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Abstract
The aim of this study is to compare the recurrence rates with different modalities used as first-line treatment for first-episode primary
spontaneous pneumothorax, and investigated the risk factors for recurrence.We retrospectively reviewed consecutive patients under
60 years of age who were treated for a first episode of primary spontaneous pneumothorax betweenMay 1996 andMay 2016 at our
hospital. The patients were divided into 6 groups according to the treatment received. A total of 667 patients with 890 episodes of
primary spontaneous pneumothorax were included in the analysis. The median follow-up period was 64.5 months. The recurrence
rate in the 6 groups was as follows: observation, 52.5% (21/40); chest tube drainage, 32.6% (84/258); aspiration, 100% (42/42);
axillary thoracotomy, 8.8% (9/102); 2-port video-assisted thoracoscopic surgery (VATS), 6.0% (7/117); and 3-port VATS, 10.6%
(11/108). The recurrence rate was higher in non-surgery groups than in surgery groups (147/340 vs 27/327, P < 0.01).
Pneumothorax size (odds ratio [OR] = 0.252, P = 0.017) and duration of chest tube drainage (OR = 0.687, P = 0.001) were inde-
pendent risk factors for ipsilateral recurrence. In the management of first-episode primary spontaneous pneumothorax, the recur-
rence rate was higher in patients who were treated with conservative procedures as compared with surgery. Pneumothorax size and
duration of chest tube drainage were risk factors for recurrence after initial treatment.
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Introduction

Primary spontaneous pneumothorax (PSP) is a common clin-
ical problem that affects young healthy people without any
obvious precipitating factors, with reported annual incidences
of 7.4–18 and 1.2–6 per 100,000 population in males and
females, respectively [1]. There is no consensus on the man-
agement of the first PSP episode; observation, simple aspira-
tion, and chest tube drainage (CTD) are the most frequently
used approaches, with a recurrence rate at 1 year of 30%
(range, 16–52%) [2]. Based on the development of new tech-
niques and instruments and findings on the pathogenesis and

mechanisms of PSP recurrence, surgery (either thoracotomy
or video-assisted thoracoscopic surgery [VATS]) has been
applied to the treatment of first-episode PSP [3, 4], but recur-
rence rates associated with these approaches have not been
investigated in detail. To this end, the present study compared
recurrence rates for different modalities used for treatment of
first-episode PSP including observation, simple aspiration,
CTD, axillary thoracotomy (AT), and VATS with 2 or 3 ports
and examined risk factors for recurrence after initial
management.

Methods

Patients

Medical records of 667 patients with first-episode PSP who
were treated by different modalities at our hospital between
May 1996 and May 2016 were retrospectively reviewed. The
study was approved by the Institutional Review Board of the
Second Affiliated Hospital of Kunming Medical University.
As there was no outpatient care available, all PSP patients
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were hospitalized and their information recorded in a data-
base. PSP was diagnosed as J93.101 according to the
International Classification of Diseases-10. Exclusion criteria
were age > 60 years old, second spontaneous pneumothorax
(including pneumothorax caused by tuberculosis, lung cancer,
chronic obstructive pulmonary disease, pneumoconiosis, trau-
ma, lymphangioleiomyoma, or endometriosis), and receipt of
treatment prior to admission to our hospital. Contralateral re-
currence within the follow-up period was considered as a new
case. The endpoint of follow-up was the first ipsilateral
recurrence.

Modalities for the Treatment

The 667 patients were divided into the following 6 groups
according to the treatment they received: observation, simple
aspiration, CTD, AT, VATS with 2 ports, and VATS with 3
ports. CTD involved insertion of a 24F or 28F chest tube into
the 2nd or 3rd anterior intercostal space at the mid-clavicular
line under local anesthesia, with closed underwater seal drain-
age. Before VATS was widely adopted at our hospital, we
used AT, in which a 5-cm incision was made toward the
anterior-inferior axillary region, and mini-thoracotomy was
performed through the 3rd or 4th intercostal space; the thorax
was then explored and adhesions separated, and pulmonary
ruptures or bullae were repaired or removed. For bullae < 3 cm
in diameter, the bottom was ligated with silk thread, while
larger bullae were directly resected with continuous suturing
applied to prevent air leakage. VATS with 2 ports was per-
formed under general anesthesia with single lung ventilation.
A 10-mm port was placed in the 8th intercostal space at the
mid-axillary line through which a thoracoscope was intro-
duced; a 15-mm port was then placed in the 4th intercostal
space on the anterior axillary line, and hemostasis and sepa-
ration of adhesion were performed under thoracoscopy. After
determining the specific location of bullae, wedge resection
was performed with a linear cutting suture, and a single inter-
costal tube was inserted after the operation. For VATS with 3
thoracoscopic ports, a 10-mm port was placed in the 8th in-
tercostal space at the mid-axillary line, through which a
thoracoscope was introduced; a 10-mm port was placed in
the 5th intercostal space at the posterior axillary line; and a
15-mm port was placed in the 4th intercostal space at the
anterior axillary line. The other steps of the procedure were
the same as for VATS with 2 ports, except that 2 intercostal
tubes were inserted after the operation. We classified observa-
tion, simple aspiration, and CTD as non-surgery groups and
referred to them as conservative treatment; the remaining three
groups were surgery groups, collectively referred to as surgi-
cal treatment. Indications for surgery included persistent air
leakage (> 4 days) (116 cases, 35.6%), tension pneumothorax
(35 cases, 10.6%), hemopneumothorax (37 cases, 11.4%), and
bullae observed by chest X-ray or chest computed

tomography (CT) (139 cases, 42.4%). Pleurodesis was most
often performed with 10% povidone-iodine-soaked gauze or
by simple mechanical pleural abrasion in some patients.
Pneumothorax size was calculated as a percentage as previ-
ously described [5].

Statistical Analysis

Statistical analysis was performed using SPSS for Windows
v22.0 (SPSS Inc., Chicago, IL, USA). Data are presented as
median (range) and number (percentage) unless otherwise
stated. One-way analysis of variance was used to evaluate
continuous variables, and the nonparametric test was used to
compare categorical variables. Uni- and multivariate binary
logistic regression was used to examine associations between
treatment modalities and recurrence rates. The Kaplan-Meier
curves were generated to visualize cumulative probabilities of
recurrence, which were analyzed with the log-rank test. P
values < 0.05 were considered statistically significant for all
tests.

Results

Clinical and demographic information of patients is shown in
Tables 1 and 2. A total of 667 cases with 890 episodes of PSP
were reviewed (601 males and 66 females; median age,
27 years [range, 6–59 years]). Among the 667 patients, 240
(40.0%) were current smokers. All patients initially had chest
or back pain, and 167 (25.0%) presented with significant dys-
pnea. The median follow-up was 64.5 months (range, 1–
240 months), and median time from symptom onset to hospi-
talization was 65.5 h (range, 1–480 h). A total of 174/667
patients (26.1%) experienced recurrence. There were no sig-
nificant differences in height, body weight, body mass index,
sex ratio, location of pneumothorax, and interval to recurrence
across the 6 groups. However, patients in the observation
group were younger than those in any other group (P =
0.003), and patients in the aspiration group had the earliest
admission to hospital after symptom onset, while those in
the AT group had the latest admission (P < 0.001).
Pneumothorax size was smaller in the observation and aspira-
tion groups than in the other 4 groups, and duration of hospi-
talization was significantly longer in surgery groups than in
non-surgery groups (P < 0.001). The number of patients with
recurrence in each group was as follows: observation, 21
(52.5%); CTD, 84 (32.6%); aspiration, 42 (100%); AT, 9
(8.8%); VATSwith 2 ports, 7 (6.0%); and VATSwith 3 ports,
11 (10.6%). Recurrence rate varied across groups (χ2 =
181.12, P < 0.01); the rate was higher in non-surgery groups
than in surgery groups (χ2 = 105.76, P < 0.01) (Fig. 1).
Duration of tube drainage was shorter in the CTD group than
in the AT and VATS groups (P ˂ 0.001).
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Sex, age, time from symptom onset to hospitalization,
pneumothorax size, height, body weight, body mass index,
location of pneumothorax, smoking history, treatment modal-
ity, duration of tube drainage, and pleurodesis history were
included as variables in the logistic regression analysis of
recurrence; and sex, time from symptom onset to hospitaliza-
tion, pneumothorax size, treatment modality, and duration of
tube drainage with a P value < 0.1 were included as variables
in the multivariate logistic regression analysis (Table 3). We
found that large pneumothorax size, non-surgical modality,
and shorter duration of tube drainage were risk factors for
recurrence after the first episode of PSP (P = 0.017,
P < 0.001, and P = 0.001, respectively). Mean recurrence-
free survival times were as follows: observation, 78.8 months;
CTD, 141.4 months; aspiration, 31.9 months; AT,
159.4 months; VATS with 2 ports, 150.5 months; and
VATS with 3 ports, 125.7 months (Fig. 2). Patients who were
treated by surgical modalities had longer recurrence-free sur-
vival than those treated by non-surgical modalities (log-rank =
193.6, df = 5, P ˂ 0.001).

Discussion

PSP is a common condition that affects many healthy young
people. The average rate of recurrence is 30% [1, 2]. The
optimal procedure for the treatment of first-episode PSP is
debated; in general, conservative modalities such as observa-
tion or simple needle aspiration are used, and some authors
have suggested that management depends on clinical symp-
toms and not pneumothorax size [3, 6, 7]. However,
others recommend a more aggressive approach such as
CTD for PSP > 20% of the hemithorax, irrespective of
the symptoms [4, 8, 9]. There have been few studies
comparing recurrence rates between conservative and
surgical treatment modalities for the first episode of
PSP. In this study, we analyzed different PSP treatment
approaches according to symptom severity, pneumotho-
rax size, and chest X-ray or CT findings and determined
that for a smaller pneumothorax size (median, 27%;
range 10–40%) and mild symptoms, observation and
oxygen therapy yielded satisfactory outcomes, with a
recurrence rate of 52.5% (21/40) after a median
follow-up of 16.5 months (range, 10–70 months). For
patients with larger pneumothorax size (median, 64%;
range,10–100%) and obvious symptoms, CTD was
employed, and the recurrence rate was 32.6% (84/258)
after a median follow-up of 23.9 months (range, 1–
240 months). In recent years, we have used simple needle
aspiration as initial treatment in patients with moderate pneu-
mothorax size (median, 48.3%; range, 35–90%) and obvious
symptoms, with a recurrence rate 100% (42/42) after a median
follow-up of 31.9 months (range, 1–240 months). The overallTa
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recurrence rate among patients who were not treated surgical-
ly was 43.2% (147/340), which is comparable with the previ-
ously reported rate of 54.7% [10, 11].

Although non-surgical approaches are preferred for initial
treatment of first-episode PSP [12], the high recurrence rates
are a concern. In another study with a shorter follow-up peri-
od, 52/164 patients required a second treatment after initial
aspiration [4]. PSP patients treated with simple aspiration
must meet strict criteria before they can be discharged, which
is not always appropriate [6], especially for patients who live
far from the hospital. We question the appropriateness of sim-
ple aspiration in the initial management of PSP; in some pa-
tients, it was more reasonable to select CTD [13]. Because of
the high recurrence rate after non-surgical procedures and oc-
currence of air leakage resulting from ruptured bullae (3.6–
73%), which is generally accepted as the cause of PSP [14],
we have used surgery to treat first-episode PSP to reduce the
risk of recurrence, especially in patients with a large-sized
pneumothorax, severe symptoms, or bullae in the chest X-
ray or CT scan and found that surgical options were appealing
to patients. Our analyses showed that the recurrence rate was
much lower after surgical procedures (AT or VATS) than after
non-surgical procedures (27/327 vs 147/340, P < 0.01), while
the duration of CTD and hospitalization were much longer.
Before the refinement of minimally invasive technology, PSP
patients who required surgery elected to undergo AT. With
technologic advances, VATS has been increasingly per-
formed at our hospital. At first, only VATS with 3 ports was
carried out, but as surgeons’ proficiency with the technique
improved, 2-port VATSwas adopted. Both AT and VATS are
the most frequently used modalities for PSP treatment, and in
recent years, the latter has been the first choice for PSP pa-
tients who require surgery [15]. Studies comparing recurrence
rate, pain following surgery, duration of hospitalization and
CTD, and costs of thoracotomy and VATS found that the
latter had certain advantages such as shorter length of hospital
stay, less pain and analgesic usage, and better cosmetic out-
come, while the former had a lower recurrence rate [16–18].
However, there is an ongoing debate concerning recurrence
rates with the 2 procedures, with some evidence showing that
with the development of more effective surgical techniques
and instruments, VATS can achieve better outcomes [19].
AT allows a broad exploration of the thoracic cavity, which
could permit the management of all defects; we used direct
wedge resection of the apical segment or lobectomy and pro-
pylene sutures, which could prevent new bullae related to the
staple line as has been reported with VATS using stapler lo-
bectomy [20]. The choice of VATS with 2 vs 3 ports depends
on the location of bullae, preferences of the patient and sur-
geon, and the surgeon’s proficiency. VATS as a first-line
treatment for PSP offers patients a better clinical outcome
and psychosocial advantages as they can quickly resume their
normal living habits [4]. However, additional studies areTa
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needed to confirm the effectiveness and advantages of surgical
modalities as initial treatment for PSP.

One of the most important aims of PSP management is to
reduce the risk of recurrence. In this study, we explored the
risk factors for PSP recurrence after different initial treatments
in order to identify the most appropriate procedure. We found
that pneumothorax size, duration of CTD, and treatment mo-
dality were 3 risk factors for recurrence. The recurrence rate
increased with pneumothorax size (odds ratio [OR], 0.252;
P = 0.017); this was calculated using the method of Kircher
and Swartzel [5], which allows a more precise evaluation of
PSP. Some studies have shown that the probabilities of ipsi-
lateral recurrence and persistent air leakage were higher with
larger as compared with small pneumothorax size [20], which
is supported by our findings. A larger pneumothorax size was
associated with a longer time for closure of the lung defect and
may be a new indication for surgical treatment of PSP [20].
We also found that pneumothorax size was a risk factor for

ipsilateral recurrence. Another risk factor was the duration of
CTD (OR = 0.687, P = 0.001); in patients who underwent
CTD irrespective of surgery, longer CTD duration was asso-
ciated with a lower rate of recurrence. We used large-sized
tubes (24Fr or 28Fr) for intercostal CTD; with re-expansion of
the collapsed lung, there is greater inflammation of the pleura
around the chest tube, which could lead to pleural symphysis
caused by adhesion of the visceral and parietal pleura. A lon-
ger CTD duration could aggravate pleural inflammation and
enhance pleural adhesion, thereby reducing the risk of recur-
rence. However, the predictive value of CTD duration for
pneumothorax recurrence remains to be determined.

In contrast to other studies [11, 21, 22], we did not find any
link between smoking or pleurodesis and PSP recurrence.
Although PSP arises in patients without clinically apparent
lung disease, almost 80%—including both smokers and non-
smokers—exhibit emphysema-like changes such as bullae ei-
ther by chest CT or by surgical examination [23]. As smoking

Fig. 1 Recurrence rate in surgery
and non-surgery groups.
**P < 0.01 vs surgery groups

Table 3 Multivariate analysis of
variables with P value < 0.1 in the
univariate analysis

Characteristic P value Odds ratio 95% confidence interval

Sex 0.083 2.108 0.908–4.897

Time from symptom onset to hospitalization 0.063 0.997 0.994–1.000

Pneumothorax size 0.017 0.252 0.081–0.779

Duration of tube drainage 0.001 0.687 0.555–0.851

Treatment modality 0.000

AT 0.002 0.190 0.067–0.537

VATS with 3 ports 0.014 0.319 0.128–0.795

VATS with 2 ports 0.000 0.108 0.037–0.318

Aspiration 0.000 2.419 1.361–4.299

CTD 0.788 0.895 0.398–2.011

AT, axillary thoracotomy; CTD, chest tube drainage; VATS, video-assisted thoracoscopic surgery
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can aggravate bronchiolitis and the rupture of bullae, it has
been suggested as an independent predictive factor for risk of
pneumothorax recurrence [7, 11, 21], but this was not the case
in our study. The most likely reason for this finding is that
some second-hand smokers in our patient pool were classified
as nonsmokers but nonetheless experienced recurrence.
In fact, PSP recurrence is multifactorial, and it is diffi-
cult to identify a single predictive factor. Pleurodesis is
not a standard intraoperative procedure at our hospital.
Although mechanical pleural abrasion is one of the most
widely used techniques for pleurodesis, whether it re-
duces the risk of PSP recurrence is controversial [22].
Talc is used in many countries and is effective in re-
ducing recurrence risk; however, we have never used
this method as it can cause chest pain, fever, and occa-
sionally serious complications such as anaphylactic
shock. The pleural abrasion performed with 10% povidone/
iodine-soaked gauze is a combination of physical and chem-
ical methods, which induces an inflammatory response in
pleura and facilitates its adhesion. Some studies found that
thoracoscopic wedge resection of bullae successfully con-
trolled PSP, but the additional pleural abrasion did not reduce
pneumothorax recurrence rate [22].

Our study had several limitations. Firstly, its retrospective
design and the fact that it was conducted at a single center may
have resulted in patient selection bias. Secondly, because we
have tended to use observation or simple aspiration to treat
patients with small-sized pneumothorax and mild or moderate

symptoms over the last 4 years, the follow-up period was
much shorter in these 2 groups than in the other 4 groups,
which may have limited the power of analysis. Thirdly, we
examined specific surgical modalities for the treatment of
first-episode PSP based on our experiences over many years,
but the clinical value of surgery (thoracotomy or VATS) must
be evaluated in randomized controlled trials with a larger co-
hort, as improvements in diagnostic imaging techniques and
surgical procedures and instruments over the past 20 years are
likely to influence outcomes.

Conclusions

This case series analysis of 667 patients of first-episode pri-
mary spontaneous pneumothorax has shown that both conser-
vative and surgical treatments can be used in the management
of first-episode primary spontaneous pneumothorax.
However, the risk of recurrence was higher with the former
approach. Another important finding from this study emerged
that both pneumothorax size and chest tube drainage duration
were risk factors for primary spontaneous pneumothorax re-
currence after initial treatment, with larger pneumotho-
rax size and longer chest tube drainage duration associ-
ated with higher and lower recurrence rates, respective-
ly. Overall surgical treatments done by axillary thoracot-
omy or video-assisted thoracoscopic surgery were asso-
ciated with much less recurrence of pneumothorax if
employed as primary treatment. These findings provide
a reference for surgeons when selecting the optimal
treatment modality for a first episode of primary spon-
taneous pneumothorax to minimize the risk of recur-
rence and improve the long-term prognosis of patients.
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