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Abstract

Purpose of Review This review explores recent international guidance on the anesthetic management of patients undergoing
thoracic surgery during the COVID-19 pandemic: those with suspected or confirmed COVID-19 requiring urgent thoracic
surgery and those presenting for elective procedures.

Recent Findings A significant mortality risk is associated with patients with COVID-19 undergoing thoracic surgery; therefore,
where possible, it should be avoided. Thoracic surgery also carries a significant risk of viral transmission to healthcare workers
due to the necessarily high frequency of intraoperative aerosol-generating procedures involved, such as lung isolation, one-lung
ventilation, and flexible bronchoscopy.

Summary Guidelines recommend appropriate personal protective equipment and numerous procedural modifications to prevent
viral transmission to staff and other patients. With appropriate disease mitigation strategies in place, elective thoracic surgery, in

particular for lung cancer, has been able to continue safely in many centres.
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Introduction

Coronavirus disease 2019 (COVID-19) has changed the way
we practice medicine worldwide. The specialty of anesthesia
and, in particular, thoracic anesthesia has faced major chal-
lenges during the crisis due to the frequent necessity to per-
form aerosol-generating procedures that pose significant risk
of viral transmission. The conduct of thoracic anesthesia has
duly changed; necessary procedural adaptations to existing
techniques, personal protective equipment (PPE), and
categorised theatre pathways have been implemented to
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minimise nosocomial transmission and keep patients and
healthcare workers safe. In addition to the clinical challenge
of caring for patients with COVID-19, the global disease bur-
den and strain on healthcare resources have had a detrimental
impact on the management of patients with other thoracic
conditions, namely delays in diagnosis and surgical treatment
of lung cancer.

We aim to provide a comprehensive and up-to-date review
of'the literature relating to anesthetic management for thoracic
surgery during the COVID-19 crisis. We conducted a search
of the major electronic databases, PubMed and MEDLINE,
without language restriction using keywords COVID-19, an-
esthesia, thoracic anesthesia, lung isolation, and one-lung ven-
tilation up to May 2021 with particular focus on literature
containing national guidance and consensus recommenda-
tions. We also include expert opinion from our own high-
volume thoracic centre and any other references or resource
of which we were aware.

The COVID-19 Pandemic

The World Health Organisation declared the outbreak of se-
vere acute respiratory syndrome coronavirus-type 2 (SARS-
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CoV-2) causing COVID-19 a pandemic, on March 11, 2020
[1]. The disease emerged in the preceding December in
China’s Wuhan province and subsequently demonstrated rap-
id global spread via human-to-human transmission. It has
since caused mass fatalities and had an unprecedented delete-
rious impact on global health systems.

Current epidemiological reports indicate that viral trans-
mission is generated from release of virus-containing respira-
tory droplets or particles during normal exhalation, and ac-
tions such as; speaking, coughing, and sneezing, from an in-
fected person [2]. Exposure to viral droplets occurs through
direct contact with mucous membranes or inhalation of
aerosolised airborne particles, which are smaller particles that
can remain suspended in the air for a longer duration and
travel further distances than larger respiratory droplets [2].

Aerosol-Generating Procedures

Acrosolised particles are defined as being less than 5 pum in
size [3]. The typical diameter of SARS-CoV-2 is 0.1 um [4];
therefore, it can aerosolise, remain airborne indefinitely in
poorly ventilated areas, and be easily inhaled into the lower
respiratory tract [3]. Many procedures involved in airway
management such as manual facemask ventilation and trache-
al intubation and extubation have the potential to release aero-
sols from the patient’s respiratory tract [5,6] and are widely
known as aerosol-generating procedures (AGPs), which pose
a significant concern to healthcare workers. Some guidelines
distinguish between vulnerable AGPs which occur in the ab-
sence of gas flow and true AGPs that involve gas flow, espe-
cially flows of high velocity [7]. There remains, however,
some debate over what constitutes an AGP. Brown and col-
leagues demonstrated that controlled tracheal intubation in a
paralysed patient produced significantly less aerosol than a
volitional cough and, therefore, did not support elective tra-
cheal intubation being a “designated AGP” [8]. It continues to
be deemed an AGP; however, it can be deduced from this
work that performing airway procedures during patient ap-
noea with complete neuromuscular blockade would remove
much of the potential for active gas flow, therefore minimising
the risk of aerosol generation.

Aerosol Generation in Thoracic Surgery

Thoracic surgery, unlike many other surgeries, risks high
levels of COVID-19 aerosolisation into the theatre environ-
ment. This is largely attributed to disturbed virus-rich tissues
from airway and pulmonary surgical procedures, as well as the
necessary and frequent performance of intraoperative AGPs
that are integral to routine thoracic anesthesia (Table 1).
Healthcare workers involved in the intraoperative
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Table 1 Sources of potential aerosolisation in thoracic surgery

Manual facemask ventilation

Tracheal intubation

Tracheal extubation

Tracheal tube manipulation

Respiratory tract suctioning (without closed in-line system)
Bronchoscopy (rigid and flexible)

Jet ventilation

Lung isolation and one-lung ventilation (with operative lung open to
atmosphere)

Oxygen insufflation to operative lung through suction catheter
Continuous positive airway pressure application to operative lung
Disconnection of active ventilatory circuit

Insertion of tracheostomy/mini-tracheostomy

Intrathoracic carbon dioxide insufflation during thoracoscopic surgery
Parenchymal lung breach or air leak

Chest drain management

management of thoracic surgical patients with COVID-19 in-
fection are therefore at significant risk of virus exposure.

Thoracic Surgery During the COVID-19
Pandemic

COVID-19-Related Thoracic Surgery

Urgent thoracic surgical intervention may be required for a
minority of patients with severe COVID-19 disease.
Invasively ventilated patients are at increased risk of barotrau-
ma due to prolonged positive pressure ventilation of diseased
and fibrotic lungs compared to patients with non-COVID-19--
related acute respiratory distress syndrome (ARDS).
McGuinness and colleagues reported barotrauma (pneumo-
thorax or pneumomediastinum) in 15% of COVID-19 patients
on invasive mechanical ventilation compared to 10% of ven-
tilated patients with conventional ARDS in their institution
[9]. Persistent air leak management may require surgical man-
agement if initial treatments fail. Surgical management of
pleural empyema as a complication of severe COVID-19 has
also been reported [10], and, rarely, lung transplantation as
salvage therapy for irreversible lung damage in carefully se-
lected COVID-19 patients [11].

Elective Thoracic Surgery

It is well documented that undergoing surgery with perioper-
ative SARS-CoV-2 infection carries significant risks [12e, 13,
14]. A large international multicentre cohort study
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demonstrated postoperative pulmonary complications in more
than half of all surgical patients with SARS-CoV-2 infection
and a 23.8% mortality rate at 30 days [12¢]. Therefore, wher-
ever possible, patients who test positive for SARS-CoV-2 or
fail part of the preoperative screening process should have
their elective surgery delayed. Another landmark international
study recently demonstrated an increased morbidity and mor-
tality risk if patients underwent surgery within 6 weeks of a
COVID-19 diagnosis and therefore recommended that sur-
gery should be delayed, where possible, for at least 7 weeks
following diagnosis, and longer for patients with ongoing
symptoms [15¢].

Throughout the pandemic, management of COVID-19 pa-
tients has been balanced with the need to manage those with
other life-threatening diseases such as lung cancer. Lung can-
cer commonly has overlapping symptoms with COVID-19
disease, which has led to delayed cancer presentation and, in
conjunction with reduced healthcare services and fear of
accessing them, delayed diagnosis and treatment. Overall lung
cancer deaths up to 5 years after diagnosis are predicted to
increase by 5% in England [16]. Depending on geographical
area and local prevalence of COVID-19 infection, elective
lung cancer surgery services have been reduced or postponed
in many areas.

Where possible, surgery for lung cancer should avoid
lengthy delays and remain a clinical priority, forcing surgeons
to prioritise among their cancer patients according to pub-
lished guidelines [17,18]. To this end, low-risk or COVID-
19-free surgical pathways are recommended to ensure that
patients presenting for elective cancer surgery during the pan-
demic are safe from nosocomial transmission [19]. Guidelines
concur that high-risk or COVID-19 patients should be sepa-
rated from low-risk patients and that patient groups should be
managed in designated areas with established hospital proto-
cols in place for patient transport, workflows, and theatre man-
agement [12¢, 19-22]. The first essential component in main-
taining a safe perioperative pathway is institution of sufficient
preoperative COVID-19 screening and reverse transcription
polymerase chain reaction (RT-PCR) testing for all patients
to ensure, as much as possible, they are not already infected.

In healthcare settings, the type of PPE required for staff
varies depending on local guidelines and is usually classified
into contact, droplet, and airborne/aerosol precautions [23].
As thoracic surgery carries a high risk of aerosolisation, the
use of aerosol precaution PPE by theatre staff throughout the
case is recommended if the patient’s COVID-19 status is un-
known, suspected, or confirmed positive. In settings where an
AGP has been performed and there is no further risk of
planned or unplanned AGP, e.g., tracheal extubation,
downgrading of PPE to droplet precautions is recommended
only after a certain duration of time has passed. This duration
is multifactorial and is based on location, theatre air pressure,
and rate of airflow. Negative-pressure theatres with high rates

of air exchange (> 12 air changes/min) are preferable as air-
borne particles are cleared quicker [24]. Specific details on the
components of PPE and environmental factors associated with
viral transmission following AGPs are beyond the scope of
this review and are covered extensively elsewhere [22,23].

Conduct of Anesthesia

Continuation of lung cancer surgical services as well as man-
agement of COVID-19 patients during the evolving pandemic
presents many challenges, and a need for guidance in this sub-
specialty group was identified. Society-endorsed recommen-
dations and guidelines from around the world have been pro-
duced to aid anesthetic management of patients undergoing
thoracic surgery during the pandemic [25e, 26+, 27-31]. By
necessity, they have generally been formed from collective
expert opinion in the absence of available evidence-based
data.

In the management of all COVID-19 patients undergoing
anesthesia, it is widely acknowledged that the minimum num-
ber of staff should be present in theatre during intubation and
other AGPs and that these should be performed by the most
experienced operator to maximise efficiency and minimise
aerosol generation [32, 33]. This applies even more so in the
practice of thoracic anesthesia as correct placement of lung-
isolating airway devices and the use of bronchoscopy and one-
lung ventilation are highly technical skills, best performed by
an anesthetist familiar with thoracic surgery. Disposable
equipment should be used where possible, and detailed team
briefings should be held with a focus on AGP management.

Many endorsed techniques to reduce aerosol generation
during induction of general anesthesia and intubation also
apply to thoracic patients: thorough preoxygenation, avoid-
ance of high gas flows, avoidance of manual facemask venti-
lation, use of two-handed face mask technique when neces-
sary, rapid sequence induction, ensuring complete neuromus-
cular blockade prior to airway instrumentation, use of
videolaryngoscopy, and tracheal tube cuff inflation prior to
ventilation [24,32,33].

Lung Isolation

Lung isolation enables each lung to be ventilated independent-
ly. The primary function in thoracic surgery is to facilitate
deflation of the operative lung and thereby maximise surgical
exposure. The most widely used device for enabling lung
isolation is a double lumen tube (DLT). Most published liter-
ature regarding lung isolation during the pandemic focuses on
recommendations for DLT use [25¢, 27, 29-31]. Other op-
tions include bronchial blockers and, rarely, single lumen
tubes advanced into the bronchus of the non-operative lung.
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In our opinion, the DLT provides the most efficient method
for lung isolation as they are quicker to site (left more so than
right) and are more likely to be positioned correctly compared
with bronchial blockers [34¢]. There is also a higher incidence
of intraoperative bronchial blocker dislocation after initial
placement [35]. DLTs allow differential ventilation, better ac-
cess to the airway for suctioning, and easier application of con-
tinuous positive airway pressure (CPAP) to the operative lung,
whereas bronchial blockers prevent bronchoscopic access and
limit suction to the operative lung during lung isolation [25¢].

There are, however, certain circumstances where the use of
a bronchial blocker with an already sited single lumen tube
might be preferred over exchanging it for a DLT. It may be
best to avoid airway device exchange in patients who are
already intubated and those requiring continued postoperative
mechanical ventilation [25e, 26¢]. Airway manipulation and
device exchange in critically hypoxic patients can be poorly
tolerated, and the risk of aerosol generation is increased during
this time. As before the pandemic, intubation with a single
lumen tube and use of a bronchial blocker may also be a better
option for patients with predicted difficult airways or those
requiring awake fibre optic intubation [26, 27, 29].

Bronchial intubation of the non-operative lung with a sin-
gle lumen tube can achieve rapid lung isolation with little
airway manipulation; however, gas from the operative lung
will be freely expelled on passive lung deflation, unavoidably
contaminating the atmosphere. Additionally, the distance be-
tween the tip and cuff of a standard single lumen tube may
exceed the length of some main bronchi, and therefore, a cuff
above the carina will fail to provide lung isolation. It may also
occlude and fail to ventilate the right upper lobe when sited in
the right main bronchus.

Overall, there is a lack of comparative data, and no single
device has been advocated as being superior in the mitigation
of aerosols. We recommend that choosing the most suitable
device for lung isolation during the pandemic should be
patient-specific and perhaps most importantly based on
methods familiar to the anesthetist with adaptations to limit
aerosol generation.

Airway Device Positioning
Flexible Bronchoscopy

Flexible bronchoscopy is routinely used to guide and confirm
the correct positioning of DLTs and bronchial blockers prior
to initiation of one-lung ventilation; however, the broncho-
scope is normally introduced through a port which is not air-
tight and therefore risks considerable aerosol generation dur-
ing ventilation. There is conflicting advice among societies
regarding the use of bronchoscopy in this context.
Regarding DLT placement, some societies advocate clinical
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confirmation of DLT position suggesting that bronchoscopy
should be reserved for encountering difficulty or troubleshoot-
ing tube misplacement [27, 28], whereas the majority still
advocates the use of bronchoscopy in all patients [25¢, 26e,
29, 31, 36], as it is the most reliable method of device place-
ment. Guidelines concur that it should only be performed;
during gas flow cessation, patient apnoea, without positive
pressure in the circuit, and the adjustable pressure-limiting
(APL) valve set at zero cmH,O. A peripheral nerve stimulator
is recommended to confirm deep neuromuscular blockade,
thereby preventing inadvertent coughing and aerosolisation
during instrumentation of the airway [24, 26¢].

Prior to introducing the bronchoscope, endorsed procedur-
al modifications include the use of anti-viral airway filters to
mitigate aerosolisation [25e¢, 26+, 27-31]. Anti-viral filters
should be applied to any open lumen of an airway device
when disconnected from the ventilatory circuit. This should
be done under apnoeic conditions without positive pressure in
the circuit and with the use of clamps to first safely isolate the
disconnection point. Clamps can be applied to the DLT lumen
and corresponding catheter mount arm before disconnection;
the anti-viral filter is then attached to the DLT lumen. The
DLT lumen clamp can then be removed allowing the lung to
passively deflate through the filter, preventing environmental
contamination [25¢]. Alternatively, anti-viral filters can be at-
tached to the DLT catheter mounts prior to intubation (Fig.
la), meaning only the catheter mount requires clamping (Fig.
1b) prior to disconnection (Fig. 1¢). The filter is subsequently
removed and the bronchoscope introduced into the DLT lu-
men (Fig. 1d). This process may be repeated for the contralat-
eral DLT lumen if required. The bronchoscope should be kept
in a designated area and ideally used by a single operator with
appropriate hygiene steps following each use [25°].
Disposable single-use bronchoscopes are also recommended
ifavailable [27, 29]. Other described adaptations to reduce
aerosol generation during bronchoscopy include the use
of a clear sterile laparoscopic camera cord cover that
acts as a closed barrier sheath by enclosing the bron-
choscope proximally and distally at the airway device
connection [37]. Flexible bronchoscopy is also consis-
tently recommended whilst troubleshooting incorrect tra-
cheal tube placement. The tracheal cuff can remain in-
flated during repositioning to prevent a leak and aerosol
generation; it also avoids inadvertent extubation by
preventing the tube exiting at the level of the vocal
cords if withdrawing the DLT under bronchoscopic
guidance [25¢].

Avoidance of Flexible Bronchoscopy
Concern over the risk of atmospheric contamination from an

open airway required for introduction of the bronchoscope has
led some authors to recommend avoidance of bronchoscopy
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Fig. 1 Risk mitigation and avoidance of aerosolisation in DLT
management. Manikin images demonstrating (a) paediatric HME filters
on both DLT lumens and between the catheter mount and ventilatory
circuit; (b) clamp applied to the surgical catheter mount lumen; (c)
disconnection between the catheter mount and HME filter allowing

by advocating alternative methods of device placement con-
firmation. This includes a clinical check of DLT placement
with chest auscultation and sequential clamping of'the tracheal
and bronchial arms without disconnection [27, 28, 38]. It has
been well documented, however, that around a third of clini-
cally verified DLT placements are still unsatisfactory and re-
quire bronchoscopy for correct repositioning [39].
Furthermore, if tube misplacement is not initially diagnosed
and part of the operative lung is ventilating during surgical
opening, there is a significant risk of lung injury and environ-
mental contamination. We suggest, therefore, that with appro-
priate risk mitigation, it is still preferable to use bronchoscopic
guidance in the first instance to avoid later repositioning and
risks of atmospheric contamination if malpositioned.

DLTs with in-built carinal cameras (e.g., Vivasight™,
Ambu) can also be sited without bronchoscopy; however,
the static camera position does not allow visualisation of more
distal bronchial anatomy which can be problematic in cases of
lobar intubation. Additionally, the use of the integrated flush-
ing port to clear secretions from the camera carries a risk of
aerosol generation [40].

Bronchial blocker placement typically requires broncho-
scopic guidance. Senturk and colleagues have suggested the
use of an EZ blocker if a bronchoscope is unavailable [26°];
however, this is contraindicated by the manufacturer [41], and
other authors have described the mandatory use of bronchos-
copy with this device [42].

Lastly, it has been suggested that point-of-care lung ultra-
sound can confirm lung isolation by identifying lung sliding

passive lung deflation through the filter during apnoea; (d) removal of
HME filter for passage of the flexible bronchoscope; (e) addition of
CPAP circuit to the operative lung through a HME filter; and (f)
extubation of a DLT to the side of an oxygen mask covered by fluid-
resistant surgical facemask

during ventilation in the non-operative lung and absence of
lung sliding and lung pulse without ventilation in the operative
lung [27, 29]. This technique has been shown to be superior to
auscultation alone in confirming lung isolation [43, 44]; how-
ever, it may be unreliable in the context of COPD and pleural
disease, and it cannot be used to inform re-positioning of
malpositioned devices [44]. Moreover, it is not widely used
in practice, and we recommend that anesthetists should use
familiar techniques and equipment in the management of
COVID-19 patients to avoid any increased risk of failure
and contamination.

One-Lung Ventilation

One-lung ventilation is traditionally achieved by allowing the
operative lung to passively deflate and release alveolar gas
through an open lumen to the atmosphere whilst maintaining
ventilation of the non-operative lung. Clearly, this method
risks unacceptable aerosolisation and contamination of the
theatre environment. To mitigate this risk, all related guide-
lines recommend lung deflation through an anti-viral filter.
One-lung ventilation should be initiated prior to surgical inci-
sion to reduce the risk of lung parenchymal injury and resul-
tant air leak. Application of suction to the operative lung to
expedite collapse may be considered; however, it can generate
unnecessary aerosols if an open-suction technique is used;
hence, some societies have advised against it [26¢, 27].
Other suggested adaptations for safe lung deflation include
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the use of a laparoscopy smoke evacuation system which is
connected to the distal end of the airway device and contains
an ultra-low particulate air (ULPA) filter to trap pathogens and
prevent aerosolisation [45].

To date, there are no clinical studies specifically investigat-
ing one-lung ventilation strategies in COVID-19 patients.
Recommendations for one-lung ventilation in patients with
COVID-19 are in keeping with those for any patient on one-
lung ventilation and include lung-protective tidal volumes (4—
6mL/kg predicted body weight), permissive hypercapnia, and
titrated application of positive end expiratory pressure (PEEP)
[26°]. Normal practice in the management of shunt-driven
hypoxemia during one-lung ventilation includes oxygen in-
sufflation or application of CPAP to the operative lung.
CPAP with the addition of an anti-viral filter is a recommend-
ed strategy in suspected or confirmed COVID-19 patients
(Fig. 1e) [25¢, 28]; this avoids aerosol release from the airway
but may cause a persistent air leak into the operative field
through any parenchymal breach, exposing the operative staff
to aerosolisation. There are reports of safe one-lung ventila-
tion in patients with COVID-19 lung disease [46]; however, it
might be expected that OLV would be challenging in patients
with severe lung disease and may result in intolerable hypox-
emia or hypercapnia [26¢]. Van den Eynde and colleagues
advise against one-lung ventilation in all patients with
COVID-19 diseased lungs due to these risks [47].
Furthermore, even if tolerated, one-lung ventilation may wors-
en respiratory function in COVID-19 patients; the potential
for lung injury following one-lung ventilation is well
recognised, even in normal lungs [48]. One-lung ventilation
should be abandoned in patients with critical hypoxemia. If
CPAP fails to improve oxygenation, pausing surgery and
reverting to intermittent two-lung ventilation is the conven-
tional approach. Low tidal volume two-lung ventilation may
be feasible for some procedures [49]. Extracorporeal life sup-
port techniques may facilitate necessary surgery in carefully
selected patients [26¢].

Airway Filters

Recommended anti-viral filters include high-efficiency partic-
ulate air (HEPA) or heat and moisture exchange (HME) fil-
ters. Both have been shown to capture viral particles of a
similar size to SARS-CoV-2; however, there has been no di-
rect studies investigating this thus far [50, 51]. Smaller paedi-
atric HME filters can be used without increasing airway resis-
tance [51] and may be easier to manage with less risk of tube
kinking [28]. These are also small enough to be attached, side-
by-side, to both DLT lumens immediately after intubation
(Fig. la) [37]. Filters should also be applied between the
facemask and ventilatory circuit as well as on the expiratory
limb connection with the anesthetic machine. Some may also
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apply a filter to the inspiratory limb to eliminate any chance of
error if only using one limb filter [52,53].

Regarding bronchial blockers, Hargrave and colleagues de-
scribe the successful addition of various adaptors to the prox-
imal end of bronchial blockers to allow connection to anti-
viral filters (e.g., a CPAP adaptor for an Arndt bronchial
blocker and a 3.0-mm endotracheal tube 15 mm connector
for a 9.0 French Fuji uniblocker) [54]. Theoretically, this min-
imises the risk of environmental contamination from the air-
way and allows application of CPAP to the operative lung if
required. The passage of the blocker through the multiport
adaptor must be secured to ensure the system is airtight.

Suctioning

Respiratory tract and tracheal tube suctioning are frequently
required during thoracic surgical procedures. Removal of re-
spiratory secretions using a closed in-line suction system at-
tached to the operative limb of the DLT or single lumen tube
avoids circuit disconnection and aerosol generation [26e, 27,
28]. It is a blind technique, however, that may be inadequate
for problematic secretions and may risk mucosal injury. The
length of suction catheter required to reach distal bronchial
airways also needs to be considered. Otherwise, standard suc-
tion catheters or suction under bronchoscopic guidance can be
used. As with any instrumentation of an open airway, the
patient should be apnoeic with complete neuromuscular
blockade and without positive pressure in the ventilatory cir-
cuit. Surgical manipulation should be avoided during this time
to prevent any gas flow in the circuit risking aerosolisation.
Used suction catheters should be placed in designated areas or
discarded after single use to avoid contamination. In general,
the number of suctioning events throughout the procedure
should be minimised if possible [30, 31].

Lung Re-expansion

Lung re-expansion with positive pressure at the end of surgery
is another procedure that carries a risk of aerosolisation if the
lung parenchyma is breached, causing an alveolar air leak. In
addition to tissue sealants used by the surgeon, limiting posi-
tive pressure can reduce strain on staple lines and reduce po-
tential air leak. It is also worth considering that COVID-19-
damaged lung tissue may not re-expand as expected, as noted
by Bellini and colleagues [46]. Another suggested, but not
widely endorsed, method of lung re-expansion is moderate
chest drain suction to provide intrathoracic negative pressure
under thoracoscopic guidance after surgical closure [31]. The
remaining camera incision can then be closed and ventilation
resumed.
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Extubation

The risk of aerosolisation during extubation is high due to the
potential for coughing, particularly with a large DLTs com-
pared to smaller diameter single lumen tubes. The oropharynx
should be cleared of secretions prior to reversal of neuromus-
cular blockade, and suctioning of the tracheal tube at the point
of extubation should be avoided as it may precipitate
coughing [25¢]. Antitussive drugs such as opioids and
dexmedetomidine can be used to reduce the risk of coughing
[24]. Awake extubation with the patient spontaneously breath-
ing may be preferred over deep extubation, which carries an
increased risk of airway complications which in turn risks the
need for further AGPs [40]. Extubation under large clear plas-
tic drapes to limit aerosolisation spread has previously been
described [27]. An oxygen mask may be placed on the pa-
tient’s face prior to extubation (Fig. 1f). As the DLT is re-
moved to the side of the oxygen mask, the mask traps respi-
ratory droplets and potentially reduces aerosol spread. A sur-
gical face mask placed over the oxygen mask to cover the air
entrainment slits may further reduce aerosol dispersion.

Chest Drainage

Many thoracic surgical patients have the requirement for in-
tercostal chest drainage which is connected to a drainage sys-
tem in the immediate postoperative period. A bubbling chest
drain with an ambient air exhaust can generate aerosols [55].
The British Thoracic Society suggests mitigating this risk by
constant connection of chest drains to wall suction, use of a
digital chest drain system, or use of an anti-viral filter attached
to a standard chest drainage system [56]. Duffy and colleagues
subsequently confirmed effective aerosolisation prevention
with the use of the anti-viral filter in this context [57].

Anesthetic Considerations for Recovered
COVID-19 Patients

It is well known that a subset of patients who have recovered
from severe COVID-19 disease suffer with long-lasting clin-
ical sequelae involving multiple organ systems including re-
sidual cardiorespiratory dysfunction. This is likely to influ-
ence future medical care that these patients may require.
Recent studies have described patients with residual respira-
tory dysfunction mainly resulting from restrictive lung dam-
age. A meta-analysis by Ahmed and colleagues reported im-
paired diffusing capacity for carbon monoxide (DLCO) in 15—
45% of patients up to 6 months after hospital discharge [58].
This correlates with commonly reported persistent radiologi-
cal abnormalities such as interstitial thickening and fibrosis on
follow-up CT scans following discharge [59]. One-lung

ventilation may be poorly tolerated in this patient group if
presenting for subsequent thoracic surgery, though as yet ex-
perience is limited. Further studies on long-term outcomes in
recovered severe COVID-19 patients will be beneficial in the
management of this patient population.

Conclusion

We have reviewed and consolidated current international expert
opinion and consensus recommendations to provide a collective
platform of guidance specific to thoracic anesthetic management
during the COVID-19 pandemic. It is important that thoracic
centres develop and use protocols based on the best available
guidance to perform aerosol-generating procedures diligently,
thereby reducing the risk of aerosol transmission and protecting
patients and healthcare workers involved in these procedures.
Due to the rapidly evolving nature of the pandemic, continued
re-evaluation of recommendations for the anesthetic manage-
ment of thoracic surgical patients is needed.
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