%) 0(0.0) 0(0.0)
Hoarseness, n (%) 0(0.0) 0(0.0)
Lower back pain, n (%) 0(0.0) 0(0.0)

A total of 23 events were reported.
Sixteen subjects experienced one or more reported events.

developed tuberculosis infection in the thoracic cavity drainage
fluid during the follow-up visits at 2 weeks and 4-6 weeks. How-
ever, this patient had obsolete lesions of tuberculosis in the lungs
before PRP treatment, and the infection was considered unrelated
to the PRP treatment or procedure. Throughout the study, there
were no deaths among the participants.

Safety of PRP

For the safety analysis, all symptoms were documented, result-
ing in a total of 29 adverse events throughout the monitoring
timeframe. Out of these, 23 were attributed to either the device
or the procedure itself, essentially being identified as side effects.
Table 3 details the characteristics of these side effects that exclu-
sively occurred within the treatment and follow-up phases. The
most common side effects involved airway irritation, which man-
ifested as increased coughing and throat irritation. The onset of
these symptoms typically occurred within 1.0 (IQR 0.0, 2.0) days,
and resolution was usually observed in 2.0 (IQR 1.0, 2.0) days
following the latest bronchoscopy. Among these device- and/or
procedure-related side effects, 15 (65.2%) resolved spontaneously
and 8 (34.8%) resolved after symptomatic treatment. Neither the
frequency nor the intensity of side effects escalated with additional
treatment sessions. In this study, most side effects were classified
as mild, accounting for 19 (82.6%) of the incidents, while the rest



G Model
ARBRES-3616; No.of Pages 6

Y.Ye, T.Xu,]. Linetal.

were moderate, totaling 4 (17.4%). There were no reports of severe
side effects.

Discussion

This pilot prospective cohort study revealed a promising poten-
tial for PRP therapy in small BPF, a condition known for its
challenging management, high morbidity, and mortality, providing
a theoretical basis for its subsequent clinical application. Our find-
ings indicate an effectiveness rate of 87.6%, with 68.8% cure and
18.8% improvement and an absence of recurrence of BPF and new
infection during follow-up, accompanied by significant improve-
ment of respiratory symptoms. Furthermore, a favorable safety
profile was observed in this study.

BPF, commonly following lobectomy, lacks standardized
treatment. Main methods include surgical and bronchoscopic
interventions. Surgical repair, primarily using pedicled intercostal
muscle flaps, has a high success rate of 95.3%.1> However, Hol-
laus et al. reported severe complications in 7 patients (an average
fistula size of 3.43 mm) treated by pedicled intercostal muscle
flaps, including skin flap necrosis in 1 patient, and death in 1
case caused by aspiration pneumonia 38 days post-thoracotomy.'#
Alternatively, endoscopic treatment offers minimal invasiveness
and flexibility, combining multiple techniques with success rates
up to 80%.> Devices like the Amplatzer occluders and Amplatzer
vascular plug effectively seal BPF, achieving immediate success in
96% of cases.!> However, the application is limited by the size of
the fistulas, with smaller ones being challenging to repair with
occluders.'®

PRP therapy under endoscopic guidance is an emerging treat-
ment for BPF. PRP is rich in growth factors and cytokines like
platelet-derived growth factor (PDGF), transforming growth factor-
B (TGF-B), vascular endothelial growth factor (VEGF), and fibroblast
growth factor (FGF), which are crucial for tissue repair. Its
regenerative properties have been effectively applied in healing
bone,'”18 cartilage,'®?° and skin injuries,?! among others. PRP
has shown promise in airway regeneration, with cases report-
ing complete healing in bronchial anastomotic fistulas post-lung
transplantation.?? Our team refined PRP formulations and focused
on the active component ARF, demonstrating its effectiveness
in preventing restenosis in refractory benign airway stenosis.!?
Another study conducted by Wu et al. explored PRP for BPF in
3 cases. All 3 cases were cured, though the treatment duration
(up to 124 days) and additional interventions clouded PRP’s sole
effects.?3 In our structured study using endoscopic PRP application,
we established a rigorous protocol, achieving an overall efficacy of
87.6%, with a cure rate of 68.8% and improvement rate of 18.8%.
This approach underscores PRP’s therapeutic potential in airway
repair. In our study, we observed immediate swelling of the sur-
rounding tissue after PRP infection. However, PRP offers additional
benefits beyond just causing tissue swelling. The growth factors
and cytokines in it can reduce inflammation and promote tissue
regeneration and healing, leading to permanent close of fistula.

PRP is considered safe for airway applications. A systematic
review of 21 studies on PRP treatment for osteoarthritis identified
only mild adverse reactions such as pain, redness, and swelling.2*
In airway applications, Wu et al. found no adverse reactions in three
cases of tracheobronchial fistula treated with PRP.2> Our research
also indicates that potential adverse reactions in airways, includ-
ing cough, dyspnea, and chest discomfort, are typically short-lived,
further confirming PRP’s safety in treating conditions like BPF.1°

PRP’s effectiveness can vary in treating orthopedic diseases,
dental issues, and chronic dermatoses,?>26 often due to factors
like PRP quality, application methods, patient characteristics, and
treatment timing.2’ In this study, we did not observe that the type
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of surgery, location, or disease affected the efficacy of PRP treat-
ment. Among the patients in our study, both cases of treatment
failure were observed in patients who had undergone surgery for
left lung cancer. The age, fistula size, and fistula location of these
two patients were similar to those of BPF patients who were cured
with PRP therapy. Upon reviewing the surgical videos, we noted
that local tissue scarring around the fistula might be one of the fac-
tors affecting the action of PRP growth factors. Evidence suggests
that the structural characteristics and microenvironment of the
wound influence the success of regenerative therapies.26 However,
this hypothesis requires further validation through larger clinical
studies.

The presence of multiple BPF is another circumstance that can-
not be ignored. In our study of multiple BPFs, two patients had
dual fistulas, including one at the distal bronchi inaccessible by
bronchoscopy. We used bronchoscopy to check the proximal fis-
tulas’ closure, but final chest CTs showed residual cavities. Given
the stability of the distal fistula and potential risks to lung func-
tion, no further interventions were pursued. This highlights the
challenges in treating multiple BPFs and the need for personalized,
multi-modal treatment approaches when fistulas are unreachable
by standard endoscopic methods.

Recurrence of BPF after treatment is also a common concern.*28
In our current study, we observed no recurrence of fistula, indi-
cating initial success. However, the potential for recurrence may
increase with extended observation periods and larger sample
sizes. The efficacy of further PRP in patients with recurrence of fis-
tula remains an area for future exploration to fully understand and
optimize BPF management strategies.

This study has several limitations. The first one is the absence
of a control group and a small sample size. Despite this, sig-
nificant improvements in cure rates and respiratory symptoms
were observed. These results are promising and suggest that
PRP treatment might offer benefits beyond those achievable with
occluders, bronchial stents, and conservative approaches, warrant-
ing further research. Second, 4 patients, of whom 2 had outcomes
of ineffectiveness and 2 showed improvement, declined further
PRP treatments due to concerns about the risks associated with
repeated anesthesia and bronchoscopy. This refusal may have led
to an underestimation of PRP’s therapeutic efficacy in the study.
Finally, this study does not address potential long-term safety
issues like recurrence of BPF, new infections, or death. These issues
are intended to be addressed through more rigorous study designs,
which are multicenter randomized controlled trials and extended
follow-up periods.

Conclusion

PRP therapy had significant potential in managing small BPF,
with an effectiveness rate of around 4/5, along with notable
improvements in respiratory symptoms. The absence of BPF recur-
rence or new infections during follow-up and few adverse events
further underscored efficacy and safety of PRP. These findings laid
a solid foundation for future clinical applications of PRP in small
BPF treatment, suggesting a promising avenue for addressing this
complex condition.
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