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Abstract

Background: Surgical services are preparing to scale up in areas affected by COVID-19. This study aimed to evaluate the association be-
tween preoperative SARS-CoV-2 testing and postoperative pulmonary complications in patients undergoing elective cancer surgery.

Methods: This international cohort study included adult patients undergoing elective surgery for cancer in areas affected by SARS-
CoV-2 up to 19 April 2020. Patients suspected of SARS-CoV-2 infection before operation were excluded. The primary outcome mea-
sure was postoperative pulmonary complications at 30 days after surgery. Preoperative testing strategies were adjusted for con-
founding using mixed-effects models.

Results: Of 8784 patients (432 hospitals, 53 countries), 2303 patients (26.2 per cent) underwent preoperative testing: 1458 (16.6 per
cent) had a swab test, 521 (5.9 per cent) CT only, and 324 (3.7 per cent) swab and CT. Pulmonary complications occurred in 3.9 per
cent, whereas SARS-CoV-2 infection was confirmed in 2.6 per cent. After risk adjustment, having at least one negative preoperative
nasopharyngeal swab test (adjusted odds ratio 0.68, 95 per cent confidence interval 0.68 to 0.98; P =0.040) was associated with a lower
rate of pulmonary complications. Swab testing was beneficial before major surgery and in areas with a high 14-day SARS-CoV-2 case
notification rate, but not before minor surgery or in low-risk areas. To prevent one pulmonary complication, the number needed to
swab test before major or minor surgery was 18 and 48 respectively in high-risk areas, and 73 and 387 in low-risk areas.

Conclusion: Preoperative nasopharyngeal swab testing was beneficial before major surgery and in high SARS-CoV-2 risk areas. There

was no proven benefit of swab testing before minor surgery in low-risk areas.

Introduction

Globally, at least 28 million elective operations have been can-
celled as a result of the first SARS-CoV-2 pandemic wave'. During
the initial phases, operations in affected hospitals were identified
as carrying significant risk, with perioperative SARS-CoV-2 infec-
tion leading to a far higher rate of pulmonary complications than
before the pandemic?. Once established, a SARS-CoV-2 postoper-
ative pulmonary complication was associated with a 23.8 per
cent mortality rate, compared with a rate of 2 per cent without
SARS-CoV-2%. Because of this, restarting elective surgery has
proved challenging, with many millions more operations being
postponed every month.

Healthcare providers have continued some time-dependent
surgery (such as operations for cancer) and are gearing up to pro-
vide other essential types of elective surgery. The role of preoper-
ative testing for SARS-CoV-2 in these surgical pathways is
unproven. On one hand, it has the potential to optimize

outcomes by identifying presymptomatic patients with SARS-
CoV-2 infection for whom surgery can be postponed. On the
other, there is a time and cost burden of testing, with uncertainty
around the best strategy and variable global availability*®. The
mainstay of testing is nasopharyngeal swab test with quantita-
tive reverse transcriptase-PCR (RT-qPCR) to detect SARS-CoV-2
viral RNA”#, although preoperative CT has also been suggested,
especially before major surgery®.

To support the global implementation of testing before elec-
tive surgery, better evidence is needed to support its role and to
identify patients who will benefit most. This includes the role of
routine testing before major and minor surgery, and in high and
low SARS-CoV-2 risk areas. Elective cancer surgery performed
during the early pandemic allows assessment of the performance
of preoperative testing, and acts as a surrogate for other elective
operations. This study aimed to evaluate the association between
preoperative testing and postoperative pulmonary complications
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in patients undergoing elective cancer surgery in areas affected
by the SARS-CoV-2 pandemic.

Methods

This was an international multicentre cohort study of adults un-
dergoing elective cancer surgery in areas affected by the SARS-
CoV-2 pandemic who were not suspected of SARS-CoV-2 infec-
tion before surgery. Local investigators were responsible for
obtaining local approvals in line with applicable regulations.
Data were collected online and stored on a secure data server
running the Research Electronic Data Capture (REDCap) web ap-
plication®. The study protocol was registered at
ClinicalTrials.gov (NCT04384926) and has been reported in detail
previously'’.

Patients and procedures

Adult patients (18 years and over) undergoing elective surgery
with curative intent for a suspected cancer were included.
Centres were required to include consecutive patients undergo-
ing surgery for an eligible cancer type. Ten common surgical on-
cology disciplines were included spanning colorectal,
oesophagogastric, head and neck, thoracic, hepatopancreatobili-
ary, urological, gynaecological, breast, sarcoma, and intracranial
tumours. Participating centres were allowed to include one or
more cancer types. Eligible patients were identified from multi-
disciplinary team meeting lists, operating lists, outpatient clinics,
and inpatient wards. Patients were followed for up to 30 days
from the day of surgery (day 0).

Patients who had symptoms of COVID-19 or who were con-
firmed to have SARS-CoV-2 infection at the time of surgery (by
gRT-PCR and/or imaging by thoracic CT in the 7 days before sur-
gery) were excluded from this study. This study therefore in-
cluded only patients who were not suspected of having SARS-
CoV-2 at the time of surgery. Data were not collected on patients
who were identified as being SARS-CoV-2-positive and for whom
surgery was postponed.

Centres and settings

Any hospital performing elective cancer surgery during the SARS-
CoV-2 pandemic was eligible to participate. Centres enrolled con-
secutive patients from the date the first patient infected with
SARS-CoV-2 was admitted to their hospital up to 19 April 2020.

Preoperative testing strategies

Preoperative testing was defined as any test used for the identifi-
cation of a patient’s SARS-CoV-2 status in the 7 days before sur-
gery. Four preoperative testing strategies were included in this
analysis: swab test, defined as nasopharyngeal swab and identifi-
cation of viral RNA by RT-qPCR, according to local protocols; im-
aging by thoracic CT only; swab test and CT; and no test. The
timing of swab testing was categorized as: single swab test on
day 4-7 before operation; single swab test on day 1-3 before oper-
ation; or repeat swab, defined as one or more swabs on day 1-3
and day 4-7 before surgery.

Outcome measures

The primary outcome measure was the rate of postoperative pul-
monary complications within 30 days after surgery. This included
pneumonia, acute respiratory distress syndrome, and/or unex-
pected postoperative ventilation. The secondary outcome meas-
ures were postoperative SARS-CoV-2 infection and mortality
within 30 days after surgery. Postoperative SARS-CoV-2 infection

was defined by a positive swab test, thoracic CT, or clinical diag-
nosis of symptomatic COVID-19 in patients for whom a swab test
and CT were unavailable.

Variables used in patient-level risk adjustment
Clinically plausible variables likely to be associated with the pri-
mary outcome measure were collected to allow risk adjustment.
A patient’s preoperative health and functional status was sum-
marized using age, sex, BMI, respiratory condition, Revised
Cardiac Risk Index score, and ASA fitness grade. The body cavity
accessed during surgery was classified as thoracic or thoracoab-
dominal, abdominal or other. To account for different tumour
staging systems across cancer types, disease status was classified
as early stage (organ-confined, non-nodal, non-metastatic, fully
resectable) or advanced stage (growth beyond organ, nodal, met-
astatic operated with curative intent). Grade of surgery was
assigned based on the Clinical Coding & Schedule Development
Group classification'® as either minor (minor/intermediate) or
major (major/complex major). The community SARS-CoV-2 14-
day case notification rate at the time of surgery in each partici-
pating hospital’s local community was extracted from WHO™,
European Centre for Disease Prevention and Control', or US
Centers for Disease Control and Prevention statistics. Hospitals
were classified as being in communities with either a low (fewer
than 25 cases per 100 000 population) or high (25 or more cases
per 100 000 population) SARS-CoV-2 risk. Each patient was classi-
fied as undergoing surgery within a COVID-19-free surgical path-
way or with no defined pathway''. Patients were considered to
have been treated within a COVID-19-free pathway if there was a
policy of complete segregation from patients with COVID-19
away from the operating room, critical care, and inpatient ward.

Data validation

Studies adopting this collaborative cohort study methodology
have achieved high levels of case ascertainment and data accu-
racy with external validation’®. In the present study, low-
volume centres (fewer than 5 patients per specialty group) were
identified, and reviewed independently to confirm complete case
ascertainment. Where specialty teams could not confirm com-
plete case ascertainment, all data were excluded from analysis.

Statistical analysis

The study was conducted according to STROBEY and reported
according to SAMPL'® guidelines. Missing data were recorded in
summary tables where applicable. The y? test was used for analy-
sis of categorical data.

Hierarchical, multilevel univariable and multivariable logistic
regression models were used to examine associations between
preoperative testing strategy and the primary outcome measure,
summarized as adjusted odds ratios (ORs) with 95 per cent confi-
dence intervals. Clinically plausible patient-, disease-, operation-
and location-specific factors were selected a priori for inclusion in
adjusted analyses in order to identify independent predictors of
postoperative pulmonary complications (primary outcome).
Country was included as a random effect in the adjusted models.
Number needed to test (NNT) was calculated as 1/ARR, where
ARR is the adjusted absolute risk reduction. NNT is interpreted as
the number of subjects who need to be tested to prevent an addi-
tional pulmonary complication. As the mainstay of current test-
ing protocols, it was predicted that the most common
preoperative test would be nasopharyngeal swab test. It was pre-
planned to explore the impact of swab tests on two key
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subgroups: high versus low SARS-CoV-2 risk, and major versus mi-
nor operations.

Analyses were carried out using the R version 3.1.1 (packages
finalfit, tidyverse and ggplot?) (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Of 9171 patients included in this study, 8784 (95.8 per cent) had
data available on preoperative testing and were included in the
analysis. Operations were performed in 432 hospitals from 53
countries, of which 6746 (76.8 per cent) were major, and 1087
(12.4 per cent) were performed in high SARS-CoV-2 risk areas. A
full list of included operations grouped by preoperative testing
strategy is shown in Table S1.

Preoperative testing strategies

Overall, 2303 of 8784 patients (26.2 per cent) underwent preoper-
ative testing. This included 1458 (16.6 per cent) who had a swab
test, 521 (5.9 per cent) who had CT only, and 324 (3.7 per cent)
who had a swab and CT. There was significant variation in the
proportion of patients who underwent testing at country level
(Fig. 1). The overall proportion of patients tested increased over
the study period (Fig. S1).

There were several differences between groups with different
preoperative testing strategies. Patients undergoing testing were
more likely to have surgery in a high SARS-CoV-2 risk area and be
treated within a COVID-19-free surgical pathway (Table 1). In gen-
eral, higher-risk patients (for example with a higher performance
score or advanced cancer) were more likely to have a swab test
than no test. Of 1458 patients who had swab testing, 164 (11.2 per
cent) were tested on preoperative day 4-7, 1213 (83.2 per cent)
had a single swab on preoperative day 1-3, and just 63 (4.3 per

1.00 ¢
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0.25 |

Proportion of patients who had preoperative swab test

Fig. 1 Variation in preoperative swab testing rates across included countries

cent) had repeat swabs. The groups undergoing CT either alone
or with a swab test more commonly underwent thoracic or thora-
coabdominal surgery, or had advanced disease.

Pulmonary complications

The overall postoperative pulmonary complication rate was 3.9
per cent (346 of 8784). This was higher in patients who had no
test (4.2 per cent, 272 of 6481) or CT only (4.8 per cent, 25 of 521)
than in those who had a swab test (2.8 per cent, 41 of 1458), or
swab and CT (2.5 per cent, 8 of 324) (P=0.031). After adjustment,
a swab test was associated with reduced pulmonary complica-
tions (adjusted OR 0.68, 95 per cent ci. 0.47 to 0.98, P=0.040)
(Table S2); CT only, or swab and CT were not (Fig. 2). This was
consistent in a sensitivity analysis with potentially missing data
excluded (Table S7). There was no additional benefit from
repeat swab testing beyond a single swab on preoperative day 1-3
(Table 2).

Subgroup analyses

Swab testing was associated with a reduction in pulmonary com-
plications in high-risk areas (adjusted OR 0.25, 95 per cent c.i.
0.09 to 0.76; P=0.014) (Table S3), but not in low-risk areas (ad-
justed OR 0.72, 0.48 to 1.08, P=0.108) (Table S4). Swab testing was
associated with a reduction in pulmonary complications after
major surgery (adjusted OR 0.63, 0.42 to 0.93; P=0.019) (Table S5),
but not after minor surgery (adjusted OR 0.58, 0.16 to 2.13;
P=0.413) (Table S6). A summary of subgroup models is shown in
Fig. 3.

The NNT to prevent one postoperative pulmonary complica-
tion across subgroups is shown in Table 3. This reduced across
major (NNT 18) and minor (NNT 48) surgery in high-risk areas,
and major (NNT 73) and minor (NNT 387) surgery in low-risk
areas.

Country

Each bar represents one country. Contributing countries were anonymized in accordance with the study protocol. Swab, nasopharyngeal swab and identification of
viral RNA by reverse transcriptase- quantitative PCR, according to local protocols, with or without addition of thoracic CT.
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Table 1. Comparison of patients by type of preoperative testing

*

No test (n=6481) Swab only (n=1458) CTonly (n=521) Swab + CT (n=324) P
Age (years) 0.069
<50 1212 (18.7) 227 (15.6) 95 (18.2) 52 (16.0)
50-59 1393 (21.5) 296 (20.3) 120 (23.0) 84 (25.9)
60-69 1786 (27.6) 413 (28.3) 140 (26.9) 93 (28.7)
70-79 1571 (24.2) 381(26.1) 128 (24.6) 73 (22.5)
>80 519 (3.0) 141 (9.7) 38(7.3) 22 (6.8)
Sex 0.056
Fernale 4000 (61.7) 844 (57.9) 320 (61.4) 195 (60.2)
Male 2479 (38.3) 614 (42.1) 201 (38.6) 129 (39.8)
Missing 2 0 0 0
BMI < 0.001
Normal 2406 (40.4) 665 (46.4) 227 (44.6) 114 (35.5)
Overweight 1974 (33.2) 467 (32.6) 184 (36.1) 123 (38.3)
Obese 1421 (23.9) 262 (18.3) 83 (16.3) 75 (23.4)
Underweight 149 (2.5) 38(2.7) 15 (2.9) 9(2.8)
Missing 531 26 12 3
ASA fitness grade < 0.001
I-1 4655 (72.2) 999 (68.5) 412 (79.2) 257 (79.3)
-V 1792 (27.8) 459 (31.5) 108 (20.8) 67 (20.7)
Missing 34 0 1 0
Revised Cardiac Risk < 0.001
Index score
0 2147 (33.1) 482 (33.1) 125 (24.0) 43 (13.3)
1 3175 (49.0) 727 (49.9) 301 (57.8) 220 (67.9)
2 923 (14.2) 212 (14.5) 81 (15.5) 49 (15.1)
>3 236 (3.6) 37 (2.5) 14 (2.7) 12 (3.7)
Respiratory co- 0.915
morbidity
No 5771 (89.0) 1302 (89.3) 469 (90.0) 289 (89.2)
Yes 710 (11.0) 156 (10.7) 52 (10.0) 35 (10.8)
ECOG performance < 0.001
score
0 4115 (64.7) 842 (58.1) 338 (64.9) 220 (67.9)
>1 2247 (35.3) 606 (41.9) 183 (35.1) 104 (32.1)
Missing 119 10 0 0
Cancer type < 0.001
Abdominal 3430 (52.9) 784 (53.8) 327 (62.8) 238 (73.5)
Thoracic or 471 (7.3) 79 (5.4) 44 (8.4) 38 (11.7)
thoracoabdominal
Other 2580 (39.8) 595 (40.8) 150 (28.8) 48 (14.8)
Disease stage < 0.001
Early 4664 (72.0) 1029 (70.6) 356 (68.3) 193 (59.8)
Advanced 1814 (28.0) 429 (29.4) 165 (31.7) 130 (40.2)
Missing 3 0 0 1
Anaesthetic < 0.001
General 6137 (94.7) 1365 (93.6) 510 (97.9) 316 (97.5)
Regional/local 344 (5.3) 93 (6.4) 11(2.2) 8(2.5)
Operation grade < 0.001
Minor 1529 (23.7) 349 (24.0) 90 (17.3) 37 (11.4)
Major 4921 (76.3) 1107 (76.0) 431 (82.7) 287 (88.6)
Missing 31 2 0 0
Hospital type < 0.001
No defined 5033 (77.7) 1070 (73.4) 217 (41.7) 120 (37.0)
pathway
COVID-19-free 1447 (22.3) 388 (26.6) 304 (58.3) 204 (63.0)
surgical pathway
Community SARS- < 0.001
CoV-2risk
Low 5907 (91.1) 1258 (86.3) 331 (63.5) 201 (62.0)
High 575 (8.9) 200 (13.7) 190 (36.5) 123 (38.0)
Values in parentheses are percentages. CT, imaging by thoracic CT; ECOG, Eastern Cooperative Oncology Group.
)( test.
Postoperative detection of SARS-CoV-2 and than among those who were not tested (P < 0.001). The difference
mortality was greatest between swab test only (0.5 per cent, 7 of 1458) and

SARS-CoV-2 infection and mortality rates by preoperative testing 10 test (3.2 per cent, 209 of 6481). The mortality rate was lower in
strategy are reported in Table 4. The unadjusted rate of SARS- the group that had swab tests (0.8 per cent, 12 of 1458) or swab
CoV-2 was lower in all groups that were tested before surgery ~ testand CT (0.6 per cent, 2 of 324) than in patients who were not
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Pulmonary Odds
complication ratio P

Type of screening

None * 270 of 6309 (4.3) 1.00 (reference)

CT only —_— 24 of 520 (4.6) 1.27 (0.78,2.04) 0.337

Swab only |—A0—| 40 of 1446 (2.8) 0.68 (0.47,0.98)  0.040

Swab + CT L g i 8 of 323 (2.5) 0.57 (0.27,1.19)  0.134
Age (years)

<50 L 2 19 of 1560 (1.2) 1.00 (reference)

50-59 —_— 44 of 1835 (2.4) 1.33 (0.76,2.32) 0.321

60-69 — 104 of 2383 (4.4) 1.79 (1.07, 3.00) 0.027

70-79 —— 130 of 2112 (6.2) 1.99 (1.18,3.34) 0.010

>80 years —_— 45 of 708 (6.4) 1.94 (1.07,3.51) 0.029
Sex

F L 4 106 of 5241 (2.0) 1.00 (reference)

M —— 236 of 3357 (7.0) 2.27(1.77,2.92) <0.001
BMI

Normal L 4 121 of 3371 (3.6) 1.00 (reference)

Overweight e ——i 102 of 2711 (3.8) 0.90 (0.67, 1.19)  0.455

Obese —_— 76 of 1806 (4.2) 0.93(0.67,1.28) 0.659

Underweight k 4 J 10 of 206 (4.9) 1.30 (0.64, 2.62) 0.457

Missing —— 33 of 504 (6.5) 1.61(1.00,2.49) 0.031
ASA fitness grade

[ * 168 of 6217 (2.7) 1.00 (reference)

-v —— 174 of 2381 (7.3) 1.41(1.08,1.84) 0.012
Specialty

Abdominal 4 212 of 4688 (4.5) 1.00 (reference)

Thoracic or thoracoabdominal —_— 80 of 615 (13.0) 2.71(1.99,3.69) <0.001

Other —_— 50 of 3295 (1.5) 1.23(0.74,2.04) 0.427
ECOG performance score

0 L 4 128 of 5470 (2.3) 1.00 (reference)

>1 —_—— 214 of 3128 (6.8) 1.79 (1.37,2.33)  <0.001
Current smoker

No * 283 of 7655 (3.7) 1.00 (reference)

Yes —— 59 of 943 (6.3) 1.34(0.97,1.83) 0.076
Pre-existing respiratory condition

No L 2 274 of 7665 (3.6) 1.00 (reference)

Yes —T— 68 of 933 (7.3) 1.14 (0.84,1.55) 0.385
Revised Cardiac Risk Index Score

0 * 29 of 2730 (1.1) 1.00 (reference)

1 —_—— 195 of 4333 (4.5) 2.11 51 16, 3.84; 0.014

2 L - J 80 of 1244 (6.4) 2.18(1.13,4.21 0.020

>3 I 4 - 38 of 291 (13.1) 3.72(1.80,7.73) <0.001
Operation grade

Minor L 2 23 of 1969 (1.2) 1.00 (reference)

Major —_—— 319 of 6629 (4.8) 2.20 (1.36, 3.56) 0.001
Disease stage

Early L 2 194 of 6109 (3.2) 1.00 (reference)

Advanced —— 148 of 2489 (5.9) 1.61(1.28,2.03) <0.001
Hospital type

No defined pathway L 4 300 of 6286 (4.8) 1.00 (reference)

COVID-19-free surgical pathway —— 42 of 2312 (1.8) 0.45 (0.31, 0.64) <0.001
SARS-CoV-2 risk area

Low L 4 298 of 7521 (4.0) 1.00 (reference)

High —=H—— 44 0f 1077 (4.1) 1.38(0.90,2.12) 0.141

l l l l
-2 -1 0 1 2

Log (odds ratio)

Fig. 2 Factors associated with postoperative pulmonary complications in the mixed-effects model.

Values in parentheses are *percentages and 195 per cent confidence intervals. The rate of missing data for variables included in the model was less than 1 per cent,
except for BMI (6 per cent), where ‘missing’ was included as an additional factor level. Area under the receiver operating characteristic curve for model is 0.81
(excellent discrimination). CT, imaging by thoracic CT; ECOG, Eastern Cooperative Oncology Group.

tested (1.6 per cent, 104 of 6841), although this was not statisti-
cally significant (P=0.072).

Discussion

In this study, a preoperative nasopharyngeal swab test with RT—
gPCR to detect SARS-CoV-2 in asymptomatic patients was associ-
ated with a reduced rate of postoperative pulmonary complica-
tions. The main benefit was seen in major surgery and in areas
with a high 14-day case notification rate. No clear benefit was
seen in minor surgery performed in low-risk areas. There was no
benefit from the addition of preoperative thoracic CT or repeat
swabs. The results allow the authors to make practice-changing
recommendations. A single preoperative swab should be per-
formed for patients with no clinical suspicion of COVID-19 before

major surgery in both high- and low-risk areas, and before minor
surgery in high-risk areas. The NNT values presented for these
groups provide evidence to support implementation by health-
care providers, based on locally available resources.

The beneficial effect of swab testing was likely to result from
identification of presymptomatic or asymptomatic patients be-
fore admission, who could then have surgery delayed. This effect
is mediated by two mechanisms. First, it stops presymptomatic
patients developing severe, symptomatic disease (COVID-19) af-
ter operation. Second, it prevents cross-infection from asymp-
tomatic patients to other patients scheduled for elective surgery
on admission to hospital. To reinforce these benefits, preopera-
tive swab testing should not be considered in isolation, but as
part of a broader strategy to reduce SARS-CoV-2 exposure, in-
cluding dedicated COVID-19-free surgical pathways**
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Table 2. Univariable and multivariable logistic regression analyses of association between timing and number of preoperative swab
tests and postoperative pulmonary complications

Odds ratio P

Unadjusted model

Adjusted model

Screening type

None 1.00 (reference) 1.00 (reference)

1 swab, 4-7 days before surgery 0.36 (0.11, 1.13) 0.33(0.10, 1.08) 0.067

1 swab, 1-3 days before surgery 0.65 (0.46, 0.91) 0.66 (0.46, 0.94) 0.023

Repeat swabs’ 0.30 (0.04, 2.15) 0.34 (0.05, 2.50) 0.288
Age (years)

<50 1.00 (reference) 1.00 (reference)

50-59 1.77 (0.97, 3.24) 1.24 (0.67, 2.29) 0.498

60-69 3.50 (2.04, 6.00) 1.79 (1.02, 3.14) 0.042

70-79 4.84 (2.84, 8.24) 1.93 (1.10, 3.40) 0.023

>80 4.81(2.65,8.73) 1.84 (0.97, 3.51) 0.064
Sex

Female 1.00 (reference) 1.00 (reference)

Male 3.41(2.63, 4.42) 2.15 (1.63, 2.83) <0.001
BMI

Normal 1.00 (reference) 1.00 (reference)

Overweight 1.06 (0.78, 1.45) 0.88 (0.64, 1.22) 0.445

Obese 1.23(0.89, 1.71) 0.92 (0.65, 1.31) 0.652

Underweight 1.22 (0.55, 2.67) 1.12 (0.50, 2.53) 0.786

Missing 1.75 (1.15, 2.64) 1.63 (1.05, 2.53) 0.030
ASA fitness grade

-1 1.00 (reference) 1.00 (reference)

-V 2.61(2.05,3.33) 1.27 (0.96, 1.70) 0.097
Specialty

Abdominal 1.00 (reference) 1.00 (reference)

Thoracic or thoracoabdominal 3.05 (2.23, 4.18) 2.62(1.86, 3.69) < 0.001

Other 0.33(0.23, 0.46) 1.13 (0.65, 1.97) 0.674
ECOG performance score

0 1.00 (reference) 1.00 (reference)

>1 2.99 (2.33,3.85) 1.87 (1.40, 2.49) <0.001
Current smoker

No 1.00 (reference) 1.00 (reference)

Yes 1.68(0.23, 2.58) 1.34 (0.94, 1.91) 0.108
Pre-existing respiratory condition

No 1.00 (reference) 1.00 (reference)

Yes 2.20 (1.62, 2.98) 1.29 (0.92, 1.80) 0.138
Revised Cardiac Risk Index score

0 1.00 (reference) 1.00 (reference)

1 4.18 (2.73, 6.40) 1.97 (1.02, 3.78) 0.042

2 6.10 (3.82, 9.74) 2.05 (1.00, 4.18) 0.050

>3 10.83 (6.16, 19.02) 2.86 (1.27, 6.42) 0.011
Operation grade

Minor 1.00 (reference) 1.00 (reference)

Major 4.22 (2.66, 6.67) 2.23(1.33,3.74) 0.002
Disease stage

Early 1.00 (reference) 1.00 (reference)

Advanced 2.15(1.69, 2.75) 1.74 (1.35, 2.25) < 0.001
Hospital type

No defined pathway 1.00 (reference) 1.00 (reference)

COVID-19-free surgical pathway 0.40 (0.26, 0.59) 0.55 (0.36, 0.84) 0.006
Community SARS-CoV-2 risk

Low 1.00 (reference) 1.00 (reference)

High 1.43(1.01, 2.02) 1.54 (1.06, 2.22) 0.023

Values in parentheses are 95 per cent confidence intervals. Data from 6217 patients with complete data were included in the analysis.

*One or more swabs on day 1-3 and day 4-7 before surgery. CT, imaging by thoracic CT; ECOG, Eastern Cooperative Oncology Group. Area under the receiver
operating characteristic curve for model is 0.80 (excellent discrimination).

This study did not aim to evaluate the diagnostic accuracy of
swab testing, which has been explored in detail elsewhere
Although the present data did not show a clear benefit to repeat
swab testing, only a small group of patients received two or more

7,8,19,20

tests. There is a documented false-negative rate of RT-qPCR from

a nasopharyngeal swab test, with an estimated sensitivity of 73.3
(95 per cent c.i. 68.1 to 78.0) per cent®. For those identified to be
at highest baseline risk of pulmonary complications and/or
SARS-CoV-2 infection, for example older patients, those with
worse functional status, or those undergoing thoracoabdominal

surgery, there may still be a role for selective repeat swabbing. As
understanding of the diagnostic accuracy of SARS-CoV-2 tests
evolves over time, new testing strategies (such as serology) may
be integrated into this pathway.

This study demonstrated major country-by-country variation
in the application of preoperative testing. The results call for
global expansion and standardization of swab testing worldwide.
The reasons for this variation need to be better understood, in-
cluding relationships with health system resourcing and policy*?
In the present data, the testing rate increased over time from less
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Minor operation

None *

L 4

Swab only

Major operation
None *

Swab only

Low community SARS-CoV-2 risk
None *

Swab only

High community SARS-CoV-2 risk
None *

Swab only

*

Pulmonary Odds P for
complication ratio interaction

19 of 1497 (1.3) 1.00 (reference)

3 of 347 (0.9) 0.58 (0.16,2.13)  0.865

251 of 4812 (5.2) 1.00 (reference)

37 of 1099 (3.4) 0.63 (0.42, 0.93)

234 of 5742 (4.6) 1.00 (reference)

35 of 1248 (2.8) 0.72(0.48,1.08) 0213

36 of 577 (6.3) 1.00 (reference)

5 0f 198 (2.5) 0.25 (0.09, 0.76)

-2 -1 0 1
Log (odds ratio)

Fig. 3 Summary of subgroup analyses of swab testing in different patient populations

Values in parentheses are *percentages and 195 per cent confidence intervals. Grade of surgery was assigned based on the Clinical Coding & Schedule Development
Group categories as either minor (minor/intermediate) or major (major/complex major). The community SARS-CoV-2 risk at the time of surgery within each
participating hospital’s local community was classified as either low (fewer than 25 cases per 100 000 population) or high (25 or more cases per 100 000 population).

Table 3. Number needed to test to prevent one postoperative pulmonary complication through preoperative SARS-CoV-2 swab testing

Pulmonary complications Adjusted ARR (%) NNT
No test Swab test
Major surgery, high-risk 33 0f 429 (7.7) 50f 134 (3.7) 5.67 18
Miiff surgery, high-risk 3of 144 (2.1) 0 of 66 (0) 2.10° 48
Mz?jgerasurgery, low-risk 219 of 4492 (4.9) 33 0f 973 (3.4) 1.37 73
Miiffsurgery, low-risk 16 of 1385 (1.2) 30f283(1.1) 0.26 387
area

Values in parentheses are percentages.

*“Estimate from unadjusted model as model adjustment not possible. ARR, absolute risk reduction; NNT, number needed to test, rounded up to nearest whole
person. Grade of surgery was assigned based on the Clinical Coding & Schedule Development Group categories as either minor (minor/intermediate) or major
(major/complex major). The community SARS-CoV-2 risk at the time of surgery within each participating hospital’s local community was classified as either low
(fewer than 25 cases per 100 000 population) or high (25 or more cases per 100 000 population).

than 10 per cent at the end of February, to almost 40 per cent in
the middle of April 2020. Although this indicates a growing up-
take of preoperative swab testing internationally, implementa-
tion remained incomplete, with 18 countries reporting a testing
rate of zero. Care providers should now upscale the provision of
routine preoperative testing to provide safe elective surgery dur-
ing the pandemic.

CT remains controversial as it is resource-intensive and its va-
lidity in detection of COVID-19 has not been demonstrated, de-
spite proposed scoring systems®' 2. A systematic review?® of
diagnostic accuracy studies failed to demonstrate the accuracy of

thoracic CT as a screening tool in asymptomatic patients. In the
present study, CT was used more commonly in groups undergo-
ing thoracoabdominal surgery and those with advanced disease.
There may be a selective role for dual-purpose imaging before
surgery that can both restage disease after a delay to surgery,
and identify characteristic changes of COVID-19. This study
showed no additional benefit to performing CT in addition to a
single swab test, meaning that the additional cost and organiza-
tional burden of CT as a screening test in asymptomatic patients
is unlikely to be justified. This corroborates the findings of a mul-
ticentre study of 2093 patients undergoing surgery in the
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Table 4. Unadjusted outcomes by type of preoperative testing

No test (n=6481)

Pulmonary complica-

tions

No 6209 (95.8) 1417 (97.2)

Yes 272 (4.2) 41 (2.8)
SARS-CoV-2 infec-

tion

No 6345 (98.4) 1451 (99.5)

Yes 209 (3.2) 7 (0.5)
Mortality

No 6272 (98.4) 1437 (99.2)

Yes 104 (1.6) 12 (0.8)

Missing 105 9

Swab only (n=1458)

CTonly (n=521) Swab + CT (n=324) P
0.031
496 (95.2) 316 (97.5)
25 (4.8) 8(2.5)
< 0.001
516 (99.0) 319 (98.5)
5(1.0) 5(1.5)
0.072
514 (98.8) 315 (99.4)
6(1.2) 2(0.6)
1 7

Values in parentheses are percentages. CT, imaging by thoracic CT.
*,2
7~ test.

Netherlands, in which the incremental yield of thoracic CT in
asymptomatic patients was slight, at 0.4 per cent’. Similarly, in a
small series??, high-resolution CT chest added very little addi-
tional value and a high resource cost, with just 3 of 386 patients
with a negative swab who had thoracic CT having surgery post-
poned.

There were limitations to this study. First, its observational
nature may have left a residual risk of selection bias, despite use
of statistical techniques to take this into account. However,
patients undergoing preoperative testing were at higher, rather
than lower, risk of pulmonary complications at baseline, so this
is unlikely to have influenced the effect observed. Second, some
of the subgroup sizes were small (for example CT, repeat swab
test), meaning there were risks of type II errors. Third, cancer sur-
gery was used in this study as a surrogate for elective operations,
and its findings could be extrapolated to other types of elective
surgery in order to support restarts and upscaling. In some
instances, this may need to be done with caution, owing to differ-
ences in operation and patient profiles. Finally, this study was
designed as a pragmatic, real-world analysis of the effectiveness
of testing in patients who were not suspected of having COVID-19
before elective surgery. It was not designed to test the diagnostic
accuracy of different testing protocols.

The strengths of this study lie in the large number of patients,
a pansurgical oncology approach, and multinational nature,
which provide a route for future research. The role of preopera-
tive isolation in combination with negative swab findings needs
urgent assessment, as this is highly burdensome for patients and
organizationally challenging. Urgent research is also needed to
identify the optimum delay to surgery for patients who have a
positive swab test. Symptom questionnaires or clinical assess-
ment were not evaluated as a method of identifying patients
infected with SARS-CoV-2. Although these may prove effective in
identifying some subtly symptomatic patients, they are currently
not standardized and reproducibility is therefore uncertain.
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Supplementary Figure 1. Preoperative testing rates over time
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Jpplementary Table 1. Preoperative testing performed across included operations

Operation No test Swab CT only Swab + CT
A021 Excision Of Lesion Of Tissue Of Frontal Lobe Of Brain 30 (85.7) 4 (11.4) 1(2.9)

A022 Excision Of Lesion Of Tissue Of Temporal Lobe Of Brain 9 (75.0) 3(25.0)

A023 Excision Of Lesion Of Tissue Of Parietal Lobe Of Brain 9 (90.0) 1(10.0)

A024 Excision Of Lesion Of Tissue Of Occipital Lobe Of Brain 2 (66.7) 1(33.3)

A025 Excision Of Lesion Of Tissue Of Cerebellum 7 (100.0)

A026 Excision Of Lesion Of Tissue Of Brain Stem 1 (50.0) 1 (50.0)

A032 Stereotactic Ablation Of Tissue Of Thalamus 1(100.0)

A042 Open Biopsy Of Lesion Of Tissue Of Temporal Lobe Of Brain 1(100.0)

A081 Biopsy Of Lesion Of Tissue Of Frontal Lobe Of Brain 1(100.0)

A107 Stereotactic Radiosurgery On Tissue Of Brain 2 (100.0)

A171 Endoscopic Extirpation Of Lesion Of Ventricle Of Brain 1(100.0)

A295 Excision Of Lesion Of Acoustic Nerve (Viii) 3(75.0) 1(25.0)

A298 Excision Of Lesion Of Specified Cranial Nerve 1 (100.0)

A381 Extirpation Of Lesion Of Meninges Of Cortex Of Brain 9 (100.0)

A382 Extirpation Of Lesion Of Meninges Of Sphenoidal Ridge Of Cranium 5(83.3) 1(16.7)

A383 Extirpation Of Lesion Of Meninges Of Subfrontal Region Of Br 5(100.0)

A384 Extirpation Of Lesion Of Meninges Of Parasagittal Region 5(100.0)

A422 Biopsy Of Lesion Of Meninges Of Brain 2 (100.0)

A511 Extirpation Of Lesion Of Meninges Of Spinal Cord 1(100.0)

A604 Radiofrequency Controlled Thermal Destruction Of Peripheral 1 (100.0)

A611 Excision Of Lesion Of Peripheral Nerve 1 (100.0)

B041 Excision Of Lesion Of Pituitary Gland 24 (96.0) 1(4.0)

B081 Total Thyroidectomy 110 (73.3) 31(20.7) 7(4.7) 2(1.3)
B082 Subtotal Thyroidectomy 2 (100.0)

B083 Hemithyroidectomy 28 (75.7) 7(18.9) 2 (5.4)

B084 Lobectomy Of Thyroid Gland 13 (92.9) 1(7.1)

B085 Isthmectomy Of Thyroid Gland 4 (100.0)

B086 Partial Thyroidectomy 1 (100.0)

B122 Biopsy Of Lesion Of Thyroid Gland 4 (100.0)

B142 Global Parathyroidectomy 1(100.0)
B181 Trans-Sternal Thymectomy 7 (70.0) 1(10.0) 2 (20.0)

B182 Transcervical Thymectomy 1 (50.0) 1 (50.0)

B222 Bilateral Adrenalectomy 1 (100.0)

B223 Unilateral Adrenalectomy 1(100.0)

B271 Total Mastectomy And Excision Of Both Pectoral Muscles And 18 (90.0) 1(5.0) 1(5.0)

B272 Total Mastectomy And Excision Of Both Pectoral Muscles 14 (82.4) 1(5.9) 2(11.8)




B273 Total Mastectomy And Excision Of Pectoralis Minor Muscle 47 (95.9) 2(4.1)
B274 Total Mastectomy 453 (79.9) 73 (12.9) 33(5.8) 8(1.4)
B275 Subcutaneous Mastectomy 71 (66.4) 18 (16.8) 14 (13.1) 4 (3.7)
B276 Skin Sparing Mastectomy 104 (88.9) 11 (9.4) 2(1.7)

B282 Partial Excision of Breast 582 (74.6) | 141 (18.1) 49 (6.3) 8(1.0)
B292 Reconstruction Of Breast Using Local Flap Of Skin 3(100.0)

B294 Reconstruction Of Breast Using Distant Flap Of Skin 1 (100.0)

B296 Reconstruction Of Breast Using Glandular Remodelling 1(33.3) 1(33.3) 1(33.3)
B297 Reconstruction Of Breast Using Dermoglandular Flap 6 (85.7) 1(14.3)

B301 Insertion Of Prosthesis For Breast 1 (100.0)

B311 Reduction Mammoplasty 4 (66.7) 2(33.3)

B322 Biopsy Of Lesion Of Breast 23 (100.0)

B323 Wire Guided Biopsy Of Lesion Of Breast 68 (94.4) 4 (5.6)

B393 Reconstruction Of Breast Using Free Deep Inferior Epigastric 1(100.0)

B411 Radionuclide Guided Excision Of Lesion Of Breast 27 (96.4) 1(3.6)

B412 Radionuclide Guided Partial Excision Of Breast 18 (85.7) 3(14.3)

C011 Exenteration Of Orbit 2 (66.7) 1(33.3)

C061 Biopsy Of Lesion Of Orbit 1 (100.0)

C121 Excision Of Lesion Of Eyelid 2 (100.0)

C391 Excision Of Lesion Of Conjunctiva 1(100.0)

D012 Partial Excision Of External Ear 1 (100.0)

D021 Excision Of Lesion Of External Ear 3(50.0) 3(50.0)

D101 Radical Mastoidectomy 5(100.0)

D104 Simple Mastoidectomy 7 (100.0)

EO011 Total Excision Of Nose 4 (100.0)

E101 Biopsy Of Lesion Of Nose 2 (100.0)

E132 Excision Of Lesion Of Maxillary Antrum 10 (37.0) 17 (63.0)

E191 Total Pharyngectomy 2 (100.0)

E192 Partial Pharyngectomy 1(33.3) 2 (66.7)

E242 Endoscopic Extirpation Of Lesion Of Pharynx 2 (100.0)

E291 Total Laryngectomy 23 (71.9) 7(21.9) 1(3.1) 1(3.1)
E294 Partial Laryngectomy 4 (80.0) 1(20.0)

E295 Laryngofissure And Cordectomy Of Vocal Cord 8 (38.1) 10 (47.6) 2(9.5) 1(4.8)
E296 Laryngectomy 2 (40.0) 3(60.0)

E303 Open Destruction Of Lesion Of Larynx 3(100.0)

E361 Diagnostic endoscopic Examination Of Larynx And Biopsy Of Lesion 6 (54.5) 5 (45.5)

E391 Open Excision Of Lesion Of Trachea 1 (100.0)

E461 Sleeve Resection Of Bronchus And Anastomosis 2 (50.0) 1(25.0) 1(25.0)

E463 Excision Of Lesion Of Bronchus

1 (100.0)




E541 Total Pneumonectomy 7 (100.0)

E542 Bilobectomy Of Lung 8(72.7) 1(9.1) 2(18.2)
E543 Lobectomy Of Lung 229 (76.8) 30 (10.1) 19 (6.4) 20 (6.7)
E544 Excision Of Segment Of Lung 63 (67.7) 16 (17.2) 10 (10.8) 4(4.3)
E545 Partial Lobectomy Of Lung 30 (78.9) 4 (10.5) 1(2.6) 3(7.9)
E552 Open Excision Of Lesion Of Lung 2 (50.0) 2 (50.0)

E593 Biopsy Of Lesion Of Lung 3(100.0)

E621 Endoscopic Extirpation Of Lesion Of Mediastinum 1 (100.0)

E641 Endoscopic Extirpation Of Lesion Of Nasal Cavity 2 (66.7) 1(33.3)

FO011 Excision Of Vermilion Border Of Lip And Advancement Of Mucosa 1(33.3) 2 (66.7)

F021 Excision Of Lesion Of Lip 13 (65.0) 6 (30.0) 1(5.0)
F221 Total Glossectomy 6 (100.0)

F222 Partial Glossectomy 70 (72.2) 22 (22.7) 3(3.1) 2(2.1)
F231 Excision Of Lesion Of Tongue 42 (62.7) 19 (28.4) 4 (6.0) 2(3.0)
F241 Biopsy Of Lesion Of Tongue 1(100.0)

F281 Excision Of Lesion Of Palate 7 (70.0) 3(30.0)

F341 Bilateral Dissection Tonsillectomy 7 (100.0)

F343 Bilateral Laser Tonsillectomy 1 (100.0)

F344 Bilateral Excision Of Tonsil 1 (50.0) 1 (50.0)

F362 Biopsy Of Lesion Of Tonsil 1 (100.0)

F366 Excision Of Lesion Of Tonsil 13 (72.2) 5(27.8)

F421 Biopsy Of Lesion Of Mouth 4 (80.0) 1(20.0)

F441 Total Excision Of Parotid Gland 18 (75.0) 6 (25.0)

F442 Partial Excision Of Parotid Gland 20 (90.9) 2(9.1)

F443 Excision Of Parotid Gland 6 (100.0)

F444 Excision Of Submandibular Gland 3(75.0) 1(25.0)

F445 Excision Of Sublingual Gland 2(100.0)

F451 Excision Of Lesion Of Parotid Gland 1(33.3) 2 (66.7)

F452 Excision Of Lesion Of Submandibular Gland 1 (50.0) 1 (50.0)

F454 Excision Of Lesion Of Salivary Gland 1(100.0)

G011 Oesophagogastrectomy And Anastomosis Of Oesophagus To Stomach 30 (66.7) 13 (28.9) 1(2.2) 1(2.2)
G012 Oesophagogastrectomy And Anastomosis Of Oesophagus To Transposed Jejunum 1 (100.0)

G013 Oesophagogastrectomy And Anastomosis Of Oesophagus To Jejunum 5(71.4) 1(14.3) 1(14.3)

G021 Total Oesophagectomy And Anastomosis Of Pharynx To Stomach 15 (68.2) 4(18.2) 2(9.1) 1(4.5)
G022 Total Oesophagectomy/Interposition Of Microvascularly Attached Jejunum 1(100.0)

G031 Partial Oesophagectomy And End To End Anastomosis Of Oesophagus 8 (80.0) 1(10.0) 1(10.0)

G033 Partial Oesophagectomy And Anastomosis Of Oesophagus To Transposed Jejunum 4 (66.7) 2(33.3)

G034 Partial Oesophagectomy And Anastomosis Of Oesophagus To Jejunum 7 (87.5) 1(12.5)

G052 Bypass Of Oesophagus By Anastomosis Of Oesophagus To Stomach 3(60.0) 2 (40.0)




G271 Total Gastrectomy And Excision Of Surrounding Tissue 1(100.0)

G272 Total Gastrectomy And Anastomosis Of Oesophagus To Duodenum 5(83.3) 1(16.7)

G274 Total Gastrectomy And Anastomosis Of Oesophagus To Transposed Jejunum 3(100.0)

G275 Total Gastrectomy And Anastomosis Of Oesophagus To Jejunum 44 (49.4) 35 (39.3) 4 (4.5) 6 (6.7)
G281 Partial Gastrectomy And Anastomosis Of Stomach To Duodenum 6 (75.0) 1(12.5) 1(12.5)

G282 Partial Gastrectomy And Anastomosis Of Stomach To Transposed Jejunum 8 (57.1) 2(14.3) 2(14.3) 2(14.3)
G283 Partial Gastrectomy And Anastomosis Of Stomach To Jejunum 56 (57.7) 33 (34.0) 6 (6.2) 2(2.1)
G285 Sleeve Gastrectomy 7 (87.5) 1(12.5)

G292 Open Excision Of Lesion Of Stomach 6 (100.0)

G454 Fibreoptic Endoscopic Examination Of Upper Gastrointestinal Tract And Staining Of Gastric Mucosa 1(100.0)

G491 Gastroduodenectomy 1 (100.0)

G493 Partial Excision Of Duodenum 2 (50.0) 1(25.0) 1(25.0)

G501 Excision Of Lesion Of Duodenum 1(100.0)

G511 Bypass Of Duodenum By Anastomosis Of Stomach To Jejunum 2 (40.0) 2 (40.0) 1(20.0)

G582 Total Jejunectomy And Anastomosis Of Duodenum To lleum 1(100.0)

G584 Partial Jejunectomy And Anastomosis Of Jejunum To lleum 1 (50.0) 1 (50.0)

G612 Bypass Of Jejunum By Anastomosis Of Jejunum To lleum 1 (100.0)

G692 lleectomy And Anastomosis Of Duodenum To lleum 1 (100.0)

G693 lleectomy And Anastomosis Of lleum To lleum 1(20.0) 2 (40.0) 2 (40.0)

G694 lleectomy And Anastomosis Of lleum To Colon 1(100.0)
G702 Excision Of Lesion Of lleum 1(33.3) 1(33.3) 1(33.3)
G721 Anastomosis Of lleum To Caecum 1 (100.0)

G723 Anastomosis Of lleum To Colon 4 (100.0)

G734 Resection Of lleocolic Anastomosis 3(100.0)

G742 Creation Of Temporary lleostomy 3(60.0) 1(20.0) 1(20.0)
G743 Creation Of Defunctioning lleostomy 4 (100.0)

G753 Closure Of lleostomy 2 (66.7) 1(33.3)

HO041 Panproctocolectomy And lleostomy 7 (70.0) 3(30.0)

H042 Panproctocolectomy And Anastomosis Of lleum To Anus And Creation of Pouch 1(33.3) 1(33.3) 1(33.3)
HO051 Total Colectomy And Anastomosis Of lleum To Rectum 12 (66.7) 1(5.6) 2(11.1) 3(16.7)
HO052 Total Colectomy And lleostomy And Creation Of Rectal Fistula 1(100.0)

HO053 Total Colectomy And lleostomy 6 (100.0)

HO061 Extended Right Hemicolectomy And End To End Anastomosis 14 (93.3) 1(6.7)

H062 Extended Right Hemicolectomy And Anastomosis Of lleum To Colon 116 (73.4) 30 (19.0) 10 (6.3) 2(1.3)
H063 Extended Right Hemicolectomy And Anastomosis 42 (73.7) 13 (22.8) 2 (3.5)

HO064 Extended Right Hemicolectomy And lleostomy Hfq 5(100.0)

HO065 Extended Right Hemicolectomy And End To Side Anastomosis 9(90.0) 1(10.0)

HO073 Right hemicolectomy and anastomosis 328 (72.4) 79 (17.4) 22 (4.9) 24 (5.3)
HO074 Right hemicolectomy and ileostomy 10 (66.7) 2(13.3) 3(20.0)




HO081 Transverse Colectomy And End To End Anastomosis 5(62.5) 2 (25.0) 1(12.5)

HO082 Transverse Colectomy And Anastomosis Of lleum To Colon 1(33.3) 2 (66.7)

HO083 Transverse Colectomy And Anastomosis 2 (66.7) 1(33.3)

HO084 Transverse Colectomy And lleostomy 1(100.0)
HO085 Transverse Colectomy And Exteriorisation Of Bowel 1 (50.0) 1 (50.0)

HO086 Transverse Colectomy And End To Side Anastomosis 3(100.0)

HO091 Left Hemicolectomy And End To End Anastomosis Of Colon To Rectum 44 (60.3) 14 (19.2) 8(11.0) 7(9.6)
H092 Left Hemicolectomy And End To End Anastomosis Of Colon To Colon 40 (67.8) 13 (22.0) 6 (10.2)

H093 Left Hemicolectomy And Anastomosis 21 (84.0) 3(12.0) 1(4.0)

H094 Left Hemicolectomy And lleostomy 3 (50.0) 2(33.3) 1(16.7)

HO095 Left Hemicolectomy And Exteriorisation Of Bowel 8 (61.5) 2 (15.4) 1(7.7) 2(15.4)
HO096 Left Hemicolectomy And End To Side Anastomosis 6 (66.7) 3(33.3)

H101 Sigmoid Colectomy And End To End Anastomosis Of lleum To Rectum 4 (100.0)

H102 Sigmoid Colectomy And Anastomosis Of Colon To Rectum 105 (71.9) 23 (15.8) 14 (9.6) 4 (2.7)
H103 Sigmoid Colectomy And Anastomosis 11 (73.3) 4 (26.7)

H104 Sigmoid Colectomy And lleostomy 3(100.0)

H105 Sigmoid Colectomy And Exteriorisation Of Bowel 10 (58.8) 4 (23.5) 2 (11.8) 1(5.9)
H106 Sigmoid Colectomy And End To Side Anastomosis 4 (66.7) 2(33.3)

H122 Excision Of Lesion Of Colon 1(100.0)

H201 Fibreoptic Endoscopic Snare Resection Of Lesion Of Colon 1 (100.0)

H293 Subtotal Excision Of Colon And Creation Of Colonic Pouch And Anastomosis of Colon to Rectum 1 (100.0)

H295 Subtotal Excision Of Colon And Anastomosis Of Colon To lleum 9 (81.8) 1(9.1) 1(9.1)

H321 Resiting Of Colostomy 2 (66.7) 1(33.3)

H331 Abdominoperineal Excision Of Rectum And End Colostomy 110 (69.2) 29 (18.2) 14 (8.8) 6 (3.8)
H332 Proctectomy And Anastomosis Of Colon To Anus 6 (85.7) 1(14.3)

H333 Anterior Resection Of Rectum And Anastomosis Of Colon To Rectum 286 (67.5) 85 (20.0) 24 (5.7) 29 (6.8)
H334 Anterior Resection Of Rectum And Anastomosis 128 (78.0) 20 (12.2) 8 (4.9) 8 (4.9)
H335 Rectosigmoidectomy And Closure Of Rectal Stump And Exteriorisation of Bowel 9(75.0) 1(8.3) 2 (16.7)

H336 Anterior Resection Of Rectum And Exteriorisation Of Bowel 88 (71.0) 22 (17.7) 11 (8.9) 3(24)
H337 Perineal Resection Of Rectum 2 (100.0)

H341 Open Excision Of Lesion Of Rectum 2 (66.7) 1(33.3)

H401 Trans-Sphincteric Excision Of Mucosa Of Rectum 2 (100.0)

H402 Trans-Sphincteric Excision Of Lesion Of Rectum 1 (100.0)

H404 Trans-Sphincteric Anastomosis Of Colon To Anus 1 (100.0)

H411 Rectosigmoidectomy And Peranal Anastomosis 6 (60.0) 1(10.0) 2 (20.0) 1(10.0)
H412 Peranal Excision Of Lesion Of Rectum 12 (60.0) 4 (20.0) 1(5.0) 3(15.0)
H413 Peranal Destruction Of Lesion Of Rectum 1(100.0)

H414 Peranal Mucosal Proctectomy And Endoanal Anastomosis 1(100.0)

J015 Orthotopic Transplantation Of Whole Liver 3(60.0) 1(20.0) 1(20.0)




J021 Right Hemihepatectomy 35 (74.5) 10 (21.3) 1(2.1) 1(2.1)
J022 Left Hemihepatectomy 35(71.4) 10 (20.4) 2(4.1) 2(4.1)
J023 Resection Of Segment Of Liver 78 (70.3) 18 (16.2) 13 (11.7) 2(1.8)
J024 Wedge Excision Of Liver 41 (65.1) 9 (14.3) 11 (17.5) 2(3.2)
J026 Extended Right Hemihepatectomy 9 (52.9) 6 (35.3) 2(11.8)

J027 Extended Left Hemihepatectomy 3(42.9) 2 (28.6) 1(14.3) 1(14.3)
J031 Excision Of Lesion Of Liver 25 (83.3) 4 (13.3) 1(3.3)
J033 Thermal Ablation Of Single Lesion Of Liver 5(100.0)

J035 Excision Of Multiple Lesions Of Liver 15 (45.5) 14 (42.4) 4 (12.1)

J053 Open Wedge Biopsy Of Lesion Of Liver 3(100.0)

J083 Endoscopic Microwave Ablation Lesion Liver Using Laparoscope 2 (100.0)

J092 Laparoscopic Ultrasound Examination Of Liver And Biopsy Of L 1 (100.0)

J181 Total Cholecystectomy And Excision Of Surrounding Tissue 2(100.0)

J182 Total Cholecystectomy And Exploration Of Common Bile Duct 1(100.0)

J183 Total Cholecystectomy 5(83.3) 1(16.7)
J273 Partial Excision/Bile Duct And Anastomosis/Bile Duct To Jejunum 1(100.0)

J281 Excision Of Lesion Of Bile Duct 1 (100.0)

J292 Anastomosis Of Hepatic Duct To Jejunum 2 (66.7) 1(33.3)

J302 Anastomosis Of Common Bile Duct To Transposed Jejunum 1(100.0)

J303 Anastomosis Of Common Bile Duct To Jejunum 1 (100.0)

J551 Total Pancreatectomy And Excision Of Surrounding Tissue 10 (66.7) 5(33.3)

J561 Pancreaticoduodenectomy And Excision Of Surrounding Tissue 118 (77.1) 28 (18.3) 6(3.9) 1(0.7)
J564 Subtotal Excision Of Head Of Pancreas With Preservation Of Duodenum and Drainage 2 (100.0)

J571 Subtotal Pancreatectomy 13 (81.2) 1(6.2) 2(12.5)
J573 Left Pancreatectomy 27 (75.0) 9 (25.0)

J575 Excision Of Tail Of Pancreas 7 (77.8) 1(11.1) 1(11.1)

J582 Excision Of Lesion Of Pancreas 4 (100.0)

J671 Diagnostic Percutaneous Aspiration Of Lesion Of Pancreas 1 (100.0)

J692 Total Splenectomy 1(100.0)

M021 Nephrectomy And Excision Of Perirenal Tissue 35(76.1) 5(10.9) 5(10.9) 1(2.2)
MO022 Nephroureterectomy 27 (69.2) 6 (15.4) 6 (15.4)

MO023 Bilateral Nephrectomy 1(100.0)

MO025 Nephrectomy 67 (84.8) 5(6.3) 1(1.3) 6 (7.6)
M182 Excision Of Segment Of Ureter 2(100.0)

M183 Secondary Ureterectomy 1(100.0)

M341 Cystoprostatectomy 28 (93.3) 1(3.3) 1(3.3)

M342 Cystourethrectomy 3(100.0)

M343 Cystectomy 16 (84.2) 1(5.3) 1(5.3) 1(5.3)

M344 Simple Cystectomy

2 (100.0)




M421 Endoscopic Resection Of Lesion Of Bladder 42 (97.7) 1(2.3)
M422 Endoscopic Cauterisation Of Lesion Of Bladder 5(100.0)

M423 Endoscopic Destruction Of Lesion Of Bladder 2 (100.0)

M455 Diagnostic endoscopic Examination Of Bladder Using Rigid Cystoscope 8 (100.0)

M611 Total Excision Of Prostate And Capsule Of Prostate 48 (100.0)

M612 Retropubic Prostatectomy 54 (79.4) 2(2.9) 10 (14.7) 2(2.9)
M614 Perineal Prostatectomy 10 (90.9) 1(9.1)

M651 Endoscopic Resection Of Prostate Using Electrotome 1 (100.0)

M653 Endoscopic Resection Of Prostate 3(75.0) 1(25.0)

M723 Excision Of Lesion Of Urethra 1(100.0)
N261 Total Amputation Of Penis 2 (100.0)

N271 Excision Of Lesion Of Penis 1(100.0)

Other (not otherwise classified) 107 (77.5) 20 (14.5) 11 (8.0)
P051 Total Excision Of Vulva 10 (50.0) 5(25.0) 3(15.0) 2(10.0)
P052 Partial Excision Of Vulva 17 (68.0) 4 (16.0) 1(4.0) 3(12.0)
P054 Excision Of Lesion Of Vulva 12 (92.3) 1(7.7)

P065 Excision Of Lesion Of Labia 1 (100.0)

P091 Biopsy Of Lesion Of Vulva 1 (100.0)

P201 Excision Of Lesion Of Vagina 1(100.0)
P317 Extirpation Of Lesion Of Pouch Of Douglas 1 (100.0)

Q011 Amputation Of Cervix Uteri 2 (50.0) 1(25.0) 1(25.0)

Q013 Excision Of Lesion Of Cervix Uteri 1(33.3) 2 (66.7)

Q014 Large Loop Excision Of Transformation Zone 1 (100.0)

Q033 Cone Biopsy Of Cervix Uteri 4 (100.0)

Q071 Abdominal Hysterocolpectomy And Excision Of Periuterine Tissue 21 (84.0) 1(4.0) 1(4.0) 2(8.0)
Q072 Abdominal Hysterectomy And Excision Of Periuterine Tissue 213 (67.6) 55 (17.5) 39 (12.4) 8 (2.5)
Q073 Abdominal Hysterocolpectomy 32 (86.5) 3(8.1) 2(5.4)
Q074 Total Abdominal Hysterectomy 178 (71.2) 22 (8.8) 11 (4.4) 39 (15.6)
Q075 Subtotal Abdominal Hysterectomy 2 (100.0)

Q081 Vaginal Hysterocolpectomy And Excision Of Periuterine Tissue 1(100.0)

Q082 Vaginal Hysterectomy And Excision Of Periuterine Tissue 2 (50.0) 2 (50.0)

Q083 Vaginal Hysterocolpectomy 1 (50.0) 1 (50.0)

Q176 Endoscopic Microwave Ablation Of Endometrium 1(100.0)

Q181 Diagnostic Endoscopic Examination Of Uterus And Biopsy Of Le 1 (100.0)

Q221 Bilateral Salpingoophorectomy 31 (70.5) 4(9.1) 6 (13.6) 3(6.8)
Q231 Unilateral Salpingoophorectomy 10 (76.9) 3(23.1)
Q233 Unilateral Salpingectomy 2 (66.7) 1(33.3)
Q235 Unilateral Oophorectomy 1 (50.0) 1 (50.0)

Q432 Excision Of Lesion Of Ovary 4(44.4) 3(33.3) 2(22.2)




Q501 Diagnostic Endoscopic Examination Of Ovary And Biopsy Of Lesion

2 (100.0)

S022 Abdominolipectomy 1 (100.0)

S083 Curettage Of Lesion Of Skin Of Head Or Neck 1(100.0)

S151 Biopsy Of Lesion Of Skin Of Head Or Neck 24 (50.0) 24 (50.0)

S152 Biopsy Of Lesion Of Skin 6 (100.0)

T013 Excision Of Lesion Of Chest Wall 2(33.3) 1(16.7) 3 (50.0)

TO71 Decortication Of Pleura 1 (50.0) 1 (50.0)

T072 Open Excision Of Lesion Of Pleura 1 (50.0) 1 (50.0)

T102 Endoscopic Pleurodesis Using Talc 1(100.0)
T111 Diagnostic endoscopic Examination Of Pleura And Biopsy Of Lesion 1 (100.0)

T301 Reopening Of Abdomen And Re-Exploration Of Intra-abdominal Operation Site 1(100.0)

T303 Reopening Of Abdomen 1 (50.0) 1 (50.0)

T304 Opening Of Abdomen And Exploration Of Groin 4 (100.0)

T331 Open Excision Of Lesion Of Peritoneum 7 (77.8) 2(22.2)

T332 Open Destruction Of Lesion Of Peritoneum 2 (66.7) 1(33.3)
T362 Excision Of Lesion Of Omentum 7 (77.8) 1(11.1) 1(11.1)
T364 Biopsy Of Lesion Of Omentum 5(83.3) 1(16.7)
T371 Excision Of Lesion Of Mesentery Of Small Intestine 1(100.0)

T381 Excision Of Lesion Of Mesentery Of Colon 1(100.0)

T383 Biopsy Of Lesion Of Mesentery Of Colon 1 (50.0) 1 (50.0)

T391 Excision Of Lesion Of Posterior Peritoneum 12 (80.0) 2(13.3) 1(6.7)
T393 Biopsy Of Lesion Of Posterior Peritoneum 2 (25.0) 6 (75.0)
T421 Endoscopic Resection Of Lesion Of Peritoneum 1(100.0)

T423 Endoscopic Division Of Adhesions Of Peritoneum 1(100.0)
T425 Endoscopic Excision Of Peritoneum 2 (100.0)

T431 Diag.endo.exam/Peritoneum And Biopsy Of Lesion Of Peritoneum 3(100.0)

T432 Diag.endo.exam/Peritoneum/Biopsy/Lesion Intra-Abdominal Organ 1(100.0)

T482 Introduction Of Cytotoxic Substance Into Peritoneal Cavity 5 (62.5) 3 (37.5)
T512 Excision Of Fascia Of Pelvis 2 (100.0)

T531 Excision Of Lesion Of Fascia 1 (50.0) 1 (50.0)

T772 Wide Excision Of Muscle 16 (72.7) 4(18.2) 2(9.1)

T851 Block Dissection Of Cervical Lymph Nodes 55 (71.4) 16 (20.8) 5 (6.5) 1(1.3)
T852 Block Dissection Of Axillary Lymph Nodes 27 (67.5) 11 (27.5) 2 (5.0)

T853 Block Dissection Of Mediastinal Lymph Nodes 2 (100.0)

T854 Block Dissection Of Para-Aortic Lymph Nodes 13 (86.7) 1(6.7) 1(6.7)
T855 Block Dissection Of Inguinal Lymph Nodes 10 (100.0)

T856 Block Dissection Of Pelvic Lymph Nodes 1 (50.0) 1 (50.0)

T861 Sampling Of Cervical Lymph Nodes 1 (50.0) 1 (50.0)
T862 Sampling Of Axillary Lymph Nodes 1(100.0)




T866 Sampling Of Para-Aortic Lymph Nodes 3(100.0)

T872 Excision Or Biopsy Of Cervical Lymph Node 3(50.0) 3(50.0)

T873 Excision Or Biopsy Of Axillary Lymph Node 10 (66.7) 5(33.3)

T874 Excision Or Biopsy Of Mediastinal Lymph Node 3(100.0)

T875 Excision Or Biopsy Of Para-Aortic Lymph Node 2(100.0)

T876 Excision Or Biopsy Of Porta Hepatis Lymph Node 1 (100.0)

T877 Excision Or Biopsy Of Inguinal Lymph Node 1(100.0)

T911 Biopsy Of Sentinel Lymph Node 13 (52.0) 10 (40.0) 2(8.0)
T926 Excision Of Lymphoedematous Tissue 1(100.0)

T962 Excision Of Lesion Of Soft Tissue 67 (72.0) 17 (18.3) 6 (6.5) 3(3.2)
T966 Biopsy Of Soft Tissue 1 (100.0)

V032 Reopening Of Cranium And Re-Exploration Of Intracranial Operation Site 3(75.0) 1(25.0)

V037 Decompressive Craniectomy 5(100.0)

V071 Extensive Excision Of Bone Of Face 1(100.0)

V072 Partial Excision Of Bone Of Face 1(33.3) 2 (66.7)

V073 Excision Of Lesion Of Bone Of Face 2 (100.0)

V074 Excision Of Lesion Of Infratemporal Fossa 1 (100.0)

V141 Hemimandibulectomy 19 (70.4) 5(18.5) 2(7.4) 1(3.7)
V142 Extensive Excision Of Mandible 11 (45.8) 12 (50.0) 1(4.2)

V143 Partial Excision Of Mandible 6 (42.9) 8 (57.1)

V144 Excision Of Lesion Of Mandible 12 (48.0) 13 (562.0)

V191 Reconstruction Of Mandible 3(100.0)

V194 Biopsy Of Lesion Of Mandible 1 (100.0)

V433 Excision Of Lesion Of Lumbar Vertebra 2 (100.0)

WO062 Total Excision Of Rib 1(100.0)

WO067 Total Excision Of Pelvic Bones 1(100.0)

WO091 Excision Of Lesion Of Bone 6 (100.0)

WO095 Curettage Of Tumour Of Bone And Graft 2 (100.0)

WO096 Curettage Of Tumour Of Bone 1 (100.0)

WO097 Excision Of Tumour Of Bone 7 (53.8) 3(23.1) 3(23.1)
X071 Forequarter Amputation 1 (50.0) 1 (50.0)

X073 Amputation Of Arm Above Elbow 2 (100.0)

X091 Hindquarter Amputation 1(33.3) 1(33.3) 1(33.3)
X093 Amputation Of Leg Above Knee 2 (66.7) 1(33.3)

X095 Amputation Of Leg Below Knee 1(100.0)

X141 Total Exenteration Of Pelvis 6 (54.5) 2(18.2) 2(18.2) 1(9.1)
X142 Anterior Exenteration Of Pelvis 6 (100.0)

X143 Posterior Exenteration Of Pelvis 7 (87.5) 1(12.5)

X531 Excision Of Unspecified Organ 5(71.4) 2 (28.6)




X532 Excision Of Lesion Of Unspecified Organ 19 (76.0) 5(20.0) 1(4.0)
Y052 Partial Excision Of Organ 2 (100.0)

Y063 Enucleation Of Lesion Of Organ 1(100.0)
Y067 Radiofrequency Excision Of Lesion Of Organ Noc 3(30.0) 7 (70.0)

Y201 Stereotactic Biopsy Of Lesion Of Organ Noc 1 (100.0)




Supplementary Table 2. Factors associated with postoperative pulmonary complications after elective surgery. Model
summary presented in forest plot in Figure 2.

Outcome
Factor Level None Pulmonary Unadjusted model Adjusted model
(N=8256) Complications | (Odds ratio, 95% Cl) | (Odds ratio, 95% Cl) P-value
(N=342)
None 6039 (95.7) 270 (4.3) - - N
. Swab only 1406 (97.2) 40 (2.8) 0.67 (0.47 to 0.96) 0.68 (0.47 to 0.98) 0.040
Screening type
CT only 496 (954) 24 (4.6) 1.20 (0.77 to 1.88) 1.27 (0.78 to 2.04) 0.337
Swab + CT 315 (97.5) 8 (2.5) 0.61 (0.30 to 1.28) 0.57 (0.27 to 1.19) 0.134
<50 years 1541 (98.8) 19 (1.2) - - -
50-59 years 1791 (97.6) 44 (24) 2.07 (1.23 to 3.47) 1.33 (0.76 to 2.32) 0.321
Age 60-69 years 2279 (95.6) 104 (4.4) 3.77 (2.34 t0 6.06) 1.79 (1.07 to 3.00) 0.027
70-79 years 1982 (93.8) 130 (6.2) 5.31 (3.32 to 8.50) 1.99 (1.18 to 3.34) 0.010
280 years 663 (93.6) 45 (6.4) 5.42 (3.20 to 9.16) 1.94 (1.07 to 3.51) 0.029
Sox Female 5135 (98.0) 106 (2.0) - - -
Male 3121 (93.0) 236 (7.0) 3.51(2.81 0 4.38) 2.27 (1.77 t0 2.92) <0.001
Normal 3250 (96.4) 121 (3.6) - - -
Overweight 2609 (96.2) 102 (3.8) 1.09 (0.85 to 1.40) 0.90 (0.68 to 1.19) 0.455
Body Mass Index Obese 1730 (95.8) 76 (4.2) 1.19 (0.90 to 1.57) 0.93 (0.67 to 1.28) 0.659
Underweight 196 (95.1) 10 (4.9) 1.24 (0.64 to 2.40) 1.30 (0.64 to 2.62) 0.457
Missing 471 (93.5) 33 (6.5) 1.45 (0.99 to 2.13) 1.61 (1.00 to 2.49) 0.031
Grade 1-2 6049 (97.3) 168 (2.7) - - -
ASA Grade Grade 3-5 2207 (92.7) 174 (7.3) 2.87 (2.32 to 3.55) 1.41 (1.08 to 1.84) 0.012
Abdominal 4476 (95.5) 212 (4.5) - - N
Specialty ;:‘;;f)':;;ominal 535 (87.0) 80 (13.0) 2.69 (2.05 to 3.53) 2.71 (1.99 to 3.69) <0.001
Other 3245 (98.5) 50 (1.5) 0.33 (0.24 to 0.44) 1.23 (0.74 to 2.04) 0.427
ECOG Performance 0 5342 (97.7) 128 (2.3) - - -
Score 21 2914 (93.2) 214 (6.8) 2.83 (2.29 to 3.50) 1.79 (1.37 to 2.33) <0.001
Current smoker No 7372 (96.3) 283 (3.7) - - -
Yes 884 (93.7) 59 (6.3) 1.57 (1.19 to 2.08) 1.34 (0.97 t0 1.83) 0.076
Pre-existing No 7391 (96.4) 274 (3.6) - - -
respiratory condition Yes 865 (92.7) 68 (7.3) 2.05 (1.58 to 2.66) 1.14 (0.84 to 1.55) 0.385
0 2701 (98.9) 29 (1.1) - - -
Revised Cardiac Risk 1 4138 (95.5) 195 (4.5) 4.05 (2.80 to 5.85) 2.11 (1.16 10 3.84) 0.014
Index 2 1164 (93.6) 80 (6.4) 6.04 (4.03 to 9.05) 2.18 (1.13t0 4.21) 0.020
>3 253 (86.9) 38(13.1) | 12.65 (7.85 to 20.38) 3.72(1.80 to 7.73) <0.001
Operation grade Minor 1946 (98.8) 23 (1.2) - - -
Major 6310 (95.2) 319 (4.8) 4.01 (4.00 to 4.02) 2.20 (1.36 to 3.56) 0.001
Disease stage Early stage 5915 (96.8) 194 (3.2) - - -
Advanced stage 2341 (94.1) 148 (5.9) 1.84 (1.49 to 2.26) 1.61 (1.28 to 2.03) <0.001
No defined pathway 5986 (95.2) 300 (4.8) - - -
Hospital type s;mg;g free surgical 2270 (98.2) 42 (1.8) 0.48 (0.35 t0 0.66) 0.45 (0.31 to 0.64) <0.001
Community SARS- Low 7223 (96.0) 298 (4.0) - - -
Cov-2 risk High 1033 (95.9) 44 (4.1) 1.04 (0.71 to 1.51) 1.38 (0.90 to 2.12) 0.141

Jata included from 8598 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative
dncology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.81 (excellent discrimination). A

summary of a sensitivity analysis for potentially missing data is presented in Supplementary Table 7.




Supplementary Table 3. Subgroup analysis of factors associated with postoperative pulmonary complications after
slective surgery in high risk areas.

Outcome
Factor Level None Pulmonary Unadjusted model Adjusted model
(N=724) Complications (Odds ratio, 95% CI) (Odds ratio, 95% CI) P-value
(N=41)
Screening type None 531 (93.7) 36 (6.3) - - -
Swab only 193 (97.5) 5(2.5) 0.38 (0.15 to 0.99) 0.25 (0.09 to 0.76) 0.014
Age <50 years 115 (96.6) 4 (3.4) - - -
50-59 years 149 (98.7) 2(1.3) 0.38 (0.07 to 2.14) 0.21 (0.03 to 1.23) 0.083
60-69 years 201 (93.1) 15 (6.9) 2.14 (0.69 to 6.61) 1.04 (0.30 to 3.62) 0.955
70-79 years 178 (92.2) 15 (7.8) 2.43 (0.79 to 7.50) 0.79 (0.21 to 3.02) 0.731
280 years 81(94.2) 5(5.8) 1.77 (0.46 t0 6.81) 0.52 (0.11 to 2.55) 0.421
Sex Female 467 (97.3) 13 (2.7) - - -
Male 257 (90.2) 28 (9.8) 3.91 (1.99 to 7.69) 2.77 (1.28 t0 5.99) 0.010
Body Mass Index Normal 346 (94.5) 20 (5.5) - - -
Overweight 209 (96.3) 8 (3.7) 0.66 (0.29 to 1.53) 0.47 (0.19to 1.16) 0.102
Obese 114 (96.6) 4(3.4) 0.61(0.20 to 1.81) 0.50 (0.15 to 1.59) 0.239
Underweight 11 (84.6) 2(15.4) 3.15(0.65 to 15.16) 5.20 (0.89 to 30.47) 0.068
Missing 44 (86.3) 7(13.7) 2.75(1.10 to 6.88) 1.47 (0.50 to 4.33) 0.486
ASA Grade Grade 1-2 544 (96.6) 19 (3.4) - - -
Grade 3-5 180 (89.1) 22 (10.9) 3.50 (1.85 10 6.61) 2.86 (1.23 to 6.65) 0.014
Specialty Abdominal 362 (92.3) 30 (7.7) - - -
I;?;Zf'c or thoracoabd 15 (83.3) 3(16.7) 2.41 (0.66 to 8.81) 2.59 (0.60 to 11.20) 0.204
Other 347 (97.7) 8(2.3) 0.28 (0.13 to 0.62) 0.56 (0.10 to 2.97) 0.491
ECOG Performance 0 423 (95.9) 18 (4.1) - - -
Score >1 301 (92.9) 23 (7.1) 1.80 (0.95 to 3.39) 1.16 (0.49 t0 2.75) 0.739
Current smoker No 638 (94.9) 34 (5.1) - - -
Yes 86 (92.5) 7(7.5) 1.53 (0.66 to 3.55) 1.09 (0.41 to 2.90) 0.863
Pre-existing No 657 (94.5) 38 (5.5) - - -
respiratory condition Yes 67 (95.7) 3(4.3) 0.77 (0.23 to 2.58) 0.24 (0.06 to 0.93) 0.039
Revised Cardiac Risk 0 300 (98.0) 6 (2.0) - - -
Index 1 315 (92.9) 24 (7.1) 3.81 (1.54 to 9.45) 1.22 (0.21 to 7.28) 0.826
2 88 (92.6) 7(7.4) 3.98 (1.30 to 12.14) 0.65 (0.08 to 5.25) 0.687
23 21 (84.0) 4 (16.0) 9.52 (2.49 to 36.38) 1.00 (0.10 to 10.31) 0.998
Operation grade Minor 206 (98.6) 3(1.4) - - -
Major 518 (93.2) 38 (6.8) 5.04 (1.54 to 16.50) 2.53 (0.61 to 10.41) 0.199
Disease stage Early stage 546 (95.6) 25 (4.4) - - -
Advanced stage 178 (91.8) 16 (8.2) 1.96 (1.02 to 3.77) 1.35 (0.65 to0 2.82) 0.424
Hospital type No defined pathway 499 (93.1) 37 (6.9) - B -
s;mg;g free surgical 225 (98.3) 4(1.7) 0.24 (0.08 to 0.68) 0.23 (0.08 to 0.68) 0.008

Jata included from 765 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative
Incology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.85 (excellent discrimination).




Supplementary Table 4. Subgroup analysis of factors associated with postoperative pulmonary complications after
slective surgery in low risk areas.

Qutcome Adjusted model
Factor Level Pulmonary Unadjusted model .
None s . o (Odds ratio, 95%
(N=6721) Complications (Odds ratio, 95% CI) cl) P-value
(N=269)

Screening type None 5508 (95.9) 234 (4.1) - - -

Swab only 1213 (97.2) 35(2.8) 0.66 (0.45 to 0.97) 0.72 (0.48 to 1.08) 0.108
Age <50 years 1280 (98.9) 14 (1.1) - -

50-59 years 1444 (97.5) 37 (2.5) 2.24 (1.21t0 4.13) 1.51 (0.80 to 2.86) 0.205

60-69 years 1856 (95.9) 79 (4.1) 3.69 (2.09 to 6.52) 1.79 (0.98 to 3.26) 0.057

70-79 years 1614 (93.9) 104 (6.1) 5.43 (3.10 to 9.51) 2.09 (1.15 to 3.80) 0.016

280 years 527 (93.8) 35(6.2) 5.51 (2.94 to 10.33) 2.11 (1.06 to 4.17) 0.032
Sex Female 4166 (98.1) 81(1.9) - -

Male 2555 (93.1) 188 (6.9) 3.67 (2.81 t0 4.80) 2.31 (1.74 10 3.06) <0.001
Body Mass Index Normal 2578 (96.7) 87 (3.3) - -

Overweight 2101 (96.1) 86 (3.9) 1.26 (0.93 to 1.70) 1.05 (0.76 to 1.45) 0.762

Obese 1466 (95.8) 64 (4.2) 1.36 (0.97 to 1.89) 1.01 (0.70 to 1.43) 0.977

Underweight 162 (95.9) 7(4.1) 1.26 (0.58 to 2.77) 1.12 (0.49 to 2.56) 0.796

Missing 414 (94.3) 25 (5.7) 1.59 (0.99 to 2.55) 1.70 (1.03 to 2.81) 0.037
ASA Grade Grade 1-2 4860 (97.5) 126 (2.5) - -

Grade 3-5 1861 (92.9) 143 (7.1) 3.08 (2.39 t0 3.97) 1.39 (1.03 to 1.88) 0.029
Specialty Abdominal 3570 (95.7) 162 (4.3) - -

Thoracic or thoracoabdominal 446 (86.6) 69 (13.4) 3.13 (2.29t0 4.27) 2.83 (2.01 t0 3.98) <0.001

Other 2705 (98.6) 38 (1.4) 0.34 (0.24 to 0.49) 1.27 (0.72 to 2.24) 0.407
ECOG Performance | 0 4376 (97.8) 97 (2.2) - -
Score 21 2345 (93.2) 172 (6.8) 3.19(2.47 10 4.12) 1.85 (1.37 to 2.49) <0.001
Current smoker No 6006 (96.4) 223 (3.6) - -

Yes 715 (94.0) 46 (6.0) 1.64 (1.18 to 2.28) 1.40 (0.98 to 2.01) 0.067
Pre-existing No 6005 (96.7) 208 (3.3) - -
respiratory condition | Yes 716 (92.1) 61 (7.9) 2.21(1.64 10 2.98) 1.39 (1.00 to 1.93) 0.052
Revised Cardiac Risk | 0 2236 (99.1) 21(0.9) - -
Index 1 3324 (95.7) 150 (4.3) 4.37 (2.76 t0 6.91) 2.20 (1.12 to 4.34) 0.023

2 951 (93.3) 68 (6.7) 7.25 (4.42t0 11.89) 2.49 (1.19 to 5.20) 0.015

23 210 (87.5) 30 (12.5) 13.94 (7.79 to 24.94) 3.99 (1.76 to 9.06) 0.001
Operation grade Minor 1616 (98.8) 19 (1.2) - -

Major 5105 (95.3) 250 (4.7) 4.04 (2.53 t0 6.44) 2.12 (1.2510 3.62) 0.006
Disease stage Early stage 4838 (97.0) 151 (3.0) - -

Advanced stage 1883 (94.1) 118 (5.9) 1.94 (1.51 to 2.48) 1.70 (1.30 to 2.20) <0.001
Hospital type No defined pathway 5174 (95.6) 240 (4.4) - -

COVID-19 free surgical

pathway 1547 (98.2) 29 (1.8) 0.50 (0.33 to 0.76) 0.53 (0.34 t0 0.81) 0.003

Jata included from 6990 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative
Incology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.81 (excellent discrimination).




Supplementary Table 5. Subgroup analysis of factors associated with postoperative pulmonary complications after

najor surgery

Outcome
None Pulmonary Unadjusted model Adjusted model
Factor Level Complications (Odds ratio, 95% Cl) (Odds ratio, 95% CI) P-value
(N=5623)
(N=288)
. None 4561 (94.8) 251 (5.2) - - -
Screening type
Swab only 1062 (96.6) 37 (3.4) 0.58 (0.40 to 0.85) 0.63 (0.42 to 0.93) 0.019
<50 years 1022 (98.4) 17 (1.6) - - -
50-59 years 1149 (97.0) 35 (3.0) 1.70 (0.95 to 3.04) 1.12 (0.61 to 2.05) 0.717
Age 60-69 years 1569 (94.9) 85 (5.1) 3.00 (1.78 to 5.07) 1.51 (0.87 to 2.63) 0.144
70-79 years 1426 (92.6) 114 (7.4) 4.25(2.54t0 7.11) 1.75 (1.00 to 3.04) 0.05
280 years 457 (92.5) 37 (7.5) 4.29 (2.39t0 7.70) 1.63 (0.86 to 3.10) 0.135
Female 3281 (97.6) 82 (2.4) - - -
Sex
Male 2342 (91.9) 206 (8.1) 3.38 (2.60 to 4.40) 2.45 (1.85 to 3.23) <0.001
Normal 2213 (95.7) 99 (4.3) - - -
Overweight 1746 (95.2) 88 (4.8) 1.15 (0.86 to 1.55) 0.96 (0.70 to 1.31) 0.782
BMI Obese 1224 (95.1) 63 (4.9) 1.18 (0.85 to 1.64) 0.93 (0.66 to 1.32) 0.692
Underweight 133 (93.7) 9(6.3) 1.55 (0.77 to 3.16) 1.55 (0.73 to 3.29) 0.256
Missing 307 (91.4) 29 (8.6) 1.93 (1.24 to 3.02) 1.68 (1.05 to0 2.70) 0.03
ASA Grade Grade 1-2 3993 (96.8) 131 (3.2) - - -
Grade 3-5 1630 (91.2) 157 (8.8) 2.99 (2.34 to 3.82) 1.60 (1.19 to 2.13) 0.002
Abdominal 3620 (95.0) 189 (5.0) - - -
Specialt Thoracic or 456 (86.5 71(13.5 2.90 (2.13 t0 3.93 2.63 (1.88 to0 3.66 <0.001
P y thoracoabdominal (86.5) (13.5) 90 (2.13 10 3.93) 63 (1.88 t0 3.66) ’
Other 1547 (98.2) 28 (1.8) 0.40 (0.27 to 0.60) 1.02 (0.53 to 1.96) 0.960
ECOG Performance 0 3526 (97.1) 107 (2.9) - 2.63 (1.88 to 3.66) -
Score 21 2097 (92.1) 181 (7.9) 2.71 (2.12 to 3.46) 1.65 (1.23 to 2.20) 0.001
No 5048 (95.5) 239 (4.5) - - -
Current smoker
Yes 575 (92.1) 49 (7.9) 1.73 (1.25t0 2.38) 1.32 (0.93 to 1.88) 0.119
Pre-existing No 5028 (95.7) 228 (4.3) - - -
respiratory condition Yes 595 (90.8) 60 (9.2) 2.00 (1.48 to 2.70) 1.19 (0.86 to 1.66) 0.293
0 1317 (98.7) 17 (1.3) - - -
Revised Cardiac Risk 1 3170 (95.0) 167 (5.0) 3.54 (2.14 t0 5.86) 1.99 (0.89 to 4.47) 0.093
Index 2 930 (92.8) 72 (7.2) 5.46 (3.20 to 9.31) 2.09 (0.88 to 4.95) 0.094
23 206 (86.6) 32 (13.4) 10.52 (5.71 to 19.37) 3.07 (1.21 to 7.80) 0.018
) Early stage 3839 (96.0) 161 (4.0) - - -
Disease stage
Advanced stage 1784 (93.4) 127 (6.6) 1.67 (1.31t0 2.12) 1.60 (1.25 to 2.07) <0.001
No defined pathway 4314 (94.4) 258 (5.6) - - -
Hospital type COVID-19 free surgical
1309 (97.8) 30(2.2) 0.47 (0.31 t0 0.70) 0.49 (0.32 to 0.74) 0.001
pathway
Community SARS- Low 5105 (95.3) 250 (4.7) - - -
Cov-2 risk High 518 (93.2) 38 (6.8) 1.47 (0.95 to 2.26) 1.60 (1.01 to 2.54) 0.044

Jata included from 5911 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative
Incology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.79 (excellent discrimination).




Supplementary Table 6. Subgroup analysis of factors associated with postoperative pulmonary complications after

ninor surgery.

Outcome
Factor Level o Pulmonary Unadjusted model Adjusted model
complications (Odds ratio, 95% CI) (Odds ratio, 95% CI) P-value
(N=1822)
(N=22)

Screening type None 1478 (98.7) 19 (1.3) - - -
Swab only 344 (99.1) 3(0.9) 0.68 (0.20 to 2.31) 0.58 (0.16 to 2.13) 0.413
<50 years 373 (99.7) 1(0.3) - - -
50-59 years 444 (99.1) 4(0.9) 3.31(0.37 t0 29.77) 2.18 (0.24 t0 20.19) 0.491

Age 60-69 years 488 (98.2) 9 (1.8) 6.77 (0.85 to 53.64) 3.23 (0.39 to0 27.17) 0.280
70-79 years 366 (98.7) 5(1.3) 5.05 (0.59 to 43.46) 1.69 (0.17 to 16.46) 0.651
280 years 151 (98.1) 3(1.9) 7.32 (0.76 to 70.95) 1.91 (0.17 to 21.59) 0.600

Sex Female 1352 (99.1) 12 (0.9) - - -
Male 470 (97.9) 10 (2.1) 2.46 (1.0510 5.72) 1.32 (0.51 to 3.42) 0.571
Normal 711 (98.9) 8 (1.1) - - -
Overweight 564 (98.9) 6 (1.1) 0.94 (0.33t0 2.73) 0.84 (0.28 to 2.57) 0.766

BMI Obese 356 (98.6) 5(1.4) 1.24 (0.40 to 3.82) 1.01 (0.30 to 3.41) 0.988
Underweight 40 (100.0) 0(0) Not estimated Not estimated
Missing 151 (98.1) 3(1.9) 1.70 (0.45 to 6.47) 1.65 (0.38 to 7.05) 0.502
Grade 1-2 1411 (99.0) 14 (1.0) - - -

ASA Grade Grade 3.5 411 (98.1) 8(1.9) 1.98 (0.82 to 4.75) 0.68 (0.22to 2.11) 0.509
Abdominal 312 (99.0) 3(1.0) - R -

Specialty Thoracic or thoracoabdominal 5(83.3) 1(16.7) | 21.20 (1.87 t0 240.67) | 33.78 (2.27 to 503.51) 0.011
Other 1505 (98.8) 18 (1.2) 1.24 (0.36 to 4.25) 3.68 (0.89 to 15.15) 0.071

ECOG Performance | 0 1273 (99.4) 8 (0.6) - - -

Score 21 549 (97.5) 14 (2.5) 4.05 (1.69t0 9.71) 3.57 (1.28 t0 9.90) 0.015

Current smoker No 1596 (98.9) 18 (1.1) - - -
Yes 226 (98.3) 4(1.7) 1.59 (0.53 to 4.75) 1.47 (0.43 to 4.95) 0.538

Pre-existing No 1634 (98.9) 18 (1.1) - - -

respiratory condition | Yes 188 (97.9) 4(2.1) 1.97 (0.66 to 5.89) 1.64 (0.50 to 5.34) 0.412
0 1219 (99.2) 10 (0.8) - - -

Revised Cardiac Risk | 1 469 (98.5) 7 (1.5) 1.82 (0.69 to 4.81) 2.05 (0.65 t0 6.52) 0.222

Index 2 109 (97.3) 3(2.7) 3.39 (0.92 to 12.50) 3.45(0.70 to 17.01) 0.128
23 25 (92.6) 2(7.4) 9.94 (2.07 to 47.75) 10.88 (1.55 to 76.57) 0.017

Disease stage Early stage 1545 (99.0) 15 (1.0) - - -
Advanced stage 277 (97.5) 7(2.5) 2.58 (1.04 to 6.39) 2.35 (0.86 to 6.38) 0.094
No defined pathway 1359 (98.6) 19 (1.4) - - -

Hospital type COVID-19 free surgical 463 (99.4) 3(0.6) 0.47 (0.14 to 1.59) 0.44 (0.12 to 1.60) 0.211
pathway

Community SARS- Low 1616 (98.8) 19 (1.2) - - -

Cov-2 risk High 206 (98.6) 3(1.4) 1.26 (0.37 to 4.29) 1.80 (0.49 to 6.70) 0.378

Jata included from 1844 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative
Incology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.84 (excellent discrimination).




Supplementary Table 7. Sensitivity analysis of factors associated with postoperative pulmonary complications with

axclusion of potentially missing data for the primary outcome measure

Outcome Adjusted model
Factor Level Pulmonary Unadjusted model .
None L . o (Odds ratio, 95%
(N=8173) Complications (Odds ratio, 95% CI) cl) P-value
(N=342)
None 5984 (95.7) 270 (4.3) - - -
Screening type CT only 494 (95.4) 24 (4.6) 1.20 (0.76 to 1.88) 1.26 (0.78 to 2.03) 0.353
Swab only 1389 (97.2) 40 (2.8) 0.67 (0.48 t0 0.97) 0.68 (0.47 to 0.99) 0.044
Swab + CT 306 (97.5) 8 (2.5) 0.63 (0.30 to 1.30) 0.56 (0.27 to 1.18) 0.128
<50 years 1530 (98.8) 19 (1.2) - - -
50-59 years 1772 (97.6) 44 (2.4) 2.08 (1.23 to 3.51) 1.33 (0.76 to 2.33) 0.313
Age 60-69 years 2256 (95.6) 104 (4.4) 3.79 (2.34 10 6.13) 1.80 (1.07 to 3.01) 0.026
70-79 years 1956 (93.8) 130 (6.2) 5.36 (3.32 t0 8.63) 2.00 (1.19 to 3.38) 0.009
280 years 659 (93.6) 45 (6.4) 5.43 (3.19 t0 9.25) 1.94 (1.07 to 3.52) 0.028
Female 5091 (98.0) 106 (2.0) - - -
Sex Male 3082 (92.9) 236 (7.1) 3.53(2.82104.41) 2.28 (1.78 t0 2.92) <0.001
Normal 3207 (96.4) 121 (3.6) - - -
Overweight 2587 (96.2) 102 (3.8) 1.09 (0.84 to 1.40) 0.90 (0.68 to 1.19) 0.446
BMI Obese 1724 (95.8) 76 (4.2) 1.18 (0.89 to 1.56) 0.92 (0.67 to 1.26) 0.613
Underweight 194 (95.1) 10 (4.9) 1.24 (0.64 to 2.41) 1.29 (0.64 to 2.59) 0.479
Missing 461 (93.3) 33(6.7) 1.47 (1.00 to 2.16) 1.62 (1.04 to 2.50) 0.031
Grade 1-2 5990 (97.3) 168 (2.7) - - -
ASA Grade Grade 3-5 2183 (92.6) 174 (7.4) 287 (2.3210 3.55) 1.41 (1.08 to 1.84) 0.012
Abdominal 4421 (95.4) 212 (4.6) - - -
Specialty Thoracic . 527 (86.8) 80 (13.2) 2.71(2.06103.56) |  2.70 (1.98 o 3.68) <0.001
or thoracoabdominal
Other 3225 (98.5) 50 (1.5) 0.33 (0.24 t0 0.44) 1.22 (0.73 t0 2.02) 0.451
ECOG Performance 0 5288 (97.6) 128 (2.4) - - -
Score 21 2885 (93.1) 214 (6.9) 2.84 (2.29 to 3.51) 1.78 (1.37 to 2.32) <0.001
Current smoker No 7301 (96.3) 283 (3.7) - - -
Yes 872 (93.7) 59 (6.3) 1.58 (1.20 to 2.10) 1.33(0.97 to 1.83) 0.077
Pre-existing No 7313 (96.4) 274 (3.6) - - -
respiratory condition Yes 860 (92.7) 68 (7.3) 2.04 (1.57 to 2.65) 1.13 (0.84 to 1.54) 0.418
0 2683 (98.9) 29 (1.1) - - -
RCRI 1 4092 (95.5) 195 (4.5) 4.06 (2.80105.90) | 2.11 (1.16 to 3.83) 0.014
2 1147 (93.5) 80 (6.5) 6.08 (4.04 to 9.16) 219 (1.13 t0 4.22) 0.020
=3 251 (86.9) 38 (13.1) | 12.61 (7.79 to 20.40) 3.68 (1.77 to 7.64) <0.001
Operation grade Minor 1932 (98.8) 23(12) - - -
Major 6241 (95.1) 319 (4.9) 4.02 (2.71 t0 5.98) 2.19 (1.3510 3.54) 0.001
Disease stage Early stage 5857 (96.8) 194 (3.2) - - -
Advanced stage 2316 (94.0) 148 (6.0) 1.84 (1.49 to 2.27) 1.61 (1.28 to0 2.03) <0.001
No defined pathway 5928 (95.2) 300 (4.8) - - -
Hospital type ga?r:/vg;g free surgical 2245 (98.2) 42 (1.8) 0.48 (0.35t0 0.66) |  0.45 (0.31 to 0.65) <0.001
Community SARS- Low 7154 (96.0) 298 (4.0) - - -
Cov-2 risk High 1019 (95.9) 44 (4.1) 1.05 (0.72 to 1.52) 1.38 (0.90 to 2.12) 0.139

Vhen recording postoperative complications on the REDCap database, investigators were able to select a tick-box to indicate that a specific complication had occurred within
}0-days of surgery. A second tick-box was available to confirm the absence of complications where no complications were recorded. For the purpose of the main model,
»atients with no tick-box selected were analysed as having no pulmonary complications. A sensitivity analysis was completed where patients were excluded when no
;omplication was selected, and the absence of complications was not confirmed (n=83, 0.9%). There were no changes to directions of effect and/or significance of effect. Data
ncluded from 8515 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. RCRI= Revised Cardiac Risk Index.
:COG=Eastern Cooperative Oncology Group. Percentages calculated as a proportion of row total. Area under the Receiver Operating Characteristic curve for model: 0.80
excellent discrimination).
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C*, Jordan P, Killeen S, Lynch N, McCarthy A, Mustafa H, O'Brien S, O’Leary P, Syed WAS,
Vernon L (Cork University Hospital); Callanan D, Huang L, lonescu A, Sheahan P* (South
Infirmary Victoria University Hospital), Balasubramanian |, Boland M, Conlon K, Evoy D,
Fearon N, Gallagher T, Geraghty J, Heneghan H*, Kennedy N, Maguire D, McCartan D,
McDermott EW, Prichard RS, Winter D* (St Vincent’s University Hospital); Alazawi D, Barry
C*, Boyle T, Butt W, Connolly EM, Donlon N, Donohue C, Fahey BA, Farrell R, Fitzgerald C,
Kinsella J, Larkin JO*, Lennon P, Maguire PJ*, Mccormick P, Mehigan BJ, Mohan H, Nugent T,
O’Sullivan H, Ravi N, Reynolds JV*, Rogers A, Shokuhi P, Smith J, Smith LA, Timon C (St.
James’s Hospital); Bashir Y, Bass G, Connelly T, Creavin B, Earley H, Elliott JA*, Gillis A,
Kavanagh D, Neary P, O’riordan J, Reynolds IS, Rice D, Ridgway P, Umair M, Whelan M
(Tallaght Hospital); Carroll P, Collins C, Corless K, Finnegan L, Fowler A, Hogan A, Kerin M,
Lowery A*, McAnena P, McKevitt K*, Nizami K, Ryan E, Samy A (University Hospital Galway);
Coffey JC, Cunningham R, Devine M, Nally D*, Peirce C, Tormey S (University Hospital
Limerick); Hardy N, Neary P, O’Malley S*, Ryan M (University Hospital Waterford/University
College Cork).

Italy: Macina S* (Asst Mantua); Mariani NM*, Opocher E, Pisani Ceretti A (Asst Santi Paolo E
Carlo); Ferrari F*, Odicino F, Sartori E* (Asst Spedali Civili, Ospedale Di Brescia); Cotsoglou
C*, Granieri S (Asst Vimercate); Bianco F*, Camillo’ A, Colledan M*, Tornese S, Zambelli MF
(Asst-Papa Giovanni Xxiii- Bergamo); Bissolotti G, Fusetti S, Lemma F* (Azienda
Ospedaliera Di Padova); Marino MV*, Mirabella A, Vaccarella G (Azienda Ospedaliera
Ospedali Riuniti Villa Sofia-Cervello, Palermo); Agostini C, Alemanno G, Bartolini I,

Bergamini C, Bruscino A, Checcucci C, De Vincenti R, Di Bella A, Fambrini M, Fortuna L,



Maltinti G, Muiesan P*, Petraglia F, Prosperi P*, Ringressi MN, Risaliti M, Sorbi F*, Taddei A*,
Tucci R (Azienda Ospedaliera Universitaria Careggi); Bassi C, Bortolasi L, Campagnaro T,
Casetti L, De Pastena M, Esposito A, Fontana M, Guglielmi A, Landoni L, Malleo G,
Marchegiani G, Nobile S, Paiella S, Pedrazzani C, Rattizzato S, Ruzzenente A, Salvia R*, Turri
G, Tuveri M (Azienda Ospedaliera Universitaria Integrata Di Verona); Bellora P, D’Aloisio G,
Ferrari M, Francone E, Gentilli S*, Nikaj H (Azienda Ospedaliero Universitaria Maggiore
Della Carita); Bianchini M, Chiarugi M, Coccolini F, Di Franco G, Furbetta N, Gianardi D,
Guadagni S, Morelli L*, Palmeri M, Tartaglia D* (Azienda Ospedaliero Universitaria Pisana);
Anania G*, Carcoforo P*, Chiozza M, De Troia A, Koleva Radica M, Portinari M, Sibilla MG,
Urbani A (Azienda Ospedaliero Universitaria Sant’anna); Fabbri N, Feo CV*, Gennari S,
Parini S, Righini E (Azienda Unita Sanitaria Locale di Ferrara - University of Ferrara);
Ampollini L*, Bellanti L, Bergonzani M, Bertoli G, Bocchialini G, D’Angelo G*, Lanfranco D,
Musini L, Poli T, Santoro GP, Varazzani A* (Azienda Ospedaliero-Universitaria Di Parma),
Aguzzoli L, Borgonovo G, Castro Ruiz C, Coiro S, Falco G*, Mandato VD*, Mastrofilippo V,
Montella MT, Annessi V, Zizzo M* (Azienda Unita Sanitaria Locale - Irccs Di Reggio Emilia);
Grossi U, Novello S, Romano M, Rossi S, Zanus G* (Ca’ Foncello Treviso-DISCOG-Universit
Di Padova); Esposito G, Frongia F, Pisanu A, Podda M* (Cagliari University Hospital);
Belluco C, Lauretta A*, Montori G, Moras L, Olivieri M (Centro Di Riferimento Oncologico Di
Aviano (Cro) Irccs); Bussu F, Carta AG, Cossu ML, Cottu P, Fancellu A, Feo CF, Ginesu GC,
Giuliani G, Madonia M, Perra T*, Piras A, Porcu A*, Rizzo D, Scanu AM, Tedde A, Tedde M
(Cliniche San Pietro, A.o.u. Sassari); Delrio P*, Rega D* (Colorectal Surgical Oncology
Unit - Istituto Nazionale Tumori Fondazione, Pascale-l.r.c.c.s.); Badalamenti G, Campisi G,
Cordova A, Franza M, Maniaci G, Rinaldi G, Toia F* (Department Of Surgical, Oncological
And Oral Sciences. University Of Palermo); Calabrdo M*, Farnesi F, Lunghi EG, Muratore A*,
Pipitone Federico NS (Edoardo Agnelli); Bambina F, D’Andrea G, Familiari P*, Picotti V
(Fabrizio Spaziani); De Palma G, Luglio G*, Pagano G, Tropeano FP (Federico Il University
Hospital); Baldari L*, Beltramini GA, Boni L*, Cassinotti E*, Gianni’ A*, Pignataro L*, Torretta S
(Fondazione Irccs Ca’ Granda - Ospedale Maggiore Policlinico); Abatini C, Baia M, Biasoni
D, Bogani G, Cadenelli P, Capizzi V*, Cioffi SPB, Citterio D*, Comini LV, Cosimelli M, Fiore M*,
Folli S, Gennaro M, Giannini L*, Gronchi A, Guaglio M*, Macchi A*, Martinelli F*, Mazzaferro V,
Mosca A, Pasquali S, Piazza C, Raspagliesi F, Rolli L*, Salvioni R, Sarpietro G, Sarre C,
Sorrentino L (Fondazione Irccs Istituto Nazionale Dei Tumori, Milano); Agnes A, Alfieri S,
Belia F, Biondi A, Cozza V, D’Amore A, D’Ugo D, De Simone V, Fagotti A*, Gasparini G, Gordini
L, Litta F, Lombardi CP, Lorenzon L, Marra AA, Marzi F, Moro A, Parello A, Perrone E, Persiani



R, Ratto C, Rosa F, Saponaro G, Scambia G*, Scrima O, Sganga G, Tudisco R (Fondazione
Policlinico Universitario Agostino Gemelli); Belli A*, Granata V, Izzo F, Palaia R, Patrone R
(Hpb Surgical Oncology Unit - Istituto Nazionale Tumori Fondazione, Pascale-l.r.c.c.s.);
Carrano FM, Carvello MM, De Virgilio A, Di Candido F, Ferreli F, Gaino F, Mercante G*, Rossi
V, Spinelli A*, Spriano G (Humanitas Clinical And Research Center Irccs, Rozzano (Mi) &
Humanitas University, Department Of Biomedical Sciences, Pieve Emanuele (Mi)); Donati
DM*, Frisoni T, Palmerini E (Irccs Istituto Ortopedico Rizzoli); Aprile A, Barra F*, Batistotti P,
Ferrero S, Fregatti P*, Scabini S*, Sparavigna M (Irccs Ospedale Policlinico San Martino);
Asti E, Bernardi D, Bonavina L*, Lovece A (University of Milan, IRCCS Policlinico San
Donato); Adamoli L, Ansarin M*, Cenciarelli S, Chu F, De Berardinis R, Fumagalli Romario U*,
Mastrilli F, Pietrobon G, Tagliabue M (Istituto Europeo Di Oncologia - Irccs -Milano);
Badellino E, Ferrero A*, Massobrio R (Mauriziano Hospital Torino; Italy); De Manzoni
Garberini A* (Ospedale Civile Spirito Santo); Federico P, Maida P, Marra E, Marte G, Petrillo
A, Tammaro T, Tufo A* (Ospedale Del Mare); Berselli M*, Borroni G*, Cocozza E, Conti L,
Desio M, Livraghi L*, Quintodei V, Rizzi A, Zullo A (Ospedale Di Circolo E Fondazione
Macchi (Varese)); Baldi C*, Corbellini C, Sampietro GM (Ospedale Di Rho - Asst Rhodense);
Cellerino P* (Ospedale Fatebenefratelli E Oftalmico); Baldini E*, Capelli P, Conti L, Isolani
SM, Ribolla M (Ospedale Guglielmo Da Saliceto Piacenza); Bondurri A, Colombo F*, Ferrario
L, Guerci C, Maffioli A (Ospedale Luigi Sacco Milano); Armao T, Ballabio M*, Bisagni P,
Gagliano A, Longhi M, Madonini M, Pizzini P (Ospedale Maggiore Di Lodi); Baietti AM, Biasini
M, Maremonti P, Neri F, Prucher GM*, Ricci S, Ruggiero F, Zarabini AG (Ospedale
Maggiore/Bellaria Carlo Alberto Pizzardi Ausl Bologna); Barmasse R, Mochet S*, Morelli L,
Usai A (Ospedale Regionale Umberto Parini); Bianco F*, Incollingo P (Ospedale S.
Leonardo - Asl Napoli 3 Sud, Castellammare Di Stabia); Mancini S, Marino Cosentino L*,
Sagnotta A* (Ospedale San Filippo Neri); Fruscio R*, Grassi T, Nespoli LC, Tamini N*
(Ospedale San Gerardo); Anastasi A, Bartalucci B, Bellacci A, Canonico G*, Capezzuoli L, Di
Martino C, Ipponi P, Linari C, Montelatici M, Nelli T, Spagni G, Tirloni L, Vitali A (Ospedale San
Giovanni Di Dio); Abate E, Casati M*, Casiraghi T, Laface L, Schiavo M (Ospedale Vittorio
Emanuele lii - Carate Brianza); Arminio A, Cotoia A, Lizzi V*, Vovola F (Ospedali Riuniti
Azienda Ospedaliera Universitaria Foggia); Vergari R* (Ospedali Riuniti Di Ancona); D’'Ugo
S*, Depalma N, Spampinato MG (P.o.“Vito Fazzi”); Bartolucci P, Brachini G, Bruzzaniti P,
Chiappini A, Chiarella V, Ciccarone F, Cicerchia PM, Cirillo B, De Toma G, Di bartolomeo A,
Fiori E, Fonsi GB, Franco G, Frati A, Giugliano M, lannone |, La Torre F, Lapolla P*, Leonardo
C, Marruzzo G, Meneghini S, Mingoli A, Ribuffo D, Salvati M, Santoro A, Sapienza P, Scafa AK,



Simonelli L, Zambon M (Policlinico Umberto | Sapienza University Of Rome); Capolupo GT*,
Carannante F, Caricato M*, Masciana G, Mazzotta E (Policlinico Universitario Campus Bio
Medico Of Rome); Gattolin A, Migliore M, Rimonda R, Sasia D*, Travaglio E (Regina Montis
Regalis Hospital, Mondovi); Cervellera M, Gori A, Sartarelli L, Tonini V* (S.orsola-Malpighi
Hospital); Giacometti M*, Zonta S (Ospedale San Biagio, ASL VCO); Chessa A*, Fiorini A,
Norcini C (San Giovanni Di Dio); Colletti G, Confalonieri M, Costanzi A*, Frattaruolo C, Mari G,
Monteleone M (San Leopoldo Mandic); Bandiera A, Bocciolone L, Bonavina G, Candiani M*,
Candotti G, De Nardi P*, Gagliardi F, Medone M, Mortini P*, Negri G*, Parise P, Piloni M, Sileri
P, Vignali A (San Raffaele Scientific Institute, Milan); Belvedere A, Bernante P, Bertoglio P,
Boussedra S, Brunocilla E, Cipriani R, Cisternino G, De Crescenzo E, De laco P*, Dondi G, Frio
F*, Jovine E, Mineo Bianchi F, Neri J, Parlanti D, Perrone AM, Pezzuto AP, Pignatti M*, Pinto V,
Poggioli G, Ravaioli M, Rottoli M*, Schiavina R, Serenari M*, Serra M, Solli P*, Taffurelli M*,
Tanzanu M, Tesei M, Violante T, Zanotti S (Azienda Osepdaliero - Universitaria di Bologna,
Via Albertoni 15, Bologna, Italy); Borghi F, Cianflocca D, Di Maria Grimaldi S, Donati D,
Gelarda E, Geretto P, Giraudo G, Giuffrida MC, Marano A*, Palagi S, Pellegrino L, Peluso C,
Testa V* (Santa Croce E Carle Hospital, Cuneo); Agresta F*, Prando D*, Zese M* (Santa
Maria Degli Angeli Hospital Ulss5 - Adria); Aquila F, Gambacciani C, Lippa L, Pieri F,
Santonocito OS* (Spedali Riuniti Di Livorno); Armatura G*, Bertelli G, Frena A, Marinello P,
Notte F, Patauner S, Scotton G* (St. Moritz Hospital); Fulginiti SF, Gallo G*, Sammarco G,
Vescio G (University ‘Magna Graecia’ Of Catanzaro); Balercia P, Catarzi L, Consorti G*
(University Hospital Umberto | Ancona); Di Marzo F* (Valtiberina); Fontana T* (Vittorio
Emanuele).

Japan: Daiko H*, Ishikawa M, Ishiyama K, Iwata S, Kanematsu K, Kanemitsu Y*, Kato T*,
Kawai A*, Kobayashi E, Kobayashi Kato M, Moritani K, Nakatani F, Oguma J, Tanase Y, Uno M
(National Cancer Center Hospital).

Jordan: Al Abdallah M*, Ayasra F, Ayasra Y, Qasem A (Al-Basheer Hospital); Abu Za’nouneh
FJ, Fahmawee T, Hmedat A, Ibrahim A, Obeidat K* (King Abdullah University Hospital);
Abdel Al S, Abdel Jalil R, Abou Chaar MK, Al-Masri M*, Al-Najjar H, Alawneh F, Alsaraireh O,
Elayyan M, Ghanem R, Lataifeh | (King Hussein Cancer Center).

Libya: Alkadeeki GZ*, Al Maadany FS (Al-Jalaa Hospital); Aldokali N, Senossi O, Subhi MT
(Alkhadra Hospital); Burgan D*, Kamoka E, Kilani Al, Salamah A, Salem M, Shuwayyah A
(National Cancer Institute, Sabratha - Libya); Abdulwahed E*, Alshareea E, Aribi N, Aribi S,
Biala M, Ghamgh R, Morgom M (Tripoli Central Hospital); Aldayri Z, Ellojli I*, Kredan A
(Tripoli University Hospital).



Lithuania: Bradulskis S, Dainius E, Kubiliute E, Kutkevi€ius J, Parseliunas A, Subocius A,
Venskutonis D* (Lithuanian University Of Health Sciences Kaunas Clinical Hospital).
Madagascar: Rasoaherinomenjanahary F*, Razafindrahita JB, Samison LH (Joseph
Ravoahangy Andrianavalona Hospital).

Malaysia: Ong EC (Bintulu); Hamdan KH, Ibrahim MR, Tan JA, Thanapal MR* (Hospital
Kuala Lumpur); Amin Sahid N, Hayati F*, Jayasilan J, Sriram RK*, Subramaniam S (Queen
Elizabeth Hospital & Universiti Malaysia Sabah, Kota Kinabalu, Sabah, Malaysia); Che
Jusoh A, Hussain AH, Mohamed Sidek AS, Mohd Yunus MF, Soh JY, Wong MPK, Zakaria AD*,
Zakaria Z (School Of Medical Sciences & Hospital, Universiti Sains Malaysia); Fadzli A*,
Fathi NQ, Koh PS, Liew YT*, Roslani AC*, Tang CY, Teoh LY*, Wong WJ*, Yahaya AS
(University Malaya Medical Centre).

Mexico: Alvarez MR, Arrangoiz R, Cordera F*, De la Rosa Abaroa MA, Gomez-Pedraza A,
Hernandez R, Maffuz-Aziz A, Posada JA (Abc Medical Center); Becerra Garcia FC* (Hospital
San Angel Inn Chapultepec); Alfaro-Goldaracena A, Buerba GA, Castillejos-Molina RA, Chan
C, Dominguez-Rosado |, Medina-Franco H, Mercado MA*, Oropeza-Aguilar M, Pefia Gémez
Portugal E, Posadas-Trujillo OE, Rodriguez-Covarrubias F, Salgado-Nesme N, Sarre C,
Vilatoba M (Instituto Nacional De Ciencias Médicas Y Nutricién “Salvador Zubiran”).
Morocco: Arkha Y, Bechri H, El Ouahabi A, Oudrhiri MY* (Centre Hospitalier Universitaire
Ibn Sina Rabat); Derkaoui hassani F*, El abbadi N (Cheikh Zaid International University
Hospital); Amrani L, Belkhadir ZH, Benkabbou A, Chakib O, El Ahmadi B, El Bouazizi Y,
Essangri H, Ghannam A*, Majbar AM, Mohsine R, Souadka A* (Institut National D’oncologie).
Netherlands: Hompes R*, Meima-van Praag EM, Pronk AJM, Sharabiany S (Amsterdam Umc,
University Of Amsterdam); Grotenhuis B*, Hartveld L, Reijers S, Van Houdt W* (Antoni Van
Leeuwenhoek Ziekenhuis); Baaij J, Bolster-van Eenennaam M*, De Graaff M, Sloothaak D,
Van Duijvendijk P* (Gelre Ziekenhuis); Posma-Bouman L* (Slingeland Ziekenhuis); Derksen
T, Franken J, Oosterling S* (Spaarne Gasthuis); De Bree R* (University Medical Center
Utrecht); Konsten J*, Van Heinsbergen M (Viecuri Medisch Centrum).

Nigeria: Fidelis L, Sholadoye TT*, Tolani MA* (Ahmadu Bello University Teaching Hospital);
Olaogun J* (Ekiti State University Teaching Hospital); Egbuchulem IK*, Lawal TA*,
Ogundoyin O*, Olulana DI (University College Hospital); Abdur-Rahman L*, Adeyeye A*,
Aremu [, Bello J, Olasehinde O, Popoola A (University Of llorin Teaching Hospital).

Oman: Massoud J*, Massoud R, Sorour TM (Khoula Hospital).

Pakistan: Jamal A, Kerawala AA* (Cancer Foundation Hospital); Memon AS*, Nafees Ahmed
R, Rai L* (Dr Ruth K.m. Pfau Civil Hospital); Ayub B, Hassan N*, Martins RS, Ramesh P,



Sayyed R* (Patel Hospital); Butt U*, Kashif M, Kashif M*, Khan WH*, Qureshi A*, Umar M,
Waris Farooka M*, Wasim T* (Services Hospital Lahore); Ayubi A, Rashid |, Wagar SH* (The
Pakistan Institute Of Medical Sciences).

Peru: Falcon GM*, Robles R (Instituto Regional De Enfermedades Neoplasicas Del Sur).
Philippines: Jocson R, Teh C* (National Kidney & Transplant Institute).

Poland: Major P (Jagiellonian University Medical College); Bobinski M*, Kotarski J*, Rasoul-
Pelinska K* (Medical University Of Lublin, Chair And Department Of Gynaecological
Oncology And Gynaecology).

Portugal: Azevedo C, Machado D, Mendes F* (Centro Hospitalar Cova Da Beira); De Sousa
X* (Centro Hospitalar De Setubal); Fernandes U, Ferreira C*, Guidi G, Leal C, Margal A,
Marques R, Martins D, Melo A, Tenreiro N, Vaz Pereira R, Vieira B (Centro Hospitalar De
Tras-Os-Montes E Alto Douro, E.p.e.); Almeida JI, Correia de Sa T, Costa MUMA, Fernandes
V, Ferraz |, Gil CG, Lima da Silva C, Lopes L, Machado N, Marialva J, Nunes Coelho M, Pedro
J, Pereira C, Reis R*, Ribeiro A, Santos R, Saraiva P, Silva R, Tavares F, Teixeira M (Centro
Hospitalar Do Tamega E Sousa); Almeida AC, Amaral MJ, Andrade R, Athayde Nemésio R,
Breda D, Camacho C, Canhoto C, Colino M, Correia S, Costa M, De Barros J, De Oliveira
Lopez AL, Duque M, Garrido S, Guerreiro P, Guimaraes A, Lazaro A, Lopes C, Martins R,
Nogueira O, Oliveira A, Oliveira JM, Rodrigues M, Ruivo A, Santos E, Silva M, Simbes J,
Valente da Costa A (Centro Hospitalar E Universitario De Coimbra); Aimeida A, Cavaleiro S,
Devezas V, Faria CS, Jacome F, Magalhdes Maia M, Nogueiro J, Pereira A, Pereira-Neves A,
Pina-Vaz T, Santos-Sousa H*, Silveira H, Vaz S, Vieira P (Centro Hospitalar E Universitario
De Séo Jodo); Gomes da Costa A, Lobo Antunes I* (Centro Hospitalar Lisboa Norte); Pinto
J, Tojal A* (Centro Hospitalar Tondela-Viseu); Cardoso N, Cardoso P*, Domingues JC,
Henriques P, Manso MI, Martins dos Santos G, Martins R, Morais H*, Pereira R, Revez T,
Ribeiro R, Ribeiro VI, Soares A, Sousa S, Teixeira J (Centro Hospitalar Universitario Do
Algarve - Unidade De Faro); Amorim E, Baptista VH, Cunha MF*, Dias B, Fazenda A, Melo
Neves JP, Policarpo F, Sampaio da Novoa Gomes Miguel I, Veiga D (Centro Hospitalar
Universitario Do Algarve - Unidade De Portimao); Andrade AK, Bandovas JP, Borges N*,
Branquinho A, Chumbinho B, Correia J, Fidalgo H, Figueiredo de Barros |, Frade S, Gomes J,
Maciel J, Pina S, Rodrigues A, Silva N*, Silveira Nunes |, Sousa R (Centro Hospitalar
Universitario Lisboa Central); Ascensao J, Azevedo P, Costeira B, Cunha C, Garrido R*,
Gomes H, Lourenco I, Mendinhos G*, Miranda P, Nobre Pinto A, Peralta Ferreira M, Ribeiro J,
Rio Rodrigues L, Sousa Fernandes M (Hospital Beatriz Angelo); Azevedo J* (Hospital Da
Horta, E.p.e.); Galvao D, Soares AC, Vieira A*, Vieira B (Hospital De Santo Espirito Da llha



Terceira); Patricio B, Santos PMDD*, Vieira Paiva Lopes AC (Hospital De Torres Vedras -
Centro Hospitalar Do Oeste); Cunha R, Faustino A, Freitas A, Martins AB, Mendes JR*,
Parreira R, Rosa J, Teves M (Hospital Do Divino Espirito Santo); Abreu da Silva A*, Claro M,
Costa Santos D, Deus AC, Grilo JV (Hospital Do Litoral Alentejano); Borges F*, Corte Real J,
Henriques S, Lima MJ, Matos Costa P (Hospital Garcia De Orta); Brito da Silva F, Caiado A*,
Fonseca F (Instituto Portugués De Oncologia De Lisboa Francisco Gentil); Angelo M,
Baiao JM, Martins Jordao D*, Vieira Carogo T (Ipo Coimbra); Messias J, Millan A, Salgado I,
Santos P* (Ipo Lisboa); Baia C, Canotilho R, Correia AM, Ferreira Pinto AP, Peyroteo M,
Videira JF* (Ipo Porto).

Puerto Rico: Escobar P*, Maldonado Santiago M (Instituto Gineco Oncologico).

Réunion: Kassir R*, Sauvat F (Chu Reunion).

Romania: Bezede C, Chitul A, Ciofic E, Cristian D, Grama F* (Coltea Clinical Hospital); Pirtea
L*, Secosan C (Emergency Clinical City Hospital); Bonci E*, Gata V*, Titu S* (Prof. Dr. lon
Chiricuta Institute Of Oncology); Ginghina O*, lordache N, losifescu RV (Saint John
Emergency Hospital).

Russia: Garmanova T, Kazachenko E, Markaryan D, Rodimov S, Tsarkov P*, Tulina | (Clinic
Of Coloproctology And Minimally Invasive Surgery, Sechenov Medical State University);
Litvina Y, Provozina A (Immanuel Kant Baltic Federal University, Regional Clinical
Hospital); Agapov M*, Galliamov E, Kakotkin V, Kubyshkin V, Kamanos A (Moscow Research
And Educational Center, Lomonosov Moscow State University).

Saudi Arabia: Alshahrani M*, Alsharif F, Eskander M (Aseer Central Hospital); Al Raddadi R,
Majrashi S*, Mashat A (East Jeddah General Hospital); Akeel N, Alharthi M, Aljiffry M,
Basendowah M, Farsi A, Ghunaim M, Khoja A, Maghrabi A, Malibary N*, Nassif M, Nawawi A,
Saleem A, Samkari A, Trabulsi N* (King Abdulaziz University Hospital); Al Awwad S*,
Alghamdi M*, Alnumani T*, Nasser M*, Said bayazeed A* (King Fahad General Hospital),
Alhefdhi A*, Almalik O, Alomair A, Alotaibi N, Alresaini F, Alsalamah R, Alsobhi S, Mahasin Z,
Othman E, Velagapudi S (King Faisal Specialist Hospital); Ghedan S, Alharthi R, Awad S*, |
Sharara M, Abdelrahman S, Althobaiti W (King Faisal Medical Complex); Al Habes H, Alamri
A, Alkarak S, Algannas M*, Alyami M*, Alzamanan M, Cortés Guiral D*, Elawad A (King Khalid
Hospital); AlAamer O, Alriyees L, Alselaim N* (King Saud Bin Abdulaziz University For
Health Sciences, King Abdullah International Medical Research Center, Ministry Of
National Guard, Health Affairs, General Surgery Department.); Abdulkareem A, Ajlan A,
Akkour K, Al-Habib A, Al-Khayal K, Alatar A, Alburakan A, Alhalal H, Alhassan B, Alhassan N,
Alobeed O, Alsaif A, Alsaif F, Alshammari S, Alshaygy |, Barry M, Bin Nasser A*, Bin Traiki T,



Bokhari A, Elwatidy S, Helmi H, Madkhali A, Nouh T*, Rabah PD, Zubaidi A (King Saud
University).

Serbia: Paunovic I*, Slijepcevic N (Centre For Endocrine Surgery, Clinical Centre Of
Serbia); Aleksi¢ L, Antic A, Barisic G*, Ceranic M, Galun D*, Gruba¢ Z, Jelenkovic J,
Kecmanovi¢ D, Kmezi¢ S, Knezevic D*, Krivokapic Z*, Latin¢i¢ S, Markovic V*, Mati¢ S*,
Miladinov M, Pavlov M*, Pejovic I, Radenkovic D*, Tadic B, Vasljevi¢ J, Velickovic D, Zivanovic
M (Clinic For Digestive Surgery, Clinical Centre Of Serbia); Perovic M, Srbinovic L (Clinic
For Gynecology And Obstetrics Narodni Front); Andrijasevic S, Bozanovic T, Cerovic
Popovic R, Dokic M, Janijic T, Jeremic K, Kadija S, Ladjevic Likic I, Mirkovic L, Pantovic S, Pilic
I, Radojevic M, Stefanovic A*, Vidakovic S, Vilendecic Z (Clinic For Gynecology And
Obstetrics, Clinical Center Of Serbia); Antic S, Dunderovi¢ D, Jelovac D*, Jezdic Z,
Konstantinovic V, Kotlar B, Kuzmanovic C, Lazi¢ M, Petrovic M, Popovic F, Pucar A, Romic M,
Sumrak S, Vujanac V (Clinic For Maxillofacial Surgery, School Of Dental Medicine,
University Of Belgrade); Bascarevic V, Bogdanovi¢ |, Grujii¢ D*, llic R*, Milicevi¢ M,
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