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Abstract
Background Risks associated with video-assisted surgical lung biopsy (VASLB) for interstitial lung
disease (ILD) with endotracheal intubation and mechanical ventilation are not nil. Awake video-assisted
surgical lung biopsy (Awake-VASLB) has been proposed as a method to obtain a precise diagnosis in
several different thoracic diseases.
Objectives To compare clinical outcomes of Awake-VASLB and Intubated-VASLB in patients with
suspected ILDs.
Methods From June 2016 to February 2020, all patients submitted to elective VASLB for suspected ILD
were included. Differences in outcomes between Awake-VASLB and Intubated-VASLB were assessed
through univariable, multivariable-adjusted, and a propensity score-matched analysis.
Results Awake-VASLB was performed in 66 out of 100 patients, while 34 underwent Intubated-VASLB.
The Awake-VASLB resulted in a lower post-operative morbidity (OR 0.025; 95% CI 0.001–0.35;
p=0.006), less unexpected intensive care unit admission, less need for rescue therapy for pain, a reduced
surgical and anaesthesiologic time, a reduced chest drain duration, and a lower post-operative length of stay.
Conclusion Awake-VASLB in patients affected by ILD is feasible and seems safer than Intubated-VASLB.

Introduction
Interstitial lung diseases (ILDs) include a number of pulmonary diseases, either restricted to lungs or
characterised by pulmonary involvement of a systemic disease. They are grouped together because of
similar clinical, radiographic, physiological or pathological features and are classified as idiopathic or
secondary (related to a known aetiology). Among the idiopathic ILDs, the most frequent and severe is
idiopathic pulmonary fibrosis (IPF) [1]. It follows that IPF should be confirmed or excluded in all subjects
presenting with unexplained progressive dyspnoea, chronic cough, and/or Velcro-like crackles on chest
examination, especially if aged ⩾65 years. Moreover, early and accurate diagnosis of IPF is advisable
because its natural history, treatment options, and prognosis greatly differs even in the context of ILDs. In
particular, anti-fibrotic drugs have proved most effective in IPF and in a subgroup of other ILDs with a
clear demonstrated progressive fibrosing pattern [2, 3]; early application of appropriate treatment reduces
either disease progression or even allows a better quality of life [4, 5]. In other words: an early and highly
confident diagnosis is always the key to good clinical practice. In the meantime, particular attention must
be paid to optimising the risk–benefit ratio of the diagnostic procedures employed.
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The diagnosis of IPF can be obtained in most cases with high-resolution computed tomography (HRCT)
scan evidence of definite usual interstitial pneumonia (UIP) pattern [1, 6]. Alternatively, the results of clinical
evaluation, laboratory tests, imaging and pulmonary function tests are often discussed in a multidisciplinary
team (MDT) setting, eventually deciding whether surgical biopsy is deemed necessary or not.

Histological diagnosis can be obtained by transbronchial biopsy, transbronchial cryobiopsy, or surgical
lung biopsy (SLB), either through thoracotomy or by video-assisted surgical lung biopsy (VASLB). The
American Thoracic Society clinical practice guidelines suggest the use of SLB in patients with newly
detected ILD of unknown cause, clinically suspected of having IPF and displaying an HRCT pattern of
probable UIP, indeterminate for UIP, or an alternative diagnosis [1]. There is increasing awareness that a
considerable proportion of histological confirmed UIP had a previous HRCT pattern of “inconsistent UIP”
and “alternative diagnosis”.

Undeniably, VASLB with endotracheal intubation and mechanical ventilation is associated with a risk of
mortality and morbidity that is far from nil [7, 8]. Nevertheless, in recent years a VASLB approach
performed in awake subjects under loco-regional anaesthesia (Awake-VASLB) has been suggested as an
effective method to obtain a highly confident diagnosis in several different thoracic diseases [9].

Given that post-anaesthesia burden not negligible, especially in fragile patients, there is clear evidence
in the literature that avoidance of neuromuscular blocking agents [10], intra- and post-operative strong
opioids [11], and injurious mechanical ventilation [12–14] could improve outcomes.

The objective of the present study was to compare the clinical outcomes of Awake-VASLB and
Intubated-VASLB in patients undergoing SLB for suspected ILDs.

Methods
All patients undergoing elective pulmonary biopsy via video-assisted thoracoscopic surgery (VATS) for
suspected ILD in the Department of Thoracic Surgery of the ‘Città Della Salute e Della Scienza’
University Hospital in Torino (Italy) between June 2016 and February 2020 were enrolled. The decision to
approach the procedure using Intubated-VASLB or Awake-VASLB followed a multidisciplinary discussion
including the thoracic surgeon, anaesthesiologist and pulmonologist. Exclusion criterion was the
precognition of difficult endotracheal intubation.

The study protocol was approved by local Institutional Review Boards.

Awake-VASLB anaesthesia management
Local anaesthesia was induced in all cases with aerosolised Lidocaine 10 mL (20 mg·mL−1). Sedation
from 2 to 3 on the Ramsay Scale was obtained through a target-controlled infusion of propofol (mean
target 0.8 μg·mL−1) and remifentanil 0.05 μg·kg−1·min−1. Oxygen was administered through an
air-entrainment mask (oxygen saturation measured by pulse oximetry (SpO2

) target >92%). Arterial pressure
was invasively monitored in all cases. Locoregional anaesthesia was achieved through epidural catheter or
local injection of lidocaine 2% 20 mL performed by the surgeon under direct vision supplemented, when
needed, with subsequent bolus of 10 mL of local anaesthetic. After the collapse of the lung on the surgical
side induced by artificial pneumothorax, the inhaled oxygen concentration was set to maintain SpO2

>90%.

Intubated-VASLB anaesthesia management
Following intravenous remifentanil 0.05–0.15 μg·kg−1·min−1 ideal body weight (IBW), propofol
1.5–2 mg·kg−1 recommended body weight (RBW) and rocuronium 0.6–1.2 mg·kg−1 adjusted body weight
(ABW), a double-lumen tracheal tube was inserted under direct laryngoscope use as soon as train-of-four
(TOF)=0. Breathing parameters on a Dräger Zeus anaesthesia machine (Drägerwerk AG & Co., Lübeck,
Germany) were set as tidal volume (VT) 6–8 mL·kg−1 IBV during dual lung ventilation and VT

4–6 mL·kg−1 IBW and respiratory rate as 12–14 times per min during one-lung ventilation, respiration rate
according to arterial blood gases or end-tidal carbon dioxide tension, in volume-controlled ventilation
mode. Positive end-expiratory pressure was always set at 5 cmH2O. Arterial pressure was invasively
monitored in all cases. Anaesthesia was maintained through inhaled desflurane 0.8–1.3 times minimum
alveolar concentration (MAC), remifentanil 0.05–0.15 μg·kg−1·min−1, and rocuronium according to
neuromuscular monitoring (moderate block). Sugammadex was routinely given for antagonisation.

Post-operative management
In both groups, lung recruitment manoeuvres were performed according to Tusman protocol [15]. After the
procedure, patients were discharged to the ward with a standardised therapy consisting of paracetamol 1 g
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i.v. every 8 h. Rescue therapy for pain (e.g. ketorolac, parecoxib or tramadol, as appropriate) was
administrated in the case patients complained of pain grade 3 or more according to the numeric rating
scale. Chest radiography was routinely performed on post-operative day 1 and after chest drain removal.
Chest drain removal included favourable chest radiograph, no air-leak for at least 24 h, overall fluid output
not higher than 250 mL per day, and drained fluid neither chylous nor haemorrhagic [16].

Patients’ discharge was planned for the day after chest tube removal if no clinical or radiological
contraindications were observed.

Statistical analysis
Baseline patient characteristics are summarised by the mean and standard deviation or number and
percentages, as appropriate. Between-group differences were evaluated by t-test (continuous variables) or
Chi-squared test or Fisher’s exact test (categorical variables), as appropriate.

As the aim of the study was to have at least 90% power to detect a decrease of the 90% post-operative
complication incidence after VASLB reported in the literature (25%) [17, 18], a sample size of at least 99
patients (enrolment ratio 2:1) was computed (significance level of 0.05). The secondary outcomes were
chest drain duration, unexpected intensive care unit (ICU) admission (defined as a non-scheduled
admission to ICU after the surgical procedure), reintervention, post-operative death (i.e. at 30 days from
surgery), rescue therapy administration for pain, hospital length of stay, number of biopsies achieved, and
surgical and anaesthesiologic time.

Univariable and multivariable-adjusted logistic regression models were used to evaluate categorical
outcomes, while different continuous outcomes were compared by means of the unpaired
Wilcoxon–Mann–Whitney test.

The variables in the adjusted models were age, sex, smoking habit, body mass index (BMI), American
Society of Anesthesiologists (ASA) physical status classification, pre-operative corticosteroid therapy,
pre-operative oxygen therapy, and pathological diagnosis of UIP.

Differences in outcomes between the two surgical approaches were also assessed using a propensity
score-matched (PS) analysis using genetic method. PS was estimated using a priori selected variables that
have been associated with Awake-VASLB: age, sex, smoking habit, BMI, ASA, pre-operative
corticosteroid therapy, pre-operative oxygen therapy. After the matching, outcomes were evaluated with the
same methods described above.

All statistical tests were two-sided and p-values of 0.05 or less were considered statistically significant.
Data analysis was performed using Stata software version 15.1 (Stata-Corp, College Station, TX, USA)
and R software version 3.5.1 (R Foundation for Statistical Computing, www.r-project.org/).

Results
Awake-VASLB was performed in 66 (66.0%) out of 100 patients who underwent SLB for suspected ILD,
while 34 (34.0%) underwent Intubated-VASLB. Most patients were male (62.0%) and the mean±SD age at
the time of surgery was 60.7±15.4 years. The UIP pattern was the most observed at histology (30.0%),
followed by hypersensitivity pneumonitis (19.0%), nonspecific interstitial pneumonia (16.0% and
sarcoidosis (8.0%) (table 1). The majority of operations were performed via bi-port VATS (n=55, 55%),
followed by single-port VATS (35, 35%), and three-port VATS (10, 10%). Mean±SD surgical time was
51±37 min, mean±SD anaesthesiologic time was 51±35 min, the mean±SD number of biopsies obtained
during surgery was 2.5±0.7, mean±SD chest drain duration 2.7±3.5 days and mean±SD post-operative length
of stay 4.3±5.8 days. No cases of conversion from Awake-VASB to Intubated-VASLB were observed.
Sixteen (16.0%) patients need rescue therapy for pain. In the whole cohort, 9 (9.0%) major complications,
5 (5.0%) unexpected admissions to ICU, 2 (2.0%) reinterventions and 1 (1.0%) post-operative death were
observed.

At the univariable analysis (figures 1 and 2), the Awake-VASLB group showed a significant lower
post-operative morbidity rate (2 (3.0%) versus 7 (20.6%), OR 0.12, 95% CI 0.024–0.62; p=0.011).
Moreover, patients submitted to Awake-VASLB showed less unexpected admission to ICU (1 (1.5%)
versus 4 (11.8%), OR 0.12, 95% CI 0.012–1.08; p=0.058), less need of a rescue therapy for pain
(6 (9.1%) versus 10 (29.4%), OR 0.24, 95% CI 0.079–0.73; p=0.012), a reduced surgical time (38 min
versus 77 min; p <0.0001), a reduced anaesthesiologic time (97 versus 132 min; p<0.0001), a reduced chest
drain duration (2.3 versus 3.5 days; p= 0.015) and a shorter mean post-operative length of stay (3.1 versus
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6.7 days; p= 0.0002). The unexpected admissions to ICU were imputable to pneumonia (two cases in the
Intubated-VASLB group), Type 1 respiratory failure (one case in the Intubated-VASLB group), Type 2
respiratory failure (one case in the Intubated-VASLB group), failure of epidural analgesia, and poor pain
control immediately after the procedure (one case in the Awake-VASLB group). Patients submitted to
Awake-VASLB had an increased number of biopsies obtained during the surgical procedure (2.6 versus
2.1; p<0.0001). No case of reintervention or post-operative death was observed in the Awake-VASLB
group, while 1 (2.9%) reintervention and 1 (2.9%) post-operative death were observed in the
Intubated-VASLB group.

At the multivariable analyses (figures 1 and 2), the Awake-VASLB was an independent protective factor
for post-operative morbidity rate (OR 0.025, 95% CI 0.001–0.35; p=0.006) and unexpected admission to
ICU (OR 0.042, 95% CI 0.002–0.70; p=0.027). A slight reduction [19] of the need for a rescue therapy for
pain was also observed (OR 0.30, 95% CI 0.088–1.00; p=0.050).

Propensity score-matched analysis
Propensity score matching was used to create a cohort of 94 patients. The resulting two groups were
well-matched regarding demographic and clinicopathological characteristics (table 2).

After matching (figures 1 and 2), the Awake-VASLB group was associated with a lower post-operative
morbidity rate than the Intubated-VASLB group (OR 0.11, 95% CI 0.022–0.61; p=0.011), less unexpected
admission to ICU (OR 0.092, 95% CI 0.009–0.87; p=0.037), a reduced need for rescue therapy for pain

TABLE 1 Baseline characteristics in the overall population

Subjects n 100
Surgical approach
Awake 66 (66.0)
Intubated 34 (34.0)

Age (years) 60.7±15.4
Male sex 62 (62.0)
Smoking history 65 (65.0)
Body mass index (kg·m−2) 26.6±4.7
ASA physical status classification
1 2 (2.0)
2 16 (16.0)
3 78 (78.0)
4 4 (4.0)

Corticosteroid therapy 12 (12.0)
FEV1 (%) 85.8±22.5
FVC (%) 84.7±20.5
DLCO (%) 58.7±15.8
Oxygen therapy 9 (9.0)
UIP 30 (30.0)

Data are presented as mean±SD or n (%), unless otherwise stated. ASA: American Society of Anesthesiologists;
FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon
monoxide; UIP: usual interstitial pneumonia.

Post-operative morbidity

Unexpected ICU admission

Rescue therapy for pain

Odds ratio

Univariable analysisa) b) c)

0.010.001 0.1 1 10

Post-operative morbidity

Unexpected ICU admission

Rescue therapy for pain

Odds ratio

Multivariable analysis

0.010.001 0.1 1 10

Post-operative morbidity

Unexpected ICU admission

Rescue therapy for pain

Odds ratio

Propensity score matched analysis

0.010.001 0.1 1 10

FIGURE 1 Awake-video-assisted surgical lung biopsy (VASLB) versus Intubated-VASLB: a) crude, b) multivariable-adjusted and c) propensity
score-matched analysis for post-operative morbidity, unexpected admission to ICU, and rescue therapy for pain.
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(OR 0.25, 95% CI 0.07–0.81; p=0.021), a reduced surgical (p=0.002) and anaesthesiologic time
(p=0.0001), a reduced chest drain duration (p=0.008), a shorter post-operative length of stay (p=0.0006),
and an increased number of biopsies obtained during surgery (p=0.0011).

Discussion
SLB is still considered the standard approach when a confident diagnosis of UIP cannot be obtained by
imaging features and after a MDT discussion, as is still endorsed by the last evidence-based international
guidelines [1].

Nevertheless, SLB, including the use of Intubated-VASLB, is affected by an elevated morbidity (up to
30%) and mortality rate (up to 4%), which is difficult to accept in routine clinical practice for a pure
diagnostic scope [20]. By contrast, transbronchial cryobiopsy is generally a safer procedure showing a
lower morbidity (pneumothorax rate 9.8%, severe bleeding rate 0.3%, moderate bleeding rate 8.7%) and
mortality rate (0.3–0.5%) [21]. Even considering its lesser diagnostic efficacy in ILDs compared with SLB,
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FIGURE 2 Awake-video-assisted surgical lung biopsy (Awake-VASLB) versus Intubated-VASLB: Box-and-whisker plots illustrate the distribution of
a) anaesthesiologic time, b) chest drain duration, and c) hospital post-operative length of stay.

TABLE 2 Awake-video-assisted surgical lung biopsy (VASLB) versus intubated-VASLB: baseline characteristics
before and after propensity score matching

Before matching (n=100) After matching (n=94)

Awake Intubated p-value Awake Intubated p-value

Subjects n 66 34 66 28
Age (years) 60.4±2.0 61.4±13.6 0.774# 60.4±2.0 62.1±12.5 0.624#

Male sex 42 (63.6) 20 (58.8) 0.639¶ 42 (63.6) 16 (57.1) 0.644¶

Smoking history 45 (68.1) 20 (58.8) 0.353¶ 45 (63.6) 18 (64.2) 0.713¶

Body mass index (kg·m−2) 26.8±4.8 25.9±4.5 0.357# 26.8±4.8 26.4±4.6 0.718#

ASA physical status classification 0.236¶ 0.574¶

1 1 (1.5) 1 (2.9) 1 (1.5) 1 (3.5)
2 8 (12.1) 8 (23.5) 8 (12.1) 3 (10.7)
3 53 (80.3) 25 (73.6) 53 (80.3) 24 (85.7)
4 4 (6.1) 0 (0) 4 (6.1)

Corticosteroid therapy 6 (9.1) 6 (17.6) 0.212¶ 6 (9.1) 5 (17.8) 0.294¶

FEV1 (%) 85.4±21.8 86.8±24.2 0.775# 85.4±21.8 86.1±24.9 0.897#

FVC (%) 84.1±20.5 85.9±20.7 0.678# 84.1±20.5 85.2±20.7 0.812#

DLCO (%) 56.4±16.3 63.1±14.1 0.058# 56.4±16.3 61.5±13.8 0.164#

Oxygen therapy 7 (10.6) 2 (5.9) 0.714 7 (10.6) 2 (7.1) 0.721¶

UIP 22 (33.3) 8 (23.5) 0.311 22 (33.3) 0.424¶

Data are presented as mean±SD or n (%), unless otherwise stated. ASA: American Society of Anesthesiologists;
FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon
monoxide; UIP: usual interstitial pneumonia. #: t-test; ¶: Chi-squared test or Fisher’s exact test.
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the use of transbronchial cryobiopsy for this purpose has gained increasing attention, mostly because of its
safety compared with the high morbidity and mortality risk associated with traditional Intubated-VASLB [21].
Moreover, its attractiveness resides in its easy applicability to most thoracic endoscopy facilities, especially
compared with the strong anaesthesiologic and operative room expertise that are considered essential for
successful application of Awake-VASLB.

The present prospective study showed that Awake-VASLB: 1) presents a consistent reduction of
post-operative morbidities; 2) results in a reliable decrease of both post-operative mortality and
reintervention rates, and also a reduction in the use of rescue therapy for pain; 3) saves hospital resources
in terms of post-operative drainage time, as well in terms of hospital length of stay and minimising the use
of unplanned ICU admissions; and 4) provides at least the same amount of lung tissue biopsies as
Intubated-VASLB.

Any thoracic surgical procedure in ILD patients represents a challenge for thoracic surgeons and
anaesthesiologists [22]. Nevertheless, the thoracic surgery domain is incessantly developing, and
anaesthesiologists and thoracic surgeons should maintain a continued focus on minimising
procedure-related morbidity and, at the same time, maximising therapeutic and diagnostic benefits in such
frequently fragile patients (e.g. age, type of disease, frequent comorbidities). In this context,
Awake-VASLB has been recently proposed for SLB in suspected ILDs [23].

Undoubtedly, feasibility and patient safety are major issues in ILD patients referred for SLB. In particular,
the reported morbidity and mortality rate could follow respiratory dysfunction induced by mechanical
ventilation (barotrauma). This has been clearly reported in the literature [10, 12–14]. In particular, muscle
relaxants are known to produce adverse respiratory effects by residual muscle block, including weakness of
upper airway muscles, airway obstruction, and diaphragmatic dysfunctions [10]. Consequently, a surgical
approach based on spontaneous ventilation, avoiding the use of neuromuscular blocking agents, is
expected to reduce intraoperative lung injury and, therefore, to be associated with less post-operative
adverse events, representing a valid strategy in high-risk ILD patients. Indeed, our study seems to confirm
that patients undergoing Awake-VASLB were found to be associated with a remarkable reduction of
post-operative morbidity and mortality (odds ratio for post-operative complications in VASLB: 8.1,
p=0.011). Remarkably, we also observed a decrease in anaesthesiologic time and unanticipated
post-operative use of ICU. This is also in line with a more favourable post-operative period characterised
by a reduction in length of thoracic drain maintenance and post-operative length of stay. These results are
consistent with current literature reporting the use of Awake-VASLB in the context of other thoracic
disease [24] and the observed rate of complication is not dissimilar to that reported for cryobiopsy
performed in expert centres [21].

The MDT (which usually comprises clinicians, thoracic radiologists and thoracic pathologists) is
considered the best way to manage the diagnostic pathway as well as other aspects of management of
patients affected by an ILD [25, 26]. Moreover, an acceptable risk–benefit ratio should be considered as a
guide during the multidisciplinary discussion (including thoracic surgeons) for the choice of either the
Awake-VASLB or intubated surgery. Indeed, the decrease of the risk–benefit balance together with an
enhanced diagnostic yield represents the goal to be reached in each patient, taking into account the disease
severity per se, the patient’s comorbidities, and the possible deadly outcome of potential acute
exacerbations related to the intubated procedure. Consequently, in our institution, throughout the MDT
discussion, a careful evaluation of the risk–benefit ratio was carried out, tailoring the technique for every
single patient. Interestingly, we observed is a trend towards lower diffusing capacity of the lung for carbon
monoxide in the Awake-VASLB group. This data could suggest that in our cohort patients with more
severe ILD more likely underwent awake surgery in order to minimise the risk of possible complications
and, in particular, acute exacerbations.

One of the major concerns during the diagnostic procedure in ILD is to obtain sufficient material for an
accurate diagnosis. In our study, we observed a slightly increased number of biopsies performed in the
Awake-VASLB group. A possible explanation could be related to the surgeon’s preference to perform an
“extra biopsy”, influenced by the awake patient setting, and to be sure to obtain sufficient material for
diagnosis. However, in both groups, the mean number of biopsies performed was in accordance with the
most recent guidelines (i.e., at least two biopsies), and the difference observed (0.5 biopsies in favour of
Awake-VASLB) was in our opinion not of clinical or practical relevance. However, is important to note
that our study demonstrated that the Awake-VASLB procedure did not imply an inferior number of
biopsies achieved, as compared to Intubated-VASLB.
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Almost certainly, patients undergoing thoracic surgery could experience post-operative pain, even if
submitted to minimally invasive thoracic surgery (e.g. VATS). However, intra-operative and post-operative
use of opioids could be related to impaired recovery and readmission after hospital discharge [11]. In
recent years, chronic opioid use and addiction have emerged as a public concern, even if more perceived in
the USA than in Europe. A correct therapeutic approach to acute pain relief certainly plays a major role in
this context [27]; even so, the use of spontaneous ventilation in the Awake-VASLB group led to a
significant reduction in rescue therapy administration. Further studies are needed to better define the
advantage of spontaneous ventilation surgery on pain control.

Finally, as our results also had a positive impact on the optimal management of hospital resources, it
follows that the encouraging clinical results obtained and the minimal use of hospital resources could, in
the near future, facilitate the spread of Awake-VASLB, even outside high-volume academic centres.

Our study has several limitations, principally related to the lack of randomisation to prevent selection
bias [28]. However, the prospective nature of the study permits real-life adherence, warrants good data
reliability, and therefore, seems to confirm the findings [29]. Moreover, we performed a
propensity-matched analysis that was employed to minimise patient selection bias.

In conclusion, the results obtained from the analysis of our prospective series suggest that Awake-VASLB
is feasible and safe in patients affected by ILD, significantly reducing post-operative complications,
unexpected ICU admission, reintervention, and mortality. Awake-VASLB had the same diagnostic yield as
Intubated-VASLB. We hope that the results obtained, to date, will lead to more widespread use of
Awake-VASLB and stimulate further prospective comparison studies with other procedures presenting
similar post-procedural complication rates (such as transbronchial cryobiopsy). The emerging evidence
regarding the effectiveness of this approach, including that obtained in the present study, should be
considered in the next guidelines on the management of ILD patients.

Author contributions: All co-authors are accountable for the criteria for authorship according to the International
Committee of Medical Journal Editors.

Conflict of interest: F. Guerrera has nothing to disclose. L. Costardi has nothing to disclose. G.L. Rosboch has
nothing to disclose. P. Lyberis has nothing to disclose. E. Ceraolo has nothing to disclose. P. Solidoro has served
as investigator in clinical trials, consultant or speaker for Alfasigma, AstraZeneca, Boehringer Ingelheim, GSK,
Menarini, Novartis, Chiesi, Guidotti & Malesci and ABC Farmaceutici outside this work. C. Filippini has nothing to
disclose. G. Verri has nothing to disclose. L. Brazzi has nothing to disclose. C. Albera has nothing to disclose
regarding this work, but has served as investigator in clinical trials, consultant, speaker, steering committee or
scientific advisory board member for Bayer, Boehringer Ingelheim, FibroGen, Gilead, Grifols, GSK, Roche, MSD,
Sanofi Aventis outside this work. E. Ruffini has nothing to disclose.

References
1 Raghu G, Collard HR, Egan JJ, et al. An official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis:

evidence-based guidelines for diagnosis and management. Am J Respir Crit Care Med 2011; 183: 788–824.
2 Wells AU, Flaherty KR, Brown KK, et al. Nintedanib in patients with progressive fibrosing interstitial lung

diseases-subgroup analyses by interstitial lung disease diagnosis in the INBUILD trial: a randomised,
double-blind, placebo-controlled, parallel-group trial. Lancet Respir Med 2020; 8: 453–460.

3 Maher TM, Corte TJ, Fischer A, et al. Pirfenidone in patients with unclassifiable progressive fibrosing
interstitial lung disease: a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet Respir Med
2020; 8: 147–157.

4 Richeldi L, du Bois RM, Raghu G, et al. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis.
N Engl J Med 2014; 370: 2071–2082.

5 Noble PW, Albera C, Bradford WZ, et al. Pirfenidone in patients with idiopathic pulmonary fibrosis
(CAPACITY): two randomised trials. Lancet 2011; 377: 1760–1769.

6 Lynch DA, Sverzellati N, Travis WD, et al. Diagnostic criteria for idiopathic pulmonary fibrosis: a Fleischner
Society White Paper. Lancet Respir Med 2018; 6: 138–153.

7 Rotolo N, Imperatori A, Dominioni L, et al. Efficacy and safety of surgical lung biopsy for interstitial disease.
experience of 161 consecutive patients from a single institution in Italy. Sarcoidosis Vasc Diffuse Lung Dis
2015; 32: 251–258.

8 Rotolo N, Imperatori A, Poli A, et al. Assessment of the aggregate risk score to predict mortality after surgical
biopsy for interstitial lung disease†. Eur J Cardiothorac Surg 2015; 47: 1027–1030.

https://doi.org/10.1183/23120541.00630-2020 7

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE



9 Pompeo E, Sorge R, Akopov A, et al. Non-intubated thoracic surgery – a survey from the European Society of
Thoracic Surgeons. Ann Transl Med 2015; 3: 37.

10 Kirmeier E, Eriksson LI, Lewald H, et al. Post-anaesthesia pulmonary complications after use of muscle
relaxants (POPULAR): a multicentre, prospective observational study. Lancet Respir Med 2019; 7: 129–140.

11 Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, et al. Guidelines for enhanced recovery after lung surgery:
recommendations of the Enhanced Recovery After Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg 2019; 55: 91–115.

12 Güldner A, Kiss T, Neto AS, et al. Intraoperative protective mechanical ventilation for prevention of
postoperative pulmonary complications: a comprehensive review of the role of tidal volume, positive
end-expiratory pressure, and lung recruitment maneuvers. Anesthesiology 2015; 123: 692–713.

13 LAS VEGAS investigators. Epidemiology, practice of ventilation and outcome for patients at increased risk of
postoperative pulmonary complications. Eur J Anaesthesiol 2017; 34: 492–507.

14 Neto AS, Hemmes SNT, Barbas CSV, et al. Incidence of mortality and morbidity related to postoperative lung
injury in patients who have undergone abdominal or thoracic surgery: a systematic review and meta-analysis.
Lancet Respir Med 2014; 2: 1007–1015.

15 Tusman G, Bohm SH, Suarez-Sipmann F. Alveolar recruitment maneuvers for one-lung ventilation during
thoracic anesthesia. Curr Anesthesiol Rep 2014; 4: 160–169.

16 Filosso PL, Nigra VA, Lanza G, et al. Digital versus traditional air leak evaluation after elective pulmonary
resection: a prospective and comparative mono-institutional study. J Thorac Dis 2015; 7: 1719–1724.

17 Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation
in a cohort of 6336 patients and results of a survey. Ann Surg 2004; 240: 205–213.

18 Hutchinson JP, Fogarty AW, McKeever TM, et al. In-hospital mortality after surgical lung biopsy for interstitial
lung disease in the United States. 2000 to 2011. Am J Respir Crit Care Med 2016; 193: 1161–1167.

19 Pocock SJ, Ware JH. Translating statistical findings into plain English. Lancet 2009; 373: 1926–1928.
20 Han Q Luo Q, Xie J-X. Diagnostic yield and postoperative mortality associated with surgical lung biopsy for

evaluation of interstitial lung diseases: a systematic review and meta-analysis. J Thorac Cardiovasc Surg 2015;
149: 1394–1401.

21 Maldonado F, Danoff SK, Wells AU, et al. Transbronchial cryobiopsy for the diagnosis of interstitial lung
diseases: CHEST guideline and expert panel report. Chest 2020; 157: 1030–1042.

22 Hutchinson J, Hubbard R, Raghu G. Surgical lung biopsy for interstitial lung disease: when considered
necessary, should these be done in larger and experienced centres only? Eur Respir J 2019; 53: 1900023.

23 Ambrogi V, Mineo TC. VATS biopsy for undetermined interstitial lung disease under non-general anesthesia:
comparison between uniportal approach under intercostal block vs. three-ports in epidural anesthesia.
J Thorac Dis 2014; 6: 888–895.

24 Liang H, Liu J, Wu S, et al. Nonintubated spontaneous ventilation offers better short-term outcome for
mediastinal tumor surgery. Ann Thorac Surg 2019; 108: 1045–1051.

25 Flaherty KR, King TE, Jr, Raghu G, et al. Idiopathic interstitial pneumonia: what is the effect of a
multidisciplinary approach to diagnosis? Am J Respir Crit Care Med 2004; 170: 904–910.

26 Tomassetti S, Piciucchi S, Tantalocco P, et al. The multidisciplinary approach in the diagnosis of idiopathic
pulmonary fibrosis: a patient case-based review. Eur Respir Rev 2015; 24: 69–77.

27 Bedard NA, Pugely AJ, Westermann RW, et al. Opioid use after total knee arthroplasty: trends and risk factors
for prolonged use. J Arthroplasty 2017; 32: 2390–2394.

28 Guerrera F, Renaud S, Tabbò F, et al. How to design a randomized clinical trial: tips and tricks for conduct a
successful study in thoracic disease domain. J Thorac Dis 2017; 9: 2692–2696.

29 Harari S. Randomised controlled trials and real-life studies: two answers for one question. Eur Respir Rev
2018; 27: 180080.

https://doi.org/10.1183/23120541.00630-2020 8

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE


	Awake or intubated surgery in diagnosis of interstitial lung diseases? A prospective study
	Abstract
	Introduction
	Methods
	Awake-VASLB anaesthesia management
	Intubated-VASLB anaesthesia management
	Post-operative management
	Statistical analysis

	Results
	Propensity score-matched analysis

	Discussion
	References


