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Abstract

Re-expansion pulmonary edema (RPE) is a rare but potentially life-threatening complication that
can occur after rapid lung expansion following the management of lung collapse. This meta-
analysis aimed to investigate the risk factors for RPE following chest tube drainage in patients
with spontaneous pneumothorax. We conducted a comprehensive systematic literature search
in electronic databases of PubMed, ScienceDirect, Cochrane Library, and ProQuest to identify
studies that explore the risk factors for RPE following chest tube drainage in spontaneous
pneumothorax. Pooled odds ratios (OR) or weighted mean differences (WMD) were calculated
to evaluate the risk factors. Statistical analysis was conducted using Review Manager 5.3
software. Five studies involving 1.093 spontaneous pneumothorax patients were included in
this meta-analysis. The pooled analysis showed that the following risk factors were significantly
associated with increased risk of RPE following chest tube drainage: the presence smoking history
(OR=1.94, 95% Cl: 1.22-3.10, P=0.005, 12=0%), longer duration of symptoms (WMD=3.76,
95% Cl: 2.07-5.45, P<0.0001, 12=30%) , and larger size of pneumothorax (WMD=16.76, 95%
Cl: 8.88-24.64, P<0.0001, 12 =78%). Age, sex, and location of pneumothorax had no significant
association. In patients with spontaneous pneumothorax, the presence of smoking history, longer
duration of symptoms, and larger size of pneumothorax increase the risk of development of RPE
following chest tube drainage.
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Introduction

Spontaneous pneumothorax is a condition characterized
by the sudden presence of air within the pleural space
without apparent external cause, which may result in
lung collapse and impaired respiratory function.' It is
one of the common cases encountered in the emergency
department. Chest tube drainageisa common intervention
for the management of pneumothorax, which involves
the insertion of a tube into the pleural space to evacuate
the air and allow the lung to re-expand. Although chest
tube drainage is generally considered a safe and effective
procedure, a small number of cases may develop a rare
but potentially fatal complication known as re-expansion
pulmonary edema (RPE).?

RPE can develop after rapid reinflation of a collapsed
lung due to pleural effusion, atelectasis, or pneumothorax.?
The underlying mechanism of RPE is not fully understood,
but it is thought to be due to a combination of increased

capillary permeability, inflammation, and altered
lymphatic drainage.* The clinical presentation of RPE can
range from mild respiratory distress to severe hypoxia
and respiratory failure. Typically, the symptoms appear
within the first hour after lung re-expansion following
thoracocentesis or chest tube drainage and worsen in
intensity over the next 24-48 hours.’

The incidence of RPE is reported to occur in less than
1% of spontaneous pneumothorax following chest tube
drainage. Despite its rarity, RPE is a serious complication
that can lead to significant morbidity and mortality.® As
such, it is important to identify the risk factors that may
increase the likelihood of developing RPE following chest
tube drainage in this population. To address this issue,
we conducted a systematic review and meta-analysis
of the available literature to identify the risk factors
for RPE following chest tube drainage in patients with
spontaneous pneumothorax. Knowing the risk factors
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may help clinicians identify high-risk patients and
implement preventative measures to reduce the incidence
of this life-threatening complication.

Materials and Methods

Study Registration

This study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
with the registration number of CRD42023404771.

Search strategy

This meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines” We
conducted a comprehensive systematic literature
search of computerised databases including PubMed,
ScienceDirect, Cochrane Library, and ProQuest to
identify eligible studies published up to February 28,
2023. The search terms used were combination of the
following keywords: (“risk factors”) AND (“re-expansion
pulmonary edema” OR “RPE”) AND (“chest tube”) AND
(“spontaneous pneumothorax” OR “pneumothorax”).
There was no country restriction. In addition, we also
manually searched the references of the relevant papers
for potential additional articles.

Inclusion and exclusion criteria

The inclusion criteria for eligible studies were as follows:
1) cross-sectional, case-control, retrospective, or cohort
studies; 2) patients undergoing chest tube drainage for
spontaneous pneumothorax; 3) evaluated risk factors
of re-expansion pulmonary edema; 4) sufficient data
to obtain the number of events needed for computing
odds ratios (OR) or weighted mean differences (WMD)
and the corresponding 95% confidence intervals (CI); 5)
available as full-text studies. The exclusion criteria were as
follows: 1) case reports, review articles, letters, editorials,
and conference abstracts; 2) animal studies; and 3) studies
with insufficient data for the estimation of effect size; and
4) duplicate or overlapping studies.

Data extraction

The data extraction of the relevant studies was performed
independently by two authors (HAW and ELM). Any
disagreement about data extraction was resolved by
discussion with the third (YV) and fourth (AAS) author.
We collected several details from the selected articles,
such as the name of first author, publication date, study
location, study design, demographic characteristics,
sample size (in either RPE or non-RPE group), risk
factors, and necessary data for calculating OR or WMD
and 95% CI.

Quality assessment
The quality of the included studies were independently

assessed by two authors (HAW and EVL). Any
disagreement was resolved by discussion with the third
(YV) and fourth (AAS) author once again. The Newcastle-
Ottawa Scale (NOS) was used to assess the quality of
the included studies.® The NOS has a total score of 0 to
9 stars based on three criterias: patient selection (0 to 4
stars), comparability of study groups (0 to 2 stars), and
outcome (0 to 3 stars). Studies with a total score of>7
were regarded as high quality studies, 5 to 6 were regarded
as moderate quality studies, and <4 were regarded as low
quality studies.

Statistical analysis

Meta-analysis was conducted using either WMD for
continuous variables or OR for dichotomous variables.
The heterogeneity was assesed using the Cochran’s Q
Chi-square test and I” statistic. If the P value was below
0.05 and I* was greater than 50%, the heterogeneity
is considered significant. In cases where there was no
heterogeneity, we utilized a fixed-effects model approach.
However, if there was heterogeneity, we used a random-
effects model instead. We considered any test statistics
with a P value less than 0.05 to be statistically significant.
The visual funnel plot was used to assess the potential
publication bias. Statistical analysis was conducted using
Review Manager 5.3 software (The Nordic Cochrane
Centre, Copenhagen).

Results

Literature search

The systematic literature search was conducted on
electronic databases, resulting in an initial total of 66
potential articles. Additionally, 7 articles were found by
manually searching relevant literature. After removing
duplicate articles, 42 articles were screened based on
the titles and abstracts. From these, 12 articles were
selected for full-text review and 7 articles were excluded.
Ultimately, 5 studies were included in the meta-analysis.
A flowchart of the literature search process is presented
in Figure 1.

Study characteristics and quality assessment

This meta-analysis comprised of five studies involving
1.093 patients.>'®"1253 Al studies were retrospective
cohort studies, conducted between 2011 and 2014.
Two studies were conducted in Korea®? and three in
Japan.!'"* The mean age of participants ranging from
27 to 48 years old. The NOS was employed to assess the
quality of the studies, with the quality scores ranging from
seven to eight, indicating a generally high study quality.
Table 1 presents a summary of the included studies.

Pooled results
The pooled results of included studies are shown in
Table 2.
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Table 1. Characteristics of the included studies in the meta-analysis

First author, year Country Design Sample size M(eyz:;l:)ge Male, n (%) Patienlt: (v‘;;t)h RPE, NOS score
Kim, 2011° Korea RC 112 32 87 (77.7) 22 (19.6) 7
Haga, 2013 Japan RC 462 40 369 (79.9) 30 (6.5) 8
Morioka, 2013" Japan RC 173 48 148 (85.5) 27 (15.6) 7
Yoon, 2013 Korea RC 306 44 262 (85.6) 49 (16.0) 8
Taira, 2014" Japan RC 40 27 32 (80.0) 13 (32.5) 7

Abbreviations: NOS, Newcastle-Ottawa Scale; RC, retrospective cohort; RPE, re-expansion pulmonary edema. P<0.05 statistically significant.
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Figure 1. Literature search flow chart

Age

Five studies reported data for age. No significant
heterogeneity was found in the studies (I*=0%; P=0.56).
The pooled analysis using a fixed-effects model revealed
that age was not significantly associated with RPE
following chest tube drainage in patients with spontaneous
pneumothorax (WMD=2.83; 95% CI=-0.43 - 6.10;
P=0.09; Figure 2A).

Sex

Three studies reported data for sex. No significant
heterogeneity was found in the studies (I*= 18%; P=10.30).
The pooled analysis using a fixed-effects model revealed
that sex was not significantly associated with RPE
following chest tube drainage in patients with spontaneous
pneumothorax (OR=0.86; 95% CI=0.46 - 1.61; P=0.63;
Figure 2B).

Smoking history

Three studies reported data on smoking history. No
significant heterogeneity was found in the studies (I* = 0%;
P=0.66). The pooled analysis using a fixed-effects model
revealed that smoking history was significantly associated
with RPE following chest tube drainage in patients with
spontaneous pneumothorax (OR=1.94; 95% CI=1.22
- 3.10; P=0.005; Figure 2C). This result indicates that
smoking increases the risk of RPE.

Location of pneumothorax

Two studies reported data for the location of
pneumothorax. No significant heterogeneity was found
in the studies (I?’=0%; P=0.49). The pooled analysis
using a fixed-effects model revealed that location of
pneumothorax was not significantly associated with RPE
following chest tube drainage in patients with spontaneous
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Table 2. Meta-analysis of risk factors for re-expansion pulmonary edema following chest tube drainage in spontaneous pneumothorax

Risk factor Studies 12 (%) OR or WMD 95% ClI P value
Age 5 0 2.83 -0.43 -6.10 0.09
Sex 3 18 0.86 0.46 - 1.61 0.63
Smoking history 3 0 1.94 1.22-3.10 0.005
L i f
ocation o 2 0 138 0.78-2.43 027
pneumothorax
Duration of symptoms 4 30 3.76 2.07 -5.45 <0.0001
Size of pneumothorax 4 78 16.76 8.88 - 24.64 <0.0001
P<0.05 statistically significant.
A. Age RPE No RPE Mean Difference Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Haga 2013 401 163 30 40 211 432 281% 0.10 [-6.06, 6.26] -+
Kim 2011 39 189 22 309 167 90 14.4% 810[052,16.72) Rl
Morikoa 2013 48 17.2 27 475 246 146 184% 050[7.12,812) =
Taira 2014 308 16 13 247 85 27 12.0% B.10[3.31,1551] i i
Yoon 2013 46.7 201 49 437 225 257 27.2% 3.00[-3.26,9.26] ki
Total (95% Cl) 141 952 100.0% 2.83[-0.43,6.10] »
Heterogeneity: Chi*= 3.02, df=4 (P = 0.56); = 0% k + } {
Test for overall effect: Z=1.70 (P = 0.08) s NoRPE RPE o 100
B. Sex Man Woman 0dds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Haga 2013 22 369 8 93 59.2% 0.67 [0.29,1.57] ——
Marikoa 2013 22 148 5 25 359% 0.70 [0.24, 2.06] —
Taira 2014 12 32 1 8 49% 4.20[0.46, 38.44] =
Total (95% CI) 549 126 100.0%  0.86 [0.46, 1.61] <
Total events 56 14
Heterogeneity: Chi= 2.43, df= 2 (P = 0.30), F= 18% t 1 t {
Test for overall effect: Z=0.48 (P = 0.63) 0.01 03 NoRPE RPE 19 100
C. smoking History Smoker Non-Smoker 0Odds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Kim 2011 g 34 13 78 227% 1.80([068 473 T
Motikoa 2013 20 107 4 57 16.6% 3.05[0.99, 9.40]
Yoon 2013 27 135 22 171 6B07%  1.69(0.92,313) i
Total (95% CI) 276 306 100.0%  1.94[1.22,3.10] -
Total events 56 39
Heterogeneity: Chi*= 0.83, df= 2 (P = 0.66), F=0% I t t |
ol ¥ 0.01 01 10 100
Testfor overall effect: Z= 2.79 (P = 0.005) No RPE RPE
D. Location of Pneumothorax Right Lung Left Lung Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Taira 2014 ] 25 3 15 11.7% 225[050,1014)
Yoon 2013 28 160 21 146 883%  1.26(068 2.34)
Total (95% CI) 185 161 100.0%  1.38[0.78, 2.43]
Total events 7 24
ity: Chir= = = Rz L t t t d
;Iet?rfogenem;.l C;I ; 2;481 ;j: ;EPU 22.49), F=0% o 0 ] i 100
estfor overall effect Z=1.11 (P=0.27) NoRPE RPE
E. Duration of Symptoms RPE No RPE Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Haga 2013 77 94 30 24 48 432 264% 5.30(2.01,859) i
Kim 2011 35 5 22. 1 2 90 629%  2.50(0.37, 4.63]
Morikoa 2013 128 195 27 4 88 146 51% 880[1.31,16.29)
Taira 2014 82 128 13 32 39 27 56% 6.00[1.11,13.11]
Total (95% ClI) 92 695 100.0% 3.76 [2.07, 5.45] 4
Heterogeneity: Chi*= 4.31, df= 3 (P=0.23); F= 30% I t t f {
o -100 -50 0 50 100
Testfor overall effect: Z= 4.36 (P < 0.0001) NoRPE RPE
F. Size of Pneumothorax RPE No RPE Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kim 2011 87.6 124 22 793 142 90 288%  830(2.351429 -
Morikoa 2013 635 184 27 471 186 146 261% 16.40(8.83,23.97) -
Taira 2014 707 282 13 492 58 27 148% 21.50(6.02, 36.98) -
Yoon 2013 57 16 49 342 176 257 30.3% 22.80[17.83,27.77) +*
Total (95% CI) i1 520 100.0% 16.76 [8.88, 24.64] <
Heterogeneity: Tau®= 46.93; Chi*=13.78, df= 3 (P = 0.003); F=78% f t + |
Test for overall effect Z= 4.17 (P < 0.0001) Ll No RPE ”RPE o n

Figure 2. Forest plots showing the results of the meta-analysis of risk factors for re-expansion pulmonary edema following chest tube drainage in patients with
spontaneous pneumothorax: (A) age, (B) sex, (C) smoking history, (D) location of pneumothorax, (E) duration of symptoms, (F) size of pneumothorax
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pneumothorax (OR=1.38; 95% CI=0.78 - 2.43; P=0.27;
Figure 2D).

Duration of symptoms

Four studies reported data for the duration of symptoms.
No significant heterogeneity was found in the studies
(I*=30%; P=0.23). The pooled analysis using a fixed-
effects model revealed that duration of symptoms was
significantly associated with RPE following chest tube
drainage in patients with spontaneous pneumothorax
(WMD =3.76; 95% CI=2.07 - 5.45; P<0.0001; Figure 2E).
This finding indicates that patients with longer symptoms
of pneumothorax have an increased risk of RPE.

Size of pneumothorax

Four studies reported data for the size of pneumothorax.
There was significant heterogeneity found in the studies
(I*=78%; P=0.003). The pooled analysis using a random-
effects model revealed that size of pneumothorax was
significantly associated with RPE following chest tube
drainage in patients with spontaneous pneumothorax
(WMD=16.76; 95% CI=8.88 - 24.64; P<0.0001;
Figure 2F). This finding indicates that patients with larger
size of pneumothorax have an increased risk of RPE.

Publication bias

The funnel plot cannot be performed due to the limited
number of studies available for each risk factor, which
requires a minimum of ten studies.

Discussion

This systematic review and meta-analysis included five
retrospective cohort studies involving a total of 1,093
patients with spontaneous pneumothorax treated by chest
tube drainage. Our results revealed that in patients with
spontaneous pneumothorax, the presence of smoking
history, longer duration of symptoms, and larger size
of pneumothorax increase the risk of development of
RPE following chest tube drainage. To the best of our
knowledge, this is the first meta-analysis that examines
the risk factors for RPE following chest tube drainage in
patients with spontaneous pneumothorax.

The exact pathophysiology underlying RPE remains
unclear. It involves a complex interplay of various factors.
One proposed mechanism is the reperfusion injury that
occurs when a collapsed lung is rapidly re-inflated. This
reperfusion can lead to increased pulmonary capillary
permeability, which can result in an inflammation
response and the production of oxygen-derived free
radicals." Another potential mechanism is the increased
hydrostatic pressure that results from the greater venous
return to the lungs during re-expansion. This pressure
can lead to mechanical damage to alveolar capillaries
and further increase pulmonary capillary permeability.
Furthermore, lymphatic clearance of fluid from the

lungs may also be impaired during lung collapse, leading
to an accumulation of fluid that can contribute to the
development of RPE."

Our meta-analysis showed that smokers have
nearly twice the risk of developing RPE compared to
non-smokers. Smoking is known to cause chronic
inflammation and lung injury, which can worsen the
underlying mechanisms that lead to RPE. In smokers,
the lungs may have decreased compliance and increased
airway resistance due to inflammation and narrowing of
the airways, making it less able to cope with the sudden
changes in pressure and blood flow that occur during
re-expansion after chest tube drainage.!® Moreover,
smoking can lead to increased capillary permeability and
impaired gas exchange in the lungs, making it harder for
the lungs to remove excess fluid and maintain appropriate
gas exchange in response to sudden changes in pleural
pressure. These factors make smokers more susceptible to
RPE following chest tube drainage."”

The duration of symptomsindicateshowlonga collapsed
lung has occurred. More than 80% of cases of RPE occur
in patients with prolonged lung collapse (3-7 days). An
animal experimental study by Sewell et al demonstrated
changes in the alveolar-capillary basement membrane
occuring 72 hours after lung collapse, resulting in increased
membrane permeability.'® Another experimental study by
Miller et al demonstrated that RPE only occurred in the
group with a collapsed lung for more than 3 days."” Our
meta-analysis results are consistent with these findings,
as the RPE group had a mean difference in the duration
of symptoms that was more than 3 days longer than the
non-RPE group. During collapse, several changes can
occur in the lung, including a decrease in surfactant and
regional tissue hypoxemia. During rapid re-expansion
of the lung, blood flow increases and the alveoli rapidly
expand, causing mechanical alveolar injury. This injury
triggers an inflammatory response and an increase in free
radicals, which can lead to increased permeability of the
pulmonary vessels. Consequently, fluid and protein can
leak into the alveoli, resulting in pulmonary edema. ***'

Size of pneumothorax is a strong predictor of RPE.
When the lung collapses due to a pneumothorax, the
volume of air in the pleural space has been linked to
the risk of RPE. Larger pneumothorax is more likely
to be complicated by RPE. A study by Matsuura et al
classified pneumothorax size as small (1/3 hemithorax),
moderate (>1/3 hemithorax), and severe (complete lung
collapse). The occurrence of RPE in these groups was 0%,
7%, and 17%, respectively, and was observed in nearly
half of the cases diagnosed as tension pneumothorax.”
In cases of large pneumothorax, the pulmonary
microvascular endothelium tends to undergo more
thickening and hardening. When re-expansion occurs,
the sudden increase in tensile stress leads to more
injury in the pulmonary microvessels. This can cause
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structural and biochemical changes, which may result
in inflammation and increased vascular permeability,
leading to pulmonary edema.”

Although rare, RPE is important to recognize because
it can cause significant respiratory distress and can even
be lethal in severe cases with mortality rate up to 20%.**
Patients with RPE typically experience a sudden onset
of shortness of breath and tachypnea, along with other
manifestations such as chest discomfort, cough, and
hypoxemia. In severe cases, it can lead to shock and even
death. The symptoms of RPE are typically observed within
minutes to hours following chest tube drainage, although
it may be delayed for up to 48 hours. A chest X-ray of
a patient with RPE may show an alveolar filling pattern.
The typical finding on a chest computed tomography
(CT) scan is the presence of ground-glass opacities in the
lungs. Diagnosis of RPE is established based on a high
suspicion of clinical deterioration following re-expansion
of a collapsed lung, supported by chest imaging.>>*

The management approach of RPE depends on the
severity of the condition, with supportive care being
the general approach. Oxygen therapy with nasal
cannula or face mask may be sufficient for patients with
mild symptoms. Noninvasive ventilation with bilevel
positive airway pressure may be useful in patients with
worsening symptoms. Patients with severe symptoms
may require endotracheal intubation and mechanical
ventilation. Patients with unilateral pulmonary edema
may benefit from lying on the unaffected side to
improve intrapulmonary shunt.””*® There are no specific
medication guidelines for RPE. Some evidence suggests
that the use of diuretics, steroids, and inotropes may be
considered based on clinical indications.***** The use of
ibuprofen or prostaglandin analogs such as misoprostol
for the cytoprotective or anti-inflammatory effects has
been reported, but the benefit is still unclear.”? Suction
should not be routinely given to patients who have these
risk factors due to the increased risk of RPE. If needed, the
recommended pressure given should be low, between -10
to -20 cm H,O.” Most of RPE resolves within a period of
24 to 72 hours.*

The findings of this study have important clinical
implications for the management of patients with
spontaneous pneumothorax undergoing chest tube
drainage. Specifically, our results suggest that clinicians
should be aware of the increased risk of RPE in patients
with a smoking history, longer duration of symptoms, or
larger size of pneumothorax. These patients require more
careful monitoring and management during and after
chest tube drainage. Additionally, our study highlights
the need for further research to better understand the
underlying mechanisms of RPE and identify effective
strategies for prevention and management of RPE.

This meta-analysis had certain limitations. First, the
studies included in our meta-analysis were only found
from Japan and Korea, which may not represent the global

population. Second, the number of included studies was
relatively small due to limited data availability. Third,
publication bias could not be excluded as we could not
perform a funnel plot analysis due to the limited number
of studies. The number of original studies investigating
the risk factors associated with RPE in spontaneous
pneumothorax is still limited.

Conclusion

This systematic review and meta-analysis revealed that in
patients with spontaneous pneumothorax, the presence of
smoking history, longer duration of symptoms, and larger
size of pneumothorax increase the risk of development
of RPE following chest tube drainage. Clinicians should
be aware of patients with these risk factors. These high
risk patients require more careful monitoring and
management during and after chest tube drainage.
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