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Abstract. Spontaneous pneumothorax: intubated or non-intubated surgery? Tkalich V.V., Nedilia Yu.V., 
Borysova V.I., Galiiev O.V., Savoliuk S.I. The aim of our clinical study was to justify and implement non-intubated 
video assisted thoracic surgery as a part of enhanced recovery after surgery pathway in treatment of spontaneous 
pneumothorax. Data of 150 patients who underwent surgical treatment were  retrospectively analyzed. Among them 
group 1 of 75 patients underwent video-assisted thoracoscopic surgery (VATS) and group 2 of 75 patients underwent 
non-intubated VATS surgical treatment. All patients underwent atypical resection of the lung and pleural abrasion, 
diaphragm augmentation with mesh if diaphragm endometriosis was suspected. The perioperative data, short-term 
outcomes and recurrence rates of these two groups were compared. The two groups had comparable demographic, 
perioperative investigations, fluid infusions during surgery, the volume of surgery intraoperatively, blood loss, time for 
chest drain removal, length of stay in the hospital and the rate of complications. There were no conversions to 
thoracotomy or intubated general anaesthesia, no mortality. The peak end-tidal carbon dioxide was significantly higher 
in the non-intubated group than in the intubated group (mean: 48±8.6 vs 34±6.2 mmHg, <0.001). The mean follow-up 
was 20.2±3.9 months in the non-intubated group and 24.7±4.2 months in the intubated group (p>0.05). Chest tube 
duration was 4.11 days in group 1 and 3.76 days in group 2. The recurrence rate of pneumothorax after surgery was 4% 
in both groups. Nnon-intubated video-assisted thoracic surgery for spontaneous pneumothorax could be considered a 
feasible, safe and effective method of treatment, even with mesh diaphragm augmentation, in cases of catamenial 
pneumothorax and can be a part of Enhanced Recovery After Surgery pathway. Continious follow-up and additional  
clinical investigations are supposed to validate the profits of the suggested approach.  
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The treatment of spontaneous pneumothorax in 

some cases is challenging and requires multi-
disciplinary approach. A retrospective and pros-
pective study was done and included 150 patients 
with spontaneous pneumothorax to define the 
clinical peculiarities, the efficacy of surgical treat-
ment and recurrence rates. By means of our retro-
spective study, we estimated the implementability 
and safeness of non-intubated treatment of spon-
taneous pneumothorax (SP) under thoracic epidural 
anesthesia with sedation and spontaneous venti-
lation. In this study, we compare peri- and 
postoperative periods and complications with 
different types of anesthesia – with sedation without 
intubation with thoracoscopic bullectomy and with 
traditional general anesthesia with double-lumen 
intubation and mechanical ventilation. Non-
intubated thoracic surgery can be a part of Enhanced 
Recovery After Surgery pathway. 

MATERIALS AND METHODS OF RESEARCH 
This is a retrospective study which was done in 

Kyiv City Hospital No. 17, polytrauma department 
from a period of 2016-2022 years. 150 patients with 
spontaneous pneumothorax were included in study. 
Group 1 (75 patients) was treated with video-assisted 
thoracoscopic surgery (VATS) technique, Group 2 
(75 patients) was treated with non-intubated video-
assisted thoracic surgery (NIVATS) technique. Pa-
tients in 2 groups were comparable for age, gender, 
indications for surgery, anesthesia profile, surgical 
technique, complications and results. 

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

The research was conducted in accordance with the 
principles of bioethics set out in the WMA Declaration 
of Helsinki – “Ethical principles for medical research 
involving human subjects” and “Universal Declaration 
on Bioethics and Human Rights” (UNESCO) and 
written consent was obtained from patients.  

Statistical analysis was performed using both 
parametric and non-parametric methods. Continuous 
variables were presented as mean ± standard de-
viation. Abandoning among the "Non-intubated" and 
"Intubated" groups for continuous variables were 
made using the independent samples t-test for nor-
mally distributed data. 

Categorical variables were compared using the 
Chi-square ( ²) test. In cases where the expected 
frequencies were less than 5, the Fisher’s exact 
test was used. 

Additionally, the Odds Ratio (OR) and Relative 
Risk (RR) with 95% confidence intervals (CI) were 
calculated to assess the risk between groups for 
categorical variables. 

A p-value of less than 0.05 was considered sta-
tistically significant.  

All statistical analyses were conducted using 
SPSS version 25.0 (IBM Corp., Armonk, NY) or 
equivalent statistical software. 

RESULTS AND DISCUSSION 
VATS bullectomy was performed in 150 patients 

aged 14 to 69 years (VATS: n=75.50%; NIVATS: 
n=75.50%). All patients had a confirmation of pneu-
mothorax on chest X-ray (CXR) or computer tomo-
graphy (CT). The aim of thoracoscopy, performed 
under local anesthesia, was to examine the lung, 
diaphragm and reveal any adhesions and changes on 
tendinous part of the diaphragm doubtful for endo-
metriosis. CT of the chest and abdomen (in woman) 
were performed before the operation. 2 patients un-
derwent bilateral VATS (1 in 2 different operations, 
1 during one operation). Before surgery, all patients 
were examined by an anesthesiologist to determine 
their physical status, Mallampati airway assessment, 
and ASA anesthetic risk for surgery. The protocol of 
anesthesia was explained to participants prior to 
informed consent. Demographic and clinical patient 
characteristics are summarized in Table 1. 

In 9 cases non-intubated VATS was performed as 
initial and definitive procedure. 72 patients were 
operated with epidural anesthesia, except 2 patients 
who had contraindications for epidural anesthesia 
(1 continuous use of clopidogrel, 1 had epidural less 
than 2 weeks before) and 1 patient refused epidural 
anesthesia. 1 patient was with spontaneous pneumo-
hemothorax (3000 ml blood in pleural cavity).  

Surgical techniques. 
Surgical technique in NIVATS group. All patients 

(except 1 with simultaneous bilateral pneumo-
thorax) were operated on the lateral decubitus 
position, applying a combination of TEA, intra-
venous anesthesia and preserving spontaneous 
ventilation. Iatrogenic pneumothorax was put on due 
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to chest tube disconnection. In earlier cases we used 
a 2-port approach. In later cases a uniportal approach 
was applied in 4th -5th intercostal space. After 
making a 3 cm incision the wound protector 
SurgiSleeve XS (Covidien, USA) is inserted. The 
chest cavity (chest wall, mediastinum, diaphragm, 
lung) is examined with 10 mm 30° video 
thoracoscope (Hopkins II, Storz). Apical wedge re-
section was performed and all macroscopically 
suspicious areas for endometrial implants on the 
visceral pleura were resected with universal stapler 
Endo GIA (Covidien, USA) with purple Tri-Staple 
or Green-loading units. Diaphragm fenestrations 
were resected and tendinous part of the diaphragm 
was reinforced with Parietex mesh (Covidien, USA), 
sewn by 4-5 interrupted sutures with 2-0 Surgipro 
(Covidien, USA). Pleural abrasion with a help of tip 
cleaner was accomplished from the apex downwards 
to the diaphragm. Macroscopically doubtful deposits 
on parietal pleura were biopsied for histopathology 
for endometriosis. At the end of surgery 18 Fr chest 
tube was positioned under direct camera control. 
Lung was passively expanded and placed on passive 
underwater suction – 5 cm H2O. In one patient who 
was operated simultaneously with bilateral pneumo-
thoraxes the patient was lay in the back with arms 
abducted to 90 degrees. Two port approach was used 
in 4th and 7th intercostal spaces. After finishing the 
operation at one side, the lung was passively 
reexpanded and only after that the operation at 
another side was started. 

Surgical technique in VATS group. After the 
establishment of DLT the patient was positioned in 
lateral decubitus position. Surgical manipulations 
were the same as in NIVATS group. 

Chest tube removal criteria were no air leak, 
amount of fluid less than 200 ml/24h, normal picture 
on chest X-ray. The next day was the date of discharge.  

Anesthesia. 
After come in the operating room, monitors were 

placed on all patients. In both group standard moni-
toring included an ECG, a pulse oximeter, an 
automated noninvasive pressure device, measure-
ment of respiratory rate, and capnography. In group 
NIVATS (group 2) we used bispectral index (BIS) to 
monitor the depth of anesthesia.  

In the VATS group (group 1) anesthetic manage-
ment was represented by general anesthesia, inclu-
ding inhaled anesthesia with Sevoran, intravenous 
fentanyl, and one-lung ventilation (OLV). A 35- or 
37- Fr left-sided DLT was inserted after induction 
with propofol, fentanyl, and neuromuscular blockade. 
Protective ventilation strategy was commenced with 
tidal volumes 5-6 mL/kg and positive end-expiratory 
pressure 5 cm H2O, with peak pressure of under 

30 cm H2O. The average dose of fentanyl used during 
surgery was 8,91 mcg/kg/h (±1.6), and muscle rela-
xation was used to suppress cough. Patients were 
usually extubated in the operating room or sometimes 
remained intubated for up to 30 minutes, and then 
were transferred to the intensive care unit (ICU). 
Postoperative analgesia included the use of parace-
tamol and dexketoprofen, and with severe pain, 
additional administration of opioids. We additionally 
used thoracic epidural anesthesia intra- and post-
operatively only in the last three cases. We want to 
note that in these cases, the average dose of 
intraoperative administration of fentanyl was 
3.3 mcg/kg/h, but so far we can’t put it into a separate 
subgroup because of the small number of cases, but 
we want to note that relief of postoperative pain by 
TEA was enough. The time spent in intensive care 
from 4 to 16 hours (an average of 7.75±2.26). 

Anesthetic protocol in our study of non-intubated 
(group 2) surgery was done applying a combination 
of intravenous and epidural anesthesia with spon-
taneous breathing.  

In the sitting position after established intravenous 
rehydration T5-T7 interspace was choosed to perform 
TEA. After that 40 mg of lidocaine infused as a test 
dose and continuous pumping of bupivacaine hydro-
chloride 0.25% with a rate of 8-10 ml/h.  

This provides additional anesthesia at the level of 
T2-T10 and assists to preserve spontaneous breathing. 
Patient oxygenation is put through non-rebreathing 
mask with oxygen flow 7-10 L/min and FiO2 0.5-0.7.  

The last step before starting the surgery is 
positioning patient in the lateral decubitus position. 

In group 2, we administered a loading dose of dex-
medetomidine immediately after placing the epidural 
catheter and returning the patient to a horizontal position 
at a dose of 1 mcg/kg for 20 minutes followed by a 
maintenance dose of 0.7 mcg/kg/h. In this case, the 
induction doses of propofol and fentanyl averaged 1. 
52±0.48 and 1.34±0.37, respectively. During ane-
sthesia, propofol infusion was at an average dose of 
3.1±1.33 mg/kg/h, and fentanyl – 1.82±0.71 mcg/kg/h. 

In NIVATS group intrapleural injection of 20 ml 
of 0.25% bupivacaine by surgeons was an additional 
way to suppress the cough reflex during lung mani-
pulations. Postoperative analgesia was a prolonged 
TEA of 0.125% bupivacaine, the rate of administra-
tion of which was controlled by patients depending 
on the intensity of the pain syndrome. If necessary, in 
some cases, TEA was supplemented with single 
injections of dexketoprofen. There was no need for 
opioid administration. 

Surgical and anesthetic results. 
Patient data and features are summarized in 

Table 1, 2.  
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T a b l e  1  

Demographic and clinical patient characteristics, M±m 

Variable Non-intubated 
(n=75) 

Intubated 
(n=75) p OR (95% CI) RR 

(95% CI) 

Age (years) 39.86±13.62 38.33±11.18 0.447 - - 

Weight (kg) 60.2±9.6 58.7±6.1 0.895 - - 

Height (cm) 170.31±5.46 173.25±7.96 0.586 - - 

BMI 21.21±2.93 20.17±2.03 0.746 - - 

Gender      

Male 59 (78.7%) 61 (81.3%) 
0.548 

0.831 (0.39-1.77) 0.968 (0.67-1.38) 

Female 16 (21.3%) 14 (18.7%) 0.831 (0.39-1.77) 0.968 (0.67-1.38) 

Mallampati score:      

class 1 72 (96.0%) 70 (93.3%) 
0.682 

1.72 (0.35-8.37) 1.03 (0.95-1.11) 

class 2 3 (4.0%) 5 (6.7%)   

ASA anesthetic risk for surgery:      

ASA I 58 (77.3%) 53 (70.7%) 

0.103 

2.3 (0.87-6.11) 1.09 (0.97-1.22) 

ASA II 8 (10.7%) 21 (28%)   

ASA III 9 (12%) 1 (1.3%)   

 
 

T a b l e  2  

Indications for surgery 

Indication Non-intubated 
(n=75) 

Intubated 
(n=75) p OR 

(95% CI) 
RR 

(95% CI) 

1st episode, thoracoscopic 
or CT findings 58 10 <0.001 37.7 (14.4-98.6) 5.8 (3.1-11.1) 

Ipsilateral recurrence 15 65 <0.001 0.026 (0.01-0.07) 0.23 (0.14-0.36) 

Bilateral simultaneous 
recurrence 2 - - - - 

 
Between July 2016 and September 2022, 150 pa-

tients underwent VATS for SP. The surgical and 
anesthetic results are given in Table 3. The con-
version rate to thoracotomy or intubation in both 
groups wasn’t observed in our study. The mortality 
rate is zero in each group. 

Postoperative views of incisions are represented in 
Figure. 

Surgical complication profiles. Postoperative 
prolonged air leak (air leaks > 5 days) was 16% in 
NIVATS group and 17.3% in VATS group.  

In NIVATS group we had 2 complications. In 
1 case we had postoperative bleeding from adhesions. 

The patient was re-operated 6 h after operation (800 
ml blood lose) in NIVATS technique: hemostasis was 
achieved due to additional coagulation of adhesions 
in the cupola of pleura near great vessels and put on 
SugriCell in that place. In case 2 the patient was 
operated in uniportal manner and Green reload on 
EndoGIA universal stapler was blocked on stapled 
lung and it was impossible to open the reload. The 
additional port in 7th intercostal space was placed and 
the lung was re resected under blocked reload. The 
next Green reload was opened during sewing and 
staple raws were in lung in open position and the lung 
began to bleed. The bleeding part was taken in a lung 
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clamp, grasped up and resew with purple tri-staple 
reload with additional manual sew the part of the 
beginning of staple line. 

Anesthetic profiles. During surgery the peak end-
tidal carbon dioxide (Peak EtCO2) in NIVATS group 
was significantly higher than that in IVATS group 
(mean: 51 vs 38 mmHg). PaCO2 values in the post-
operative period did not vary significantly among the 
two groups. Lower rates of intraoperative oxygen 
saturation (SpO2) were observed in group 2 than in 
group 1 (mean: 94 vs 98 mmHg), but did not exceed 
the permissible limits. In the postoperative period – 
SpO2 there was no difference. Despite the fact that the 

intraoperative mean arterial pressure in both groups 
was comparable, the volume of fluid infusion to 
maintain it was significantly different and averaged 7. 
8 ml/kg/h in the VATS group and 17.7 ml/kg/h in the 
NIVATS group. This is due to the use of NIVATS 
TEA and is confirmed by the absence of differences 
in infusion therapy in patients who performed 
NIVATS without TEA (8.3±3.6 ml/kg/h). In both 
groups, in cases of contraindications to infusion 
therapy with a significant occurrence of hypotension 
was a need for a single administration of vasopres-
sors. The frequency of these cases in groups 1 and 2 
was 2 (2.7%) and 3 (4%) respectively. 

 
T a b l e  3  

Surgical and anesthetic results, M±m 

Variable Non-intubated 
(n=75) 

Intubated 
(n=75)  OR 

(95% CI) 
RR 

(95% CI) 

Surgical duration (min) 79.7±32.3 78. 9±27.8 0.872 - - 

Peak EtCO2 during operation 
(mmHg) 50.97±3.89 37.9±2.61 0.001 - - 

Peak EtCO2 after operation 
(mmHg) 36.95±1.45 35.8±2.03 0.355 - - 

Lowest SpO2 during 
operation (%) 94.2±1.30 97.9±1.5 0.045 - - 

Lowest SpO2 after 
operation (%) 97.8±1.7 98.9±1.35 0.152 - - 

Conversion to thoracotomy (%) 0 (0%) 0 (0%) - - - 

Total blood loss (ml) 15.0±11.3 17.0±12.1 0.300 - - 
Intraoperative mean arterial 
pressure (mm Hg) 84.4±20.3 81.7±21.5 0.433 - - 

Volume of fluid administration 
(ml/kg/h) 17.7±7.5 7.8±4.2 0.001 - - 

Complication:    

Surgical bleeding 1 (1.3%) 0 (0%) - - - 
Cases of intraoperative 
hypotension requiring 
administration of vasopressors 

3 (4%) 2 (2.7%) 0.649 1.52 (0.25-9.02) 1.33 (0.22-8.11) 

Sore throat - 33 (44 ) 0.001 - - 

Nausea and vomiting - 11 (14.6%) 0.001 - - 

Associated with TEA 2 (2.6%) -  - - 
Postoperative pain,  
VAS scale (0 – 10) 1.9±0.8 3.7±1.13 0.001 - - 

Cases of postoperative care  
of patients in ICU 12 (16%) 75 (100%) 0.155 - - 

Return to eating (hours) 0.5–1 2–4 0.152 - - 

Admission time of patients  
to normal activity (hours) 2–3 6–8 0.006 - - 

Chest drainage (days) 3.76±0.35 3.95±0.48 0.209 - - 

Air leak > 5 days 12 (16%) 13 (17.3%) 0.539 0.91 (0.38-2.19) 0.92 (0.42-2.03) 

Mortality 0 (0%) 0 (0%) - - - 

Follow-up period (months) 20.2±3.9 24.7±4.2 0.102 - - 

Recurrence 3 (4%) 3 (4%) 1.000 - - 
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Postoperative view of incisions 

 
In the postoperative period, all patients of the 

VATS group were monitored in the ICU for 4-
15 hours, which was associated with general ane-
sthesia and artificial lung ventilation. In the NIVATS 
group, 12 (16%) patients were in ICU after surgery. 
These were mainly patients with ASA III and those 
who were operated at night. The recovery of the 
drinking regime and normal motor activity occurred 
much faster in the NIVATS group. 

The main complications of the early postoperative 
period (up to 24 hours) in the VATS group were 
throat pain in 33 (44%) patients, which is associated 
with the use of DLT, as well as nausea and vomiting 
in 11 (14.6%) patients. These complaints were absent 
in patients of the NIVATS group. 

In the NIVATS group, 2 (2.6%) patients had com-
plications that we associated with TEA. In one case, 
this was a headache lasting about 24 hours – in this 
patient, during the placement of an epidural catheter, 

casual dura mater puncture was performed. In the 
second case, this was a collapse when the patient gets 
out of bed early, which was probably associated with 
a decreased vascular tone caused by TEA. 

The intensity of postoperative pain was greater in 
group 1 (mean: 3.7 vs 1.9), which required repeated 
injections of NSAIDs and/or administration of opioids. 
In the NIVATS group, when the pain syndrome 
intensified, as a rule, only an increase in the rate of 
introduction of bupivacaine into the epidural catheter 
and / or single administration of NSAIDs was required. 

Pneumothorax is classified by the cause or according 
to the underlying respiratory disease: primary (PSP) and 
secondary (SSP). In women, SSP can be caused by 
diseases such as endometriosis and lymphangioleio-
myomatosis (LAM). These types of SSP are characte-
rized by a high recurrence rate. In women with LAM 
pneumothorax occurs in 40-80% of them and has the 
highest rate of recurrence 70% among patients with 
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spontaneous pneumothorax. The side of recurrence is – 
unilateral (71%), contralateral (74%), bilateral (4%) [1]. 
Catamenial pneumothorax has recurrence rate of 40% 
according to the literature [2].  

Incidence of PSP is 7-28/100.000/year in men and 
1.2-6/100,000 per year in women [3]. The recurrence 
range is 25-50%, and most recurrences occur in the 
first year. Because of the effect of the preexisting lung 
disease, the management of SSP is potentially more 
difficult [4]. In our study we had 80 patients (53.3%) 
with recurrent pneumothorax. 

The history of treatment of spontaneous pneumo-
thorax started from conservative treatment (observa-
tion, aspiration), crossed to surgical in failure of 
conservative treatment (chest tube drainage, thoraco-
tomy, VATS) and comes to less invasive surgical 
treatment at the 1st episode of pneumothorax (tube-
less/non-intubated VATS).  

When hunt for the best available surgical approach 
to spontaneous pneumothorax and confront VATS 
and thoracotomy, the answer seems ordinary and 
estimated – VATS approach [5,6,7]. A Randomized 
Controlled Trial the authors conclude that uniportal 
VATS approach is less painful besides being as 
efficient as 2- or 3-portal VATS approaches for 
spontaneous pneumothorax treatment [8]. In our 
study we use uniportal approach too. We found in 
more ergonomically comfortable for surgery but the 
main source of the pain is the intercostal space, where 
the chest drain is inserted and the sites of where 
trocars were put in. According to the review of Suraj 
Pathaka recurrence rates of catamenial pneumothorax 
after only hormonal treatment – 58.5%, only dia-
phragm repair – 33%, only surgery on the lung – 
63.3%. The bottom line of this review is that 
management strategies for CP may include any 
combination of hormonal therapy, pleural symphysis, 
operative parenchymal resection and diaphragmatic 
excision/repair [9]. Ideally, bullectomy should be 
follow by some pleurodesis technique [10]. Mecha-
nical pleurodesis is one of the most broadly used 
techniques as a part of surgery for SP. We also do 
mechanical pleurodesis according to the recom-
mendations of European Society of Thoracic 
Surgeons with tip cleaner and found it sufficient 
enough for adhesion formation. 

NIVATS method eliminates complications of 
general anesthesia with OLV such as ventilation-
induced lung injury, intubation-associated respiratory 
trauma (sore throat, pain, hoarseness, tracheal lace-
ration), residual neuromuscular blockade and minimi-
zing the risks of postoperative nausea and vomiting. 

All the mentioned above allowes to decrease 
painkillers use and the length of  postoperative period 
[11]. We had no nausea and vomiting and sore throat 

in NIVATS group in compare to VATS group, where 
we observed nausea and vomiting in 14,6% of 
patients and sore throat in 44% of patients which is 
the same as in the literature. 

The interest for NIVATS procedures has become 
more attractive and showed the same safeness to 
classic general anaesthesia over the last decade. In 
1997 year the first series of minimally invasive 
pulmonary resections under local anesthesia showed 
a small rate of complications, shorter period of 
hospital stay and were published. 

Patients with pneumothorax who had contrain-
dications for general anesthesia were surgically 
treated under local anaesthesia and TEA by 
Mukaida et al. in 1998. 

In 2007, in a small randomized trial, Pompeo and 
Mineo compared VATS bullectomy and pleural 
abrasion performed in awake patients with spon-
taneous pneumothorax and epidural anesthesia versus 
patients under general anesthesia with OLV. Results 
of this study have proposed that awake VATS 
bullectomy with pleural abrasion was probable and 
issued in decrease of hospital stay. 

Bilateral spontaneous pneumothorax is rare and 
potentially life threatening condition. Jianxing He 
published a study of 15 patients with bilateral spon-
taneous pneumothoraxes successfully treated in non-
intubated VATS manner [12]. Qingdong Cao pub-
lished a study of 18 patients with bilateral spon-
taneous pneumothoraxes successfully treated in non-
intubated subxiphoid VATS (SVATS) manner [13]. 
In our study we operated 2 patients in NIVATS group 
simultaneously.  

NIVATS technique predispose to development of 
hypercapnia and hypoxemia as during OLV. Pre-
serving hemidiaphragm contraction during NIVATS 
eliminates ventilation and perfusion mismatch in 
compare to intubated surgery with neuromuscular 
blockade [14]. 

“Permissive hypercapnia” which take place in 
NIVATS can be allowed as it’s well tolerated and is 
eliminated after lung expansion at the end of surgery. 
We react on the level of PaCO2 more than 70 mm Hg 
with forced ventilation via a facemask for a short 
period of time [14, 15].  

Minimally invasive surgical technique during 
NIVATS is shown to reduce stress hormones and pro-
inflammatory mediators in more level than during 
surgeries with  mechanical ventilation [16]. 

Such regional anesthetic techniques as paraver-
tebral block, TEA, erector spine block ensure superior 
ventilation, preferable hemodynamic stability, redu-
ced thrombotic complications and improve respira-
tory function in postoperative period are indispen-
sable in non-intubated patients [17]. The predicted 
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risk of complications in TEA (unintentional high 
anesthetic block, epidural hematoma, injury of spinal 
cord) is estimated to be 0.07%. We used TEA for all 
patients in NIVATS group and it was the main tool 
for relieving postoperative pain, especially in patients 
with prolonged air leak.  

There are patient exclusion criteria in NIVATS [15]. 
Conversion to intubated general anesthesia. 
Sometimes, intraoperative conversion to general 

anesthesia is inevitable and the surgical team must 
have a plan to minimize the risk to the patient. The 
overall conversion rate of NIVATS to general 
intubate anesthesia varies from <1% to 9% based on 
data provided from 15 centers in which more than 
1,400 patients participated. [18] Situations requiring 
conversion included operations related to the opera-
tion itself, such as excessive adhesions (0.69%), 
bleeding (0.34%), poor lung collapse [19, 20, 21] And 
anesthetic problems, in which surgical intervention 
would be at increased risk of complications, such as 
mediastinal displacement (0.34%), hypoxemia 
(0.27%), non-suppressive cough (<0.1%), hypercapnia 
(<0.1%), inadequate control of pain [22]. In our study 
we didn’t have a conversion to general anesthesia. 

Studies by Noda and colleagues and Mineo also 
showed the clinical benefits of awake thoracoscopic 
surgery in patients with SSP, including a lower inci-
dence of postoperative respiratory complications and 
reduced expression of stress hormones and systemic 
inflammatory markers [23]. Avoidance of neuro-
muscular blockade, which prevents atelectasis in the 
nonoperated dependent lung and lowers the risk of 
hypoxia and ventilator dependency, is another important 
consideration in nonintubated surgery. It maintains FRC 
and preserves the compliance of the dependent lung, 
thus maintaining adequate perfusion and preventing a 
V/Q mismatch. All of these effects are vital for patients 
with SSP. In such patients, the risk of hypoxemia and 
hypercapnia is also lower with non-intubated anesthesia 
than with intubated general anesthesia [24]. 

A minimally invasive approach was proved to 
be superior in shortening the in-hospital stay, 

relieving pain in postoperative period, improving 
lung function postoperatively and reducing overall 
morbidities after surgery.  

CONCLUSIONS 
1. Patients with primary spontaneous pneumo-

thorax can be treated in non-intubated video-assisted 
thoracic surgery technique at the 1st episode of 
pneumothorax to reduce the recurrence rate (54.6% of 
patients were treated surgically after recurrence of 
pneumothorax). 

2. Recurrence rate after video-assisted thoraco-
scopic surgery and non-intubated video-assisted 
thoracic surgery technique is the same 4% 

3. Non-intubated video-assisted thoracic surgery 
technique can be a part of enhanced recovery after 
surgery in thoracic surgery in the treatment of 
primary spontaneous pneumothorax: doesn’t have 
complications of intubated anesthesia (sore throat in 
44% and nausea and vomiting in 14.6% in video-
assisted thoracoscopic surgery group patients), early 
mobilization (2 hours after surgery),   

4. The non-intubated procedures can be a part of 
Enhanced Recovery After Surgery pathway. They try to 
minimize the adverse effects of tracheal intubation and 
general anesthesia, reducing the incidence of periope-
rative complications leads to faster postoperative 
recovery, so patients can soon return to daily activities, 
increasing patient satisfaction with the treatment.  
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