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Surgical procedures cause stress, which can induce an inflammatory response and

reduce immune function. Following video-assisted thoracoscopic surgery (VATS), non-

intubated thoracic surgery (NITS) was developed to further reduce surgical stress in

thoracic surgical procedures. This article reviews the pathophysiology of the NITS

procedure and its potential for reducing the negative effects of mechanical one-lung

ventilation (mOLV). In NITS with spontaneous ventilation, the negative side effects of

mOLV are prevented or reduced, including volutrauma, biotrauma, systemic inflammatory

immune responses, and compensatory anti-inflammatory immune responses. The pro-

inflammatory and anti-inflammatory cytokines released from accumulated macrophages

and neutrophils result in injury to the alveoli during mOLV. The inflammatory response is

lower in NITS than in relaxed-surgery cases, causing a less-negative effect on immune

function. The increase in leukocyte number and decrease in lymphocyte number are

more moderate in NITS than in relaxed-surgery cases. The ventilation/perfusion match is

better in spontaneous one-lung ventilation than in mOLV, resulting in better oxygenation

and cardiac output. The direct effect of relaxant drugs on the acetylcholine receptors

of macrophages can cause cytokine release, which is lower in NITS. The locoregional

anesthesia in NITS is associated with a reduced cytokine release, contributing to a more

physiological postoperative immune function.

Keywords: non-intubated, one-lung ventilation, inflammatory response, immune cells, cytokines

INTRODUCTION

Surgical procedures, including thoracic surgery, cause stress, which can induce inflammatory
responses and reduce the function of the immune system (1). Ventilation applied during surgery
can deepen this negative effect (2). These alterations influence the healing of patients after
surgery, and more-intensive and longer trauma results in greater surgical stress and an increased
inflammatory response (3). To reduce the stress to the patient during thoracic surgery, minimally
invasive procedures can be applied. Video-assisted thoracoscopic surgery (VATS) has fewer
postoperative complications than thoracotomy (4), and the inflammatory response is reduced after
VATS compared to open surgery (5).

Following the innovation and acceptance of VATS, non-intubated thoracic surgery (NITS) was
developed to further reduce surgical stress in thoracic surgical procedures (6). It has been shown
that the inflammatory response after NITS is lower than that in intubated- and relaxed-surgery
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cases (7), and it is suggested that NITS might be a least minimally
invasive thoracic surgical procedure (8).

NITS can be technically divided into two parts: anesthesia
and surgery. During anesthesia, the main difference of the
NITS method from the relaxed-surgery method is that in NITS
cases, relaxant drugs are not used, the patient is breathing
spontaneously during the procedure, and tracheal intubation and
mechanical ventilation are not performed. The surgical part of
NITS is the same as that in relaxed-surgery cases, but in the
internal paravertebral/intercostal + vagus nerve block method,
the surgeon administers the local anesthesia (Figures 1, 2).

Two key advantages of NITS that can help reduce surgical
stress and inflammatory responses are the non-use of muscle
relaxant drugs (9) and the absence of mechanical one-lung
ventilation (mOLV) (10). The use of spontaneous ventilation
instead of mOLV results in a lower inflammatory response and
immune alteration and induces a different pathophysiological
state of the cardiorespiratory system.

In this article, the pathophysiological advantages of NITS are
discussed in the context of the negative effects of the mOLV
procedure, which can potentially be reduced by performing
NITS. The immune advantages of NITS are mentioned
less thoroughly.

EFFECTS OF mOLV

Mechanical one-lung ventilation and relaxation is currently the
recommended procedure for thoracic surgery in cases of lung
resection. It is an obligatory process and provides a good view of
the patient’s anatomy; however, it has negative effects thatmust be
taken into account. The terminology of one-lung ventilation was
created in the pre-NITS period, and it is currently classified into
two subclasses: mOLV (previously called one-lung ventilation)
and spontaneous one-lung ventilation (sOLV). There are many
pathophysiological differences between the two methods.

In mOLV, maintaining the oxygen level within or close to the
physiological range is achieved by increasing the oxygen level
or positive end-expiratory pressure (PEEP) or using ventilation
with positive pressure. However, hypoxia develops in 30–90%
of patients during mOLV. The parameter settings on the
ventilator depend on the experience of the anesthesiologist.
The lung alveoli can be damaged if these parameters are non-
physiological or intolerable for the lung parenchyma, mainly
at the capillary membrane of the alveoli and especially at the
endothelial glycocalyx. These changes are the pathophysiological
basis of acute lung injury caused by ventilation (11). To
reduce or avoid these complications, protective ventilation is
recommended, which include keeping the tidal volume to 4–
5 ml/kg, ensuring a PEEP of 5–10 cmH2O, performing a lung
recruitment maneuver, and using volatile anesthesia (12). The
application of protective ventilation is easy or manageable in
patients with normal lung parenchyma and cardiac function;
however, if the patient has obstructive pulmonary disease
with pre-existing pulmonary hypertension, protective ventilation
can be difficult. Even a slight change in the lung volume
in mOLV can cause hypoxia, hemodynamic imbalance, and

FIGURE 1 | Vagus nerve block on the right side, before (A) and after (B) the

local anesthesia.

FIGURE 2 | Internal paravertebral/intercostal nerve block on the right side,

before (A) and after (B) the local anesthesia.

elevated pulmonary vascular resistance with reduced cardiac
output; the correction of the oxygenation requires ventilation
with a higher volume and pressure, which can cause injury to
the alveoli (13). Clinically, mOLV is similar to the ventilation
performed in post-pneumonectomy cases; in a clinical study,
an increase of 1 ml/kg of tidal volume in post-pneumonectomy
patients was associated with approximately four times more
chance of abnormal pathophysiological changes in the lung
(14). It can be concluded that the ventilator setting during
mOLV, which is used mainly for patients with underlying
lung parenchymal disease with low pulmonary capacity, is
vulnerable to changes, and a large tidal volume can cause end-
inspiratory lung overdistension (volutrauma), which has a high
risk of postoperative pulmonary complications (15). Moreover,
atelectasis (atelectrauma) may develop in cases of low-volume
ventilation, and the abovementioned lung injury (volutrauma)
can develop during the correction of the atelectasis. The use of
NITS in these patients may be beneficial for preventing these
pathophysiological changes.

PATHOLOGICAL CHANGES IN mOLV

High-volume ventilation and high-pressure ventilation are the
main risk factors for damage to the alveoli during mOLV.
Elastic and collagen fibers determine the elasticity of the lungs,
and the alveolar wall with the alveolar-capillary membrane
and endothelial glycocalyx can be ruptured in cases with
greater than normal stretch. Lung parenchyma injury can
result in cytokine release, recruitment of inflammatory cells
(neutrophils, macrophages, and lymphocytes), and edema in
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the dependent lung (10). In an experimental study, these
changes were observed within 90min from the initiation of
mOLV (16). As these immune cells become activated, an
inflammatory cascade is induced as a part of the biotrauma
of mOLV. In addition, hyperperfusion of the dependent lung
develops during mOLV. When hyperperfusion is combined
with hyperinflation, alveolar damage occurs, causing interstitial
edema and microhemorrhages. Intra-alveolar and inflammatory
cells are part of the biotrauma caused by mOLV; other
components include cytokine release and inflammatory response
reactions (10, 11). As with the other disadvantages of mOLV
(volutrauma and atelectrauma), biotrauma can be reduced by
performing NITS.

PHYSIOLOGICAL CHANGES IN MOLV

Ventilation and perfusion are the most important functions
of the lung; due to their close correlation, they are measured
together as the ventilation/perfusion (V/Q) ratio. Similar
to the pathological changes noted above, the physiological
changes during mOLV are caused by damage to the alveoli
(volutrauma/barotrauma). A V/Q mismatch can occur during
the different periods of the mOLV or sOLV procedure, and many
factors influence it (patient position, exploration of the thoracic
cavity, and surgical manipulation of the operated lung). The
special characteristics of ventilation during mOLV are detailed
above. The pulmonary artery, pulmonary vein, and alveolar
pressures have a central role in perfusion. In cases of increased
lung volume, the alveolar capillaries are compressed, and the
pulmonary vascular resistance increases. Hypoxic pulmonary
vasoconstriction is the oxygen-sensing mechanism of the lung
that reduces perfusion at the hypoxic part of the lung and drives
it to a better-ventilated area. The result of these factors is a V/Q
mismatch. In an experimental study, mOLV was shown to cause
a V/Q mismatch, with hyperperfusion and alveolar damage in
the dependent lung (16). The beneficial effect of spontaneous
ventilation on the V/Q ratio can be demonstrated in patients with
acute respiratory distress syndrome. Spontaneous ventilation
increases the ventilation and perfusion rates and improves the
heart function and oxygenation (17). The same effect can also be
observed in sOLV cases.

The complications of mOLV in the dependent lung can
disappear or diminish in NITS with sOLV, but other emerging
disadvantages such as hypoxia and hypercapnia must be
considered. Hypercapnia is one of the most frequent indications
for converting to mOLV in cases of NITS, but the occurrence of
permissive hypercapnia is a well-detailed and accepted side effect
in NITS. It can be managed by re-expansion of the lung with
intermittent non-invasive ventilation before the final indication
for conversion occurs (18).

CARDIAC AND HEMODYNAMIC EFFECTS
OF MOLV

As discussed above, the change in pressure in the thorax has a
central role in the regulation of the lung and heart functions.

During mechanical ventilation, the intrathoracic pressure and
lung volume are increased, which has a negative effect on the
atrial filling (preload) and cardiac output. This generally affects
the right ventricle only; it does not concern the left ventricle if
the patient has normal myocardial function (13). With the use
of the NITS method, the preload can be increased compared to
relaxed-surgery cases.

The difference between sOLV and mOLV can typically be
observed when the thorax is just opened and the negative
intrapleural pressure is lost. The development of positive
intrapleural pressure during lung collapse causes hypoxic
pulmonary vasoconstriction with increased pulmonary vascular
resistance and diminished venous return. These changes should
strain the right ventricle and cause a transient decrease in
the ejection fraction of the right ventricle. In mOLV, if the
patient is ventilated with positive pressure and PEEP, the hypoxic
pulmonary vasoconstriction and pulmonary vascular resistance
can be reduced, but in NITS, the opportunity to apply PEEP
is very limited. If the surgical procedure can be interrupted
for a short period to apply PEEP, it can reduce the hypoxic
pulmonary vasoconstriction and pulmonary vascular resistance,
but the administration of vasoconstrictive drugs is often required
to stabilize cardiac output/function. For this reason, there are
more frequent but transient cardiac instabilities only in this part
of the NITS procedure, when the chest has just been opened.
After this 5–8min period of time, when the elevated hypoxic
pulmonary vasoconstriction and pulmonary vascular resistance
caused by the pressure change in the thorax cavity diminished,
no difference in the cardiac and hemodynamic function had
been observed between the mOLV and sOLV method, based on
our experience. However, this kind of temporary instability can
occur differently between epidural and paravertebral/intercostal
+ vagus nerve block methods used in NITS procedures (19–23).
The positive hemodynamic effect of the epidural NITS method
has previously been emphasized (20).

PATHOPHYSIOLOGICAL EFFECTS OF
LOCOREGIONAL ANESTHESIA IN NITS

Thoracic epidural anesthesia (TEA) and paravertebral/intercostal
anesthesia combined with vagus nerve block are the most
frequently used locoregional anesthesia techniques in NITS.
Some of the pathophysiological advantages of TEA are improved
left ventricular function in coronary artery disease, decreased
cardiac morbidity and mortality, fewer postoperative pulmonary
complications, and adequate pain management (20, 22).
However, there are limitations to the application of TEA, from
spinal cord injury to epidural bleeding/hematoma and infection
(24). Studies have explored the feasibility and advantages of
paravertebral/intercostal + vagus nerve block over TEA, such
as lower incidences of hypotension, pulmonary and urinary
complications, and vomiting and nausea, but these studies have
not mentioned any effect on cardiac function and pulmonary
circulation (23, 25).

Another positive pathophysiological effect of TEA is its
sympatholytic effect, which can also reduce surgical stress (20)
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and reduce troponin T and C-reactive protein (CRP) levels (26,
27). Moreover, in cases of mOLV during esophagectomy, TEA
significantly reduced the levels of pro-inflammatory cytokines
(interleukin [IL]-6 and IL-8) (28). Theoretically, this effect could
be more effective in sOLV. Intercostal nerve block can also
significantly reduce the stress response, e.g., reducing the levels of
IL-6 and tumor necrosis factor α (29). In contrast, a meta-analysis
showed no significant difference in postoperative inflammatory
response (IL-6 and CRP levels) between the different types of
anesthesia (30).

EFFECTS OF NITS ON CANCER

Only few studies have mentioned the short- and long-term effects
of NITS on cancer behavior. One of the first findings on this
topic was better survival after NITS compared to relaxed-surgery
in cases of malignant pleural effusion (31). In a clinical study,
better compliance with adjuvant chemotherapy with less toxicity
after NITS lung lobectomy was verified, and 92% of patients who
underwent NITS were able to receive the planned chemotherapy
protocol, compared to 72% of relaxed-surgery cases (32). In
another study, the overall survival and disease-free survival
after lung cancer surgery were significantly better after sOLV
than after mOLV, with type of anesthesia being an independent
factor for both overall and disease-free survival in patients
who had spontaneous ventilation (33). However, another study
demonstrated no significant difference in disease recurrence
and survival between the sOLV and mOLV methods (34).
Meanwhile, a study on awake breast cancer surgery suggested
that both extrathoracic cancer cases and lung cancer sOLV
cases had shorter operative time and length of hospital stay
(35, 36). Additionally, a case series presented about successful
esophagectomy wherein the thoracic part was performed under
spontaneous ventilation (37).

The role of cytokines in cancer regulation is well detailed
in terms of molecular background (38, 39), especially IL-6,
which has a central role and has been widely investigated in
different clinical studies (5, 7, 40, 41). Cytokines can activate
carcinogenesis and tumor growth and can protect cancer cells
from therapy-induced gene damage and apoptosis (42). The
levels of these released cytokines have been confirmed to be lower
in sOLV cases than in mOLV cases, thus causing less damage
on the anticancer activity of the body and promising better
long-term results after NITS.

IMMUNE EFFECTS OF NITS MOLV AND
THE INFLAMMATORY RESPONSE

Surgical trauma and mOLV first induce a systemic inflammatory
immune response; later, to compensate, a compensatory anti-
inflammatory immune response is activated. Generally, cytokines
are the key factors in the communication between cells taking
part in the immune response and regulation of immune activity.
The normal levels of cytokines have a positive effect on the
defense mechanism; however, if their release exceeds the normal

level, they cause negative side effects on immune regulation,
inflammation, and the spread of cancer.

After surgery, an increased number of leukocytes
and a reduced number of lymphocytes indicate deep
immunosuppression; the lower number of lymphocytes is
caused by postsurgical apoptosis (43). These changes in the levels
of leukocytes, natural killer cells (44), lymphocytes, and cytokines
have been investigated by several studies (40, 45) that showed
that these changes were lower after NITS than in relaxed-surgery
cases (31). The reduced inflammatory and immune changes after
NITS suggest that immunosuppression is reduced after sOLV
compared to relaxed-surgery cases (41, 45).

EFFECTS OF RELAXANT DRUGS ON
IMMUNE FUNCTION

The indirect effect of relaxation on the immune response in
mOLV is detailed above, but the relaxant agents also affect the
direct release of cytokines from macrophages. One experimental
study implicated the presence of acetylcholine (ACh) and α7ACh
receptors on blood mononuclear cells and the cholinergic anti-
inflammatory pathway (46), showing that ACh significantly
reduced the release of pro-inflammatory cytokines from human
macrophages in culture. The drugs used to induce relaxation
in mOLV block the neuromuscular junction by binding to the
ACh receptors in combination with ACh. In theory, relaxants
could block the ACh activity on macrophages; however, to
our knowledge, whether relaxant drugs bind to ACh receptors
on macrophages has not been demonstrated. It is likely that
α7ACh receptors can be found on both the postsynaptic
muscle membranes and the surfaces of macrophages. Therefore,
relaxation has a double effect on the immune system: through
mOLV-induced cytokine release and through the release of
cytokines from macrophages. Both of these mechanisms can be
avoided by performing NITS.

DISCUSSION

Performing NITS with spontaneous ventilation can prevent or
reduce volutrauma in the alveoli that is caused by mOLV in
relaxed-surgery cases. Due to the reduced pro-inflammatory
response and release of fewer cytokines, NITS can moderate
the immunosuppression caused by mechanical ventilation.
During surgery with spontaneous ventilation, the V/Q match
is better, which results in better oxygenation and cardiac
output, as compared to relaxed-surgery cases. The reduced pro-
inflammatory response and cytokine release can affect the central
nervous system and the spread of cancer. The abovementioned
pathophysiological advantages are the basis of the clinical
observation that there are fewer complications after NITS lung
surgery than in relaxant-surgery cases.

The limitation of this mini-review is that the advantages
of NITS are discussed in the context of the negative effects
of mOLV, which can be potentially reduced by performing
NITS. However, some direct clinical and pathophysiological
arguments (reduced inflammatory response, limited change in
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the number of leucocytes, and fewer postoperative morbidities)
can support our theory that the NITS procedure is more
physiological than mOLV. Survival in malignant pleural effusion
(31) and lung cancer resection (33) improved more with NITS
than with relaxed surgery, whereas compliance with adjuvant
chemotherapy was better in patients who underwent NITS than
in mOLV cases (32). It must be noted that the locoregional
anesthesia in NITS is associated with a reduced cytokine
release, contributing to a more physiological postoperative
immune function.

However, there are only a few centers where the NITS
procedure is routinely performed, and we could not find many
prospective randomized studies about the direct advantages of
sOLV. Furthermore, despite the effects of reduced surgical stress,
the potential advantages of NITS are still not widely applied in
daily clinical practice in Europe (47). Such hesitation is most
likely due to the notion of “unsafe airway” being associated
with the procedure by not only anesthesiologists but many
thoracic surgeons. To minimize or prevent this airway problem,
a new concept of the conversion method in NITS (48) and
a new spontaneous ventilation procedure were introduced. In
this new procedure, a short relaxation technique is applied for
intubation with a double-lumen tube, and after that, the patient
can breathe spontaneously. Here, the cough reflex is excluded by
the vagus nerve block. In some cases, PEEP and pressure support
ventilation as a means of breathing support are applied, but the
ventilation periods are controlled by the patient (49, 50).

The problem remains the same with experimental studies on
this topic. Therefore, the “NITS concept” needs improvement
in at least three areas. First is adequate dissemination of
information regarding this concept, such as provided by this
special issue of the Journal. The discussion and interpretation

of the current clinical experiences about sOLV and NITS could
motivate non-NITS thoracic surgeons to apply this method.
Second is the experimental background of the advantages of the
spontaneous ventilation, specially sOLV. Both immunological
and physiological aspects of the topic could be examined by
animal and laboratory studies. Third is the possible improvement
in the “NITS theory” by demonstration of its direct clinical
impact on cancer. Currently, the most promising treatment
for cancer is immunotherapy. According to the concept
of immunotherapy, the more physiological the postoperative
immune system is, the more effective is the anticancer function.
However, according to the NITS theory, the immunosuppression
is less after sOLV than after mOLV, suggesting that after NITS
the postoperative immunotherapy should be more effective.
The exploration of this question could be a topic of many
further studies.
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