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Until recently, spontaneous pneumothorax (SP) was an
underrepresented topic in the literature. Over the last
10 years, there has been an increase in research into SP, its
assessment and management, and with the publication of
the two largest ever randomized controlled trials (RCTs) in
the field, there is now a growing evidence base that is
beginning to challenge long-held practices and beliefs. There
remain, however,manyunanswered questions and emerging
technologies that have yet to be evaluated, which are likely to
form the basis of future research.

Controversies of Etiology and Pathogenesis

Cause of Air Leak: Bleb Rupture or Pleural Porosity?
Fundamental to improving management and patient care is
understanding the basic etiology and pathogenesis of pneu-
mothorax formation. Traditionally, it was felt the underlying
pathological cause of SP was the rupture of small bullae or
blebs on the pleural surface, which allowed egress of air from
the lung into the pleural space.1 These blebs are much more
common in patients with primary SP (PSPs) than the general
population. A study by Bense et al described the computed
tomography (CT) finding of localized areas of low attenua-

tion with thin or imperceptible walls in the pulmonary
tissues as emphysema-like changes (ELCs) and identified
them in CT studies in over 80% of nonsmokers with PSP
compared with 0% of healthy volunteers.2 The role of ELC is
debated in part because of the potential treatment implica-
tions, particularly in recurrence prevention.3 If ELCs are
solely responsible, then only the excision of the ELC is vital
for recurrence prevention. If there are other causative mech-
anisms which extend beyond the boundaries of the blebs,
then a pleurodesis procedure, to achieve pleural symphysis,
is also required.

There are reasons to challenge the unique role of blebs and
ELC in pneumothorax formation. Not all patients have mac-
roscopic blebs on thoracoscopy4 and there is an unclear
correlation between number of blebs on CT evaluation and
risk of future recurrence.5 An alternative causative mecha-
nism to bleb rupture is leakage of air via pores in the pleura.
This is not a new proposal; a study in 1980 using electron
microscopy on histological samples of blebs and bullae taken
during thoracoscopy noted the presence of microscopic
pores on the surface of blebs.6 They postulated that these
pores could cause air leakage into the pleura, without bleb
rupture.6 Noppen and colleagues went further than this and
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Abstract For decades, there has been scanty evidence, most of which is of poor quality, to guide
clinicians in the assessment and management of pneumothorax. A recent surge in
pneumothorax research has begun to address controversies surrounding the topic and
change the face of pneumothoraxmanagement. In this article, we review controversies
concerning the etiology, pathogenesis, and classification of pneumothorax, and
discuss recent advances in its management, including conservative and ambulatory
management. We review the evidence base for the challenges of managing pneumo-
thorax, including persistent air leak, and suggest new directions for future research
that can help provide patient-centered, evidence-based management for this chal-
lenging cohort of patients.
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suggested that pleural porosity may extend to the macro-
scopically normal pleura.7 Using inhaled aerosolized 10%
fluorescein solution during thoracoscopy, they were able to
determine that areas of extensive subpleural fluorescein
accumulation and fluorescein leakage were not necessarily
associatedwith blebs or bullae or other abnormalities visible
at white light inspection.8 It was postulated that the visceral
pleural mesothelial cells are replaced by an inflammatory
cell layer with increased porosity. Noppen termed this
“pleural porosity.” This suggests that patients with PSP
may suffer from a more extensive disease process of paren-
chymal inflammation and destruction than previously be-
lieved and challenges the idea that bleb or bulla rupture is
involved in the pathogenesis of every case of PSP. There are
however several recognized limitations, which prevent uni-
versal adoption, with Noppen’s study. The assessment at
thoracoscopy was unblinded, they used a semiquantitative
assessment, and it is unclear what the pathological correla-
tion was. No one has attempted to replicate the results in a
follow-up study.

Two recent surgical studies have examined whether bleb
resection alone or pleurodesis alone is sufficient. Min et al
randomized 289 PSP patients in two centers to either thor-
acoscopic wedge resection only (n¼144) or thoracoscopic
wedge resection and mechanical pleurodesis (n¼145).9 It
found that thoracoscopic mechanical pleurodesis did not
significantly decrease PSP recurrence compared with simple
wedge resection alone, suggesting that bleb resection was
the most vital component to surgery. A RCT looking at
whether parietal pleurectomy alone versus pulmonary
wedge resection plus parietal pleurectomy has just finished
recruiting 360 patients and will be published in 2024 after
follow-up has been completed.10 These results will help
determine whether a bullectomy is necessary, and therefore
the role of diffuse pleural porosity in pneumothorax
formation.

Pathogenesis of Persistent Air Leak
The natural history of the resultant air leak, regardless of its
underlying pathogenesis, is unclear. Observational studies
suggest the air leaks are not quick to resolve, with a retro-
spective study assessing air leak in 104 patients with SP
requiring chest tube drainage recording a mean duration of
air leak of 5.19 days (standard deviation [SD]: 3.50) in PSP
patients and 9.90 days (SD: 11.54) in secondary SP (SSP)
patients.11 This long duration conflicts with physiological
and clinical studies. A study using inhaled chlorofluorocar-
bons (CFCs) to assess the presence of persistent air leak (PAL)
found that in 35% of PSP and 20% of SSP, no CFC was detected
at needle aspiration (NA) performed at presentation suggest-
ing that therewas no ongoing air leak.12,13 An additional 35%
of PSP and 29% of SSP had CFC detected at NA, but showed
sustained improvement radiographically following NA, a
phenomenon the authors suggest is due to the negative
pressure of aspiration causing an ongoing leak through the
defect, which then resolved on completion of aspiration. In
fact, only 21% of PSP and 23% of SSP had both detectable CFC
at NA and showed reaccumulation of their pneumothorax on

postaspiration imaging, suggesting that in the majority of
both PSP and SSP, the air leaks are self-limiting and may not
require intervention.

Clinical studies support the self-limiting nature of air leak.
An RCT of 316 patients randomized between conservative
management group and intercostal drain (ICD) insertion
found that only 15% of patients in the conservative arm
required intervention,14 suggesting that an equilibrium is
eventually reached and that, without intervention, many of
these air leaks would be self-limiting or have already re-
solved by the time of presentation. This discrepancy has led
that to the hypothesis that placement of an ICD, by virtue of
creating a more negative pressure gradient, increases the
flow of air through a visceral pleural defect, preventing
healing and prolonging the air leak.15 Studies in surgical
patients have also raised the question of whether we are
contributing to the problem of PAL. In 2017, Chopra et al
described the concept of a pressure-dependent air leak after
using pleural manometry to assess intra-pleural pressure
during cough in a patient with PAL postlung resection.16

Chopra et al found that even following spikes in intrapleural
pressure with cough when the drain is clamped, the intra-
pleural pressure rapidly returned to baseline, suggesting the
leak exists purely to equalize pleural and alveolar pressure. A
subsequent observational study of 22 patients with PAL
postlung resection found that 80% of these patients had a
drainage-dependent air leak and all bar onewere able to have
their drains removed with resolution of their pneumothorax
and without the need for further intervention.17

Without intervening, the question of whether a patient
has PAL is a challenging one to evaluate. Currently, we find
ourselves in a paradoxical situation; we can only evaluate
PAL by insertion of a chest drain, or at the very least a NA kit,
by which point we have intervened, running the risk of
potentiating an air leak that may have healed spontaneously
on its own. Evaluating the presence or absence of PAL and
understanding the role our interventions play in its develop-
ment still requires significant research effort.

Controversies in Phenotyping Spontaneous
Pneumothorax

A distinction between PSP, occurring in patients with no
known underlying lung disease, and SSP, occurring in
patients with a known underlying lung disease, has been
recognized for almost a century18 and the management of
these as two separate clinical conditions is advised in clinical
guidelines worldwide.19,20 The bimodal age distribution of
SP, with a first peak in those aged 15 to 34, and a second peak
occurring over the age of 6021 supports the belief that there
are two distinct clinical entities within SP. However, the
overlaps in pathology, management, and outcome may limit
this binary distinction.

Pathology
It is recognized that patients with PSP have abnormal lungs,
with our understanding of the mechanism underlying
PSP evolving over the last 30 years since the advent of
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widespread CT use. Studies have found pathological changes
(blebs, bullae, ELC) in 80 to 90% of patients presenting with
PSP,2,22 challenging the paradigm that PSP is a condition that
occurs in those with normal underlying lung parenchyma.
Bense et al also identified ELC more commonly in the
affected lung in those diagnosed with PSP than on the
contralateral side,2 suggesting that these changes may
have predisposed the patient to developing PSP. Equally,
the strong correlation between smoking both tobacco and
cannabis and the development and recurrence of PSP sup-
ports the theory that parenchymal abnormalities occurring
as a result of smoking contribute to a patient’s risk of
developing PSP. A study analyzing histological samples
obtained from video-assisted thoracoscopic surgery (VATS)
for PSP found evidence of more extensive respiratory bron-
chiolitis and higher rates of pneumothorax recurrence, even
after surgical intervention, in tobacco smokers than non-
smokers.23 A retrospective analysis of patients who under-
went VATS for pneumothorax found that cannabis smokers
presentedwith larger pneumothoraces, a higher incidence of
tension pneumothorax, more severe bullous disease, and a
higher rate of recurrence than nonsmokers (►Fig. 1).24How-
ever, in clinical trials, cannabis smokers are typically classi-
fied as PSP. In the Randomized Ambulatory Management of
Primary Pneumothorax (RAMPP) trial of 236 patients with
PSP, only 112 (48%) of patients had never smoked cannabis,
with 30% (n¼66) of the cohort active cannabis smokers.25

Also incorporated in the PSP cohort are women who may
have sex-specific cause for their pneumothorax, such as
catamenial pneumothorax and endometriosis-related pneu-
mothorax.26 This may be an under recognized phenomenon,
with pathological studies suggesting that these gender-spe-
cific pneumothorax account for up to 40% of pneumothorax
in women referred for surgery.27,28

Management
Clinical guidelines advise different management strategies
for patients with PSP and SSP based on evidence that
suggests different responses to interventions. A Singaporean
study in 1994 showed higher failure rates following NA in
patients aged >50 years (39%, 5/13) compared to those <50
years (19%, 4/17) and in those with underlying lung disease
(33.3%, 5/15) compared to those with no lung disease (21%,
4/19).29 These data support an earlier U.K. study, which
found that NA was successful in only 33% (4/12) of patients
with underlying lung disease, compared to 83% (15/18) of
patients without.30 In recent years, a RCT conducted in
Norway allocated all patients presenting with a SP to either
NA or ICD and found that 59% of patients with SSP had
immediate success with NA, suggesting that there may be an
argument for attempting NA in this cohort.31 A recently
started U.K.-based study will further examine NA versus
ICD in SSP (PRINCE-SSP, NIHR204137).

Outcomes
In addition to the varying pathology and management
guidelines between these two cohorts of patients, there
is also evidence to suggest that the clinical course of their
disease differs. As described earlier, SSPs are more likely to
have longer air leaks, with the rate of PAL lasting >7 days
more common in patients diagnosed with SSP than PSP
(61 vs. 75%). Hallifax et al also noted that the presence of
underlying lung disease was associated with an increased
risk of recurrence in all age groups at all stages of follow-up
over a 5-year period21; an important point of consideration
when counselling patients about management options for
their pneumothorax. However, the recurrence rates varied
widely, based on other factors, including sex and age. The
overall recurrence rate for a male patient defined as PSP
was 20.6% at 5 years, representative across all age groups.
The overall recurrence rate at 5 years for female patients
defined as PSP was similar at 21.6%, but there was an
increased rate at age 35 to 49 of 27%.21 This finding was
replicated by a study by Bobbio et al which found that in
the 30 to 49 age group rehospitalization was more frequent
in women than in men.32 Nevertheless, the presence of
underlying lung disease was the largest determinant of
recurrence risk, with recurrence rates of 33% in men and
31% in women defined as SSP.21

There are also differences in other outcomes between
PSP and SSP, with patients with SSP more likely to die in
hospital and have longer hospital length of stays (LoS).33 It
is clear, however, that SSP represents a very heterogenous
population, that can range under current criteria from a
50-year-old smoker to an elderly patient with advanced
interstitial lung disease (ILD).19 Whilst it is difficult to
determine different outcomes within this group, as they
are typically classified together in studies, there are
demonstrable within-group differences. For example,
patients with ILD have been shown to have significantly
worse outcomes after surgery for SSP than patients with
chronic obstructive pulmonary disease or other causes of
SSP.34

Fig. 1 CT image of secondary spontaneous pneumothorax in a young
patient with severe bullous disease secondary to cannabis and
tobacco use. CT, computed tomography.
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Controversies in Management

Whilst the management of many other respiratory diseases
continues to advance rapidly, the management of pneumo-
thorax remains broadly similar to practice 40 to 50 years ago,
and the heterogeneity between clinical guidelines19,20

reflects the lack of high-quality evidence on which these
are based. For PSP, the current British Thoracic Society (BTS)
guidelines advise NA, followed by ICD insertion if unsuccess-
ful,19 but evidence from multiple RCTs comparing NA to ICD
demonstrates high rates of radiological failure with NA (37–
40%)35,36 and that over half of patients initially managed
with NA ultimately require hospital admission.35Meanwhile
for patients with SSP, guidelines support ICD insertion if
amenable; a procedure which often commits patients to an
inpatient stay until resolution of their pneumothorax. Over
the last 10 years, there has been increasing interest in less
invasive methods of managing pneumothorax and reducing
the number of procedures to which patients are subjected.
Additionally, in the current climate of unprecedented bed
pressures, management strategies that avoid lengthy inpa-
tient stays are favored. Emerging evidence evaluating both
conservative and ambulatory management of patients with
SP is now challenging our current practices and offering new
strategies in pneumothorax management.

Is Conservative Management Safe and Effective in
Managing Spontaneous Pneumothorax?
The debate about the role of conservative management of
PSP dates back to the 1960s. Whilst some were lauding the
success of interventional management,37–40 several single-
center retrospective analyses from the 1960s found that 74 to
91% of all SPs presenting to their center during the study
period had been successfully managed conservatively.41–43

Time to resolution was similar across these studies at 3 to
4 weeks. Stradling and Poole found that few required NA
(10/119, 8%), ICD insertion (8/119, 7%), or surgical interven-
tion (13/119, 11%) and only 3/119 patients (3.4%) failed
conservative management and did not show full re-expan-
sion at 6 weeks.43 Perhaps more remarkably, most patients
managed conservatively remained at work. A common find-
ing was that patients’ symptoms resolved more rapidly than
their radiographic findings, and that adverse events were
higher in interventional than conservative groups.41–43 Re-
currence rates ranged from 9 to 21% for conservative man-
agement and 14 to 17% for ICD insertion, although these data
were limited by small sample sizes, variable follow-up
periods, and high rates of loss to follow-up.39,40,42,43

All told, these studies provide compelling evidence that
outpatient (OP) conservative management of SP can be both
safe and effective, albeit providing less rapid resolution. How-
ever, since then, guidelines have taken a more interventional
approach, despite a lack of robust evidence to suggest that this
is safer or reduces recurrence risk. It is unclear whether this
has been driven by the widespread availability of more user-
friendly plastic ICD insertion equipment, a desire from
patients, clinicians and health care systems for rapid resolu-
tion of such an apparently solvable problem, the temptation to

treat an X-ray, rather than the patient in front of us, or a sense
that because we can intervene, we should. Perhaps it is the
threat of the much feared but seldom witnessed tension
pneumothorax that has led practice to become more inter-
ventional. More recently, it has been proposed that this is a
much less common phenomenon in a self-ventilating patient
than previously thought, particularly in the context of PSP. It is
argued that it is factors other than supra-atmospheric pleural
pressures, such as poor physiological reserve in patients with
SSP, that cause the clinical deterioration in pneumothorax
patients.44 It remains likely that concerns regarding the devel-
opment of tension pneumothorax have contributed to the
eschewing of conservative management, despite decades-old
evidence in its favor.

Regardless of the drivers, research into SP management
since the 1960s has focused on comparing different inter-
ventions for SP,35,36,45 rather than intervention of any sort
with conservative care. Recently, there has been renewed
interest in the concept of conservative management of SP.
The results of the first multicenter RCT comparing conserva-
tivemanagement with interventionwere published in 2020;
316 patients were randomized to either conservative care or
insertion of a 12Fr ICD and completed 12 months follow-up,
with a primary outcome of radiographic resolution at
8 weeks.14 In total, 84.6% of those randomized to conserva-
tive care were successfully managed conservatively, with
only 15.4% requiring intervention, most commonly due to
abnormal physiological observations or intolerable symp-
toms. Radiographic resolution was demonstrated in 98.5% of
those managed with ICD and 94.4% of those managed con-
servatively (p¼0.02 for noninferiority). As with earlier stud-
ies, time to resolution was longer with conservative
management (30 vs. 16 days), although patients managed
conservatively spent less time in hospital, returned to work
more quickly, were referred for surgery less frequently, and
reported higher patient satisfaction than those in the inter-
vention arm. The recurrence rates were lower (8.8 vs. 16.8%,
relative risk: 1.90, 95% confidence interval: 1.03–3.52) and
the time to recurrence longer in patients managed conser-
vatively. Additionally, adverse eventswere less commonwith
conservative management.

The findings from Brown’s study are supported by a
systematic review published the same year46; analysis of
10 papers, including Brown’s, comparing conservative man-
agement with intervention found no difference between
resolution rates, and noted lower risk of adverse events
with patients managed conservatively. Interestingly this
analysis found no difference in recurrence rates between
conservative management and ICD insertion. It is important
to note that most of these studies, except for Brown’s, were
retrospective, with no element of randomization; therefore,
clinicians will likely have made clinical judgements based on
existing guidelines about which patients required interven-
tion and which could be managed conservatively. Were
patients with smaller pneumothoraces, which were more
likely to resolve spontaneously, managed conservatively,
whilst those with larger, more symptomatic pneumothora-
ces were interventionally managed?
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The strength of Brown’s study is its prospective, random-
ized design, the likes of which have, until now, been conspic-
uous by their absence when it comes to the question of
conservative management. However, there are still ques-
tions that remain unanswered; for one, the high number of
patients screened out of the study, including those with
previous pneumothorax, raises the question of how general-
izable these results are.14 The high screen failure rate may
explainwhy themedian scores for pain and breathlessness at
enrolment in Brown et al study were lower (interventional
group: pain 2/10 and breathlessness 1/10; conservative
group: pain 2/10 and breathlessness 1/10)14 than a recent
interventional study on PSP (interventional group: pain
41/100 and breathlessness 43/100; standard care group:
pain 37/100 and breathlessness 41/100).25,47 In addition,
the primaryoutcome from this study—lung re-expansion at 8
weeks—was never really in question; studies dating back
50 years demonstrate this.41–43 Perhaps a primary outcome
of more importance to the patients, such as rates of reinter-
vention or recurrence rates, which were both measured, or
patient-reported outcome measures (PROMs) would have
been of more value. What these studies do highlight is the
need to consider conservative management in patients with
a low symptom burden, reducing their risk of adverse events
associated with intervention and the need for hospital
admission. A new U.K. study is currently recruiting patients
with PSP to either conservative care or U.K. standard of care,
with re-intervention as the primary outcome (CONSEPT
study, NIHR133653).

Andwhat of SSP? The data on this topic remain evenmore
sparse. One retrospective study reviewing the management
of 82 patients presenting with SSP over a 7-year period found
that 39% of patients were managed conservatively, and that
none of these patients required further intervention, allow-
ing for marginally, although statistically significant, shorter

hospital stays (7.9 vs. 9 days, p¼0.004).48 Again, we must
interpret these results in their context; patients were not
randomized to one treatment arm or another, but rather
clinicians made their own judgements on how to manage
each patient based on existing clinical guidelines and their
own experience. The conservative treatment group on aver-
age had smaller pneumothoraces, and more patients with a
pneumothoraxmeasuring<1 cmat thehilumweremanaged
conservatively than those measuring >1 cm. That said, these
data did demonstrate that nearly half of the patients with a
pneumothorax measuring >1 cm at the hilumwere success-
fully managed conservatively. Whilst there remains doubt
about the safety and success rates of managing SSP conser-
vatively, this study and the paucity of high-quality research
on the topic highlight that this concept warrants further
investigation.

Is the One-Way Valve Device Safe and Effective for
Spontaneous Pneumothorax?
Whilst Brown’s recent study demonstrated that a select
cohort of patients with PSP with minimal symptom burden
can be safely managed conservatively, the exclusion of
patients with a history of pneumothorax, which some esti-
mate to represent 25% of patients,25 and those with abnor-
mal physiological parameters, which are commonfindings in
those presenting with a PSP, suggests that there may be a
cohort of patients in which intervention is required. The
question really is whether our current practice is necessarily
the right intervention for these patients.

In the last decade there has been a renewed interest in
evaluating methods by which patients who do require
intervention for SP could be managed as an OP, often using
one-way valves connected to ICDs or self-contained devices
(►Fig. 2), which allow egress of air from the pleural space
without the need for patients to be attached to an

Fig. 2 Image of a Rocket Pleural Vent in use in a patient with a spontaneous pneumothorax.
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underwater seal. This method of managing pneumothorax
has the added benefits of not restricting patients’ mobility
and providing the opportunity for them to bemanaged in the
OP setting, but what evidence is available to support their
use?

The body of evidence available to support ambulatory
management of SP is limited and often of poor quality. A
systematic review of 1,235 patients across 18 studies using
Heimlich valves (HVs) in spontaneous or iatrogenic pneumo-
thoraces suggested that ambulatory management can be
both safe and effective in selected patients; OP management
was successful in 77.9% of SP patients andmanagement with
HV alone was successful in 83.3% of PSP and 88.7% of SSP.49

No deaths associated with OP or HV management were
reported, and serious complications were rare. Perhaps
even more compelling was the suggestion that, based on
these success rates, ambulatory management could save
approximately 12,000 bed days/year in England alone. These
data ought to be interpreted with caution; the two RCTs
included in this review were small and underpowered50,51

and the remaining studies were prospective or retrospective
case series; therefore, although the results seem compelling
in favor of ambulatory management, these studies were
limited by small numbers, the lack of a comparator arm
and selection bias, particularly in the case of SSP, wheremore
unstable and complex patients would be less likely to be
offered ambulatory management.

This paucity of high-quality evidence has begun to be
addressed more recently. A multicenter open label RCT
published in 2020 randomized 236 patients with PSP to
ambulatory care with the Rocket Pleural Vent or standard
care (NA� ICD) and found that patients in the ambulatory
care arm had a significantly shorter LoS than those random-
ized to standard care (0 vs. 4 days), with nearly twice asmany
patients in the ambulatory arm discharged on the same day,
even after excluding patients in the standard care arm who
proceeded directly to ICD without an attempted NA.25

Patients in the ambulatory arm also required fewer pleural
procedures than the standard care arm; 47% of patients
managed with NA required a further procedure, consistent
with findings from previous studies.35,36 Surgical referral
rates and recurrence rates at 1 to 12 months were similar
across both arms. Patients in the ambulatory care arm did
have a longer time to successful completion of treatment (3
vs. 2 days), but authors speculate that this may reflect
clinician concern about removing the device too early, or
that OP management, in which the patients are only
reviewed every 24 to 48 hours, reduces the opportunities
at which resolution can be assessed and the device can be
removed. Rates of adverse events were higher in the ambu-
latory care arm (55 vs. 39%) and all serious adverse events
occurredwithin the ambulatory care group. Although higher
than in the standard care arm, the absolute numbers of
serious adverse events related to the device were small;
8/117 patients (6.8%) required readmission to hospital and
chest tube insertion for device-related issues, including
enlarging pneumothorax or device blockage, dislodgment,
or leaking. Other serious adverse events were not device-

related, such as three unrecognized hemopneumothoraces
and one episode of pleurisy. It is also worth noting that the
adverse events were recorded in such a way that patients
could have more than one adverse event, which may lead to
overrepresentation of the total number of patients affect-
ed.25 This study provides compelling evidence that ambula-
torymanagement of PSP is both safe and effective, but before
this becomes common practice, clear and responsive path-
ways need to be in place to ensure that patients with
ambulatory devices can be followed up regularly by clini-
cians familiar with device and pneumothorax management
to ensure that this can be done safely.

There remains uncertainty about whether ambulatory
management could or should be offered to patients with
SSP. By virtue of their age, comorbidities and poorer physio-
logical reserve, these patients are often more unwell at
presentation and therefore less suitable for OPmanagement.
There is evidence that patients with SSP spend longer in
hospital,32 are at higher riskof PAL, and have higher inpatient
mortality11 than their PSP counterparts. In some settings,
once a period of stability has been reached, ambulatory
management may allow patients to be managed in their
own homes and maintain their mobility and independence.

A single-center prospective study of patients with both
PSP and SSP managed with HV found that 62/64 (96.8%) of
PSP were felt to be suitable for OPmanagement, compared to
49/99 (49.5%) of SSP.52 Their primary outcomewas complete
radiographic resolution at day 5, which was achieved in 79%
of PSP and 65% of SSP. Drainage times were similar across
both groups and complications were rare, occurring in 2/62
PSP and 6/49 SSP. The authors estimated cost savings of
£1188.80/patient using this management algorithm. Whilst
the results from the study strongly support the need for
further research into this management strategy, the study is
limited by its lack of a true comparator arm; it would
understandably have been futile for the authors to compare
their OP SSP cohort with SSP patients receiving standard care
in this nonrandomized studyas, by virtue of the fact that they
required inpatient treatment, those receiving standard care
are likely to be more unwell and at higher risk of poorer
outcomes.

A subsequent RCT recruited 41 patients with SSP and
randomized them to either standard care or ambulatory
management with a self-contained device (Rocket Pleural
Vent) or a one-way valve (Atrium Pneumostat, AtriumMedi-
cal, Merrimack, NH), depending on whether an ICD had
already been inserted.53 The study found that although the
mean initial LoS was shorter in the ambulatory care arm, (1
vs. 3.5 days), there was no difference in mean LoS in the first
30 days (11.5 vs. 8.7 days). In total, 33/59 (56%) of adverse
events occurred in the ambulatory care arm; high rates of
treatment failure were observed in those managed with a
pleural vent, with 6/13 patients requiring a further ICD
insertion within the first week of treatment and the pleural
vent was subsequently removed from the study. Authors
speculate that the smaller gauge (8Fr) of the pleural ventmay
have been insufficient to contend with the larger air leak
often seen in SSP, compared to the 12Fr catheters used with
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the Atrium Pneumostat. On comparing the outcomes of
patients with each one-way valve, there was a trend toward
shorter LoS with the Atrium Pneumostat and no early
treatment failures, suggesting that the failure rate observed
in the study may be device-specific.53

The question of whether patients with SSP can be man-
aged in the ambulatory setting is somewhat more nuanced
than in PSP, with suitability for OP management and patient
outcomes likely to be device-, patient- and disease-specific,
depending on their care needs, social support network, and
their physiological reserve.

Management of Persistent Air Leak
One of the greatest challenges inmanaging patients with PAL
is the lack of clinical guidance on how they ought to be
managed. The reasons for this are manifold; there is very
limited evidence available and the heterogenous nature of
the cohort means that one size certainly does not fit all. The
new BTS pleural disease guidelines, due to be published in
early 2023, openly acknowledge that “there is insufficient
evidence to make any recommendations on the best treat-
ment method for pneumothorax and PAL in adults.”54 We
know surgery to be effective, but what of those patients who
do not want or, more commonly, are not fit enough to
withstand a surgical procedure?

Suction is frequently implemented in an attempt to
achieve pleural apposition and thus seal the causative de-
fect,19,55 but evidence to support this practice is limited and
some believe that this could even perpetuate the leak,
especially in the presence of larger defects. Studies in surgi-
cal patients have found suction to be either detrimental56 or
to be no better than underwater seal57 in managing PAL.

The use of autologous blood patch pleurodesis (ABP) has
perhaps the best, although still limited, evidence base for
managing such patients; the use of ABP for PAL was first
described in the early 1990s by Dumire et al58 and subse-
quent case series and prospective nonrandomized studies
supported its success. Resolution of air leak was achieved
after between one and three administrations of intrapleural
autologous blood in 59 to 84% of patients across these
studies, whilst duration of chest tube drainage and hospital
stays were consistently shorter.58–60 However, these studies
were all limited by small numbers, and the absence of
randomization and a control arm for comparison.

These shortfalls have been addressed more recently in
two RCTs exploring ABP in patients with PAL secondary to
SP. Cao et al randomized 44 patients with SSP and PAL at
7 days, who were unfit for surgery, 1 of 3 escalating doses
of autologous blood or normal saline via their ICD, with a
maximum of 2 repeated doses at 48-hour intervals.61 PAL
resolved within 7 days of ABP in 82% of patients who
received 1 to 2mL/kg, compared to just 8% of those who
received normal saline, suggesting that ABP is safe, effec-
tive, and superior to standard care in this cohort of
patients. This was supported by a further RCT comparing
early ABP after just 3 days with conservative care in 47
patients with SSP and PAL who were unfit or unwilling to
undergo surgery; air leak was demonstrated to resolve in

78% of those in the early ABP arm, compared to 8% in the
conservative care arm.62

So why is ABP not used more widely in PAL? Some
clinicians remain concerned about the risk of pleural infec-
tion with ABP, but data from multiple studies suggest infec-
tion rates of just 8.7 to 10%,59,62,63 whilst higher rates were
observedwith conservative care (16.7%)62 perhaps related to
longer duration of chest tube drainage. Others fear the chest
tube blocking following ABP, putting patients at risk of
tension pneumothorax; this is understandable given that
manyof these studieswere carried out in patientswith larger
bore (20–28F) chest tubes, rather than the narrower 12–18Fr
tube frequently inserted by chest physicians. This highlights
the need for further investigation; with only a handful of
RCTs evaluating ABP in PAL secondary to SP, there remain
many unanswered questions, including whether narrower
bore drains can be safely used, what the optimal mode of
delivery of an ABP is, and what the best time is at which to
perform an ABP.61–63

Endobronchial valves (EBVs) have also shown promise in
management of PAL; in a study published in 2009, 40
patients with PAL secondary to SP of mixed etiologies were
managedwith EBV.64 Balloon catheters were used to occlude
the airways suspected of supplying the leak and the effect on
air leak assessed qualitatively to identify the target airways
for EBV. EBV successfully resolved the air leak in 47.5% of
patients and reduced or resolved the leak in 92.5% of
patients. Only 6/40 patients experienced adverse events.
Markedly better success rates were reported with the use
of either endobronchial ABP or silicone spigots to occlude
airways supplying a PAL, with cessation of air leak reported
in 82% (41/50) of patients managed with endobronchial ABP
and 84% (42/50) of patients managed with bronchial occlu-
sion spigots at 14 days, compared to only 60% (30/50) of
patients managed with chest tube drainage alone.65

Althoughtherearemultiplemanagementoptions available,
theheterogeneityof thepatient cohort, thevariations in sizeof
air leak, the patients’ suitability for surgical management, and
limited availability of more specialist procedures make the
developmentofamanagementalgorithmorevenevaluationof
the most effective management techniques of this complex
cohort challenging and controversial.

New Directions

Enhanced Phenotyping of Spontaneous
Pneumothorax
In this age of patient-centered and precisionmedicine canwe
better phenotype patients with pneumothorax, to identify
factors that may influence their outcomes and alter care
accordingly?

Genetic Phenotyping in Spontaneous Pneumothorax
An estimated 10% of individuals presenting with SP have a
positive family history of pneumothorax.66 Some of these are
attributable to identifiable genetic disorders, caused by
mutations in tumor suppressor genes, such as Birt–Hogg–
Dubé syndrome (BHGS) and lymphangioleiomyomatosis
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(LAM), fibrillin and collagen genes, causing connective tissue
disorders such as Marfan’s and vascular Ehlers–Danlos, and
conditions affecting the lung architecture, such as alpha-1
antitrypsin deficiency and cystic fibrosis.67

But what difference does knowing that a pneumothorax is
just one part of a larger picture actually make? In truth, this
knowledge can drastically change the way in which these
patients are managed, both in relation to their pneumotho-
rax and their management more holistically. First, recur-
rence rates are estimated to be higher in familial
pneumothorax than sporadic (70 vs. 25%),21,68 therefore
some would argue we ought to focus our management on
reducing their risk of recurrence, whether that be with early
surgical intervention or medical pleurodesis.69

Second, these inherited syndromes come hand in hand
with other systemic manifestations that may warrant addi-
tional investigations to allow early identification and treat-
ment or ongoing surveillance, for example, of renal tumors in
BHGS or aortic root dilatation in Marfan’s. It is also recog-
nized that there is a more equal sex preponderance in
familial pneumothorax (male to female ratio 1.7:1)66;
LAM, although rare, is a condition that almost exclusively
affects women and can lead to progressive deterioration in
lung function, so monitoring of lung function and radio-
graphic progression could be beneficial to enable early
intervention. The increased risk to women with these syn-
dromes during pregnancy and childbirth should also be
noted; LAM cells are sensitive to female sex hormones, so
rapid progression in disease may be observed during preg-
nancy, in addition to the patient being at higher risk of
pneumothorax at this time. This knowledge impacts the
counselling clinicians give women prior to and during preg-
nancy and may alter their management pathway during the
peripartum period to reduce their risk of complications.67,69

An algorithm for assessing patients with a potential
familial syndrome has been suggested, in which any patient
presenting with a first pneumothorax who has any of the
following should have a CTscan of the chest and a referral for
genetic testing should be considered:

• Female gender.
• Family history of pneumothorax, lung blebs, cysts, or

bullae.
• Family/personal history and/or examination suggestive of

a pneumothorax-associated syndrome.69

Implementation of this algorithm is dependent on clini-
cians having a high enough index of suspicion to ask the
pertinent questions and elicit thehistory or clinical signs that
may indicate the presence of a pneumothorax-associated
syndrome. Given the potential ramifications of not making a
diagnosis of a familial pneumothorax-associated syndrome,
we need to ensure that this is an integral part of any
consultation regarding pneumothorax.

Radiographic Phenotyping
The decision to undergo a thoracic surgical procedure to
reduce a patients’ risk of recurrence is a significant one, and
over recent years there has been a drive to findways inwhich

clinicians can risk stratify patients, to better understandwho
ismost likely to benefit from a surgical procedure. Of interest
is whether high-resolution CT can be used to phenotype
patients, and predict recurrence risk, but the utility of this
remains unclear. The concept of a “bleb score” was first
introduced by Warner et al in 1991 in a prospective case
series of 26 patients presenting with PSP.70 This study noted
a higher bleb score in the ipsilateral lung in patients with a
history of prior pneumothorax, those who developed a
recurrence during the follow-up period, and those who
required chest tube drainage. Subsequent studies utilizing
this or similar bleb scores have had mixed success.

A single-center retrospective analysis of 176 patientswith
PSP found ipsilateral and contralateral recurrence rates of
44.8 and 12%, respectively.71 The risk of recurrence in the
presence of blebs and/or bullae was 68.1%, compared to just
6.1% in those without and a direct relationship between the
dystrophic severity score was noted, with the presence of
multiple lesions and therefore a higher score being associat-
ed with increased ipsilateral recurrence risk of up to 82%. A
smaller study of just 23 patients with PSP found a higher 5-
year recurrence rate (86.7 vs. 50%) in patients with any
dystrophic lesions, and that recurrence risk increased with
the number of dystrophic lesions seen.72 By contrast, two
smaller, prospective studies found no correlation between
bleb score and recurrence risk,73,74 although it should be
noted that 15% of patients in one study received pleurodesis,
and recurrence rates in that study were particularly low
(19%).73

Although the question of how useful bleb scores are in
predicting recurrence and which patients may benefit from
surgery remains open to debate, these studies havehelped us
understand who is unlikely to benefit from surgical inter-
vention; contralateral recurrence rates even in the presence
of blebs or bulla remain low (19–27%)71,75; therefore, early
surgical intervention on the contralateral side should not be
advised. In addition, although the positive predictive value of
CT bleb scores in ipsilateral recurrence is relatively low
(68.1%), the negative predictive value remains high
(93.9%), which could help identify those who are at lower
risk of recurrence.71 Ultimately, larger prospectively collect-
ed observational studies are needed to assess the utility of
bleb scores and other markers in predicting recurrence.

Better Clinical Outcome Predictors
One of the challenges of radiological evaluation of pneumo-
thorax is the dynamic nature of the condition, particularly in
cases of PAL. Innovative techniques are required to identify,
either prior to pleural intervention or at initial pleural
procedure, the presence and predicted duration of visceral
air leak to better characterize patients.

Digital Air Leak Monitoring
Digital chest drainage systems, which provide continuous air
leak monitoring, are a promising technology to better charac-
terize air leak and may predict clinical outcomes. A study by
Hallifax et al used daily digital airflow measurements for 10-
minuteperiods inpatientswithPSP, either via achestdrainora
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small bore (8Fr) ambulatory pleural vent, to determine if early
(day 1 or 2)measurement predicted future incidence of PAL.76

They demonstrated high early digital air-leak measurements
werepredictive of persistentbubbling via standard chestdrain
or unexpanded lung at day 4. If these results are verified in a
larger prospective study, these patients could be triaged to
early thoracic surgery for air-leak management rather than
waiting with daily reviews until day 4.

Novel Computed Tomography Imaging
Plain CT imaging captures just one moment in time, usually
whilst the patient is breath-holding and is generally not
useful in assessing for either the presence or the site of an air
leak. Recent advances in dynamic chest imaging could help
tackle this problem; a study in Japan used intrapleural
normal saline and sustained vocalization to demonstrate
air leaks on CT imaging in 11 patients with a chest tube in
situ for SP and who subsequently required thoracic surgery
for PAL.77 They were able to identify air bubbles on CT
following instillation of intrapleural normal saline in 9/11
patients, and identified other radiological signs thought to be
consistent with air leak that were not present on plain CT
images, in a process they termed “saline-filled CT thoracog-
raphy.” This technique could be used to assess both the
presence of air leak and to localize the leak to guide endo-
bronchial or surgical management.

Conclusion

For decades, pneumothorax has been vastly under-
researched and the evidence available to clinicians was often
poor quality, which was reflected in the disparity between
clinical guidelines worldwide. The recent burgeoning evi-
dence base is now challenging decades-old practice and
highlighting the fact that ICD insertion is not a panacea for
all our patients. This understanding opens the door for more
patient-centered medicine that reserves intervention for
those who truly need it and reduces unnecessary admissions
to hospital. Larger scale randomized studies are required to
evaluate whether, with the implementation of novel tech-
nologies, there are ways in which we can better phenotype
the pneumothorax cohort to assess who is most likely to
benefit from intervention, improve our understanding of
who is at highest risk of recurrence, and offer treatment
that provides the best outcomes for our patients.
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