Journal of

%

Clinical Medicine

Article

Thoracic Surgery in the COVID-19 Pandemic: A Novel
Approach to Reach Guideline Consensus

Tomasz Dziodzio 1'%**(, Sebastian Knitter 1'*(®, Helen Hairun Wu !, Paul Viktor Ritschl 1-2
Karl-Herbert Hillebrandt 12, Maximilian Jara 1, Andrzej Juraszek 3 Robert Ollinger 11, Johann Pratschke !,
Jens Riickert ! and Jens Neudecker !

check for

updates
Citation: Dziodzio, T.; Knitter, S.;
Wu, H.H.; Ritschl, P.V.; Hillebrandt,
K.-H,; Jara, M.; Juraszek, A.; Ollinger,
R.; Pratschke, J.; Riickert, J.; et al.
Thoracic Surgery in the COVID-19
Pandemic: A Novel Approach to
Reach Guideline Consensus. J. Clin.
Med. 2021, 10, 2769. https:/ /doi.org/
10.3390/jem10132769

Academic Editor: Francesco Pata

Received: 24 March 2021
Accepted: 15 June 2021
Published: 24 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Surgery, Campus Charité Mitte and Campus Virchow-Klinikum, Charité-Universitdtsmedizin
Berlin, 13353 Berlin, Germany; sebastian.knitter@charite.de (5.K.); helen-hairun.wu@charite.de (H.H.W.);
paul.ritschl@charite.de (P.V.R.); karl-herbert.hillebrandt@charite.de (K.-H.H.);

maximilian jara@charite.de (M.].); robert.oellinger@charite.de (R.O.); johann.pratschke@charite.de (J.P.);
jens-c.rueckert@charite.de (J.R.); jens.neudecker@charite.de (J.N.)

2 BIH Charité Clinician Scientist Program, Berlin Institute of Health (BIH), 10178 Berlin, Germany
Department of Cardiac Surgery and Transplantation, The Cardinal Stefan Wyszyriski National Institute of
Cardiology, 04-628 Warsaw, Poland; anderso@o2.pl

*  Correspondence: tomasz.dziodzio@charite.de; Tel.: +48-(030)-450552001

1t  Authors contributed equally to this work.

Abstract: The COVID-19 pandemic challenges international and national healthcare systems. In
the field of thoracic surgery, procedures may be deferred due to mandatory constraints of the
access to diagnostics, staff and follow-up facilities. There is a lack of prospective data on the
management of benign and malignant thoracic conditions in the pandemic. Therefore, we derived
recommendations from 14 thoracic societies to address key questions on the topic of COVID-19
in the field of thoracic surgery. Respective recommendations were extracted and the degree of
consensus among different organizations was calculated. A high degree of consensus was found
to temporarily suspend non-critical elective procedures or procedures for benign conditions and to
prioritize patients with symptomatic or advanced cancer. Prior to hospitalization, patients should
be screened for respiratory symptoms indicating possible COVID-19 infection and most societies
recommended to screen all patients for COVID-19 prior to admission. There was a weak consensus on
the usage of serology tests and CT scans for COVID-19 diagnostics. Nearly all societies suggested to
postpone elective procedures in patients with suspected or confirmed COVID-19 and recommended
constant reevaluation of these patients. Additionally, we summarized recommendations focusing
on precautions in the theater and the management of chest drains. This study provides a novel
approach to informed guidance for thoracic surgeons during the COVID-19 pandemic in the absence
of scientific evidence-based data.

Keywords: SARS-CoV-2; COVID-19; thoracic surgery; recommendations; guidelines

1. Introduction

For more than a year, the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic has challenged healthcare providers worldwide [1]. Strict containment
rules have been introduced in many countries, including social distancing, stay-at-home
orders and mandatory face masks in public life. Simultaneously, hospitals are faced with
unprecedented issues regarding the adequate allocation of resources between the acute
care of COVID-19 patients and sustaining the management of non-COVID-19 patients.
Shortages in staff, diagnostics and hospital capacity have led to the abrupt reduction or
even halting of all surgical procedures. In the case of thoracic surgery, the impact of the
novel SARS-CoV-2 is even more delicate: First, patients who undergo thoracic surgery may
be prone to poor outcomes in association with COVID-19. In addition, due to the nature of
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thoracic surgery focusing on lung diseases, exposure of hospital staff to SARS-CoV-2 may
be increased. Therefore, clear guidelines and recommendations are essential for healthcare
providers. The aim of this study was to provide a summary of available expert guidelines
for managing thoracic surgery programs during the ongoing COVID-19 pandemic until
evidence-based guidelines become available.

2. Materials and Methods
2.1. Study Design

Beginning in March 2020, recommendations of national and international thoracic
surgery societies on COVID-19 were identified by an online search from official websites.
Only recommendations published or referenced by thoracic surgery societies were consid-
ered. Societies with recommendations that were not publicly available were contacted by
email. The acquired recommendations were pooled and examined by two independent
researchers (TD and SK). Key statements were extracted and assigned to defined thematic
areas. Statements were categorized and the degree of consensus was evaluated. Cate-
gories were defined as (a) does support (+), (b) does not support (-), (c) leaves the answer
open/case-by-case decision (£) or (d) does not comment (n/a) [2]. In case of diverging
classification, a third investigator (JN) was consulted.

In a second step, extracted key statements were sent to all previously identified na-
tional and international thoracic surgery societies in order to achieve a comprehensive
consensus of the recommendations. The key statements and responses of the societies
were summarized. A score was calculated by subtracting the number of negative recom-
mendations from the count of positive recommendations. Zero points were counted if
the answer was left open or no statement was available. The society recommendation
consensus (SRC) was classified as “strong recommendation” (SRC = A, score > 10, societal
approval of >70%), “medium recommendation” (SRC = B, score 4 to 9, societal approval
of 25-69%) or “low recommendation” (SRC = C, score 1 to 3, societal approval of <25%).
Subsequently, the statements were discussed on the basis of existing literature. No study
approval was necessary, as all information was publicly available, or if not online, provided
by the societies.

2.2. Statistics

No statistical tests were used to reach consensus. The study did not compare strategies
of different countries, nor was it used to draw causal conclusions.

3. Results

Nine society recommendation bulletins on thoracic surgery in the COVID-19 pandemic
were identified as of 1st March 2021 (out of 22 checked societies; countries with society
names in alphabetical order in brackets): Australia/New Zealand (ANZSCTS/RACS),
Brazil (SBCT), China (CSTCS), France (SFCTVCS), Germany (DGT), Italy (SICT), Spain
(SECT), United Kingdom (SCTC/RCS), USA (AATS/ACS). The Austrian Society of Tho-
racic Surgeons (OGTC) had no published guidelines and referred to the guidelines of the
DGT. The European Association of Cardio-Thoracic Surgeons (EACTS) and the European
Society of Thoracic Surgeons (ESTS) referred to national guidelines of each European
society. The World Health Organization (WHO) had no published recommendations for
thoracic surgeons or patients on its website by 1st March 2021.

Conforming with the information given on the individual websites (Table 1), 27 recom-
mendation statements were extracted and summarized under six subheadings (Figure 1):

General Statements

Staff

Precautions in the theater
Diagnostics

Treatment

Chest drains



J. Clin. Med. 2021, 10, 2769

30f13

Five societies replied to the statement proposal request (response rate 23%). Their
assessments were taken into account in the consensus-building process.

Table 1. Thoracic societies, access and recommendation date.

Recommendation
3 *
Country SOCIETY Link Date Available Online
Australia and New https:
! Zealand ANZSCTS / /anzscts.org/COVID-19-resources/ 04/07/2020 yes
2 Austria OGTC https:/ /www.ogtc.at/ 04/06/2020 no
3 Belgium BACTS https:/ /www.bacts.org/ 05/19/2020 + no
https:/ /www.sbct.org.br/recomendacoes-
da-sociedade-brasileira-de-cirurgia-

4 Brazil SBCT toracica-sbet-para-realizacao-de- 03/23,/2020 yes

traqueostomias-e-manejo-da-via-aerea-

em-casos-suspeitos-ou-confirmados-de-

infeccao-pelo-novo-coronavirus-c/

5 Canada CATS _ https: 05/19,/2020+ no

/ /www.canadianthoracicsurgeons.ca/

http:/ /www.cstcvs.net/comsite/news/

. show /cn/3208.html
6 China CSTCVS http:/ /www.cstcvs.net/comsite/news/ 02/26/2020 yes
show /cn/3208.html
EACTS https:/ /www.eacts.org/update-
7 Europe coronavirus-COVID-19/ 04/27/2020 no
ESTS
http:/ /www.ests.org/
8 France SFCTVCS htps://www.sfctev.org/covid19- 04/20/2020 yes
recommandations-de-la-sfctcv /
https:
9 Germany DGT / /dgt-online.de/empfehlungen-des-dgt- 04/06/2020 yes
vorstands-zur-corvid-19-pandemie/
10 International STS https:/ /www.sts.org/COVID-19 07/03/2020 yes
11 Poland PTKT https:/ /ptkt.pl/ 05/18/2020 + no
12 Portugal SPCCTV https:/ /www.spcctv.pt/ 05/18/2020 t no
. https:/ /www.sect2020.pacifico-meetings.
13 Spain SECT com/index.php/informacion-COVID-19 04/29/2020 yes
14 UK SCTS https:/ /scts.org/COVID-19/ 04/22/2020 os
RCS https:/ /www.rcseng.ac.uk/coronavirus/ 05/19/2020 + y

15 USA AATS https://www.aats.org/ 04/07/2020 yes

https:/ /www.jtcvs.org/COVID-19

* Date of last recommendation update; authors checked recommendation updates until March 1st 2021; + date of response to the proposed
statements.
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1. In general
1 The gwgelmes and recommendations should be adapted according to the local prevalence of COVID-19 and the A o o o o o o o o o o o o o 14 0 0 0 14
hospital's resources.
2 If standard care (e. g. resection) is not available, an individual treatment plan should be made for each patient by a
multidisciplinary team A + [nfa| + [nfa|nfa| + + + | nfa| + + + + + |10 0 0 4 10
3 All patients for whom the delay of surgical procedures is necessary should be tracked and their treatment should be
prioritized. The usage of alternative treatment options should be considered and documented. A * * + | e |na * * + | na * * * * + " 0 0 4 "
4 The attendance of patients in the hospital should be limited. Familiy visits should be reduced to one or no visitor. A + [ nfa| + + + + + + [nfa|na| + + + + | 1 0 0 3 1"
5 On amival at the clinic, all patients should wear surgical masks. A nfa | n/a + + | nfa + + + | nfa + + + + + | 10 0 0 6 10
6 Staff should wear surgical masks at any patient contact. A nfa | nia + + | nfa + + + | nfa + + + + + | 10 0 0 5 10

2. Staff:
7 staffing should be kept to @ minimum. Virtual appointments/conference (e.g. oncology committees) and consultations

should be preferred. A + [nfa| + [nfa|nfa| + + + | nfa| + + + + + |10 0 0 4 10

8 Staff members should not be screened for SARS-CoV-2. c nfa | nfa | nfa |nfa|nfa|na| = + | nfa|nfa| + - + + 4 0 2 8 2
3. Screening of patients:

9 All patients should be evualated for respiratory symptoms before hospitalization. A + | n/a + + + | nfa + + | nfa + + + + + 11 0 0 3 1"
10 All patients should be screened for SARS-CoV-2 by nasopharyngeal swabs c + | n/a + - - | nfa + + | nfa - + - + + 7 0 4 3 3
11 Serology tests are generally recommended. Cc nfa | nia + | nfa|nfa|na + + | nfa + - = - + 5 0 3 6 2
12 Preoperah\_/e CT scans should be conducted for all cancer surgery patients that require critical care (IMC/ICU) c w |nal +-|nmlwalmalmal|l+-|nm|+r| + |+ = |mal 2 4 1 6 1

postoperatively.
4. Precautions in the theater:
13 Adesignated theater and scrub room should be used for suspected or proven Covid-19 patients and a preoperative

Covid-19 checklist should be used B nfa |nfa|nfa|na|nfa|nfa|nfa| + [nfa| + + + + + | 6 0 0 8 6
14 During procedures with suspected or proven COVID-19 patients, no changes in staff should be made. Reduce

personnel to minimum. Non-essential personnel should be absent (e.g. medical students and nurses-to-be) B * |ma|na + + * | ma * | na * * * s + 9 1 0 4 9
15 > . o i "

gggg?gsnate PPE (2 PPE2) should be used for all patients and in case of Covid-19 positive patients PPE2/3 and A + | na | na o o o o + | nfa o o o o o 1" 0 0 3 1
16 The use of laminar air-flow is recommended in the theatre. [o4 + |nfa|nfa| +-|+-|na|nfa|+-|nfa|nfa| - + + + 4 3 1 6 3

5. Diagnostics:

17 The routine use of low dose CT scans instead of chest X-ray is not recommended. c +- | nfa | +-| + + | nfa [ nfa | +/- | nfa - H-| - | = + 3 5 2 4 1
18 Bronchoscopy should only be performed in patients with no symptoms, contact or imaging suggestive of COVID-19

infection and postponed in patients with suspected or confirmed Covid-19 infection. B + | na | nfa | 4| - * * + | na|na * * * * 8 2 0 4 8
19 Avoid high-flow nasal oxygen or aerosol-generating procedures B + [ nfa|nfa| + + + + + [ na| + + - + + |10 0 1 3 9
7. Treatment:
20 Triage and surgical indications should be adapted according to the local prevalence of COVID-19 and the hospital's

ressources (Triage Guidelines). A * * * * * * * * * * * * * * 14 0 0 0 14
21 Patients with symptomatic or more advanced cancers should be prioritized for surgery. A + + | nfa + + + + + + | nfa + + + + | 12 0 0 2 12
22 Surgery for non-critical elective/benign conditions should be postponed (with constant re-evaluation). A + + + + + + + + | nfa + + + + + 13 0 0 1 13
23 In patients with proven COVID-19 infection, only essential and life-saving surgeries should be performed after a multi- B + |naln|nalnmlna o + | na P P P P o 8 0 0 6 3

disciplinary decision.
8. Chest drains:

24 The use of a closed systems connected to a bag instead of a water seal system is recommended in pleural effusions. [o4 nfa|nfa|nfa|nfa|nfa|nfa| + + [ nfa|nfa | = + - + 4 0 2 8 2
25 \sr;str;:i.molhorax with indication of thoracic drainage, it is recommended to connect to a conventional water seal B wa | walna | na | wa | na o = | nalna I a - o 5 0 1 7 4
26 There is no benefit for digital drain systems. B nfa | nfa|nfa|nfa|nfa|na + + | nfa | nfa o + + + 5 0 1 8 4
27 Avoid early removal of chest drains placed in patients with COVID-19 infection and pneumothorax. Drains should be c wa | nfa | nfa|na | na | nia o +- | nfa | nfa + | na » o 3 1 1 9 2

closed at least 24 hours before radiological confirmation and removal.

* Societies which submitted an assessment on the proposed statements.
# Score calculated by subtraction of negative recommendations from the count of positive recommendations.
Abbreviations: CT: computed tomography; n/a: not available; IMC/ICU: intermediate care unit, intensive care unit; PPE: personal protective equipment; SCR: Society Recommendation Consensus

Figure 1. Proposed statements and SRC classification.

3.1. Statements
3.1.1. General Statements

1.  The guidelines and recommendations should be adapted according to the local preva-
lence of COVID-19 and the hospital’s resources (SRC A).

The incidence of COVID-19 differs substantially around the world with various
epicenters [1]. Among all guidelines, a strong consensus was found for the adaptation
of recommendations according to the local prevalence of COVID-19. Maintaining and
providing thoracic surgeries in this context requires good preplanning and vigilance against
infection control measures at all levels. The objective should be a compromise between
the surgical treatment of thoracic pathologies and preservation of hospital resources for
COVID-19 patients.

2. All patients for whom the delay of surgical procedures is necessary should be tracked
and their treatment should be prioritized. The usage of alternative treatment options
should be considered and documented (SRC A).

3.  If standard care (e.g., resection) is not available, an individual treatment plan should
be made for each patient by a multidisciplinary team (SRC A).
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With increasing numbers of COVID-19 cases, elective surgical procedures may be
halted by local, regional and state-based authorities. Thoracic surgery includes a variety
and elective cases and emergencies. Therefore, a deliberate prioritization of surgical cases
should be considered and stratified in emergency, urgent and elective procedures [3,4]. The
latter can be further divided into high, medium and low priority [5]. This classification may
help to prioritize patients depending on the hospital ‘s resources and current pandemic
trajectory. For cancer patients, postponing cancer resection may considerably influence
short-term and long-term survival. Delays for up to four weeks may not be associated with
a significant impact on patient survival [6]. A strong consensus was found for establishing
a list of patients who had their surgery delayed with constant reevaluation.

4. The attendance of patients in the hospital should be limited. Family visits should be
reduced to one or no visitors (SRC A).

Cancer patients located in an epicenter of a viral epidemic harbor a higher risk of
SARS-CoV-2 infection compared with the community [7]. Thus, patients should only be
present at hospitals if truly necessary. Visitation should be suspended or heavily restricted
and only allowed in case of life-threatening conditions.

5. On arrival at the clinic, all patients should wear surgical masks (SRC A).
6.  Staff should wear surgical masks at any patient contact (SRC A).

Strong agreement was detected with respect to surgical masks for hospital patients in
general and that staff members should wear surgical masks when in contact with patients.
Clear evidence on the effectiveness of surgical masks is still lacking and contradicting
reports in the literature exist [8-10]. Recent studies support using masks by suggesting that
they could save lives in different ways: By cutting down the chances of transmitting and
contracting COVID-19 [11]. Furthermore, some studies hint that wearing a mask might
also reduce the severity of infection [12].

3.1.2. Staff

7.  Staffing should be kept to a minimum. Virtual appointments/conferences and consul-
tations should be preferred (SRC A).

Decreasing interactions between staff members and workforce distribution can re-
duce the risk of transmission within the division [9,10]. Working from home should be
recommended for all non-clinical staff members if possible [13]. Telephone and/or video
conferences should be encouraged.

8.  Staff members should not be screened for SARS-CoV-2 (SRC C).

Two societies recommended to screen all hospital staff for SARS-CoV-2 and four
societies disagreed on the topic. Some societies recommended nasopharyngeal swab tests
in staff presenting with typical symptoms of COVID-19. In such a condition, self-isolation
at home needs to be started immediately. In case of a negative test result, staff should
resume work [14]. In recent literature, some authors highlight the benefits of routine
testing of healthcare workers in reducing the asymptomatic spread of SARS-CoV-2 [15] and
describe universal testing as feasible [16], while others fail to see the indication if adequate
protective gear is used [17].

3.1.3. Screening of Patients

9.  All patients should be evaluated for respiratory symptoms before hospitalization
(SRC A).
10.  All patients should be screened for SARS-CoV-2 by nasopharyngeal swabs (SRC C).

Most societies agreed that patients’ previous medical history should be screened
for typical COVID-19 symptoms and physical examination should be conducted [18,19].
However, only a few societies that provided COVID-19 guidelines gave the recommen-
dation to establish routine SARS-CoV-2 testing for all patients by using nasopharyngeal
swabs. Some authors even reported high false-negative rates of RT-PCR [20-22]. More



J. Clin. Med. 2021, 10, 2769

6 of 13

recent data support routine testing of patients and staff as prices, availability and detection
quality improve [23].

If routine testing of patients is performed, the following procedure is recommended:
(1) Testing at admission in the hospital, (2) isolation with appropriate protection until
obtaining test results, (3) in case of emergency surgery, behavioral instructions for COVID-
19-positive patients should be applied until confirmation of a negative result.

11.  Serology tests are generally recommended (SRC C).

As of now, several antibody tests have been approved by the United States Food and
Drug Administration and the European Union [24]. The adoption of antibody-directed tests
has not been recommended by any thoracic surgery society to date and a low consensus
was found on the use of serology tests. While the literature agrees that serological tests
may provide an essential tool in managing the pandemic [25,26], recent data from a meta-
analysis emphasize the need for more evaluation of the diagnostic accuracy and the optimal
timing of serological tests [27-29].

12.  Preoperative CT scans should be conducted for all cancer surgery patients that require
critical care (IMC/ICU) postoperatively (SRC C).

It has been proposed that patients planned for intensive care monitoring after elective
thoracic surgery receive a CT scan preoperatively [30]. The aim of this procedure is to
identify patients with pathological changes typical of COVID-19 before results of RT-PCR
are available, or in the absence of SARS-CoV-2 test kits. However, the sensitivity of CT
scans in diagnosing COVID-19 remains debatable. While some studies report sensitivity
rates of up to 98% [31] and 97% [32], others give false-negative rates of 20% [33], or criticize
methodological flaws [34]. Bernheim et al. reported that 56% of patients with COVID-19
had a normal CT in the first two days [35]. A Cochrane review found a sensitivity of chest
CT of 90%, and a false-positive rate of 38% [36]. Thus, only a low level of recommendation
can be given for this statement at this point.

3.1.4. Precautions in the Theater

13. A designated theater and scrub room should be used for suspected or proven COVID-
19 patients. A preoperative COVID-19 checklist should be used for suspected and
confirmed COVID-19 patients (SRC B).

It has been proposed to establish a theater designated for proven or suspected COVID-
19 cases in order to create a physical separation. Detailed guidelines and a preoperative
checklist have been provided by the SCTS [37].

14. During procedures with suspected or proven COVID-19 patients, no changes in staff
should be made. Reduce personnel to a minimum. Non-essential personnel should
be absent (e.g., medical students and nurses-to-be) (SRC B).

A medium consensus was reached for this statement. In order to reduce the possibility
of infection and to minimize transmission of aerosolized SARS-CoV-2, most societies
recommend that staffing levels should remain constant through the surgery and these
procedures should not be used for training purposes.

15.  Appropriate PPE (>PPE2) should be used for all patients and in case of COVID-19-
positive patients: PPE2/3 and goggles (SRC A).

A strong recommendation was given to wear at least personal protective equipment
(PPE) category 2 for all thoracic procedures. In case of COVID-19-positive patients, PPE2/3
and goggles should be used. The numbers indicate three different categories as defined
by the European Union (Council Directive 89/686/EEC): “PPE1” refers to basic protective
equipment with a simple design, whereas complex designs are included under “PPE3”
(e.g., respiratory equipment). “PPE2” refers to all PPE not falling into categories 1 or 3. Due
to the significant environmental contamination of SARS-CoV-2, appropriate protection is
an absolute must [38].
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16. The use of laminar airflow is recommended in the theater (SRC C).

Low consensus was reached on this statement. A general recommendation to use
ventilation techniques to reduce the risk of transmission of SARS-CoV-2 in operating or
procedural rooms could not be given, mostly because of a lack of evidence [39]. Still,
several authors recommend negative pressure environments as a preventive measure for
protection against SARS-CoV-2 [40-43].

3.1.5. Diagnostics

17.  Theroutine use of low-dose CT scans instead of chest X-ray (CXR) is not recommended
(SRC C).

There is only a low consensus on the use of CT scans instead of CXRs as a routine
diagnostic procedure. No evidence was found that in the COVID-19 pandemic should a
CT scan be performed if the needed information can be provided by CXR [44].

18. Bronchoscopy should only be performed in patients who have no symptoms, con-
tact or imaging suggestive of COVID-19 infection and postponed in patients with
suspected or confirmed COVID-19 infections (SRC A).

There is little evidence on the role of bronchoscopy during the COVID-19 pandemic [45].
Most societies recommend postponing bronchoscopies if possible, or an interval of 28 days
from the onset of infection. However, if bronchoscopy is unavoidable, it should be performed
under increased precautions in both symptomatic and asymptomatic patients.

19. Avoid high-flow nasal oxygen or aerosol-generating procedures (SRC A).

There is a strong agreement on the avoidance of high-flow nasal oxygen (HFNO)
and aerosol-generating procedures during diagnostic procedures due to fear of aerosol
dispersion. However, recent evidence on aerosol generation associated with HFNO fails to
establish a clear link between the use of HFNO and increased SARS-CoV-2 infection rates
of healthcare workers [46,47]. In addition, HFNO has been proven to reduce intubation
rates and overall mortality in patients with COVID-19 [48,49]. Therefore, proven benefits
and potentially unknown risks associated with HFNO must be carefully balanced. Aerosol
dispersion may be reduced by using a surgical mask over the face of the patient on
HENO [50].

3.1.6. Treatment

20. Triage and surgical indications should be adapted according to the local prevalence
of COVID-19 and the hospital’s resources (SRC A).

All societies have strongly agreed to a three-phase triage approach. Depending on the
national administrative structure, phase assessment should be conducted following a proto-
col with respect to the number of COVID-19 patients within the hospital (A), the availability
of hospital resources (B) and the dynamic ratio between A and B. Since the course of the
COVID-19 pandemic remains unclear, all societies point out that triage recommendations
should not be considered as rigid guidelines. They should be applied individually to each
patient, as the situation may change rapidly. All depicted societies embedded the proposed
triage guidelines either directly or by reference in their recommendations [51] (Figure 2).
However, a huge number of elective surgical procedures already have been canceled or
postponed, risking untreated or inappropriately treated lung cancer [52]. Therefore, con-
stant reevaluation of patient selection guidelines and differential diagnosis for benign
entities are necessary to accurately select patients undergoing lung cancer surgery and
ensure a rapid diagnostic and therapeutic process.
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(>50%]) lung cancer or
presumed lung cancer
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unless clinically
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» All non-emergent
surgeries
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Figure 2. Triage compass based on the recommendations of the Thoracic Surgery Outcomes Research Network [51].

21. Patients with symptomatic or more advanced cancers should be prioritized for surgery
(SRC A).

In particular, patients with a predicted decrease in survival are considered at risk and
should be prioritized. This is supported by evidence from national cancer registries [53,54].
Additionally, a recent study by Chang et al. found that pulmonary resection for lung cancer
can be safely performed in selected patients, even when performed in a hospital with a
large COVID-19 census [55].

22.  Surgery for non-critical elective/benign conditions should be postponed (with con-
stant reevaluation) (SRC A).

The decision on the treatment of elective/benign conditions should be made according
to the national triage classification with close monitoring and reevaluation. However, it
should be noted that these patients are at higher risk of acquiring infections, including
COVID-19, due to their underlying disease or previous chemotherapies [56,57]. These
patients are particularly at risk for prolonged ICU stay, necessity for mechanical ventilation
and death [58].

23. In patients with proven COVID-19 infection, only essential and life-saving surgeries
should be performed after a multidisciplinary decision (SRC B).

Hospital-associated transmission is a relevant mechanism of COVID-19 infection of
healthcare professionals (29%) and hospitalized patients (12.3%) [59]. All non-essential
surgical procedures on COVID-19 positive patients should be postponed until confirmed
infection convalescence.

3.1.7. Chest Drains

24. The use of a closed system connected to a bag instead of a water seal system is
recommended in pleural effusions (SRC C).

25.  In pneumothorax with indication of thoracic drainage, it is recommended to connect
to a conventional water seal system (SRC B).

26. There is no benefit of digital drain systems (SRC B).
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Experts reached a low to medium consensus regarding the handling of chest tubes in
the COVID-19 pandemic. The utilization of chest drains may be associated with a higher
risk of aerosolization. There is still uncertainty about which chest drain system is best to
avoid or decreases aerosol generation. Proper preparation, PPE, modified techniques and
drainage maintenance are critical to minimizing exposure of healthcare personnel [60,61].
Therefore, it is recommended to use closed systems (digital), anti-viral filters or connect
chest drains with water seals to wall suction (even in cases where suction is not indicated
and set at a very low, controlled level, e.g., 2-5 cmH20) to reduce aerosol building up.
Some societies additionally recommend performing thoracic tube placement by a dedicated
thoracostomy team [62] or the use of high-efficiency particulate air (HEPA) filters [63].

27. Avoid early removal of chest drains placed in patients with COVID-19 infection
and pneumothorax. Drains should be closed at least 24 hours before radiological
confirmation and removal (SRC C).

To prevent repetitive chest tube placements, three societies proposed performing a
CXR after a 24 h interval of clamping before removal of chest tubes.

4. Discussion

Healthcare professionals are currently facing unprecedented challenges in handling
the COVID-19 pandemic-induced healthcare crisis. Scientific evidence is scarce and thus
strategies are mostly based on expert opinion rather than evidence. In the field of thoracic
surgery, many questions remain unclear. Thoracic surgeons must deal directly with the
clinical picture of the COVID-19 disease, and it is becoming more and more apparent, in
particular the consequences for the rest of the patient population.

The core findings were the following: Action plans can be based on these proposed
recommendations and be adapted according to the local prevalence of COVID-19 and the
hospital’s resources (SRC A). If standard care is not available, an individual treatment
plan should be made for each patient with a multidisciplinary team (SRC A). All patients
for whom the delay of surgical procedures is necessary should be tracked and prioritized
later on with constant reevaluations (SRC A). When surgical therapies are delayed and
access to medicine is limited, the implementation of prehabilitation programs (PREHAB)
and enhanced recovery after surgery (ERAS) protocols for affected patients may help in
overcoming the drawbacks of the pandemic [64]. Nutritional interventions and physical
activities can help to improve the physical condition of patients until elective surgical ther-
apies become available again. Patients with malignant diseases are particularly affected, as
their survival depends heavily on early initiation of state-of-the-art treatment. All societies
agreed that patients with symptomatic or more advanced cancer should be prioritized for
surgery, especially if predicted patient survival is significantly impaired (SRC A).

With respect to staff and patient precautions, all societies agreed on reducing con-
tact between patients and staff by implementation of video appointments (SRC A). Face
masks should be worn as long as the pandemic continues by patients and hospital stuff at
any contact (SRC A). Low consensus was found on screening all personnel and patients
for SARS-CoV-2 (SRC Q). It is worth mentioning that many societies have not updated
their recommendations for some time and that screening of personnel and inpatients has
now become standard practice due to the broad availability of tests and, therefore, this
recommendation seems outdated.

Additionally, it is recommended to have a separate operating room track for COVID-
19 patients (SRC B) and procedures performed on patients with suspected or confirmed
COVID-19 should be kept as short as possible. Albeit only a moderate consensus was
found on the usage of closed chest tube systems or anti-viral filters (SRC B/C), more recent
data and publications support the usage of closed systems to reduce aerosolization to a
minimum and to use a specialized thoracostomy team [60,62].

Generating a “conventional” consensus usually requires existing data and is a very
time-consuming process requiring repeated reevaluations and discussions. Since evidence
and time are still lacking, we based our novel consensus-building approach on expert
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guidelines and focused on recommendations with definitive statements on the depicted
topics. Our study can serve as a basis for future decision-making until evidence-based
results become available. However, since we bypassed the elaborate consensus-building
process, some relevant limitations need to be addressed. The first major limitation of
this work is the distortion caused by interpretation and translation errors. Occasional
re-interpretation of societal guidelines was necessary to confirm or dismiss the proposed
key statements. Due to the lack of scientific evidence, the abovementioned consensus
statements are based mostly on expert opinions as the retrieved information was not
intended to serve as a basis for consensus recommendation. This limitation is aggravated
by the low response rate of 23% after contacting thoracic surgery societies. By answering
directly to our proposed statements, interpretation errors could have been avoided and
more clear deductions would have been possible. Additionally, we primarily focused on
definitive statements and some less clear statements were listed rather than counted in the
recommendation-building process. Therefore, some of our statements may underestimate
and other overestimate certain topics. Decision making in the pandemic is not always
straightforward and there is rarely one right way. Each country, each region and each
hospital has different pandemic situations and also different resources to deal with it. There
is no “one size fits all” solution and some recommendations may apply well for some
readers other may not. Another weakness of this work is its moderate timeliness. The
pandemic situation changes weekly, and some recommendations may already be outdated
at the time of publication or new aspects may not be taken into account (e.g., screening of
patients and staff). In addition, several societal recommendations have not been updated
for months or adapted to recent scientific findings and the current pandemic situation.
Consequently, all recommendations, even if supported by a high SRC, have to be classified
as the lowest (scientific) evidence level and should be interpreted as such. Finally, this
review is not a complete overview of all recommendations on the topic as similar societal
recommendations from other disciplines (especially anesthesiology/internal medicine)
were not analyzed.

5. Conclusions

In the quest for a rapid transition back to the field of evidence-based medicine, accurate
documentation and publication of prospectively collected clinical data on COVID-19
in thoracic surgery patients are necessary. We suggest that these studies also should
scrutinize the evidence of the abovementioned emphasized statements. In the meantime,
our summary of expert recommendations in the field of thoracic surgery may help with
decision making during this difficult time.

Author Contributions: Conceptualization, T.D., S.K. and ].N.; methodology, T.D. and S.K.; validation,
TD., SK,]N., K-HH. and HH.W.,; formal analysis, T.D. and S.K,; investigation, T.D., HH.W. and
S.K.; resources, T.D., SK,, J.N., K-HH., R.O., PVR. and M.].; data curation, T.D., SK. and J.N.;
writing—original draft preparation, T.D., SK., AJ. and J.N.; writing—review and editing, T.D.,
SK., MJ., ] N, JR., J.P. and R.O.; visualization, T.D. and S.K,; supervision, ].R, J.P. and ].N.; project
administration J.N.; funding acquisition, T.D. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No data reported.

Acknowledgments: Tomasz Dziodzio is a participant in the BIH-Charité Clinician Scientist Program
funded by the Charité—Universitdtsmedizin Berlin and the Berlin Institute of Health. We gratefully
thank Helena Ganterer and Jantje Black for proof-reading and editing the final manuscript. Any
remaining errors are the responsibility of the authors.



J. Clin. Med. 2021, 10, 2769 11 0f 13

Conflicts of Interest: The authors of this manuscript have no conflicts of interest to disclose. The
authors did not receive any specific grant from funding agencies in the public, commercial or
not-for-profit sectors.

References

1.  World Health Organization (WHO). Coronavirus Disease (COVID-19). Available online: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019 (accessed on 1 March 2021).

2. Ritschl, P.V,; Nevermann, N.; Wiering, L.; Wu, H.H.; Moroder, P; Brandl, A.; Hillebrandt, K.; Tacke, E; Friedersdorff, F.; Schlomm,
T.; et al. Solid organ transplantation programs facing lack of empiric evidence in the COVID-19 pandemic: A By-proxy Society
Recommendation Consensus approach. Arab. Archaeol. Epigr. 2020, 20, 1826-1836. [CrossRef]

3.  COVIDSurg Collaborative; Bhangu, A.; Lawani, I.; Ng-Kamstra, ].S.; Wang, Y.; Chan, A.; Futaba, K.; Ng, S.; Ebele, E.; Lederhuber,
H.; et al. Global guidance for surgical care during the COVID-19 pandemic. BJS 2020, 107, 1097-1103. [CrossRef]

4. Leow, L.; Ramanathan, K,; Kofidis, T.; Tam, ].K.C.; Mithiran, H. Organization of thoracic surgical services during the COVID
pandemic. Surgeon 2021, 19, el-e8. [CrossRef]

5. Passaro, A.; Addeo, A.; Von Garnier, C.; Blackhall, F.; Planchard, D.; Felip, E.; Dziadziuszko, R.; de Marinis, F.; Reck, M.; Bouchaab,
H.; et al. ESMO Management and treatment adapted recommendations in the COVID-19 era: Lung cancer. ESMO Open 2020, 5,
€000820. [CrossRef] [PubMed]

6. Turaga, K.; Girotra, S. Are we harming cancer patients by delaying their cancer surgery during the COVID-19 pandemic? Ann.
Surg. 2020. [CrossRef] [PubMed]

7. Ouyang, H,; Ma, W,; Liu, E; Yue, Z.; Fang, M.; Quan, M.; Pan, Z. Factors influencing survival of patients with pancreatic
adenocarcinoma and synchronous liver metastases receiving palliative care. Pancreatology 2017, 17, 773-781. [CrossRef] [PubMed]

8. Chu, D.K; Akl E.A.; Duda, S.; Solo, K.; Yaacoub, S.; Schiinemann, H.J.; El-Harakeh, A.; Bognanni, A.; Lotfi, T.; Loeb, M.; et al.
Physical distancing, face masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2 and COVID-19: A
systematic review and meta-analysis. Lancet 2020, 395, 1973-1987. [CrossRef]

9. Bae, S.; Kim, M.-C.; Kim, ].Y.; Cha, H.-H.; Lim, J.S.; Jung, J.; Oh, D.K,; Lee, M.-K,; Choi, S.-H.; Sung, M.; et al. Effectiveness
of Surgical and Cotton Masks in Blocking SARS-CoV-2: A Controlled Comparison in 4 Patients. Ann. Intern. Med. 2020, 173,
W22-W23. [CrossRef] [PubMed]

10. Leung, N.H.L.; Chu, D.K.W.; Shiu, E.Y.C; Chan, K.-H.; McDevitt, ].].; Hau, B.J.P; Yen, H.-L.; Li, Y,; Ip, D.K.M,; Peiris, ].5.M.; et al.
Respiratory virus shedding in exhaled breath and efficacy of face masks. Nat. Med. 2020, 26, 676-680. [CrossRef]

11.  Peeples, L. Face masks: What the data say. Nat. Cell Biol. 2020, 586, 186-189. [CrossRef] [PubMed]

12.  Gandhi, M,; Beyrer, C.; Goosby, E. Masks Do More Than Protect Others During COVID-19: Reducing the Inoculum of SARS-CoV-2
to Protect the Wearer. |. Gen. Intern. Med. 2020, 35, 3063-3066. [CrossRef] [PubMed]

13.  Yeo,D.; Yeo, C.; Kaushal, S.; Tan, G. COVID-19 and the General Surgical Department—Measures to Reduce Spread of SARS-COV-2
Among Surgeons. Ann. Surg. 2020, 272, e3—e4. [CrossRef] [PubMed]

14. Hunter, E.; Price, D.A.; Murphy, E.; van der Loeff, I.S.; Baker, K.F.; Lendrem, D.; Lendrem, C.; Schmid, M.L.; Pareja-Cebrian, L.;
Welch, A.; et al. First experience of COVID-19 screening of health-care workers in England. Lancet 2020, 395, e77—€78. [CrossRef]

15. Treibel, T.; Manisty, C.; Burton, M.; McKnight, A.; Lambourne, J.; Augusto, J.; Couto-Parada, X.; Cutino-Moguel, T.; Noursadeghi,
M.; Moon, J.C. COVID-19: PCR screening of asymptomatic health-care workers at London hospital. Lancet 2020, 395, 1608-1610.
[CrossRef]

16. Khalil, A.; Hill, R.; Ladhani, S.; Pattisson, K.; O’Brien, P. COVID-19 screening of health-care workers in a London maternity
hospital. Lancet Infect. Dis. 2021, 21, 23-24. [CrossRef]

17. Chow, A.; Htun, HL.; Kyaw, WM.; Lee, L.T.; Ang, B. Asymptomatic health-care worker screening during the COVID-19
pandemic. Lancet 2020, 396, 1393-1394. [CrossRef]

18. Zhou, F; Yu, T.; Du, R;; Fan, G.; Liu, Y,; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

19. Sohrabi, C.; Alsafi, Z.; O’Neill, N.; Khan, M.; Kerwan, A.; Al-Jabir, A; Iosifidis, C.; Agha, R. World Health Organization declares
global emergency: A review of the 2019 novel coronavirus (COVID-19). Int. ]. Surg. 2020, 76, 71-76. [CrossRef]

20. Li Y;Yao, L, Li,J.; Chen, L;Song, Y, Cai, Z; Yang, C. Stability issues of RT-PCR testing of SARS-CoV-2 for hospitalized patients
clinically diagnosed with COVID-19. ]. Med. Virol. 2020, 92, 903-908. [CrossRef] [PubMed]

21. Kucirka, L.M.; Lauer, S.A.; Laeyendecker, O.; Boon, D.; Lessler, ]J. Variation in False-Negative Rate of Reverse Transcriptase
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time Since Exposure. Ann. Intern. Med. 2020, 173, 262-267. [CrossRef]

22. Xiao, A.T,; Tong, Y.X.; Zhang, S. False negative of RT-PCR and prolonged nucleic acid conversion in COVID-19: Rather than
recurrence. J. Med. Virol. 2020, 92, 1755-1756. [CrossRef]

23.  Mercer, T.R,; Salit, M. Testing at scale during the COVID-19 pandemic. Nat. Rev. Genet. 2021, 1-12. [CrossRef]

24. United States Food and Drug Administration. Emergency Use Authorizations. Available online: https://www.fda.gov/medical-
devices/emergency-situations-medical-devices /emergency-use-authorizations (accessed on 1 March 2021).

25.  Winter, AK,; Hegde, S. The important role of serology for COVID-19 control. Lancet Infect. Dis. 2020, 20, 758-759. [CrossRef]

26. Krammer, F; Simon, V. Serology assays to manage COVID-19. Science 2020, 368, 1060-1061. [CrossRef] [PubMed]


https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1111/ajt.15933
http://doi.org/10.1002/bjs.11646
http://doi.org/10.1016/j.surge.2020.07.001
http://doi.org/10.1136/esmoopen-2020-000820
http://www.ncbi.nlm.nih.gov/pubmed/32581069
http://doi.org/10.1097/SLA.0000000000003967
http://www.ncbi.nlm.nih.gov/pubmed/32487802
http://doi.org/10.1016/j.pan.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28734721
http://doi.org/10.1016/S0140-6736(20)31142-9
http://doi.org/10.7326/M20-1342
http://www.ncbi.nlm.nih.gov/pubmed/32251511
http://doi.org/10.1038/s41591-020-0843-2
http://doi.org/10.1038/d41586-020-02801-8
http://www.ncbi.nlm.nih.gov/pubmed/33024333
http://doi.org/10.1007/s11606-020-06067-8
http://www.ncbi.nlm.nih.gov/pubmed/32737790
http://doi.org/10.1097/SLA.0000000000003957
http://www.ncbi.nlm.nih.gov/pubmed/32301805
http://doi.org/10.1016/S0140-6736(20)30970-3
http://doi.org/10.1016/S0140-6736(20)31100-4
http://doi.org/10.1016/S1473-3099(20)30403-5
http://doi.org/10.1016/S0140-6736(20)32208-X
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/j.ijsu.2020.02.034
http://doi.org/10.1002/jmv.25786
http://www.ncbi.nlm.nih.gov/pubmed/32219885
http://doi.org/10.7326/M20-1495
http://doi.org/10.1002/jmv.25855
http://doi.org/10.1038/s41576-021-00360-w
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations
http://doi.org/10.1016/S1473-3099(20)30322-4
http://doi.org/10.1126/science.abc1227
http://www.ncbi.nlm.nih.gov/pubmed/32414781

J. Clin. Med. 2021, 10, 2769 12 0f 13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Lisboa Bastos, M.; Tavaziva, G.; Abidi, S.K.; Campbell, ].R.; Haraoui, L.-P; Johnston, J.C.; Lan, Z.; Law, S.; MacLean, E.; Trajman,
A.; et al. Diagnostic accuracy of serological tests for covid-19: Systematic review and meta-analysis. BMJ 2020, 370, m2516.
[CrossRef] [PubMed]

Whitman, J.D.; Hiatt, J.; Mowery, C.T,; Shy, B.R.; Yu, R.; Yamamoto, T.N.; Rathore, U.; Goldgof, G.M.; Whitty, C.; Woo, ] M.; et al.
Evaluation of SARS-CoV-2 serology assays reveals a range of test performance. Nat. Biotechnol. 2020, 38, 1174-1183. [CrossRef]
Deeks, ].].; Dinnes, ].; Takwoingi, Y.; Davenport, C.; Spijker, R.; Taylor-Phillips, S.; Adriano, A.; Beese, S.; Dretzke, J.; Fer-rante Di
Ruffano, L.; et al. Antibody tests for identification of current and past infection with SARS-CoV-2. Cochrane Database Syst. Rev.
2020, 6, CD013652. [CrossRef] [PubMed]

The Royal College of Radiologists. Statement on Use of CT Chest to Screen for COVID-19 in Pre-Operative Patients. Avail-
able online: https:/ /www.rcr.ac.uk/ college/ coronavirus-covid-19-what-rcr-doing/ clinical-information /role-ct-chest/role-ct-
screening-0 (accessed on 1 March 2021).

Fang, Y.; Zhang, H.; Xie, J.; Lin, M,; Ying, L.; Pang, P.; Ji, W. Sensitivity of Chest CT for COVID-19: Comparison to RT-PCR.
Radiology 2020, 296, E115-E117. [CrossRef]

Ai, T; Yang, Z.; Hou, H.; Zhan, C.; Chen, C.; Lv, W,; Tao, Q.; Sun, Z.; Xia, L. Correlation of Chest CT and RT-PCR Testing for
Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology 2020, 296, E32-E40. [CrossRef]

Isikbay, M.; Hope, M.D.; Raptis, C.A.; Shah, A.; Bierhals, A.J.; Bhalla, S.; Hammer, M.M.; Kligerman, S.J.; Jeudy, | ; Filev, P.D.; et al.
CT on the Diamond Princess: What Might This Tell Us About Sensitivity for COVID-19? Radiol. Cardiothorac. Imaging 2020, 2,
€200155. [CrossRef] [PubMed]

Hope, M.D,; Raptis, C.A.; Henry, T.S. Chest Computed Tomography for Detection of Coronavirus Disease 2019 (COVID-19):
Don’t Rush the Science. Ann. Intern. Med. 2020, 173, 147-148. [CrossRef]

Bernheim, A.; Mei, X.; Huang, M.; Yang, Y.; Fayad, Z.A.; Zhang, N.; Diao, K,; Lin, B.; Zhu, X; Li, K,; et al. Chest CT Findings in
Coronavirus Disease-19 (COVID-19): Relationship to Duration of Infection. Radiology 2020, 295, 200463. [CrossRef] [PubMed]
Islam, N.; Salameh, J.-P.; Leeflang, M.M.; Hooft, L.; McGrath, T.A.; Van Der Pol, C.B.; Frank, R.A ; Kazi, S.; Prager, R.; Hare,
S.S.; et al. Thoracic imaging tests for the diagnosis of COVID-19. Cochrane Database Syst. Rev. 2020, 11, CD013639. [CrossRef]
[PubMed]

Surgery, S.f.C. Theatre COVID Pathway. Available online: https://scts.org/wp-content/uploads/2020/03/SCTS-ACTACC-
SCPS-Theatre-COVID-pathway-Final.pdf (accessed on 1 March 2021).

Ong, S.; Tan, YK.; Chia, P.Y; Lee, TH.; Ng, O.T.; Wong, M.S.Y.; Marimuthu, K. Air, Surface Environmental, and Personal Protective
Equipment Contamination by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) From a Symptomatic Patient.
JAMA 2020, 323, 1610. [CrossRef] [PubMed]

Theodorou, C.; Simpson, G.; Walsh, C. Theatre ventilation. Ann. R. Coll. Surg. Engl. 2021, 103, 151-154. [CrossRef] [PubMed]
Flemming, S.; Hankir, M.; Ernestus, R.-L; Seyfried, F.; Germer, C.-T.; Meybohm, P.; Wurmb, T.; Vogel, U.; Wiegering, A. Surgery
in times of COVID-19—Recommendations for hospital and patient management. Langenbecks Arch. Surg. 2020, 405, 359-364.
[CrossRef]

Sadrizadeh, S.; Holmberg, S. Surgical clothing systems in laminar airflow operating room: A numerical assessment. |. Infect.
Public Health 2014, 7, 508-516. [CrossRef] [PubMed]

Al-Benna, S. Negative pressure rooms and COVID-19. |. Perioper. Pr. 2021, 31, 18-23. [CrossRef]

Gonzalez-Ciccarelli, L.F.; Nilson, J.; Oreadi, D.; Fakitsas, D.; Sekhar, P.; Quraishi, S.A. Reducing transmission of COVID-19 using a
continuous negative pressure operative field barrier during oral maxillofacial surgery. Oral Maxillofac. Surg. Cases 2020, 6, 100160.
[CrossRef] [PubMed]

Nair, A.; Rodrigues, J.; Hare, S.; Edey, A.; Devaraj, A.; Jacob, J.; Johnstone, A.; McStay, R.; Denton, E.; Robinson, G. A British
Society of Thoracic Imaging statement: Considerations in designing local imaging diagnostic algorithms for the COVID-19
pandemic. Clin. Radiol. 2020, 75, 329-334. [CrossRef] [PubMed]

Wahidi, M.M.; Shojaee, S.; Lamb, C.R.; Ost, D.; Maldonado, F.; Eapen, G.; Caroff, D.A.; Stevens, M.P.; Ouellette, D.R ; Lilly, C.;
et al. The Use of Bronchoscopy During the Coronavirus Disease 2019 Pandemic. Chest 2020, 158, 1268-1281. [CrossRef] [PubMed]
Agarwal, A.; Basmaji, J.; Muttalib, F.; Granton, D.; Chaudhuri, D.; Chetan, D.; Hu, M.; Fernando, S.M.; Honarmand, K.; Bakaa,
L.; et al. High-flow nasal cannula for acute hypoxemic respiratory failure in patients with COVID-19: Systematic reviews of
effectiveness and its risks of aerosolization, dispersion, and infection transmission. Can. J. Anesth. 2020, 67, 1217-1248. [CrossRef]
Li, J.; Fink, ].B.; Ehrmann, S. High-flow nasal cannula for COVID-19 patients: Low risk of bio-aerosol dispersion. Eur. Respir. ].
2020, 55, 2000892. [CrossRef] [PubMed]

Demoule, A.; Baron, A.V,; Darmon, M.; Beurton, A.; Géri, G.; Voiriot, G.; Dupont, T.; Zafrani, L.; Girodias, L.; Labb¢, V.; et al.
High-Flow Nasal Cannula in Critically III Patients with Severe COVID-19. Am. ]. Respir. Crit. Care Med. 2020, 202, 1039-1042.
[CrossRef] [PubMed]

Patel, M.; Gangemi, A.; Marron, R.; Chowdhury, J.; Yousef, I.; Zheng, M.; Mills, N.; Tragesser, L.; Giurintano, J.; Gupta, R.; et al.
Retrospective analysis of high flow nasal therapy in COVID-19-related moderate-to-severe hypoxaemic respiratory failure. BMJ
Open Respir. Res. 2020, 7, €000650. [CrossRef] [PubMed]

Leonard, S.; Atwood, C.W.; Walsh, B.K.; DeBellis, R.J.; Dungan, G.C.; Strasser, W.; Whittle, ].S. Preliminary Findings on Control of
Dispersion of Aerosols and Droplets During High-Velocity Nasal Insufflation Therapy Using a Simple Surgical Mask. Chest 2020,
158, 1046-1049. [CrossRef]


http://doi.org/10.1136/bmj.m2516
http://www.ncbi.nlm.nih.gov/pubmed/32611558
http://doi.org/10.1038/s41587-020-0659-0
http://doi.org/10.1002/14651858.cd013652
http://www.ncbi.nlm.nih.gov/pubmed/32584464
https://www.rcr.ac.uk/college/coronavirus-covid-19-what-rcr-doing/clinical-information/role-ct-chest/role-ct-screening-0
https://www.rcr.ac.uk/college/coronavirus-covid-19-what-rcr-doing/clinical-information/role-ct-chest/role-ct-screening-0
http://doi.org/10.1148/radiol.2020200432
http://doi.org/10.1148/radiol.2020200642
http://doi.org/10.1148/ryct.2020200155
http://www.ncbi.nlm.nih.gov/pubmed/33778572
http://doi.org/10.7326/M20-1382
http://doi.org/10.1148/radiol.2020200463
http://www.ncbi.nlm.nih.gov/pubmed/32077789
http://doi.org/10.1002/14651858.cd013639.pub3
http://www.ncbi.nlm.nih.gov/pubmed/33242342
https://scts.org/wp-content/uploads/2020/03/SCTS-ACTACC-SCPS-Theatre-COVID-pathway-Final.pdf
https://scts.org/wp-content/uploads/2020/03/SCTS-ACTACC-SCPS-Theatre-COVID-pathway-Final.pdf
http://doi.org/10.1001/jama.2020.3227
http://www.ncbi.nlm.nih.gov/pubmed/32129805
http://doi.org/10.1308/rcsann.2020.7146
http://www.ncbi.nlm.nih.gov/pubmed/33645287
http://doi.org/10.1007/s00423-020-01888-x
http://doi.org/10.1016/j.jiph.2014.07.011
http://www.ncbi.nlm.nih.gov/pubmed/25155072
http://doi.org/10.1177/1750458920949453
http://doi.org/10.1016/j.omsc.2020.100160
http://www.ncbi.nlm.nih.gov/pubmed/32509535
http://doi.org/10.1016/j.crad.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32265036
http://doi.org/10.1016/j.chest.2020.04.036
http://www.ncbi.nlm.nih.gov/pubmed/32361152
http://doi.org/10.1007/s12630-020-01740-2
http://doi.org/10.1183/13993003.00892-2020
http://www.ncbi.nlm.nih.gov/pubmed/32299867
http://doi.org/10.1164/rccm.202005-2007LE
http://www.ncbi.nlm.nih.gov/pubmed/32758000
http://doi.org/10.1136/bmjresp-2020-000650
http://www.ncbi.nlm.nih.gov/pubmed/32847947
http://doi.org/10.1016/j.chest.2020.03.043

J. Clin. Med. 2021, 10, 2769 13 0f 13

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Antonoff, M.; Backhus, L.; Boffa, D.J.; Broderick, S.R.; Brown, L.M.; Carrott, P.; Clark, J.M.; Cooke, D.; David, E.; Facktor, M.;
et al. COVID-19 Guidance for Triage of Operations for Thoracic Malignancies: A Consensus Statement from Thoracic Surgery
Outcomes Research Network. Ann. Thorac. Surg. 2020, 110, 692-696. [CrossRef] [PubMed]

Fiorelli, S.; Massullo, D.; Ibrahim, M.; Piccioni, F.; Andreetti, C.; Vanni, C.; Rocco, M.; Rendina, E.A.; Menna, C. Perspectives in
surgical and anaesthetic management of lung cancer in the era of coronavirus disease 2019 (COVID-19). Eur. ]. Cardio Thorac.
Surg. 2020, 58, 676-681. [CrossRef] [PubMed]

Samson, P; Patel, A.; Garrett, T.; Crabtree, T.; Kreisel, D.; Krupnick, A.S.; Patterson, G.A.; Broderick, S.; Meyers, B.F.; Puri, V.
Effects of Delayed Surgical Resection on Short-Term and Long-Term Outcomes in Clinical Stage I Non-Small Cell Lung Cancer.
Ann. Thorac. Surg. 2015, 99, 1906-1913. [CrossRef]

Samson, P; Crabtree, T.D.; Robinson, C.G.; Morgensztern, D.; Broderick, S.; Krupnick, A.S.; Kreisel, D.; Patterson, G.A.; Meyers,
B.; Puri, V. Defining the Ideal Time Interval Between Planned Induction Therapy and Surgery for Stage IIIA Non-Small Cell Lung
Cancer. Ann. Thorac. Surg. 2017, 103, 1070-1075. [CrossRef] [PubMed]

Chang, S.H.; Zervos, M.; Kent, A.; Chachoua, A.; Bizekis, C.; Pass, H.; Cerfolio, R.J. Safety of patients and providers in lung
cancer surgery during the COVID-19 pandemic. Eur. ]. Cardio Thorac. Surg. 2020, 58, 1222-1227. [CrossRef] [PubMed]

Passaro, A.; Peters, S.; Mok, T.; Attili, I; Mitsudomi, T.; de Marinis, F. Testing for COVID-19 in lung cancer patients. Ann. Oncol.
2020, 31, 832-834. [CrossRef] [PubMed]

Li, Y.-K,; Peng, S.; Li, L.-Q.; Wang, Q.; Ping, W.; Zhang, N.; Fu, X.-N. Clinical and Transmission Characteristics of Covid-19—A
Retrospective Study of 25 Cases from a Single Thoracic Surgery Department. Curr. Med. Sci. 2020, 40, 295-300. [CrossRef]
[PubMed]

Tuech, J.-J.; Gangloff, A ; Di Fiore, F.; Michel, P; Brigand, C.; Slim, K; Pocard, M.; Schwarz, L. Strategy for the practice of digestive
and oncological surgery during the Covid-19 epidemic. . Visc. Surg. 2020, 157, S7-S12. [CrossRef]

Wang, D.; Hu, B.; Hu, C.; Zhu, F; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061-1069.
[CrossRef] [PubMed]

Ceylan, K.C.; Batihan, G.; Yazgan, S.; Glirsoy, S.; Kirakli, S.C.; Ataman, S. Pleural complications in patients with coronavirus
disease 2019 (COVID-19): How to safely apply and follow-up with a chest tube during the pandemic? Eur. ]. Cardio Thorac. Surg.
2020, 58, 1216-1221. [CrossRef]

Dhanasopon, A.P.; Zurich, H.; Preda, A. Chest Tube Drainage in the Age of COVID-19. Physician Assist. Clin. 2021, 6, 261-265.
[CrossRef] [PubMed]

Pieracci, EM.; Burlew, C.C.; Spain, D.; Livingston, D.H.; Bulger, E.M.; Davis, K.A.; Michetti, C. Tube thoracostomy during the
COVID-19 pandemic: Guidance and recommendations from the AAST Acute Care Surgery and Critical Care Committees. Trauma
Surg. Acute Care Open 2020, 5, e000498. [CrossRef] [PubMed]

Carvalho, E.D.A; De Oliveira, M.V.B. Safety model for chest drainage in pandemic by COVID-19. Rev. Colégio Bras. Cir. 2020, 47,
€20202568. [CrossRef] [PubMed]

Batchelor, T.J.P,; Rasburn, N.J.; Abdelnour-Berchtold, E.; Brunelli, A.; Cerfolio, R.J.; Gonzalez, M.; Ljungqvist, O.; Petersen, R.H.;
Popescu, W.M.; Slinger, P.D.; 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. Cardio Thorac. Surg. 2018,
55,91-115. [CrossRef] [PubMed]


http://doi.org/10.1016/j.athoracsur.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32278755
http://doi.org/10.1093/ejcts/ezaa295
http://www.ncbi.nlm.nih.gov/pubmed/32844172
http://doi.org/10.1016/j.athoracsur.2015.02.022
http://doi.org/10.1016/j.athoracsur.2016.09.053
http://www.ncbi.nlm.nih.gov/pubmed/28110809
http://doi.org/10.1093/ejcts/ezaa332
http://www.ncbi.nlm.nih.gov/pubmed/33150417
http://doi.org/10.1016/j.annonc.2020.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32278879
http://doi.org/10.1007/s11596-020-2176-2
http://www.ncbi.nlm.nih.gov/pubmed/32232652
http://doi.org/10.1016/j.jviscsurg.2020.03.008
http://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://doi.org/10.1093/ejcts/ezaa356
http://doi.org/10.1016/j.cpha.2020.11.011
http://www.ncbi.nlm.nih.gov/pubmed/33263088
http://doi.org/10.1136/tsaco-2020-000498
http://www.ncbi.nlm.nih.gov/pubmed/32411822
http://doi.org/10.1590/0100-6991e-20202568
http://www.ncbi.nlm.nih.gov/pubmed/32490892
http://doi.org/10.1093/ejcts/ezy301
http://www.ncbi.nlm.nih.gov/pubmed/30304509

	Introduction 
	Materials and Methods 
	Study Design 
	Statistics 

	Results 
	Statements 
	General Statements 
	Staff 
	Screening of Patients 
	Precautions in the Theater 
	Diagnostics 
	Treatment 
	Chest Drains 


	Discussion 
	Conclusions 
	References

