Is it possible to standardize the treatment of primary
spontaneous pneumothorax? Part 2: surgical methods

of treatment

Wojciech Rokickil, Marek Rokickil, Jacek Wojtachal, Marek Filipowskil, Agata Dzejlili2, Damian Czyzewskil

DOI: 10.5114/kitp.2016.64875

IDepartment of Thoracic Surgery in Zabrze, Medical University of Silesia in Katowice, Poland
2Department of Surgery, Institute of Tuberculosis and Lung Diseases, Warsaw, Poland

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (4): 328-333

Abstract

The present report provides a detailed description of the sur-
gical methods for primary spontaneous pneumothorax (PSP)
treatment, from open surgery (thoracotomy) to minimally
invasive procedures (video-assisted thoracoscopic surgery —
VATS). It describes the methods of preventing pneumothorax
recurrence, including partial or complete resection of the pari-
etal pleura and chemical pleurodesis with VATS. The pros and
cons of each method are presented. The paper also discusses
new techniques for diagnosing pneumothorax, such as fluo-
rescein-enhanced autofluorescence thoracoscopy (FEAT) and
infrared thoracoscopy. Finally, the authors propose their own
algorithm for the treatment of PSP

Key words: thoracotomy, video-assisted thoracoscopic sur-
gery, pleurectomy, fluorescein-enhanced autofluorescence
thoracoscopy, thoracoscopy.

Surgical methods
Open thoracotomy

The history of surgical treatment for primary sponta-
neous pneumothorax (PSP) started exactly 75 years ago:
in 1941, two American surgeons, Tyson and Crandall, were
the first to successfully attempt treatment of primary re-
current pneumothorax with open thoracotomy, bullectomy,
and pleural abrasion [1]. Before 1990, this had been the
most widely recommended method of surgical treatment
for PSP; the associated rate of recurrence was very low and
did not exceed 1% [2].

A meta-analysis by Barker et al. encompassing 29 re-
ports (4 randomized and 25 non-randomized) demon-
strated that recurrence after video-assisted thoracoscopic
surgery (VATS) was 4 times higher than after thoracotomy
[3]- On the other hand, Sedrakayan et al. did not find such
differences between the two methods [4].

Thoracotomy is still used to treat PSP; e.g., in the United
Kingdom, 27% of PSP cases are treated with this method

Streszczenie

W doniesieniu autorzy szczegbtowo omawiajg chirurgiczne
metody leczenia samoistnej pierwotnej odmy optucnowej
(SPOO) — otwarte metody leczenia (torakotomia) oraz meto-
dy mato inwazyjne (wideotorakoskopia — VATS). Odnosza sie
do metod zapobiegania nawrotom odmy, w tym do czescio-
wego i catkowitego wyciecia optucnej éciennej oraz pleurode-
zy chemicznej z uzyciem techniki VATS. Przedstawiaja zalety
i wady kazdej z tych metod. Omawiajg nowe techniki pomocne
w diagnostyce odmy, takie jak FEAT (fluorescein-enhanced au-
tofluorescence thoracoscopy) oraz torakoskopie w podczerwie-
ni. Na koniec proponuja swéj wtasny algorytm leczenia SPOOP
Stowa kluczowe: torakotomia, wideotorakoskopia, pleurek-
tomia, fluorescein-enhanced autofluorescence thoracoscopy,
torakoskopia.

[5]. Open thoracotomy is associated with more blood loss,
more postoperative pain, longer hospitalization, and more
frequent postoperative complications (12%) including:
persistent pulmonary air leaks lasting 5-7 days (5-7% of
patients), surgical site infections (1.4-6.7%), pneumonia
(2.4-8.0%), necessity to reoperate due to bleeding (1-2%),
shoulder pain on the operated side (1.9%) [6].

In patients treated with VATS, the rate of these compli-
cations is markedly lower at 8% [7].

Procedures to open the chest without transecting the
muscles are most often performed using an axillary ap-
proach or a mini approach (anterior, lateral, or posterior).
They can be performed using a skin incision that does
not exceed 5-6 cm in length [8]. The rate of recurrence
after mini-thoracotomy is around 1%, while after VATS it
varies from 2% to 14%. This has been attributed to the
smaller inflammatory reaction in the pleural cavity after
VATS in comparison to open thoracotomy and the possi-
bility of overlooking minute blebs and air leaks when per-
forming VATS [9]. Therefore, the prevalent opinion is that
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thoracotomy with its low PSP recurrence rate should be
reserved for patients exposed to high variation of atmo-
spheric pressure and holding high-risk occupations: scuba
divers, plane crew members, caisson workers, and large
truck drivers [10].

Video-assisted thoracoscopic surgery

The discovery of optical fibers using so-called cold light
resulted in the development of minimally invasive treat-
ment methods such as video-assisted surgery. The first vid-
eothoracoscopy for recurrent PSP was performed by Levi
et al. in 1990 [11]. In Poland, the first videothoracoscopic
procedure for diagnostic purposes was performed in 1992
by Professor Jabtonka from Lublin [12].

Since that time, VATS has become the standard of care
for most thoracic conditions. The VATS technique is cur-
rently considered the gold standard of PSP treatment; its
primary aim is to close pulmonary leaks and prevent pneu-
mothorax from recurring. According to the British Thoracic
Society (BTS) and American College of Chest Physicians
(ACCP), VATS is recommended if pneumothorax recurs or
if the basic treatment methods (puncture/drainage) fail
to stop the air leak between the 4th and 7th day from the
start of treatment [13, 14]. During VATS, the pleural lesions
should be evaluated according to the following proposed
scale: | — normal visceral pleura, Il — singular pleural ad-
hesions, Ill — blebs and/or emphysematous bullae < 2 cm,
IV — emphysema like changes > 2 cm [15].

The prevailing view is that, because of the high rate of
recurrence in patients with stage IV PSP, VATS should be
supplemented with chemical pleurodesis to prevent recur-
rence in such patients [16].

Typically, the VATS procedure involves:

—marginal bleb excision using a stapler in order to close
potential air leaks. It has been demonstrated that the
number of blebs found during thoracoscopy significantly
influences the rate of PSP recurrence after this type of
treatment. When the number of blebs is 0-2, the rate of
recurrence is significantly lower than that associated with
the presence of more than 3 blebs [9];

—inducing adhesions between the visceral and parietal
pleurae. Researchers believe that the adhesions pre-
vent PSP recurrence. A number of techniques are used
to induce adhesions: chemical methods — intrapleural
administration of 2—4 g of talc is one of the most com-
mon methods used in centers in Europe and English-
speaking countries. The combination of VATS and talc
pleurodesis is a very good and widely recommended
method of PSP treatment (recurrence rate: 3-7%). Its ef-
fectiveness is comparable with mechanical pleurodesis
[17]. In recent years, the administration of tetracyclines
(especially minocycline dosed at 7 mg/kg b.w.) has been
recommended as an alternative to talc. Randomized
prospective studies reported pneumothorax recurrence
only in approximately 2% of patients. Therefore, minocy-
cline and/or tetracyclines are recommended as the first
line agents for chemical pleurodesis [18]. In turn, a ran-
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domized prospective study by Alayouty et al. compared
thoracoscopic bleb excision and minocycline pleurode-
sis with pleural abrasion alone, demonstrating that
there were no cases of recurrence in the minocycline
group, while the rate of recurrence in the abrasion group
was 5% [19]. Similar treatment results were presented
by Chen et al; in their study, the rate of recurrence in
the minocycline group was 1.9%, while in the abrasion
group it was 8.1% [9].

Mechanical methods

Apical pleural abrasion is performed in order to induce
pleural adhesions preventing PSP recurrence. Shaikhrezai
et al. reported that combining this procedure with bleb ex-
cision yields similar results to total parietal pleurectomy.
They believe that this method should be the first choice in
younger patients, preceding more aggressive interventions
such as total parietal pleurectomy. According to some au-
thors, despite its popularity, total pleurectomy increases the
duration and cost of surgery and is associated with more
postoperative bleeding and more frequent need for reop-
eration while offering long-term outcomes that are similar
to those achieved with abrasion. It has been demonstrated
that hematomas are observed in 7.4% of patients after api-
cal pleurectomy and in no more than 0.9% of patients after
abrasion. The mean rate of PSP recurrence after abrasion
is acceptable, ranging from 0% to 7.9% in various reports
[14, 20].

Parietal pleurectomy — at present, VATS combined with
parietal pleurectomy is one of the most frequently recom-
mended methods of treating patients with recurrent PSP
in whom minimally invasive treatment (puncture and/or
drainage) was unsuccessful. The extent of parietal pleu-
rectomy varies: partial excision involves the area from the
apex of the lung to the 6™ intercostal space, while total
excision extends down to the diaphragm. A small number
of surgeons also excise the diaphragmatic pleura, although
this method is not widely approved [21].

According to the BTS guidelines, PSP recurrence pre-
vention with VATS should be supplemented with surgi-
cal pleurodesis methods, which are more effective than
the chemical methods in inducing pleural adhesions [13].
Pleural abrasion is considered to be associated with higher
rates of pneumothorax recurrence than parietal pleurec-
tomy [22].

It should be mentioned at this point that other authors
believe that the effectiveness of mechanical pleurodesis
and talc pleurodesis in preventing PSP recurrence is com-
parable [17].

Meanwhile, the results of a large meta-analysis encom-
passing 542 articles from the years 1948-2011 unequivocally
demonstrated the primacy of talc pleurodesis over mechani-
cal pleurodesis in preventing pneumothorax recurrence. The
rate of recurrence after talc pleurodesis was 1.79%; it was
clearly higher after mechanical pleurodesis, at 9.15% [23].

Not all authors share this view. Chen et al believe
that parietal pleural abrasion combined with minocycline
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Tab. I. Comparison of the effectiveness of different PSP treatment methods

Treatment
success (%)

Treatment method

recurrence (%)

PSP Mean length of

hospitalization

Complications

25,26 Conservative treatment 8-100 22-50 672 h
25, 26 Pleural puncture 50-83 16.5-52 672 h
1% Internal organ injury, bleeding,
27,28 Intercostal drainage 66-97 13-29 3-7 days reexpansion pulmonary edema,
pleural empyema
3,29 Drainage (< 8 F) + Heimlich valve 79.2-86.0 12-15.8 6-72 h 3.30%
18,27 Drainage (< 8 F) + c.hemlcal pleurodesis + 91-95 19-38 6-72 h Chronic pain
Heimlich valve
- o,
2,31 VATS with bleb excision + pleural abrasion 96.4 14-7.9 2-6 days 0-0.9% Pleural hematoma,
pneumonia
20,24 VATS with bleb excision + chemical 98.9 0-04 3 days _
pleurodesis
20,32 VATS + partial pleurectomy extending 97.5 0-38 3-6.5 days Pleural hematoma 3.8-7.4%
to the 6" intercostal space
Minithoracotomy + mechanical Larger blood loss, wound infection
8,12 y 98.9-100 1.0 5.0-9.0 1.4-6.7%, chronic shoulder pain

pleurectomy

1.9%, pleural empyema

pleurodesis is more effective in preventing PSP recurrence
than apical pleurectomy [24] (Tab. I) [25-32].

So far, no unequivocal answer has been provided to the
question of which method (pleural abrasion, abrasion with
chemical pleurodesis, apical pleurectomy, total pleurecto-
my) is the most recommended for preventing PSP recur-
rence after VATS [24].

One of the challenges of PSP treatment is the presence
of a persistent air leak (PAL). This is believed to be the most
common complication in patients undergoing pulmonary
tissue resection; it prolongs hospitalization and thus gen-
erates higher treatment costs. The phenomenon is also
known by its less common name — alveolar-pleural fistula.
A persistent pulmonary air leak is defined as the perma-
nent presence of non-absorbed air in the pleural cavity.
Persistent air leaks abate between the 4th and the 14t day
after pulmonary parenchymal resection [33].

A PAL persisting for the first 3 days after treatment is
a relatively common phenomenon that usually abates on
its own. Persistent air leaks were noted in 15-25% of pa-
tients undergoing drainage and most often lasted over
5 days [34].

O’Rourke and Yee and the BTS state that surgical inter-
vention should be considered if a PAL persists for 5 days or
more after PSP treatment with drainage [13, 35]. Early sur-
gical intervention (on the 3" day) also has its proponents
who claim that it is associated with very low rates of mor-
tality and pneumothorax recurrence [36]. In a retrospective
report published in 2013, How et al. demonstrated that
a PAL occurring after VATS can be stopped by performing
pleurodesis using minocycline and/or a preparation called
0K-432 [37].

In the case of small postoperative PALs present within
48 h after the procedure, suction drainage (suction force up
to 20 cm H,0) is applied and then replaced with underwa-
ter drainage without suction. That is because it was noted
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that replacing suction drainage with underwater drainage
as early as on the 15t day (in over half the patients) or the
2" day (in over 75% of patients) causes the PAL to abate.
However, if pneumothorax persists in the pleura, suction
should be continued, with its force decreased to 10 cm H,0.
Chee et al. demonstrated that, in almost all patients treat-
ed in this manner, PALs abate after approximately 14 days
of treatment [13, 38].

Primary spontaneous pneumothorax
concomitant with other health conditions

AIDS

The prevalence of PSP in patients infected with HIV is
estimated at 2-7%. In the group of patients with AIDS (the
final stage of HIV infection), pneumothorax occurrence is
noted in 1 in 4 patients. Over 40% of this patient group
suffers from bilateral pneumothorax. Treatment for these
patients does not differ from the universal management
methods. Conservative management (observation and/or
puncture) is associated with long hospitalization. Recurring
pneumothorax treated with surgical methods (drainage,
drainage with chemical pleurodesis, drainage with a Heim-
lich valve, VATS with pleurectomy, and thoracotomy) is as-
sociated with high rates of recurrence in the range 11-65%.
The total mortality rate is high and is approximately 34%
due to the underlying condition [39].

Pregnancy

Primary spontaneous pneumothorax concomitant with
pregnancy is a significant therapeutic challenge. Conserva-
tive management is recommended for such cases. If the
mother does not experience dyspnea, the fetus is also
considered not to suffer from lack of oxygen. When no
ventilatory disorders are found in the mother, small pneu-
mothoraces (< 2 cm) can only be observed. In the case of
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larger pneumothoraces and symptoms of respiratory fail-
ure in the mother, pleural puncture can be performed. If the
lung does not expand after the puncture, the next step is
to perform drainage with a small-bore catheter. Generally,
VATS should be considered a treatment of choice only after
the child is born, even though there are publications report-
ing the performance of VATS in carefully selected cases of
pregnant women. The procedure is recommended to be
performed under regional anesthesia [7, 40].

New diagnostic and treatment methods

When discussing new methods of PSP diagnosis, it is im-
possible not to mention the method widely propagated by
Noppen et al; in accordance with their theory that visceral
pleural porosity is the cause of approximately 20% of pneu-
mothorax recurrences, the researchers proposed a new di-
agnostic method known as fluorescein-enhanced autofluo-
rescence thoracoscopy (FEAT). In short, it is performed in the
following manner: 10-30 min before thoracoscopy, the pa-
tient inhales an aerosolized 10% fluorescein solution. Sub-
sequently, white light thoracoscopy is performed in order to
identify suspected lesions under the visceral pleura. Next,
a DAFE autofluorescence system (manufactured by Wolf)
emitting violet-blue light (wavelength from 390 to 460 nm)
is used to induce tissue fluorescence. Normal tissues “glow”
with a blue light, while hypodense lesions in the pulmonary
tissue emit yellow-green color [41].

Another method for visualizing suspected site leaks is
infrared thoracoscopy. The patient undergoes white-light

thoracoscopy in order to detect blebs and suspected ELCs.
Subsequently, indocyanine green (dosed at 3 mg/kg b.w.)
is administered intravenously, and the thoracoscopic cam-
era is replaced with an infrared-emitting Lumina Vision
camera. In infrared, normal lung tissue (with normal blood
flow) glows blue, while areas with reduced blood flow glow
white [42].

Both methods are considered to allow the surgeon to
precisely locate the site of a potential air leak and repair it.

In 2014, Andreetti et al. presented the outcomes of so-
called thoracoscopic water pleurectomy in patients with
PSP recurrence. The procedure, conducted under visual
track control, consists in separating the parietal pleura from
the endothoracic fascia in the area extending from the 2"d
to the 7th/8th rib using a 0.9% NaCl solution administered
under the parietal pleura with a needle syringe. The tech-
nique is simple enough to perform it using a single 2-cm
approach. The abovementioned authors demonstrated that
the time associated with this procedure was clearly shorter
than that associated with VATS combined with mechani-
cal pleurodesis (respectively: 28 vs. 45 min). No differences
were observed in drainage duration, but its volume was
reduced from 380 ml to 180 ml. During a 2-year follow-up,
one case (1.7%) of PSP recurrence was noted in the group
treated with water pleurodesis [43].

New “old” techniques for PSP treatment

Here, we present two large international studies. The
first is an Australian project called ACTRN12611000184976.

PSP suspicion

—

< 20% lung collapse minimal clinical symptoms

v

Oxygen breathing observation

v v

No pneumothorax progression

discharge from the ER after 12 h and clinical symptoms

Chemical pleurodesis (min

- — — —

\
-

Progression of pneumothorax

I

> 20% lung collapse clinical symptoms +

v

Puncture and/or drainage (8 F) + water or Heimlich valve
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T
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Fig. 1. The proposed management scheme for PSP patients

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (4)

331



Is it possible to standardize the treatment of primary spontaneous pneumothorax? Part 2: surgical methods of treatment

This trial included patients with stable and large PSP who
were managed conservatively (in-hospital observation
only). It demonstrated that the proposed method is safe,
and its use around the world should be increased [25].

The other project comes from the United Kingdom. It
is being conducted under the auspices of the UK National
Institute for Health Research (grant no. PB-PG-0213-30098).
At present, PSP patients are being recruited for treatment
with Heimlich valve drainage. The aim of the study is to
identify the patients in whom the treatment method is
associated with the greatest benefits and biggest cost re-
duction [25]. It has been shown that the treatment cost in
this patient group is considerable: the Heimlich valve drain
alone costs approximately €107, and the cost of hospital
stay (including food and medication) ranges from €1194 to
€2710 per day. According to the presented calculations, the
total cost of treatment including Heimlich valve drainage
and 4 days of hospital stay amounts to €4700 [18].

To compare, the cost of 5 days of PSP treatment in
Poland is estimated at €1495 per patient, while 7 days of
treatment cost €1925 [44].

We are aware that not all that is known on the subject
of PSP has been presented in these reports. Many of the
discussed findings may be controversial as surgical treat-
ment for PSP involves treating the symptoms of the disease
and not its causes. We hope that the next years will bring
new facts and observations that will enable a more precise
selection of optimal treatment methods for this not-so-rare
condition. Therefore, based on the analysis of the present-
ed literature and the 50 years of our clinic’s experience, we
propose the following algorithm for the treatment of PSP
We hope that many of our fellow thoracic surgeons who
treat PSP will refine it with their own modifications for the
benefit of the patients (Fig. 1).
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