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Introduction

In the past two decades, video-assisted thoracoscopic 
surgery (VATS) has become a common and globally 
accepted alternative in place of thoracotomy to surgically 
treated patients with various thoracic conditions involving 
lungs, pleura and mediastinum (1-3). A minimally invasive 
approach is demonstrated to be superior in shortening 
length of hospital stay, alleviating postoperative pain, 

improving postoperative lung function and reducing overall 
morbidities after surgery (4-6). Traditionally, intubated 
general anesthesia with one-lung ventilation, using a double-
lumen tube or an endobronchial blocker, has been considered 
mandatory during VATS to obtain a quiet, optimally 
visualized and better surgical environment (7). In spite of 
well-tolerated, complications and adverse effects following 
intubated general anesthesia and one-lung ventilation are 
inevitable, including intubation-related airway trauma, 
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ventilation-induced lung injury, residual neuromuscular 
blockade, impaired cardiac performance, and postoperative 
nausea and vomiting (8-10).

Recently, interests and efforts have been made to adopt 
a thoracoscopic technique without tracheal intubation 
for avoidance of intubation-related complications and 
for a smoother postoperative recovery. Successful results 
are accumulating not only from anecdotal case reports of 
difficult and high-risk patients not suitable for an intubated 
general anesthesia (11-14), but also from a systemic 
application of this technique to various thoracic procedures, 
including management of pneumothorax, wedge resection 
of pulmonary tumors, excision of mediastinal tumors, lung 
volume reduction surgery, segmentectomy, and lobectomy 
(15-35). Encouragingly, the safety and feasibility of this 
surgical modality were well established in previous studies. 
Although its short- and long-term benefits comparing 
to standard intubated general anesthesia are not clearly 
addressed yet, several prospective studies are recruiting 
patients by now to answer this issue.

In this article, we revisit the current literature about 
anesthetic management and results of nonintubated VATS 
in various thoracic diseases, and suggest its future role in 
the field of thoracic surgery.

Anesthetic management of nonintubated VATS

Nonintubated VATS entails thoracoscopic procedures 
performed under regional anesthetic techniques, with or 
without consciousness sedation, in spontaneously breathing 
patients. The anesthetic techniques consist of local 
anesthesia, intercostal nerve blocks, paravertebral blocks 
or thoracic epidural anesthesia. Mostly, thoracic epidural 
anesthesia can be enough to serve solo for nonintubated 
VATS (36).

To be feasible and safe in performing nonintubated 
VATS, anesthetic management should meet the considerable 
physiological derangements during the procedure. The 
pathophysiological disturbances are mainly attributed to 
spontaneous one-lung breathing in an open pneumothorax 
status, influence of the chosen anesthetic techniques and 
type of surgical manipulations (37).

Open pneumothorax after trocar insertion can cause 
the nondependent lung to collapse gradually so that 
nonintubated VATS can be performed. In the meantime, 
patients may become dyspneic or tachypneic because 
of open pneumothorax. In such circumstances, awake 
patients should be reassured and coached to slow their 

breath. However, sedation may be necessary occasionally 
if patients become anxious and panic. In patients with 
conscious sedation, incremental titration of opioid can also 
be used to attenuate the respiratory responses after open 
pneumothorax.

Hypoxemia and hypercapnia are always major concerns 
during one-lung ventilation in thoracic surgery, which may 
also develop in nonintubated VATS. On contrary to one-
lung ventilation during intubated general anesthesia with 
neuromuscular blockade, efficient contraction of dependent 
hemidiaphragm in spontaneous one-lung breathing during 
nonintubated VATS preserves favorably match of ventilation 
and perfusion in a lateral decubitus position. However, a 
paradoxical respiratory pattern may cause carbon dioxide 
rebreathing from nondependent, collapsed lung while 
mediastinal shifting after open pneumothorax may decrease 
the compliance and tidal volume of the dependent lung. 
Fortunately, although hypercapnia may occur, they are 
usually mild and well-tolerated. After returning to two-lung 
breathing after surgery, the level of carbon dioxide returns 
to the normal level. In addition, oxygenation is usually 
satisfactorily maintained with supplemental oxygen via a 
facemask (29).

Current results of nonintubated thoracoscopic 
surgery

Management of lung tumor

As progresses in cancer screening and treatment, 
patients with lung tumors are increasing, and requiring 
thoracoscopic management of their lung tumors either 
for diagnostic or therapeutic purposes. Surgical treatment 
of lung tumors includes wedge resection, anatomical 
segmentectomy, lobectomy or pneumonectomy with or 
without mediastinal lymph node dissection, depending on 
the nature of the lung tumors (38).

In 2004, Pompeo and his coworkers evaluated the 
feasibility of awake thoracoscopic resection of solitary 
pulmonary nodules in 30 patients under sole thoracic 
epidural anesthesia (15). Comparing to patients with 
intubated general anesthesia, their results showed that awake 
technique were safely feasible with better patient satisfaction, 
less nursing care and shorter in-hospital stay. However, it 
is important to note that two of the awake patients were 
converted to intubated general anesthesia because of lung 
cancer requiring lobectomy via thoracotomy approach (15). 
Similar results were obtained in patients with metastatic 
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lung tumors using awake VATS metastasectomy (19) and 
even via a single-port VATS approach (39).

For surgical management of primary lung cancer, major 
pulmonary resections such as segmentectomy or lobectomy 
with mediastinal lymph node dissection are usually 
necessary (38). However, these procedures are associated 
with longer operating time, frequent lung traction and 
intense hilar manipulation, which can trigger cough reflex in 
awake patients. When thoracic epidural anesthesia is used, the 
reactivity of coughing response can be exaggerated because 
of an unbalanced parasympathetic activity after sympathetic 
block (36). While Al-Abdullatief et al. used stellate ganglion 
block to attenuate cough reflex (18), Chen and his colleagues 
used ipsilateral intrathoracic vagal block to achieve effective 
control of cough reflex (29-33,40). In addition, intravenous 
opioid and propofol were titrated with monitoring of 
anesthesia depth to further control respiratory rate and 
alleviate anxiety of patients. Using their nonintubated 
methods, they reported that nonintubated VATS lobectomy 
and segmentectomy with mediastinal lymphadenectomy 
for early stage non-small cell lung cancer could be safely 
performed (29-33). Rates of conversion to intubated general 
anesthesia were reported to be between 2.3% to 10.0%, 
depending on the type of procedure and which could be 
further decreased as the learning curve progressed (29-33). In 
addition to be feasible and safe, nonintubated thoracoscopic 
lobectomy for lung cancer using thoracic epidural anesthesia 
also offered better postoperative pain control, lower rates 
of sore throat, earlier resumption of oral intake and shorter 
length of hospital stay with better noncomplication rates, 
when comparing to its counterpart of intubated general 
anesthesia (29,30,32), especially in geriatric lung cancer 
patients (32).

Spontaneous pneumothorax

Nonintubated VATS for wedge resection of blebs and pleural 
abrasion have been reported in several studies for management 
of either primary or secondary spontaneous pneumothorax 
with satisfactory results (11-13,20,39,41-48). High-risk 
patients with pneumothorax are usually considered 
difficult, and might be harmful, to maintain adequate 
respiratory function during intubated one-lung ventilation, 
including patients after pneumothorax (11,13,41,42), lung 
transplantation (47) or those pregnant women (43,46). 
Successful results are obtained in these high-risk patients 
using either local anesthesia, intercostal blocks, or thoracic 
epidural anesthesia.

In a small randomized trial performed by Pompeo  
et al., 43 awake patients with spontaneous pneumothorax 
were anesthetized with sole thoracic epidural anesthesia to 
received VATS bullectomy and pleural abrasion (20). Their 
results have shown that the awake procedures were not only 
easily feasible, but also shorten the hospital stay, reduced 
the cost with comparable clinical outcomes to patients 
anesthetized with intubated general anesthesia (20).  
Noda et al. reported similar results in 15 patients with 
secondary spontaneous pneumothorax with shorter 
operating room stay and less respiratory complications in 
awake patients (42).

Recently, awake single-access (uniportal) VATS was 
also reported feasible for management of spontaneous 
pneumothorax (39,43,45), even in a case of bilateral 
pneumothorax (45).

Pleural effusion and empyema

Patients with pleural effusion are frequently associated 
with medical comorbidities. These patients therefore 
carry additional risks for intubated general anesthesia. 
However, chronic collapse of operated lung enables these 
patients to favorably tolerate surgical pneumothorax 
during spontaneous one-lung breathing. As a result, they 
rarely develop significant hypoxemia requiring additional 
ventilatory support and seem to be the optimal candidate 
for nonintubated VATS (49).

When management of pleural effusions with medical 
thoracoscopy, local anesthesia with or without sedation has 
been widely reported (16,21,50-53). In addition, thoracic 
paravertebral block or epidural anesthesia are also useful 
and reported for more accurate pleural biopsies or extensive 
pleurodesis to be easily performed by nonintubated VATS 
(14,22).

Moreover, Tacconi et al. had reported 19 cases with 
thoracic empyema treated with awake VATS decortication 
under sole thoracic epidural anesthesia or paravertebral 
block (24). Notably, conversion to lateral thoracotomy 
was performed in four patients because of thick pleural 
adhesions. The oxygenation was satisfactory during surgery 
except permissive hypercapnia developed in three patients 
but no need of conversion to intubated general anesthesia. 
Their results are successful and no recurrence requiring 
another surgery in all patients (24). Nonetheless, thoracic 
epidural catheterization in patients with empyema should 
be cautiously evaluated to avoid of epidural abscess resulting 
from bacterial contamination (54).
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Emphysema and lung volume reduction surgery

Resectional lung volume reduction surgery is a palliative 
surgical treatment in severe emphysema patients with 
impaired exercise tolerance to improve pulmonary function, 
exercise capacity, and quality of life (55,56). However, it 
still carries high rates of mortality and morbidity, especially 
prolonged air leak after surgery (57,58). In 2006, Mineo et al.  
developed a novel nonresectional technique to perform 
awake lung volume reduction surgery in awake patients 
under thoracic epidural anesthesia (17). Their further 
studies including a randomized trial showed that awake 
nonresectional lung volume reduction surgery caused 
significantly functional improvement, including absolute 
increase in forced expiratory volume in one second, 
functional vital capacity and residual volume, improvement 
in exercise capacity index and 6-minute walking test. These 
improvements lasted for more than 24 months (26,27,59). 
Comparing to conventional intubated general anesthesia, 
durations of postoperative air leak and hospital stay were 
significantly shorter in awake technique, while 3-year 
survival was comparable (26,60). Similar results were also 
reported in patients with bullous emphysema (25,61).

Lung biopsy for interstitial lung diseases

Patients with interstitial lung disease are usually associated 
with impaired respiratory function (62). Although precise 
histopathologic characterization by surgical lung biopsy 
can help orient therapy and reliably predict prognosis, 
VATS biopsy using intubated general anesthesia still 
carries not negligibly mortality rate (63). In 2012, Pompeo 
and his colleagues reported 30 awake patients completed 
VATS biopsy for interstitial lung disease using thoracic 
epidural anesthesia or intercostal blocks without operative 
mortality and only one minor complication (3.3%) (28). In 
addition, precise histopathologic diagnosis was achieved 
in 29 (97%) patients. They concluded that awake VATS 
lung biopsy by regional anesthesia might become the safest 
and most accurate surgical method for obtaining precise 
histopathologic diagnosis, and potentially leading to better 
management of interstitial lung diseases (28).

Myasthenia gravis/thymectomy and biopsy of mediastinal 
masses

Patients with myasthenia gravis are usually sensitive to 
neuromuscular blockade and perioperative uses of muscle 

relaxants are associated prolonged mechanical ventilation or 
re-intubation in these patients. In addition, risks of intubated 
general anesthesia are increased when anterior mediastinal 
mass compresses the airway. The rationale of avoiding use of 
muscle relaxants in these patients, both Matsumoto et al. (64) 
and Al-Abdullatief et al. (18) reported satisfactory feasibility 
and results of awake VATS thymectomy using thoracic 
epidural anesthesia. VATS biopsy of anterior mediastinal 
masses could also be satisfactorily achieved with high 
diagnostic yield and no mortality and limited morbidity (23).

Other nonintubated VATS procedures were also 
reported to manage pericardial effusion (14) and treat 
palmar hyperhidrosis via thoracic sympathectomy (65).

Potential advantages of nonintubated VATS and 
its future directions

Although thoracic surgery has its traditional root under 
regional anesthesia without tracheal intubation, modern 
thoracoscopic surgery benefits and fundamentally develops 
under the establishment and safety practice of intubated 
general anesthesia with effective one-lung ventilation (7). 
Still, critically ill patients are sometimes challenging and their 
risks for an intubated general anesthesia are not negligible (9).  
For instance, prolonged use of mechanical ventilator and 
stay of intensive care unit are not uncommon for patients 
with compromised lung function or neuromuscular diseases 
such as myasthenic patients. Renaissance of nonintubated 
techniques for VATS, either in awake or sedative patients, 
are naturally applied not only on anecdotal difficult cases 
but also broadly on a variety of VATS procedures.

Current reported studies in the literature support the 
feasibility and safety of nonintubated VATS for management 
of pleural, mediastinal and pulmonary diseases. Potential 
advantages of nonintubated VATS are faster postoperative 
recovery and less over-all complication rates, by which 
enhance a short length of hospital stay. Therefore, use of 
nonintubated VATS may translate into a fast track protocol 
bypassing intensive care or postoperative ventilator support. 
For patients with high risks for an intubated general 
anesthesia, this technique may offer better chances for 
surgical treatment.

In addition to these beneficial  early outcomes, 
nonintubated VATS under thoracic epidural anesthesia are 
also demonstrated to attenuate surgical stress responses 
as decreased level of stress hormones and preservation of 
function of natural killer cells, comparing to intubated 
general anesthesia (66,67). It is recently hypothesized 
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that regional anesthesia and analgesia may protect cancer 
patients from recurrence or metastases after surgery (68-70). 
This implies that further investigation including long-term 
outcomes (recurrence-free survival or over-all survival) by 
large controlled trial is needed in attempts to develop safer, 
more effective and less invasive surgical strategies for an 
optimal treatment of lung cancer patients.

For institution applying this technique, we suggest that 
collaborative thoracic surgeons and anesthesiologists should 
select their patients carefully in the early phase of learning 
curve. Individualized decisions should be made according 
to the intended procedure, anesthetic method and 
characteristics of patients without jeopardizing the safety 
of patients. Suggested indications and contraindications 
of nonintubated VATS are listed in Table 1. Notably, 
nonintubated thoracoscopic experiences can be accumulated 
from simple and minor procedures. When both surgeon 
and anesthesiologist getting familiar with this technique, 
major pulmonary resections for lung tumors, such as 
segmentectomy or lobectomy, are feasible. However, we 
suggest an effective sedative anesthetic care and blockade 
of cough reflex are imperative in nonintubated procedures 
for major pulmonary resections. Monitoring of anesthetic 
depth and adequacy of ventilation are important for 
patients’ safety, which requiring the continuing vigilance of 
caring anesthesiologists through the procedure. Even so, 
conversion to intubated general anesthesia may occasionally 
mandatory. Plans and equipment for a prompt conversion 
to intubated general anesthesia should be available 
immediately and performed without hesitation to decrease 
the risk of emergency intubation (29).

Conclusions

In a modern era of minimally invasive thoracoscopic surgery, 
we are encouraged that tracheal intubation with double 
lumen tube or bronchial blocker is no longer regarded as a 
prerequisite for single lung ventilation in series of reported 
studies. Nonintubated thoracoscopic surgery is feasible 
and safe in a variety of thoracic procedures, including 
pulmonary resection, empyema, and excision of pleural 
and mediastinal tumors. Although the risks and benefits of 
this technique are not clear yet, it seems to offer an equally 
effective and safe alternative for those patients with high 
risks to intubated general anesthesia. Postoperative recovery 
is faster with less complication rates. Nonetheless, further 
studies are still necessary to clarify the indications and true 
benefits of this technique and its potential beneficial role 
against postoperative recurrence in lung cancer patients.
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