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Introduction

Several diseases can lead to secondary pneumothorax arising 
from extensive and diffuse pulmonary cysts affecting the 
entire lung. Some are smoking-related, such as advanced-
stage diffuse pulmonary emphysema; while others are 
genetically related, such as lymphangioleiomyomatosis 

(LAM), caused by mutations in the genes associated with 
tuberous sclerosis complex (TSC), and Birt-Hogg-Dubé 
syndrome (BHDS), which is associated with mutations in 
the folliculin (FCLN) gene. These genetic conditions are 
associated with multiple lung cysts that lead to refractory 
pneumothorax. Because the multiple lung cysts are 
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widespread, they cannot all be removed surgically. We 
previously reported on a 4-port video-assisted thoracic 
surgery (VATS) procedure that created a total pleural 
covering (TPC) for the entire pleural viscera. It consisted of 
oxidized regenerative cellulose (ORC) mesh on the operated 
side. The covering successfully reduced the recurrence of 
postoperative pneumothorax in BHDS patients (1). 

In primary spontaneous pneumothorax, which is more 
common in young men, the lung cysts are localized 
near the apices of the upper and lower lobes of the lung. 
Accordingly, resection, ablation, or looping of these areas, 
followed by a selective pleural covering of the regions 
of emphysematous change using ORC mesh, have been 
reported to be effective in randomized clinical trials (2). 
The effects of covering the visceral pleura with ORC 
mesh have been reported by Ebana and colleagues. After 
the covering has been placed, the thoracic cavity becomes 
an acidic environment. Approximately 12 hours later, the 
pH returns to neutral (data not submitted). These “acid 
ablation” conditions have led to a mesothelial-mesenchymal 
transition and decreased fibrinogenesis in human pleural 
mesothelial cells. These ultimately have resulted in an anti-
adhesive state and thickening of the visceral pleura (3). The 
Gynecare Interceed Absorbable Adhesion Barrier (Jonson & 
Johnson, Brunswick, NJ, USA) has also recently been used 
as a synthetic absorbable anti-adhesive sheet for pleural 
coverings; however, at the time of this writing, we have 
primarily used ORC Mesh (Ethicon Surgicel Absorbable 

Hemostat gauze; Jonson & Johnson, Brunswick, NJ, USA) 
for pleural coverings because of its superior flexibility, 
our extensive experience with it, and our published work 
on it. The aim of this article was to provide a detailed 
description of a minimally invasive uniportal video-assisted 
thoracic surgery (U-VATS) procedure, which has the great 
advantage of limiting the cause of postoperative pain to a 
single site, that we have used to create a TPC with the use 
of ORC mesh. The procedure was used to treat patients 
with BHDS and secondary pneumothorax due to multiple 
pulmonary cysts.

Why TPC is necessary

We previously published the results of a study of patients 
with BHDS that compared covering only the regions of 
emphysematous change in the lungs with ORC mesh to 
a TPC with ORC mesh. TPC was the overwhelming 
winner (1). The following text describes the published data 
in detail. In patients with BHDS, lung cysts are found to 
occur on chest radiographs notably in the visceral pleura 
bordering the diaphragm, in the mediastinum, and in the 
interlobar space, especially in the middle and lower lung 
fields (4,5). Therefore, initially, pleural coverings were only 
applied to the common sites of pulmonary cysts, as follows: 
in the middle and the lower lobes with interlobar lesions 
in the right lung and in the lingual segment and the lower 
lobe with interlobar lesions in the left lung. This procedure 
was performed in 38 patients, and was called “lower pleural 
covering (LPC)”. The recurrence rates after the LPC 
procedure increased over time from 5.4% to 12% to 42% at 
2.5, 5.0, and 7.5 years respectively (1). On the other hands, 
in 52 patients who underwent a TPC procedure covering 
the entire visceral pleura on the surgical side, the recurrence 
rates after the TPC procedure were 0%, 0%, and 0% at 
2.5, 5.0, and 7.5 years, respectively. The recurrence rate 
also did not increase after an even longer follow-up period. 
Narrow-band imaging revealed numerous flat lung cysts 
along the interlobular septum, even in the right upper 
lobe and left superior segment, which used to be thought 
to have few lung cysts. These findings indicated that the 
extent of pleural covering by ORC mesh in patients with 
BHDS should be TPC instead of selective covering (1). To 
illustrate the surgical technique that is the purpose of this 
paper, we present a representative case in which U-VATS 
TPC was performed for a secondary pneumothorax in 
BHDS in the next paragraphs.

Highlight box

Surgical highlights
• Total pleural covering (TPC) is a surgical procedure covering 

the entire visceral pleura on the surgical side using oxidized 
regenerative cellulose, which effectively prevents pneumothorax 
recurrence in patients of Birt-Hogg-Dubé syndrome.

• In uniportal video-assisted thoracic surgery (VATS) for TPC, the 
port is inserted on the sixth intercostal mid-axillary line.

What is conventional and what is novel/modified?
• Previously, 4-port VATS was necessary for toral pleural covering
• Now, total covering can be performed via uniport as same quality 

as 4-port.

What is the implication, and what should be change now?
• Uniportal VATS has the advantage of limiting the cause of 

postoperative pain to a single site, because there is only one 
intercostal nerve injury and one wound site. Therefore, we provide 
uniportal VATS for TPC as a minimally invasive surgery.
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Representative case presentation for U-VATS TPC 
description

The patient was a 66-year-old woman with a definitive 
diagnosis of BHDS based on the modified Menko criteria 
for BHDS (6). Initially, she underwent a left 4-port VATS 
TPC at another hospital because she suffered from a 
recurring left secondary pneumothorax at 60 years of age. 
Thereafter, she had not developed postoperative recurrence 
of a left pneumothorax. This time, she was referred to 
our department for TPC surgery due to recurrent right 
secondary pneumothorax. Her chest computed tomography 
(CT) revealed a right pneumothorax and bilateral, multiple, 
and irregularly shaped cysts of various sizes (Figure 1). Since 
she had already been clinically diagnosed with BHDS, we 
selected and performed a U-VATS TPC procedure under 
general anesthesia and one-lung ventilation. We believe that 
this surgical technique is appropriate to demonstrate our 
current routine TPC procedure. Therefore, we would like 
to describe in detail the U-VATS TPC mentioned above at 
the next section. We present this article in accordance with 
the SUPER reporting checklist (available at https://vats.

amegroups.com/article/view/10.21037/vats-23-48/rc).

Preoperative preparations and requirements

The operation was performed with the patient in the 
contralateral decubitus position and under general 
anesthesia and one-lung ventilation. The patient was fixed 
in the left lateral decubitus position, and a pillow was placed 
on the left side of the chest to make the right intercostal 
space as wide as possible. The surgical field was disinfected 
with iodine, and a cephazolin infusion was administered 
according to Centers for Disease Control and Prevention 
(CDC) guidelines. This procedure is contraindicated in 
cases of intra-thoracic infection, because of the placement 
of ORC mesh, which is a foreign body that remains in the 
thoracic cavity. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Regarding 
ethical issues, our local Ethical Review Committee 
determined that certification by the Ethical Committee and 
consent for publication from the patient were not necessary, 
because this paper contained a case report and a description 
of a surgical procedure that did not identify personal 
information.

Step-by step description

Surgical procedure

After an intercostal nerve block was performed as preemptive 
analgesia, an approximately 4-cm incision was created 
on the midaxillary line in the 6th intercostal space, and 
extending into the right thoracic cavity. An S-sized Alexis® 
O Wound Protector/Retractor (Applied Medical; Rancho 
Santa Margarita, CA, USA) was used to open the incision. 
In patients with BHDS, multiple pulmonary cysts are often 
found on the mediastinal side of the right middle lobe S5. 
Both a diagnostic and therapeutic partial lung resection 
of the S5 were performed for our patient by an automatic 
stapler. This site tends to be difficult to cover because of its 
pointed shape. We believe that a partial pulmonary resection 
can achieve smooth coverage (Figure 2).

It is physically impossible to resect or ligate all lung cysts. 
Ruptured lung cysts or relatively large protruding lung cysts 
were cauterized by soft coagulation followed by application 
of fibrin glue and use of ENDOLOOP® Ligature made with 
PDS® II (ETHICON; Raritan, NJ, USA). The chest cavity 
was then flushed by sterile distilled water, and a water test 
was performed to confirm absence of a pulmonary fistula. 

Figure 1 Coronal view of a chest CT scan: multiple pulmonary 
cysts adjacent to the mediastinum, peripheral pulmonary vessels, 
and interlobar area (a representative case): preoperative imaging of 
a 66-year-old woman. A chest CT shows the right pneumothorax 
with multiple, irregularly shaped cysts of various sizes with a lower 
medial zone predominance. Additionally, these cysts are adjacent to 
the mediastinum, peripheral pulmonary vessels, and interlobar area 
(arrows). CT, computed tomography.

https://vats.amegroups.com/article/view/10.21037/vats-23-48/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-48/rc
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U-VATS TPC was then performed. ORC mesh is easier to 
use if priority is given to the mediastinal or diaphragmatic 
side, which is difficult to cover. With approximately 50% 
inflation of the lung, TPC with sheets of ORC mesh 
encompassed the entire surface of the lung. In detail, we 
covered the right upper and middle lobe (Figure 2 and  
Video 1), followed by the basal area of the lower lobe  
(Figure 3 and Video 2), and the remaining lateral and 
posterior mediastinal lung surface of the lower lobe (Figure 4  
and Video 2). Finally, the interlobar lung surface was covered 
(Figure 5 and Video 3). The patient underwent repeated 
expansion and collapse of the right lung to perform 
additional coverage until areas that were not covered were 
completely covered (Video 3). Finally, the degrees of lung 
expansion and pleural coverage were confirmed. After 
hemostasis is confirmed, a thoracic drainage tube was 
inserted through the same incision into the pleural cavity 

and the tube was sutured in place.

Postoperative considerations and tasks

Because the postoperative draining fluid was large 
(approximately 500 mL/day for several days) and the 
fluid seemed muddy because of the ORC decomposition 
products, a thin drain should be avoided. Postoperative 
management for the thoracic drainage tube was performed 
in a routine manner as follows: (I) continuous low-pressure 
suction (−7 hPa); (II) continuous periodic milking of the 
thoracic drain; and (III) maintenance of the drain in place 
until the daily volume of drainage was less than 200 mL. 
According to the published data of TPC (1), Intraoperative 
Clavien-Dindo Grade 3 or higher complications were not 
observed, and delayed postoperative pulmonary fistula 
was observed in 2 of 52 patients (3.8%). There were no 
intrapleural infections. The chest drains were removed on 
postoperative day 7.7±4.6, and the patients were discharged 
on postoperative day 9.5±4.8. There were no postoperative 
recurrences of pneumothorax (1).

Tips and pearls

The described procedures can be performed by uniportal 
VATS, as shown in the video. In the aforementioned 
publication (1), 14±2.3 ORC mesh (4×8") sheets were used 

Partial resection 
of the middle lobe

Figure 2 Surgical procedure: pleural covering of the upper and 
middle lobe after partial resection of the middle lobe. Pleural 
covering of the upper lobe was performed. Mainly, half-size 
ORC mesh (4×4") sheets were used. Pleural covering started 
on the lateral side of segment 1, then on the apex of segment 1. 
For pleural covering on the middle to posterior mediastinal side 
of segments 1 and 2, the upper lobe was rotated and moved to 
the anterior mediastinum, followed by pleural covering on the 
back side of segments 1 and 2. The upper lobe was then rotated 
and moved to the posterior mediastinum, pleural covering was 
performed on the lateral and anterior mediastinal side of segment 
3. Pleural covering of the middle lobe was then performed. Pleural 
covering on the middle lobe starts from the lateral side, followed 
by covering the anterior mediastinal surface. The red line indicates 
the staple line of the automatic suturing machine, and the red 
circles indicate ligations. ORC, oxidized regenerative cellulose.

Video 1 Pleural covering of the upper and middle lobes of the 
right lungs. With approximately 50% inflation of the lung, TPC 
using sheets of ORC mesh, which encompassed the entire surface 
of the right lungs, was shown in a patient of Birt-Hogg-Dubé 
syndrome (a representative case). At first, we covered the upper 
and middle lobes of the right lungs (Figure 2). TPC, total pleural 
covering; ORC, oxidized regenerative cellulose.
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Figure 3 Surgical procedure: pleural covering of the bottom of 
the lower lobe. Pleural covering of the bottom of the lower lobe 
was performed. Pulmonary cysts at the base of the lower lobes 
of the lungs may be ligated, but in this case, dual covering with 
NEOVEIL sheets (NEOVEIL® sheet, GUNZE, Kyoto, Japan) 
and ORC mesh was used. When pleural covering is applied to the 
base of the lower lobes of the lungs, the lung ligament should be 
checked, and pleural covering should be performed thoroughly 
to the mediastinal surface. Since the lower lobe has a high rate of 
expansion, pleural covering should be widely applied. The red line 
indicates the staple line of the automatic suturing machine, and the 
red circles indicate ligations. ORC, oxidized regenerative cellulose.

Figure 4 Surgical procedure: pleural covering of the lateral and 
posterior mediastinal side of the lower lobe. Pleural covering of 
the lateral and posterior mediastinal side of the lower lobe was 
performed. First, the lateral side of the lower lobe was covered, 
then pleural covering was continued toward the dorsal side up 
to the posterior mediastinal pleura; i.e., to the point where the 
esophagus is visible, before completion of the pleural covering 
procedure. The red line indicates the staple line of the automatic 
suturing machine, and the red circles indicate ligations.

Upper LobeUpper Lobe

Middle Lobe

Lower Lobe

Video 2 Pleural covering of the lower lobe. Second, we covered 
the basal area, then laterally to the posterior region of the lower 
lobe and the posterior mediastinal lung surface using ORC mesh 
(Figures 3,4). ORC, oxidized regenerative cellulose.

and 9.1±2.7 mL of fibrin glue were used per patient. To 
avoid problems with insufficient expansion of the right 
lung associated with ORC mesh, fibrin glue was finally 
applied, and thrombin only could be applied, if needed, 
in the middle of this procedure. Perioperative monitoring 
specifically related to the surgical procedure was not 
required.

Discussion

BHDS i s  a  r a re  inher i t ed  au to soma l  dominan t 
genodermatosis caused by a germline FLCN mutation 
(7,8). The primary clinical manifestations of BHDS 
include fibrofolliculomas and trichodiscomas of the skin, 
renal tumors, and multiple lung cysts (9). The lung cysts 
in BHDS are predominantly located in the middle-to-
lower lung fields, adjacent to the mediastinum, diaphragm, 
and interlobar area (4,5). These cysts are characterized by 
thin walls, round-to-oval shape, varying sizes, and their 
tendency to abut the peripheral pulmonary vessels (10). The 
unique characteristics of the BHDS cysts pose challenges 
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Figure 5 Surgical procedure: pleural covering of the inter-lobar 
areas. pleural covering of the inter-lobar areas was performed. 
First, pleural covering was applied between the superior and 
inferior lobes; subsequently, pleural coverings were performed 
between the upper and middle lobes and between the middle and 
lower lobes. NEOVEIL sheets were generally applied to staple 
lines and fragile areas of the lungs. The NEOVEIL sheet causes 
a foreign body reaction and strong lung adhesions to the parietal 
pleura. To prevent these adhesions, ORC mesh should be placed 
over The NEOVEIL sheet. The red line indicates the staple line 
of the automatic suturing machine, and the red circles indicate 
ligations. ORC, oxidized regenerative cellulose.

Upper Lobe

Video 3 Pleural covering of the interlobar lung surface. Finally, we 
covered the interlobar lung surface using ORC mesh (Figure 5). As 
a final check of TPC, the patient underwent repeated expansion 
and collapse of the right lungs to perform additional coverage until 
areas that were not covered were covered entirely. ORC, oxidized 
regenerative cellulose; TPC, total pleural covering.

to the standard surgical treatment of pneumothoraces, 
which typically involves resection and/or ligation of bullae. 
Consequently, pneumothoraces in BHDS patients are prone 
to recurrence (11).

A recent surgical procedure known as 4-port VATS 
TPC has been reported to be effective in preventing the 
recurrence of postoperative pneumothoraces in patients 
with BHDS (1). This procedure involves covering the entire 
surface of the lungs with sheets of ORC, which reinforce 
the entire pleura by inducing pleural thickening (1,2). 
Initially, this procedure required 4-port VATS. However, 
with advances in U-VATS techniques and instruments, 
U-VATS TPC has become a feasible alternative. Our 
team has successfully treated several cases of secondary 
pneumothorax in patients with BHDS or LAM with the use 
of the U-VATS TPC procedure and ORC mesh (12,13). 

Conclusions

In this article, we provided a detailed description of the 
technique for the U-VATS TPC procedure and ORC mesh 
as a treatment for secondary pneumothorax in individuals 
with BHDS and hereditary multiple pulmonary cysts. Based 
on our experience, we believe that this technique is both 
safe and effective for managing secondary pneumothorax in 
patients with hereditary multiple pulmonary cysts.

Limitations

The design of this study has limitations. Firstly, this project 
was a retrospective observational analysis and included a 
small population of patients with BHDS. Further study 
should be performed prospectively. Secondly, U-VATS 
TPC is a special treatment for rare diseases, and its cost and 
societal adoption and impact have not been studied.
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