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Abstract

Background: Postoperative air leaks are a common complication after lung surgery.
They are associated with prolonged hospital stay, increased postoperative pain and
treatment costs. The treatment of prolonged air leaks remains controversial. Several
treatments have been proposed including different types of sealants, chemical
pleurodesis, or early surgical intervention. The aim of this review was to analyze the
impact of autologous blood pleurodesis in a systematic way.

Methods: A systematic review of the literature was conducted until July 2020. Studies
with more than five adult patients undergoing lung resections were included. Studies
in patients receiving blood pleurodesis for pneumothorax were excluded. The search
strategy included proper combinations of the MeSH terms “air leak”, “blood transfu-
sion” and “lung surgery”.

Results: Ten studies with a total of 198 patients were included in the analysis. The
pooled success rate for sealing the air leak within 48 h of the blood pleurodesis was
83.7% (95% CI: 75.7; 90.3). The pooled incidence of the post-interventional empyema
was 1.5%, with a pooled incidence of post-interventional fever of 8.6%.

Conclusions: Current evidence supports the idea that autologous blood pleurodesis
leads to a faster healing of postoperative air leaks than conservative treatment. The
complication rate is very low. Formal recommendations on how to perform the proce-
dure are not possible with the current evidence. A randomized controlled trial in the
modern era is necessary to confirm the benefits.
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definition of what exactly constitutes a prolonged air leak
varies; therefore, we do not really know what the true inci-
dence is for this complication.

Postoperative air leak is one of the most common complica-
tions following lung surgery. Most patients undergoing a
lung resection leave the operating theater with an air leak,
which usually resolves within the first 24 h while 10%-20%
of patients develop a prolonged air leak." However the

The study has been registered in the PROSPERO registry for systematic reviews and
meta-analyses (CRD42021223388).

Based on the fact that the majority of air leaks will even-
tually heal spontaneously, there is no widely accepted algo-
rithm on when and how to manage this complication.
Prolonged air leaks are associated with increased postopera-
tive pain, increased hospital stay, and an increase in other
complications. Furthermore, air leaks significantly increase
treatment costs."?
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It is not surprising that the definition of a prolonged air
leak has changed. In the late 1990s an air leak would become
a problem after the seventh postoperative day or even later
than that™ because this was around the time when the
patient would be discharged home. Most recent publications
focus on the treatment of postoperative air leaks after the
fifth postoperative day.>® Taking into consideration that
nowadays the average length of hospital stay is under
five days for an uncomplicated lobectomy, and that around
30% of the patients leave the hospital within the first three
postoperative days,” using five days to define a prolonged air
leak maybe outdated.

Several treatment options have been proposed for post-
operative air leaks. Chemical pleurodesis with different
agents such as talc, tetracyclines or iodine, prolonged chest
tube drainage using a Heimlich valve system, insertion of
endobronchial valves, or surgical intervention have been
previously described.® '

Autologous blood pleurodesis (ABP) was introduced
33 years ago as a treatment option in patients with pneumo-
thorax."" Several theories have tried to explain the mecha-
nism of action; one suggested that blood initiates an
intrapleural inflammatory reaction leading to pleurodesis,
while another theory supported the idea of the leaking air-
way being directly sealed by the blood.'* The first study in
patients with postoperative air leaks after lobectomies was
published almost 30 years ago. Two patients were treated
successfully with ABP as a “last resort” therapy for
persisting air leaks."” Since then, several studies have
followed in this field.

The purpose of this meta-analysis was to examine the
role of autologous blood pleurodesis in patients after tho-
racic surgery and define the efficacy of the method and rate
of postoperative complications.

METHODS

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'* The objective of the
analysis was to determine in patients following thoracic sur-
gery with a prolonged air leak whether autologous blood
pleurodesis leads to an earlier sealing of the air leaks, and
the incidence of post-interventional complications.

All studies reporting results on patients treated with
autologous blood pleurodesis for postoperative air leaks
were included. Only studies with more than five patients
were included. This limit was introduced in order to exclude
case reports and case series with a very small patient num-
ber. Reviews, technical trials reports, studies in pediatric
patients and conference abstracts of unpublished data were
excluded. Studies on patients undergoing autologous blood
pleurodesis for pneumothorax were also not included. The
reason for the exclusion of studies on pneumothorax
patients was that they probably represent a different etiology
of air leak.

Systematic literature research

A computer-based literature search was performed (MG) up
until the July 30, 2020 in the following databases: the Cochrane
Central Register of Controlled Trials (CENTRAL), the
Cochrane Database of Systematic Reviews (CDSR) from The
Cochrane Library, MEDLINE (1966 to present), Cinahl (1981
to present) and Web of Science (1945 to present). Reference
lists of retrieved articles were scanned for further eligible trials
(backward search) and citations of identified trials were
checked for inclusion (forward search). Search strategies
included proper combinations of the MeSH terms “lung/sur-
gery”, “blood transfusion/autologous/autotransfusion/blood
patch”, “air leak” and “pleurodesis”. The search was not lim-
ited by publication type and there were no restrictions on lan-
guage. The review was registered in the PROSPERO registry
for systematic reviews and meta-analyses (CRD42021223388).
The exact search strategy is available in the registry.

Two reviewers (IK and CG) independently performed the
extraction of the data from the included studies. Data were
extracted for following outcomes: volume of blood which was
used for the pleurodesis, the way of blood application, the time
point of the blood application, the handling of the drain after
the pleurodesis, the time point of the cessation of the air leak,
the side effects of the pleurodesis and the way the side effects
were dealt with. No automatic data extraction tools were used
in this study. The findings of the two independent reviewers
were controlled for concordance. Disagreements were resolved
with discussion and intense analysis of the trials and the data.
In order to provide and analyze as much data as possible, origi-
nal authors were contacted via e-mail. In case no valid email
address was available, a thorough web-based search and contact
was attempted. Only reported data were used in the analysis.
No assumptions were made for missing/unclear information.

Statistical analysis

The endpoint of the analysis was when the postoperative air
leak ceased. In order to consider the pleurodesis as success-
ful, the air leak had to stop within 48 h after the interven-
tion. The time point of 48 h after the pleurodesis was
chosen for two reasons; first, it was a time point that
was either directly reported or could be extracted in all the
studies that we included. Second, it is clinically reasonable
to expect the pleurodesis to work within 48 h.

The success rate with 95% CI per study and pooled anal-
ysis are shown in the forest plot. The heterogeneity of stud-
ies was calculated using the I* index. The random effects
model was used for analysis of pooled data that takes hetero-
geneity between the studies into account. The weighting of
the studies, according to DerSimonian & Laird of the ran-
dom model, is presented in the forest plot.

The publication bias analysis was visualized in a funnel
plot and examined with the Egger’s test. A subgroup analysis
was performed with studies only including patients that
underwent lung resections (six studies). The correlation
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between the success event and autologous blood pleurodesis,
and the time of blood pleurodesis was examined with
Spearman’s correlation coefficient. Statistical analyses were
completed using MedCalc software (version 19.6). A p-value
of <0.05 was considered statistically significant.

Risk of bias assessment

A risk of bias assessment was performed by two indepen-
dent reviewers (IK and AA) for studies included in the
review. The revised Cochrane risk-of-bias toll for random-
ized trials (RoB 2) was used for the assessment of the ran-
domized controlled trials."® For the nonrandomized studies,
we used the ROBINS-I tool for assessment of the risk of bias
in nonrandomized interventional studies.'®

RESULTS

The database search provided 258 references (Figure 1).
After removing duplicates, 245 references were available for

FIGURE 1 PRISMA flowchart
Identification of studies via databases and registers
Records identified from*: Records removed before
= Databases screening:
= Pubmed (n=188) Duplicate records removed
3 Cochrane libr. (n= 17) R (n=109)
£ WoS core (n=141) > Records marked as ineligible
= by automation tools (n = 0)
= Registers Records removed for other
Clinical trial Gov (n= 8) reasons (n = 0)
Records screened »| Records excluded*
(n=253) (n=231)
v
Reports sought for retrieval »] Reports not retrieved
o (n=13) "1 (n=0)
=
8
o A4

Reports assessed for eligibility »] Reports excluded:

(n=13) " 2 reports excluded due
to presentation of different
technique

1 report excluded due
to poor data availability
\ 4
3 Studies included in review
3 (n=10)
= Reports of included studies
= (n=10)

reviewing. Two independent reviewers (IK and CG) addi-
tionally hand-searched the references to assess the publica-
tions for eligibility.

The citations of the initially included references were
also hand-screened in order to further identify relevant pub-
lications, through which eight additional references were
found. A total of 253 abstracts and 30 full-text articles
were assessed for eligibility. Ten articles were ultimately
included in the analysis (Table 1).

We had initially included 13 studies for analysis.
Two of the studies were excluded because we consid-
ered the intraoperative blood pleurodesis as a different
treatment technique than the postoperative one.'”'®
The third study was excluded because of poor data
availability."” In the final analysis 10 studies were
therefore included.

Six of the included studies only analyzed patients who
underwent lung resections and underwent an autologous
blood pleurodesis for a postoperative air leak.>>*°* The
other four studies included both patients with lung resec-
tions and patients who underwent surgery for pneumotho-
rax, emphysema or empyema.
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TABLE 1 Included studies

N Author Year Journal Study type

1 Yokomise 1998 Ann Thor Surg Retrospective

2 Rivas de Andres 2000 Ann Thor Surg Retrospective

3 Lang-Lazdunski 2004 Eur ] Cardiothorac Surg Retrospective

4 Droghetti 2006 General Thoracic Surg Retrospective

5 Shackcloth 2006 Ann Thor Surg RCT

6 Andreetti 2007 General Thoracic Surg Prospective

7 Athanassiadi 2009 J Thorac Cardiovasc Surg Retrospective

8 Oliveira 2010 Respiration Retrospective

9 Korasidis 2010 Interact Cardiovasc Thorac Surg Retrospective

10 Dye 2020 Cureus Retrospective
TABLE 2 Characteristics of the intervention

Author Patient number Time of ABP (days) Blood volume (ml) Complications

Yokomise 10 87+47 50 5 fever

Rivas de Andres 6 16.3 (mean) 50-250 No complications

Lang-Lazdunski 11 78 +£2 50 2 fever + 1 pneumonia

Droghetti 21 11 (mean) 50-150 1 low grade fever

Shackcloth 20 5-7-9 120 2 fever, 1 empyema

Andreetti 25 6 (mean) 50 vs 100 No complications

Athanassiadi 20 >7 60 No complications

Oliveira 27 10.6 (mean) 92 1 fever, 1 empyema

Korasidis 39 n.a. 100 6 mild fever

Dye 19 7 (mean) 45-120 1 empyema

The 10 studies included a total of 198 patients. The
timing of the blood pleurodesis in relation to the postopera-
tive day that the procedure was performed is presented in
Table 2. The amount of blood used for the pleurodesis var-
ied between 45 and 250 ml. One study randomized patients
to blood pleurodesis with 50 or 100 ml of blood and con-
cluded that the second group had a significantly shorter
drainage time.”' In nine studies the blood was directly intro-
duced through the pleural drain, and in one study a catheter
was inserted through the pleural drain in order to allow a
more targeted blood application.’> Two studies only
included patients with a confirmed “dead space” on the
chest x-ray,>** and in a third study most patients had a
“dead space”.** In two other studies the authors did not per-
form blood pleurodesis in patients with a “dead space”.*"*
Four studies reported that more than one application of
blood was necessary in some cases,”>”>* with one study
reporting up to four applications in one patient.®

Regarding the handling of the pleural drain after com-
pleting the pleurodesis, five studies described raising the
drain above the level of the patient, two authors raised
the drain above the level of the patient and removed the suc-
tion, one study reported keeping the suction while raising
the drain, and in another study the drain was clamped for
30 min and was then connected with an underwater seal. It

is worth mentioning that in the last study all patients had a
second drain which was left unclamped without suction.*

In five studies the blood was introduced through the
pleural drain without any processing, in one study the blood
was mixed with OK432 (picibanil)’ and in another study a
pneumoperitoneum was performed one day before the
pleurodesis.*

Three studies reported no complications following the
pleurodesis, another three studies reported one case of
empyema each and another five studies reported a total
of 17 patients that developed fever after the procedure, two
of which had positive pleural cultures. The overall pooled
incidence of empyema in this analysis was 1.5% with an
incidence of post-interventional fever of 8.6%.

The pooled success rate of the blood pleurodesis for
stopping the air leak within 48 h after the intervention
for all studies that were included was 83.7% (95% CI: 75.7;
90.3, Figure 2). Publication bias was assessed using the
Egger’s test (p = 0.825).

A second analysis was performed with only the six stud-
ies that included patients undergoing lung resections. The
pooled success rate of the blood pleurodesis for stopping the
air leak within 48 h after the intervention was 85.7% (95%
CI: 74.4; 94.0). Publication bias was also assessed using the
Egger’s test (p = 0.829, Figure 3). The study by Rivas de
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Forest plot Weight (%) FIGURE 2 Forest plot for
pooled success rate for all included
Yokomise — o 7,49 studies
Rivas de Andres - u 5,44
Lang-Lazdunski - u 7,93
Droghetti - 11,17
Shackloth - & 7,49
Andreetti = = 12,09
Athanassiadi — —_— 10,92
Oliveira - = 12,49
Korasidis - B —— — 14,34
Dye - = 10,65
Total (random effects) |- —_— 100
[T IENTIR RN R R R
0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Success rate
Funnel plot DISCUSSION
0,0 -
This study showed that the success rate of autologous
o blood pleurodesis in sealing postoperative air leaks
' within 48 h was 83.7% for all the included studies and
5 o 85.7% for the studies on patients undergoing lung
® ool 5 resections. The pooled empyema rate after the proce-
H dure was 1.5% with an incidence of post-interventional
(2]
fever of 8.6%.
03| o ° Dissecting the lung tissue to expose the pulmonary
artery branches will inevitably lead to postoperative air
o leaks. Several techniques have been developed in order to
04k . N \ ; reduce the incidence of air leaks. High quality evidence sug-
e & S s e 4l gests that the use of surgical sealants can reduce the time to

FIGURE 3 Symmetrical funnel plot showing publication bias
assessment in the six studies with lung resections

Andres and Lang-Lazdunski showed the same success rate,
which is why there are five points in the funnel plot.

Pearson’s coefficient was calculated to detect a potential
correlation between the amount of blood used for the
pleurodesis and the success of the pleurodesis. No correla-
tion could be detected (r = 0.049, p = 0.893).

Risk of bias assessment

The RoB 2 tool was used for the assessment of the randomized
controlled trials and the ROBINS-I tool for the nonrandomized
interventional studies. The overall risk of bias was classified as
moderate for one study,”® high for one study,” serious for three
studies®**>?*?® and critical for three studies.>**

drain removal and seal the air leaks faster, but does not
decrease the hospital stay.”” Fissure-last surgery is certainly
helpful in avoiding air leaks but it is not always technically
possible.*®

The solution to this problem is probably the combina-
tion of atraumatic surgery, use of tissue sealants when indi-
cated and having a strategy to deal with air leaks effectively
in the postoperative period.

Autologous blood pleurodesis is a inexpensive and effec-
tive method of treating postoperative air leaks. The blood
can be obtained easily, it is not considered a transfusion,
does not require specific processing and has a very low peri-
interventional complication rate.

It is clear that we cannot predict exactly the natural
course of each air leak, and it is difficult to suggest that the
air leaks would have not healed without the intervention
within the same time frame. Looking into the time point
that the blood pleurodesis was performed in each study, the
air leak had been present in most patients for over a week
prior to the pleurodesis. In three studies the air leak was
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evident for almost two weeks before proceeding with the
pleurodesis. Furthermore, in two studies, other measures
such as tetracycline-based pleurodesis or other forms of
chemical pleurodesis had been used unsuccessfully before
the blood pleurodesis. Hence, it is realistic to hypothesize
that the blood pleurodesis successfully sealed the air leak in
about 85% of the patients with prolonged or very prolonged
air leaks.

The widespread of minimally invasive surgery, the
enhanced recovery after surgery concepts and modern anes-
thesiology have significantly reduced the hospital stay of
patients undergoing lung resections. It is therefore reason-
able to suggest that the definition of a prolonged air leak
should be revised. Every air leak that prevents the patient
from being discharged from hospital could be a possible def-
inition. Furthermore, the time-point of dealing with a post-
operative air leak has to be adapted accordingly since
dealing with an air leak two weeks after a lobectomy is
undoubtedly too late.

This meta-analysis has several limitations. Despite the
low heterogeneity of the I test in the included studies and
the consideration of between-study variance in the statistics,
most studies represent retrospective analyses without a con-
trol group and with relevant bias. The ROBINS-1 tool was
chosen to evaluate the risk of bias for the nonrandomized
trials. This tool was primarily designed to evaluate prospec-
tive nonrandomized interventional studies. However, there
is no widely accepted tool to assess risk of bias in retrospec-
tive studies.

The way the blood pleurodesis was performed, the
time point of the intervention, the primary operation, sur-
gical approach and several other factors were different
among the included studies which limited the generaliz-
ability of the results. As mentioned above, the time point
to assess the efficacy of the pleurodesis was set at 48 h fol-
lowing the intervention. It is clear that this time point
makes sense from the surgical point of view. However, it
was chosen because it was also documented in all the
included studies, which is another potential source
of bias.

In conclusion, autologous blood pleurodesis appears
to be an effective method to treat postoperative air leaks
with a low complication rate. The current evidence is out-
dated for several reasons; first, air leak classification has
changed since the introduction of electronic suction sys-
tems. Second, postoperative hospital stay has decreased
significantly during the last decades and finally, the way
the surgery itself is performed has changed. Open lobecto-
mies are rarely required and lobar and sublobar resections
through a minimally invasive approach are now the gold
standard. The only randomized study in this analysis
reported a significantly reduced time to drain removal
and hospital stay in patients that underwent blood
pleurodesis for postoperative air leaks compared with the
control group. New up-to-date evidence is required in this
field in order to clarify the role of autologous blood
pleurodesis in modern thoracic surgery.
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