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Objective: To reveal and review the main effects of mechanical ventilation, anaesthesia, thoracotomy and 
thoracoscopy on immune responses and clinical outcomes.
Background: Several trials reported that intubated video-assisted thoracic surgery (VATS) is associated 
with favourable recovery time, hospital stay, fewer postoperative complications, better delivery and tolerability 
of adjuvant chemotherapy in patients with non-small cell lung cancer (NSCLC) as compared to traditional 
thoracotomy. Recent studies introduced a new approach in thoracic surgery focusing on the immunological 
outcomes and detrimental effects of thoracotomy and VATS along with patients’ clinical benefits. 
Methods: We reviewed main laboratory and human research based on PubMed database to reveal the 
immune effects of intubated and non-intubated VATS, mechanical one-lung ventilation (mOLV) and 
anaesthesia on inflammatory cytokine production, cell responses and clinical outcomes.
Conclusions: Although, there are still inconsistencies regarding whether VATS can improve long-term 
survival and immune responses. VATS results in better preserved immune functions: the postoperative 
number of natural killer (NK) cells, lymphocytes were less suppressed and the release of immunomodulatory 
interleukin (IL)-6 and IL-10 were reduced, compared to thoracotomy. Both thoracotomy and VATS are 
known to induce immune responses, however, these effects can be observed to a different extent as it depends 
on the modes of surgical technique, mOLV and even general anaesthesia. Thus, non-intubated thoracic 
surgery (NITS) was developed to avoid harmful immune effects, prevent acute lung injury (ALI) and increase 
patients’ long-term survival. NITS could be also associated with less prominent pro-inflammatory cytokine 
responses and a preserved lymphocyte cell count postoperatively. 
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Introduction

Several studies proved that surgical trauma (such as surgical 
wound) and mechanical one-lung ventilation (mOLV) can 
trigger the release of damage-associated molecular patterns 
(DAMPs) that acts as the ligand of immune receptors and 
activate innate immune responses (1-3). The severity of 
further surgical consequences can be also influenced by 
the extent of surgical invasiveness, localisation, anaesthetic 
procedures and the patients’ coexisting morbidities, 
infections or poor inadequate nutritional status. The 
advantages of video-assisted thoracic surgery (VATS) is 
well-recognized and some studies proved the superiority 
of VATS over open thoracotomy, because of the more 
favourable cytokine production, cellular responses, better 
cancer prognosis, reduced mortality or morbidity rates and 
the facilitation of the chemotherapy administration in non-
small cell lung cancer (NSCLC) patients (4-7). However, 
mechanical ventilation technique is also a determining 
query in patients’ well-being during VATS surgery as both 
the ventilated and collapsed lung could be affected by the 
ventilation modes (8). 

Thus, we aimed to review both the latest clinical studies 
and laboratory researches reporting the cellular functions, 
cytokine responses and clinical outcomes influenced 
by intubated and non-intubated VATS, mechanical 
ventilation and anaesthesia. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://asj.amegroups.com/article/
view/10.21037/asj-21-64/rc).

Methods

All published articles pertaining to the clinical and immune 
effects of thoracotomy, intubated and non-intubated VATS 
surgery were collected by searching PubMed (MEDLINE) 
from the mid 1960s to 2021 using the following key words: 
acute lung injury, adjuvant chemotherapy, anaesthesia, 
animal model, cancer, cell response, cytokine, immune, 
infection, interleukin, intubated, lobectomy, lymphocyte, 
metastasectomy, NK cell, non-intubated thoracic surgery 
(NITS), oncological, one-lung ventilation, postoperative, 
pro-inflammatory, resection, surgery, thoracotomy, tumour 
necrosis factor, video-assisted surgery. Searches were 
augmented by manually reviewing the reference lists of all 
reviews, meta-analysis and original articles. The purpose 
of the following systematic review was neither to perform 
meta-analysis nor to grade the evidence of the used 
literature.

Cellular, immune and inflammatory response to 
VATS as compared to open thoracotomy 

Surgical trauma is known to promote the release of 
acute phase proteins including C-reactive protein (CRP) 
and several cytokines such as interleukin (IL)-1, -6 and 
tumour necrosis factor-α (TNF-α) could play a role in 
postoperative consequences. The level of IL-6 increased 
1 hour after surgical trauma and peaked between 2 and  
4 hours postoperatively, hence elevating the risk of further 
lung injury and infections (9). Several clinical studies 
reported that inflammatory mediator responses, mainly 
IL-6 and CRP were attenuated after laparoscopic-assisted 
colectomy (10). This phenomenon was also examined in 
VATS compared to open thoracotomy: clinical studies 
focused on cytokine, CRP responses and demonstrated 
lower postoperative levels of CRP, IL-6 and IL-8 after 
VATS lobectomy (11-13). However, TNF-α and IL-1β 
levels, that are regulated by IL-6, were not altered after 
VATS lobectomy, as compared to open thoracotomy (11).  
IL-6 can promote tumour proliferation through the 
activation of insulin-like growth factor (IGF)-1 and the 
inhibition of insulin-like growth factor binding protein 
(IGFBP)-3 (14). Recently, IGF-1 was recognized to play 
a role in facilitating tumour growth and in inhibiting 
tumour cell apoptosis (15). IGF-1 is kept to be a key 
regulator in both small cell and NSCLC, so preliminary 
studies suggested that anti-IGF-1R monoclonal antibody 
can be a future efficient treatment option (16). IGFBP-3 
can bind to IGF-1, influence DNA synthesis and induce 
the apoptosis of tumour cells, acting as an important 
inhibitory factor in tumorigenesis (17,18). Plasma levels of 
IGFBP-3 decreased after laparotomy but not laparoscopic 
colectomy. Moreover, IL-6 elevated levels were associated 
with reduced circulating IGFBP-3 in patients underwent 
laparotomy (19). Similarly, on postoperative day 3, early 
stage NSCLC patients after VATS lung resection showed 
significantly higher IGFBP-3 levels without clinical 
benefits, compared to open thoracotomy (20). Another 
study reported that IGFBP-3 levels were dramatically 
lower in case of VATS, compared to thoracotomy (21). 
Clearly, strong conclusions cannot be drawn and further 
studies needed to confirm the role of IGFBP-3 in VATS 
operated patients. 

Furthermore, the release of matrix metalloproteinase 
(MMP)-9 from mononuclear cells can be induced 
by surgical interventions. MMP-9 provokes tumour 
invasion through the degradation of collagens in the basal 
membranes and inhibits IGFBP-3, resulting tumour 

https://asj.amegroups.com/article/view/10.21037/asj-21-64/rc
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invasion and forming metastasis (22). VATS is reported 
to reduce the MMP-9 levels from postoperative day 1, 
compared to thoracotomy (20).

IL-10, an anti-inflammatory T helper 2 (Th2) cytokine 
that can reduce cellular immunity and promote the escape 
of tumour cells via suppressing cell-mediated cytotoxicity; 
was also reduced after VATS lobectomy (11). Jones et al. 
enrolled NSCLC patients to detect the possible changes 
in blood and bronchoalveolar lavage (BAL) fluid before 
and after VATS and thoracotomy. The authors suggested 
that VATS caused lower pro-inflammatory cytokine levels 
in the blood, but interestingly, in BAL fluid significant 
differences were not detected, compared to thoracotomy. 
Lipopolysaccharide (LPS)-stimulated monocytes derived 
from VATS patients produced lower levels of IL-10 at 6 
hours postoperatively (23). These findings should gain 
importance in clinical practice, as IL-10 can inhibit natural 
killer (NK) cells that are responsible for tumour cell killing. 
Consequently, the reduced IL-10 release can contribute to 
avoid the spreading of tumour cells and to their escape from 
the cellular immunity. 

Besides, cellular responses did not remain unaltered 
in surgical procedures: Wu et al. reported that after 
laparoscopic colectomy the leukocyte cell counts and 
their HLA-DR expression were less affected after the 
surgery, compared to open colectomy (24). Similarly, VATS 
has been associated with less suppressed cell mediated 
immunity and had less influence on the circulating CD4+ 
T cells and on NK cells postoperatively; moreover, the 

levels of lymphocytes normalised earlier, as well. The 
oxidative process and cytotoxic activity of lymphocytes 
were less suppressed in case of VATS, indicating that VATS 
has less detrimental effect on lymphocyte signalling and 
their functions (25). Thoracotomy can also reduce the 
number of total T cell count, CD4+ and CD8+ T cells on 
postoperative day 1 and NK cells on postoperative day 7, 
that were not observed in NSCLC patients after VATS (26). 
Neutrophil granulocytes showed less reduction, compared 
to thoracotomy and their phagocyte activity and the 
production of reactive oxygen species (ROS) are less altered 
after VATS (12).

Although VATS can preserve better the cellular 
functions and cytokine production than thoracotomy, 
long-term clinical benefits are awaiting for confirmation. 
A prospective study showed that 5- and 10-year survival 
of patients underwent VATS lung resection did not differ 
from those who underwent open thoracotomy (27). West  
et al. concluded that long-term data supporting VATS to be 
superior to thoracotomy regarding survival, hospital stay or 
tumour recurrence are still controversial (28). 

It is of interest that the majority of studies in connection 
with immune mechanisms were conducted with a relatively 
small sample size and samples were taken within 5 days 
postoperatively, thus, there is no evidence yet that these 
changes can enhance patients’ future survival and improved 
tumour immunosurveillance. The main immune factors that 
can affect future tumour growth after thoracic surgery are 
summarized on Figure 1. 

Cellular response Immunomodulatory mediators

Suppression of CD4+ T  
lymphocytes and NK cells

Increase IL-6, IL-8, IL-10, 
IL-12 production

Surgical intervention

Tumour growth and recurrence

Th1/Th2 imbalance
IGF-1 and VEGF activation, 

IGFBP-3 inhibition

Suppression of neutrophils 
decreased phagocytosis

Increase MMP-9 and acute 
phase proteins

Figure 1 An overview of immune factors influenced by thoracic surgery. IL, interleukin; IGF-1, insulin-like growth factor 1; IGFBP-3, 
insulin-like growth factor binding protein 3; MMP-9, matrix metalloproteinase 9. 
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Mechanical one-lung ventilation as a potential 
predisposing factor to immunological imbalance

Besides surgical manipulation and invasiveness, mOLV 
has been widely recognised to increase the risk of 
postoperative pulmonary complications and acute lung 
injury (ALI) (29,30). During mOLV both the ventilated 
and collapsed lung show a spectrum of pathophysiologic 
mechanism that interfere with the integrity of pulmonary 
endothelial glycocalyx that is responsible for maintaining 
oncotic pressure and modulate cell-cell interactions (31). 
Subsequently, the mitigation of the glycocalyx triggers a 
wide range of immunological detrimental effects leading 
to ALI and higher postoperative mortality. mOLV can 
induce the release of pro-inflammatory mediators such as 
TNF-α, IL-6, IL-8, IL-1β and promote the activation and 
recruitment of neutrophils and pulmonary macrophages. As 
a result, bacteria, bacteria-derived LPS and cytokines can 
invade the host circulation leading to pulmonary oedema, 
capillary leak, acute respiratory distress syndrome (ARDS) 
and even to multi-organ dysfunction (8).

The initiation of lung protective ventilation with low 
tidal volumes (Vt) and positive end-expiratory pressure 
(PEEP) could hamper the consequences of mOLV, 
however, to some extent lung injury is unavoidable. Clearly, 
the ventilated lung can suffer from overdistension at 
high volumes and atelectasis at low volumes, both could 
accentuate the already existing lung injury and decreased 
lung compliance. Several studies were conducted to 
determine the harmful outcomes of mOLV in case of 
conventional and lung protective ventilation. Focusing 
on the release of cytokines, Schilling et al. demonstrated 
that patients undergoing major pulmonary resections and 
mechanical ventilation at 5 mL/kg Vt could gain favourable 
cytokine responses, compared to patients receiving  
10 mL/kg Vt during thoracic surgery. Their main findings 
included decreased TNF-α concentrations and decreased 
soluble intercellular adhesion molecule-1 (sICAM-1) levels 
in BAL fluid, emphasizing that the reduction of Vt may 
contribute to beneficial immune responses (32). Similarly, 
in case of oesophagectomy Shen et al. certified that BAL 
fluid contains significantly lower concentrations of TNF-α, 
IL-1β, IL-6 and IL-8 at 18 h postoperatively in patients 
ventilated at low Vt (5 mL/kg) (33). Besides Vt, protective 
ventilation using continuous positive airway pressure 
(CPAP) during minimally invasive oesophagectomy resulted 
in an attenuated IL-1α, IL-1β, IL-6, IL-8, IL-10 and 
macrophage inflammatory protein 1α (MIP-1α levels in 

the BAL fluids of the ventilated and collapsed lung (34). 
Indeed, Breunig et al. investigated the cytokine responses in 
BAL, blood and pleural fluids of the collapsed, operated and 
the ventilated, non-operated lungs in patients undergoing 
pulmonary resections. They reported that the levels of 
IL-6 were significantly higher in both lungs, but IL-1RA 
was elevated only in the operated lungs. Similar but less 
pronounced patterns were observed in the blood and pleural 
fluids, except the chemokine GRO-α, a chemoattractant 
for neutrophils, showed significant increase in pleural fluid 
and blood a day after surgery, indicating a late inflammatory 
response in both lungs (35). 

To address the question whether Vt or higher airway 
pressure may contribute to lung injury, several animal and 
clinical studies were conducted. One of them reported 
that lung overdistension with high volumes at the end of 
inspiration phase triggered lung injury. Although, decreased 
lung compliance should be taken into account in humans 
before applying mOLV (36,37). A further animal study 
suggested that alveolar recruitment manoeuvers are not 
the most harmful effect itself and did not induce pro-
inflammatory cytokine production in one-lung ventilated 
pigs (38). Indeed, a rat model also demonstrated that not 
cyclic opening and closing of the alveoli is associated with 
elevated pro-inflammatory cytokine concentrations in BAL 
fluid, rather lung overdistension at high volumes resulted in 
an accelerated cytokine production (39). 

Thus, mOLV could induce a cytokine release, the 
recruitment of inflammatory cells and activation of 
neutrophils, promoting cell death and deteriorating the 
integrity of the airway epithelium, resulting in acute distress 
syndrome and increased mortality in these patients (40). 

Nevertheless, this kind of biotrauma is also detected in the 
collapsed lung during mOLV. Strikingly, 3-hour duration of 
lung collapse did not result in increased cytokine release in a 
rat model (39), in contrast, in an ex vivo rabbit model after a 
short-term collapse, lung expansion from the total atelectasis 
induces TNF-α and IL-1β mRNA expression in the collapsed 
lung and triggered pulmonary oedema (41). Another study 
by Leite et al. demonstrated in an in vivo rat model that after 
1- or 3-hour duration of mOLV followed by 1-hour lung 
re-expansion increased the levels of TNF-α, IL-1β, IL-6 
in BAL fluid, induced pulmonary myeloperoxidase (MPO) 
activity, protein extravasation, neutrophil recruitment and 
elevated IL-6 and IL-10 concentrations in serum, suggesting 
that in the collapsed lung re-expansion could exhibit an 
increase in pro-inflammatory mediators, thus, contribute to 
further deterioration of the alveolar-capillary membrane (42).  
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Table 1 Prospective human and animal studies on immune responses attributed to mechanical ventilation, general anaesthesia and non-intubated 
VATS

Reference Study design Procedure Main findings

Cytokine responses attributed to one-lung ventilation

Schilling  
et al. (32)

RCT Thoracotomy: 16 patients received Vt 10 mL/kg, 16 
patients received Vt 5 mL/kg

The reduction of Vt decreased the levels of 
TNF-α and sICAM-1 in BAL fluid

Shen  
et al. (33)

RCT Minimally invasive oesophagectomy (n=101 
patients); preserved ventilation group (PV, n=53 
patients, Vt 5 mL/kg), conventional controlled 
ventilation group (CV, n=48 patients, Vt 8 mL/kg)

PV patients exhibited lower concentrations 
of TNF-α, IL-1β, IL-6 and IL-8 in BALF at 
18 h postoperatively; PV patients showed 
better clinical outcomes: less pulmonary 
complications, reintubation and pleural effusion

Verhage  
et al. (34) 

RCT Minimally invasive oesophagectomy for cancer 
(n=30 patients), 15 patients received CPAP (5 cm 
H2O) during mOLV

CPAP group had decreased IL-1α, IL-1β, IL-6, 
IL-8, IL-10 and MIP-1α both in the BALF of the 
ventilated and collapsed lung

Breunig  
et al. (35)

Prospective design Thoracotomy and resection for NSCLC patients, 
n=15 

Cytokine responses in BALF, blood and pleural 
fluids of the collapsed, operated and the 
ventilated, non-operated lungs: IL-6 levels 
were significantly higher in both lungs, IL-1RA 
was elevated in the operated lungs. GRO-α 
increased only in pleural fluid and blood a day 
after surgery. 

Schilling  
et al. (38)

Prospective, 
randomised, 
controlled 
laboratory study 
(porcine model)

Spontaneous breathing (n=4), two-lung ventilation 
(TLV, n=6), mOLV with propofol (6 mg/kg/h, n=6) or 
desflurane anaesthesia (1MAC, n=6).

Alveolar recruitment manoeuvres and TLV 
did not result in pro-inflammatory responses. 
mOLV significantly enhanced TNF-α release 
in propofol anaesthetised pigs. IL-8 mRNA 
expression was enhanced by OLV, but not 
anaesthetic drugs.

Chu  
et al. (39)

Prospective, 
randomised, 
controlled 
laboratory study (rat 
model)

Ex vivo rat model (n=88), study I: ventilation at low 
volumes (ZEEP, PEEP and atelectasis group), study 
II: ventilation at high volumes

In study I PEEP was not associated with higher 
pro-inflammatory cytokine levels in BALF. 
ZEEP group showed elevated MIP-2. At high 
volumes, TNF-α and IL-6 cytokine production 
were associated with overdistension, but not 
with cyclic opening and closing of the alveoli

Funakoshi  
et al. (41)

Prospective, 
randomised, 
controlled 
laboratory study 
(rabbit model)

Ex vivo rabbit model, n=25, basal group (n=7, 
baseline measurement alone), a control group (n=9, 
ventilated without lung collapse for 120 min) and an 
atelectasis group (n=9, lung collapsed for 55 min 
followed by re-expansion and ventilation for 65 min)

At gene expression level TNF-α and IL-1β were 
upregulated upon re-expansion after lung 
collapse

Leite  
et al. (42)

Prospective, 
randomised, 
controlled 
laboratory study (rat 
model)

n=30, 1- or 3-hour OLV followed or not by 1-hour 
lung re-expansion, control: not ventilated

Rats underwent 1- or 3-hour OLV followed 
by lung re-expansion showed neutrophil 
recruitment, higher MPO activity, increased 
levels of IL-6, IL-1β, and TNF-α in BALF and 
increased levels of IL-6 and IL-10 in serum

Table 1 (continued)

The main prospective laboratory animal and clinical 
studies demonstrating the immune effects of ventilation are 
summarized in Table 1. 

Besides, the collapsed lung suffers from ischaemia-

reperfusion effect that accelerated the production of pro-
inflammatory cytokines and vascular permeability (49). 
The collapse is also associated with increased production of 
reactive oxygen species that is specific to mOLV compared 
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Table 1 (continued)

Reference Study design Procedure Main findings

Anaesthesia induced cytokine responses

Schilling  
et al. (43)

RCT Patients underwent open thoracic surgery were 
randomised to receive propofol 4 mg/kg/h (n=15) or 
1 MAC desflurane (n=15) during mOLV

Propofol anaesthesia resulted in alveolar 
granulocyte recruitment and increased the 
levels of TNF-α, sICAM-1 in BALF

Schilling  
et al. (44)

RCT 63 patients underwent thoracotomy were assigned 
to receive anaesthesia with 4 mg/kg/h propofol 
(n=21), 1 MAC desflurane (n=21), or 1 MAC 
sevoflurane (n=21)

Pro-inflammatory cytokines increased in the 
ventilated lung after OLV. Propofol evoked 
significantly the production of TNF-α and IL-8

De Conno  
et al. (45)

RCT 54 patients underwent thoracotomy were 
randomised to receive intravenously applied 
propofol or the volatile anaesthetic sevoflurane

Sevoflurane reduced the levels of TNF-α, IL-1β, 
IL-6, IL-8 and MCP-1 and was associated with 
less postoperative complications

Cell and cytokine responses in non-intubated VATS

Mineo and 
Ambrogi (46)

RCT 878 patients underwent non-intubated or intubated 
VATS were enrolled to evaluate lymphocyte cell 
counts and clinical outcomes

Non-intubated group exhibited less reduction 
in total lymphocyte and NK cell count, and 
showed lower mortality rates and reduced 
hospital stay 

Mineo  
et al. (47)

RCT 55 patients underwent intubated or non-intubated 
VATS metastasectomy were enrolled

Non-intubated patients showed lesser 
reduction of NK cells, and attenuated IL-6 
production postoperatively

Jeon  
et al. (48)

RCT 40 stage I NSCLC patients underwent non-
intubated or intubated VATS were assigned to 
evaluate early postoperative changes in blood 
samples

The levels of IL-6 and TNF-α were significantly 
lower in the non-intubated group 1 and 24 h 
postoperatively. IL-4 and IL-10 were not altered

BALF, bronchoalveolar lavage fluid; CPAP, continuous positive airway pressure; MAC, minimum alveolar concentration; MCP-1, monocyte 
chemoattractant protein 1; OLV, one-lung ventilation; PEEP, positive end expiratory pressure; RCT, randomised controlled trial; sICAM-1, 
soluble intercellular adhesion molecule-1; TNF-α, tumour necrosis factor-α; VATS, video-assisted thoracic surgery; ZEEP, zero end 
expiratory pressure. 

to 2-lung ventilated patients. This finding has a prominent 
relevance, as patients with cancer have less antioxidant 
capacity, therefore, mOLV may influence negatively the 
mortality of these patients (50). Taken together, previous 
studies established that during mOLV both the ventilated 
and collapsed lung showed the alterations of pro-
inflammatory cytokine production, neutrophil and reactive 
oxygen species activity, resulting in an increased leak of the 
capillary membrane, pulmonary oedema, harm to the alveoli 
and ALI. Thus, it raised the necessity of the non-intubated 
thoracic surgeries to avoid the conceivable immunological 
detrimental effects. 

The effects of anaesthesia on immune 
responses during thoracic surgery 

Since Riddle et al. reported that general anaesthesia 

triggered a decrease in lymphocyte cell response to a 
polyclonal mitogen, phytohaemagglutinin, an increased 
number of studies were conducted to investigate the 
immunomodulatory effects of anaesthetic agents on 
immune response during and after surgery (51). Further 
studies described a decreased production of IL-2 by 
peripheral mononuclear cells and mitigated hydrogen 
peroxide production by monocytes after anaesthesia (52,53). 
The immunosuppressive effects of anaesthesia have been 
also thoroughly observed on T-lymphocytes and NK cells 
(54,55) that has a pronounced role in antitumor activity, 
cytokine production and cell killing. Exposure to morphine, 
halothane, enflurane or nitrous oxide was in conjunction 
with decreased NK cell cytotoxicity (56,57). Indeed, 
Markovic et al. found that preoperative administration of 
interferon (IFN)-α/β and neoadjuvant chemotherapy before 
anaesthesia with halothane or isoflurane prevented the 
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suppression of NK cell activity, that had a protective role in 
forming lung metastases after tumour resection in a murine 
model (58-60). After administering isoflurane and nitrous 
oxide during general anaesthesia, Kutza et al. evaluated the 
IFN-α-stimulated NK cytotoxicity in humans. The authors 
found that basal NK cytotoxicity was decreased during 
and 24 hours after surgery, however, IFN-α reversed the 
suppression of NK cells associated with anaesthesia (61).  
Moreover, Schilling et al. revealed that intravenously 
applied propofol evoked alveolar granulocyte recruitment 
and increased the levels of TNF-α, sICAM-1 in BALF, 
compared with patients receiving desflurane (43). Similarly, 
desflurane and sevoflurane attenuated the production 
of TNF-α, IL-1β and IL-8 in the ventilated lungs (44). 
De Conno et al. also reported favourable inflammatory 
changes, as applying sevoflurane reduced the levels of 
TNF-α, IL-1β, IL-6, IL-8 and MCP-1 and resulted in 
better clinical outcomes (45). Since then, prospective trials 
were introduced to test medications that may potentially 
prevent the harmful effects of general anaesthesia. One of 
them administered preoperatively nebulised budesonide 
and observed a significant reduction of ventilatory pressures 
and increased lung compliance during lung re-expansion in 
patients undergoing lobectomy. Moreover, budesonide pre-
treatment was associated with reduced levels of TNF-α,  
IL-1β, IL-6 and IL-8 in BAL fluid 30 min post-OLV (62). A 
neutrophil elastase inhibitor, sivelestat improved lung injury 
score, lung function and reduced mortality rates after lung 
lobectomy with mOLV and general anaesthesia (63). 

The main prospective studies reporting the immune 
effects of anaesthesia are summarized in Table 1.

Collectively, data suggest the concept of switching 
general anaesthesia to local and regional anaesthesia 
techniques that have enabled thoracic surgery to perform 
a more feasible, safety approach without intubation and 
administering disadvantageous anaesthetic agents with 
regard to patients’ potential risk factors (64,65).

The immune and oncological effects of non-
intubated thoracic surgery 

Non-intubated thoracic surgical procedures are widely 
used to perform minor and major thoracic surgeries, and is 
a feasible technique to perform pleural and lung biopsies, 
metastasectomies, anatomical lung resections and surgeries 
to pneumothorax (66,67). The main principle is to create 
iatrogenic pneumothorax, thus, the operator has enough 
space to implement the surgery and to avoid the use of 

double-lumen endotracheal tube. Non-intubated VATS 
is a preferred technique in patients with reduced lung 
function to avoid prolonged mechanical ventilation. It is 
well-established that during non-intubated thoracic surgery 
loco-regional anaesthesia is used as an alternative instead 
of general anaesthesia, thus, provide a faster recovery. As 
spontaneous breathing is maintained through the non-
intubated thoracic procedures, this type of surgery can be 
doable in lung cancer patients to avoid the detrimental 
effects of surgery on immune responses (66).

Consequently, in recent years non-intubated procedures 
became in the focus of studies investigating postoperative 
outcomes and their favourable impacts on patients’ immune 
responses. Intubated techniques hold adverse effects such 
as facilitating tumour recurrence that derives from the 
modified activity of NK cells and cytokine production. 
In contrast, non-intubated surgeries are hypothesised 
to prevent this impact and had less influence on pro-
inflammatory immune responses. To our knowledge, 
there are few prospective studies that concentrated on 
inflammatory impact of non-intubated surgeries. Mineo 
and Ambrogi compared the total lymphocyte, NK cell 
counts, 30-day mortality, hospital stay and postoperative 
complications in intubated and non-intubated patients 
underwent VATS operations. They demonstrated that 
total lymphocytes and NK cells showed a significantly 
less reduction in the non-intubated group, along with 
significantly lower morbidity rates and hospital stay (46). 
Moreover, it has been published that patients underwent 
non-intubated VATS metastasectomy showed a lesser drop 
in NK cell count on day 7 postoperatively, and a decreased 
production of IL-6 on postoperative day 1, 7 and even 14, 
compared to the intubated VATS group. However, IL-
10 production and mortality rates reflected no significant 
change between the groups. To add, hospital stay duration 
and healthcare-related costs were reduced in case of non-
intubated VATS technique (47). A further randomised 
controlled study investigated early postoperative changes 
in stage I NSCLC patients underwent VATS resection. 
They investigated TNF-α, IL-1β, IL-6, IL-4 and IL-10 
cytokine changes in patients’ sera before anaesthesia, 1 and 
24 h postoperatively. IL-6 and TNF-α were significantly 
lower at 1 and 24 h postoperatively in the non-intubated 
group, compared with patients after mOLV, however, 
other cytokines did not differ between the patients (48). 
Nevertheless, this recent study concentrated on patients 
with stage I lung cancer and lobectomy, although, it was the 
first study initiated to detect comparable cytokine changes 
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in lung cancer patients in a trial. Their findings expressed 
the demand to define cytokine amendments in major 
pulmonary resection in different stages of lung cancer. 

Regarding oncological outcomes, it is well-established 
that VATS is superior over thoracotomy, being associated 
with lower morbidity, postoperative complications and 
facilitating the delivery of adjuvant chemotherapies 
(4,7,68). Moreover, after thoracoscopic procedures 
improved tolerance to chemotherapy was observed with 
fewer delay, dose reductions and less severe side-effects 
independently of the stage of NSCLC patients and the 
type of adjuvant agents (69-71). In contrast, there are little 
data about the clinical and oncological benefits of non-
intubated lobectomies. A retrospective study by Furák et al.  
reported a significantly higher compliance to adjuvant 
chemotherapy in non-intubated patients compared to 
intubated individuals, as 92% of non-intubated patients 
were capable of completing the planned chemotherapy 
protocol, in contrary to 72% of intubated patients. Grade 1 
or 2 toxicity were observed more frequent among intubated 
patients and the incidence of grade 4 neutropenia was lower 
with significance among non-intubated patients (72). These 
results indicated that non-intubated NSCLC patients could 
benefit from this technique, theoretically, this impact could 
derive from less influenced immune responses. Although, 
their study is limited by the retrospective design, the results 
suggested the need of conducting comparable prospective 
research including immune markers and oncological 
outcomes that would have answer the question whether 
non-intubated procedure is associated with better clinical 
performance because of the favourable immune effects. 
Regarding clinical benefits, a meta-analysis revealed that 
non-intubated VATS could shorten hospitalization stay and 
chest-tube duration, compared with intubated VATS (73). A 
further study also demonstrated that non-intubated patients 
had better overall drainage volume and recovery time (74). 
The main prospective studies reporting the immune effects 
of NITS are summarized in Table 1.

Conclusions

Collectively, retrospective and prospective studies advanced 
some concepts suggesting that intubated VATS can be 
associated with less decreased circulating T cell and NK cell 
numbers, phagocyte and oxidative activity and with to less 
extent elevated levels of cytokines, compared to thoracotomy. 
Furthermore, mechanical ventilation and general anaesthetic 
agents may contribute to an elevated pro-inflammatory 

cytokine production and disturbed cell functions. Thus, 
NITS could be an alternative option for NSCLC patients 
to minimize immunological alterations. NITS seemed to 
induce preserved immune functions along with improved 
clinical outcomes, although, previous studies were limited 
by small sample size and their retrospective nature. Notably, 
prospective, multi-center studies should be proposed to 
assess feasibility and to establish the correlation between the 
production of pro-inflammatory cytokines, the altered immune 
cell responses and clinical benefits in NSCLC patients. 
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