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Spontaneous pneumothorax in women. Team approach 
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The objective: to implement the non-intubated treatment of pneumothorax in women and its inclusion in the protocol of 
Enhanced Recovery After Surgery (ERAS).
Materials and methods. Surgical treatment using non-intubated video-assisted thoracic surgery (NIVATS) in 30 women 
with an average age of 38.56 ± 11.32 years (18–69 years) with spontaneous pneumothorax was analyzed. Most of the 
patients had a first episode of pneumothorax (90%), 3 people had a recurrent episode.
All patients were operated by the method of non-intubated uniportal video-assisted thoracic surgery (NI-UVATS) with 
thoracic epidural anesthesia (TEA) as the main method of analgesia in the postoperative period. The average time to 
surgery was 1.5 days (0–5 days).
Pathohistological studies confirmed the etiology of pneumothorax: bullous disease, thoracic endometriosis. Patients with 
confirmed thoracic endometriosis were referred to a gynecologist for consultation. The observation period was 48 months.
Results. All patients underwent operative treatment and were satisfied with the NIVATS operation. The level of pain 
intensity according to the visual analogue scale was 1–2 points. The recurrence rate after NI-VATS surgery was 6.7% (2 
patients) with confirmed thoracic endometriosis during the use of combined estrogen and progesterone hormone pills, 
the recurrences occurred after stop of hormonal treatment.
Conclusions. Non-intubated video-assisted thoracic surgery for spontaneous pneumothorax in women can be considered 
a safe and effective treatment and as part of enhanced recovery after surgery (ERAS). Long-term follow-up and further 
clinical studies are needed to confirm the benefits of the proposed approach.
Keywords: catamenial pneumothorax, diaphragmatic endometriosis, spontaneous pneumothorax, non-intubated video-assisted 
thoracic surgery, video-assisted thoracoscopic surgery, enhanced recovery after surgery.

Спонтанний пневмоторакс у жінок. Командний підхід торакальних хірургів та гінекологів
В. В. Ткаліч, Ю. В. Неділя, В. І. Борисова, О. В. Галієв, С. І. Саволюк

Мета дослідження: впровадження неінтубованого лікування пневмотораксу у жінок і включення його до протоколу 
прискореного відновлення після операції (Enhanced Recovery After Surgery − ERAS).
Матеріали та методи. Проаналізовано хірургічне лікування за допомогою неінтубованої відеоасистованої торакальної 
хірургії (non-intubated video-assisted thoracic surgery − NIVATS) у 30 жінок середнього віку 38,56 ± 11,32 року (18−69 років) 
зі спонтанним пневмотораксом. У більшості з них був перший епізод пневмотораксу (90%), у 3 осіб − рецидивний.
Усі пацієнтки були прооперовані методом неінтубованої однопортової відеоасистованої торакальної хірургії (non-
intubated uniportal video-assisted thoracic surgery  − NI-UVATS) з торакальною епідуральною анестезією (ТЕА) як 
основним методом знеболювання у післяопераційний період. Середній час до операції становив 1,5 доби (0−5 днів).
Патогістологічними дослідженнями підтверджена етіологія пневмотораксу: бульозна хвороба, торакальний ендоме-
тріоз. Пацієнтки з підтвердженим торакальним ендометріозом направлені на консультацію до гінеколога. Термін спо-
стереження становив 48 міс.
Результати. Усі пацієнтки пройшли оперативне лікування та залишилися задоволені операцією NIVATS. Інтенсив-
ність болю за візуальною аналоговою шкалою становила 1−2 бали. Частота рецидивів після операції NIVATS становила 
6,7% (2 пацієнтки) з підтвердженим торакальним ендометріозом під час використання комбінованих естроген- та про-
гестеронгормональних таблеток, після припинення вживання яких у них виник рецидив.
Висновки. Неінтубовану відеоасистовану торакальну хірургію спонтанного пневмотораксу у жінок можна вважати 
безпечним та ефективним методом лікування та як частину прискореного відновлення після операції (ERAS). Для 
підтвердження переваг запропонованого підходу необхідні тривале спостереження та подальші клінічні дослідження.
Ключові слова: катаменіальний пневмоторакс, ендометріоз діафрагми, спонтанний пневмоторакс, неінтубована відео-
асистована торакальна хірургія, відеоасистована торакоскопічна хірургія, прискорене відновлення після операції.

Spontaneous pneumothorax in women is a rare condition 
and accounts 1,2–6/100 000 per year  [1]. The history 

of treatment of pneumothorax started from conservative 
treatment (observation), needle aspiration and thoracic 
drain. After failure of these methods surgery in the way 
of thoracotomy was established. The era of modern tech-
nology switched open thoracic procedures to less invasive 

Video Assisted Thoracic Surgery (VATS) and progress and 
deep understanding of anesthesia gave the possibility to do 
VATS procedures in non-intubated manner (NIVATS).

The objective: of our study was to implement non-
intubated treatment of pneumothorax in women and 
to make it a part of Enhanced Recovery After Surgery 
(ERAS) protocol.
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MATERIALS AND METHODS
This is a retrospective study which was done in Kyiv 

City Hospital № 17, polytrauma department from a period 
of 2017–2023 years. 30 women with spontaneous pneumo-
thorax were included in this study.

The inclusion criteria were: age > 18 years , incidence 
of spontaneous pneumothorax (1st episode or recurrence).

The study was performed according to all bioethical 
norms and written consent was obtained from patient. 

There is no conflict of interest and financial support in 
our study.

The diagnosis of pneumothorax was confirmed on chest 
X-ray (CXR) after admission or computer tomography 
(CT) if it was done in another hospital. Un patients with 
the urgent need for chest decompression thoracoscopy was 
performed under local anesthesia with the aim to examine 
the lung and diaphragm surfaces. Before the operation chest 
and abdomen CT and only necessary blood tests (Hb, blood 
type and Rh-factor, coagulation tests) were performed. 

Thoracoscopy was performed under local anesthesia in 
medial axillary line in th 4–5th intercostal. Thoracoscopic 
findings: the degree of lung collapse of the initial volume 
was investigated and was 1/3 to 1/2, in 15 cases small apical 
blebs and in 10 cases brown spots on tendinous part of the 
diaphragm suspicious for endometriosis, in 2 cases pleural 
adhesions were found.

All patients were examined by an anesthesiologist before 
surgery. Anesthetic risk of surgery (ASA status of patients 
was I–II), Mallampati score was I, body mass index (BMI) 
less then 20 kg/m2 and physical status were checked. An-
esthetic protocol was explained to the participants before 
surgical procedure and the informed consent was obtained.

Demographic and clinical patient characteristics: 
age 38.56  ±  11.32 years, weight 56.2  ±  9.3  kg, BMI 

20.01 ± 2.39 kg/m2, Mallampati score I – 93,4%, II – 6.6%, 
ASA anesthetic risk for surgery I – 90%, II – 10% (Table).

The indications for surgery were 1st episode of sponta-
neous pneumothorax in 27 patients (90%), the recurrence 
of pneumothorax in 3 patients (10%).

Surgical technique 
All patients were operated on the lateral decubitus posi-

tion, with gel positioners and use of forced air warming system 
(3M, Bair Hugger) during the whole perioperative period us-
ing a combination of intravenous anesthesia with spontaneous 
ventilation and thoracic epidural anesthesia (TEA). A unipor-
tal approach in the 4–5th intercostal space was applied, wound 
protector SurgiSleeve XS (Covidien, USA) was inserted. Af-
ter that a Hopkins II 10 mm 30 degree (Storz) thoracoscope 
was put in the wound and chest cavity was examined: thoracic 
wall, diaphragm, mediastinum and lung. 

Wedge resection of small apical blebs or bullectomy was 
done with Endo GIA universal stapler (Covidien, USA) 
with Tri-Staple purple loading units. Resection of fenestra-
tions or pores on the surface of diaphragm, its the tendinous 
part was done, and sewn with 2–0 Prolene and central ten-
dinous part of the diaphragm was augmented with Prolene 
mesh. Mechanical pleurodesis was performed with tip 
cleaner from the apex to the diaphragm. Hemostasis and air 
leak were checked at the end of operation, wound protector 
was removed and18 Fr chest tube (Balton, Poland) was in-
troduced under direct visual control through the same inci-
sion under direct camera visualization. We didn’t observe 
any surgical complications.

Administration of anesthesia
Non-intubated thoracoscopic surgeries anesthetic pro-

tocol was performed with TEA and intravenous addition of 
drugs (dexmedetomidine, propofol and fentanyl).

In the operating room after intravenous rehydration 
with Sterofundin (B-Braun) TEA was performed in the 
sitting position at the level of T5 – T6 interspace. Sponta-
neous breathing was preserving with the speed (6–8 ml/h) 
of bupivacaine hydrochloride 0,25% continuous infusion. 
T2–T10 level of anesthesia was achieved. Lateral decubitus 
positioning of the patient for surgery was the next step. 

Anesthesia monitoring included non-invasive blood 
pressure measurement, pulse oximetry, measurement of 
respiratory rate, electrocardiogram, BIS (bispectral index), 
and capnography (the detector was attached to the oxygen 
mask) During the surgery, oxygen supply (FiO2 0,4–0,5 
and oxygen flow 7–10 L/min ) was maintained through a 
non-rebreathing mask.

The patients didn’t have a premedication before the op-
eration. But, in 1 case intravenous injection of Midazolam 
5 mg was used to eliminate anxiety and discomfort of the 
patient. Sterile prepping and draping of the site of surgery 
were done. Additional local anesthesia with 0,25% bupiv-
acaine hydrochloride 20 ml of the sites of surgical incisions 
was performed.

The induction dose of dexmedetomidine 1  µg/kg was 
started for 20 minutes after lateral decubitus positioning of 
the patient, with further infusion 0,7 µg/kg/h and stopped 
at the end of pleural abrasion. The depth of anesthesia was 
under BIS monitor control at the range 40–60 and was 

Variable Data

Surgical duration (min) 79.7 ± 32.3

Peak EtCO2 during operation (mmHg) 49.85 ± 3.69

Peak EtCO2 after operation (mmHg) 35.94 ± 1.35

Lowest SpO2 during operation (%) 94.1 ± 1.20

Lowest SpO2 after operation (%) 98.1 ± 1.7

Conversion to thoracotomy (%) 0 (0%)

Total blood loss (ml) 13.0 ± 12.3

Intraoperative mean arterial pressure 
(mm Hg)

83.7 ± 21.3

Volume of fluid administration (ml/kg/h) 17.6 ± 7. 3

Postoperative pain, visual analogue scale 
(VAS) scale (0–10 points )

1.8 ± 0.7

Time to the 1st meal after surgery (hours) 0,5–1

Admission time of patients to normal 
activity (hours)

2–3

Chest drainage (days) 3.56 ± 0.27

Complications

Air leak > 5 days 2/30 (6.7%)

Recurrence rate of pneumothorax 2 (6.7%)

Mortality 0 (0 %)

Follow-up period (months) 48.2 ± 3.9

Surgical and anesthetic results: are presented (n = 30)
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maintained with fentanyl and propofol continuously in-
fusion at the rate 2 ± 0,8 µg/kg/h and 3,5 ± 1,1 mg/kg/h 
respectively. The systolic blood pressure and mean arterial 
pressure were and 108,8 ± 28,9 mm Hg and 79,7 ± 21,4 mm 
Hg respectively. Normal capnography parameters and ad-
equate oxygen saturation were observed.

Intraoperatively to reduce coughing area of phrenic and 
vagus nerves, surface of the lung was sprayed with 20 ml of 
0,25% bupivacaine hydrochloride. 

After surgery, the patients didn’t require stay in ICU 
(intensive care unit) and with adequate breathing, in con-
scious and fully awake and were returned directly to the 
initial department. The pain intensity in postoperative pe-
riod was assessed according to VAS (1–10 points) and was 
0–1 score. Postoperative pain management was obtained 
with Dexketoprofen 50 mg on demand of day and continu-
ous TEA. We didn’t observe any anesthesia complications.

Postoperative period
3.4 ± 1,85 days was the median time of chest drain stay. 

Lung expansion was confirmed on CXR and chest drain 
was removed. After chest drain removal the epidural cath-
eter was took off. 

1 patient have a prolonged air leak for a period of 6 days.
The patients were discharged on the next day for ab-

bulatory treatment.
After discharge we restrict patients for physical activity 

and flight for a period of 1 month. In the future their child-
birth could be in physiological delivery. C-section is done 
only for obstetric reasons. 

RESULTS AND DISCUSSION
Among 30 patients 27 had a 1st episode of pneumotho-

rax, 3 patients had a recurrence episode: 2 patients had 2nd 

episode, 1 patient – 4th episode. 3 patients with recurrence 
had their episodes of pneumothorax treated not in our 
department and all were. All patients undergone surgical 
treatment and were satisfied NI-uVATS surgery. Accord-
ing to the time frames of catamenial pneumothorax (CP) 
(7 days before and after mensis) 15 patients had a CP. After 
pathohistological and immunohistochemical examination 
8 patients had catamenial not endometriosis-related pneu-
mothorax (bullous lung disease pathologically confirmed), 
7 patients had catamenial endometriosis-related. All pa-
tients with confirmed diagnosis of thoracic endometriosis 
had a consultation of gynecologist. Before thoracic surgery 
any woman doesn’t have a diagnosis or treatment of endo-
metriosis. Abdominal ultrasound was done and revealed 
foci of suspicious for endometriosis in 2 patients in pelvis. 
In 3 patients systemic oral progestogen pills Dienogest 
(Visanne®) were prescribed, another 4 had an observa-
tion without any pills. No patients were prescribed the 2nd 
line hormonal therapy of Gonadotropin Releasin Hormone 
(GnRH) analogues. MRI of the thoracic abdominal cavity 
and pelvis was done in 2 patients. MRI showed endometrial 
cysts in 2 patients with confirmed thoracic endometriosis

Another 15 patients had a pathohistological confirma-
tion of bullous lung disease.

The observation period was 48 months. The recurrence 
rate after NI-UVATS surgery was 6.7% – 2 patients with 
confirmed thoracic endometriosis on Dienogest pills, after 

stopping of them 6 months after treatment, had a recur-
rence. 

For a long time it was only British Thoracic Society 
guidelines for treatment of spontaneous pneumothorax 
(2010, 2018, 2023 years) [2]. According to these guidelines 
the indications for surgery were tension pneumothorax, 
second ipsilateral pneumothorax, first contralateral pneu-
mothorax, synchronous bilateral pneumothorax, persistent 
air leak, professions at risk, pregnancy. 

In the whole word each hospital try to establish proto-
cols/program to minimize LOS (length of stay), ICU time, 
and to give patients more satisfaction from his surgical jour-
ney. 

In 1994 R.M. Engelman proposed a concept of fast-
track surgery, which was later followed by H. Kehlet (1995, 
1999) and Enhanced Recovery After Surgery (ERAS) pro-
ject was initiated in 2000 [3]. Nowadays almost every sur-
gical specialty is working on establishing ERAS protocols 
in their field (Thoracic 2019, Obstetrics and Gynecology 
2018, 2019, 2023) [4, 5]. 

Fast track concept in time of treatment of spontane-
ous pneumothorax was proposed in 2003 year in articles of 
Chou, S. H. [6] and Margolis, M. [7], who performed sur-
gery for spontaneous pneumothorax within 12 h after ad-
mission and on the next day.

ERAS guidelines propose evidence-based medical 
knowledge and combine multimodal approach with the aim 
of giving high quality medical care.

According to ERAS guidelines most of the recommen-
dations were accepted and adopted. In preoperative period 
patients had all information about their surgery, anesthe-
sia technique, goals of surgery and estimated LOS. All this 
information increase patient satisfaction, decrease anxiety 
and misunderstanding, friends and relatives were included 
in recovery process.

Patients, who’s condition was not critical for performing 
tube thoracostomy/thoracoscopy just now, where informed 
about the possibility to do a radical surgical intervention 
without thoracoscopy before this day or on the next.

Anesthesiology check: ASA -status, explain to patient 
the anesthesia protocol of non intubated technique (BIS 
monitor control), TEA its role and necessity. The last meal 
was allowed 6h and drink 2h before the time of surgery. 

In females the causes of spontaneous pneumothorax 
are thoracic endometriosis, bullous lung disease and lym-
phangioleiomyomatosis. The combination of thoracic endo-
metriosis with bullous lung disease was revealed in 5 cases 
in our study.

The prevalence of the endometriosis in the world popu-
lation reaches 11 %, extragenital forms accounts for 12% of 
them have. Thoracic endometriosis is one of the extrageni-
tal form of endometriosis and it can be an independent dis-
ease in thoracic cavity. Thoracic endometriosis syndrome 
(TES) is a clinical manifestation of endometrial tissue 
growth inside or near the lung [8]. TES includes: catame-
nial pneumothorax, catamenial haemothorax, catamenial 
haemoptisis, catamenial chest pain, pulmonary nodules. 

The diagnosis of TES in 2/3 of patients is based on clin-
ic and pathohistological examination. The diagnosis of CP 
is based on the anamnesis of menses, while endometrial or 
not – on pathohistological examination [9]. 
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The time frames of CP vary from 24 hours before men-
struations until 72 hours after their beginning, and up to 
7 days before and after mensis according to the literature.

The peak of pelvic endometriosis is found at period of 
24-29 years, thoracic endometriosis – 5 years later [10]. CP 
can occur in right, left and both sides [11].

Recurrence following spontaneous pneumothorax is a 
frequent concern and overall occurs in 32% of patients after 
a single episode.

18.9±27.0 months is the mean interval time for diagno-
sis of thoracic endometriosis after the 1st episode of pneu-
mothorax. The 1st episode of pneumothorax according to 
the British Thoracic Surgery Guideline for pleural disease 
(2023) the 1st episode of pneumothorax is treated conserva-
tively observation or chest drain. In our practice thoracos-
copy under local anaesthesia was established and perform in 
the 1st episode of pneumothorax with the aim to investigate 
possible changes in pleural cavity (chest wall, diaphragm, 
lung). There is no definitive way of CP treatment: surgical, 
hormonal or combined treatment.

The recurrence rate after surgical treatment of CP is 
8–40% in 4 years, after hormonal treatment – 60% in 1 
year. Some authors suppose that combination of surgical 
and hormonal treatment may have better results [12].

Nowadays the approaches and time of surgical interven-
tion of diaphragm endometriosis treatment remains contro-
versial?

The approaches are becoming less invasive: uniportal 
VATS has changed open thoracotomy approach in major-
ity of cases. The debates about the time of surgery supposed 
that surgical treatment during mensis is feasible and of en-
hance visualization of endometriotic lesions [13].

During surgery of CP diaphragmatic lesions could be 
found in 38,6%, visceral pleura endometriosis – in 29,6%, 
bullae – in 23.1% and no pathology – in 8.5% of cases [14].

One lung ventilation (OLV) is a gold standart for al-
most all thoracic surgeries but the interest to alternative 
methods of anaesthesia is constantly growing. 

A minimally invasive surgical approach was demon-
strated to be superior in shortening the length of stay in 
hospital, less postoperative pain, improving postoperative 
lung function and reducing overall morbidities and mortali-
ties after surgery [2].

In the early 2000s, the Awake Thoracic Surgery Re-
search Group at the University of Tor Vergata in Rome 
started the investigation and implementation of thoracic 
surgery under spontaneous ventilation without general an-
aesthesia. Since that date over 5,000 operations have been 
successfully carried out around the world [15]. Strict sur-
gical and anaesthesiological non-intubated VATS indica-
tions and contraindications were developed during inves-
tigation period.

Over the last 20 years a lot of thoracic surgeries were 
performed in the non-intubated VATS technique and 
showed safety in comparison to standard intubated VATS. 
Non intubated anesthesia eliminated adverse effects of 
intubated anesthesia: intubation-associated respiratory 
trauma, ventilation-induced lung injury, residual neuro-
muscular blockade, and postoperative nausea and vomiting 
[16–18]. H. Knoll et al. found that 44% of patients after us-
ing double lumen tubes has complained on hoarseness after 

surgery [19].
Spontaneous breathing, sedation and adequate anal-

gesia can be maintained with the combination of TEA and 
intravenous anesthesia. The prevention of respiratory de-
pression and ventilation disorders can be reduced with the 
add of dexmedetomidine to the propofol and fentanyl anes-
thesia strategy.

All pathological specimens should undergo immuno-
histochemical examination; CD 10 markers, progesterone 
and estrogen receptors for endometriosis confirmation and 
HMB 45 or lymphangioleiomyomatosis [20].

Computer tomography and MRI are useful diagnostic 
tools for many surgical and therapeutic pathologies. CT is 
the first diagnostic modality in the investigation of pneu-
mothorax in women. It’s poorly specific but it can rule out 
other diagnoses and map the indications for surgery if nec-
essary. CT findings can be haemothorax, haemopneumo-
thorax, diaphragm herniation, nodules (endometrial) on 
the diaphragm, pneumoperitoneum  [21]. In combination 
with history of disease CT findings could be suspicious for 
thoracic endometriosis syndrome diagnosis. MRI for dia-
phragm endometriosis diagnosis has a sensitivity 78–83% 
among 23 women who were studied and has no value if 
there are only pores (fenestres) in the diaphragm [22]. 

Hormonal treatment varies and is controversial till 
nowadays among gynecologists [23].

Evidence based studies of thoracic endometriosis surgi-
cal treatment are controvercial. In the works of A. C. Leong 
et al. (2006) [23], S. Attaran et al. (2013) [24], S. M. Hwang 
et al. (2015) [25], after surgical treatment alone had a re-
currence rate in 100% of cases. P. Ciriaco et al. (2009) [26], 
in surgical treatment + oestrogen–progesterone therapy 
had a recurrence rate 100%. S. Attaran et al. (2013) [24], 
S.  M.  Hwang et al. (2015)  [25] in surgical treatment + 
GnRH therapy for 6 months had a 0% recurrence rate. 
D. Subotic et al. (2016) [27] after surgical treatment alone 
had a recurrence rate in 100% of cases. All series had a small 
amount of patients from 4 to 10 patients [24–28].

In one of the last review of M. Tang et al. which com-
pare the  eficacy of  dienogest and  GnRH-a after  endome-
triosis surgery there were no differrencies, but dienogest is 
better in postoperative recurrence [29]. Some studies pro-
pose combined hormonal treatment of genital endometrio-
sis with oral contraceptive pills and GnRH therapy [30].

Prolonged follow-up and further clinical investigations 
are required to choose the optimal hormonal treatment af-
ter thoracic surgery of catamenial pneumothorax. 

CONCLUSIONS
1. NIVATS technique can be a part of ERAS (Enhanced 

Recovery After Surgery) in thoracic surgery in the treat-
ment of primary spontaneous pneumothorax in women 
in addition to early mobilization (2 hours after surgery), 
less pain (TEA and multimodal analgesia, VAS 1.8  ±  0.7 
points), lower recurrence rates of pneumothorax (6,7%).

2. Multidisciplinary approach: thoracic surgeons, gy-
necologist, radiologist, pathologist is more favorable for 
better results.

Conflicts of interest: authors have no conflict of inter-
est to declare.
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