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Abstract

Introduction Primary spontaneous pneumothorax (PSP) is the presence of air in the pleural space, occurring
in the absence of trauma and known lung disease. Standardized expert guidelines on PSP are needed due

to the variety of diagnostic methods, therapeutic strategies and medical and surgical disciplines involved in its
management.

Methods Literature review, analysis of the literature according to the GRADE (Grading of Recommendation,
Assessment, Development and Evaluation) methodology; proposals for guidelines rated by experts, patients
and organizers to reach a consensus. Only expert opinions with strong agreement were selected.

Results A large PSP is defined as presence of a visible rim along the entire axillary line between the lung

margin and the chest wall and > 2 cm at the hilum level on frontal chest X-ray. The therapeutic strategy depends
on the clinical presentation: emergency needle aspiration for tension PSP; in the absence of signs of severity:
conservative management (small PSP), needle aspiration or chest tube drainage (large PSP). Outpatient treatment
is possible if a dedicated outpatient care system is previously organized. Indications, surgical procedures

and perioperative analgesia are detailed. Associated measures, including smoking cessation, are described.

Conclusion These guidelines are a step towards PSP treatment and follow-up strategy optimization in France.
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Introduction

Primary spontaneous pneumothorax (PSP) is a
common disease, with a therapeutic strategy depending
on its size and tolerance [1-6]. This strategy needs
better codification [7—13] taking into account the risks
of recurrence [14] and the expertise of the treating
center.

These clinical practice guidelines were developed
jointly by the French Speaking Society of Respiratory
Diseases (SPLF), the French Society of Emergency
Medicine (SFMU), the French Intensive Care Society
(SRLEF), the French Society of Anesthesia & Intensive
Care Medicine (SFAR) and the French Society of
Thoracic and Cardiovascular Surgery (SFCTCV) We
focused on PSP of adult patients (>15 years-old).

Method

A panel of experts from these five scientific societies,
involved in the management of PSP, were gathered. The
items to be addressed were defined, and formulated
in "Patients/Population, Intervention, Comparison,
Outcomes (PICO)” format. A literature review of French
or English language, published from 2005 (and 1990 for
randomized controlled trials (RCTs)) via the PubMed
database was conducted, and performed according to the
Grading of Recommendations assessment, Development
and Evaluation (GRADE) methodology. The working
group issued “strong" (the group recommends to/
recommends not to..) or "conditional” (the group
suggests to/suggests not to...) guidelines, or an "expert
opinion" ((the group proposes to/proposes not to) when
the level of evidence in the literature was lacking. They
were then assessed by the experts and by 2 patients,
and rated using a scale ranging from 1 (complete
disagreement) to 9 (complete agreement). To validate
a guideline on a criterion, at least 50% of experts had to
express an agreement and less than 20% a disagreement.
To consider an agreement as strong, at least 70% of
participants had to express an agreement. In the absence
of strong agreement, the guidelines were reworded until
a consensus was reached. Only expert opinions that
obtained a strong agreement were included. A strong
agreement was reached for all the guidelines in this
document.

Summary of the results

Definition of PSP

A spontaneous pneumothorax (SP) is defined as the
presence of air in the pleural space, occurring in a non-
traumatic context [2, 4, 15]. PSP is a SP in a patient
without any known underlying lung disease.
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Diagnosis of PSP and initial assessment
The diagnostic methods are summarized in the
algorithm (Fig. 1).

Size of the pneumothorax

Defining the size of a PSP is challenging and implies a
different therapeutic management among small and
large PSP. The definitions of large pneumothorax vary
depending on the different scientific societies and
publications (Additional file 1: Appendix S2) [1-4, 6,
16].

The group suggests to consider a PSP as large
when there is a visible rim along the entire
axillary line,>2 cm between the lung margin and
the chest wall at the hilum level. (Conditional
recommendation, low level of evidence)

Diagnostic imaging

Is chest CT-scan superior to chest X-ray (CXR)

for the diagnosis, to determine the size of a PSP or to for its
differential diagnosis?

The chest CT-scan is an alternative to CXR for the
diagnosis of pneumothorax in the absence of signs of
severity, in case of diagnostic doubt [17, 18].

The chest CT-scan is superior to the CXR for
assessing the size of a pneumothorax and to determine
secondary pneumothorax etiologies [19]. However, the
cost, time and radiation exposure do not support its use
as a first-line examination.

The group recommends to perform a low-dose
chest CT-scan in case of persistent diagnostic
doubt despite the investigations already performed.
(Strong recommendation, low level of evidence)

The group proposes that, although the chest
CT-scan is superior to CXR for the positive
diagnosis of PSP, assessing its size and ruling out a
differential diagnosis, its cost, radiation exposure
and accessibility do not support its use as a first-line
examination. (Expert opinion)

The group proposes to perform frontal CXR in
inspiration, without expiratory films, in case of
suspected PSP to diagnose it and assess its size.
(Expert opinion)

Is chest ultrasound superior to CXR for the positive diagnosis
and to determine size of PSP?
The added value of chest ultrasound is currently for
chest trauma patients or the diagnosis of iatrogenic
pneumothorax, with a high pretest probability [20-29].
Routine chest ultrasound for diagnosis and size
assessment of PSP without severity signs is not defined.
However, its high sensitivity access easy in case of
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clinical emergency, chest ultrasound may an alternative
in experienced teams.

The group suggests not to solely base the diagnosis
of PSP on chest ultrasound in the absence of signs of
severity. (Conditional recommendation, low level of
evidence)

The literature does not allow concluding on the place of
chest ultrasound as an alternative to CXR [30-32].

The group proposes not to solely rely on chest
ultrasound to assess the size of a PSP. (Expert opinion)

No data in the literature allow concluding on the
value of chest ultrasound to rule out the differential
diagnoses of PSP.

Is chest ultrasound superior to CXR for follow-up

after drainage?

No standardized guideline on the frequency and number
of CXR for the follow-up of a pneumothorax exists.

Drainage is pursued until complete lung expansion and
after bubbling has stopped [33]. Two studies compared
CXR and ultrasound for the follow up of patients drained
for a PSP [34, 35]: ultrasound was superior to CXR for
the follow-up, and the level of experience of the operators
was equivalent, provided a 2 h specific training.

The group suggests performing chest ultrasound for
the diagnosis of residual pneumothorax in patients
drained for pneumothorax. In untrained teams or
teams with limited access to ultrasound, CXR may be
used as an alternative. (Conditional recommendation,
moderate level of evidence)

Therapeutic management of PSP
The therapeutic methods are summarized in the
algorithm (Fig. 1).

Patient with sign(s) of immediate severity

Clinical definition

Clinical definition. Respiratory distress or haemodynamic
instability in PSP is rare [36, 37]. In well-tolerated PSP,
therapeutic strategy can be discussed according to
location, size, first episode or recurrence, complication
and patient’s characteristics [38, 39].

The group recommends to consider that tension
pneumothorax is defined by respiratory distress or
haemodynamic instability. (Strong recommendation,
low level of evidence)

Extreme emergency = chest decompression
Tension pneumothorax is a gas tamponade [37]. Bedside
emergency chest decompression after chest imaging can
reverse this life-threatening condition [36, 38].

In case of confirmed tension PSP, the group
recommends:
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— Emergency chest decompression,

— Through an anterior (mid-clavicular line in the 2nd
intercostal space) or axillary (mid-axillary line in
the 4th intercostal space) approach,

— Using dedicated equipment (thoracentesis kit) or
any other needle aspiration device available to the
operator. (Strong recommendation, low level of
evidence)

Patient without signs of immediate severity
Large and/or symptomatic PSP without sign of inmediate
severity
In international studies, large PSPs are "mixed" with
symptomatic PSPs. The main symptom of PSP is dyspnea.
In order to facilitate the reading, we used the term "large
PSP" instead of "large or symptomatic PSP" in these
guidelines.

We performed pairwise comparisons of the four
management methods for patients with large PSP [2, 4,
15]:

— Conservative strategy: no intervention, "therapeutic
abstention" and monitoring,

— Surgical approach,

— Needle aspiration (NA),

— Chest tube drainage (CTD).

Is CTD superior to conservative strategy?

A single study has assessed the conservative strategy in
patients with a first episode of a large unilateral PSP [12].
This multicentre, open-label, RCT included 316 patients
aged 14 —50 years: 154 in the CTD and hospitalization
(“standard”) arm and 162 in the conservative strategy
arm.

The conservative management was non-inferior to the
“standard” management on the primary endpoint (eight
weeks radiographic resolution) [12]. The risk of ipsilateral
recurrence at one year was lower in the conservative arm
(8.8% vs 16.8%) [12, 39]. However, these data should be
considered with caution as 1-year recurrence rate was
lower than usual in both arms (29% in the meta-analysis
by Walker et al. [14]). The conservative strategy allowed
reducing the number of procedures (percutaneous
pleural procedures, need for surgery, imaging), the
hospital length of stay, the rate of adverse events and
the number of days out of work [12]. The failure rate of
the conservative strategy (defined as the need for CTD)
ranged between 15 and 21% [12, 40].

However, some biases limit its conclusions, rending
questionable and hardly generalizable these results:
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— in sensitivity analyzes, if all lost to follow-up patients
are considered as “failures’, the difference in success
at eight weeks exceeds the non-inferiority limit and
the study is negative, with conservative management
less effective than CTD;

— there might be an inclusion bias, as only 316 patients
out of the 2637 screened were included;

— the type of included patients seems unusual: the
duration of PSP evolution was about of 40 h, the
patients being barely asymptomatic (median dyspnea
and pain visual analog scale scores respectively of 1
and 2 on 10-points scales).

Further studies are needed to assess the safety and
better define the profile of patients who could benefit
from a conservative strategy.

The group recommends air removal from the
pleural cavity in patients with large PSP without signs
of immediate severity. (Strong recommendation,
moderate level of evidence)

Is CTD superior to NA?

NA requires a transient pleural approach, performed
until bubbling stops [41-43], until aspiration is no longer
possible [44-50], until a fixed volume is aspirated [46,
50, 51], or for a maximal time [41, 43, 44]. If NA is not
sufficient, studies suggest either switching to CTD [42,
43, 45, 47, 52] or to attempt a second [or a third [43]]
NA [41, 44, 53]], although not recommended [4, 15]. NA
failure is defined as an attempted NA followed by a CTD
[41-45, 47, 52, 53].

CTD shows a higher "immediate success” rate
compared to NA [41, 49, 50, 54—56]. A later success rate
(at day 7 or later), appears similar between CTD and NA
[44, 48, 49, 51, 55]. The overall immediate success rate is
51% for NA (after 1—3 procedures) [41-44, 46, 48—57]
and about 68% for CTD [41, 44, 48-51, 53-57].

NA reduces the hospital length of stay compared CTD
(i.e. with hospitalization) [41, 44, 46, 48—51, 54—56, 58].

NA allowed decreasing drainage duration compared to
CTD in an RCT [51].

The risk of complications is rarely reported and lower
during NA than CTD [44, 50, 55]. One study found
similar complication rates between NA and CTD [53].

Conflicting data exist in pain. Although some report
less pain [44, 55] with NA and higher analgesic use in
CTD [44], older studies did not report any difference
between techniques [41, 53].

Treatment satisfaction did not differ between NA and
CTD [53].

Surgery rate did not differ between NA and CTD [51,
53]. A single old study, of low level of evidence, reported
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a more frequent need for pleurectomy in CTD as
compared to NA [46].

Costs had not been analyzed in these studies. The
2017 Cochrane Database considered that no conclusion
was possible [59]. However, as NA reduces the hospital
length of stay as compared to CTD, the cost of such
management would be lower. Dedicated medico-
economic studies are needed.

One-year (and sometimes 3 months) recurrence rates
did not differ between NA and CTD [41, 44, 46, 48, 49,
54, 55, 57].

Based on these findings, NA might appear superior to
CTD. Given the possibility of an outpatient management
with a CTD (see below), these two approaches were kept
as first-line management of large PSP.

Is CTD superior to surgery?

Seventy percent of patients with a first PSP will never
relapse. Therefore, performing surgery at first episode
of PSP seems too invasive [14]. However, several studies
compared surgical treatment (pleurodesis and bleb
removal) following CTD or NA to a conventional CTD
strategy without surgery during a first episode of large
PSP. These studies reported a reduced one-year risk
of recurrence, a shorter length of stay, a lower cost and
no difference in analgesic for surgically treated patients
compared to conventional CTD [60-65]. These studies
had several biases drawing the conclusion uneasy.

The group recommends air removal from the
pleural cavity using either NA or CTD as first-line
treatment in patients with large PSP without signs of
immediate severity. Surgery should not be performed
as first-line treatment except in specific situations
(see below). (Strong recommendation, moderate level
of evidence).

Is outpatient superior to inpatient management?

No high-quality study has directly compared the
outpatient management with NA versus mini-CTD
with one-way valve. At least one such study is ongoing
(PNEUM-AMBU, NCT03691480).

Exclusive outpatient management is feasible in 4 out of
5 patients treated with NA or CTD with a one-way valve
[9, 10, 13].

Compared with inpatient care, outpatient management
reduces the hospital length of stay, as reported in a study
comparing a drainage system with an integrated one-way
valve versus a standard management with NA in most
cases (68% of patients in the control arm) [13]. In most
other publications, outpatient NA has been compared
to drainage with hospital-based monitoring [41, 44,
46, 48-50, 53-55, 57, 58]. Series reporting outpatient
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management have also suggested a reduced hospital
length of stay but without control arm [8-10, 66].

Use of surgery was not assessed specifically in study
reporting outpatient strategy.

Outpatient management could increase the
complications rates as compared to inpatient
management [13]. However, the design of this prospective
study explains most of the severe complications, as
adverse events (AEs) were defined as the need for
hospitalization, which could only concern patients of the
outpatient arm.

On the other hand, in observational studies [8-10,
66], no serious AEs were reported, but mainly bent or
displaced catheters (ranging from 1.5% [10] to 22.6%
[66]).

Outpatient management was associated with a similar
1-year recurrence rate as inpatient management [8-10,
13, 66], ranging from 12% [8] to 33.1% [9].

Indirect evidence [8, 10] suggest a lower overall health
care costs of outpatient management.

The group recommends outpatient management in
patients with large PSP without signs of immediate
severity. (Strong recommendation, moderate level of
evidence)

The group recommends an outpatient management
based on needle aspiration or on mini-chest tube with
one-way valve, if the following criteria are met:

— the patient is stable after intrapleural air removal,

— and a dedicated outpatient care system is previously
organized

— and a consultation with chest ultrasound or CXR is
scheduled at 24—72 h to assess the evolution.

— (Strong recommendation, low level of evidence)

The group proposes outpatient management of PSP
only if all of the following conditions are met:

A patient information leaflet providing guidance
on the way to behave in case of problem and phone
numbers available 24/7, including SAMU-Centre
15 is given to the patient before hospital discharge
(examples in appendices),

— DPatient’s comprehension of discharge instructions
has been checked

— The patient should not stay alone for the first
24— 48 h after being discharged home,

— The patient should be able to access a medical facility
within 1 h, regardless of the means of transportation,
in the event of deterioration,

— The time of discharge does not matter if all of

the above criteria are met (nighttime discharge is

possible). (Expert opinion)
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Small PSP without signs of immediate severity

The presence of signs of severity in a small PSP should
prompt the clinician to consider another diagnosis such
as SSP. A small PSP itself cannot cause respiratory or
haemodynamic failure. Relevant signs of poor tolerance
to be investigated and to guide the management are rest
dyspnea or pain unresponding to non-opioid analgesics.

No study focused specifically on small PSP, only among
PSP managed conservatively [8, 56].

The group recommends conservative management
for patients with small PSP without signs of poor
tolerance. (Strong recommendation, low level of
evidence)

The group recommends a conservative outpatient
management for patients with small PSP without
signs of poor tolerance if the following criteria are
met:

— Physical examination and CXR findings are
unchanged after 4 h monitoring,

— and a dedicated outpatient care system is previously
organized

— and a consultation with chest ultrasound or CXR is
scheduled at 24—72 h to assess the evolution. (Strong
recommendation, low level of evidence)

The group proposes outpatient management of PSP
only if all of the following conditions cited above are
met.

Analgesia for medically-treated PSP

Analgesia during the chest procedure

No study has compared air removal from the pleural
cavity using NA or CTD with and without local
anesthesia. Conducting such a study nowadays seems
unethical. Although the intensity of pain caused by
pleural puncture, placement of a small-bore chest tube
using the Seldinger technique, or placement of a large-
bore CTD is not similar, these painful procedures can be
completely prevented by local lidocaine anesthesia of the
skin, subcutaneous tissues and intercostal muscles. As for
any invasive procedure, it seems legitimate to advocate
an analgesic management (at least a correctly performed
local anesthesia [67]).

Most RCTs of NA and CTD have used local anesthesia
[44, 48-51]. The sufficient dose of lidocaine is generally
of 2 mg kg™ (injected into the chest wall), with a
maximal dose of 4-5 mg kg™'. Needle insertion should
target the upper edge of the rib in order to avoid injury
to the neurovascular bundle and to ensure that there is
no blood reflux into the syringe through gentle aspiration
before injecting.
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The group recommends performing local
anaesthesia of the chest wall before air removal
from the pleural cavity through NA or CTD. (Strong
recommendation, low level of evidence).

Analgesia

No study investigated pain management in PSP treated
conservatively, with NA or with CTD. Only one RCT [68]
reported a transient and partial efficacy of intrapleural
injection of 20 mL of 0.5% bupivacaine every 8 h to
reduce pain related to the CTD, within 60 min after the
injection, but not at 4 or 8 h, and no effect on morphine
use. An RCT in patients who underwent thoracic
surgery reported the decrease in pain related to cough or
mobilization following 20 min application of ice on chest
tube insertion site [69]. No study performed in patients
drained for a PSP allows a conclusion.

The group recommends to base pain management
on multimodal analgesia in patients medically treated
for PSP (NA, CTD, conservative management).
(Strong recommendation, low level of evidence)

Analgesia during chest tube removal

Chest tube removal is a most painful procedure [70].
Analgesic management during chest tube removal is
justified.

RCT assessing the efficacy of therapeutic interventions
on tube removal-related pain were performed for larger-
bore chest tubes (> 16 Fr) after cardiothoracic surgery.

The wuse of morphine or non-steroidal anti-
inflammatory drug (NSAID) before removal seems
equivalent [122]. The addition of local anesthesia with
topical lidocaine-prilocaine or subcutaneous lidocaine
may improve pain upon chest tube removal, especially in
the absence of multimodal systemic analgesia [123-125].

The main non-pharmacological technique is cold
application on and around the chest tube insertion
site 15—20 min before its removal. Many studies
explore this technique and a meta-analysis has shown
a beneficial effect of cold application. Although this
gain in pain scores may appear modest, this technique
is recommended, especially for large-bore chest tubes
[71-78].

The group recommends a multimodal analgesia
including cold application to reduce pain associated
with large-bore chest tube removal (> 16 Fr). (Strong
recommendation, low level of evidence).

The group proposes to use analgesia during
small-bore chest tube removal, but further studies
are needed to determine the preferred method of
analgesia (Expert opinion)

Page 7 of 25

Specific cases

Simultaneous (or synchronous) bilateral PSP

The occurrence of simultaneous bilateral pneumothorax
has been described as clinical cases, in patients with
a respiratory history, or during episodes of traumatic
pneumothorax. This rare condition can also occur in
case of iatrogenic or idiopathic mediastinal fenestration
between the right and left pleural cavities (known as
"buffalo chest") [79-86].

In case of simultaneous bilateral PSP, regardless
of its size, the group proposes to contact as soon
as possible an expert centre, i.e. a centre with a
thoracic surgery department, to discuss the treatment
approach and to consider a transfer to this centre.
(Expert opinion)

In case of simultaneous bilateral PSP with signs of
severity or large PSP, the group proposes to perform
emergency CTD. (Expert opinion)

Primary spontaneous haemopneumothorax

Spontaneous haemopneumothorax (SHP) is defined as a
PSP associated with the presence of a variable volume of
blood in the pleural cavity. Any spontaneous pleural air-
fluid level should be suspected to be a SHP. If possible, it
is justified to prove the presence of a SHP by draining it.
SHP accounts for 1 —12% of PSP [87-90].

In case of SHP, CTD is indicated. According to Boersma
et al,, surgery is indicated in case of haemorrhagic shock,
if the accumulated blood volume exceeds 1500 mL or
if bleeding exceeds 200 mL h! for at least two hours
[91]. A surgical approach is not questionable in case of
haemodynamic instability, but debated in its absence [87,
89, 90, 92-95].

In case of haemopneumothorax, regardless of its
size, the group proposes to contact as soon as possible
an expert centre, i.e. a centre with a thoracic surgery
department, to discuss the treatment approach and
to consider a possible transfer to this centre. (Expert
opinion)

In case of haemopneumothorax with signs of
severity or large haemopneumothorax, the group
proposes to perform emergency CTD. (Expert
opinion)

PSP with pleural adhesion
Pleural adhesion is a risk factor for haemothorax when
present on CXR at the time of the diagnosis of PSP.
Pleural adhesion disruption may lead to a massive or fatal
SHP of systemic origin [90, 96].

In case of PSP with confirmed pleural adhesion,
regardless of its size, the group proposes to contact as
soon as possible an expert centre, i.e. a centre with a
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thoracic surgery department, to discuss the treatment
approach and to consider a possible transfer to this
centre. (Expert opinion)

In case of PSP with confirmed pleural adhesion and
signs of severity or large PSP, the group proposes to
perform emergency CTD. (Expert opinion)

Chest tube drainage

Is small-bore superior to large-bore chest tube?

For several years, the guidelines advocated the use of
small-bore chest tubes (<14 Fr) for the management of
pneumothorax [4]. Their efficacy is equivalent and the
complication rate is lower: 5 to 9.5% vs. 27 to 32% [44,
57,97, 98]. Among the complications of small-bore chest
tubes, obstructions and displacements occurred in 1 —5%
of cases [99].

However, when choosing the drainage approach,
other elements must be taken into account, such as the
technique (Seldinger vs. internal stylet tube) or the shape
of the tube (straight vs. pigtail tube) [100].

The group suggests to use a small-bore chest
tube (<14 Fr) for CTD of PSP. (Conditional
recommendation, low level of evidence).

In case of removal of air from the pleural cavity, should

the axillary over the anterior approach be preferred?

In most studies, NA is performed anteriorly in the second
or third intercostal space on the midclavicular line and
CTD in the fourth or fifth intercostal space on the middle
or anterior axillary line.

The anterior route carries more vascular risks
(subclavian or internal thoracic vessels). These risks are
significantly reduced with ultrasound guiding [101]. The
anterior approach allows positioning the tube where the
air is accumulated, but may cause visible scarring.

The axillary approach is considered to be safer,
especially in the safety triangle, but there is a risk of
diaphragmatic and underlying organ trauma, or risk
for the axillary vessels. An ultrasound study has found
the diaphragm in the safety triangle in 20% of cases,
highlighting the interest of systematic ultrasound
location before CTD [102]. The tube should be positioned
upwards, a position achieved in less than half of the cases
[97, 100].

The anterior approach has been used when assessing
the outpatient management with a small-bore tube sealed
with a one-way valve, [8-10, 103].

A higher risk of plication and obstruction of the NA
catheter using the axillary approach compared to the
anterior approach has been reported in an animal model
of emergency NA of pneumothorax [104], while no
difference in tube displacement between both approaches
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had been reported in humans. It is therefore impossible
to conclude on the superiority of any approach [105].
The literature does not provide sufficient data to
choose between the anterior and axillary approach.
The group suggests to obtain an ultrasound
visualization before performing needle aspiration or
CTD using the anterior or axillary approach, in order
to reduce the risk of complications. (Conditional
recommendation, low level of evidence)

In case of CTD, is suction superior to free flow?
The guidelines do not comment on suction via the chest
tube at chest tube insertion [4, 15, 106].

Studies comparing NA to CTD do not show any
difference in efficacy whether initial suction is applied or
not [41, 46, 48, 49, 53].

In outpatient management studies, no suction was
applied, with passive evacuation through the one-way
valve, with satisfactory the success rates [4, 9, 10, 13, 15,
106].

Two RCTs studies have assessed the benefit of suction,
without any difference in efficacy [107] or recurrence
rates [108]. Conversely, the risk of "a vacuo" pulmonary
oedema or reexpansion oedema [109] seems rare and
has not been described in any of the studies comparing
drainage and NA [110]. However, a rate of 16% has been
reported [111], with diabetes and large pneumothorax as
independent risk factors [112], while avoiding a too rapid
air evacuation [112] is recommended.

In an animal model of induced pneumothorax [113]
the duration of pneumothorax and suction have been
identified as the two risk factors for reexpansion oedema.

The group recommends to initiate drainage with
passive air evacuation (one-way valve or free flow)
and to subsequently start suction at — 5 to — 20 cm
H,0 only if reexpansion is not achieved. (Strong
recommendation, moderate level of evidence)

In case of CTD, is clamping the chest-tube before removal
necessary, and does it reduce the risk of recurrence?

Several studies have assessed a clamping trial before
tube removal, with conflicting results. A retrospective
study found more frequent recurrences after CTD
removal than in the absence of clamping trial [114], while
another did not report any difference in pneumothorax
recurrence [115]. Of note, in both, tension pneumothorax
happened only in the clamping group [114, 115].

Two RCT have been performed in traumatic
haemothorax and pneumothorax (haemopneumothorax)
[33, 116]. In both, no difference was found in recurrence
rate of pneumothorax with or without clamping trial
[116]. However, suction strategies differed between
groups, with recurrences in the clamped group needing
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declamping, while recurrences after removal of the drain
requires to repeat the drainage procedures; moreover,
the included population trends these findings poorly
applicable to PSP.

In patients under chest tube suction, in the absence
of bubbling and with lung re-expansion, the group
proposes to allow a free flow for 6-8 h before tube
removal to avoid a new drainage procedure in case of
early recurrence. (Expert opinion)

The data in the literature do not allow concluding
on the interest of performing a clamping trial before
tube removal once the lung is re-expanded.

Additional treatments in PSP

Benefit of oxygen therapy in PSP treatment

Systematic oxygen therapy has been proposed in order
to increase the resolution rate of conservatively-treated
PSP, based on the assumption that oxygen administration
would reduce the partial pressure of nitrogen in the
alveolar space compared to that in the pleural cavity, and
promote the passage of nitrogen from the pleural cavity
to the alveolar space via the pleural capillaries.

Some retrospective clinical studies suggest an increased
resolution rate in patients treated with systematic oxygen
therapy, especially in the subgroup of patients with
large pneumothorax (>30%) [117], even with low-flow
oxygen therapy (2—4 L min~!) [118]. In neonates, studies
do not show any increase in clinical recovery rate from
pneumothorax with systematic administration of oxygen
therapy [119, 120].

Poor methodological quality of the data, and the many
potential disadvantages of the systematic administration
of oxygen (need for hospitalization with additional costs,
discomfort, bed rest) do not support the systematic
administration of such a treatment for the management
of PSP patients treated conservatively.

The group does not recommend the systematic use
of oxygen therapy in patients treated for PSP. (Strong
recommendation, moderate level of evidence).

Benefit of strict rest during the conservative strategy

No study compared strict bed rest with no activity
limitation. In the only RCT comparing a conservative
strategy with invasive treatment with CTD for the
first episode of moderate-to-large PSP [12, 121], no
instructions for activity limitation were given. Similarly,
no guideline regarding activity were provided in the
assessing the conservative strategy for recurrent SSP
[122]. The ACCP, BTS and ERS task force guidelines
do not recommend any activity limitation with the
conservative strategy [2, 4, 15]. The sole "activity
limitation" the patients should be warned is the risk
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of air travel in the presence of a pneumothorax, (see
below) [123-125].

In the absence of evidence of a relationship between
the recurrence and physical exertion, the patient
may be advised to return to work and resume normal
physical activities once symptoms have resolved. It
seems reasonable to advise postponing sports involving
extreme exertion and physical contact until complete
resolution.

The group suggests not to prescribe strict bed rest
in PSP patients. (Conditional recommendation, low
level of evidence)

The group proposes to limit intense or contact
sports activities until complete resolution of the
pneumothorax. (Expert opinion)

Special cases of medical transport

Transporting a patient with a drained PSP holds some
risks, and might be a source of complications. A bubbling
tube should never be clamped. A tube should never be
clamped in case of positive pressure ventilation due to
the risk of overpressure [37, 126]. In case of CTD of a
PSP, the tube, attached to a flexible transparent tubing
with a connection for sealing, is connected to a collection
device equipped with an anti-reflux system, always
placed vertically, about 40 cm below the patient’s thorax.
The Heimlich valve is a one-way anti-reflux valve, used
when no valve is integrated into the collection device
[127]. Closed collection systems are recommended
(Fig. 2), allowing a reliable monitoring of the negative
pressure applied. Portable digital suction drainage
devices are available (Fig. 3). When positioning the
patient for transport, care should be taken to ensure that
the tube is not bent or clamped. The tube dressing and
the occurrence of subcutaneous emphysema should be
visually monitored.

For the transport of patients with CTD, fitting a stand-
alone suction device to the compact system allows the
drainage system to be used as a stand-alone suction unit
[126].

In case of pneumothorax, air transport theoretically
holds some risks because of the altitude [128] (see below).

To reduce the risk of tension pneumothorax, the
group proposes to organize the transportation of
patients with drained SP as follows:

— In the absence of bubbling: with a tube attached to a
one-way valve,

— In the presence of bubbling: by continuing
continuous suction with fitting of a stand-alone
suction pump connected to the 3-compartments
drainage system. (Expert opinion)
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Fig. 2 Single-use portable unit that applies the 3-bottle principle in a single device

Place of surgery
What are the indications for the surgical management
of a PSP?
There are multiple global consensus guidelines, especially
in Europe, on the indication for surgery [1, 4, 15, 106,
129].

A surgical management is therefore proposed:

Fig. 3 Example of a digital drainage system

During the second episode of PSP (ipsi- or
contralateral) [39]. From the first episode in case of

SHP [94],

simultaneous bilateral PSP,

PSP with signs of severity,

persistent air leaks or persistent pneumothorax
despite suction drainage [130]. The definition of
"persistent air leaks/prolonged bubbling" varies in
the literature from 2 to 14 days [1, 4], and often
arbitrarily set at 5 days [106],

risky occupation or leisure activity (pilot, isolated
workplace) [131, 132] (see ESM),

PSP occurring during pregnancy (surgery after
birth) [133],

patient’s request [4].

The benefit-on-risk ratio of the surgical procedure
should be discussed with the patient. The reduced
postoperative recurrence rate of 0-10% is weighted by
the estimated surgical morbidity rate of 2.4-9% [134].
The group recommends to perform pleurodesis
after a second episode of PSP (ipsi- or contralateral)
regardless of the management method used for the
first episode. (Strong recommendation, low level of
evidence)

The group suggests to perform pleurodesis from
the first episode of PSP in the following cases:

Haemopneumothorax,

Simultaneous bilateral PSP,

Presence of signs of severity,

Persistent air leaks or persistent pneumothorax
despite suction drainage

Risky occupation or leisure activity (pilot,
isolated workplace...),
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— PSP occurring during pregnancy (surgery after
birth). (Conditional recommendation, low level of
evidence)

The group proposes to respond to the patient’s
request for surgery after a first episode of PSP
after informing him/her of the risks and benefits of
pleurodesis. (Expert opinion)

Which approach should be used to perform surgery?
The main approaches described in the surgical treatment
of PSP include:

— Dostero-lateral thoracotomy, with or without muscle
sparing,

— Axillary thoracotomy,

— Multiportal thoracoscopy, with or without automated
assistance,

— Uniportal intercostal or subxiphoid thoracoscopy.

Mechanical or chemical techniques of bulla resection
and pleurodesis may be performed through these
approaches [135]. Pleurectomy may be technically
difficult to perform using some approaches, and studies
lack precision on the extent of pleurectomy performed.
The resection of large bullae is more challenging using
some uniportal techniques [136].

Studies that have compared open and closed chest
approaches are often outdated. In the only prospective
study comparing thoracoscopy and posterolateral
thoracotomy, thoracoscopy was associated with better
outcomes in terms of pain, postoperative hospital length
of stay, and decline in FEV1 [137]. According to a meta-
analysis, the outcomes of axillary thoracotomy are similar
to those of thoracoscopy except for the recurrence rate
(3—4 times higher with thoracoscopy) [138].

Currently, there is no guideline in favor of thoracotomy
[2, 15]. Thoracoscopy is the most used and recommended
in Europe [15, 106, 129, 139, 140].

Regarding pleurodesis, thoracoscopy is therefore
proposed as a first-line procedure in many European
countries. However, recurrence rate which was
significantly higher after thoracoscopy compared to
thoracotomy [139-141].

Two small retrospective studies have assessed
treatment of PSP recurrence after surgically-induced
pleurodesis, with heterogeneous techniques [142, 143].
These studies support repeating the intervention to a
medical treatment and the use of a thoracoscopic to a
thoracotomic approach.

Pain management was assessed in a 2004 meta-
analysis, including 6 RCTs in pneumothorax surgery
[144]. All RCTs have reported a decrease in pain
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scores and a reduction in postoperative analgesic use
in the thoracoscopy group (VATS) compared to the
thoracotomy group. Two studies have also reported a
shorter hospital length of stay [145, 146]. Since this meta-
analysis, several studies have confirmed the beneficial
impact of VATS on postoperative pain [147-149].

Regarding thoracoscopy, comparative studies are
limited by the diversity of the technique used [150,
151]. Three closed-chest approaches have emerged:
intercostal thoracoscopy through several trocars
(multi-port), through a single trocar (single-port) [152]
and thoracoscopy through an abdominal approach
(subxyphoid approach) [153].

Studies comparing single-port versus multi-port
procedures are scarce [150, 151, 154] and one was
randomized [135]. The single-port approach is
more challenging for complex cases [155], with a
potentially higher conversion rate [136]. On the other
hand, regarding pain management, 2 meta-analyzes
have included cohort studies which were conducted
specifically in surgically-treated pneumothorax [167,
172]. They concluded that single-port VATS was superior
to the 3-port technique in terms of postoperative pain
(pain scores, postoperative paraesthesia), and shorter
hospital length of stay. Since the publication of these
meta-analyzes, an RCT included patients who underwent
single-port, 2-port surgery and 3-port surgery [151]: the
postoperative pain scores were significantly lower 4, 24
and 72 h after surgery with a single-port approach.

The more recent subxiphoid approach allows the
simultaneous treatment of bilateral bullae. Its risk of
postoperative pain should be weighed with a higher risk
of arrhythmia and abdominal complications such as
eventration [153].

Finally, regarding thoracoscopy, a multi-port approach
(better long-term outcomes, fewer conversions) or a
single-port approach (reduced postoperative pain) can be
chosen, depending on the complexity of the procedure.

If pleurodesis is indicated in a patient with PSP,
the group recommends to use a minimally invasive
technique. (Strong recommendation, high level of
evidence).

What are the different techniques to induce pleurodesis

in PSP?

The main therapeutic objectives are to treat a potential
persistent air leak and to prevent recurrence. There are
two conventional techniques: chemical and mechanical
pleurodesis, which includes mechanical pleural abrasion
and parietal pleurectomy.

Parenchymal resection The primary objective of a
pulmonary resection would be to perform an etiological
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treatment of the pneumothorax, especially if a perforated
bulla is found intraoperatively. It is usually achieved
by stapling or sectioning the lung parenchyma with an
automatic forceps. In the absence of a detectable lesion,
an atypical parenchymal resection at the apex may be
performed [156], contributing to subsequent pleurodesis,
and allowing pathological analysis of the underlying lung.
The use of aerostatic material has been suggested in order
to cover the stapling line, to reduce the risk of recurrence
[157].

Mechanical pleurodesis 1t is targeted on the parietal
pleura, while preserving the pulmonary hilum, the
mediastinal and diaphragmatic pleura. Pleural abrasion
consists in irritating the parietal pleura by a fitted pad or
vicryl plate, until obtaining a haemorrhagic ooze, inducing
pleurodesis [158]. Pleurectomy is the removal of the
parietal sheet of the pleura. Extensive pleurectomy, is very
effective for pleurodesis, but leads to a higher number of
postoperative complications (haemorrhage, respiratory
complications and chronic pain) [159]. Pleural abrasion is
the most commonly used technique, although there is little
evidence that it is superior to pleurectomy in reducing the
recurrence rate [160]. The RCT by Rena et al. showed low
morbidity rates as compared to apical pleurectomy without
difference in recurrence rates between procedures [161].
A meta-analysis confirmed these findings, with a higher
rate of intraoperative bleeding and longer postoperative
drainage in the pleurectomy group [162].

Chemical pleurodesis It is performed by instilling an
irritant into the pleural space to obtain an inflammatory
response leading to adhesions between the two pleural
sheets.

Various irritants might be used: talc, tetracycline
antibiotics, iodopovidine, dextrose, silver nitrate and
blood patch [163].

Talc is the most commonly used irritant in Europe.
The incidence of pleural or lung cancer is similar after
talc use and in the general population, especially since
preparations are regulated by drug agencies and are free
of asbestos and other impurities [164].

Talc insufflation allows the absence of recurrence in
more than 90% of cases [165], and allows to repeat the
performance of VATS [166, 167]. However, the use of talc
limits the possibility of subsequent thoracic surgery.

Is mechanical pleurodesis superior to chemical
pleurodesis? When  comparing different VATS
techniques, including bullectomy alone, chemical

pleurodesis alone, abrasion alone and pleurectomy
alone to treat PSP [168], recurrence occurred in 1.4% of
cases in the bullectomy combined with abrasion and in
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0.4% of cases in the bullectomy combined with chemical
pleurodesis. No recurrence was observed in the
pleurectomy alone group. A cohort study of PSP treated
with subtotal parietal pleurectomy via thoracoscopy
or talc-induced pleurodesis [167] showed a recurrence
rate of 9.15% in the pleurectomy group vs. 1.79% in the
talc-induced pleurodesis group (P =0.00018). However,
the use of talc in a young subject rends a subsequent
thoracic approach excessively complex.

Should multiple pleurodesis methods be combined
to reduce the risk of recurrence? A meta-analysis
compared combined pleurodesis (mechanical and
chemical) and mechanical pleurodesis alone in patients
who underwent thoracoscopy [169]. In patients treated
with a combined procedure, the risk of pneumothorax
recurrence was reduced by 63% compared to those
treated with a single pleurodesis technique. In contrast,
they experienced increased chest pain, requiring higher
doses of morphine analgesics.

Before performing pleurodesis, the diagnosis of SSP
should be discussed and the possibility of subsequent
thoracic surgery (lung transplantation in a chronic
respiratory disease patient, or aortic surgery in a
patient with initially undiagnosed Marfan disease)
should be considered. The surgical procedure should be
adapted accordingly.

The group suggests to induce mechanical and/
or chemical pleurodesis as a first-line procedure
rather than to perform pleurectomy if there is a
surgical indication for pleurodesis. (Conditional
recommendation, moderate level of evidence).

CTD procedures following pleurodesis No consensus
exists on postoperative CTD after pleurodesis. The
aim is to achieve optimal pulmonary reexpansion
allowing adhesion of the pleural layers without residual
pneumothorax [170, 171].

Perioperative analgesia Perioperative analgesia is one
of the major aspects in the management of PSP: this was
highlighted by the two participating expert patients of
these guidelines.

LRA and epidural thoracic anesthesia. Postoperative
LRA technique in thoracic surgery reduces the use
of postoperative morphine derivatives regardless of
the surgical approach, and limits the occurrence of
postoperative chronic pain [172, 173].

The group suggests to use a perioperative
locoregional analgesia technique in pneumothorax
surgery to reduce postoperative pain. (Conditional
recommendation, moderate level of evidence).
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Peripheral LRA techniques (including paravertebral
block) and epidural analgesia for thoracotomy have been
compared. Four meta-analyzes supported an equivalent
analgesic efficacy of the paravertebral block with a better
tolerance than epidural analgesia [174-177]. These
data are in line with 2 RCTs, either with a continuous
paravertebral block in VATS [178] or serratus plane block
after thoracotomy [179] compared to epidural analgesia,
with a higher efficacy and fewer AEs. In PSP surgery with
VATS, a prospective study failed to find any analgesic
superiority of epidural as compared to systemic analgesia
with morphine derivatives [180].

The group suggests to prefer peripheral locoregional
analgesia (paravertebral block, serratus plane block,
intercostal block) over thoracic epidural analgesia.
(Conditional recommendation, moderate level of
evidence).

Non-steroidal anti-inflammatory drugs (NSAID) after
pneumothorax surgery. NSAID use after thoracic surgery
is suggested as a component of multimodal analgesia
to reduce pain and promote rehabilitation [181]. Their
use reduced by half the number of patients treated with
morphine derivatives at the time of discharge and one
week after surgery [182].

Experimental studies in animal models suggested
that NSAID administration would reduce the efficacy
of surgical pleurodesis [183, 184], but has not been
demonstrated to date in humans [182, 185, 186].

The group suggests to use NSAID for a few days
after pneumothorax surgery in case of insufficient
locoregional analgesia and non-morphine systemic
analgesia to reduce or prevent the use of morphine.
The use of NSAID does not seem to decrease the
efficacy of surgical pleurodesis. (Conditional
recommendation, moderate level of evidence)

Post-PSP management

Smoking cessation

Smoking tobacco significantly increases the risk of a first
SP, moreover when associated with cannabis [187], and
is a risk factor for recurrence [188]. Conversely, smoking
cessation is known to significantly reduce the risk of
recurrence [14].

The group recommends to offer tobacco-smoking
(and any other smoked substances) cessation support
to patients to minimize the risk of PSP recurrence.
(Strong recommendation, high level of evidence).

Follow-up after an episode of PSP and indication of chest
CT-scan

The goals for the follow-up are: detecting an underlying
disease, provide information on risk of recurrence, and
promote smoking cessation
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After a first episode, the risk of recurrence ranged
between 0 and 67% [4] and more than half of the
recurrences occurred during the first year [14].
The most frequent underlying chronic lung disease
associated with a first episode of SP, are mainly COPD,
emphysema and asthma [189]. These diseases may be
suspected during a complete physical examination.

The group proposes to schedule a consultation
with a pulmonologist after each episode of PSP to
detect any underlying lung disease. (Expert opinion)

Secondary causes of pneumothorax can be
detected by chest CT-scan such as cystic, interstitial,
obstructive or collagen diseases, infections, catamenial
pneumothorax, cancer, or other rare diseases [19, 190,
191]. A normal CXR can occult some abnormalities,
such as emphysema [192], or multiple cystic lung
diseases [193].

High-quality studies advocate against the use
of CT-scan, as it does not impact the incidence of
recurrences [194—196], or modify the management of
a PSP [197, 198], but it increases costs and radiation
exposure [199, 200].

The literature does not support the performance
of a chest CT-scan after a first episode of unilateral
PSP, in the absence of signs suggestive of a secondary
cause [17], as the presence of an underlying respiratory
disease might be predictive factors for recurrence
[201-203]. However, bilateral PSP requires further
investigation to determine the aetiology, and rule out
an underlying respiratory disease [204].

The group suggests not to systematically perform
a chest CT-scan after a PSP, except in case of
bilateral or recurrent PSP or in a context suggestive
of an underlying lung disease. (Conditional
recommendation, moderate level of evidence)

Precautions after a first episode of PSP
Air travel
The increase in altitude results in a decrease in
atmospheric pressure and has direct impact on
intrathoracic pressure, and the size of a pneumothorax
[124]. Although the literature does not report any
complications on airlifted patients with pneumothorax,
either drained [123] or not [125, 205]. Previously
published guidelines contraindicate flying when there is
a radiological pneumothorax, or after a period of 7 days
to 3 weeks [6, 131, 206].

The group proposes to wait at least 2 weeks after
PSP resolution before flying. (Expert opinion).

The group proposes to perform pleurodesis
through the first episode of PSP in aircrew. (Expert
opinion).



Jouneau et al. Annals of Intensive Care (2023) 13:88

Skydiving and freefall

Skydiving exposes to hypobaria and hypoxia due to
high drop altitudes [207]. As with air travel, skydiving
is absolutely contraindicated until pneumothorax
resolution. No study has assessed the risk of SP during
skydiving.

Only few cases of post-traumatic pneumothorax were
reported during skydiving [208, 209].

The French Skydiving Federation contraindicates
its practice in case of recurrent pneumothorax in the
absence of pleurodesis history.

The group proposes to perform pleurodesis after
the first episode of PSP in sport skydivers and to
perform a chest CT-scan and PFT before resuming
their activity. (Expert opinion)

Scuba diving with air tanks

The main complication of scuba diving is barotrauma,
mainly resulting in pneumomediastinum, gas embolism
and sometimes pneumothorax [210], which can be
life-threatening.

Although no case of pneumothorax is reported in
the analysis of diving accidents [211, 212], a history
of PSP has long been considered as an absolute
contraindication to scuba diving [213].

Pleurodesis and pleurectomy reduce, but does not
eliminate, the risk of recurrence [214, 215].

The group proposes to strongly contraindicate
scuba diving in patients with a history of PSP, even
if the patient has undergone pleurodesis, due to the
risk of fatal barotrauma. (Expert opinion)

Physical activities
Pneumothorax occurs at rest in more than 80% of cases
[216], and sports does not seem to be a triggering factor
[6].

The group proposes not to limit sports
resumption/practice after PSP resolution. (Expert
opinion)

Wind instruments

Only one clinical case of PSP in a non-professional

trumpeter has been reported in the literature [217].
The group proposes not to limit the practice of

wind instruments after PSP resolution. (Expert

opinion)

Unmet needs

Despite a growing, but sometimes outdated, literature,
questions on the different steps of PSP management
still exist.
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Diagnostic imaging

The evolution of imaging techniques allows
maintaining diagnostic performances of the CT-scan
while decreasing radiation exposure. The place of ultra-
low-dose chest CT-scan remains to be determined.

Monitoring and strategies for drainage device weaning
After CTD, the time to aspiration could be investigated
with regard to anamnestic or clinical characteristics,
with the aim of relieving symptoms or reducing the
inpatient management duration. Similarly, the interest
of clamping the chest tube during its weaning is still
debated in medically-treated patients, and the interest
of this procedure remains to be investigated.

Finally, new devices are emerging and deserve to be
assessed [13].

Surgical management

Postoperative drainage duration is variable, and
further studies are needed to determine the minimal
drainage time to achieve satisfactory pleurodesis.
The development of instrumentation (3-mm micro-
incision) could result in a change in the current
management techniques.

Analgesia for pleural procedures in PSP

The existing data on pain of PSP derives from studies
of cardiothoracic surgery, as it has not been specifically
assessed for PSP, while each population have
specificities. The data on PSP are necessary: multimodal
analgesia strategies, use of non-pharmacological
techniques (music therapy, hypnosis, etc.), or physical
techniques (cold). An update of historical data on
pain after a PSP is essential with the use of small-bore
devices. The participating expert patients of these
guidelines, emphasized that the total absence of chest
pain regardless of the therapeutic management method
or location for PSP patients is necessary.

Conclusion

These first French guidelines on PSP gathered all the
professional groups involved in the management of
PSP patients, and expert patients. They were approved
by a Delphi consensus, and their robust methodology
will hopefully lead to their widespread use. Beyond
some assessments and management methods that
are fairly consensual, we deliberately discussed some
specific aspects with the aim of helping clinicians. In
addition, in line with societal and healthcare system
developments, our group strongly supported the
outpatient management, but only if a prior well-defined
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organization is integrated in the care structure and in
the city network.

Research on PSP is still ongoing and these guidelines
are far from being set in stone. They could evolve in the
upcoming years.

Obituary

Dr Martinez died suddenly on the 24th of October
2022, at the age of 46-year-old. Our thoughts are with
Mikaél Martinez and his family. Doctor Martinez was a
brilliant mind, committed to emergency medicine and
honourably served the public hospital during his career.
We miss you, our friend.

Summary of guidelines on PSP

Grade of Level of
recommendation evidence

Guidelines

2. Diagnostic strategy, assessment, follow-up method

R2.1 Conditional Low

recommendation

The group suggests

to consider a PSP as large
when there is a visible
rim along the entire
axillary line, 22 cm
between the lung margin
and the chest wall

at the hilum level.

R2.2.1 The group proposes

that, although the chest
CT-scan is superior

to CXR for the positive
diagnosis of PSP, assessing
its size and ruling

out a differential
diagnosis, its cost,
radiation exposure

and accessibility

do not support its use

as a first-line examination.

Expert opinion

R2.2.1bis  The group proposes

to perform frontal CXR
acquired in inspiration,
without expiratory films,
in case of suspected PSP
to diagnose it and assess

its size.

Expert opinion

R222 The group recommends Low
to perform a low-
radiation chest CT-scan
in case of persistent
diagnostic doubt

despite the investigations

already performed.

Strong
recommendation

R223 Conditional Low

recommendation

The group suggests
not to solely base

the diagnosis of PSP
on chest ultrasound

in the absence of signs
of severity.

The group proposes

not to solely base

on chest ultrasound

to assess the size of a PSP.

Expert opinion
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Guidelines

Grade of Level of
recommendation evidence

No data in the literature
allow concluding

on the value of chest
ultrasound to rule

out the differential
diagnoses of PSP.

R24 The group suggests

to perform

chest ultrasound

for the diagnosis

of residual pneumothorax
in patients drained

for pneumothorax. In
untrained teams or teams
with limited access

to ultrasound, CXR may
be used as an alternative.

3. Therapeutic management
Medical treatment of PSP

R3.1.1 The group recommends
to consider

a pneumothorax

as tension when it results
in respiratory distress

or hemodynamic failure.

R3.12 In case of confirmed
tension PSP, the group
recommends:

- to perform emergency
chest decompression,

- through an anterior
(mid-clavicular line

at the 2nd intercostal
space) or axillary (mid-
axillary line at the 4th
intercostal space)
approach,

- using dedicated
equipment (thoracentesis
kit) or any other needle
aspiration device available
to the operator.

R3.21.1  The group recommends
to remove air

from the pleural space
in patients with large
PSP without signs

of immediate severity.

R3.21.2  The group recommends
to use either needle
aspiration or chest
tube drainage

as first-line treatment
in patients with large
PSP without signs

of immediate

severity to remove

air from the pleural
space. Surgery should
not be performed

as first-line treatment
except in specific
situations (see chapter
on surgery).

NA

Conditional Moderate

recommendation

Strong Low

recommendation

Strong Low

recommendation

Strong Moderate

recommendation

Strong Moderate

recommendation
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Guidelines Grade of Level of Guidelines Grade of Level of
recommendation evidence recommendation evidence

R32.14  Thegroup recommends  Strong Moderate R3.22 The group recommends  Strong Low

to prefer the outpatient recommendation to manage conservatively recommendation

management (monitoring) patients

in patients with large with small PSP

PSP without signs and without signs of poor

of immediate severity. tolerance.
R The group recommends  Strong Low R3.2.2bis  The group recommends  Strong Low
3.2.14bis  an outpatient recommendation to implement recommendation

management based an outpatient,

on needle aspiration conservative

or on the placement management for small

of a mini-chest tube PSP if the following

and a one-way valve, criteria are met:

if the following criteria - the patient is clinically

are met: and radiologically stable

- the patient is stable after4 h,

after removal - and a dedicated

of the intrapleural air, outpatient care system

- and a dedicated is previously organized,

outpatient care system -and a consultation

is previously organized, with chest ultrasound

- and a consultation or CXRis scheduled

with chest ultrasound at 24—72 h to follow

or CXR is scheduled the evolution.

at 24772hto follow R34.1 In case of simultaneous Expert opinion

the evolution. bilateral PSP, regardless
R The group proposes Expert opinion of its size, the group
3.2.14ter tomanage PSP proposes to contact

on an outpatient basis as soon as possible

only if all of the following an expert center, i.e.

conditions are met: a center with a thoracic

- The patient surgery department,

has the procedure to discuss the treatment

to be followed in case approach and consider

of problem 24 h a possible transfer to this

a day, 7 days a week, center.

with the appropriate R3.4.1bis In case of simultaneous Expert opinion

phone numbers bilateral PSP with signs

including calling of severity or large PSP,

the SAMlU'—Center the group proposes

15 (provmon_ ) to perform emergency

of a standardized written chest tube drainage.

document) =

- Ensuring that the patient R342 In case Expert opinion

has understood of haemopneumothorax,

the guidelines in case regardless of its size,

of problems the group proposes

- The patient should to contact as soon

not stay alone for the first as possible an expert

2448 h after discharge center, i.e.a center

-The patient should be with a thoracic surgery

able to access a medical department, to discuss

facility within 1 h, the treatment approach

regardless of the means and considerAa possible

of transportation, transfer to this center.

in the event R3.4.2bis In case Expert opinion

of deterioration, of haemopneumothorax

The time of discharge with signs

does not matter if all of severity or large

of the above criteria are haemopneumothorax,

met (i.e. a deep night
discharge is possible).

the group proposes
to perform emergency
chest tube drainage.
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Guidelines Grade of Level of Guidelines Grade of Level of
recommendation evidence recommendation evidence
R343 In case of PSP Expert opinion R36.1 The group recommends  Strong Moderate
with confirmed pleural not to systematically recommendation
adhesion, regardless of its administer oxygen
size, the group proposes therapy in patients
to contact as soon treated for PSP.
as possible an expert R36.2 The group suggests Conditional Low
center, i.e. a center not to prescribe strict bed  recommendation
with a thoracic surgery rest in PSP patients.
department, to discuss ) N
the treatment approach R 3.6.2bis The_ group proposes Expert opinion
and consider a possible to limit intense or contact
transfer to this center. sports activities )
) o until complete resolution
R 3.4.3bis In_case of PSP Expert opinion of the pneumothorax.
with confirmed pleural ) o
adhesion and signs R3.7 To redgce the risk Expert opinion
of severity or large PSP of tension pneumothorax,
the group proposes the group proposes
to perform emergency toarrange
chest tube drainage. the transportation
. of patients with drained
R3.5.1 The group suggests Conditional Low SP as follows:
to use a small-bore chest  recommendation _In the absence
tube (<14 Fn) for chest of bubbling: with a chest
drain insertion of PSP. tube attached to a one-
R3.52 The group suggests Conditional Low way valve;
to obtain an ultrasound recommendation - In the presence
visualization of bubbling:
before performing by continuing continuous
needle aspiration or chest suction with fitting
tube drainage using of a stand-alone suction
the anterior or axillary pump connected
approach, in order to the 3-compartment
to reduce the risk drainage system.
of complications. Surgical approach of PSP
The literature does NA R38.1 The group recommends  Strong Low
not provide sufficient to perform pleurodesis recommendation
data to choose after a second
between the anterior episode of PSP (ipsi-
and axillary approach. or contralateral) regardless
R353 The group recommends  Strong Moderate of the management
to initiate drainage recommendation method used for the first
with passive air removal episode.
(one-way valve or free R3.8.1bis  The group suggests Conditional Low
flow) and to start suction to perform pleurodesis recommendation
at—5to—20cm through the first episode
H20 as a second step of PSP in the following
only if reexpansion cases:
is not achieved - Hemopneumothorax,
R354 In patients under chest Expert opinion - Simultaneous bilateral
tube suction, PSP,
in the absence - Presence of signs
of bubbling and with lung of severity,

re-expansion, the group
proposes to allow

a free flow for6-8 h
before chest tube removal
to avoid a new drainage
procedure in case of early
recurrence.

The data in the literature
do not allow concluding
on the interest

of performing a clamping
trial before chest tube
removal once the lung

is re-expanded.

N/A

- Persistent air

leaks or persistent
pneumothorax
despite aspiration
drainage,

- Risky occupation

or leisure activity (pilot,
isolated workplace, etc.),
- PSP occurring

during pregnancy
(surgery after birth),
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Guidelines Grade of Level of Guidelines Grade of Level of

recommendation evidence recommendation evidence

R3.8.1ter The group proposes Expert opinion R The group suggests Conditional Moderate
to respond to the patient’s 3.84.1bis  to prefer peripheral recommendation
request for surgery locoregional analgesia
after a first episode of PSP (paravertebral block,
after informing him/her serratus plane block,
of the risks and benefits intercostal block)
of pleurodesis. over thoracic epidural

R382 If pleurodesis is indicated ~ Strong High analgesia.
in a patient with PSP, recommendation R3.84.2  The group suggests Conditional Moderate
the group recommends to use non-steroidal recommendation
to use a minimally anti-inflammatory
invasive technique. drugs for a few days

R383 The group suggests Conditional Moderate after pngumothorax
to induce mechanical recommendation surgery In case
and/or chemical of insufficient i
pleurodesis as a first- locoregional anglge5|a
line procedure rather and non-morphine
than to perform systemic analgesia
pleurectomy if there to reduce or prevent
is a indication the use of morphine. The
for pleurodesis surgery use of non-steroidal anti-

) ’ inflammatory drugs does

Analgesic treatment of PSP not seem to decrease

R331 The group recommends  Strong Low the efficacy of surgical
to perform local recommendation pleurodesis.
anesthesia of the c}hest( 4. Follow-up procedures
wall before removing air .
from the pleural space R4.1 The group recommends  Strong High
either through needle’ to offer smoking (and any  recommendation
aspiration or chest tube other smoked substances)
drainage. cessation support

to patients to minimize

R332 The grouplrecommends Strong A Low the risk of PSP recurrence.
to base pain management recommendation o
on multimodal R4.2 The group proposes Expert opinion
analgesia in patients to schedule a consultation
medically treated for PSP with a pulmonologist
(needle aspiration, after each episode of PSP
drainage, conservative to detect any underlying
management). lung disease.

R3.323 The group recommends  Strong Low R4.2bis  The group suggests Conditional Moderate
to use a multimodal recommendation not to systematically recommendation
analgesic approach perform a chest
including local cold CT-scan after a PSP,
treatment to reduce pain except in case of bilateral
associated with large-bore or recurrent PSP'or ina
chest tube removal (= 16 context suggestive
Fr) or in patients operated of an underlying disease
on for PSP (secondary spontaneous

neumothorax).

R3.3.3bis  The group proposes Expert opinion P e
to Use analgesia R4.3.1 The group proposes Expert opinion
during small-bore to wait at least two weeks
chest tube removal after PSP resolution
but the current literature before flying.
does not allow defining R4.3.1bis  The group proposes Expert opinion
a preferred analgesia. to perform pleurodesis
Dedicated studies are from the first episode
needed. of PSP in aircrew.

R3.84.1  The group suggests Conditional Moderate R432 The group proposes Expert opinion
to use a perioperative recommendation to perform pleurodesis
locoregional after the first episode

analgesia technique

in pneumothorax surgery
to reduce postoperative
pain.

of pneumothorax in sport
skydivers and to perform
a chest CT-scan and PFT
before resuming their
activity.
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Guidelines Grade of Level of
recommendation evidence
R433 The group proposes Expert opinion

to strongly contraindicate
scuba diving in patients
with a history of PSP,
even if the patient

has undergone
pleurodesis, due

to the risk of fatal
barotrauma.

R434 The group proposes
not to limit sports
resumption/practice

after an episode of PSP.

Expert opinion

R435 The group proposes
not to limit the practice
of wind instruments

after an episode of PSP.

Expert opinion
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