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Abstract: Primary spontaneous pneumothorax (PSP) is common in young population. But despite its
incidence, specific guidelines for pediatric patients are not available and an agreement on the optimal
management of this pathology has not been reached yet. Current protocols for treatment of PSP are not
up to date at genetic and pathologic advances, remaining those of 20th century. If the presence of blebs and
bullae in the apex of the lung is still considered the principal determinant for PSP, the process underlying
their formation is not completely clarified. Research on connective tissue pathology and on elastogenesis
pathway allowed physicians to identify further predisposing factors for the onset of PSP, for that reason the
belief that this disease occurs in “otherwise normal lungs” might be reviewed. For pediatric patients, a more
accurate risk stratification of PSP and a specific tailored strategy are required. When inherited or acquired
predisposing factors are present, children and adolescents have a higher likelihood to develop PSP than
adults, and an early surgical treatment can be proposed. When surgery is needed, mini-invasive approaches
are the option of choice. After the advent of videothoracoscopy, surgical techniques have been developed
up to a single incision thoracoscopic surgery which allows better outcomes and can be more accepted by
younger patients. The aim of this review is to summarize the last thirty years of literature on PSP in young

patients, to focus the evidences which can improve the management of this disease.
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Introduction focus more on the adult population (2,3). Clinical practice

The collection of air in the pleural space resulting in a partial for PSP has not changed in these years and is still dependent

or total lung collapse was firstly defined as “pneumothorax” on the physicians’ custom. Lack of evidence about PSP

by Laennec in 1813, but the first modern characterization management in children and adolescent patients has led to

of a primary spontaneous pneumothorax (PSP), the the adoption of different decision-making processes among

idiopathic variety occurring in absence of a pre-existing
lung pathology, is attributed to Kjaergaard in 1932 (1).
Despite the fact that it is very common among young
healthy people, guidelines of spontaneous pneumothorax
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specialists concerned with this pathology. The aim of this
study is to summarize the knowledge gained in the last
30 years in order to review the optimal treatment of PSP in
young population.
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398 potentially relevant publications
following the reported queries

< 134 articles excluded by title,
because duplicates or not
adherent with the topic;

< 5 articles were excluded
because the abstract was not
available

Y

259 articles were screened by abstract

< 71 abstracts were excluded
for the not reported age of
patients;
57 publications were
excluded for the full text not
available

\4

131 articles were eligible in full text

Figure 1 Search strategy and study selection.

Search strategy and study selection

Our search strategy followed the PRISMA protocol
guidelines (4). The authors independently reviewed
the Embase and Medline databases for relevant articles
about PSP on pediatric patients, published in English
over the 30 years, from 1988 to 2018. An initial
independent search with the following queries: ('primary
spontaneous pneumothorax'/exp OR 'primary spontaneous
pneumothorax’ OR (primary AND spontaneous AND
(‘pneumothorax'/exp OR pneumothorax))) AND ([school]/
lim OR [adolescent]/lim OR [young adult]/lim) AND
[english]/lim AND [1988-2018]/py, ('paediatric primary
spontaneous pneumothorax' OR (('paediatric'/exp OR
paediatric) AND primary AND spontaneous AND
(‘pneumothorax'/exp OR pneumothorax)), ('pediatric
primary spontaneous pneumothorax' OR (('pediatric'/
exp OR pediatric) AND primary AND spontaneous AND
('pneumothorax'/exp OR pneumothorax)) was conducted
and identified 398 potentially relevant publications were
identified, 134 articles were excluded by title, because of
duplicates or because they were not pertinent to the topic.
The remaining abstracts were reviewed, and 71 publications
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did not report the age of patients. Of the remaining articles,
57 were excluded because the full text was not available
and the abstract was listed as a congress presentation, and
for Sof them the abstract was not available. In the end, 131
full-text articles were included in the present analysis. The
selection process is shown in Figure 1. Additional articles
and most recent guidelines were selected by authors from
the references list of the reviewed publications.

Epidemiology

The exact incidence of PSP in pediatric population has not
been reported but some authors agreed on an incidence rate
of 3.4/100,000 (5) whereas in the general population the
incidence range is between 6 and 18 per 100,000 each year
and an increasing tendency has been recorded in the last few
years (from 5.05/100,000 in 2001 to 7.18/100,000 in 2013) (6).
The disease has been reported to have an initial peak
among adolescents. In a large study on 19,562 patients aged
11 to 40 years, the aged-stratified incidence of PSP was
analyzed (6). PSP showed a higher incidence after 14 years
of age and decreased progressively after the age of 18 years,
the peak of incidence was recorded at 15 years of age
(>20/100,000), declining to the steady level at 25 years of
age. Accordingly, with these data, an epidemiologic research
on pneumothorax in England (primary and secondary
combined) found an overall incidence of 11.1/100,000 per
year for admissions to the emergency department (ED),
with a double peak of incidence in two age groups, 15-34
and over 55 years, which overlaps the incidence of primary
and secondary pneumothorax respectively (7). As expected,
for gender distribution, this pathology is confirmed to
have a male predominance as emphasized in other studies
(5-9), but Poenaru ez 4l. reported no difference in term of
gender for children younger than 9 years of age (10,11).
The recurrence rate for adolescents (up to 31%) is higher
when compared to adults (<17% after 22 years of age). In
child populations of <10 years old, the few available studies
reported an incidence of PSP with rates between 0% and
15%, accordingly with the lower incidence of blebs and
bullae (28%) at this age. It suggests that in childhood
underlying congenital anomalies might be present as a
predisposing factor (12,13). The common observation
that PSP involves thinner and taller subjects with asthenic
habitus and ectomorphic somatotype led several researchers
to investigate body mass index (BMI) and the chest
development in adolescents as a risk factor (14-16). BMI
in PSP patient has been found to be lower when compared
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to the average value encountered in a control population
(less of 20 kg/m’). A large study on teenagers with PSP
from Taiwan indicated that the growth in term of vertical
dimension of the thoracic cage in the pre-adolescents
leads to a weakness on peripheral parenchyma of lungs.
The result is the overdistension of the alveoli in the areas
where the negative pressure is higher, as in the apex, and
the formation of emphysematous-like lesions as blebs and

bullae (6).

Physiopathology

The occurrence of PSP appears to be multifactorial and its
exact etiology remains to be completely elucidated. The
prevailing theory is based on the rupture of visceral subpleural
blebs and bullae and of subsequent passage of air from the
alveoli to intrapleural space (17,18). The pathogenesis of
the bullae is related to a variety of factors including physical
and environmental determinants. At the histopathological
analysis on the surgical specimen, the pneumothorax-
associated fibroblastic lesions (PAFL) are defined as
a fibrosis located on the peripheral pleura classically
associated with wedge-shaped septa and with fibroblastic
foci disseminated on the visceral face. PAFL are not
ubiquitous but were found in 50% of patients under 20 years
of age and were absent in secondary pneumothoraces.
Belchis ez al. suggested that PAFL could be a component of
a distinctive subtype of PSP (19). It is uncertain if PAFL are
the result of a previous healing process or the expression of
emphysematous-like changes (ELC) based on connective
tissue disorders (20). The disruption of elastic fibers is the
key to anomalies observed in the connective tissue and a
relationship between elastolysis and an imbalance in the
oxidative pathways has been investigated (21-23). Tobacco
and cannabis smoke, as well as all chemical agents that have
a direct inflammatory action on the distal airways, have
been recognized as predisposing factors for lung injury
and epithelial damage, playing an important role on the
formation of ELC such as the bullous lesions (10,24,25).
Park et al. analyzed the impact of the air pollutants on the
admissions to the ED for PSP, finding that the increased
concentration of O;, NO,, PM10, and PM2.5 implies an
incidence rate of PSP increased approximately 15-, 16-,
3-, and 5-fold, respectively (26). The seasonal pattern of
the onset of PSP, higher in spring and summer seasons,
has been explained with atmospheric changes in term of
pressure and temperature, but the exact impact of weather
determinants is not clear (27-30).
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Diagnosis

An episode of PSP must be suspected when, at rest or
during a mild physical activity, an acute onset of pain
occurs like a stab in the chest. Chest pain is well known as
the most common presenting symptom (87% of patients)
with dyspnea, present in 43%, and cough, seen in 5% of
patients (31). Stronger symptoms in patients are not related
to the degree of lung collapse and physical examination can
be equivocal for smaller pneumothoraces. In this case the
common described findings such an unequal breath sounds,
hyperresonance with percussion over the chest wall and
the anomaly of the wall movement on the affected side,
can be unclear. The diagnosis of PSP must be confirmed
by an upright chest X-ray (CXR) where the margins
of the collapsed lung are evident. In the ED, current
data in the literature indicate an increasing application
of the ultrasonography (US) with PSP in the pediatric
population. The results of a recent meta-analysis revealed
a higher sensitivity and similar specificity in the use of
ultrasonography compared with CXR. Pooled sensitivity
and specificity were 0.88 and 0.99, respectively, for US, and
0.52 and 1.00, respectively, for CXR. Furthermore, because
of its portability and the absence of ionizing radiations,
some authors point out its usefulness especially for children
and adolescents. On the other hand, the use of US as a
reliable tool for the diagnosis of PSP, is limited because its
accuracy is strongly dependent of the operator’s skill (32-34).
The role of computed tomography (CT) scan for the first
episode of PSP is controversial and generally this method
is not considered a first-line diagnostic tool. CT scans are
not encouraged by pediatricians and pediatric surgeons due
to the risk of radiation exposure. This exposure has been
calculated to be approximately 68 times the effective dose
of a traditional CXR (35). A chest CT scan is used to detect
the apical blebs and the pulmonary dystrophic areas, which
are currently accepted as the cause of air leakage in PSP
and are thought to be a risk factors for recurrence (35-38).
The reported specificity of a routine chest CT scan (5 mm
of slice thickness) in detecting parenchymal blebs ranges
from 36% to 63% but a thin slice high-resolution CT
(HRCT with 1 mm of slice thickness) offers a significantly
greater sensitivity ranging between 94% and 97% (39,40).
Nowadays there is still lack of evidence that the presence
of blebs and bullae in the apical region of the lungs should
select patients with a higher risk of recurrences and as a
result, current arguments to support the use of CT scan in
the management of PSP pediatric patients remain poor (41).
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Management

The first aim in treating a pneumothorax is to allow the
collapsed lung to re-expand. The method for achieving
this goal is to relieve the pressure in the intrapleural
space, draining out the air in order to avoid a tension
pneumothorax that could lead to hemodynamic instability.
The second aim may be to prevent recurrences. The
choice of optimal treatment depends on the severity of
the lung collapse, on the persistence of air leaks and on
the clinical history of the patients. To calculate the size of
the pneumothorax many methods have been proposed,
but the accuracy of these equations has been questioned.
The most used are the Light index, the Collins and the
Rhea methods, all based on the estimated volume on the
upright CXR (10). Accordingly, with the American College
of Chest Physicians (ACCP) guidelines a pneumothorax
is defined “large” when the distance between cupola and
lung apex is >3 cm or, following British Thoracic Society
(BTS) recommendations if the distance from the margin
of the lung to the chest wall is >2 cm (2,3,42). After having
defined the volume of the pneumothorax, two options are
widely accepted for treatment: in conservative management,
different choices are provided, from the simple observation
with oxygen administration, to the aspiration of the
intrapleural air through needle, pig-tail catheter and other
types of chest tubes. Patients are eligible for conservative
treatment at the first episode of PSP or if they are clinically
stable and asymptomatic, with a small, non-hypertensive
pneumothorax (<20% at Light index). The second option
is surgical treatment that can be carried out through a
pleurectomy, mechanical or chemical pleurodesis. These
procedures must be proposed to patients affected by
recurrences or by persistent air leaks resulting in a failed
lung re-expansion after non-invasive therapy (43). Optimal
timing to propose surgical treatment is still controversial
(5,44). Some authors suggest that more of 50% of patients
should be considered undertreated by chest tube only,
reporting that 54% of conservatively resolved cases need
surgery for PSP recurrence within 4 years. The proposal
to adopt surgery as a first-choice treatment has been
supported by Chambers and colleagues, Herrmann and
colleagues, Morimoto and colleagues, with the assumption
that videothoracoscopy guarantees better postoperative
pain control and shorter hospital stay, resulting in a cost
saving of 42% in comparison with conservative procedures
(35,45-50). On the other hand, much progress has been
made in conservative management as well, and an effective
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outpatient management has been developed by many
protocols (42,51,52). Small-bore chest drains are attached
to one-way devices (Heimlich valves, Tru-close thoracic
vent) and the correct placement of the drain is documented
by CXR. When a complete re-expansion of the lung is
achieved in absence of air leaks, the patient is discharged
from hospital with the chest tube secured with suture
and dressings to prevent the kinking of the plastic drain.
Control CXR was planned daily as an ambulatory follow-up
assessment. The mean duration of catheter was 3.4+2.5 days.
Of 50 patients initially discharged from ED with small drain
and Heimlich valves 35 were never admitted to hospital
and were fully managed with outpatient protocol (52).
The outcomes of first-line conservative treatments among
selected publications are summarized in Table 1.

Needle aspiration

In pediatric patients the first-line attempt to resolve a PSP
must be less invasive, as recommended by the current
available guidelines (ACCP, BTS). The administration
of oxygen in continuous flow (2-4 L/min) through non-
rebreathing face mask or nasal cannula is the treatment
of choice. The purpose of this procedure is based on a
transpleural gradient which reduces the partial pressure
of nitrogen on the alveolar side, and leads to a diffusion of
nitrogen into the alveoli and a progressive resorption of
the pneumothorax. Needle aspiration is accepted if small
pneumothorax has a volume ranging between 20% and
40% with Light Index. Needle thoracocentesis is performed
following various protocols by a simple manual aspiration
with a 16-gauge needle inserted at the level of the second
intercostal space crossing the midclavicular line (53-56).
The pig-tail catheter with a diameter of 8-Fr can be placed
by a Seldinger manoeuvre to repeat the aspiration. Air is
manually aspirated with a syringe up to feel resistance.
Control CXR is performed to check for complete lung
re-expansion. If aspiration reaches 4,000 mL without re-
expansion, a drain has to be inserted. It has been reported
that needle aspiration is successful in 59.3% of cases with
an immediate re-expansion of the lung, but 11% of the
patients treated with simple aspiration needed tube drainage
after 1 week and recurrence rates reached 26% for needle
aspiration within the first year (56).

Chest drain

Chest drain insertion is performed at the second intercostal

Pediatr Med 2019;2:12 | http://dx.doi.org/10.21037/pm.2019.04.01



Pediatric Medicine, 2019

Table 1 First-line treatment for PSP in pediatric patients from selected studies
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First-line treatment

Recurrence rate %

Author [year] Type of study Age patients [n]
Aljehani [2018] Retrospective 18-30 [151]
Williams [2018] Multicenter 10-19 [1,040]
Retrospective
Williams [2017] Retrospective 12-21 [46]
Park [2017] Retrospective 15-23 [160]
Soler [2017] Retrospective 5-20 [81]
Herrmann [2015] Retrospective 10-89 [185]
Soccorso [2015] Retrospective 5-16 [50]
Lopez [2014] Retrospective 8-20 [96]
Robinson [2014] Multicenter 1-19 [155]
Retrospective
Seguier-Lipszyc [2011] Retrospective 10-18 [46]
Zganjer [2010] Retrospective 11-18 [16]
Lee [2010] Retrospective 14-18 [77]
Shih [2010] Retrospective 15-18 [78]
O'Lone [2008] Retrospective 1-18 [31]
Hui [2006] Retrospective 10-18 [63]
Qureshi [2005] Retrospective 5-15 [43]
Camuset [2005] Prospective 16-54 [35]
Noppen [2002] Prospective 16-54 [60]
Randomized
Weissberg [2000] Retrospective 11-86

Wilcox [1995]
Poenaru [1994]

Retrospective

Retrospective

[1,199/218 PSP]
2-16 [17]
2-22 [58]

CTD CTD: 100

Obs/CTD/VATS Obs failure: up to 33; CTD
failure: up to 62; VATS: 4.3

CTD CTD: 37

Obs vs. 02 N/A

CTD/VATS CTD: 39/ VATS: 6

VATS VATS: 2.2

02/CTD/Asp Total: 18

02/CTD 02/CTD failure: 37

02/Asp/VATS 02/Asp: 95

02/CTD 02/CTD: 50

CTD N/A

Obs/Asp/CTD/VATS Asp: 22/CTD: 46

Asp/CTD/VATS Total: 35.9

Obs/CTD Obs/CTD failure: 31

Asp/CTD Asp: 26.3/CTD: 52.7

CTD/VATS CTD: 54/VATS: 28.5

Asp Asp: 49

Asp vs. CTD Asp: 26/CTD: 27

CTD CTD failure: 14
(VATS 3" recurrence)

Obs/CTD CTD failure: 35

O,/CTD CTD: >50

PSP, primary spontaneous pneumothorax; Asp, aspiration by needle; CTD, chest tube drain; Obs, simple observation; O,, oxygen
supplementation; VATS, video-assisted thoracoscopic surgery; N/A, not applicable.

space on midclavicular line or at 4th or 5th intercostal space
on the midaxillary line. The size of the drain has to be
ranged between 16 and 24 Fr for the large-bore tubes and
from 8 to 12 Fr for small-bore or pig-tail catheters. The
best size for the chest catheter has been a matter of debate
(56-60). The first study in a children’s population which
proved the efficacy of the small-bore in comparison with
large-bore drains was published in 2002 by Dull ez a/. (59).
The results were favourable for the pain control but length
of hospital stay (LOS) was not significantly different among
the two groups. Kuo er /. (57) analyzed a cohort of 41
adolescents <18 years old treated with the conservative

© Pediatric Medicine. All rights reserved.

procedure. They found a success rate of more of 50% that
was not dependent on the caliber of the tube. LOS and
recurrence rates overlapped between the patients treated
with small and large-bore drains. The authors pointed out
the potential advantages of the small-bore drains because
insertion does not require large incision on the chest wall,
resulting in less pain and more esthetic wounds. There is
no evidence on the utility of suction applied to drains. Lung
re-expansion is achieved in up to 70% of patients with chest
tube drainage alone by day 3 without suction. Some authors
suggest that, when air leaks are present, only a small number
of patients may benefit from suction and accordingly, these
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cases require more invasive procedures (10,57,61).

Surgical management

Surgical treatment is required when complete re-expansion
of the lung cannot be achieved when conservative
procedures fail, due to the persistence of air leakage or
if pneumothorax recurs. The best timing to perform
surgery is still a debated topic among surgeons (44-49).
The definition of persistent air leaks differs among authors
from 3 to 10 days and the decision to proceed with surgery
can vary. This implies a prolongation of the hospital
stay for patients who are monitored in the hospital with
or without a chest tube placement (10). Video-assisted
thoracoscopic surgery (VATS) is the procedure of choice
because since its debut, it has resulted in low morbidity,
better pain control and reduced recurrence rate for a
shorter duration of the hospitalization (62-69). The goal
of surgical treatment consists in the resection of blebs,
bullae and fibrotic areas present on the pulmonary tissue,
considered by many authors the source of the air leaks
responsible of the pneumothorax, and in the stimulation of
the pleurodesis through the formation of adhesions between
pleural surfaces in order to avoid the collection of air in the
intrapleural space and subsequent lung collapse. Different
approaches for VAT'S have been developed through the past
decades: from the initial technique with multiple accesses
for the insertion of 2 or 3 thoracoports, a new technique
based on single incision thoracoscopic surgery (SITS) has
recently gained ground especially for pediatric patients
(70-76). SITS is performed by a single incision, ranging
from 5 to 20 mm, in the 7th intercostal space crossing the
midaxillary line. All of instruments are introduced in the
pleural cavity through the same access and for surgeons a
previous experience with VATS is recommended so as not
to cause movement drawback in the pleural cavity. After the
introduction of the 30° camera, bullectomy and blebectomy
are performed generally through a wedge resection by
surgical stapler on the apex of the upper lobe of the lung
where emphysematous lesions are more frequently found
(77-79). Furthermore, apical stapling is usually done at
the most suspected area even if no blebs could be clearly
identified. Some author suggests that a resection of the
apical segment of the lower lobe should be systematically
performed because bullae at that level can be a potential
risk for PSP recurrence after VATS (80). As alternative
option to endostapler resection, ablation of blebs and
bullae, with endoloop (81) with laser device (MBB 100 watt,
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Germany) (82) with the LigaSure vessel sealing system
(LVSS) (83) (Valleylab, Boulder, CO., USA) and with radio-
frequency device have also been described (84). Lee et al.
along with Haraguchi and colleagues proposed a coverage
of the staple line with absorbable materials as an additional
procedure (85,86). In fact, the formation of the bullae in
children and adolescents is a dynamic process caused by
a weakness of visceral pleural and a lower elastic capacity
of connective tissue that can be further compromised by
the tension created around the staples after parenchymal
resection. On the basis of intraoperative findings during
redo surgery, new bullae were observed arising from the
staple line (18,87). The coverage of the staples has been
proposed to prevent the formation of new bullae on the
weak pulmonary tissue (85,86). After the bleb resection,
pleurodesis must be performed to maintain the lung
adherent to the chest wall so as to prevent collapse in
case of recurrence of pneumothorax. The first technique
for pleurodesis was a complete parietal pleurectomy,
which is not recommended for young patients due to the
increased risk of bleeding and of intercostal nerve damage.
Moreover, the tough pleural symphysis after pleurectomy
can be an adjunctive difficulty in case of further thoracic
intervention. Currently, the most consolidated techniques
are the mechanical and the chemical pleurodesis (70,88).
Mechanical pleurodesis is performed by an abrasion on
pleural surface, using sterile materials such as gauze,
swabs or scrapers through VATS access (89-91). Electric
rotating brushes have also been described (92). The
treatment is effective when hemorrhagic spots and mild
bleeding appear from the parietal pleura. Pleural lesions
can be made by electrocautery or argon beam as well, to
decrease the risk of excessive bleeding that may happen
with the abrasive technique (93). Chemical pleurodesis is
performed by various agents with irritant and sclerosant
properties: the most common are talc, iodopovidone, silver
nitrate and minocycline (94,95). Minocycline has been
introduced in clinical practice for its cost and its solubility
which permits administration through the small-bore
tubes, allowing outpatient management (95). On the other
hand, a more intense chest pain has been observed after
minocycline pleurodesis (96). Lillegard, Cobanoglu and
Pathak recommended the autologous blood patch as a safe
procedure to obtain an effective chemical pleurodesis and
to resolve persistent air leaks specifically in children and
adolescents (97-99). When associated with blebectomy,
mechanical and chemical pleurodesis seem overlap in term
of postoperative complication rates, outcomes and LOS, in
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pediatric and in the overall population, as showed by recent
reviews and a meta-analysis (70,88,96,100).

Outcomes

According to the available data on PSP recurrences, it has
been reported that without a surgical treatment, the rate is
ranged between 16% and 52% after the first episode, rising
to 60% after a second PSP and 80% following a third. The
biggest proportion of recurrences (>60%) were observed
within 2 years after the initial attack, with a reported risk
(from 6% to 18%) of a pneumothorax in the contralateral
lung (36,38,100,101). In the study by Choi et /. risks
factors of PSP recurrence were retrospectively investigated
in a population of 114 young patients under 18 years of
age. It was recorded that after conservative treatment the
recurrence rate for children and adolescents seems to be
higher when compared to adult patients (50% wvs. 30%).
They did not find differences among the different types of
treatment, whether with oxygen supplementation or chest
tube placement (101). Moreover, the principal finding
identified as risk factor, was the presence of blebs and bullae
which is in accordance with other studies. The incidence
of blebs/bullae discovered at HRCT scans in paediatric
population was reported to range from 30.8% to 100% and
the recurrence rate (from 50% to 100%) after conservative
treatment is considered related to these “air-containing
lesions” (102,103). Recurrence rates reported in case of
presence of blebs/bullae identified by standard CT scan was
48%, compared to 20% when absent; on the other hand,
some authors demonstrated that the rate of recurrence even
in patients with a normal CT is high and is comparable
to the recurrence rate in patients with blebs on CT. They
showed that patients undergoing VAT'S had recurrence rates
of 13%, compared to an average of 42% treated with chest
drain only. Moreover, when blebs are discovered bilaterally,
the overall risk of undergoing a contralateral VATS surgery is
28% (12,45,70). When surgery is necessary, the treatment of
choice is based on VAT'S bullectomy and pleurodesis for low
morbidity in the postoperative course, and, in comparison
with conservative procedures, for the low risk of recurrence
and for an overlapping LOS. In terms of LOS in literature
the hospitalization rate in the largest series ranged between
2 to 11 days after VATS with a mean duration of 4 days,
similar to patients treated with chest tube only. Functional
short-term results at 12 months and long-term results at
5 years from surgery, showed an FEV1 >80% and unchanged
DLCO in patients who underwent VATS blebectomy and
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talc pleurodesis (94,104,105). In a study on 41 patients,
Bialas et al. reported an incidence of the recurrence rate of
PSP after VAT blebectomy and mechanical or chemical
pleurodesis of 5% (70). A study with a longer follow-up of
96 months recorded a recurrence rate after VAT'S surgery
that overlapped with the results of other studies (from 0%
to 5%). It has been shown that the different techniques
of pleurodesis did not influence the recurrence rate: in a
series of 596 patients for a total of 644 VATS procedures
performed, Shaikhrezai er 4/. reported a success rate without
further episodes of pneumothorax of 96.4%, 98.9%, 97.5%
for abrasion, poudrage and pleurectomy respectively after
a follow-up of 10 years (49,106,107). The reasons for
recurrence after VAT'S surgery are the failure to recognize
the source of the air leakage, when blebs are not seen, and
an incomplete pleurodesis, particularly in correspondence
to the site of trocar insertion. It has been reported that
apical excision decreases the recurrence rate from 27%
to 3% and in order to prevent postoperative prolonged
air leaks, some authors suggest performing a resection of
the apex of the lung even in absence of evident blebs (17).
Other authors agreed that unseen blebs can represent a risk
factor for postoperative prolonged air leaks and subsequent
recurrence of pneumothorax, and they recommend the
resection of the upper segment of the lower lobe where
blebs can be identified during the 12.5% of VATS (70,80).
When repeated surgery is required, the adherences formed
after the previous pleurodesis can make the redo VATS
more difficult and conversion to an open thoracotomy
has to be considered. Doddoli et 4/. in a small series of 39
patients found that redo VATS is feasible in nearly 70% of
cases. The conversion rate to thoracotomy was 39% and
was found to be dependent only on the adherences after
the previous pleurodesis, while the delay between the two
interventions did not influence the feasibility of repeated
VAT (87,108,109).

Discussion

An unequivocal agreement on the optimal strategy for
PSP in pediatric population has not been reached yet.
Currently, the guidelines based on adult patients, have been
questioned for the paucity of evidence and for the lack of
consistency around several management issues (37). In
fact, the advances in diagnostic and in surgical technique
did not correspond to an evolution in the management
of PSP. Starting from the traditional definition, PSP has
been historically labelled as idiopathic, because it arises in
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absence of an underlying pathology, in apparently healthy
lung (110). In the pathologic findings of the resected blebs,
the mechanism of elastogenesis has been investigated and
a pattern of anomalies on the extracellular proteins was
identified. This indicates a direct correlation between
disorders of connective tissue and the incidence of PSP in
patients younger than 25 years (19-23). These anomalies
can be inherited [Marfan’s syndrome (13,20,111,112), Birt-
Hogg-Dube syndrome (113)] or acquired [anorexia (114),
lower BMI (115), smoking habits (7)] but in any case they
have not been taken into account as predisposing factors
for a correct risk stratification of PSP recurrence and
the options for treatment have not substantially changed
over the years. In fact, indications for surgery for all
patients are still the following (10): (I) second ipsilateral
pneumothorax; (II) first contralateral pneumothorax;
(ITI) bilateral pneumothorax; (IV) persistent air leak; (V)
spontaneous haemothorax; (VI) professions (or intended
professions) at risks for barotrauma. But, according to these
recent analyses, a subgroup of population with a higher
risk of PSP recurrence can be selected to benefit from a
tailored treatment with surgery as first-line option. Some
authors suggest that it is time to rethink the management
of PSP (110). After its advent in 1990, VATS has become
the surgical approach of choice (62): better outcomes in
term of postoperative complications, control of pain after
surgery, LOS and recurrence rate have also been reported
in paediatric patients. An analysis of costs and benefits
comparing VATS and open surgery identified a statistically
significant difference in favor of VATS (68,69). These data
have provided a substance to proposing VATS at the initial
attack of PSP, but due to the lack of evidence to support this
hypothesis, wide agreement among surgeons has not been
reached yet (35,45-50). Moreover, a further evolution is in
action in these years and SITS has gained ground among
many authors (70-76). This technique promises to improve
postoperative pain control and global outcomes but there
are not prospective studies available yet that compare
VATS and SITS. When the recurrence risk is not related
to a recognizable lung disease, international guidelines
still recommend the conservative approach as a first-
line treatment for children and adolescents, but sensible
variability can be found in current protocols (2,3,10-13).
Three non-operative options are suggested: (I) needle
aspiration, (I) pig-tail small-bore catheter and (III) large-
bore tube thoracostomy. Even though these procedures
are performed routinely with adults, tolerance is an aspect
that has to be considered in pediatric patients, because it
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can be widely variable and often, the placement of drains
may require sedation or even a general anesthesia. The
effectiveness of needle manual aspiration is controversial
for many authors and the placement of pig-tail catheter
is usually preferred (116). Generally, these conservative
procedures need in-hospital monitoring and its duration
is dependent on physicians’ habits. Recently, outpatient
protocols with small-bore drains connected to Heimlich
valves have been introduced as an effective option with
few complications. A systematic review of 18 studies of
ambulatory management with Heimlich valves, reported an
overall success rate of 86% and uneventful management in
78% of cases (117). In the future in-hospital management
will be targeted to select patients for whom early surgery
with a mini-invasive approach can be considered, due to
the higher risk of PSP recurrence. For patients without
predisposing factors, outpatient management with small
chest catheters connected to one-way valve should, when
possible, be proposed, in children and adolescents as well
(110,118). In conclusion, PSP for pediatric patients needs
involvement of pulmonologists, pediatricians, pediatric
and thoracic surgeons, and this could be one of the reasons
why the different points of view have prevailed regarding
a common strategy for the treatment of disease. Further
research, based on multidisciplinary task force statements,
is required to provide stronger evidences for definitive
protocols of this, until today, under-investigated pathology.
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