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Abstract

Background and objectives:

General anaesthesia with intubation is the standard technique for video-assisted thoracic
surgery (VATS). However, non-intubated VATS (NIVATS) is emerging as a less invasive
alternative, particularly for lung biopsies in patients with interstitial lung disease (ILD) and
impaired respiratory function. This study aims to investigate the benefits of non-intubated
surgery on postoperative respiratory function and to compare operative outcomes between
intubated VATS (IVATS) and NIVATS.

Methods:

We conducted a single-centre retrospective study of patients who underwent lung biopsy for
ILD diagnosis via VATS between January 2020 and September 2023 at Montpellier
University Hospital. Primary outcomes included the variation in pulmonary function tests
after surgery (FEV:, FVC, DLCO). Secondly, this study compares clinical postoperative
outcomes and diagnostic yield between the two groups.

Results:

The study included 61 patients, with 42% (n = 26) undergoing NIVATS. The NIVATS group
showed a significantly smaller decrease in postoperative FEV; and FVC compared to the
IVATS group (p = 0.001 for both variables). Additionally, NIVATS was associated with
shorter operating room time (247 min vs. 288 min, p = 0.013), reduced hospital stay duration
(47.5 h vs. 65.2 h, p = 0.018), and decreased need for additional analgesics (3% vs. 15%, p =
0.001). Diagnostic yield was at least similar to IVATS. There were no significant differences
in DLCO or chest tube duration between the two groups.

Conclusions:
NIVATS offers better preservation of respiratory function, a good diagnostic yield, and

improved overall outcomes following surgical lung biopsy in patients with ILD and could be
a preferred technique for diagnosis.



Summary

* NIVATS appears to provide better preservation of respiratory function, a satisfactory
diagnostic yield, and improved overall outcomes following surgical lung biopsy in patients
with ILD.

* These findings suggest that it could be a preferred technique for diagnosis and emphasise the
need for randomised studies

| Introduction

General anaesthesia with intubation is the standard technique for video-assisted thoracic
surgery (VATS). However, numerous studies have documented the complications associated
with acute lung injury resulting from mechanical ventilation, especially with One-Lung
Ventilation (OLV) [1-4]. In the context of interstitial lung disease (ILD), international
guidelines recommend obtaining an accurate histopathological diagnosis by surgical lung
biopsy when clinical and paraclinical evaluations are inconclusive [5-8]. In these patients,
who often present with impaired respiratory function, intubated VATS (IVATYS) is associated
with significant morbidity and mortality rates for a diagnostic procedure (approximately 15%
and 2%, respectively) [9-12]. OLV has been identified as a risk factor for acute exacerbation
of ILD [13, 14]. Literature suggests that non-intubated VATS (NIVATS) lung biopsy
provides comparable diagnostic yield with reduced postoperative complications and a shorter
recovery period compared to IVATS [9, 15, 16]. Given these findings, NIVATS for ILD
biopsies has been increasingly adopted worldwide in recent years as a less invasive
alternative. This study aims to further investigate the benefits of non-intubated surgery on
postoperative respiratory function. The primary objective of this study was to compare the
variation in pulmonary function tests (FEV 1 , FCV, DLCO) between patients undergoing
IVATS and those undergoing NIVATS. Secondary outcomes were operative outcomes such
as overall mortality, postoperative complications, rescue pain therapy, hospital length of stay,
diagnostic yield and operating time.



2 | Materials and Methods

2.1 | Study Design

We conducted a single-centre retrospective study including all patients who underwent video-
assisted surgical lung biopsy for the diagnosis of ILD between January 2020 and September
2023. All patients had an indeterminate diagnosis of ILD after discussion in a
multidisciplinary team, which concluded that a surgical biopsy was required. Non-intubated
thoracic surgery started in 2020 at Montpellier University Hospital. Two pre- specified
subgroups were compared: patients undergoing IVATS and patients undergoing NIVATS.

The choice between intubated and non-intubated procedures was determined by a
preoperative multidisciplinary discussion involving thoracic surgeons, pulmonologists, and
anaesthesiologists. Decisions were based on medical and organisational factors, with non-
intubated procedures performed only by a trained anaesthesia team. Two experienced
anaesthetists took part in the majority of procedures. Classical anaesthetic contraindications to
spontaneous ventilation, such as difficult intubation criteria, gastroesophageal reflux disease,
BMI > 30, or previous thoracic surgery, prohibited the use of NIVATS. Regional anaesthesia,
either epidural or paravertebral catheter, was chosen at the anaesthetist's discretion. The first
procedures were preferably performed under epidural anaesthesia. All procedures were
performed in a lateral decubitus position using three-port video-assisted thoracoscopy.

2.2 | Intubated VATS

The procedure was performed under general anaesthesia with selective orotracheal intubation
and muscle relaxation. Regional anaesthesia was either paravertebral block or epidural
anaesthesia. Blood pressure was monitored with an intermittent pressure cuff. After
anaesthesia and intubation, patients were placed in the lateral decubitus position.



2.3 | Non- Intubated VATS

Anaesthesia management for a non-intubated procedure followed a precise protocol
established in the department. Premedication with acetaminophen and dexmedetomidine 0.5
pg/kg was administered 30 to 60 min before the incision. Patients received 2% lidocaine
aerosol for 5 min. Regional anaesthesia was performed on admission to the operating room.
The practice habits of the department led to a preference for epidural over paravertebral
anaesthesia in the NIVATS group. Arterial pressure was monitored invasively in the first
three cases. After conditioning, a face mask was placed on the patients, who were positioned
in the lateral decubitus position with their participation. Sedation was ensured with
remifentanil and propofol. The anaesthesia team systematically ensured free access to the
upper airway in case of emergency conversion to general anaesthesia. Prior to incision, the
surgeon and anaesthesiologist reassessed the efficacy of sedation and regional analgesia. At
the end of the procedure, sedation was reduced after the chest tube placement, and positive
pressure ventilation with a face mask was applied to facilitate lung re-expansion.

2.4 | Postoperative

After the procedure, all patients were directed to the recovery room for postoperative
monitoring. If air leakage allowed, the chest tube was removed 2 h after surgery in the
recovery room. Patients were discharged to home the day after drain removal. As part of their
disease follow-up, pulmonary function tests (PFTs) were performed at 3 months, then every 6
months. Morbidity was defined as the occurrence of a postoperative complication.

2.5 | Data Collection

We collected patient characteristics, perioperative surgical and anaesthetic data, pathological
findings, pre- and postoperative respiratory function, and operative outcomes. Data were
obtained from patient case notes and electronic patient records, then entered into a dedicated
anonymized database (Excel, Microsoft Corp, Redmond, WA). The study was approved by
the local ethics committee and Institutional Review Board (No. IRB-
MTP_2021 06_202100817). All patients have authorised the use of their data for research
purposes.



2.6 | Statistical Analysis

Statistical analyses were performed using R Foundation (Vienna, Austria) and Excel Stat
(Microsoft Corp, Redmond, WA). Continuous data are reported as mean with standard
deviation (SD) or median with interquartile ranges (IQR), and categorical data are reported as
numbers and percentage frequencies, as appropriate. All statistical tests were two-sided, and
the confidence intervals were at 95%. The primary outcome was tested using the equality two-
sided T-test for independent data and a linear regression model adjusted for the time to
postoperative PFT. For binary outcomes, we performed the Chi-square test or Fisher's exact
test as appropriate. A p-value of < 0.05 was considered statistically significant. No strategy

was implemented to handle missing data.

TABLE1 | Patients characteristics.

Overall Intubated Non-intubated ]
Number of patient (n, %) 61 35 (574%) 26 (43%) NS
Agpe (mean, years) 66.7+8.2 66.3+£80 67.2+8.4 NS
Gender (n, %) NS
Male 50(82%) 28 (80%) 22(85%)
Female 11 (18%) 7(20%) 4(15%)
Smoking history 49 (80%) 20 (83%) 20 (77%) NS
Smoking cessation 40 (p6%) 23 (66%) 17 (65%)
Body mass Index (kg/m?) 27 279 25.8 =>0.05
Blue color (n, %) 20 (46%) 17 (48) 12 (46%) NS
NYHA (n, %) NS
I 18(30%) 10 (29%) 8(31%)
11 27 (44%) 14 (40%) 13 (50%)
111 16 (26%) 11 (31%) 5(19%)
v 0 0 0
Right biopsy (n, %) 38 (62%) 21 (60%) 17 (65%) NS
Preoperative oxygen therapy (n) 3(5%) 1 (3%) 2 (8%) NS
Preoperative corticosterold therapy (n, %) 19 (31%) 15 (42%) 4(15%) <0.001
Perldural (n, %) 25(41%) 3(9%) 22 (85%) <0.05
Paravertebral block (n) 33 (54%) 29 (83%) 4(15%) <0.05
Preoperative FEV, (mean, L) 24 2.4 2.5 NS
Preoperative FEV, (mean, %) 87 87 28 NS
Preoperative FVC (mean, %) 84 83 84 NS
Preoperative DLCO (mean, %) 54 53 56 NS



Gap index (score)

0 2 1 1
l 4 3 1
2 8 7 |
3 19 9 10
4 16 8 8
5 12 7 5

Note: Dala are presented as mean. Missing data for PFT:n=5,
Abbreviations: BMI, body mass index; DLCO, dillusion [or carbon monoxide; FEV, forced expiralory volume in 1s; FVC, forced vilal capacily; NYLIA, New York
Heart Associalion; PET, pulmonary [unction lesl.

3 | Results

Patient characteristics are described in Table 1. The cohort included 61 patients who
underwent lung biopsy for ILD diagnosis between January 2020 and September 2023. Of
these, 81% (n = 50) were male with a mean age at surgery of 66.7 years. The population
studied was relatively severe with a poor prognosis as more than 50% had a GAP index > 4.
The non-intubated VATS technique was performed in 42% of patients (n = 26). Pulmonary
function tests were performed at a median of 5 months (2.9-4.1) after surgery.

Comparison of the two groups showed similar preoperative characteristics with no significant
difference in the evaluated variables, except for regional anaesthesia, body mass index, and
preoperative corticosteroid therapy. Patients in the NIVATS group were statistically more
likely to receive epidural anaesthesia (84% vs. 8% in the IVATS group, p < 0.05), whereas
the IVATS group received statistically more paravertebral blocks (83% vs. 15% in the
NIVATS group, p < 0.05). The presence of preoperative corticosteroid therapy was higher in
the IVATS group (43% vs. 15%, respectively, p < 0.001). Three (11.5%) patients in the
NIVATS group required tracheal intubation after the start of surgery due to epidural
anaesthesia failure. These conversions were performed during the early period of our
experience, and data were treated in the NIVATS group. There was no conversion to
thoracotomy.
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FIGURE1 | Pre-and postoperative pulmonary function test: Intubated versus Non-intubated VATS lung biopsy comparison. (a) Comparison of
FEV, variation in the IVATS versus NIVATS Groups (p <0.001). (b) Comparison of FVC variation in the IVATS versus NIVATS Groups (p <0.001).
(c) Comparison of DLCO variation in the IVATS vs. NIVATS Groups (p =0.08).

3.1 | Respiratory Function Results

Pulmonary function tests used for the statistical analysis were the most recent available at the
date of data extraction (09.21.23), with a median of 5.1 months (2.9-14.1) after surgery.
Median time to postoperative PFT was higher in IVATS group (median of 9 months (4.3—
20.1)) than in the NIVATS group (median of 3.3 months (2.3-7.5)). Comparison of pre- and
postoperative variation in FEV 1 (DiffFEV 1) and FVC (DiffFVC) between the two groups
showed a statistically significant difference in favour of the NIVATS group. Specifically, the
mean pre—/postoperative change in FEV 1 was significantly higher in the NIVATS group,



with an overall unadjusted mean difference of +10.4% (+253 mL) compared to the IVATS
group (p = 0.001). In the NIVATS group, FEV 1 variation between the pre and postoperative
period was +5.8% (+96 mL, p = 0.009), and—4.6% (—157 mL, p = 0.015) in the IVATS
group (Figure 1a). After adjustment for time to PFT, the difference in favour of the NIVATS
group remained statistically significant (p < 0.01). Regarding FVC, DiffFVC also showed a
statistically significant difference in favour of the NIVATS group. The mean difference was
9.9% (+264 mL) higher in the NIVATS group compared to IVATS (p = 0.001). The pre-/
postoperative variation was +5.5% (+149 mL, p = 0.22) in the NIVATS group, while it
decreased by —4.4% (— 115 mL, p = 0.02) in the IVATS group (Figure 1b). After adjustment
for time to PFT, the difference in favour of the NIVATS group remained statistically
significant (p < 0.001). However, the same analysis for DLCO did not show a statistically
significant difference be- tween the two groups (p = 0.08) with a mean change of +2.3% in
the NIVATS group (p = 0.04) versus—4.1% in IVATS group (p = 0.19) (Figure 1c), even
after a time to PFT adjustment.
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FIGURE2 | Timeline in the operating room for intubated versus non-intubated group.

3.2 | Postoperative Outcomes

For the entire cohort, the 30-day mortality rate was zero. The overall mortality rate was 1.6%
(N = 1) at the date of data ex- traction. In the NIVATS group, one patient died of acute
respiratory distress syndrome following severe COVID lung disease 131 days after surgery.
The overall morbidity rate was 6.5%. There were fewer postoperative complications in the
NIVATS group than in the IVATS group. Compared to the IVATS group, patients in the
NIVATS group showed less need for rescue pain therapy (3% vs. 15%, p = 0.001), a shorter
hospital stay (47.5 h vs. 65.2 h, p = 0.018), and shorter operating room time (247 min vs. 288
min, p = 0.013) (Figure 2, Table 2). There was no significant difference in chest tube duration
between the two groups (p = 0.8) with a mean of 17.9 h for the entire cohort (median of 5 h).
It should be noted that 29 (47%) patients had chest tube removal within 2 h of surgery,
including 15 (52%) in the NIVATS group. The most common diagnosis was usual interstitial



pneumonia (UIP) in both groups. Nine pathologies were unclassifi- able in the IVATS group
compared to four in the NIVATS group (Figure 3). The diagnostic yield was 88% in the
NIVATS group compared with 77% in the IVATS group.

TABLE 2 | Post-operatlve outcomes between TVATS and NIVATS
Broups.

Non-
Intubated intubated p

Length of hospital 65.2 47.5 0.018
stay, mean (h)

Chest tube
duration (h)

Mean 18.5 17.2 0.8
Medlan 24 2.5

Post-operative 14 (40%) 1(3.8%) 0.001
rescue analgesia

(n, %)

Postoperative

complications (n,

%)

Prolonged alr 0 1
leak

Surgical revision 1 0

Pneumothorax 2 ]
requiring chest
tube

Admission to ICU 1 0

Abbreviation: ICU, intensive care unit.

4 | Discussion

In recent years, non-intubated thoracic surgery for lung biopsies related to ILD has evolved
significantly, expanding to more complex procedures such as major resections [17-19].
Several studies have demonstrated the feasibility, efficacy, and safety of this technique for
ILD biopsies [20-23]. The recent meta- analysis conducted by Patirelis et al. [24] confirms



that NIVATS in this context provides a good diagnostic yield (ranging from 84.6% to 100%)
with lower morbidity and mortality compared to intubated surgery. To our knowledge, this
study is the first to compare pre- and postoperative respiratory function after lung biopsy for
ILD in the IVATS versus NIVATS group. The overall characteristics of the patients align
with cohorts found in the literature, comprising a predominantly male smoking population
with a mean age of 66.7 * 8.2 years. However, the characteristics of the NIVATS and IVATS
groups were similar in key variables, and the only statistically significant differences were
primarily related to the fact that we used very rigorous selection criteria at the beginning of
our NIVATS experience (BMI < 30). Additionally, the distribution of regional anaesthesia
(epidural or paravertebral block) was statistically different because we favoured epidural
catheter in the NIVATS group according to our practice habits. Postoperative outcomes were
similar to those reported in the literature, with significant improvements in operating room
time, hospital stay duration, and a decrease in the need for additional analgesics in the
NIVATS group [24-26]. These criteria contribute to accelerated recovery after thoracic
surgery, reducing the morbidity of NIVATS procedures, thus confirming the feasibility and
safety of this technique in our centre. It should be noted that 85% of patients in the NIVATS
group had epidural anaesthesia, likely introducing a bias in the management of postoperative
analgesia. Indeed, the need for rescue pain therapy was lower in the NIVATS group.
Furthermore, the lack of difference in chest drainage duration, contrary to other studies, can
be explained by the shorter drainage duration in both groups in this study (less than 24 h) [27,
28]. In pulmonary surgery, it is recognised that the type of ventilation affects postoperative
morbidity [4, 29]. Previous studies showed that the use of mechanical ventilation for acute
respiratory failure in ILD is associated with a high mortality [30, 31]. The fear of an acute
exacerbation largely limits the indications for surgical biopsy, which is sometimes essential
for diagnosis and treatment [14]. Although cryobiopsies have been widely validated to obtain
a diagnosis in ILD [32], their routine use remains highly controversial. Several studies have
highlighted variable diagnostic concordances and an increased risk of haemorrhagic
complications [26, 33-35]. Surgical biopsy is still the gold standard for the diagnosis of ILD.
The NIVATS technique avoids complications related to intubation and acute ventilation lung
injury caused by mechanical ventilation, as well as the adverse effects related to the
accumulation of hypnotic and opioid medications [36]. This study adds additional data
regarding the advantages of the NIVATS technique concerning respiratory function. It shows
a statistically significant difference in pre- and postoperative FEV 1 and FVC variation in
favour of the NIVATS group. Postoperative lung function tests were performed at a median of
287 days, providing sufficient follow-up to rule out immediate postoperative changes. Several
factors could contribute to this observation. First, the avoidance of intubation and mechanical
ventilation in the NIVATS group potentially reduces the risk of ventilator-induced lung injury
and other complications such as barotrauma or volutrauma. Second, a limitation of this study
Is that the time to postoperative PFT differed between the groups. However, this was
counterbalanced by fitting a regression model adjusted for time to PFT, and the adjusted
results remained consistent. Third, the use of spontaneous breathing techniques in NIVATS
may enhance the maintenance of more physiological respiratory mechanics, leading to
improved postoperative lung function recovery [37]. This encouraging conclusion confirms
the benefit of the NIVATS technique in ILD patients with impaired respiratory function. We



can presume NIVATS will provide a reliable histologic diagnosis [24] without the risk of
exacerbating interstitial pathology. In addition, descriptive analysis of the anatomopathologic
results shows a lower rate of unclassifiable pathology in the NIVATS group. This result con-
firms the quality of surgical biopsy, even without the need for anaesthesia and intubation.
Additionally, corticosteroid therapy can reduce lung inflammation in some patients with
inflammatory ILD, such as hypersensitivity pneumonitis, sarcoidosis, or nonspecific
interstitial pneumonia. This reduction in inflammation can improve DLCO by decreasing
damage and thickening of the alveolar walls, facilitating gas exchange [38]. Forty-two percent
of the IVATS patients had preoperative corticosteroid therapy compared to 15% of the
NIVATS group (p < 0.001). This observation may represent a confounding factor in DLCO
results. Our study aligns with previous research suggesting the benefits of NIVATS in
reducing perioperative respiratory com- plications and promoting faster recovery of
pulmonary function. However, it is important to acknowledge some limitations of our study,
including the relatively small sample size and the design. The retrospective nature does not
allow for eliminating certain biases, notably selection bias. The NIVATS technique,
innovative and under development in our centre, was performed on selected patients. For
example, the NIVATS technique was not offered to obese patients, who would probably
benefit in terms of postoperative complications without an increase in morbidity [39]. Future
studies with larger cohorts, randomisation, and extended follow-up are warranted to confirm
these findings and to better understand the long-term implications of non-intubated
anaesthesia on pulmonary outcomes. To this end, a randomised trial is currently underway at
our centre.
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In conclusion, intubation in patients undergoing lung biopsy for ILD diagnosis could
negatively impact postoperative FEV 1 and FVC. Patients who undergo the NIVATS
technique have better postoperative outcomes including respiratory function recovery than
those operated on using the IVATS technique. NIVATS appears to be a promising technique



with potentially lower morbidity compared to IVATS. However, larger prospective studies are
needed to validate these findings.
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