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Objective: Search the evidence available regarding nonintubated anatomical segmentectomies and discuss 
about outcomes. 
Background: Nonintubated thoracic surgery has evolved since initial “rescue procedures” for high-
risk patients under awake anesthesia, until sedative nonintubated resections including anatomical 
segmentectomies. Nonetheless, very few experienced centers in Asia have collected most of this short case-
load worldwide, thus reflecting the difficult advance in this very specific minimally-invasive procedure. In 
fact, the evidence about nonintubated segmentectomies suggests only little benefits in terms of postoperative 
recovery (chest tube duration, hospital stay). 
Methods: We review comparative studies, randomized trials, systematic reviews and meta-analysis about 
nonintubated segmentectomies since its first report. We focused in some controversial aspects and which the 
conclusions should be. 
Conclusions: Evidence regarding the potential benefit of nonintubated segmentectomies is really poor 
nowadays due to very few studies reported from just highly-experienced centers. The evidence points to 
a better postoperative recovery in terms of chest tube duration and hospital stay, but these advantages 
are limited by non-randomized design and methodological biases. Nonetheless the standard with general 
anesthesia and orotracheal intubation is highly safe in the low-risk cohort of patients strictly selected for 
nonintubated segmentectomies, so it seems that the expected advantages of this anesthetic method have not 
been reached or at least not been assessed, especially those regarding respiratory complications and stress 
biomarkers. Efforts should be made in order to clarify the concepts and the targeted population, homogenize 
the anesthetic methods, design randomized trials assessing the variables where the expected benefits can be 
measured, and state conclusion according to these outcomes. 
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Introduction

Anatomical segmentectomy has been considered for 
many years a rescue resection procedure only for high 
risk patients deemed inoperable for lobar resection due to 
decreased pulmonary function or comorbidity (1). However, 
as minimally invasive thoracic surgery developed, the idea of 
lung-sparing resection became more attractive for thoracic 
surgeons, especially due to advances in early diagnosis and 
lung cancer screening programs already available in some 
countries (2-4). Many studies show evidence that anatomical 
segmentectomies are oncologically correct for some 
subtypes of early stage non-small cell lung cancer (NSCLC) 
(5-8), but their indications are also extended to benign or 
metastasic central lesions, or even multifocal or recurrent 
primary cancers (9).

Nonintubated anatomical resections under spontaneous 
breathing in low-risk patients have been performed but are 
limited to a few highly experienced centers mainly in Asian 
countries (10-12). There are still many concerns about 
indications, technical details, and potential advantages and 
risks that should be first addressed (13).

Combination of minimally invasive surgical techniques 
(uniportal video-assisted thoracic surgery (VATS), subxiphoid 
VATS), lung-sparing resections and less aggressive anesthesia 
is promising, but assessing the short evidence available should 
make us think: Do the benefits overcome the potential risks 
while comparing to a highly-safe method as orotracheal 
intubation and mechanical ventilation?

In this narrative review, we will bring to discussion some 
key points. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://jovs.amegroups.com/article/view/10.21037/jovs-
21-33/rc).

Methods

On 2020, we published a review article about Nonintubated 
anatomical segmentectomies (14) collecting all available 
evidence about these resections under spontaneous 
breathing. We also detailed the indications, exclusion 
criteria, and technical aspects to deal with during 
nonintubated anatomical segmentectomies.

Searching PubMed and Cochrane Library since 2019 
when we wrote the manuscript (14), shows that only 3 
new results have been published regarding nonintubated 
anatomical segmentectomy: one meta-analysis (15), 
one comparative retrospective study (11), and one case  

series (16). This little evidence means that there have 
been very few advances on this combination of minimally 
invasive techniques. So, the questions are: is the interest 
in nonintubated anatomical resections decreasing? Are 
the results discouraging? Do the benefits overcome the 
risks compared to conventional intubation and mechanical 
ventilation? 

In this review of PubMed and Cochrane Library (using the 
terms: “nonintubated+sublobar”, “non-intubated+sublobar”, 
“awake+sublobar”, “nonintubated+segmentectomy”, “non-
intubated+segmentectomy”, “awake+segmentectomy”) we 
will make a comprehensive analysis of studies published 
or accepted ahead of print, in English, since first report in  
2012 (17), and we will limit the review to comparative studies 
(both prospective and retrospective), randomized trials and 
systematic reviews/meta-analysis. We will try to answer 
specific controversial questions:

(I) Are nonintubated anatomical segmentectomies feasible?
(II) Are nonintubated anatomical segmentectomies safe?
(III) Are nonintubated anatomical segmentectomies 

oncologically safe?
(IV)	 Are	the	benefits	what	we	are	looking	for?

Are nonintubated anatomical segmentectomies 
feasible?

The answer is YES. The first specific series of nonintubated 
anatomical segmentectomies was published in 2013 (12) but 
there are reports from the same authors since 2012 with a 
series including 16 cases (17). Since then, several more case 
series and case reports have been published (18-20).

There are no specific randomized trials comparing 
nonintubated versus intubated VATS segmentectomies over 
the last 9 years since the first specific series was published, 
and only few comparative studies. First was published 
in 2016 (21) reporting their 5-year experience of 140 
segmentectomies by multiportal VATS, which included 48 
segmentectomies performed under epidural anesthesia and 
laryngeal mask, sedation and vagal block. 

The same surgical team also published in 2016 a 
propensity score matching analysis of early outcomes on 
VATS for NSCLC regarding the type of anesthesia (22). 
Three hundred sixty-three cases of lobectomy or anatomical 
segmentectomy within a 3-year period were included. They 
excluded 24 patients, and finally 151 patients were operated 
under nonintubated VATS, including 32 anatomical 
segmentectomies. They performed a propensity score 
matching, final analysis included 20 nonintubated and 20 

https://jovs.amegroups.com/article/view/10.21037/jovs-21-33/rc
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intubated anatomical segmentectomies. 
In  2021  (16) ,  probab ly  the  most  exper ienced 

surgical team in nonintubated VATS, from Taiwan, has 
published a retrospective analysis of a 4-year period 
[2014–2018] comparing 32 nonintubated uniportal versus 
62 nonintubated multiportal segmentectomies. The 
comparison focused on the surgical approach but not 
the anesthetic method. This same group from Taiwan, 
published the actual year (11), a retrospective analysis of 185 
consecutive uniportal VATS anatomical segmentectomies in 
a 5-year period [2014–2019], 50 of them were nonintubated. 
They performed a propensity score matching of 43 cases in 
each arm.

Reader can easily identify that only two highly-
experienced centers from Taiwan and China have reported 
all the comparative studies and almost the totality of 
nonintubated segmentectomies within almost a 10-year 
period, so the relevant question is: is it feasible out of high-
volume centers in Asian?

It  is  well  known that nonintubated anatomical 
resections are performed after careful selection criteria. 
In the most recent analysis from Liu and colleagues (16),  
we should highlight that between 67.7–90.6% of the 
patients were women, with body mass index (BMI) 
between 21.9 (uniportal) and 22.1 (multiportal), and 
mean preoperative FEV1 exceeded 100%. The type of 
segmentectomy was predominantly from upper lobes or 
simple segments of lower lobes, with almost none complex 
segmentectomy from basilar segments. All this data means 
that nonintubated approach was strictly selected for a very 
specific subset of lung cancer patients, but does this subset 
of patients allow most Thoracic Surgery departments to 
perform this approach in a conventional manner? In 2017, 
Salati et al. published data from the European Society 
of Thoracic Surgery (ESTS) database, with 62,774 lung 
cancers, including 51,931 primary lung cancers. Only one 
third of patients were women, mean BMI was 25.8, and 
median ppoFEV1 is 73.3%, which reflects a very different 
lung cancer patient’s profile (23). 

Some attempts from Europe have also been published 
(18,20,24), but have not gained continuity and have not 
spread thus reflecting the complexity. 

Are nonintubated anatomical segmentectomies 
safe?

If  we look at data published from the propensity 
score matching of 43 nonintubated and 43 intubated 

segmentectomies by Liu  et al. (11), there were no 
conversions to intubation or thoracotomy, and no significant 
differences in conversion to multiportal VATS due to 
extense adhesions (4.7% vs. 2.3%, P=0.557). There were 
also no differences in lowest oxygen saturation measured by 
oximetry (97.1±3.7 vs. 97.2±3.7, P=0.743), but what is most 
important no significant differences were noted in peak 
end tidal carbon dioxide during procedures (42.9±7.5 vs. 
43.6±4.8, P=0.633). There were no significant differences 
in postoperative complications and parameters such as chest 
tube duration and length of stay were comparable.

In the comparison of 48 nonintubated segmentectomies 
with 92 intubated of the other highly experienced team (21), 
mean peak EtCO2 was clearly higher in the nonintubated 
group (44.81 vs. 33.15 mmHg, P<0.001), but there was 
only one conversion to intubation (2.1%). There were no 
significant differences in lowest oxygen saturation, blood 
loss or conversion to thoracotomy, and postoperative 
complications were comparable between both groups.

This is the only comparative evidence available, and 
if we just read, the results indicate that nonintubated 
segmentectomy is safe. But if we make an exhaustive 
analysis, we can point out some interesting data. The most 
important feature is the patient’s profile in these series: very 
low BMI (21.59 in Guo’s paper and 22.1 in Liu’s paper), 
excellent preoperative pulmonary function measured 
by FEV1 (95.09% of predicted in Guo’s and 112.2% of 
predicted in Liu’s paper) and low proportion of chronic 
obstructive pulmonary disease (COPD) patients (0% in 
Guo’s paper and 2.3% in Liu’s paper). So nonintubated 
segmentectomy in highly experienced centers proved to be 
safe for a very strictly selected cohort of patients without 
chronic obstructive pulmonary disease, with excellent 
pulmonary function tests and very low BMI. This is probably 
the most important limitation for spread of nonintubated 
segmentectomy within Thoracic Surgery centers. 

But surgeons who have dealt with nonintubated 
anatomical resections we all know that when you try to 
perform this approach in patients not complying these 
features, peak end-tidal CO2 considerably raises and 
mediastinal excessive movement jeopardizes the successful 
performance and increases the risk of conversion to 
intubation and mechanical ventilation. In fact, Wang et al. 
from Taiwan (25), published their results in lung cancer 
patients with impaired pulmonary function defined as 
preoperative FEV1 less than 70%, American Society of 
Anesthesiologists physical status score of 4 or less, but with 
BMI less than 30, without evidence of pleural adhesions and 
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without anticipated difficult airway. They operated on 28 
patients, including 3 segmentectomies and 4 lobectomies. 
There was one case of conversion to tracheal intubation 
(4%) due to persistent intraoperative wheezing and difficult 
breathing. During the postoperative, 18% presented air 
leak longer than 5 days, and 21% subcutaneous emphysema, 
with 7% of acute exacerbation of COPD. Postoperative 
chest tube duration and hospital stay were 3 and 6 days 
respectively. Four patients (14%) required hospital 
readmission, and only 50% of patients were free from 
anesthetic or postoperative complications, thus reflecting 
very different outcomes when compared to strictly selected 
cases.

Conclusion should be that nonintubated segmentectomy 
is safe in a very specific subset of patients.

Are nonintubated segmentectomies 
oncologically safe?

When dealing with oncological surgery regarding lung 
cancer, we should not only assess safety of the procedure 
in terms of complications, but also analyze if  the 
procedures can be performed accomplishing the standards 
recommended by the International Association for Study of 
Lung Cancer (IASLC) (26), and main guidelines (ESMO, 
NCCN) (9,27).

There is no available data regarding overall and disease-
free survival in comparative studies, so conclusions can not 
be established. The reason for this is probably the limited 
evidence, with very few studies and cases, but also that 
the main purpose of surgeons dealing with nonintubated 
approach is still to demonstrate the feasibility and safety of 
nonintubated procedures more than its oncological impact.

Lymph  node  d i s s ec t ion  cou ld  po ten t i a l l y  be 
threatened by a mobile surgical field during nonintubated 
segmentectomies due to mediastinal movement or 
accidental cough. None of the comparative studies have 

found significant differences in terms of number of lymph 
nodes and stations during lymphadenectomy (11,21,22) 
(Table 1). This reflects that if the patient and the case 
have been strictly selected, vagal blockade and regional 
anesthesia provides the surgeon a surgical field comparable 
to intubated patients, so lymph node dissection should not 
be compromised by the anesthetic method.

Are the benefits what we are looking for?

Nonintubated thoracic surgery, or as it was first attempted 
awake thoracic surgery, initially tried to give a surgical 
chance for inoperable or high-risk patients (28-30) in the 
field of lung-volume reduction surgery (LVRS), secondary 
spontaneous pneumothorax, resection of peripheral nodules 
(31,32) and other procedures. The expected benefit was the 
successful surgical performance in high-risk patients, but 
there are no reports of nonintubated segmentectomies in 
these high-risk patients despite isolated cases (25). Table S1 
summarizes main outcomes of awake thoracic surgery in 
high-risk patients.

But the focus quickly shifted when anatomical resections 
were attempted. Interest in Asian countries for nonintubated 
surgery was born in order to avoid orotracheal intubation 
in patients with smaller caliber tracheas where risk of 
tracheal injury was higher (10,12,17), so these surgeons 
were not looking for operating inoperable or high-risk 
patients, but changing the standards of anesthesia to avoid 
tracheal injury. Thus, they evolved into less invasive surgical 
techniques (uniportal VATS) and preserving parenchyma 
resections (sublobar).

The question is: What is the risk of tracheal injury with 
double-lumen orotracheal tubes? A systematic review in 
2020 (33) with 187 airway ruptures secondary to double-
lumen tubes showed that 61% of the patients were women 
and the mean BMI was 22.8 Kg/m2, but it’s really difficult 
to assess which proportion of double-lumen intubations 

Table 1 Lymph node assessment during nonintubated surgery: comparative studies

Author Year Variable Nonintubated group (n, %) Intubated group (n, %) P value

Guo et al. (21) 2016 • Mean no. of lymph nodes 8.06±6.22 8.02±4.31 0.969

Liu et al. (22) 2016 • Mean no. of lymph nodes 7.8±5.4 6.4±5.3 0.412

• Mean no. of lymph node stations 3.2±1.4 2.7±1.5 0.286

Liu et al. (11) 2021 • Mean no. of lymph nodes 4.3±3.4 5.7±4.1 0.127

• Mean no. of lymph node stations 2.5±1.4 2.7±1.2 0.460

https://cdn.amegroups.cn/static/public/JOVS-2021-VATSS-10-Supplementary.pdf
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in the clinical practice complicates with tracheal injury. In 
conventional European or north American patients’ double 
lumen orotracheal intubation tracheal injury is really 
uncommon in experienced hands, so the profit margin 
seems minimal. This advantage is of particular importance 
when we deal with this specific subset of small size trachea, 
more than a general benefit.

Tacconi and colleagues (34) hypothesized that thoracic 
surgery under spontaneous breathing might trigger lower 
levels of stress hormones and inflammation biomarkers, and 
that could be of main importance in terms of oncological 
disease. But most publications don’t analyze these 
parameters, just report some outcomes regarding lower 
white cell blood count (21), but there are no analysis about 
blood cortisol levels, T-lymphocytes and natural killer cells 
(NK cells) populations count or inflammation markers 
such as cytokines. For this reason, no conclusions about its 
biological impact can be obtained. 

There is no evidence that segmentectomies under 
spontaneous breathing are safer in terms of postoperative 
complications (11,21), in fact the evidence suggesting 
this has been obtained from reports of lobectomies (15), 
probably because they are the most conventional anatomical 
resections.

And if we specifically look at respiratory complications, 
the evidence from comparative studies suggests that there 
are no significant differences (Table 2). If thoracic surgery 
under spontaneous breathing diminishes ventilator-induced 

damage such as barotrauma, volutrauma and atelectrauma, 
which is the reason for these comparable outcomes? 
Probably performing the procedures in strictly selected 
patients with excellent pulmonary function tests, makes 
finding this protection of lung damage almost a crusade.

Thus, which have been the observed benefits of 
nonintubated sublobar resections? If we look at the 
comparative studies, we can summarize that nonintubated 
patients had shorter time until resumption of oral intake, 
shorter anesthesia time and costs, shorter chest tube 
duration and postoperative hospital stay (11,21,22) (Table 3). 

Making a critical analysis as surgeons, we all know that 
these are parameters we can push forward if we are really 
enthusiastic on it, as it occurs with uniportal or subxiphoid 
VATS approach. 

Which could be the explanation for improvement 
of chest tube duration or postoperative hospital stay if 
postoperative complications and pain do not significantly 
differ? All these advantages may fit into the concept of 
enhanced recovery after surgery (ERAS) programs more 
than real benefits of a different anesthetic performance.

Discussion: key aspects for the future

After this objective and critical analysis, it seems that 
nonintubated segmentectomies have not enough evidence 
after years since its first report, but conclusions can be 
interpreted in a different way. 

Table 2 Respiratory complications in comparative studies

Author Year Variable Nonintubated group, n (%) Intubated group, n (%) P value

Guo et al. (21) 2016 • Pneumonia 2 (4.2) 3 (3.3) >0.99

• Atelectasis 0 2 (2.2) 0.546

• Sputum retention + bronchoscopy 0 2 (2.2) 0.546

• Chylothorax 1 (2.1) 1 (1.1) >0.99

• Pulmonary embolism 1 (2.1) 0 0.343

• Subcutaneous emphysema 0 1 (1.1) >0.99

Liu et al. (22) 2016 • Respiratory complications 2 2 1.00

Liu et al. (11) 2021 • Prolonged air leak 1 (2.3) 4 (9.3) 0.167

• Air embolism 0 0

• Pneumonia 0 0

• Hemothorax 0 0

• Chylothorax 0 0
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There are some key points that surgeons interested on 
nonintubated procedures should reconsider before starting, 
and experienced surgeons must focus on:

(I) Definition of two different scenarios. We 
must differentiate between operating high-
risk or inoperable patients under spontaneous 
breathing to give them a surgical chance (usually 
awake procedures), from operating elective 
“ideal patients” for pulmonary anatomical 
resections,  where we look for decreasing 
anesthetic aggression in order to accomplish a 
more “sustainable” surgery (usually non-awake 
or sedative procedures). We should focus in a 
different manner for each scenario.

(II) Define specific populations. We must define 
exactly which high-risk patients are potential 
candidates and would benefit more from awake 
procedures. We must also define baseline features 
(BMI, gender, preoperative FEV1 and DLCO, 
cTNM, etc.) for attempting anatomical resections 
such as lobectomies or segmentectomies in low-
risk ideal patients in order to avoid unnecessary 
risks.

(III) Objectives pursued. This is the cornerstone 
of research in nonintubated thoracic surgery: 
defining what we aim for and how we will 
assess it. For high-risk patients not considered 
for conventional anesthesia, we should define 
the target outcomes in terms of feasibility and 
complications. But for anatomical resections 
in low-risk ideal patients, we should analyze 

biological  markers  of  stress  and immune 
disbalance, in order to assess if nonintubated 
surgery is less disruptive for body homeostasis 
(serum cortisol, lymphocyte subpopulations, NK 
cells, etc.), and also variables regarding the quality 
of the oncological surgery (lymph node number 
and stations, resection margins). We should also 
analyze intra and postoperative complications, 
especially focused on safety levels of hypercapnia 
and which baseline features of the patients may 
predict the appearance of severe hypercapnia. 
F ina l ly,  we  must  compare  postoperat ive 
parameters such as resumption of oral intake, 
chest tube duration or hospital stay in the same 
context of enhanced recovery programs both for 
study and control groups.

(IV) I n v e s t i g a t e  w i t h i n  m u l t i c e n t e r  g r o u p s . 
Nonintubated surgery remains a challenge for 
most thoracic surgeons and anesthesiologists, 
so special efforts should be made to create 
mult idisc ipl inary ( thoracic  surgeons and 
anesthesiologists) and multicenter interest groups 
in order to collect significant case-load under 
homogeneous conditions. Without this critical 
analysis, maybe nonintubated segmentectomies 
and other anatomical resections will be limited to 
sporadic reports from very few specialized centers.

Efforts should be made in order to clarify the concepts 
and the targeted population, homogenize the anesthetic 
methods, design randomized trials assessing the variables 
where the expected benefits can be measured, and state 

Table 3 Observed advantages in comparative studies

Author Year Variable Nonintubated group Intubated group P value

Guo et al. (21) 2016 • Postoperative oral intake (hours) 6.76±1.21 17.58±4.66 <0.001

• Postoperative chest tube (days) 2.25±1.36 3.16±3.93 0.047

• Postoperative hospital stays (days) 6.04±3.60 7.83±5.89 0.057

Liu et al. (22) 2016 • Postoperative fasting time (hours) 6.5±2.1 13.8±2.3 <0.001

• Postoperative chest tube time (days) 2.6±1.2 4.3±7.2 0.310

• Postoperative hospital stays (days) 6.0±1.2 8.3±4.3 0.024

Liu et al. (11) 2021 Anesthesia induction duration (minutes) 12.0±6.0 15.3±7.9 0.014

Postoperative chest drainage (days) 1.5±0.7 1.9±1.1 0.168

Postoperative hospital stays (days) 3.1±0.7 3.4±1.1 0.357
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conclusion according to these outcomes.
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Supplementary

Table S1 Main outcomes of awake thoracic surgery from comparative studies

Procedure/disease Year Type of study Author Outcomes

Primary spontaneous 
pneumothorax (PSP)

2007 RCT Pompeo et al. (35) Less adverse events rate (vomiting, urinary retention)

Secondary spontaneous 
pneumothorax (SSP)

2012 PSM Noda et al. (36) Less postoperative respiratory complications

Lung volume reduction surgery 2012 RCT Pompeo et al. (28) Less overall postoperative morbidity

Malignant pleural effusion/ thoracic 
empyema

2015 NRC Cajozzo et al. (37) Lower hospital stays and chest tube duration

2014 NRC Mineo et al. (38) Lower hospital stays and chest tube duration, 
less postoperative morbidity, improvement in QOL 
parameters

2013 RCT Pompeo et al. (39) Lower hospital stay and costs 

Pulmonary metastasis 2007 NRC Pompeo et al. (32) Lower hospital stay

PSM, propensity score matching; RCT, randomized clinical trial; NRC, non-randomized comparative; QOL, quality of life.
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