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Awake video-assisted thoracic surgery resection of lung nodules
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Abstract: Thoracic surgery in awake patients incorporates newer technologies that require the thoracic
surgeons to update their skills and evolve their methodologies. For the thoracic surgeon, awake surgery
implies effective communication skills in order for the patients to be, at the same time, collaborative and
fully aware of potential risks. In addition, a proper selection of the right procedure for the right patient and
a close collaboration with the anesthesiologists to ensure adequate analgesia are necessary well as patient
satisfaction with regard to the anesthetic conduct throughout the procedure. The challenge of providing
adequate anesthetic care to an awake patient candidate to lung resection requires more than careful
evaluation of the entire anesthetic management. This coordinated teamwork should implement a protocol
for awake procedures that includes description of indications and contraindications, exclusion criteria, patient
consent-form, psychological support for patients, the most appropriate anesthetic technique for the surgical

procedure, and criteria for conversion to general anesthesia.
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Introduction of 2000s there has been an enormous development of new

minimally invasive surgical techniques for both minor and

In 1913, Jacobaeus introduced a technique for dividing pleural major pulmonary resections. The advancements of surgical

adhesions in the awake patient which gained some popularity
in the 1940s albeit its usefulness had become limited by the

techniques and instrumentation allowed thoracic surgeons
to improve their surgical skills, leading them to explore a

introduction of the antibiotic treatment for tuberculosis (1).
Reportedly, pleurolysis was used in the awake patient as part of
the management of tuberculosis since the 1920s (2).

Awake thoracoscopy was introduced for surgical diagnosis
and treatment of pleural effusions as a routine option in
the 1980s (3). Almost two decades later, the indications
for awake thoracic surgery also included hyperhidrosis
(sympathectomy) (4), pneumothorax (5), initial stages of
empyema (6), and pericardial effusions (7). Before 2000,
reports of thoracoscopic lung resections for spontaneous
pneumothorax had been published (8,9). From the beginning
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field believed insurmountable, such as the one related to the
pulmonary resections in non-intubated patient. In 2007, Al-
Abdullatief ez a/. (10) showed the possibility of performing
major thoracic surgery with the patient awake or minimally
sedated. Later, awake lung surgery was introduced in
clinical practice both for the surgical management of lung
emphysema (11) and lung nodules (wedge resections and
anatomical lung resections) (12,13), whereas there still remain
only few cases of scientific reports describing sleeve resections
and carinal reconstructions (14), tracheal resections (15),
pneumonectomies (16) performed in the awake/nonintubated
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patient. In Tible 1 we have summarized the relevant published
papers on nonintubated video-assisted thoracic surgery (VATS)
wedge resections of lung nodules.

Awake thoracic surgery offers the unique possibility of
reducing postoperative morbidity thus facilitating early
discharge from the hospital. The primary goal of the
surgeon/anesthesiologist team is to make the operation safe
and effective while reducing the psychological distress of
the patient. Few anesthesiologists have experience in awake
thoracic surgery, most of them with good experience in
loco-regional anesthesia (epidural, intercostals blocks) (32).
Nevertheless, the administration of anesthetics is not without
side effects and risks.

In this paper, we discuss on the use of VATS for awake
lung nodule resections, the indications and patient selection,
the intra-operative complications, the management of adverse
conditions and the choice of conversion to general anesthesia.
We also show our experience in developing of non-intubated
anesthetic techniques applied to uniportal VATS (UniVATS).
Nowadays, the combination of UniVATS and awake surgery
is perceived by thoracic surgeons as the final step of Minimally
Invasive Thoracic Surgery, a stage leading to fast-tracking in
thoracic surgery (33).

What does “awake” really mean?

Awake thoracic surgery includes non-intubated thoracoscopic
procedures performed under regional anesthetic techniques in
spontaneous breathing and fully conscious patients (34). The
regional anaesthetic techniques consist of local anaesthesia,
intercostal nerve blocks, intra-pleural block, paravertebral
blocks or thoracic epidural anaesthesia (TEA) without the
use of any form of sedation or, at the most, with just the so
called anxiolysis, as a technique meant to provide minimal
sedation (34). “Non-intubated” thoracoscopic procedure is
a generic term to indicate a combination of loco-regional
anesthetic techniques with a variable level of sedation. In
the literature, we could find every form of sedation, ranging
from no sedation at all to a non-intubated general anesthesia
VATS (35). Therefore, non-intubated thoracoscopic
procedure is the correct term to indicate a thoracic procedure
in which every form of intubation (endo-tracheal tube, double
lumen tube) is precluded. Reviewing the scientific literature,
anaesthesia in the—inappropriately called—awake thoracic
surgery is performed with different modalities of sedation and
various levels of analgesia (36):
% Awake (no sedation, only local anesthetic or analgesia):
a wide-awake VATS means only an isolate intercostal
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block with local anesthesia;

% Minimal sedation (anxiolysis): relief of trepidation or
agitation with minimal alteration of sensorium;

¢ Moderate sedation (conscious sedation);

% Deep sedation;

¢ The continuum of sedation;

s MAC (monitored anesthesia care) (36).

In our experience, the majority of minor thoracic procedures
can be managed by uniportal surgery: in these cases, a single
intercostal space block combined with a moderate sedation
is usually sufficient to obtain an ideal anxiolysis and analgesia
during the surgical procedure.

It is agreed that MAC should be mandatory in major
pulmonary resection in non-intubated patients (37-39). Further
studies should be done in order to definitively prove whether a
minimal sedation in combination with epidural anaesthesia and
associated phrenic and vagus nerves blockage are sufficient to
complete a major lung resection by VATS.

Indications and patient selection in non-
intubated/awake VATS

Modern indications for non-intubated thoracic surgery include
conditions in the following structures: (I) pleura/chest wall
conditions (pleural effusions, pneumothorax, endothoracic
cysts, pericardial effusion, empyema); (II) mediastinum (biopsies,
cysts, thymoma, sympathetic chain); (III) lung (emphysema,
interstitial lung diseases and lung nodules). Different levels of
anesthetic approaches can be adopted in non-intubated patients:
from a deep sedation (which requires a MAC) to a loco-regional
anesthesia and a simple local anesthesia. Regardless of the
anesthetic approach, the success of each different techniques
depends on an appropriate patient selection.

Not all patients are fit for awake/non-intubated VATS
lung resection. A team composed of chest physicians, thoracic
surgeons, and anesthesiologists together must select the right
candidate through a careful assessment of risk factors resulting
from adverse tracheobronchial conditions (i.e., difficult
intubation, OSAS), patient’s comorbidities, personality disorders
(i.e., anxiety, level of collaboration, mental impairment) and
pre-existing medical issues (i.e., body weight, chest deformities,
difficulties in management of locoregional anesthesia, paralysis)
(Table 2). Furthermore, the criteria for non-intubated VATS
in minor or pleural procedures are different from those in
major pulmonary resections and recommendations have been
established in patients with increased risk for general anesthesia.
In this respect, high-risk patients with pre-existing pulmonary
disease and the elderly patients should be the categories of
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Table 2 Contraindications in awake surgery related to patient
conditions

Comorbidities
Significant impairment of pulmonary function
Cardiologic disorders or haemodynamic instability
Personality disorders
Anxiety
Not adequate level of collaboration
Mental impairment
Pre-existing obstacles
Body weight (obesity with BMI >30)

Chest deformities (difficult management of a regional
anaesthesia technique)

Difficult management of airways in case of conversion (relative
contraindication)

Difficulties in management of locoregional anesthesia (i.e.,
severe cyphoscoliosis)

Paralysis

Shoulder and neck pain

Difficult management of cough or secretions
Related to specific surgical disease

Extensive pleural adhesions

Previous pulmonary resections

Procedures requiring lung isolation (to protect the contralateral
lung from contamination)

patients which should benefit even more of awake surgery.
The success of an awake/nonintubated VATS procedure could
be the result of the convergence of the different needs and
expectations of surgeon, anesthetist and patient (Zable 3).

Intra and peri-operative issues in non-intubated/
awake VATS

Different issues can arise from a nonintubated/awake
VATS resection of lung nodules, depending on the patient
(psychological status, comorbidities, body conformation, pain),
the invasiveness of the procedure planned (mult/uniport, risk
of conversion to thoracotomy), the intra-operative problems
(presence of adhesions, localization of nodules, its dimensions,
suitable space to work in pleural cavity, surgical margin
resections not clear, necessity to explore the mediastinum).
Preoperative psychological preparation is mandatory. Patients
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Table 3 The reasons to choose awake thoracic surgery

The surgeon’s perspective
Experienced and with good cooperative skills
Continuous and effective communication with anesthetist
Long experience in VATS procedures in general anesthesia

Good personal results in terms of reduction of hospital-stay,
morbidity (particularly in subjects with poor cardiorespiratory
performance)

The anesthetist’s perspective
Useful in patients with high risk for intubation
Experience in regional anesthetic technique
Experience in management of different level of sedation (MAC)

Skilled in placing double-lumen tube, laryngeal mask,
endobronchial blocker, fibre-optic bronchoscopic intubation in
case of conversion

Continuous and effective communication with surgeon and
patient

The patient’s perspective
Easier acceptance of surgery
General anesthesia generates anxiety
Preoperative interview is mandatory
Helpful premedication with hypnotic drugs

Patient needs continuous communication with anesthetist and
nurses

Shorter hospital-stay

Avoid adverse effects related to general anesthesia

must be informed about realistic description of the operating
room, expected discomforts (patient positioning, transitory
pain) and level of co-operation expected, potential risks
(conversion to general anesthesia), safety measures (i.e., tilting
of the surgical table) and stages of the procedure (downtime
waiting for frozen section). Premedication with sedatives
and anticholinergics in patients is quite controversial (40),
and decisions should be made based on the patient’s clinical
conditions and the anesthetic technique. According to the
invasiveness of the procedure, anesthetic technique selection
in thoracic awake lung VATS resections ranges from local
anesthesia (intercostal blocks) to thoracic regional blocks
(paravertebral block, serratus anterior plane block) and thoracic
epidural anesthesia (TEA) with different levels of sedation
to general anesthesia with laryngeal mask airway placement
combined with a specific anesthetic protocol that includes a

Video-assist Thorac Surg 2018;3:3
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careful monitoring and support of the vital functions (MAC).
A regional anesthetic technique is mandatory in thoracic
awake lung VAT resection. TEA, paravertebral block and
intercostal block all improve postoperatively the respiratory
function. Wang ez al. (41) reported that intraoperative regional
anesthesia, such as multilevel thoracoscopic intercostal nerve
blocks or paravertebral blocks, provide a regional anesthetic
component and exert an anesthetic-sparing effect. During
nonintubated VATS, the surgical pneumothorax obtained
from the lung collapse is similar to that of intubated single-
lung ventilation. In awake VATS lung resections, an adequate
pleural space is required to guarantee any surgical maneuvering.
The lung volume will usually decrease to functional capacity,
allowed by an adequate adhesiolysis and a gentle manipulation
of the lung. The pneumothorax-induced results in a reduction
of oxygenation, easily corrected with supplemental oxygen,
and a permissive hypercapnia, generated by the development
of pressure gradients after the creation of the pneumothorax,
usually well tolerated and completely settled immediately after
surgery. Some contributions from the literature (42) focused
on the use of CO, insufflation combined with a single lumen
endotracheal tube intubation as a feasible and safe airway
management in VATS, proving shorter operative times and
no complications CO, related if compared with a traditional
double lumen tube intubation. Sporadic experiences in using
CO, insufflation seem to be promising in awake VAT'S too, in
particular for adhesiolysis and in case of excessive movements
of mediastinum or diaphragm displacement (unpublished data).
The indications, the type of anesthesia monitoring, and the
level of CO, insufflation should be clearly stated.

The main drawbacks of nonintubated VAT'S, which can
preclude even a wedge resection of a peripheral nodule,
include coughing and movements of the diaphragm and
the mediastinum. Phrenic and vagus nerves are the main
causes of the cough reflex. In the minor resections, there is
a limited manipulation of the lung and therefore less risk
of haemodynamic effects or coughing. Nevertheless, if
mediastinum exploration is requested to remove lymph nodes,
the risk of coughing is high and the intrathoracic vagal and
phrenic nerve blocks are mandatory, with minimal secondary
effects (43,44). Further administration of aerosolized lidocaine
should guarantee an optimal cough suppression (45) allowing
surgeons to smoothly perform a mediastinal dissection and
an appropriate lung traction. Chen ez 4/., in two different
studies (21), demonstrated that intravenous combined
anesthesia under spontaneous breathing did not negatively
affect the completeness of lymph node dissection as compared
to intubated anesthesia.
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Surgeon should also deal with the issues of localizing the
pulmonary nodule and ensuring clear resection margins. In
the absence of a preoperative diagnosis and if the lesion cannot
be readily found, several techniques have been developed to
facilitate intra-operative localization of solitary pulmonary
nodule (SPN) during VATS (46). Methylene blue injection has
been abandoned in favour of specialized equipment, such as
CT-fluoroscopy (47) or use of gamma probe, required in case
of injection of specific radiotracer. Intra-operative ultrasound
detection requires a specific flexible ultrasound probe and
it is operator dependent (48). In non-collapsed lung or
emphysematous patients, the localization of SPN is also limited.
For nodules not amenable to finger palpation, VAT resection
after CT-guided hook wire localization for SPN remains the
most diffuse method to localize a pulmonary nodule (49).
For lesions not in direct contact with the visceral pleura or
presenting as ground-glass nodules on low-dose CT imaging, a
preoperative CT-guided dye localization is a further option to
facilitate tumor identification during VAT (50). More recently
a new method to resect localized peripheral lung lesions using
fluoroscopy-assisted thoracoscopic surgery (FATS) preceded by
CT-guided positioning of fragmented platinum microcoils into
or around the lesion (51) has been introduced.

Intraoperative frozen pathology for indeterminate lung
lesions is essential to establish the proper extent of resection and
whether a lymphadenectomy is required or not. The presence
of margins involved by tumour with the attendant choice to opt
for an anatomical lung resection could represent a valid reason
to convert to VAT'S in general anesthesia.

The case of the nonintubated/awake UniVATS

In 2004, the Italian contribution on this field (17,52) was seen
as a welcome news which could further stimulate the scientific
research. UniVAT'S has been shown to reduce postoperative
pain, residual paresthesia and hospital stay compared with
conventional multiport VATS (53). These concepts can
furthermore be stressed by the absence of general anesthesia.
Due to the technologic upgrading in surgical instrumentation,
the use of uniportal technique has been increasing steadily and
it is the surgical approach of choice for awake VATS. When
performing an awake UniVATS approach, we can easily apply
a single intercostal space blockade under thoracoscopic view.
The advantage of avoiding any form of sedation and applying
a regional anesthetic technique (TEA, intercostal nerve
blocks) for pain, is evident at the end of procedure in terms of
anesthetic drug sparing effect and reduced need for opioids
(opioid-free anesthesia); this favourably affects the length of

Video-assist Thorac Surg 2018;3:3
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hospital stay and the rapid return to health. High risk patients
for general intubated anesthesia, such as elderly patients or
those with poor pulmonary function, could beneficiate even
more of this minimal invasive approach (34). Nowadays, it
appears clear that availability of local expertise and resources
along with sound clinical judgement will equally contribute to
the decision-making process for non-intubated UniVAT'S.

In nonintubated UniVATS lung nodule resections, a single
intercostal space block is usually sufficient to control the
afferent nerves and, consequently, the pain. Because of the
limited incision, less-invasive regional techniques are required.
Our experience suggests that an additional infiltration of the
same intercostal space, laterally to the sympathetic chain,
under thoracoscopic view, together with a topic anaesthesia on
the mediastinal pleura (near the hilum) and a local infiltration
of phrenic nerve (cough sedation), should guarantee a
good management of the intraoperative pain, an adequate
mediastinum manipulation, avoiding the TEA which requires
positioning time, anesthesiologist’ experience and not without
any potential complications.

Finally, further perspectives are centred first on the
introduction of the subxiphoid approach and the tubeless
VATS. The ability to access both thoracic cavities using a
subxiphoid incision may reduce the risk of intercostal nerve
injury; this feature is even more evident when a bilateral
surgical approach is necessary (54). “Tubeless” VAT is one of
the newest developments, combining UniVATS plus Awake
VATS: patients undergo awake UniVAT'S without placement
of a chest tube. The rationale for this approach results from
the observation that every surgical tube or catheter or vascular
line forces patients in the hospital; accordingly, every “tube”
is removed before patients are transferred to the recovery
room. As a consequence, tubeless VAT'S may contribute to
further minimizing the pain and shortening the duration of
their hospitalization thereby facilitating “fast-track” thoracic

surgery (31).

Management of complications and conversion to
general anesthesia

An appropriate intra-operative monitoring is an essential
requisite to manage complications. A missed pain control
and an inappropriate sedation could determine major risks in
surgical manoeuvres and waste of time that ultimately could
lead to a general anesthesia conversion. 1o avoid this event, a
combination of a proper regional anesthetic technique (mostly
the TEA) with a sedation strategy including a monitoring
of the level of consciousness using electroencephalographic
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analysis by bilateral bispectral index (BIS) (44) should be taken
into consideration. This is especially the case of the VATS
awake resection of peripheral nodules in which different events
could upset the initial surgical plan (difficult research of nodule,
waste of time during frozen section, surgical margins involved
by tumour requiring an extension of resection, conversion
to an anatomical resection, necessity to do a mediastinal
lymphadenectomy).

MAC is a specific anesthetic protocol that includes careful
monitoring and support of vital functions; during this anesthetic
technique, airway management is minimal and non-invasive
so that the anesthetist is able to minimize intraoperative
complications, acting in a short time on hemodynamic
instability, hypercapnia, coughing, pain, nausea, hypothermia.

In the event of surgical complications (limited pleural
space caused by excessive movements of the diaphragm and
the mediastinum, tenacious pleural adhesions, uncontrolled
bleeding or air leaks, operative time extension) it is crucial to
have an effective team communication and a plan of conversion
ideally to be discussed preoperatively. Both anesthesiologic
conversion to general anesthesia and surgical conversion to
an extra-port VAT or directly to a thoracotomy, need an
experienced anesthesiologist and a skilled surgical team in order
to avoid catastrophic events.

Opverall, no published data show a significant difference in
operative morbidity if they compare non-intubated VAT'S and
VATS in general anesthesia in low-risk patients. Recently some
interesting data are emerging (24) with regard to the category
of high risk patients (poor respiratory conditions); this study
analyzed a total of 293 patients (92 patients non-intubated
VATS lung nodule resection) that were offered an awake
VATS. The cumulative postoperative morbidity rate was 4.3%
which compares favorably with the overall incidence of major
respiratory complications in patients undergoing a general
anesthesia VAT'S.

So far, no study has been comparing the occurrence of
intraoperative complications between non-intubated VATS
and VATS in general anesthesia. Nevertheless, in an analysis of
most relevant awake VAT'S studies summing up a total of 1,441
patients, the overall conversion rate was 2.4%, with an expected
discrepancy between minor/intermediate procedures (1%) and
major procedures (10%) (55).

Discussion: pros and cons

The proposed advantages of nonintubated VATS
(Table 4) include the avoidance of trauma to the hypopharynx,
esophagus and trachea (with their potential injuries) from

Video-assist Thorac Surg 2018;3:3
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Table 4 Advantages and disadvantages in general anesthesia VAT'S and in non-intubated VATS

General anesthesia in VATS
Pros

e Low risk of hypercapnia (“permissive hypercapnia” is a ventilatory strategy in intubated patients to improve haemodynamic
conditions and the ventilation/perfusion match) (56)

e Carlens tube and one lung ventilation offer the possibility to operate on a deflated and immobile lung with undoubted advantages for
surgeon: more room to move endoscopic instruments, easier dissection of anatomical structures

Cons

e More invasive (double lumen tube intubation with a mechanical ventilation; local complications: throat pain, mucosal ulceration,
laryngeal or tracheal injuries due to mechanical irritation of the airways)

e Bariatric distress in the ventilated lung (airway pressure-induced injury, damage caused by lung overdistension, ventilation-to-
perfusion mismatch, inflammatory changes with signs of alveolar damage)

¢ Atelectasis in the lung excluded from ventilation (non-dependent lung) and facilitated by muscle paralysis (shear stress of repetitive
opening, closing alveoli and release of pro-inflammatory mediators, worsening of right-to-left intra-pulmonary shunt, increasing
the probability of hypoxaemia due to the V/Q mismatch, inhibition of HPV caused by volatile anaesthetics). Bariatric distress and
atelectasis lead to postoperative respiratory complications (hypoxaemia, pneumonia, ARDS)

e Qutcomes: higher mortality, morbidity and cognitive dysfunction postoperatively if compared to awake surgery (57)

e Diaphragmatic dysfunction: caused by the use of muscle relaxants, resulting in a residual muscle block (diaphragmatic relaxation)
and impaired early post-operative respiratory function due to residual paralysis

* Management of pain: patient’s discomfort related to intravenous analgesics (mainly opioids) during general anesthesia (postoperative
complications such as hyperalgesia, nausea/vomiting, ventilator depression, need of post-operative analgesics supplement) (58)

¢ Induction of cardiac arrhythmias
e Injury to liver and kidney
e Cognitive deterioration
e Impairment in perioperative immunosurveillance
Non-intubated VATS
Pros
e More physiological (one lung spontaneous ventilation)

¢ V/Q match is preserved (thanks to spontaneous ventilation): the perfusion to the dependent ventilated lung is better in non-intubated
surgery because of the low or negative pressure in this lung. Lower risk of hypoxaemia and intrapulmonary shunt.

¢ More efficient contraction of the dependent hemidiaphragm (helps to increase respiratory efficiency and lung recruitment) (59)

e Stable alveolar pressure (tidal volume and peak airway pressure are decreased in spontaneous ventilation) which induces hypoxic
pulmonary vasoconstriction (HPV) and it could have beneficial effects on oncological growth (increasing of alveolar TNF, soluble
intercellular adhesion molecule 1 and IL-10 concentrations in postoperative period) (60)

e Minimized the perioperative surgical stress response (reduced postoperative stress hormones and pro-inflammatory mediators
compared with mechanical ventilation)

e Awake management plus locoregional anesthesia attenuate immunosuppression and neuroendocrine stress than in general
anesthesia (beneficial effects on cancer recurrence and survival due to the increase of alveolar tumor necrosis factor, soluble
intercellular adhesion molecule 1 and IL-10 concentrations, lesser reduction of natural killer lymphocytes) (61)

Cons

® Patient’s movements

e Coughing

e Mediastinal shift and paradoxical respiration (the continuous atmospheric pressure environment in the open hemithorax leads to
mediastinal movement towards the dependent hemithorax during inspiration)

e Diaphragmatic displacement

e Hypercapnia (induced by hypoventilation due to collapse of the operated lung and sedation): this condition is risky in patients with
elevated pulmonary pressures, severe restrictive or obstructive ventilator defects, major cardiac rhythm disturbances, increased

intracranial pressure; PaCO2 levels up to 70 mmHg should be well tolerated in low risk patients; it has been suggested that
permissive hypercapnia may improve haemodynamics and the V/Q match and protective effects in inflammatory response (56)

© Video-Assisted Thoracic Surgery. All rights reserved. vats.amegroups.com Video-assist Thorac Surg 2018;3:3



Page 8 of 11

Video-Assisted Thoracic Surgery, 2018

Table 5 Benchmark and gray areas in awake VAT'S resection of lung nodules

What we know

Non-intubated minor resections of lung nodules are safe procedures

Awake VATS resections of lung nodules are technically feasible, not so different from procedures in general anesthesia if patient is suitable

for a regional anesthetic technique and sedation

MAC is the best choice if a longer or a more complicated procedure is expected

Awake/non-intubated management well suits uniportal VATS to facilitate patient fast tracking

Less administration of anesthesiologic drugs (less side effects, quicker recovery)

What we do not know
Long-term benefits remain unclear
Suitable for patients at high risk for intubation
Shorter operative time (?)
Shorter post-operative recovery (?)

Pain and length of hospital stay (?)

double-lumen endobronchial tube positioning; mechanical
ventilator-induced lung injury; the effects of residual
neuromuscular block and general anesthetic and analgesic
agents (58). Other potential complications of VATS with
general anesthesia and double lumen tube intubation
include compromised cardiac performance (haemodynamic
instability, arrhythmias) and deteriorated early post-operative
respiratory function due to a residual diaphragmatic paralysis.
In addition, postoperative pain, nausea and vomiting related
to anesthetics and opioids, and, the inability to cough leading
to respiratory distress (atelectasis) and increasing the risk
of pneumonia, represent all possible causes of significant
morbidity.

With nonintubated VATS, patients can ventilate
spontaneously, with a more efficient diaphragmatic
contraction that, along with lateral decubitus positioning,
results in optimal physiological ventilation perfusion
matching to the dependent lung. This leads to lower
morbidity, faster recovery times, reduced costs and length
of hospital stay (62). Hypothetical advantages include an
improved respiratory function in the early postoperative
period, reduced need for intensive care unit stay, and
decreased perioperative morbidity and mortality than with
the similar procedures performed using general anesthesia/
intubated VATS.

Liu et al. (26) recently have published the largest
randomized trial comparing nonintubated VATS with VATS
in general anesthesia. They enrolled 354 patients with
different thoracic diseases and found that the nonintubated
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VATS group had a statistically significant decrease in
postoperative morbidity rate, most markedly a reduction in
post-operative respiratory complications.

Conclusions

Reportedly, awake VATS resection of lung nodules is well-
tolerated. The areas for improvement include provision of
written information dedicating more time for discussion
of the anesthetic modality and the enhancement of post-
discharge support. The choice of the anesthetic technique
(awake, different grades of sedation with BIS, MAC with
a laryngeal mask) must be related to the anesthesiologist’s
expertise and experience. The indications, advantages
and limitations of awake VATS resection of pulmonary
nodules still need to be clarified (7zble 5) but, in the hands
of experienced surgeons, this procedure appears to be
the best technique in elderly patients or those with poor
pulmonary function and at high risk for intubation. We
expect that, in a relatively short time, available data will
significantly increase in order to collect more effective
evidence about the real advantages and limitations
of nonintubated VATS lung resections concerning
postoperative morbidities and mortality, oncological value
and procedure-related costs.
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