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Background and Objective: Thanks to the growing experience with the non-intubated anesthetic 
and surgical techniques, most pulmonary resections can now be performed by using minimally invasive 
techniques. The conventional method, i.e., surgery on the intubated, ventilated patient under general 
anesthesia with one-lung ventilation (OLV) was considered necessary for the major thoracoscopic lung 
resections for all patients. An adequate analgesic approach (regional or epidural anesthesia) allows video-
assisted thoracoscopy (VATS) to be performed in anesthetized patients and thus the potential adverse effects 
related to general anesthesia and mechanical OLV can be minimized.
Methods: Multiple medical literature databases (PubMed, Google Scholar, Scopus) were searched, using 
the terms [(non-intubated) OR (nonintubated) OR (tubeless) OR (awake)] AND [(thoracoscopic surgery)] 
from 2004 to December 2021. Thirty hundred and six scientific papers were collected. The editorials, 
commentaries, letters, and papers were excluded, that focus on other than the non-intubated (aka awake or 
tubeless) VATS technique, as well as the full text scientific papers available in languages other than English. 
Key Content and Findings: After reviewing the literature, we identified “schools” with different 
techniques but with very similar results. Most of the differences were in the anesthetic technique, 
oxygenation and analgesia, however, the immunological results, and the qualitative parameters (inpatient 
hospital care days, complication rate, mortality) of the perioperative period showed great similarity, in 
addition, all three schools identified the same risk factors (hypoxia, hypercapnia, airway safety). The 
combination of spontaneous ventilation with double lumen tube intubation, called VATS-spontaneous 
ventilation with intubation (SVI) method seems to be suitable for reducing these risk factors, which may 
serve as an alternative for patients not suitable for the non-intubated technique in the near future.
Conclusions: Based on the results, non-intubated thoracic surgery appears to be an increasingly 
widespread, safe procedure, that will be available to a wider range of patients as experience expands and by 
the implication of the constantly evolving new processes.
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Introduction 

In the field of surgical techniques, the last 20 years were 
dominated by the development of minimally invasive 
techniques and the methods for major pulmonary resections 
were no exceptions to that (1). Since the first series of 
thoracoscopy cases by Jacobaeus in 1921, video-assisted 
thoracoscopy (VATS) has become a widespread and well-
established diagnostic and therapeutic tool in thoracic 
surgery (2). In the surgical aspect, the VATS technique 
combines the good exposure of the pleural cavity, and the 
possibility of an extensive dissection with the advantages of 
minimally invasive intervention, resulting in reduced tissue 
trauma, shorter recovery times, reduction of morbidity, 
improvement of pulmonary function parameters, reduced 
pain, and smaller scars (3). 

The patients undergoing the first thoracotomies were 
mildly anesthetized and they were breathing spontaneously, 
however, the outcome of these procedures was unfavorable. 
Soon after the invention of the endotracheal tube by 
Guedel in 1928, the idea of advancing it into the main 
bronchus of the healthy lung arose in order to avoid the 
ventilation of the surgical site, thus the one-lung ventilation 
(OLV) technique was born (1,4). OLV was combined with 
mechanical ventilation after its appearance in the 1960s. In 
addition, a multimodal technique including the blockade 
of the phrenic, and vagus nerves (in the neck), and an 
extensive intercostal nerve blockade, combined with lung 
hilum block was introduced by Vischnevski, which allowed 
him the performance of hundreds of major lung surgeries. 
The method was followed by Ossipov applying a similar 
technique (2).

Around the turn of the millennium, general anesthesia 
was used for the major thoracic surgical procedures such 
as lobectomy, however, epidural anesthesia in itself was 
sufficient for carrying out minor surgical interventions. The 
functional separation of the lungs by OLV is performed 
under general anesthesia and muscle relaxation. OLV 
is achieved by either the proper placement of a double 
lumen tube (DLT) or the use of a bronchial blocker. 
As every invasive procedure, general anesthesia and 
endobronchial intubation have adverse effects, such as the 
intubation-related trauma, an increased risk of pneumonia, 
ventilator-associated lung injury (VALI), impaired cardiac 
performance, negative effects of the neuromuscular 
blocking agents (NMBAs), and postoperative nausea and 
vomiting. A somewhat lesser-known fact is that general 
anesthesia and especially OLV combined with surgical stress 

and extensive tissue trauma negatively affect the response 
lymphocytes and natural killer population, which play a key 
role against tumors and infections thanks to their cytotoxic 
activity (5). 

Approximately 10 years ago, there were successful 
attempts for minimal sedation in major thoracic surgical 
cases (1,6), as one-lung spontaneous ventilation is more 
physiological than controlled mechanical ventilation: a 
European cohort study of 22,803 surgical patients showed 
that the use of NMBAs during anesthesia was associated 
with an increased risk of postoperative pulmonary 
complications irrespective of dose (7).

From the anesthesiologist’s point of view, the evolution 
of surgical techniques opens the possibility to avoid the use 
of intubated general anesthesia by maintaining spontaneous 
ventilation together with mild sedation. Gonzalez-Rivas  
et al. published the first report of a single-port thoracoscopic 
major pulmonary resection in a patient with spontaneous 
ventilation (non-intubated surgery) in 2014 (8). Since then, 
the evolution of non-intubated thoracic surgery made it 
possible to carry out more elaborate operations despite the 
different severe pathological conditions in some patients, 
and non-intubated surgery was found to be a minor 
trigger of inflammation resulting in better preservation 
of the immunological function compared to the intubated 
methods performed under general anesthesia and muscle  
relaxation (9). In cases of surgical difficulties emerging 
during non-intubated video-assisted thoracoscopic surgery 
(NIVATS), surgical conversion to thoracotomy was 
reported to be successful by Furák et al., while maintaining 
the patient’s non-intubated state (NIS) (10).

Non-intubated procedures, however, may worsen 
pulmonary ventilation and gas exchange as the patient 
might move, cough, and produce unintentional movements, 
causing e.g., a mediastinal shift, which can make the 
intervention difficult and challenging (11). 

To exclude the disadvantages of non-intubated VATS, 
a new technique, spontaneous ventilation combined with 
double-lumen tube intubation was introduced by Furák and 
Szabó in 2021 (12).

Our review aims to provide a summary of the literature 
available on anesthesia for minimally invasive thoracic 
surgery.

Basic principles of spontaneous breathing (SB)

The physiology of respiration is a complex mechanism 
based on the interaction between the chest wall and the 
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lungs through the contacting layers of the pleura. The basic 
physical driving force is the pressure gradient generated by 
the respiratory muscles, the elastic components of the chest 
wall, and the lungs between the alveolar pressure and the 
atmospheric pressure. This gradient results in an airflow 
between the alveolar space and the outer environment. Gas 
exchange takes place in the alveoli (13). 

In the intraoperative settings due to the use of 
anesthetics, analgesics, and NMBAs, the respiratory drive 
and respiratory muscle strength may be significantly altered, 
or in most cases completely extinguished, requiring the 
ventilator to apply positive pressure to generate an adequate 
airflow. In summary, the pressure difference across the 
respiratory system, regardless of its source, is essential (14). 
This pressure difference (gradient) is determined by the 
following universal equation:

( ) ( )+ = + +Pao Pmus PEEP Ers V Rrs Flow× ×  [1]

In this equation Pao represents the pressure at the airway 
opening and Pmus is the pressure generated by respiratory 
muscles. Positive end-expiratory pressure (PEEP) is positive 
end-expiratory pressure, Ers is the respiratory system 
elastance and Rrs is the resistance of the respiratory system, 
V stands for tidal volume, and Flow means the airflow (15).

As the pressure gradient, elastance (or the inverse of 
elastance, the compliance), tidal volume, resistance, and the 
airflow determine ventilation, these parameters should be 
monitored carefully and continuously during mechanical 
ventilation (14,16).

Pathophysiology

Several factors influence the ventilation-perfusion matching 
during a thoracic surgical procedure. Before the surgical 
incision, the patients are anesthetized and are moved to 
the lateral decubitus position which have a marked effect 
on the respiratory physiology. In awake patients, the 
lateral decubitus position has only a moderate effect on the 
ventilation-perfusion ratio (V/Q), as the greater perfusion 
of the dependent lung (due to the gravitational effect) is 
balanced by improved ventilation, achieved by the more 
effective contraction of the dependent hemidiaphragm, 
and by the fact that the dependent lung is on a more 
favorable part of the compliance curve. A decrease in 
functional residual capacity (FRC) occurs by induction of 
anesthesia, resulting in a shift on the compliance curve, so 
the dependent lung lies on a less, while the nondependent 

lung lies on a more favorable part of the compliance curve, 
with unchanged perfusion. Thus, induction of anesthesia 
together with the lateral decubitus position can lead to a 
ventilation-perfusion mismatch. With the use of NMBAs, 
the normal diaphragmatic excursion is eliminated, thus the 
above-described effects can be augmented.

By the surgical incision, surgical pneumothorax (defined 
as open pneumothorax) develops, which has potentially 
troublesome pathophysiological consequences in a 
spontaneously breathing patient: mediastinal shifting and 
paradoxical respiration (pendelluft), may lead to hypoxemia 
and hypercapnia. 

Ventilation-perfusion mismatch leads to a right-to-left 
transpulmonary shunt. Shunt fraction can be defined as the 
proportion of the total pulmonary blood flow that does not 
take part in gas exchange. Transpulmonary right-to-left 
shunting of 6–10% of cardiac output is a physiologically 
existing, anatomical phenomenon, arising mainly from the 
bronchial and the Thebesian veins and pathways (17).

In most cases OLV is mandatory for optimal view and 
appropriate accessibility for the surgical field and during 
mechanical OLV only the dependent lung is ventilated 
while the nondependent lung is excluded from the gas 
exchange with lower perfusion. This can lead to as high a 
shunt fraction as 20–30%, that understandably decreases 
the arterial oxygen content, as a higher fraction of the 
cardiac output is passed through from right to left without 
gas exchange. The elevated shunt fraction has another really 
important effect on oxygenation, that can be read from the 
Nunn’s iso-shunt diagram, namely, as the shunt fraction 
increases, an increase in the fraction of inhaled oxygen 
(FiO2) can exert a lower arterial oxygen content elevating  
effect (18,19). 

This condition is known to be intolerable in the long 
term, and would lead to severe hypoxemia. A compensation 
mechanism, described by Euler and Liljestrand in 1946, 
called hypoxic pulmonary vasoconstriction (HPV) is liable 
for the pulmonary arterial vasoconstriction in response 
to low alveolar oxygen tension (20,21). In the pulmonary 
artery smooth muscle cells (PASMCs), the resting 
membrane potential is maintained by outward potassium 
current, which is inhibited in a hypoxic environment, 
leading to membrane depolarization, and the opening of 
the calcium channels, that would result in an elevation in 
the cytoplasmic Ca2+ level, finally causing contraction of the 
pulmonary arteries (22-24).

HPV helps to divert blood from the nondependent (non-
ventilated) lung fields to the dependent areas in a fast-
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acting, biphasic manner. HPV activates seconds after the 
hypoxic stimuli and has its maximum effect in minutes, 
helping to decrease the transpulmonary right-to-left 
shunting, optimizing the oxygen delivery and restoring the 
ventilation-perfusion matching. Until vascular remodeling 
occurs, HPV is reversible, after a short hypoxic episode, 
HPV disappears on re-oxygenation, PVR and blood flow 
restore quickly. When normoxia is restored after a short 
hypoxic phase (<20 min), the HPV declines and PVR 
normalizes as pulmonary blood flow increases in the re-
oxygenated areas. In contrast, after a prolonged period 
of hypoxia, the HPV only disappears after several hours 
despite full re-oxygenation, resulting in greater ventilation-
perfusion (V/Q) mismatch and consequently larger alveolar-
to-arterial O2 pressure gradient (A-aPO2). However, after 
a longer hypoxic period, HPV disappears completely only 
after hours of re-oxygenation (25-27). 

Adequate HPV is inevitable for minimizing the perfusion 
of the dependent lung, and optimizing the shunt, and 
because of these factors, attenuating the effect of HPV 
should be avoided. HPV is influenced by several factors 
like demographic parameters, medications (analgesics, 
cardiovascular drugs, and anesthetic agents), acid-base 
balance, lung disease, and the degree of lung expansion. 
Mechanical ventilation is a double-edged sword as it has 
indisputable advantages in several cases, although it can 
also be harmful. Mechanical OLV and high positive airway 
pressures [PEEP, auto-PEEP, peak inspiratory pressure 
(PIP)] can indirectly worsen ventilation-perfusion matching 
by diverting blood flow from the ventilated lung fields to 
the nondependent areas (23,28,29).

Despite its benefits, mechanical ventilation can cause 
structural lung damage. The potential harmfulness of 
mechanical ventilation was observed as early as in 1744 
by John Fothergill, and later, during the polio epidemic 
in 1967, and the topic played a central role, postmortem 
investigations described structural lung damage, hyaline 
membrane formation, and diffuse alveolar infiltrates and the 
term “respirator lung” was created (30-32). Determining 
the optimal ventilator setting is more than challenging, 
as on low tidal volumes, lung inhomogeneity and 
atelectotrauma are potential risk factors to be considered, 
while on high tidal volumes, overdistension and barotrauma 
are the matter of concern (33,34). Both scenarios have 
structural consequences, causing biological alterations, and 
physiological abnormalities and resulting in systemic effects. 
Ventilator-induced lung injury is mediated by inflammatory 

cell infiltration, hyaline membrane deposition, increased 
capillary permeability, and pulmonary edema. These 
changes lead to alteration of respiratory physiology and gas 
exchange (35,36). 

SB has several advantages but we should not forget that 
breathing efforts can worsen the lung injury by several 
ways. Patient-ventilator asynchrony is not rare and can 
result in patient distress, uncontrolled inspiratory effort and 
can potentiate lung injury by volutrauma and barotrauma 
(37-39). Due to the cyclic opening of the smaller airways, 
atelectotrauma may develop with regional atelectatic lung 
fields, and increased heterogeneity of ventilation (40). The 
increased alveolo-capillary pressure gradient potentially 
leads to interstitial edema (38,41). 

Postoperative systematic inflammation response (SIR) 
can affect the clinical picture. Based on the changes in the 
cellular defense and cytokine levels SIR period can take 
for around 3–12 days, but it affects not only on the early 
postoperative morbidity, but also the 30-day mortality 
(9,42,43). Regarding the early postoperative morbidity, 
the reduced levels and functions of lymphocytes and NK 
cells can cause diminished cellular defense ability. This can 
manifest as postoperative pneumonia, wound infection, or 
other inflammation response. Postoperative pneumonia 
rates were 5% and 10%, and wound infection rates were 
0.4% and 1% after VATS and open lobectomies (44). 
Postoperative morbidity is lower (5%) than in relaxed 
surgery cases (23%) (42). Generally due to less pro-
inflammatory response, some postoperative morbidities 
can be reduced further during NIVATS, the postoperative 
fasting time, drainage time, and hospital stay were shorter 
than those in relaxed VATS cases (45). Furthermore 
better compliance with adjuvant chemotherapy was found 
after non-intubated VATS lobectomies than afterrelaxed 
VATS lobectomies, with less toxicity, and more patients 
(92%) could receive the adjuvant chemotherapy protocol, 
compared with 72% in relaxed surgery cases (46).

The paradigm shift and the development of minimally 
invasive techniques that has taken place in recent years 
allowed us to maintain the patient’s SB during a thoracic 
procedure. Be it the increasingly popular non-intubated 
thoracic surgeries (NITS) or the recently introduced 
spontaneous ventilation with intubation (SVI) method. 
It seems that the advantages of the maintained SB can 
overcome concerns (47,48). We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://jtd.amegroups.com/article/

https://jtd.amegroups.com/article/view/10.21037/jtd-22-80/rc
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view/10.21037/jtd-22-80/rc).

Methods

Multiple medical literature databases (PubMed, Google 
Scholar, Scopus) were searched, using the terms [(non-
intubated) OR (nonintubated) OR (tubeless) OR (awake)] 
AND [(thoracoscopic surgery)] as well as their Medical 
Subject Headings (MeSH) terms from 2004 to December 
2021. Three hundred and six scientific papers were 
collected. The editorials, commentaries, letters were 
excluded and papers focusing on other than the non-
intubated (aka awake or tubeless) VATS technique, as well 
as the full text scientific papers available in languages other 
than English. The selection process is illustrated in the 
Figure 1 and summarized in Table 1. The findings of these 
articles are shown in Table 2. 

Results 

Conventional approach 

Since the 1950s, when double-lumen tubes were invented 
and introduced into thoracic anesthesia by Carlens and 
Bjork, intubated general anesthesia with muscle relaxation, 
intubation, and controlled, positive pressure OLV has 

become the gold standard in thoracic surgery. Another less 
popular alternative for lung isolation is the use of bronchial 
blockers. Since the 1980s, new types of BBs have emerged 
in clinical practice, and their positioning has become 
simplified when advanced under fiberoptic guidance (69,70).

This classic anesthetic technique has several well-known 
detrimental effects. Beyond the obvious disadvantages, such 
as the greater risk of airway trauma among the intubated 
patients, the technique has other drawbacks as well. In 
the “Post-anaesthesia pulmonary complications after 
use of muscle relaxants” (POPULAR) study, Kirmeier 
et al. showed that the use of NMBAs is associated with 
an increased incidence of postoperative pulmonary 
complications. Surprisingly, this study found that neither 
neuromuscular monitoring nor reversal agents reduce the 
incidence of postoperative pulmonary complications (7). 

As already mentioned in the pathophysiology section 
of this article, OLV with positive pressure ventilation may 
worsen HPV and lead to structural damage due to the 
distension of the lung tissue.

The disadvantages mentioned above have led to the 
emergence of less invasive methods in thoracic anesthesia. 
There are numerous tubeless, awake, non-intubated 
anesthetic options accessible today. The goal of these 
procedures is to prevent intubation and general anesthesia, 
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Figure 1 Flowchart of article selection. NIVATS, non-intubated video-assisted thoracoscopic surgery.
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Table 1 The search strategy summary

Items Specification

Date of search (specified to date, month and year) January 3, 2022

Databases and other sources searched PubMed, Google Scholar, Scopus

Search terms used (including MeSH and free text 
search terms and filters)

Search terms: non-intubated, nonintubated, tubeless, awake, thoracoscopic surgery

Search strategy of PubMed: [(non-intubated) OR (nonintubated) OR (tubeless) OR 
(awake)] AND [(thoracoscopic surgery)]

Timeframe From January 1, 2004 to December 31, 2021

Inclusion and exclusion criteria (study type, 
language restrictions etc.)

Inclusion criteria:

(I) Articles languages: English

(II) Article topic: the non-intubated (aka awake or tubeless) video-assisted thoracic 
surgery technique

Exclusion criteria:

(I) Article types: Editorials, Commentaries, Letters

(II) Full text not available

Selection process (who conducted the selection, 
whether it was conducted independently, how 
consensus was obtained, etc.)

Two authors (Szabo and Fabo) independently conducted the selection process, 
assessed all the identified studies based on the eligibility criteria. Disagreements 
resolved by consensus after discussion

Any additional considerations, if applicable None

as well as any of their negative consequences.

Thoracic surgery with SB

Based on the literature data preserving of SB can diminish 
the potential harmful effect of conventional approach. But 
it is very important to emphasise the SB during thoracic 
procedure can be dangerous due to unusual circumstances 
(i.e., paradoxical breathing, mediastinal movement) that’s 
why the application of NIVATS in the training programs of 
the professional perioperative teams is essential to ensure 
maximal patient safety and comfort for the teams (71,72).

After reviewing the literature, we identified different 
methods with very similar clinical results. Theirs main 
characteristics, advantages, limitations, exclusion criteria 
and indications for conversion are summarized in Tables 3-5.

The Italian technique
From the early 2000s, Pompeo and Mineo, two Italian 
researchers at Tor Vergata University, started to investigate 
their awake method. In the beginning, they used local and 
thoracic epidural anesthesia without sedation during VATS 
wedge resection of small pulmonary nodules (49). They 

provided oxygen supplementation via face masks. It was 
found to be safe and feasible with better patient satisfaction, 
less nursing care, and shorter hospital stays. Through the 
years, the feasibility of this awake technique has been proven 
for increasingly complex VATS procedures (lung volume 
reduction surgeries, decortication, and bullectomy). Besides 
the fact that all of their studies have found the technique to 
be feasible, further advantages have also been proven, such 
as the shorter operating room times, reduction of costs, less 
immunological and stress responses, and shorter air leak 
duration in the postoperative period. Their approach has 
evolved from awake to midazolam- or remifentanil based, 
bispectral index (BIS)-guided, mildly sedated states over time, 
and thoracic epidural analgesia (TEA) was replaced with 
intercostal blockade. In order to obtund the cough reflex, 
Guarracino and Mineo used an aerosolized local anesthetic 
(lidocaine) (42,49,51-53,55,73-76).

The Hungarian technique
The previously introduced techniques have shown 
many advantages and disadvantages during the thoracic 
procedures. The ever-growing experience has allowed 
us to perform increasingly difficult procedures, which 
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required the same anesthetic abilities than during the 
intubated thoracic surgeries, such as the intraoperative re-
insufflation of the lung or performing bronchoscopy. Furák 
and Szabó et al. have presented a mixed technique using the 
laryngeal mask with targeted propofol sedation—guided 
by the bispectral index scale-, which allowed to perform 
these intraoperative procedures and other complicated 
surgical treatments, such as conversion to thoracotomy or 
complicated sleeve resections (77).

The same workgroup published a new method, called 
VATS-SVI, which combined the positive physiological 
effects of SB with those of the gold standard technique 
applying double-lumen tube intubation and providing 
safe airway. Anesthetic management for VATS-SVI has 
been described previously (11). Briefly, patients received 
premedication with midazolam and fentanyl. Induction 
and maintenance of anesthesia was guaranteed by propofol 
target controlled infusion dosed to reach a BIS value 
between 40 to 60. 

They found better intraoperative cardiopulmonary 
stability and similar postoperative results of spontaneous 
ventilation combined with intubation than non-intubated 
thoracic surgery (12,78). According to this paper, the 
duration of mechanical ventilation could be reduced by 
76.6%, preserving all the beneficial effects of NITS. From 
the non-surgical aspects, Furák et al. have found advantages 
among oncological patients. Among the non-intubated 
patients, 92% completed the planned chemotherapy 
protocol, compared to 71% of patients in the intubated 
group. These results showed that the non-intubated 
procedure resulted in improved adjuvant chemotherapy 
compliance and lower toxicity rates after lobectomy (46).

The Asian technique
Asian researchers, in parallel with the work of their 
European colleagues, developed their own method, which 
differed from that of the Italians in several aspects. The 
pioneers of these studies applied intravenous propofol 
anesthesia with a target-controlled infusion system, 
depth of anesthesia monitoring, and targeted sedation 
maintaining a BIS value between 40 and 60 during their 
non-intubated anesthetic procedure. In the beginning, TEA 
was performed, but later they switched to the intercostal 
nerve blockade for its simplicity, safety, and providing better 
hemodynamic stability (54,56,57). In order to prevent 
coughing, intrathoracic vagal blockade was routinely 
applied. With their approach, intubation could be avoided 
in the course of major surgeries such as segmentectomy, 
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Table 3 Cornerstones of anesthetic management in thoracic surgery

Methods
Type of 
operation

Airway
Level of 
sedation

Drugs for 
sedation

Type of 
analgesia

Advantages Limitations

Conventional 
method

DLT, BB BIS 40–60 Propofol/volatile 
anesthetic 
agents+ muscle 
relaxant

TEA Safe airway Intubation trauma

Isolated lungs Muscle relaxation

Possibility of 
fibroscopy

Hemodynamic 
consequences of 
TEA

Possibility of 
intraoperative lung 
recruitment

Italian 
method

NIVATS Facemask/
(LMA)

Awake, mild 
sedation (BIS 
guided)

None, then 
midazolam, 
remifentanil

TEA/ICB + 
Aerosolized 
lidocaine

No muscle relaxation No safe airway

Maintained 
spontaneous 
breathing

Asian 
method

NIVATS Facemask/
THRIVE

BIS 40–60 Propofol TEA/ICB + vagal 
blockade

No muscle relaxation No safe airway

Maintained 
spontaneous 
breathing

Hungarian 
method

NIVATS LMA BIS 40–60 Midazolam, 
fentanyl, propofol

ICB, PVB No muscle relaxation Semi-safe airway

+ vagal 
blockade

Possibility of 
intraoperative. lung 
recruitment

VATS-SVI DLT BIS 40–60 Midazolam, 
fentanyl, propofol

ICB, PVB + 
vagal blockade

Safe airway Intubation trauma

Spontaneous 
breathing after 
elimination of muscle 
relaxant

Increased airway 
resistance

Isolated lungs

Possibility of 
fibroscopy

Possibility of 
intraoperative lung 
recruitment

Higher BMI limit (<32)

Other 
method (Al-
Abdullatief)

NIVATS Facemask Light 
sedation

Midazolam, 
fentanyl

TEA + Stellate 
ganglion 
blockade

No muscle relaxation No safe airway

Maintained 
spontaneous 
breathing

No DOA monitoring

DLT, double lumen tube; BB, bronchial blocker; TEA, thoracic epidural anesthesia; NIVATS, non-intubated video-assisted thoracoscopic 
surgery; LMA, laryngeal mask airway; BIS, bi-spectral index; ICB, intercostal block; VATS-SVI, video-assisted thoracoscopic surgery with 
spontaneous ventilation combined with double-lumen tube intubation; THRIVE, transnasal humidified rapid-insufflation ventilatory 
exchange; PVB, paravertebral blockade; BMI, body mass index; DOA, depth of awareness.
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and lobectomy, not only during the VATS procedures, but 
also during thoracotomies and even in sternotomies (62). 
The way of oxygen supplementation has also changed from 
using face masks to transnasal humidified rapid-insufflation 
ventilatory exchange (THRIVE) devices due to the larger 
oxygen reserve during OLV (54,58,62). 

Their results proved this method to be safe, feasible, 
even in the elderly and in children. However, obese patients 

whose BMI exceeds 25 kg/m2 are not optimal candidates 
for NITS due to the excessive mediastinal movements and 
have a higher risk of conversion to intubated anesthesia  
(59-61,63-68,79,80). 

Other technique
Besides  the  I ta l ian  and As ian approaches,  other 
modifications to the NITS procedure have also been 
developed. Al-Abdullatief et al.  from Saudi Arabia 
performed major operations, such as lobectomy and 
thymectomy, in awake or mildly sedated individuals. After 
iv. midazolam–fentanyl premedication thoracic epidural 
anesthesia was done and the ipsilateral stellate ganglion was 
blocked to diminish the cough reflex (50). 

Conclusions

NIVATS can be a safe and acceptable method for 
performing minor or even major pulmonary resections. 
Patient safety is a cornerstone of the non-intubated 
techniques, and can be enhanced by using clear inclusion 
and exclusion criteria, completed with well-defined 
conversion strategies. The combination of regional 
anesthesia and intravenous sedation strategies gives the 
opportunity to prevent perioperative complications like 
hemodynamic imbalance, hypoxia, or severe hypercapnia. 

Although evaluation of the long-term effects of non-

Table 4 Exclusion criteria 

Exclusion criteria from non-intubated thoracic surgery 

Hemodynamically unstable patients 

INR >1.5, or any bleeding disorder 

Sleep apnea syndrome 

Anticipated difficult airway 

BMI ≥30 kg/m2 

Persistent cough or high airway secretion 

Elevated risk of regurgitation 

Raised intracranial pressure, unable to cooperate 

Procedures requiring lung isolation to protect the contralateral 
lung 

Patient refusal

INR, international normalized ratio; BMI, body mass index.

Table 5 Indications for conversion during non-intubated surgery (main indications for conversion to thoracotomy and/or DLT intubation)

Surgical indications Anesthetic indications

Persistent cough due to ineffective vagal block Hypoxemia: PaO2 <60 mmHg, or SpO2  <92% on FiO2: 1.0, conversion may 
be avoided by reinflation of the operated (non-dependent) lung

Intolerable diaphragm and mediastinal movements Hypercapnia: if PaCO2 >75 mmHg, or pH <7.15, conversion may be avoided 
by applying low PEEP and pressure support on the circle

Extended surgery (e.g., pneumonectomy, thoracotomy) Persistent hemodynamic instability

Bleeding Intraoperative airway difficulties

Serious pleural adhesions Bleeding in the airways

Large tumor size Ineffective analgesia

DLT, double-lumen endobronchial tube; PaO2, partial pressure of oxygen; SpO2, oxygen saturation; FiO2, fraction of inhaled oxygen; PaCO2, 
partial pressure of carbon dioxide in artery; PEEP, positive end-expiratory pressure.
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intubated techniques has to be the focus of further 
studies, NIVATS seems to be a feasible, safe and attractive 
alternative to the conventional VATS technique performed 
under general anesthesia (GAVATS) by preventing muscle 
relaxation and the use of controlled OLV method. 

With the introduction of the VATS-SVI technique, a 
secure airway is guaranteed in parallel with the maintenance 
of spontaneous ventilation, moreover, a reduction in the 
duration of controlled ventilation and a lower incidence of 
perioperative pulmonary complications can be achieved. 
We suggest this renders the VATS-SVI approach a more 
attractive and feasible alternative to NIVATS, although 
further research is inevitable in this field to evaluate the 
effectiveness of the procedure.

Extensive educational programs, based on experience 
gained in routine thoracic procedures, are required to 
acquire proper knowledge and practice with NIVATS and 
VATS-SVI, as both of these techniques are challenging to 
surgeons and anesthetists as well. 
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