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Nonintubated anesthesia for thoracic surgery
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Abstract: Nonintubated thoracic surgery has been used in procedures including pleura, lungs and

mediastinum. Appropriate anesthesia techniques with or without sedation allow thoracic surgery patients

to avoid the potential risks of intubated general anesthesia, particularly for the high-risk patients. However,

nonintubated anesthesia for thoracic surgery has some benefits as well as problems. In this review, the

background, indication, perioperative anesthetic consideration and management, and advantages and

disadvantages are discussed and summarized.
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In recent years, with the techniques and managements
of thoracic surgery increasingly improved, better lung
separation and hypoxemia treatment as well as widely-used
lung protective strategy have obtained proud achievement
(1-3). On the other hand, to fit in with the needs of the fast
track and enhanced recovery after surgery, nonintubated
anesthesia for thoracic surgery has been intensively
researched, reported and advocated (4-8).

Background

There are a lot of studies showing that nonintubated
anesthesia for thoracic surgery is superior to the
conventional general anesthesia in patients’ outcomes.
Nevertheless, some patients who are supposed to under
nonintubated anesthesia still need intubated during the
thoracic surgery (9). 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. Comparing to patients with
intubated general anesthesia, their results showed that
awake technique was safely feasible with better patient
satisfaction, less nursing care and shorter in-hospital
stay. However, it is important to note that two of the
patients in the awake group were converted to intubated
general anesthesia because of lung cancer requiring
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lobectomy via thoracotomy approach (10-12). Therefore,
anesthesiologists should emphasize and balance the
indication, contradiction, advantages, disadvantages,
risks and benefits of nonintubated anesthesia for thoracic
surgery, in order to choose better way to perform the
anesthesia safely.

Indication

According to recent evidence and experience, several
thoracic surgery procedures have been proved suitable
for nonintubated anesthesia, such as pleural/pericardial
effusion, empyema thoracis, bullous emphysema, non-
resectional lung volume reduction surgery, spontaneous
pneumothorax, biopsy of interstitial lung disease, wedge
resection of lung nodules, segmentectomy and lobectomy
for lung cancer, mediastinal biopsy and tumor excision
(6,13-22).

The patients under nonintubated anesthesia should
have well-evaluation and well-preparation without
contraindications and should not reject to receive it. It is
worth noting that Wu and colleagues had evaluated the
feasibility of geriatric patients (age ranging from 65 to 87)
undergoing lobectomy, which showed comparable safety
profile with control group. This study opened up the
possibility of nonintubated video-assisted thoracoscopic
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surgery (VATS) on the old age group (23).

Contraindication

The general patients exclusion criteria includes American
Society of Anesthesiologists (ASA) physical status 4 and
higher, bleeding disorders, sleep apnea, unfavorable airway
or spinal anatomy, strict contralateral lung isolation,
clinically significant sputum production, bronchiectasis,
asthma, extreme of body mass index (BMI), preoperative
decompensated heart disease, severe pleural adhesion over
targeted hemithorax, and noncompliance to the procedure
or patient refusal (6,24).

The implement of anesthesia

Nonintubated anesthesia for thoracic surgery refers to the
operation performed under regional anesthetic techniques
in spontaneously breathing patients, with or without
conscious sedation. Conscious sedation is safe and effective
for patients using sedative or dissociative agents such as
propofol, midazolam, with or without analgesics such as
fentanyl to keep patient tolerate unpleasant procedures
while maintaining cardiorespiratory function. That is an
induced depressed level of consciousness in which a patient
retains the ability to independently and continuously
maintain an open airway and a regular breathing pattern,
and to respond appropriately and rationally to physical
stimulation and verbal commands.

Psychological preparation

Preoperative communication for reassuring the patients,
intraoperative coaching, mental support, verbal communication
with medical personnel, and comfortable environment with
low-volume music might all contribute to calm the patients
down with acceptable respiration (25,26).

Monitoring

Standard monitoring with pulse oximeter, electrocardiogram,
sphygmomanometer, and end-tidal CO, should always be
in place. In addition, invasive arterial pressure monitor is
often set for its versatility on monitoring arterial blood gas,
real-time hemodynamic index, and fluid status inclination.
For the occasion in which sedation is part of the planning,
bispectral index (BIS) is highly recommended for evaluation
of sedation level and advanced judgment of the anesthesia/
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sedation depth.

Anesthesia techniques

The anesthetic techniques consist of local anesthesia,
intercostal nerve blocks, paravertebral blocks, thoracic
epidural anesthesia, and spontaneous breathing anesthesia
with laryngeal mask airway (LMA). Intravenous narcotics
and conscious sedation are often combined with the
techniques as above. After intravenous administration
of fentanyl 25 to 50 mcg, target controlled infusion of
propofol and/or remifentanil is started, aiming for BIS over
50 to 70 (24). Among them, thoracic epidural anesthesia is
the most popular and can be enough.

Thoracic epidural anesthesia

The use of thoracic epidural anesthesia in awake thoracic
surgery was first proposed in 1950 by Buckingham ez a/.
(27,28). Recent studies have reported that thoracic surgery
under epidural anesthesia can be easily and safely carried out
with less charges and hospital-stay (10,24,29,30). However,
it is a novel field to explore and investigate the benefits,
risks and disadvantages of thoracic epidural anesthesia in
nonintubated thoracic surgery, although the technique has
been used in other surgeries for many decades.

Thoracic paravertebral block

Paravertebral block is an alternative technique that may
offer a comparable analgesic effect and a better side-effect
profile, which is associated with a reduction in pulmonary
complications (31). Komatsu er /. found that paravertebral
block could greatly contribute to enhanced recovery after
thoracic surgery owing to effective and fewer side effects
in a retrospective observational study (32). Katayama ez a/.
suggested that paravertebral block was safe in patients
ineligible for epidural block and could contribute to their
pain relief following pulmonary resection procedure
including VATS (33). However, the study of Messina ez al.
showed that epidural analgesia was more efficient than
paravertebral continuous block at reducing pain after
thoracic surgery (34).

Percutaneous or thoracoscopic intercostal nerve block

Hung and his colleagues reported that nonintubated
thoracoscopic surgery using internal intercostal nerve
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block, vagal block and targeted sedation was technically
feasible and safe in surgical treatment of lung, mediastinal
and pleural tumors in selected patients (9). Wurnig et al.
suggested that pain management by intercostal block was
superior during the first 24 h after surgery whereas on
the second day after surgery pain control was significantly
better achieved by the epidural catheter in relaxed
position. A combination of intercostal block and epidural
block seems to be an ideal pain management in patients
undergoing thoracic surgery (35).

Spontaneous breathing anesthesia with LMA

Cai and his colleagues found that thoracoscopic bulla
resection under laryngeal mask anesthesia with low tidal
volume high-frequency lung ventilation was safe and
feasible and resulted in better patient satisfaction and
shorter in-hospital stay than procedures performed under
intubation anesthesia with one-lung ventilation (36).
Ambrogi ez al. suggested that thoracoscopic wedge resection
of lung nodule was safe and feasible under spontaneous
breathing anesthesia with LMA. It is a new technique
permitted a confident manipulation of lung parenchyma
and a safe stapler positioning without cough, pain, or panic
attack described for awake epidural anesthesia, avoiding the
risks of tracheal intubation and mechanical ventilation (37).
However, it is influenced by surgical personal skills and
patients with tenacious pleural adhesions or with nodule
unsuitable for VATS resection must be excluded.

Cough control

Preoperative inhalation of aerosolized lidocaine and
ipsilateral stellate ganglion block had been proposed
to reach cough control in some extent (15,38). Chen
and colleagues have routinely performed intraoperative
thorascopic vagal block, and it has been proved effective
on cough reflex suppression without causing hemodynamic
instability (16). In some more cases, incremental intravenous
fentanyl can be applied in place of vagal block to decrease
cough suppression duration (24).

Respiration management

During the whole operation, nasopharyngeal airway and
face mask are required for oxygen inhalation, with an
oxygen flow of 3-5 L/min. After the pleural cavity is closed
and the wound is sutured, the patients are assisted via a face
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mask in ventilation to inflate the lung tissue.

In sedated patients, premedication with opioid agent
followed by deliberate titration had been proved to control
respiratory rate effectively. Meticulous use of nasal airway
can be of great benefit if upper airway obstruction raises
clinical concerns. If significant hypoventilation happens,
modest assisted ventilation by a mask may be required
after notification of the surgical team. Oxygenation can be
facilitated with O, supplement by nasal cannula 3-4 L/min
or by Venturi Mask. Overly hypercapnia should be avoided;
a good-quality end-tidal CO, trace and serial arterial blood
sampling before/after iatrogenic open pneumothorax should
suffice for close monitoring (24,28).

Postoperative analgesia

Thoracic epidural block is still the preferable standard
for thoracic surgery analgesia with traumatic procedure.
However, some anesthesiologists have some concern
for epidural analgesia. Anticoagulant therapy with low
molecular weight heparin has been increasingly used in
surgical patients, which may make it difficult to safely
manage the epidural analgesia. Bang and his colleagues
reported a case of epidural hematoma in a 55-year-old male
patient who had a thoracic epidural catheter placed under
general anesthesia preceding a cardiac surgery. Epidural
catheter insertion in a patient anticoagulated with heparin
may increase the risk of epidural hematoma (39).

Ding and his colleagues reviewed the updated meta-
analysis comparing the analgesic efficacy and side effects of
paravertebral and epidural block for thoracotomy, showing
that paravertebral block can provide comparable pain relief
to traditional epidural block, and may have a better side-
effect profile for pain relief after thoracic surgery (29).
Recently, the systematic review of Steinthorsdottir et a/.
suggested that thoracic epidural block and especially
paravertebral block showed some effect on pain scores for
VATS in comparative studies (40). Certainly, a specified
catheter for continuous paravertebral block would be more
beneficial.

Ishikawa ez al. have reported that for minimally invasive
thoracoscopic surgery, intrapleural analgesia could be one of
the good postoperative analgesia for its efficacy, safety, and
benefit of easy placement of the catheter (41). Fibla er a/.
showed that the analgesic regimen combining paravertebral
block and non-steroid anti-inflammatory drugs (NSAIDs)
provided an excellent level of pain control for thoracoscopic
surgery through a prospective randomized study (42).
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The promising analgesia, including continuous intercostal-
intrapleural analgesia or narcotic-based intravenous patient
controlled analgesia combining with NSAID:s still need more
attention and further study.

Advantages

Nonintubated anesthesia allows thoracic surgery patients
to avoid the potential risks of tracheal intubation including
the impacts from the manipulation, various anesthetic drugs
and mechanical ventilation etc., particularly for the high-
risk patients (43).

Liu et al. recently compared two groups of patients who
received thoracic surgery under epidural anesthesia and
those under general anesthesia with double lumen tube,
the results showed significant differences in postoperative
fasting time, duration of postoperative antibiotic use, and
duration of postoperative hospital stay (30).

Mineo and his colleagues studied the quality of life
after nonintubated versus intubated VAT'S talc pleurodesis
using case-matched study recruited 391 patients, showing
that two groups achieved similar results in pleural effusion
and nonintubated VATS got earlier improvement of
some quality-of-life domains as well as better mortality,
morbidity, hospital stay, and costs (12).

Moreover, Vanni and his coworkers demonstrated that
when compared with conventional thoracoscopic surgery
under general anesthesia with single-lung ventilation,
awake thoracoscopic surgery attenuated the surgical stress
responses and had a smaller impact on the postoperative
lymphocyte responses (44,45).

Disadvantages

Once mentioned of thoracic surgery just under epidural
block, some anesthesiologists will recall the discomfort,
irritation, and respiratory depression of the patients and
the hustle and frustration of the anesthesiologists during
upper abdominal surgery under epidural block decades
years ago, even the anesthetics and monitor machines
have made great developments. In addition, the thoracic
epidural block has been abandoned in lots of hospitals.
With heavy labor intensity and various degree of anxiety,
anesthesiologists should keep monitoring without
distractions and absences.

Some thoracic surgeons also disapprove with the
nonintubated anesthesia, because they require that the
patient should be unconscious, and are not satisfied with the
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surgical condition, worry about the position limitation and
the possible body movement of the patient (46).

Some patients are not comfortable and even scared about
being awake during the surgery, hearing the discussion
and noises in the operating room, which may cause mental
stress and post-traumatic stress disorder (PTSD). Although
there is no related study, a normal human response to such
an exceptional situation can for instance be the delayed
appearance of unintentional distressing recollections of
the event despite the patients’ satisfaction concerning the
procedure (41,47).

Inexperienced and poorly cooperative surgical team
may be the difficulties in performing the nonintubated
anesthesia for thoracic surgery. The coordination and
cooperation between surgeons and anesthesiologists are
very important in operating room. The weak teamwork and
poor communication could induce lots of problems even
mistakes, seriously endangering the patients’ safety.

Hypercapnia can develop during nonintubated thoracic
surgery and correlates with the operative time directly.
Whereas it is worth noting that clinical study has shown
that perioperative hypercapnia without hypoxemia rarely
becomes clinically dangerous (13,48). Anyway, airway
support and preparation for conversion to intubated
general anesthesia should always be in hand in case
of respiration depression, insufficient anesthesia and
significant bleeding (15,24).

The charge of nonintubated anesthesia is quite lower
than that of general anesthesia with double lumen
endobronchial tube, and the anesthesiologists in some
hospitals may get less economic benefits, for example, in the
current bonus distribution system in China.

The advantages and disadvantages of nonintubated
anesthesia for thoracic surgery are listed in the 7able 1.

Future directions

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
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Table 1 Advantages and disadvantages of nonintubated anesthesia for thoracic surgery

Advantages

Avoiding the potential risks of tracheal intubation

Better results in postoperative fasting time, duration of postoperative antibiotic use, and duration of postoperative hospital stay

Earlier improvement of some quality-of-life domains, better mortality, morbidity, hospital stay, and costs

Disadvantages

Challenge and increased labor intensity to anesthesiologists
Disapproval from some thoracic surgeons

Attenuated the surgical stress responses and had a smaller impact on the postoperative lymphocyte responses

The risk of mental stress and post-traumatic stress disorder for some patients

Problems even mistakes induced by the weak teamwork and poor communication

Hypercapnia, airway support and preparation for conversion to intubated general anesthesia

Less economic benefits in some countries

anesthesia, and the postoperative recovery is faster with less

complication rates.

Summary

The psychological preparation and physical evaluation

of the patients, the applying of suitable techniques,

intraoperative management and communication with

surgeons are important for the safety and practicality of

nonintubated anesthesia for thoracic surgery. Nevertheless,

more evidence and studies are needed to ascertain the risks

and benefits of this technique.
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