
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(6):3347-3358 | http://dx.doi.org/10.21037/jtd-20-1761

Original Article

Autologous blood patch pleurodesis for prolonged postoperative 
air leaks

Irsa S. Hasan1, Mark S. Allen1, Stephen D. Cassivi1, William S. Harmsen2, Nandita Mahajan1,  
Francis C. Nichols1, Janani Reisenauer1, Robert K. Shen1, Dennis A. Wigle1, Shanda H. Blackmon1 

1Department of Surgery, Division of Thoracic Surgery, Mayo Clinic, Rochester, MN, USA; 2Department of Biostatistics, Mayo Clinic, Rochester, 

MN, USA

Contributions: (I) Conception and design: SH Blackmon, IS Hasan; (II) Administrative support: SH Blackmon; (III) Provision of study materials or 

patients: SH Blackmon, IS Hasan; (IV) Collection and assembly of data: SH Blackmon, IS Hasan, N Mahajan; (V) Data analysis and interpretation: 

All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Shanda H. Blackmon, MD, MPH. Division of General Thoracic Surgery, Mayo Clinic. 200 1st Street SW, Rochester, MN 55905, 

USA. Email: Blackmon.Shanda@mayo.edu.

Background: A prolonged air leak (PAL) is the most frequent complication after pulmonary resection. 
This study aimed to assess the safety and efficacy of autologous blood patch pleurodesis (ABPP) to treat PAL. 
Methods: A prospectively maintained database identified patients with a PAL after pulmonary resection 
for lung cancer between 2015–2019. In this observational cohort study, clinical data were collected to 
retrospectively compare patients undergoing ABPP to no ABPP in a propensity-matched analysis. Kaplan 
Meier estimates and Cox models accounting for inverse probability weighting (IPTW) were used to assess 
the association of ABPP with each outcome.
Results: Of the 740 patients undergoing lung resection, 110 (15%) were identified as having a PAL 
at postoperative day (POD) 5. There was no difference between baseline characteristics among those 
undergoing ABPP (n=34) versus no ABPP (n=76). Propensity-weighted analysis did not reveal a significant 
association of ABPP treatment with in-hospital complication (P=0.18), hospital length of stay (LOS) (P=0.13), 
or post-discharge complication (P=0.13). However, ABPP treatment was associated with a lower risk of 
hospital readmission [P=0.02, hazard ratio (HR) 0.16] and reoperation for air leak or empyema (P=0.05, HR 
0.11). Although not statistically significant, the mean chest tube (CT) removal of 11 days for the ABPP group 
was less than the no ABPP group (16 days) (P=0.14, HR 1.5–2). Those treated with ABPP were less likely to 
be discharged with a CT (ABPP 7/34, 21% vs. no ABPP 40/76, 53%). There was no statistical difference in 
empyema development between groups (ABPP 0/34, 0% vs. no ABPP 4/76, 5%, P=0.39, HR 0.24).
Conclusions: ABPP administration is safe compared to traditional PAL management. In a retrospective 
propensity-matched analysis, postoperative patients treated with ABPP required less readmission and 
reoperation for PAL. Larger powered randomized trials may demonstrate the magnitude of benefit from 
treatment with ABPP. 
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Introduction

A prolonged air  leak (PAL) is  the most  frequent 
complication after pulmonary resection, with an incidence 
of 7.6% reported in the ACOSOG Z0030 trial (1). 
Although most air leaks will heal spontaneously, a PAL, 
defined as lasting longer than five days, leads to a longer 
hospital length of stay (LOS) (2,3). Although preoperative 
risk factors for PAL have been identified, the postoperative 
management varies between clinicians (4). In addition to 
chest tube (CT) management, modalities such as chemical 
pleurodesis, Heimlich valve/pneumostat, pleural tents, 
endobronchial valve (EBV) placement, and surgery have 
been employed to hasten the resolution of air leaks or allow 
patients to discharge to home earlier (5). While discharge 
to home with an indwelling tube may allow patients to 
go home earlier, few studies have demonstrated effective 
prevention of air leak. 

Pleurodesis with autologous blood patch pleurodesis 
(ABPP) occurs through multiple mechanisms (6). Direct 
application of a clot allows for the fibrogenic activity of a 
patient’s own blood to create a seal by irritating the pleura 
and causing an inflammatory cascade to ultimately seal the 
air leak. When small spaces exist between the chest wall and 
pleura, it is also possible that the act of filling the space with 
clot can enhance sealing through direct opposition against 
the leaking pleura. This technique is also cost-effective, 
in that the product comes from the patient and is always 
readily available.

The objective of this study was to review a single 
tertiary center’s experience using ABPP to treat PAL after 
lung resection for cancer or indeterminate pulmonary 
nodules (IPNs). We hypothesized that ABPP can decrease 
hospital LOS, shorten time to CT removal, and reduce the 
development of infectious complications. 

We present the following article in accordance with the 
STROBE reporting checklist (7) (available at http://dx.doi.
org/10.21037/jtd-20-1761). 

Methods

Pleurodesis

Per our institution’s protocol for ABPP administration, the 
patient is positioned with the unaffected side dependent or 
down, Figure 1. A laboratory technician then draws 90 cc 
of autologous blood into three equal 30 cc unheparinized 
syringes. The autologous blood sample is directly injected 
into the CT through a connector with stopcock followed 

by saline flush solution. Occasionally, the syringes are not 
completely full and thus the volume may vary to a minor 
degree. The CT then remains connected to waterseal off 
suction but with the tubing draped over an IV pole for 
at least 1–2 hours, turning to different positions every 
15 minutes. No sedation or analgesia is required. There 
were no documented incidences of CT blockage with 
our protocol prior to implementation. If the patient is a 
Jehovah’s Witness, we modify the protocol and connect the 
blood tubing directly to the CT with a three-way stopcock 
which allows an unbroken tubing connection between the 
blood draw from the patient and the pleural space.

In this study, ABPP was performed during the immediate 
postoperative hospitalization period. Success of ABPP 
was defined as resolution of an air leak within 72 hours. 
Resolution was further classified as occurring within a 24-, 
24–48-, or 48–72-hour time period as clinically assessed 
by the surgical team. Additional methods to resolve the air 
leak, such as deployment of EBVs, pneumoperitoneum, 
placement of additional chest tubes, or postoperative re-
intervention were recorded. Patients discharged with a CT 
received post-discharge antibiotics per physician preference, 
as there was not a protocol for patients to routinely receive 
antibiotic therapy with an indwelling tube. 

The decision about when to perform an ABPP was 
clinically determined by individual surgeon preference. 
ABPP utilized after postoperative day (POD) 5 when a 
patient failed conservative management with CT placement 
to wall suction (−20 mmHg) comprised the treatment 
group. 

Data collection

The study was conducted accordance with the Declaration 
of Helsinki (as revised in 2013) and approval obtained by 
the Mayo Institutional Review Board (IRB #16-005562). 
Individual consent for this retrospective analysis was waived. 
Using electronic medical health records, a retrospective 
review was conducted of patients undergoing surgery for 
lung cancer or IPN in a single tertiary care center between 
January 1, 2015 and April 30, 2019, Figure 2. In order to 
avoid selection bias, all patients meeting inclusion criteria 
from the thoracic surgery division were reviewed, and those 
who developed a postoperative air leak were identified. 
Baseline characteristics, operative data, and postoperative 
outcomes were collected. Surgery was classified as diagnostic 
or therapeutic and was grouped into open or minimally 
invasive (video-assisted or robotic) approaches. Patients 
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Figure 1 Mayo Clinic blood patch protocol (permission to reuse figure was obtained from Mayo Clinic).

No prolonged air leak;
CT removed before POD 5

N=601

Prolonged air leak
N=139

ABPP for PAL, treated > POD5
*N=34

Lung cancer or nodule surgery 2015–2019
N=740

Treated without ABPP
*N=76

EBV =3
D/c w/ CT =6

Additional CT =5 

EBV =1
D/c w/ CT =40
Additional CT =4
No additional therapy =29
Surgery =2

ABPP before POD 5
*N=29

EBV =0
D/c w/ CT =7

Additional CT =4
No additional therapy =19

*Patients may have undergone more than one procedure

Figure 2 Consort diagram of patients presenting to Mayo Clinic for lung nodule or cancer surgery. ABPP, autologous blood patch 
pleurodesis; CT, chest tube; D/c w/ CT, discharge with chest tube; EBV, endobronchial valve; PAL, prolonged air leak; POD, 
postoperative day.
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presenting with infectious etiology prior to their lung 
surgery, such as a decortication or empyema, were excluded. 
Primary spontaneous and secondary pneumothorax related 
to underlying emphysema as well as interstitial lung disease 
patients were excluded in this study. Patients with a history 
of chronic obstructive pulmonary disease were included and 
forced expiratory volume/1 second (FEV1) was categorized 
similar to previous studies (3). If sealants were used at the 
time of surgery, these patients were excluded from the study 
as well. 

As per the Society of thoracic Surgeons (STS) database 
definition, those patients with a PAL were defined as 
having an air leak persisting until at least POD 5 (8,9). 
Patients who did not undergo ABPP for a postoperative 
PAL comprised the control group. Descriptive data were 
collected for patients who received an ABPP at any point 
after surgery, but statistical analysis was performed only 
on those patients with an air leak beyond five days for the 
ABPP group. Those patients undergoing ABPP prior to 
POD 5 were excluded in the statistical analysis. The degree 
of pulmonary expansion was documented radiographically 
prior to ABPP, and then was re-reviewed by an expert 
thoracic-focused radiologist. Residual pleural space was 
measured in centimeters (cm) from the apex of the lung to 
the highest extent of chest wall apex on upright chest X-ray. 
The radiologist’s interpretation of the residual pleural space 
size was used to correlate the measurements into categories, 
(none/tiny ≤0.5 cm, 0.5–2 cm = small, 2–4 cm = moderate, 
and >4 cm = large). CT removal criteria included transition 
to waterseal for at least 4–6 hours, lack of an air leak with 
forced expiratory maneuvers, less than 300 cc of non-
infected fluid output over a 24-hour period, and expansion 
of the lung on chest X-ray, as per protocol. Chest X-ray is 
routinely obtained 2–4 hours after CT removal; this was 
used to confirm documentation of date of CT removal 
and resolution of air leak. Readmission and reoperation 
data were collected for complications related to air leak 
in the postoperative period. During this same duration, 
we had a readmission quality improvement project where 
patients were contacted by telephone to determine if they 
were re-admitted to another outside facility. Complications 
managed at outside institutions were captured using 
electronic medical record review, telephone interviews, and 
documented follow-up visits. 

Data analysis

Descriptive statistics were reported as number (percent) for 

discrete variables and as either mean (SD) or median (range) 
as appropriate for continuous variables. Since the decision 
of utilizing ABPP versus no ABPP for each patient was not 
randomized, we used inverse probability weighting (IPTW) 
to try to account for differences in baseline characteristics 
between treatment groups and prevent  potentia l 
confounders. Using SAS version 9.4 software, a logistic 
regression model was utilized to obtain the predicted 
probabilities of treatment with ABPP. This model included 
the variables of age, sex, cancer status, surgery type (open 
vs. VATS), smoking status (non- vs. former vs. current), 
use of steroids, extent of resection (lobe vs. segment vs. 
other), location of lung resection (lower vs. middle vs. upper 
vs. multiple), FEV1 category (<60, 60–79, ≥80), and year 
of surgery, the model c-statistic was 0.88. Patients with 
incomplete data were excluded. The cumulative probability 
of hospital discharge, survival free of readmission, and 
cumulative probability of CT removal were estimated using 
the Kaplan Meier survival method. Univariate Cox models 
accounting for IPTW were used to assess the association 
of ABPP with each of the outcomes. An alpha-level of 0.05 
was set for statistical significance. 

Results

Patient selection

Over at least a four-year period, there were 110 (15%) 
patients who developed prolonged postoperative air 
leaks after lung resection for malignancy or IPN and met 
inclusion criteria. Of these, 34 patients underwent ABPP 
for PAL using 90cc of autologous blood. The remaining 
76 patients did not undergo ABPP as dictated by surgeon 
preference and comprised the “no ABPP group” in this 
study (Figure 2). A total of 66 patients underwent ABPP 
but 29 of these patients had an initial ABPP before POD 
5 due to physician preference and were thus excluded in 
the propensity-matched analysis. Additionally, 3 patients 
received ABPP and had resolution of an air leak prior to 
POD 5, not meeting the criteria for a PAL and were thus 
also excluded. 

Effectiveness of ABPP

For a PAL, the first ABPP administration was successful in 
22/34 patients (64%), and 21/22 (95%) of these patients had 
resolution of the air leak within the first 24 hours, Table 1.  
Of the remaining 12/34 patients, three were successfully 
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treated with a second ABPP, four air leaks resolved with 
additional time (>48 hours) after initial ABPP, one had 
successful and one had unsuccessful resolution after EBV 
placement, and four patients were discharged with a pigtail 
catheter or Heimlich valve. Of the four patients discharged 
with a PAL, one patient required reoperation and one had 
EBV placement with resolution of air leak. Every patient 
in the ABPP group ultimately had successful CT removal 
within 30 days. Comparatively, in the no ABPP group 
(n=76), 40 patients were discharged with a Heimlich valve 
or pigtail catheter, one underwent EBV placement, six 
required surgery, four had an additional CT placed and 29 
ultimately resolved with prolonged CT management with 
waterseal or suction. In this group 68/76 (89%) had removal 
of all chest tubes within 30 days. Table 1 additionally 
describes results for all ABPP treated patients, which 
includes those with ABPP administration prior to POD 5. 
In this group there was a 59% air leak resolution with the 
first ABPP compared with 64% when ABPP was used after 
POD 5. 

Residual pleural space size prior to administration of 
ABPP is described in Table 1. If a tiny or small space was 
present on chest X-ray prior to administration of ABPP, 
the success rate for air leak resolution within 72 hours was 
higher than if a moderate or large residual pleural space was 
present. This study was underpowered to delineate a benefit 
based on remaining pneumothorax measured as pleural 
space size.

There was no significant difference in clinical variables 
between the no ABPP group and the group treated with 
ABPP in terms of age, gender, smoking history, preoperative 
FEV1, etiology necessitating lung resection, surgical 
approach, and type of resection (Table 2). It should be noted 
that over time, there was increase in surgeon preference 
to utilize ABPP in managing air leaks (Table 2). Although 
not significant, the ABPP group had a mean of 11 days 
before successful CT removal after surgery compared to a 
mean of 16 days for the no ABPP group (P=0.14, HR 1.52)  
(Figure 3A,B,C; Table 3). 

Patients with missing variables used in IPTW estimation 

Table 1 Chest tube management

Details of management ABPP (all), n=66 ABPP (PAL only), n=34 No ABPP, n=76

Patients discharged with Heimlich valve 13 4 40

Type of air leak

Continuous 29 11 18*

Intermittent 37 23 56

Size of pneumothorax on CXR prior to ABPP (number of patients with resolution of air leak within 72 hours, %)

None/tiny, <0.5 cm 21 (14/21, 67%) 7 (4/7, 57%)

Small, 0.5–2 cm 26 (16/26, 62%) 17 (13/17, 76%)

Moderate, 2–4 cm 14 (7/14, 50%) 6 (3/6, 50%)

Large, >4 cm 5 (2/5, 40%) 4 (2/4, 50%)

Successful resolution of air leak n/a

1st attempt 39/66 (59%) 22/34 (64%)

2nd attempt 7/13 (53%) 3/6 (50%)

3rd attempt 1/1 (100%) 0

No resolution 19/66 (29%) 9/34 (26%)

Time to resolution of air leak after 1st ABPP

0–24 hours 32/39 (82%) 21/34 (62%)

24–48 hours 5/39 (13%) 1/34 (3%)

48–72 hours 2/39 (5%) 0 n/a

*, missing n=2. ABPP, autologous blood patch pleurodesis; CXR, chest X-ray; PAL, prolonged air leak.
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Table 2 IPTW propensity-matched variables between ABPP and control groups

Preoperative characteristics Variables ABPP (N=34), n (%) No ABPP (N=76), n (%) P value

Gender Female 11 (32.4) 36 (47.4) 0.14

Male 23 (67.6) 40 (52.6)

Age Mean ± SD 67.3±11.8 68.0±10.7 0.94

Median 68.8 67.7

Q1, Q3 60.5, 75.6 61.5, 75.1

Range 25.6–85.1 40.3–91.7

Surgical approach Minimally invasive 25 (73.5) 45 (59.2) 0.15

Open 9 (26.5) 31 (40.8)

Smoking history Non-smoker 7 (20.6) 16 (21.1) 0.88

Former 17 (50.0) 41 (53.9)

Current 10 (29.4) 19 (25.0)

Steroids No 34 (100.0) 66 (86.8) 0.065

Yes 0 (0.0) 10 (13.2)

Resection type Wedge 9 (26.5) 18 (23.7) 0.41

Segment 1 (2.9) 7 (9.2)

Lobe 18 (52.9) 44 (57.9)

Combined 6 (17.6) 7 (9.2)

Lung resection location Upper 18 (52.9) 39 (51.3) 0.84

Middle 2 (5.9) 2 (2.6)

Lower 7 (20.6) 18 (23.7)

Combined 7 (20.6) 17 (22.4)

FEV1 Missing 1 5 0.17

≥80% 21 (63.6) 32 (45.1)

60–79% 6 (18.2) 24 (33.8)

<60% 6 (18.2) 15 (21.1)

Year of surgery 2015 2 (5.9) 27 (35.5) <0.001

2016 5 (14.7) 16 (21.1)

2017 7 (20.6) 20 (26.3)

2018 16 (47.1) 10 (13.2)

2019 4 (11.8) 3 (3.9)

Etiology of lung disease Benign 4 (11.8) 3 (3.9) 0.12

Malignant 30 (88.2) 73 (96.1)

IPTW, inverse probability weighting; ABPP, autologous blood patch pleurodesis; PAL, prolonged air leak.
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Figure 3 ABPP vs. no ABPP. (A) Probability of chest tube removal in ABPP treated patients vs. no ABPP. (B) Probability of readmission of 
ABPP treated patients vs. no ABPP. (C) Probability of discharge of ABPP patients vs. no ABPP. ABPP, autologous blood patch pleurodesis.

Table 3 Propensity-matched analysis of postoperative outcomes

ABPP No ABPP P value

A. Date of surgery to date of chest tube removal 0.14

N 34 70

Mean ± SD (days) 11.0±5.3 16.8±14.9

Median (days) 9 12.5

Q1, Q3 (days) 7.0, 13.0 8.0, 20.0

Range 6.0–29.0 5.0–101.0

Hazard ratio (95% CI) 1.5 (0.86–2.7) 1.0 (reference)

B. Postoperative outcomes

In hospital complications (OR) 2.26 (0.69–7.43) 1.0 (reference) 0.18

Post discharge reoperation (HR) 0.11 (0.012–1.02) 1.0 (reference) 0.05

Post discharge complication (HR) 0.26 (0.05–1.50) 1.0 (reference) 0.13

ABPP, autologous blood patch pleurodesis; PAL, prolonged air leak.
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Table 4 Propensity-matched analysis of postoperative outcomes using inverse probability weighting

Outcome

Cumulative probability 
(95% CI)

Survival-free (95% CI) Univariate Cox model

7 days 21 days 7 days 21 days 30 days 60 days Hazard ratio (95% CI) P value

Hospital discharge

ABPP 4.8%  
(<0.01–9.2)

83.7%  
(73.6–90.0)

0.63  
(0.35–1.14)

0.13

No ABPP 39.1%  
(28.2–48.3)

95.9%  
(89.0–98.5)

1.0  
(reference)

Hospital readmission

ABPP 97.3%  
(93.8–1.0)

97.3%  
(93.8–1.0)

0.16  
(0.03–0.75)

0.02

No ABPP 88.0%  
(81.5–95.1)

83.1%  
(75.5–91.5)

1.0  
(reference)

Chest tube removal 32.4%  
(21.6–41.7)

98.6%  
(91.6–99.8)

ABPP 19.4%  
(21.6–41.7)

80.3%  
(70.2–87.0)

1.52  
(0.87–2.68)

0.14

No ABPP 1.0  
(reference)

All Kaplan Meier estimates and univariate Cox models incorporate the inverse probability weight estimate for treatment by ABPP versus 
“control”. The logistic regression model used to estimate the probability of ABPP included sex, cancer status, surgery type, smoking 
status, use of steroids, extent of resection, location of lung resection, FEV1 category (<60, 60–79, ≥80), age, and year of surgery. ABPP, 
autologous blood patch pleurodesis; PAL, prolonged air leak.

of weights were not included in the analyses, which left 
34 patients in the ABPP group and 71 patients in the no 
ABPP group. Analysis did not reveal a significant difference 
between the ABPP and no ABPP groups for in-hospital 
complications (P=0.18) and post-discharge complications 
(P=0.13), though, among ABPP treated patients, the risk 
of hospital readmission (P=0.02) was significantly lower. 
Empyema developed in 4 patients in the no ABPP group 
compared to 0 patients in the ABPP group (P=0.39, HR 
0.24). Reoperation for air leak or empyema treatment was 
more often necessary in the no ABPP group (P=0.052, HR 
0.1). The ABPP treatment group had a non-significant 
longer time to discharge after surgery (P=0.13, HR 0.63), 
with rates of discharge within 21 days of 83.7% and 95.9% 
in ABPP and no ABPP groups respectively (Table 4). 

Follow-up data

As seen in Figure 2, of the 740 patients undergoing surgery 
for a lung nodule or cancer, 66 patients were treated 
with ABPP. This study only included those patients who 

presented with a PAL and then were administered ABPP 
after the PAL was diagnosed. Three patients in our cohort 
had less than 30-day follow-up but did have a postoperative 
visit 6–14 days after discharge and did well without 
complications at the time of their last visit. In the control 
group, two patients were lost to follow-up, six patients were 
seen between 5–24 days after discharge, and 68 had at least 
30 days’ follow-up. The numbers of total postoperative 
complications are illustrated in Figure 4 for each group; 
some patients may have had more than one postoperative 
complication. No empyema was found in the ABPP group, 
while four patients in the control group were diagnosed and 
treated for an empyema. 

 

Discussion

This retrospective matched study of patients undergoing 
ABPP demonstrated fewer admissions and reoperations for 
PAL compared to those who did not undergo ABPP. The 
safety of this technique is also demonstrated by no increase 
in empyema-related complications.
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In 1987, Robinson et al. were the first to report 
an efficacy of 85% (21/25 patients) using ABPP for 
spontaneous pneumothorax, followed by Dumire et al. 
extending the application to postoperative air leaks in 1992 
(10,11). Contemporary data show a success rate of 75–93%, 
while empyema rates are reported around 9% (8,12-14). 
However, if no blood patch is performed, a PAL managed 
with a Heimlich valve has a 10–17% risk of associated 
empyema (15,16). An ongoing randomized trial is underway 
to determine if antibiotic therapy can reduce postoperative 
empyema in patients discharged to home with a PAL and 
CT (clinicaltrials.gov, NCT 03943511). Recent literature 
finds ABPP has a lower empyema rate reported in both 
retrospective trials and in a single randomized control trial 
(RCT) (17). 

Reinersman et al. found an increase in dismissal with CT 
for PAL rising from 3.4% to 4.5% (P=0.03) over a 10-year 
period and discharging patients with a CT has an associated 
increased risk (17%) for development of empyema (16). 
Our study found a 4% incidence of empyema in patients 
who discharged with a CT compared to 0% who underwent 

ABPP treatment, suggesting an air leak itself may be a 
potential source to contaminate the pleural space. 

Topical biodegradable sealants, such as ProGEL, have 
yet to demonstrate cost-effectiveness and studies have yet to 
demonstrate efficacy of EBV for PALs (18,19). Traditionally, 
chemical pleurodesis such as talc and doxycycline have 
been successful, but surgeons have been reluctant to use 
these agents due to side effects such as intense pain or 
acute respiratory distress syndrome (20). The lack of a 
standardized PAL pathway creates an environment where 
heterogeneous management takes place. ABPP is easily 
accessible and inexpensive, prevents the need for foreign 
material to be introduced into the chest, does not require 
sedation, and can be administered bedside with minimal 
discomfort (21). ABPP supplies and source are always 
readily available at any hospital, making it a more attractive 
option for pleurodesis. The time to perform this procedure 
is relatively quick, 10-20 minutes are required to set up and 
complete, with a 1–2-hour dependent CT dwell period. 

PAL can prolong hospital stay and increase infectious 
complications. Brunelli et al. report their postoperative 

Figure 4 Description of postoperative complications. ABPP, autologous blood patch pleurodesis; PAL, prolonged air leak.
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hospital course is prolonged from 8 to 16 days when a PAL 
is present, while others report a PAL was associated with 
a 5-day longer hospitalization (3,15). Our study did not 
find a significantly different LOS among patients in either 
ABPP versus no ABPP. However, there was a much higher 
incidence of outpatient management with a CT, 52% 
(40/76) in the no ABPP group compared to 18% (4/34) in 
the ABPP treated group. Within our comparison groups, 
LOS was confounded by providers waiting until POD 5 to 
administer an ABPP, which delayed discharge by another 
1–2 days in order to observe for resolution of the air leak 
in contrast to the no ABPP patient group who discharged 
with a CT but continued to have an air leak on POD 5 
while at home. 

Compared to LOS, duration of CT may be a better 
indicator of air leak resolution. This study found 
administration of ABPP had a higher probability of earlier 
CT removal compared to the no ABPP group with a 
propensity-matched hazard ratio (HR) of 1.52 (CI: 0.866–
2.676, P=0.14). Although this is not statistically significant, 
the findings are clinically relevant due to a significant HR 
and the fact that the study was underpowered to demonstrate 
a difference (powered to show a difference of only 5.8 days). 

PAL has been associated with higher odds of readmission 
(OR =2, P=0.009) and empyema (OR =8.5, P<0.01) (3). 
Our study found a lower rate of 30-day readmission 
and reoperation in the ABPP group, indicating that 
ABPP effectively can seal a PAL to prevent subsequent 
complications of a PAL as identified by Attaar et al.

During conduct of the study there was no formal PAL 
protocol to guide management. Provider intervention with 
ABPP ranged from 2–13 days from surgery. In successful 
ABPP cases [64% (22/34) of patients with PAL], resolution 
occurred in almost all of these patients within 24 hours 
(21/22, 95%). Others report significant benefit (duration of 
air leak, CT removal, and LOS) with ABPP applied as early 
as POD 3 (20). 

This study focused on assessment of ABPP on PAL 
after lung resection for benign or malignant lesions. 
In this series, none of the ABPP patients developed a 
postoperative empyema. In fact, our study showed that, 
without intervention for a PAL, there was a higher risk 
of empyema development. Therefore, even if ABPP is 
not effective in sealing all air leaks, the potential benefit 
is greater than the risk of empyema development. 
Importantly, PAL’s are routinely encountered by thoracic 
surgeons in various spectrums of practice where the 
generalizability of the ABPP methods and results can be 

particularly impactful. 

Limitations and future direction

The authors recognize that findings are limited by the 
retrospective and underpowered nature of this study. 
Unfortunately, there is significant variability among 
thoracic surgeons on how to manage postoperative air 
leaks and when to intervene. This can lead to selection 
bias and differences in individual surgeon outcomes. 
Additionally, the implementation of ABPP in patients 
prior to identification of a PAL further skewed the results 
of this retrospective review, making the analysis difficult. 
Understanding these limitations, we found the prevalence 
of postoperative air leaks was problematic enough that an 
analysis of our outcomes was crucial to guide practice. 

Based on the results of this study, our group aims to 
initiate a RCT to study the utility of ABPP after lung 
surgery. Objective measurements to quantify an air leak 
were not available in this study but, for a future trial, a 
digital chest drainage device will be used. Findings from a 
larger RCT will be essential to determine an algorithm and 
to standardize PAL management. 

Conclusions

ABPP administration is safe compared to traditional PAL 
management. The ABPP group had no postoperative 
empyema complications and was less likely to need 
readmission or reoperation for PAL. Larger powered 
studies may demonstrate what appears to be earlier CT 
removal among patients treated with ABPP.
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