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Introduction

Background: Although there is no obvious recommendation for the management of
pneumothorax recurrence after surgery, chemical pleurodesis with tetracycline has been
applied as a significant treatment approach. The objective of this study was to evaluate the
effectiveness of chemical pleurodesis with tetracycline for the management of postopera-
tive recurrence of primary spontaneous pneumothorax (PSP).

Methods: We retrospectively analyzed patients who underwent video-assisted thoracic
surgery (VATS) as therapy for PSP at Hallym University Sacred Heart Hospital from January
2010 to December 2016. Patients who had ipsilateral recurrence after surgery were includ-
ed in this study. Patients who underwent pleural drainage with chemical pleurodesis were
compared with patients who only underwent pleural drainage.

Results: In total, 932 patients who underwent VATS for PSP were analyzed, and ipsilateral
recurrence after surgery occurred in 67 patients (7.1%). The treatment modalities for recur-
rence after surgery were observation (n=12), pleural drainage alone (n=16), pleural drain-
age with chemical pleurodesis (n=34), and repeated VATS (n=5). Eight of the 16 patients
(50 %) treated with pleural drainage alone had recurrence again, while 15 of the 34 pa-
tients (44.1%) treated with pleural drainage and chemical pleurodesis experienced further
recurrence. Chemical pleurodesis with tetracycline did not show a meaningful difference
in the re-recurrence rate in comparison with pleural drainage alone (p=0.332).
Conclusion: Chemical pleurodesis with tetracycline for the management of postopera-
tive recurrence of PSP was not effective. Further research is required to identify alternative
drugs that can significantly decrease the re-recurrence rate.
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[4]. Some reports have recommended video-assisted tho-
racic surgery (VATS) as the preferred treatment for PSP

Primary spontaneous pneumothorax (PSP) mainly oc-
curs due to the rupture of an apical subpleural bulla in pa-
tients with no other lung diseases conferring vulnerability
to the condition or history of trauma [1]. In addition, we
have previously studied the characteristics of PSP in ado-
lescents [2]. For the first episode of PSP, some guidelines
suggest conservative treatment, such as oxygen therapy
with observation, simple aspiration, pleural drainage, and
pleurodesis [3]. After treatment of the first PSP episode
with these therapies, the recurrence rate has been reported
to be 23%-50%, and it increases to 60% after further events

because it enables the safe and high-quality resection of
bullae, pleurodesis, and pleural ablation and reduces the
recurrence rate [5]. The use of surgical access has increased
over the last 2 decades. Although the probability of postop-
erative recurrence has decreased, it still occurs, and vari-
ous methods have been used to reduce the recurrence rate.
Chemical pleurodesis has been primarily used to assist in
resolving persistent air leaks and to reduce the recurrence
rate in the nonsurgical treatment of spontaneous pneumo-
thorax. Cardillo et al. [6] demonstrated a low rate of pneu-
mothorax recurrence (1.9%) in patients undergoing VATS
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with talc poudrage pleurodesis. However, there are no clear
recommendations for the treatment of recurrent pneumo-
thorax after VATS, and few studies have been published on
this issue. We have used chemical pleurodesis clinically;
however, the function of chemical pleurodesis in the man-
agement of recurrence after VATS remains uncertain. The
objective of this study was to evaluate the effectiveness of
chemical pleurodesis with tetracycline for the management
of recurrence after surgery for PSP.

Methods

This study was reviewed and approved by the Institu-
tional Review Board of Hallym University Sacred Heart
Hospital (IRB no., 2018-12-013-011), which waived the re-
quirement for informed consent because of the retrospec-
tive design. We retrospectively analyzed patients who un-
derwent VATS as treatment for PSP at a single institution
from January 2010 to December 2016. This study included
patients who had ipsilateral recurrence after surgery. Pa-
tients who underwent pleural drainage with chemical pleu-
rodesis were compared with patients who only underwent
pleural drainage. Demographic data included sex, age,
smoking status, treatment types, duration of hospital stay,
and the time period until recurrence. The treatments in-
cluded observation with oxygen supply, pleural drainage
alone with a chest tube, pleural drainage with chemical
pleurodesis, and repeated VATS. Oxygen therapy was per-
formed using a 5 L/min flow via a nasal cannula. For pleu-
ral drainage, we inserted a 24F chest tube. If the air leak
continued for 2 days, we considered chemical pleurodesis
using tetracycline or repeated VATS. No chemical pleurod-
esis was performed during repeated VATS. For tetracycline
pleurodesis, 1,000 mg of tetracycline powder was mixed with
40 mL of normal saline and 10 mL of 2% lidocaine, and
the resulting solution was infused into the pleural cavity
through a 24F thoracostomy chest tube. In the VATS pro-
cedure, 3 classical incision ports were made. Wedge resec-
tion using a linear endoscopic stapler covered not only the
targeted bullae, but also the surrounding degenerated tissues.
As in the first VATS, after wedge resection, the air leakage
test was performed routinely, and no leakage was confirmed
in the staple line or elsewhere. Chest X-ray examinations
were conducted daily, and if there was no air leakage, the
chest tube was extracted and the patient was discharged
the next day. Categorical variables were described as counts
and proportions, and compared using the chi-square test.
A p-value <0.05 was regarded as indicating statistical sig-
nificance. Statistical analyses were conducted using IBM

SPSS ver. 25.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

The records of all 932 patients who underwent VATS for
PSP were analyzed, and ipsilateral recurrence after surgery
occurred in 67 patients (7.1%). Since most of the patients
had PSP in adolescence for no particular reason, postoper-
ative air leakage was well controlled and all patients were
discharged without any noteworthy complications. Pa-
tients’ demographic characteristics are reported in Table 1.
Fifty-six out of the 67 patients (83.5%) were male and there
were 4 ex-smokers and no current smokers. The median
age was 17 years. The mean follow-up time was 60 months,
and the median time of recurrence after surgery was 10.5
months. The treatments for recurrence after surgery were
observation (n=12), pleural drainage alone (n=16), pleural
drainage with chemical pleurodesis (n=34), and repeated
VATS (n=5). The mean duration of hospital stays was 5.3
days in patients treated with only pleural drainage, and 7.1
days in patients treated with pleural drainage and chemical
pleurodesis. Patients who underwent pleural drainage with
chemical pleurodesis were compared with those who had
pleural drainage alone. Eight out of 16 patients (50%) with
pleural drainage alone had recurrence again, and 15 out of
34 patients (44.1%) with pleural drainage and chemical
pleurodesis had another recurrence. Chemical pleurodesis

Table 1. The characteristics of patients with recurrence after surgery
(n=67)

Characteristic Value
Male 56 (84)
Age (yr) 17 (13-38)
Smoking 4(5.9)
Current smoker 0
Ex-smoker 4 (5.9)
Follow-up time (mo) 60 (14-88)
Interval until recurrence after surgery (mo) 10.5 (1-45)
Treatment of recurrence
O, management 12 (17.9)
Chest tube 16 (23.8)
Chemical pleurodesis 34 (50.7)
VATS 5(7.4)
Hospital stay (day)
O, management 4.3 (2-10)
Chest tube 5.3 (3-10)
Chemical pleurodesis 7.1 (4-20)
VATS 4.4 (3-5)

Values are presented as number (%) or median (range).
VATS, video-assisted thoracic surgery.
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Table 2. Comparison of results between pleural drainage alone and
pleural drainage with tetracycline pleurodesis

Pleural
Pleural . .
. drainage with
. drainage .
Variable tetracycline  p-value
alone pleurodesis
(n=16) (h=34)
Age (yr) 18.3 (13-38) 17.1(13-24) 0.446
Hospital stay (day) 53(3-100  7.1(420) 0.034"
Interval until second 21.1 (1-68) 10.7 (1-45) 0.077
recurrence (mo)
Smokers (ex-smoker+ 0 1 0.498
current)
Second recurrence (%) 8 (50) 15 (44.1) 0.332

Yalues are presented as median (range) or number (%).
p<0.05 (statistically significant).

with tetracycline did not reveal a meaningful difference in
the re-recurrence rate in comparison with pleural drainage
alone (p=0.332) (Table 2).

Discussion

In patients treated using conservative therapy for PSP,
the recurrence rate is reported to be 23%-50%, and it in-
creases to 60% after further events [4]. These high rates
have encouraged advances in various therapeutic applica-
tions, ranging from simple aspiration to invasive proce-
dures. In 1990, the first thoracoscopic approach for the
surgical treatment of PSP was described by Levi et al. [7],
and the application of this method has increased over the
last 2 decades. VATS for PSP is a representative and rea-
sonable treatment that is increasing in popularity and is
the preferred treatment at many centers. More recently, the
Japanese Association for Thoracic Surgery issued revised
guidelines, suggesting that VATS should be the first choice
for surgical access [8]; however, some studies have reported
fairly high recurrence rates of up to 10%-16% after VATS
[9,10]. This high recurrence rate prompted the develop-
ment of further methods, such as partial pleurectomy,
chemical pleurodesis, pleural abrasion, and coverage with a
surgical sealant [11].

Among these procedures, the treatment of choice has not
yet been established. Some studies reported additional
chemical pleurodesis during VATS for PSP [12]. However,
published guidelines suggest that chemical pleurodesis
should be undertaken only if the patient is either reluctant
or unable to undergo surgery because the recurrence rate
of pneumothorax after surgery such as VATS, with or
without surgical pleurodesis, is significantly fewer after
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chemical pleurodesis [13]. The ipsilateral recurrence rate
after surgery was 7.1% in our patients with PSP, and we fo-
cused on the treatment of pneumothorax recurrence after
VATS. Since few published papers have dealt with the
management of pneumothorax recurrence after VATS, the
choice of treatment should perhaps be determined by expe-
rienced clinicians, and our study of chemical pleurodesis
may yield helpful insights in this regard.

Several chemical materials (e.g., tetracycline, minocy-
cline, and talc) have been applied to alleviate prolonged air
leaks or to improve the recurrence rate in the nonsurgical
treatment of spontaneous pneumothorax. Chemical pleu-
rodesis is feasible because it is easy and noninvasive, and
can effectively reduce the duration of air leaks [14]. Talc
pleurodesis is safe and efficient in PSP management, but it
was not accessible to us. The application of talc as a pleu-
rodesis agent also has been restricted to young patients
with PSP, despite its greater benefits in malignant pleural
effusions. Although talc pleurodesis has been proven safe,
there have been historical apprehensions related to acute
respiratory distress syndrome [15]. Tetracycline is widely
available, safe, and inexpensive. Tetracycline pleurodesis has
been used to reduce the recurrence of primary or second-
ary spontaneous pneumothorax. Light et al. [16] performed
a randomized trial that demonstrated that tetracycline
pleurodesis reduced the pneumothorax recurrence rate
from 41% to 25% over 5 years in hospitalized patients treat-
ed with tube thoracostomy in comparison to those who
only underwent chest-tube drainage. One of the mecha-
nisms of pneumothorax recurrence after surgery has been
reported to be the development of new bullae surrounding
the staple line. The insufficient resection of bullae or em-
physematous changes along the staple line has also been
discovered to be a risk factor for postoperative air leaks [11].

In our study, chemical pleurodesis with tetracycline for
the management of recurrence after surgery of PSP did not
reduce the recurrence rate in comparison with pleural
drainage alone. Following this study, we decided to try
pleural drainage alone for the treatment of recurrences af-
ter VATS, and we are attempting to identify new effective
drugs for chemical pleurodesis.

Our study had some limitations. In particular, the num-
ber of patients with recurrence after VATS was relatively
small (67 patients), suggesting that further studies might
yield different results in the future. No chest computed to-
mography scans were taken of patients after VATS, so the
homogeneity of lung conditions between the group with
and without chemical pleurodesis was not guaranteed.

In conclusion, chemical pleurodesis with tetracycline did
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not significantly reduce the recurrence rate compared with
pleural drainage alone in the management of recurrence
after VATS. Further studies are required to identify alter-
native drugs that can significantly reduce the recurrence
rate, and if chemical pleurodesis is performed for the man-
agement of recurrence after VATS, drugs that are more ef-
fective than tetracycline should be considered.
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