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Abstract: Thoracoscopic surgery without tracheal intubation [nonintubated video-assisted thoracoscopic surgery 

(VATS)] is an emerging treatment modality for a wide variety of thoracic procedures. By surgically induced open 

pneumothorax, the operated lung collapse progressively while the dependent lung is responsible for sufficiency of 

respiratory function, including oxygenation and ventilation. Encouraging results showed that ventilatory changes 

and oxygenation could be adequately maintained in major lung resection surgery and in patients with impaired 

respiratory function. In spite of a relative hypoventilation, mild hypercapnia is inevitable but clinically well 

tolerated. An understanding the respiratory physiology during surgical pneumothorax, either in awake or sedative 

status, and an established protocol for conversion into tracheal intubation are essential for patient safety during 

nonintubated VATS.
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Authors’ introduction:

Professor Chen (middle right) and Professor Cheng (middle 
left) lead the nonintubated thoracoscopic surgery program in 
National Taiwan University Hospital since 2009 with core team 
members, Dr. Hsu (left) and Dr. Hung (right) (Figure 1).

Introduction

With advancements of one-lung isolation devices and safer 
one-lung ventilation (OLV) strategies, thoracic surgery evolves 
progressively in the past decades while intubated general 
anesthesia with OLV is regarded as a gold standard (1). 
However, in a modern era of minimally invasive surgery using 
a video-assisted thoracoscopic surgery (VATS) approach, a 
renaissance of thoracic surgery without tracheal intubation (i.e., 
nonintubated) is increasingly re-evaluated in the past decade in 
efforts to achieve a smoother perioperative course and to offer 

an opportunity for surgical treatment in patients, for whom an 
intubated general anesthesia carry high risks (2,3). Encouragingly, 
nonintubated thoracoscopic procedures have been reported to be 
feasible and safe for a variety of thoracic diseases, including lung 

Figure 1 From left to right: Dr. Hsu, Prof. Cheng, Prof. Chen and 
Dr. Hung.
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parenchyma resections for lung tumors (4-15) or interstitial lung  
disease (16), bullaplasty for pneumothorax (17-20), lung volume 
reduction surgery for emphysema (21-26), decortication for 
empyema thoracis (27), and mediastinal tumor excisions (28-30).

Nonintubated thoracoscopic procedures are distinct from 
conventional intubated general anesthesia, by which patients 
breathe spontaneously under regional anesthesia techniques 
with or without conscious sedation (31). While tracheal 
intubation and lung isolation devices are not necessary, 
neuromuscular blocking drugs and mechanical ventilator 
are avoided. Aforementioned avoidance of potential adverse 
effects of intubated general anesthesia may be translated to 
offer a more physiological, immunological and neuromuscular 
recovery after surgery, possibly reduce morbidities and 
therefore shorten length of hospital stay (32-36).

However,  creating a surgical  pneumothorax in 
spontaneously breathing patients is not risk free (37). Patients’ 
oxygenation and ventilation can be impaired because of a 
loss of lung volume. Therefore, a thorough understanding of 
pathophysiology of surgical pneumothorax on oxygenation and 
ventilation is essential to maintain the physiological changes 
during nonintubated thoracic surgery (36-38). The aim of 
this review is to look into the factors related to perioperative 
oxygenation and ventilation during nonintubated thoracic 
procedures, including surgical pneumothorax, spontaneous 
breathing, lateral decubitus position, and effects of sedative 
and analgesic agents on respiratory physiology. Differences 
in specific patient groups and safety issues related to these 
physiologic changes are also discussed.

Factors related to oxygenation and ventilation in 
respiratory physiology

The course of respiration starts with fresh gas enters the 
lungs with certain rate and volume. The oxygen within fresh 
gas reaching terminal alveoli diffuses through the alveolar 
membrane to re-oxygenate the systemic venous blood (i.e., 
oxygenation). Meanwhile, carbon dioxide contained in systemic 
venous blood reversely diffuses into alveoli to be exhaled out of 
body (i.e., ventilation). The fundamental rule of oxygenation 
and ventilation is the diffusion capacity of an intact alveolar-
capillary membrane, where oxygen and carbon dioxide are 
diffused due to differences of partial pressures of oxygen or 
carbon dioxide between systemic venous blood and alveoli. 
To maintain the best of oxygenation, the pulmonary blood 
flow (Q) and pulmonary ventilation (V) should be matched 
accordingly. Therefore, any V/Q mismatch can jeopardize 
pulmonary oxygenation, including low cardiac output, 

pulmonary thromboembolism, and lung atelectasis or sputum 
impaction. On the other hand, hypoventilation (a decrease of 
minute ventilation, which is the product of respiratory rate and 
tidal volume) can attenuate the elimination of alveolar carbon 
dioxide, and cause hypercapnia (38,39).

Factors involved in nonintubated VATS

An ideal environment for nonintubated VATS is to create 
an iatrogenic pneumothorax, a subsequently collapsed 
lung for adequate surgical exposure. Meanwhile, patients 
should be maintained in pain-free, stress-free, and effort-
less spontaneous ventilation (31,35). To achieve such 
environment, different regional anesthesia protocols 
have been applied in nonintubated VATS, including local 
infiltration (40), intercostal blockades (11), and thoracic 
epidural anesthesia (34-36). For lengthy procedures such 
as a lobectomy or a segmentectomy, conscious sedation 
is usually required due to emotional stress or procedure-
related discomfort (6-11).

Factors affecting perioperative oxygenation and 
ventilation in nonintubated VATS fall into the following 
categories: surgical pneumothorax, spontaneous breathing, 
lateral decubitus position, and sedative/analgesic techniques.

Surgical pneumothorax

Surgical pneumothorax starts with the first incision for 
entry of thoracoscope in the operating hemithorax. By 
introducing atmospheric pressure into the nondependent 
pleural cavity, the operated lung collapsed consequently to 
expose the surgical space (37). Several changes can occur 
during this process.

Decrease of lung volume
Loss of negative pressure in pleural cavity after surgical 
pneumothorax causes not only a progressive collapse of the 
operated lung, but also a decrease of non-operated lung 
volume because of downward compression of mediastinal 
tissues by gravity (41). A decrease of total lung volume may 
lead to hypoventilation.

Decrease of pulmonary perfusion
Surgical pneumothorax can impair the caval blood return 
because of atmospheric pressure. A decrease of caval venous 
return leads to low cardiac output and low pulmonary 
perfusion. However, systemic and pulmonary pressure is 
usually maintained, probably compensated by an increase 
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of pulmonary vascular resistance from collapsed operated 
lung and by an intact intrinsic baroreceptor mechanism 
for a decreasing cardiac output (42). The overall effects 
of cardiovascular responses to a surgical pneumothorax 
may therefore be 2-dimensional. An increasing pulmonary 
vascular resistance of the operated collapsed lung may divert 
pulmonary blood flow to the dependent lung and improve 
oxygenation. On the other hand, a decrease of cardiac output 
may decrease oxygen carrying capacity, resulting low mixed 
venous oxygen saturation and worsening oxygenation (38,42). 
It is important to note that use of thoracic epidural anesthesia 
or sedative drugs may attenuate these intrinsic compensatory 
mechanisms and should be carefully titrated if adopted (31).

Spontaneous breathing

Preserve of functional residual capacity (FRC) of 
dependent lung
During conventional intubated general anesthesia, cephalic 
displacement of diaphragm causes a significant decrease of 
FRC. Mechanical ventilation with positive end-expiratory 
pressure is usually required to maintained sufficient 
ventilation and to avoid of atelectasis of dependent lung. In 
nonintubated VATS, the patients breathe spontaneously and 
their diaphragm function and the FRC of dependent lung 
are less interfered (43,44).

Rebreathing of carbon dioxide and hypercapnia
Without one-lung separation, breathing gases may 
communicate freely between dependent and nondependent 
lung during surgical pneumothorax, a phenomenon 
called “carbon dioxide rebreathing” which leads to  
hypercapnia (37). While mild to moderate hypercapnia 
can stimulate the respiratory drive by an increase of 
breathing rate, use of respiratory depressant agents, such 
as opioids or sedatives, can aggravate the ventilation and 
even jeopardize the oxygenation. However, evidences have 
shown that the degrees of hypoventilation are not clinically 
significant. The nonintubated VATS procedures are well 
tolerated by most of patients using a facemask or a nasal 
cannula to provide supplemental oxygen. In the meanwhile, 
accumulation of carbon dioxide is usually within the range 
of “permissive hypercapnia”, which is obviously not harmful 
perioperatively (2,9,23).

Lateral decubitus position

Mostly, thoracic procedures are performed in a lateral 

decubitus position, which is usually associated with 
preferential distribution of breathing gases and pulmonary 
blood flow in the dependent lung because of pulmonary 
compliance and gravity. During OLV, these preferential 
distributions contribute to better matching of ventilation 
and perfusion, leading to a better oxygenation (41,43).

Effects of intravenous or inhaled anesthetics on 
oxygenation and ventilation

Nonintubated VATS can be performed in fully awake 
or moderate-to-deep sedative patients (31,35,37). While 
awake technique offers neurocognitive monitoring and 
possibility of cooperation from patients to control their 
respiratory efforts, various depths of sedation are usually 
required in anxious patients or lengthy procedures. Both 
intravenous anesthetics (e.g., propofol, midazolam) and 
inhaled anesthetics through laryngeal airway masks 
had been reported with successful results (11-13,34-
36). Supplemental oxygen through masks is sufficient 
to maintain satisfactory oxygen saturation in a relative 
hypoventilation status. However, it is important to note that 
both intravenous and inhaled anesthetics induce a decrease 
in FRC and can be respiratory suppressants (44). Careful 
titration of sedative depths and monitoring of respiratory 
rate and exhaled partial pressure of carbon dioxide, such as 
bi-spectral index monitoring and end-tidal capnography, are 
important to prevent excessive hypoventilation (Figure 2) 
(31).

Effects of regional anesthesia techniques on oxygenation 
and ventilation

Regional anesthesia had been long reported to be an 
effective adjuvant to general anesthesia in thoracic 
surgery. Various approaches, including thoracic epidural 
anesthesia/analgesia, paravertebral block, intercostal 
nerve blocks and local wound infiltration, are reported 
to be effective for analgesia covering chest cage and 
parietal pleura (45,46). In nonintubated VATS, an 
effective regional anesthesia to block the unpleasant and 
painful sensation throughout the surgical wounds are 
important to prevent patients from emotional irritation, 
body movement and unfavorable tachypnea after surgical 
pneumothorax (31). However, the manipulation of 
lung and traction of hilar structures can cause irritation 
over visceral pleura, leading to a coughing response 
and jeopardizing the surgical manipulations (31,36). 
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While visceral afferent transmissions are not blocked 
by thoracic epidural anesthesia or intercostal blocks, 
we add intrathoracic vagal blocks to inhibit the visceral 
irritations and to minimize unwanted cough responses 
during nonintubated VATS (Figure 3) (6,11,34).

Applying thoracic epidural anesthesia can induce certain 
degree of motor blockade of respiratory muscles in the 
thoracic cage, which can lead to around 10% decreases of 
lung volume, including vital capacity, FRC, forced vital 
capacity and forced expiratory volume (47,48). Nonetheless, 
sparing the phrenic nerves, originating for C3-C5 cervical 
nerve roots, to preserve the diaphragmatic function 
assures sufficient ventilation despite intercostal muscle 
paralysis (49). Thoracic epidural anesthesia also induces 
peripheral vasodilation and functional hypovolemia due 
to sympathetic blockade (50). On the contrary, intercostal 
blocks are an effective alternative in place of thoracic epidural 
anesthesia, which is time-consuming, skill-demanding and 
requiring more vigilance against potential neurological and 
cardiorespiratory complications (11).

Oxygenation and ventilation in specific patient groups

Specific patient groups are chosen to elaborate the intraoperative 
oxygenation and ventilation during nonintubated VATS, 

including lobectomy for lung cancer patients and a variety of 
nonintubated VATS procedures for high-risk patients.

Lobectomy for lung cancer patients
In our program, we devote to less invasive surgical and 
anesthetic management for lung cancer patients (51). 
Lobectomy through VATS approach is currently the standard 
treatment for early lung cancer (52). In the past five years, we 
had performed 238 cases of nonintubated VATS lobectomy, 
in whom thoracic epidural anesthesia was used in 130 
patients and thoracoscope-assisted intercostal blocks in 108 
patients. We preferred to sedate our patients to induce a 
relative hypoventilation using incremental opioid and to 
attenuate cough reflex effectively through intrathoracic vagal 
blocks (11,31). Our patients underwent nonintubated VATS 
were mostly female (71%) with short-stature (mean body 
weight index: 22.9 kg/m2) and normal lung function (forced 
expiratory volume in 1 second: 111.7% of predicted). 

Figure 2 An overview of anesthetic monitorings of patients 
undergoing sedative and nonintubated thoracoscopic surgery 
with spontaneous breathing. The sedation level is monitored 
by an electroencephalography-based bispectral index. End-tidal 
carbon dioxide and respiratory rate are obtained via a non-invasive 
capnography connected to a detector in one nostril.

Figure 3 Intrathoracic vagal blocks can be induced under 
thoracoscopic visions. (A) For right-sided procedures, the vagus 
nerve (arrows) runs between the SVC and the lower trachea and 
can be easily identified; (B) for left-sided procedures, the vagus 
nerve runs in the aortopulmonary window, but no always clearly 
seen on the video. SVC, superior vena cava.

A

B
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During OLV after surgical pneumothorax, the mean partial 
pressure of oxygen (PaO2) was 140.4 mmHg while the 
mean partial pressure of carbon dioxide was 47.7 mmHg. 
Although there were 20 patients (8.8%) experienced 
oxygen desaturation below 90% sometime, simple oxygen 
supplement through facemasks were sufficient to correct 
their transient arterial desaturation, except in one patients 
requiring conversion to tracheal intubation because of 
persistent low oxygen saturation below 80%.

Nonintubated VATS procedures in high-risk patients
One of the major advantages of nonintubated VATS is to offer 
surgical opportunities for patients who are too risky for an 
intubated general anesthesia (19,36,53). Although appealing, 
sufficiency of respiratory status during surgical pneumothorax 
is highly concerned, especially in patients with compromised 
pulmonary functions. To address these issues, Drs. Mineo 
and Pompeo from Awake Thoracic Surgery Study Group 
had performed a series of compromised patients for different 
nonintubated VATS procedures, including pleurodesis for 
malignant pleural effusion (54), decortication for empyema 
thoracis (27), thoracoscopic biopsy for pulmonary interstitial 
disease (16) and lung volume reduction surgery for severe 
emphysema (23-26). Reported results were also satisfactory 
that oxygenation could be easily maintained during surgical 
pneumothorax when patients were kept awake. Asymptomatic 
hypercapnia were usually noted in patients with severe 
emphysema but resolved after procedures (23).

Safety issues regarding nonintubated VATS

Coughing
Coughing is a protective reflex against entry of foreign bodies 
into the tracheobronchial airway. It is usually abolished in 
an intubated general anesthesia because of neuromuscular 
blockade. However, it can be triggered from excessive stretch 
of lung parenchyma or hilar manipulation of bronchial 
structure during a nonintubated VATS (36). Unexpected 
coughing during nonintubated thoracic procedures not only 
impedes the surgical exposure, but also potentially causes 
life-threatening injuries to intra-thoracic structures (6). 
In unexpected or intractable cough cases, a conversion to 
intubated general anesthesia may be required. Therefore, 
it is mostly advised to manipulate the lung parenchyma 
and hilar structures gently to avoid of cough reflex during 
nonintubated VATS, but it is usually inevitable in major 
and lengthy procedures such as nonintubated lobectomy 
or segmentectomy (10,26). Methods have been proposed 

using aerosol lidocaine inhalation (53), stellate ganglion  
block (55) and intrathoracic vagal nerve block (11,34) to 
attenuate coughing reflex during nonintubated VATS.

In our experiences, we prefer vagal nerve block to inhibit 
cough reflex, where infiltration of local anesthetics can be 
produced at the level of the lower tracheal for right-sided 
operations and at the level of aortopulmonary window for 
left-sided operations (Figure 3) (11,31,51). The duration 
of vagal blockade can last more than 3 hours. Repeat dose 
can be given in prolonged operations. In most cases, the 
effect of vagal block has worn off after non-intubated VATS. 
Occasionally, patients undergoing short operations may 
experience hoarseness in the recovery area, which may 
suggest residual vagal blockade. It is noteworthy that patients 
with residual vagal blockade are not recovered sufficiently to 
protect themselves from aspiration. Oral consumption should 
therefore be delayed until cough reflex is fully recovered (31).

Conversion to conventional intubated general anesthesia
A thorough plan B for conversion to an intubated general 
anesthesia should always be prepared in advance for the safety 
practice of nonintubated VATS (2). Despite of careful patient 
selection and vigilant monitoring, intraoperative conversion to 
tracheal intubation is occasionally inevitable, mostly resulting 
from significant mediastinal movement, persistent hypoxemia, 
unexpected dense pleural adhesions, and significant bleeding 
due to vascular injury, or insufficient anesthesia/analgesia  
(6-11,51). Intraoperative conversion to tracheal intubation 
in a lateral decubitus position can be a technical challenge to 
anesthesiologists. While direct laryngoscopy for intubation 
is feasible, a video-assisted laryngoscope, fiberoptic 
bronchoscope, or intubating laryngeal mask airway may be 
more convenient instruments for tracheal intubation in lateral 
decubitus position. Lung separation can then be achieved 
using an endobronchial blocker to occlude the operated 
lung. Otherwise, the patients can also be replaced in a supine 
position for tracheal intubation in usual manners at the 
discretion of the caring anesthesiologist (31).

In our practices, when conversion to tracheal intubation 
is indicated as aforementioned situations occur, the 
surgical wounds would first be sealed with transparent 
waterproof dressings after insertion of a chest tube 
to re-expand the operated lung. Meanwhile, a single 
lumen tracheal tube will be inserted under the guidance 
of fiberoptic bronchoscope, followed by insertion of a 
bronchial blocker without changing the patient’s position. 
Collaboration between surgeon and anesthesiologist is 
essential for nonintubated VATS, especially in situations 
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of tracheal conversion (11,51).
Conclusions

It is still early to conclude the roles of nonintubated 
techniques in thoracic surgery. However, encouraging 
and initial results have broadened our knowledge and 
experiences in various nonintubated VATS procedures and 
in a wide variety of patients groups. Hypoventilation during 
surgical pneumothorax is inevitable, but oxygenation and 
ventilation during nonintubated VATS are manageable and 
clinically tolerable. Even so, an understanding of respiratory 
changes during surgical pneumothorax and a well-prepared 
conversion protocol are essential to guarantee perioperative 
safety, especially in sedative patients.
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