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. According to the new improvements
in the management of spontaneous
pneumothorax, video-assisted thoracoscopic
surgery (VATS) is safer, more effective, and
less invasive. However, the conventional
technique is the open thoracotomy method
with bullectomy and pleurectomy.

. VATS could be the primary treatment
option in the surgical treatment of primary
spontaneous pneumothorax when compared
to open thoracotomy, due to the shorter
length of surgery as well as the length of
hospital stay and decreased complications
such as air leakage and recurrence.

Background: Primary spontaneous pneumothorax (PSP) is a
spontaneous pneumothorax without underlying lung disease.
The main goals of this study were to compare the outcomes
of video-assisted thoracoscopic surgery (VATS) and open
thoracotomy in patients with PSP.

Methods: The current study is a retrospective cohort study of
patients who were admitted to the emergency department or
general surgery ward at Dr. Masih Daneshvari Hospital (Tehran,
Iran) with the diagnosis of PSP and underwent surgery by open or
VATS approach from 2006 to 2012. The groups were compared
in terms of the length of operation, the length of hospitalization,
recurrence, and postoperative complications. Data were analyzed
using SPSS version 18.0, and Student’s ¢ fest, analysis of variance
(ANOVA), Chi square, and Fisher’s exact test were employed.
P values less than 0.05 were considered statistically significant.

Results: PSP was diagnosed in 90 patients who underwent
surgery. Open thoracotomy and VATS procedures were
performed in 65 (72.2%) and 25 (27.8%) patients, respectively.
VATS was converted to open in seven cases (7.7%). Recurrent
pneumothorax was the most common surgical indication for
PSP. There was no significant difference between the two groups
in terms of mean age, sex, smoking, side of the involved lung,
previous pneumothorax history, mean length of hospitalization
for recurrence, post-operation bleeding, and failure of lung
expansion. However, the length of surgery (P=0.011) and air
leakage (P=0.048) significantly differed between the two groups.
Conclusion: When compared to open thoracotomy, VATS could
be the primary treatment option in the surgical treatment of PSP
due to the shorter length of surgery and decreased complications
such as air leakage.
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Introduction

Primary and secondary spontaneous pneumothorax is caused by
the intrinsic abnormalities of the lung and can occur without any
prior trauma history or the apparent precipitating factors.! Primary
spontaneous pneumothorax (PSP) occurs when there is no
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underlying lung disease (normal lung), whereas
secondary spontaneous pneumothorax (SSP)
occurs when there is underlying lung disease
such as emphysema (rupture of a bleb or bulla),
cystic fibrosis, and acquired immunodeficiency
syndrome (AIDS), metastatic cancer (especially
sarcoma), asthma, lung abscess, occasionally
lung cancer, and Catamenial pneumothorax." 2
The most common cause is apical subpleural
bleb rupture. These blebs are commonly seen in
tall thin and young male smokers. However, the
causes are still unknown." 2

The first step in treatment is simple needle
aspiration of the trapped air from the pleural
space or draining the air via chest tubes with
a water seal." 3 The second step is to stop
air leakage and prevent recurrences through
surgical interference or chemical pleurodesis.' 2
According to the consensus statement of
the American College of Chest Physicians
(ACCP), indications for surgical treatment of
spontaneous pneumothorax include persistent
air leakage for more than four days, failure of the
lung to expand after chest tube drainage (CTD),
recurrent pneumothorax, synchronous bilateral
pneumothorax, hemopneumothorax, tension
pneumothorax, and high-risk occupational
groups such as pilots and divers with the first
spontaneous pneumothorax.’® The closure of
the air leak, pleurodesis, partial pleurectomy,
pleural abrasion, bullectomy, lung resection
through VATS, axillary mini-thoracotomy (AMT),
and formal anterolateral or posterolateral
thoracotomy are some of the surgical procedures
used to treat PSP that are associated with the
disease course and progression.' 3 °

According to the new developments in the
management of spontaneous pneumothorax,'®
video-assisted thoracoscopic surgery (VATS)
is safer, more effective, and less invasive.
However, the conventional technique is the
open thoracotomy method with bullectomy and
pleurectomy.®

In order to reduce pneumothorax recurrence,
it is often recommended to combine pleurodesis
with bullectomy. Scratching, abrasion, and partial
or semi-total pleurectomy are some methods for
surgical pleurodesis. Several chemical agents,
such as talc, tetracycline, minocycline, povidone-
iodine, autologous blood, and dextrose have
been described for the chemical pleurodesis.
Nevertheless, no technique or agent could
guarantee with absolute certainty that a
recurrence would not occur in the future.™ 2

Although there are some studies, similar to
ours, that retrospectively compared VATS and
open thoracotomy in the treatment of PSP,
there are some controversies over the best
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method to treat a spontaneous pneumothorax."
This study aims to compare the outcomes of PSP
patients treated with VATS and open conventional
thoracotomy procedures and evaluate their
advantages over one another in terms of the
length of the procedure, post-operation length of
hospitalization, recurrence, and complications.
In addition, the strength of the current study,
when compared to previous matched studies,
lies in the examination of the patients based on a
more comprehensive initial value.

Patients and Methods

The present research is a historical cohort
study that was conducted from January
2006 to December 2012 at the emergency
department or general surgery ward at Dr.
Masih Daneshvari Hospital, affiliated with
Shahid Beheshti University of Medical Sciences
(Tehran, Iran). The study was approved by
the Research Ethics Committee of Shahid
Beheshti University of Medical Sciences (code:
IR.SBUMS.REC.1392.665). Ninety patients with
the diagnosis of PSP who were admitted to the
emergency department or general surgery ward
at Dr. Masih Daneshvari Hospital and underwent
surgery by open or VATS approach were
included in the current study. Written informed
consent was obtained from all the participants
before the interview and physical examination.
All the patients’ records were carefully reviewed
retrospectively, and the patients were evaluated
prospectively at the surgical clinic. The inclusion
criteria were ipsilateral relapse after an episode
of PSP treated with CTD and persistent air
leakage of more than four days after placing
a CTD in the first episode of pneumothorax.
The exclusion criteria included secondary
spontaneous pneumothorax, iatrogenic and
traumatic pneumothorax, and pre-existing
pulmonary disease. All methods were carried
out by relevant guidelines and regulations. The
study was carried out in accordance with the
principles of the Helsinki Declaration and was
compatible with the methodology of previous
similar studies.”

The primary treatment of PSP performed in
our hospital was a simple aspiration or CTD.
Failure in simple aspiration, also known as
CTD, was defined as persistent air leaks or
pneumothoraces that failed to resolve after
single or repeated aspiration; VATS or open
thoracotomy was selected as the secondary
treatment. The patients were divided into
two separate groups. 25 patients (Group 1)
underwent open thoracotomy, while 65 patients
(Group 2) underwent VATS. A thoracic surgery
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resident performed all of the surgeries, either
independently or under the supervision of
thoracic surgery faculty members. The initial
values such as age, sex, side of the lung involved,
previous medical history of pneumothorax, as
well as surgical outcomes including the length
of surgery, length of hospitalization, recurrence,
complication, and mortality rates were compared
between the two groups.

All the patients in the first group underwent
the standard posterolateral thoracotomy
technique, and the second group underwent
three-port thoracoscopic surgery using two 10.5
mm and one 5.5 mm Thoracoport™ Single Use
Trocar (Covidien, Medtronic, USA). Both the
open and VATS groups underwent the apical
lung wedge resection. If there was a bulla or
bleb, it was resected. Apical pleurectomy was
done, and then pleural abrasion was performed
by scrubbing the parietal pleura until a uniform
aspect of bloody pleura was achieved. At the
end of the procedure, one or two chest tubes
number 28 (SUPA Medical Devices, Iran) were
inserted into the thorax of each patient in both
groups and connected to the chest bottle. The
chest tubes were safely withdrawn, if the daily
outputs were less than 150 mL/ 24 hours, and
also there was no air leak, and the lungs were
well expanded.

Statistical Analysis

The data were analyzed using SPSS
software (version 18.0, Chicago, IL, USA)
and GraphPad Prism software (version 9)
and expressed as meanzSD for quantitative
variables, and frequency and percentage for
qualitative variables.

The Student’s t test and analysis of variance
(ANOVA) were used to test the hypotheses
for comparing the means between groups.
The Student’s t test was used to compare the
means between two groups, whereas ANOVA
was used to compare the means among three
or more groups. In ANOVA, the first step was
to obtain a common P value. A significant P
value of the ANOVA test indicated that the

Open thoracotomy vs. video-assisted thoracoscopic surgery

mean difference between at least one pair was
statistically significant. To identify that significant
pair(s), multiple comparisons were performed. In
this study, ANOVA followed by Bonferroni’'s Post
hoc test was used to compare the differences
between different treatment groups. The Chi
squared test and fisher’s exact test were used to
compare qualitative variables between groups.
P values less than 0.05 were considered
statistically significant.

A total of 90 patients, 74 men (82.2%) and 16
women (17.8%), who were diagnosed with PSP
and underwent surgery, within seven vyears,
were evaluated. The patients’ age ranged from
15 to 68. In 69 (76.7%) and 82 (91.1%) of the
cases, the patients complained of chest pain
and shortness of breath, respectively, and the
diagnosis was confirmed by plain radiography
and chest CT scan. Open thoracotomy and
VATS were performed in 65 (72.2%) and 25
(27.7%) of the patients, respectively. VATS was
converted to open in seven cases out of the
25 open thoracotomy patients. The clinical and
demographic characteristics of PSP patients who
underwent surgery are summarized in table 1.
The most common procedure performed on
all the patients was apical lung wedge resection.
Apical lung wedge resection was done in
combination with the other procedures (apical
or total pleurectomy and scarification), but it was
done alone in two patients (2.2%). In 47 patients
(52.2%), a combination of apical lung wedge
resection, apical parietal pleurectomy, and
scarification was used. A combination of apical
lung wedge resection and scarification was
performed in 32 patients (35.5%). Six patients
(6.6%) underwent both an apical pleurectomy and
an apical lung wedge resection. A combination
of total pleurectomy and apical lung wedge
resection was done in three patients (3.3%).
Surgery was performed after the first
episode of pneumothorax in 34 patients (37.7%)
and after the pneumothorax recurrence in

Table 1: Clinical and demographic characteristics of PSP patients who underwent surgery

Variable VATS Open Thoracotomy N(%) P value
N(%)

Total, number (90 patients) 65 (72.2%) 25 (27.7%) -

Age (meanSD, year)* 28.14+9.37 27.08+9.31 0.632
Sex (male)*** 53 (81.5%) 20 (80%) >0.999
Smoking*** 9 (13.8%) 4 (16%) 0.749
Right side involved*** 38 (58.5%) 16 (64%) 0.631
Left side involved** 27 (41.5%) 7 (28%) 0.235
Bilateral involved*** 0 (0.0%) 2 (8%) 0.075
Previous medical history of pneumothorax** 42 (64.6%) 12 (48%) 0.150

*Student’s ¢ test; **Chi square test; ***Fisher’s exact test; VATS: Video-assisted thoracoscopic surgery
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Table 2: Comparison of video-assisted thoracoscopic surgery, open thoracotomy, and converted VATS to open groups in

terms of the operation time and postoperative hospital stay

Variable VATS Open Thoracotomy Converted VATS to Open P value*
(meanzSD) (mean*SD) (meanxSD)

Total number of patients (n=82) 63 (76.8%) 15 (18.2%) 4 (4.8%) -

Length of the surgery (min) 176.82452.23 189.67+42.78 255.00+32.40 0.011

Postoperative hospital stay (days) 6.65+3.67 7.22+2.96 7.57+3.50 0.150

*ANOVA test was performed. VATS: video-assisted thoracoscopic surgery

56 patients (62.2%). Among these patients, 0.009

recurrences occurred in 45 (50.0%), 9 (10.0%), |—|

and 2 (2.2%) cases for the first, second, and

third times, respectively. Before surgery, all the 0.068

patients had received CTD treatment. 400 |—|

In our study, the length of the surgery for the >0.999
82 patients (63 VATS, 15 open, and four with - a

converted VATS to open) was estimated using
ANOVA with Bonferroni’s post hoc test. The
patients with prior talc pleurodesis were included
in the converted group. As indicated in table 2
and figure 1, there were significant differences in
the length of surgery (P=0.011) among the three
mentioned groups (in the two groups and the
subgroup converted to open).

Although the length of surgery in our study
was found to be longer in the open thoracotomy
and converted VATS to open groups, the results
of the ANOVA test indicated no significant
difference between these groups in terms of the
length of postoperative hospital stay (P=0.150).

Of the 90 patients, 77 cases were visited for
prospective follow-up. The mean of the duration
of follow-up was 57+16.4 weeks (ranging, from
1-234 weeks). Our surgical interventions resulted
in fourteen (18.2%) recurrences, including three
open thoracotomies (15.8%), and 11 VATS
procedures (19.0%). According to the results
of Fisher’s exact test, there was no significant
difference in recurrence between the open and
VATS groups (P=0.749). These 14 recurrent
cases were all subjected to reoperation (nine
with thoracotomy and five with VATS).

The comparison of the patients with PSP who
underwent surgery according to the recurrence
and complications was summarized in table 3.
The failure of lung expansion and air leak were
the most common complications in the VATS
and thoracotomy groups, respectively. In our

Length of surgery (min)

Figure 1: Comparison of the operation time in video-
assisted thoracoscopic surgery, open thoracotomy, and

ith Bonferroni’'s Post hoc test. VATS: video-assisted
thoracoscopic surgery

study, no mortality was reported. A comparison
of the patients with PSP who underwent surgery
based on the outcome is summarized in table 3.

The current standard of care for treating PSP
around the world is video-assisted thoracoscopic
surgery, which is consistent with the findings of

Table 3: Comparison of video-assisted thoracoscopic surgery, open thoracotomy, and converted VATS to open groups in

terms of the recurrence and complications

Variable VATS (N%) Open Thoracotomy (N%) P value*

Total number of patients (n=90) 65 (72.2%) 25 (27.7%)

Recurrence 11 (16.9%) 3 (12%) 0.749

Complications Air leakage 2 (3.07%) 4 (16%) 0.048
Bleeding 2 (3.07%) 0 (0.0%) >0.999
Failure of lung 4 (6.1%) 1 (4%) >0.999
Expansion

*Fisher’s exact test. VATS: video-assisted thoracoscopic surgery
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the present study, in which VATS was the most
commonly used surgery to treat PSP.® According
to the surgical indications to treat PSP, the
most common surgical indication was recurrent
pneumothorax, and the results of our study were
well-matched with the other studies.® 7 6

The findings of the study indicated that
although there were no significant differences
between study groups (open thoracotomy vs.
VATS) in terms of the mean age, sex, smoking,
side of the involved lung, previous medical history
of pneumothorax, mean postoperative hospital
stay, recurrence, post-operation bleeding, and
failure of lung expansion, there were significant
differences between these two groups in terms
of the operation time and air leakage. According
to the methods of surgery (open thoracotomy
vs. VATS), Dogusoy and others found no
significant differences in the patients’ age, sex,
postoperative length of hospital stay, recurrence,
and complication rates. According to this study,
the disadvantage of VATS was a longer duration
of operation. However, the advantages were less
pain, more patient satisfaction, and a quicker
return to daily activities.®

The maijority of patients in both groups in the
present study had a history of pneumothorax,
and in the majority of these cases, the
pneumothorax was on the right side, which was
consistent with the findings of Tulay and others."”

In the current study, the open thoracotomy
group had a longer mean postoperative hospital
stay, but the difference was not statistically
significant. In other studies, patients who
underwent VATS had shorter hospital stays than
those who underwent open thoracotomy.5: 15, 18-20

In our study, the length of surgery in patients
treated with VATS was shorter than the open
thoracotomy group, which was consistent with
the findings of other studies.® ' The reason
for this outcome could be that the patients
who underwent open thoracotomy had more
complications, such as adhesions and multiple
blebs/bullae, which prolonged the procedure.

In our study, the recurrence rate following
open thoracotomy and VATS was 15.1% (n=3)
and 19.0% (n=11), respectively. Therefore,
although the VATS group had a higherrecurrence
rate, it was not statistically significant. According
to a higher rate of recurrence in the VATS group,
the findings of this study were consistent with
that of other studies.* & '® 2123 The recurrence
rate of spontaneous pneumothorax following
VATS and open thoracotomy is about 4-11%
and 1%, respectively.?® The higher recurrence
in the VATS group could be due to the poor
vision during VATS, which resulted in not seeing
blebs/bullae (missed leaking blebs/bullage), and
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consequently, an incomplete resection. Another
explanation could be that this method causes
a less intense pleural inflammatory reaction
than thoracotomy.?* All parts of the pleura can
be easily abrased during an open thoracotomy,
which would result in a lower recurrence rate.

In the current study, the mean postoperative
hospital stay in VATS and open thoracotomy
groups were 6.65 and 7.22 days, respectively
(about 0.6 days lower in the VATS group), which
was consistent with the findings of other studies
in which hospital length of stay was reduced by
an average of one day in VATS patients.®

The length of the surgical incision and tissue
damage was shorter in the VATS group, resulting
in less postoperative pain, improved patient
compliance for coughing, and faster ambulation,
all of which ultimately reduced complications.?®
In this study, the most prevalent complication
in the VATS group was the failure of the lung
to be expanded, which could be related to the
inferior capacity of VATS to remove all the
blebs/bullae compared to the open thoracotomy
procedure. Therefore, this leads to more air
leakage and consequently failure of the lungs to
be expanded. On the other hand, in this study,
air leakage was the most frequent complication
in the thoracotomy group, which was consistent
with the findings of previous studies.?®

In our study, the converted group consisted
of four patients with prior talc pleurodesis. In
this group, thorough VATS adhesiolysis was
performed, but due to progression failure, it was
converted to open thoracotomy. Thus, according
to the difficult conditions for VATS in PSP, the
findings of the present study were compatible
with those of Ng and others.?” They have found
that poor lung function in patients who could
not tolerate one-lung ventilation, prior thoracic
surgery or talc pleurodesis with extensive
adhesions, giant pulmonary bull, and severely
emphysematous lungs were the difficulties of
VATS in spontaneous pneumothorax.?” In the
conversion from VATS to open thoracotomy,
the roles of the surgeon and the institutional
experience, as well as the influence of
conversion on the immediate and late surgical
outcomes are not fully known.?® the mortality
rate in our study was zero, which was similar to
the previous studies.® 2°

The present study had some potential
limitations. The first limitation was the small
sample size, with thirteen patients refusing to
participate or failing to follow up, so a larger
registry of the patients from multiple thoracic
surgery centers is required. The second
limitation was the short mean duration of follow-
ups, which was about 57 weeks (14 months),
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which should be increased in future studies.
The third limitation was the retrospective nature
of this study, as in most previous research on
VATS versus open thoracotomy, some factors
led to a selection bias, such as determining how
one is chosen for VATS versus open surgery.
Hence, many of these factors as well as other
non-measurable issues would affect the results
leading to misperceiving and misinterpretation
of information. To decrease the selection bias,
better randomization by some future randomized
control clinical trials should be done.

Conclusion

When comparing VATS to open thoracotomy in
the surgical treatment of PSP, VATS could be the
primary treatment option due to a shorter length
of surgery and a lower complication rate such
as air leakage, though there is no difference in
terms of the length of hospital stay.
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