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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; P¼ 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 wave1. 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 pandemic2. 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-23. 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 availability4–6. The

mainstay of testing is nasopharyngeal swab test with quantita-

tive reverse transcriptase–PCR (RT–qPCR) to detect SARS-CoV-2

viral RNA7,8, although preoperative CT has also been suggested,

especially before major surgery9.
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-
plication10. The study protocol was registered at
ClinicalTrials.gov (NCT04384926) and has been reported in detail
previously11.

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
qRT–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 classification12 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 WHO13,
European Centre for Disease Prevention and Control14, 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 pathway11. 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 validation15,16. 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 STROBE17 and reported
according to SAMPL18 guidelines. Missing data were recorded in
summary tables where applicable. The v2 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 ggplot2) (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

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) (P¼0.031). After adjustment,

a swab test was associated with reduced pulmonary complica-

tions (adjusted OR 0.68, 95 per cent c.i. 0.47 to 0.98, P¼ 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; P¼ 0.014) (Table S3), but not in low-risk areas (ad-

justed OR 0.72, 0.48 to 1.08, P¼ 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; P¼ 0.019) (Table S5),

but not after minor surgery (adjusted OR 0.58, 0.16 to 2.13;

P¼ 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.
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Fig. 1 Variation in preoperative swab testing rates across included countries

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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Postoperative detection of SARS-CoV-2 and
mortality
SARS-CoV-2 infection and mortality rates by preoperative testing
strategy are reported in Table 4. The unadjusted rate of SARS-
CoV-2 was lower in all groups that were tested before surgery

than among those who were not tested (P< 0.001). The difference
was greatest between swab test only (0.5 per cent, 7 of 1458) and
no test (3.2 per cent, 209 of 6481). The mortality rate was lower in
the group that had swab tests (0.8 per cent, 12 of 1458) or swab
test and CT (0.6 per cent, 2 of 324) than in patients who were not

Table 1. Comparison of patients by type of preoperative testing

No test (n¼ 6481) Swab only (n¼ 1458) CT only (n¼521) Swab þ CT (n¼ 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 (8.0) 141 (9.7) 38 (7.3) 22 (6.8)

Sex 0.056
Female 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–II 4655 (72.2) 999 (68.5) 412 (79.2) 257 (79.3)
III–V 1792 (27.8) 459 (31.5) 108 (20.8) 67 (20.7)
Missing 34 0 1 0

Revised Cardiac Risk
Index score

< 0.001

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-
morbidity

0.915

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
score

< 0.001

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
thoracoabdominal

471 (7.3) 79 (5.4) 44 (8.4) 38 (11.7)

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 (2.1) 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
pathway

5033 (77.7) 1070 (73.4) 217 (41.7) 120 (37.0)

COVID-19-free
surgical pathway

1447 (22.3) 388 (26.6) 304 (58.3) 204 (63.0)

Community SARS-
CoV-2 risk

< 0.001

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.
*v2 test.
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tested (1.6 per cent, 104 of 6841), although this was not statisti-
cally significant (P¼ 0.072).

Discussion
In this study, a preoperative nasopharyngeal swab test with RT–
qPCR 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 pathways11.

–2

Type of screening
None
CT only
Swab only
Swab + CT

Age (years)
<50
50–59
60–69
70–79
≥80 years

Sex
F
M

BMI
Normal
Overweight
Obese
Underweight
Missing

ASA fitness grade
I–II
III–IV

Specialty
Abdominal
Thoracic or thoracoabdominal
Other

ECOG performance score

Current smoker
No
Yes

Pre-existing respiratory condition
No
Yes

Revised Cardiac Risk Index Score

Operation grade
Minor
Major

Disease stage
Early
Advanced

Hospital type
No defined pathway
COVID-19-free surgical pathway

SARS-CoV-2 risk area
Low
High

0
1
2
≥3

0
≥1

Pulmonary
complication

270 of 6309 (4.3)

19 of 1560 (1.2) 1.00 (reference)
44 of 1835 (2.4) 1.33 (0.76, 2.32)
104 of 2383 (4.4) 1.79 (1.07, 3.00)
130 of 2112 (6.2) 1.99 (1.18, 3.34)
45 of 708 (6.4)

106 of 5241 (2.0)
236 of 3357 (7.0)

121 of 3371 (3.6)
102 of 2711 (3.8)
76 of 1806 (4.2)
10 of 206 (4.9)
33 of 504 (6.5)

1.00 (reference)

168 of 6217 (2.7) 1.00 (reference)

212 of 4688 (4.5) 1.00 (reference)

128 of 5470 (2.3) 1.00 (reference)

283 of 7655 (3.7) 1.00 (reference)
59 of 943 (6.3) 1.34 (0.97, 1.83) 0.076

274 of 7665 (3.6) 1.00 (reference)

29 of 2730 (1.1) 1.00 (reference)

23 of 1969 (1.2) 1.00 (reference)
319 of 6629 (4.8) 2.20 (1.36, 3.56)

195 of 4333 (4.5) 2.11 (1.16, 3.84)
80 of 1244 (6.4) 2.18 (1.13, 4.21)
38 of 291 (13.1) 3.72 (1.80, 7.73)

0.014
0.020
<0.001

0.001

194 of 6109 (3.2) 1.00 (reference)
148 of 2489 (5.9) 1.61 (1.28, 2.03) <0.001

300 of 6286 (4.8) 1.00 (reference)
42 of 2312 (1.8) 0.45 (0.31, 0.64) <0.001

298 of 7521 (4.0) 1.00 (reference)
44 of 1077 (4.1) 1.38 (0.90, 2.12) 0.141

68 of 933 (7.3) 1.14 (0.84, 1.55) 0.385

214 of 3128 (6.8) 1.79 (1.37, 2.33)

80 of 615 (13.0) 2.71 (1.99, 3.69)
50 of 3295 (1.5) 1.23 (0.74, 2.04)

<0.001

<0.001

0.427

174 of 2381 (7.3) 1.41 (1.08, 1.84)

0.90 (0.67, 1.19)
0.93 (0.67, 1.28)
1.30 (0.64, 2.62)
1.61 (1.00, 2.49)

0.455
0.659
0.457
0.031

0.012

1.00 (reference)
2.27 (1.77, 2.92) <0.001

1.94 (1.07, 3.51)

0.321
0.027
0.010
0.029

24 of 520 (4.6)
40 of 1446 (2.8)
8 of 323 (2.5)

1.00 (reference)
1.27 (0.78, 2.04)
0.68 (0.47, 0.98)
0.57 (0.27, 1.19)

0.337
0.040
0.134

Odds
ratio P

–1 0

Log (odds ratio)

1 2

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

Values in parentheses are *percentages and †95 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.
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This study did not aim to evaluate the diagnostic accuracy of
swab testing, which has been explored in detail elsewhere7,8,19,20.
Although the present data did not show a clear benefit to repeat
swab testing, only a small group of patients received two or more
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 cent20. 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 policy4,5.
In the present data, the testing rate increased over time from less

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
I–II 1.00 (reference) 1.00 (reference)
III–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).

COVIDSurg Collaborative | 93
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/108/1/88/5974404 by guest on 25 August 2021



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 systems21–23. A systematic review23 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

–2

Pulmonary
complication

19 of 1497 (1.3)

Odds
ratio

1.00 (reference)

3 of 347 (0.9)

251 of 4812 (5.2)

37 of 1099 (3.4)

234 of 5742 (4.6)

36 of 577 (6.3)

5 of 198 (2.5)

1.00 (reference)

0.25 (0.09, 0.76)

35 of 1248 (2.8)

1.00 (reference)

0.72 (0.48, 1.08) 0.213

1.00 (reference)

0.63 (0.42, 0.93)

0.58 (0.16, 2.13) 0.865

P for
interaction

Minor operation

None

None

None

Swab only

Swab only

Swab only

None

Swab only

Major operation

Low community SARS-CoV-2 risk

High community SARS-CoV-2 risk

–1 0

Log (odds ratio)

1 2

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

Values in parentheses are *percentages and †95 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
area

33 of 429 (7.7) 5 of 134 (3.7) 5.67 18

Minor surgery, high-risk
area

3 of 144 (2.1) 0 of 66 (0) 2.10* 48

Major surgery, low-risk
area

219 of 4492 (4.9) 33 of 973 (3.4) 1.37 73

Minor surgery, low-risk
area

16 of 1385 (1.2) 3 of 283 (1.1) 0.26 387

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).
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Netherlands, in which the incremental yield of thoracic CT in
asymptomatic patients was slight, at 0.4 per cent9. Similarly, in a
small series22, 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 
 

 
 

CT=Imaging by computed tomography (CT) thorax.  
 

  



Supplementary 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)       

E011 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)     

F011 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 Ileum 1 (100.0)       

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

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

G692 Ileectomy And Anastomosis Of Duodenum To Ileum 1 (100.0)       

G693 Ileectomy And Anastomosis Of Ileum To Ileum 1 (20.0) 2 (40.0) 2 (40.0)   

G694 Ileectomy And Anastomosis Of Ileum To Colon       1 (100.0) 

G702 Excision Of Lesion Of Ileum 1 (33.3)   1 (33.3) 1 (33.3) 

G721 Anastomosis Of Ileum To Caecum 1 (100.0)       

G723 Anastomosis Of Ileum To Colon 4 (100.0)       

G734 Resection Of Ileocolic Anastomosis 3 (100.0)       

G742 Creation Of Temporary Ileostomy 3 (60.0) 1 (20.0)   1 (20.0) 

G743 Creation Of Defunctioning Ileostomy 4 (100.0)       

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

H041 Panproctocolectomy And Ileostomy 7 (70.0) 3 (30.0)     

H042 Panproctocolectomy And Anastomosis Of Ileum To Anus And Creation of Pouch 1 (33.3)   1 (33.3) 1 (33.3) 

H051 Total Colectomy And Anastomosis Of Ileum To Rectum 12 (66.7) 1 (5.6) 2 (11.1) 3 (16.7) 

H052 Total Colectomy And Ileostomy And Creation Of Rectal Fistula   1 (100.0)     

H053 Total Colectomy And Ileostomy 6 (100.0)       

H061 Extended Right Hemicolectomy And End To End Anastomosis 14 (93.3) 1 (6.7)     

H062 Extended Right Hemicolectomy And Anastomosis Of Ileum 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)   

H064 Extended Right Hemicolectomy And Ileostomy Hfq 5 (100.0)       

H065 Extended Right Hemicolectomy And End To Side Anastomosis 9 (90.0) 1 (10.0)     

H073 Right hemicolectomy and anastomosis 328 (72.4) 79 (17.4) 22 (4.9) 24 (5.3) 

H074 Right hemicolectomy and ileostomy 10 (66.7) 2 (13.3) 3 (20.0)   



H081 Transverse Colectomy And End To End Anastomosis 5 (62.5) 2 (25.0) 1 (12.5)   

H082 Transverse Colectomy And Anastomosis Of Ileum To Colon 1 (33.3) 2 (66.7)     

H083 Transverse Colectomy And Anastomosis 2 (66.7) 1 (33.3)     

H084 Transverse Colectomy And Ileostomy       1 (100.0) 

H085 Transverse Colectomy And Exteriorisation Of Bowel 1 (50.0) 1 (50.0)     

H086 Transverse Colectomy And End To Side Anastomosis 3 (100.0)       

H091 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 Ileostomy 3 (50.0) 2 (33.3) 1 (16.7)   

H095 Left Hemicolectomy And Exteriorisation Of Bowel 8 (61.5) 2 (15.4) 1 (7.7) 2 (15.4) 

H096 Left Hemicolectomy And End To Side Anastomosis 6 (66.7) 3 (33.3)     

H101 Sigmoid Colectomy And End To End Anastomosis Of Ileum 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 Ileostomy 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 Ileum 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 (2.4) 

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) 

M022 Nephroureterectomy 27 (69.2) 6 (15.4) 6 (15.4)   

M023 Bilateral Nephrectomy   1 (100.0)     

M025 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)   

T071 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 (52.0)     

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)       

W062 Total Excision Of Rib 1 (100.0)       

W067 Total Excision Of Pelvic Bones   1 (100.0)     

W091 Excision Of Lesion Of Bone 6 (100.0)       

W095 Curettage Of Tumour Of Bone And Graft 2 (100.0)       

W096 Curettage Of Tumour Of Bone 1 (100.0)       

W097 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. 
 

  
Factor 

  
Level 

Outcome 
Unadjusted  model 

(Odds ratio, 95% CI) 
Adjusted model 

(Odds ratio, 95% CI) 

 
None 

(N=8256) 
Pulmonary 

Complications 
(N=342) 

P-value 

Screening type 

None 6039 (95.7) 270 (4.3) - - - 
Swab only 1406 (97.2) 40 (2.8) 0.67 (0.47 to 0.96) 0.68 (0.47 to 0.98) 0.040 
CT only 496 (95.4) 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 

Age 

<50 years 1541 (98.8) 19 (1.2) - - - 
50-59 years 1791 (97.6) 44 (2.4) 2.07 (1.23 to 3.47) 1.33 (0.76 to 2.32) 0.321 
60-69 years 2279 (95.6) 104 (4.4) 3.77 (2.34 to 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 
≥80 years 663 (93.6) 45 (6.4) 5.42 (3.20 to 9.16) 1.94 (1.07 to 3.51) 0.029 

Sex 
Female 5135 (98.0) 106 (2.0) - - - 
Male 3121 (93.0) 236 (7.0) 3.51 (2.81 to 4.38) 2.27 (1.77 to 2.92) <0.001 

Body Mass Index 

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 
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 

ASA Grade 
Grade 1-2 6049 (97.3) 168 (2.7) - - - 
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 

Specialty 

Abdominal 4476 (95.5) 212 (4.5) - - - 
Thoracic or  
thoracoabdominal 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  
Score 

0 5342 (97.7) 128 (2.3) - - - 
≥1 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 to 1.83) 0.076 

Pre-existing 
respiratory condition 

No 7391 (96.4) 274 (3.6) - - - 
Yes 865 (92.7) 68 (7.3) 2.05 (1.58 to 2.66) 1.14 (0.84 to 1.55) 0.385 

Revised Cardiac Risk 
Index 

0 2701 (98.9) 29 (1.1) - - - 
1 4138 (95.5) 195 (4.5) 4.05 (2.80 to 5.85) 2.11 (1.16 to 3.84) 0.014 
2 1164 (93.6) 80 (6.4) 6.04 (4.03 to 9.05) 2.18 (1.13 to 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 

Hospital type 
No defined pathway 5986 (95.2) 300 (4.8) - - - 
COVID-19 free surgical 
pathway 2270 (98.2) 42 (1.8) 0.48 (0.35 to 0.66) 0.45 (0.31 to 0.64) <0.001 

Community SARS-
Cov-2 risk 

Low 7223 (96.0) 298 (4.0) - - - 
High 1033 (95.9) 44 (4.1) 1.04 (0.71 to 1.51) 1.38 (0.90 to 2.12) 0.141 

 
Data included from 8598 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative 
Oncology 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 
elective surgery in high risk areas. 
 

  
Factor 

  
Level 

Outcome 
Unadjusted  model 

(Odds ratio, 95% CI) 
Adjusted model 

(Odds ratio, 95% CI) 

 
None 

(N=724) 
Pulmonary 

Complications 
(N=41) 

P-value 

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 
≥80 years 81 (94.2) 5 (5.8) 1.77 (0.46 to 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 to 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 (0.19 to 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 to 6.61) 2.86 (1.23 to 6.65) 0.014 

Specialty Abdominal 362 (92.3) 30 (7.7) - - - 
Thoracic or thoracoabd
ominal 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  
Score 

0 423 (95.9) 18 (4.1) - - - 
≥1 301 (92.9) 23 (7.1) 1.80 (0.95 to 3.39) 1.16 (0.49 to 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 
respiratory condition 

No 657 (94.5) 38 (5.5) - - - 
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 
Index 

0 300 (98.0) 6 (2.0) - - - 
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 
≥3 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 to 2.82) 0.424 

Hospital type No defined pathway 499 (93.1) 37 (6.9) - - - 
COVID-19 free surgical 
pathway 225 (98.3) 4 (1.7) 0.24 (0.08 to 0.68) 0.23 (0.08 to 0.68) 0.008 

 
Data included from 765 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative 
Oncology 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 
elective surgery in low risk areas. 
 

  
Factor 

  
Level 

Outcome 
Unadjusted  model 

(Odds ratio, 95% CI) 

Adjusted model 
(Odds ratio, 95% 

CI) 

 

None 
(N=6721) 

Pulmonary 
Complications 

(N=269) 
P-value 

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 (1.21 to 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 
≥80 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 to 4.80) 2.31 (1.74 to 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 to 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 (2.29 to 4.27) 2.83 (2.01 to 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  
Score 

0 4376 (97.8) 97 (2.2) - -  
≥1 2345 (93.2) 172 (6.8) 3.19 (2.47 to 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 
respiratory condition 

No 6005 (96.7) 208 (3.3) - -  
Yes 716 (92.1) 61 (7.9) 2.21 (1.64 to 2.98) 1.39 (1.00 to 1.93) 0.052 

Revised Cardiac Risk 
Index 

0 2236 (99.1) 21 (0.9) - -  
1 3324 (95.7) 150 (4.3) 4.37 (2.76 to 6.91) 2.20 (1.12 to 4.34) 0.023 
2 951 (93.3) 68 (6.7) 7.25 (4.42 to 11.89) 2.49 (1.19 to 5.20) 0.015 
≥3 210 (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 to 6.44) 2.12 (1.25 to 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 to 0.81) 0.003 

 
Data included from 6990 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative 
Oncology 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 
major surgery 
 

  
Factor 

  
Level 

Outcome 
Unadjusted model 

(Odds ratio, 95% CI) 
Adjusted model 

(Odds ratio, 95% CI) 

 

None 
(N=5623) 

Pulmonary 
Complications 

(N=288) 
P-value 

Screening type 
None 4561 (94.8) 251 (5.2) - - - 
Swab only 1062 (96.6) 37 (3.4) 0.58 (0.40 to 0.85) 0.63 (0.42 to 0.93) 0.019 

Age 

<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 
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 (2.54 to 7.11) 1.75 (1.00 to 3.04) 0.05 
≥80 years 457 (92.5) 37 (7.5) 4.29 (2.39 to 7.70) 1.63 (0.86 to 3.10) 0.135 

Sex 
Female 3281 (97.6) 82 (2.4) - - - 
Male 2342 (91.9) 206 (8.1) 3.38 (2.60 to 4.40) 2.45 (1.85 to 3.23) <0.001 

BMI 

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 
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 to 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 

Specialty 

Abdominal 3620 (95.0) 189 (5.0) - - - 
Thoracic or  
thoracoabdominal 456 (86.5) 71 (13.5) 2.90 (2.13 to 3.93) 2.63 (1.88 to 3.66) <0.001 

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  
Score 

0 3526 (97.1) 107 (2.9) - 2.63 (1.88 to 3.66) - 
≥1 2097 (92.1) 181 (7.9) 2.71 (2.12 to 3.46) 1.65 (1.23 to 2.20) 0.001 

Current smoker 
No 5048 (95.5) 239 (4.5) - - - 
Yes 575 (92.1) 49 (7.9) 1.73 (1.25 to 2.38) 1.32 (0.93 to 1.88) 0.119 

Pre-existing 
respiratory condition 

No 5028 (95.7) 228 (4.3) - - - 
Yes 595 (90.8) 60 (9.2) 2.00 (1.48 to 2.70) 1.19 (0.86 to 1.66) 0.293 

Revised Cardiac Risk 
Index 

0 1317 (98.7) 17 (1.3) - - - 
1 3170 (95.0) 167 (5.0) 3.54 (2.14 to 5.86) 1.99 (0.89 to 4.47) 0.093 
2 930 (92.8) 72 (7.2) 5.46 (3.20 to 9.31) 2.09 (0.88 to 4.95) 0.094 
≥3 206 (86.6) 32 (13.4) 10.52 (5.71 to 19.37) 3.07 (1.21 to 7.80) 0.018 

Disease stage 
Early stage 3839 (96.0) 161 (4.0) - - - 
Advanced stage 1784 (93.4) 127 (6.6) 1.67 (1.31 to 2.12) 1.60 (1.25 to 2.07) <0.001 

Hospital type 
No defined pathway 4314 (94.4) 258 (5.6) - - - 
COVID-19 free surgical 
pathway 1309 (97.8) 30 (2.2) 0.47 (0.31 to 0.70) 0.49 (0.32 to 0.74) 0.001 

Community SARS-
Cov-2 risk 

Low 5105 (95.3) 250 (4.7) - - - 
High 518 (93.2) 38 (6.8) 1.47 (0.95 to 2.26) 1.60 (1.01 to 2.54) 0.044 

 
Data included from 5911 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative 
Oncology 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 
minor surgery. 
 

  
Factor 

  
Level 

Outcome 
Unadjusted model 

(Odds ratio, 95% CI) 
Adjusted model 

(Odds ratio, 95% CI) 

 

None 
(N=1822) 

Pulmonary 
complications 

(N=22) 
P-value 

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 

Age 

<50 years 373 (99.7) 1 (0.3) - - - 
50-59 years 444 (99.1) 4 (0.9) 3.31 (0.37 to 29.77) 2.18 (0.24 to 20.19) 0.491 
60-69 years 488 (98.2) 9 (1.8) 6.77 (0.85 to 53.64) 3.23 (0.39 to 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 
≥80 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 (1.05 to 5.72) 1.32 (0.51 to 3.42) 0.571 

BMI 

Normal 711 (98.9) 8 (1.1) - - - 
Overweight 564 (98.9) 6 (1.1) 0.94 (0.33 to 2.73) 0.84 (0.28 to 2.57) 0.766 
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 

ASA Grade 
Grade 1-2 1411 (99.0) 14 (1.0) - - - 
Grade 3-5 411 (98.1) 8 (1.9) 1.98 (0.82 to 4.75) 0.68 (0.22 to 2.11) 0.509 

Specialty 
Abdominal 312 (99.0) 3 (1.0) - - - 
Thoracic or thoracoabdominal 5 (83.3) 1 (16.7) 21.20 (1.87 to 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  
Score 

0 1273 (99.4) 8 (0.6) - - - 
≥1 549 (97.5) 14 (2.5) 4.05 (1.69 to 9.71) 3.57 (1.28 to 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 
respiratory condition 

No 1634 (98.9) 18 (1.1) - - - 
Yes 188 (97.9) 4 (2.1) 1.97 (0.66 to 5.89) 1.64 (0.50 to 5.34)  0.412 

Revised Cardiac Risk 
Index 

0 1219 (99.2) 10 (0.8) - - - 
1 469 (98.5) 7 (1.5) 1.82 (0.69 to 4.81) 2.05 (0.65 to 6.52) 0.222 
2 109 (97.3) 3 (2.7) 3.39 (0.92 to 12.50) 3.45 (0.70 to 17.01) 0.128 
≥3 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 

Hospital type 
No defined pathway 1359 (98.6) 19 (1.4) - - - 
COVID-19 free surgical 
pathway 463 (99.4) 3 (0.6) 0.47 (0.14 to 1.59) 0.44 (0.12 to 1.60) 0.211 

Community SARS-
Cov-2 risk 

Low 1616 (98.8) 19 (1.2) - - - 
High 206 (98.6) 3 (1.4) 1.26 (0.37 to 4.29) 1.80 (0.49 to 6.70) 0.378 

 
Data included from 1844 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. ECOG=Eastern Cooperative 
Oncology 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 
exclusion of potentially missing data for the primary outcome measure 
 

  
Factor 

  
Level 

Outcome 
Unadjusted model 

(Odds ratio, 95% CI) 

Adjusted model 
(Odds ratio, 95% 

CI) 

 

None 
(N=8173) 

Pulmonary 
Complications 

(N=342) 
P-value 

Screening type 

None 5984 (95.7) 270 (4.3) - - - 
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 to 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 

Age 

<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 
60-69 years 2256 (95.6) 104 (4.4) 3.79 (2.34 to 6.13) 1.80 (1.07 to 3.01) 0.026 
70-79 years 1956 (93.8) 130 (6.2) 5.36 (3.32 to 8.63) 2.00 (1.19 to 3.38) 0.009 
≥80 years 659 (93.6) 45 (6.4) 5.43 (3.19 to 9.25) 1.94 (1.07 to 3.52) 0.028 

Sex 
Female 5091 (98.0) 106 (2.0) - - - 

Male 3082 (92.9) 236 (7.1) 3.53 (2.82 to 4.41) 
 2.28 (1.78 to 2.92) <0.001 

BMI 

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 
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 

ASA Grade 
Grade 1-2 5990 (97.3) 168 (2.7) - - - 

Grade 3-5 2183 (92.6) 174 (7.4) 2.87 (2.32 to 3.55) 
 1.41 (1.08 to 1.84) 0.012 

Specialty 

Abdominal 4421 (95.4) 212 (4.6) - - - 
Thoracic  
or thoracoabdominal 527 (86.8) 80 (13.2) 2.71 (2.06 to 3.56) 2.70 (1.98 to 3.68) <0.001 

Other 3225 (98.5) 50 (1.5) 0.33 (0.24 to 0.44) 1.22 (0.73 to 2.02) 0.451 
ECOG Performance  
Score 

0 5288 (97.6) 128 (2.4) - - - 
≥1 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 
respiratory condition 

No 7313 (96.4) 274 (3.6) - - - 
Yes 860 (92.7) 68 (7.3) 2.04 (1.57 to 2.65) 1.13 (0.84 to 1.54) 0.418 

RCRI 

0 2683 (98.9) 29 (1.1) - - - 
1 4092 (95.5) 195 (4.5) 4.06 (2.80 to 5.90) 2.11 (1.16 to 3.83) 0.014 
2 1147 (93.5) 80 (6.5) 6.08 (4.04 to 9.16) 2.19 (1.13 to 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 (1.2) - - - 
Major 6241 (95.1) 319 (4.9) 4.02 (2.71 to 5.98) 2.19 (1.35 to 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 to 2.03) <0.001 

Hospital type 
No defined pathway 5928 (95.2) 300 (4.8) - - - 
COVID-19 free surgical 
pathway 2245 (98.2) 42 (1.8) 0.48 (0.35 to 0.66) 0.45 (0.31 to 0.65) <0.001 

Community SARS-
Cov-2 risk 

Low 7154 (96.0) 298 (4.0) - - - 
High 1019 (95.9) 44 (4.1) 1.05 (0.72 to 1.52) 1.38 (0.90 to 2.12) 0.139 

 
When recording postoperative complications on the REDCap database, investigators were able to select a tick-box to indicate that a specific complication had occurred within 
30-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, 
patients with no tick-box selected were analysed as having no pulmonary complications. A sensitivity analysis was completed where patients were excluded when no 
complication 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 
included from 8515 patients with complete data. COVID-19=Coronavirus disease 2019. ASA=American Society of Anaesthesiologists. RCRI= Revised Cardiac Risk Index. 
ECOG=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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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. Ion 
Chiricuta Institute Of Oncology); Ginghina O*, Iordache N, Iosifescu RV (Saint John 
Emergency Hospital). 
Russia: Garmanova T, Kazachenko E, Markaryan D, Rodimov S, Tsarkov P*, Tulina I (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, Камалов А (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*, I 

Sharara M, Abdelrahman S, Althobaiti W (King Faisal Medical Complex); Al Habes H, Alamri 

A, Alkarak S, Alqannas 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 I, 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); Aleksić L, Antic A, Barisic G*, Ceranic M, Galun D*, Grubač Ž, Jelenkovic J, 

Kecmanović D, Kmezić S, Knezevic D*, Krivokapic Z*, Latinčić S, Markovic V*, Matić S*, 

Miladinov M, Pavlov M*, Pejovic I, Radenkovic D*, Tadic B, Vasljević 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, Janjic 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, Dunđerović D, Jelovac D*, Jezdic Z, 

Konstantinovic V, Kotlar B, Kuzmanovic C, Lazić 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, Bogdanović I, Grujičić D*, Ilic R*, Milićević M, 

Milisavljević F, Miljković A, Paunovic A, Šćepanović V, Stanimirovic A, Todorovic M (Clinic For 
Neurosurgery, Clinical Center Of Serbia); Jotic A, Milovanovic J*, Trivic A (Clinic For 
Otorhinolaryngology And Maxillofacial Surgery, Clinical Center Of Serbia); Bumbasirevic 

U*, Dzamic Z, Kajmaković B, Prijović N, Zivkovic M (Clinic Of Urology, Clinical Center Of 
Serbia); Buta M, Cvetkovic A, Djurisic I, Gacic S, Goran M, Inic Z, Jeftic N, Jevric M, Jokic V, 

Markovic I*, Milanović M, Nikolic S, Pejnovic L, Savković N, Spurnic I, Stevic D, Stojiljkovic D, 

Vucic N, Zegarac M (Institute For Oncology And Radiology Of Serbia); Karamarkovic A, 

Kenic M, Kovacevic B, Krdzic I*, Milutinović V (Zvezdara University Medical Center). 
Singapore: Chan CW, Lieske B* (National University Hospital). 
Slovakia: Gális B, Šimko K (University Hospital Bratislava). 

South Africa: Almgla N*, Bernon M, Boutall A, Cairncross L*, Herman A, Hilton T, Jonas E, 

Kloppers C*, Malherbe F, Mugla W*, Nel D, Rayamajhi S, Van Wyngaard T, Vogel J (Groote 
Schuur Hospital). 
Spain: Castaño-Leon AM*, Delgado Fernandez J, Eiriz Fernandez C, Espino Segura-Illa M, 

Esteban Sinovas O, Garcia Perez D, Gomez P, Jimenez-Roldan L, Lagares A, Moreno-Gomez 

L, Paredes I, Pérez Núñez A, Sánchez Aniceto G*, Santas M (12 De Octubre University 
Hospital); Fernández Rodríguez P, Paniagua García Señorans M*, Sanchez-Santos R, Vigorita 

V (Álvaro Cunqueiro Hospital); Acrich E, Baena Sanfeliu E, Barrios O, Golda T*, Santanach 

C, Serrano-Navidad M, Sorribas Grifell M, Vives RV (Bellvitge University Hospital); Escolà D, 

Jiménez A* (Comarcal Alt Penedés); Cayetano Paniagua L, Gómez Fernández L* (Consorci 



Sanitari De Terrassa); Artigues E, Bernal-Sprekelsen JC*, Catalá Bauset JC (Consorcio 
Hospital General Universitario); Collera P, Diaz Del Gobbo R, Farre Font R, Flores Clotet R, 

Gómez Díaz CJ*, Guàrdia N, Guariglia CA, Osorio A, Sanchez Jimenez R, Sanchon L, Soto 

Montesinos C (Fundació Althaia - Xarxa Assistencial Universitària De Manresa); Albi Martin 

B, García Villayzán JE* (Fundación Jimenez Diaz University Hospital); Alonso-Lamberti L, 

Assaf M, Baeza Pintado N, Carabias A, García-Quijada J, Huertas Fernandez MA, Jimenez 

Miramón J, Jimenez V*, Jover JM, Landeo Agüero SA, Leon R, Martín Salamanca MB*, Pérez 

Simón V, Ponce S, Rodriguez JL, Salazar A, Valle Rubio A (Getafe University Hospital); 
Aguado H* (Hellín Hospital); Aldecoa Ansorregui I, Bravo Infante R, De Lacy FB, Di Somma 

A*, Díaz-Feijoo B*, Enseñat Nora J*, Fabregas N, Ferrés A, Gil Ibañez B, Gonzalez Sanchez 

JJ*, Gracia I, Hoyos Castro JA, Lacy AM*, Langdon C, Momblán D, Morales X, Oleaga L, Otero 

A, Pedrosa L, Poblete Carrizo J, Reyes Figueroa LA, Roldan Ramos P, Rumia-Arboix J, 

Tercero-Uribe AI, Topczewski TE, Torales J, Torne A, Torné R, Turrado-Rodriguez V*, Valero 

R, Valverde S (Hospital Clinic Barcelona); Anula R, Cano-Valderrama O, Del Campo Martín 

M, Díez-Valladares L, Domínguez I, Dziakova J, García Alonso M, García Romero E, Gómez 

Latorre L, Muguerza JM*, Pizarro MJ, Saez Carlin P, Sánchez del Pueblo C, Sánchez-Pernaute 

A, Sanz Ortega G, Sanz-Lopez R, Torres A (Hospital Clínico De Madrid); Garcés-Albir M*, 

Lopez F*, Martín-Arévalo J, Moro-Valdezate D*, Pla-Marti V (Hospital Clínico Universitario De 
Valencia); Beltrán de Heredia J, De Andrés Asenjo B*, Gómez Sanz T, Jezieniecki C, Nuñez 

Del Barrio H, Ortiz de Solórzano Aurusa FJ, Romero de Diego A, Ruiz Soriano M, Trujillo Díaz 

J, Vazquez fernandez A (Hospital Clínico Universitario De Valladolid); Lora-Cumplido P, 

Sosa MV* (Hospital De Cabueñes); Gonzalez-Gonzalez E, Minaya Bravo AM* (Hospital Del 
Henares); Alonso de la Fuente N, Cazador Labat M, Cecchini L, Espinosa CA*, Jimenez 

Toscano M*, López Campillo A, Mancebo G, Martorell P, Munarriz M (Hospital Del Mar); Grau-

Talens EJ, Martin-Perez B* (Hospital Don Benito-Villanueva); Benavides Buleje JA, Carrasco 

Prats M*, Fernández PV, Fernández-López A*, García Escudero D*, García Porcel VJ, Garcia 

Soria V*, Giménez Francés C*, González Valverde FM, Gurrea E, López-Morales P, Marco 

Garrido A, Martínez Alonso JA, Medina E, Muñoz Camarena JM, Parra Baños PA, Peña Ros E, 

Ramirez Faraco M, Ruiz-Marín M*, Sanchez Rodriguez C, Valero Soriano M (Hospital General 
Reina Sofía); Estaire Gómez M*, Fernández Camuñas Á, Garcia Santos EP, Jimenez Higuera 

E, Martínez-Pinedo C, Muñoz-Atienza V, Padilla-Valverde D*, Picón Rodríguez R, Redondo 

Calvo FJ, Sánchez-García S, Sanchez-Pelaez D (Hospital General Universitario De Ciudad 
Real); Colombari RC, Del valle E, Fernández M, Lozano Lominchar P*, Martín L, Rey Valcarcel 

C, Steiner MA, Tudela M, Zorrilla Ortúzar J (Hospital General Universitario Gregorio 



Marañón); Alcaide Matas F, García Pérez JM, Troncoso Pereira P* (Hospital Mateu Orfila); 

Mora-Guzmán I* (Hospital Santa Bárbara); Abellán M, Achalandabaso Boira M*, Jorba R, 

Memba Ikuga R, Olona C, Sales Mallafré R (Hospital Universitari De Tarragona Joan Xxiii); 
Cavallé Busquets P, Gavalda Pellice MGP*, Salinas Peña J (Hospital Universitari Sant Joan); 

Aragon Achig EJ*, Barbier L, Caja Vivancos P*, Gainza A, García Gutierrez JJ, Mallabiabarrena 

Ormaechea G*, Marín H, Martin Playa P*, Melchor Corcóstegui I, Prieto Calvo M, Rodriguez 

Fraga A, Villalabeitia Ateca I* (Hospital Universitario Cruces); De Andres Olabarria U, Durán 

Ballesteros M, Fernández Pablos FJ, Ibáñez-Aguirre FJ, Sanz Larrainzar A, Ugarte-Sierra B* 

(Hospital Universitario De Galdakao); De la Hoz Rodríguez Á, Di Martino M*, García Septiem 

J*, Martin-Perez E, Muñoz de Nova JL (Hospital Universitario De La Princesa); Calvo Espino 

P*, Guillamot Ruano P (Hospital Universitario De Móstoles); Colao García L, Díaz Pérez D*, 

Esteban Agustí E, Galindo Jara P, Gutierrez Samaniego M*, Hernandez Bartolome MA*, 

Serrano González J (Hospital Universitario De Torrejón De Ardoz); Alonso Poza A, Diéguez 

B, García-Conde M, Hernández-García M, Losada M* (Hospital Universitario Del Sureste); 

Chiesa-Estomba CM, González García JÁ, Larruscain E, Sistiaga-Suárez JA* (Hospital 
Universitario Donostia); Alvarez E, Chavarrias N, Frías L, García Pineda V, Gegúndez Simón 

A, Gortázar S, Gracia M, Guevara J, Hernández Gutierrez A, Loayza A, María Dolores DT, 

Martí C, Melendez M, Moreno-Palacios E, Perez Y, Prieto Nieto MI, Ramos-Martín P, Rubio-

Perez I*, Saavedra J, Sanchez-Mendez JI, Siegrist Ridruejo J, Urbieta A, Zapardiel I* (Hospital 
Universitario La Paz); Cantalejo diaz M, De Miguel Ardevines MDC, Duque-Mallén V*, Gascon 

Ferrer I, González-Nicolás Trébol MT, Gracia-Roche C, Herrero Lopez M, Jariod Ferrer UM*, 

Lanzon A, Martinez German A, Matute M, Redondo C, Sánchez Fuentes N, Sánchez-Rubio M, 

Santero-Ramirez MS, Saudí S, Simón Sanz MV, Uson-Bouthelier T (Hospital Universitario 
Miguel Servet); Blazquez Martin A, Diez Alonso M*, García Rico E, Garcia-Loarte Gomez E, 

Garcia-Moreno Nisa F, Gutierrez Calvo A, Hernandez P, Lasa I, Mendoza-Moreno F, Morales 

Palacios N*, Ovejero Merino E, Vera Mansilla C (Hospital Universitario Principe De 
Asturias); Acebes García F, Bailón M, Bueno Cañones AD, Choolani Bhojwani E, Marcos-

Santos P, Miguel T, Pacheco Sánchez D, Pérez-Saborido B, Sanchez Gonzalez J, Tejero-

Pintor FJ* (Hospital Universitario Río Hortega); Alconchel F*, Conesa A, Gil Martínez J*, 

Gutiérrez Fernández AI, Lopez Abad A, Nicolás-López T*, Ramirez Romero P, Roca Calvo MJ, 

Rodrigues K*, Ruiz Manzanera JJ, Soriano AI (Hospital Universitario Virgen De La Arrixaca); 

Cano A, Capitan-Morales L, Cintas Catena J, Gomez-Rosado J*, Oliva Mompean F, Pérez 

Sánchez MA, Río Lafuente FD, Torres Arcos C, Valdes-Hernandez J (Hospital Universitario 
Virgen Macarena); Cholewa H, Domingo S*, Frasson M, Lago V*, Marina Martin T*, Martínez 



Chicote C, Sancho-Muriel J* (Hospital Universitario Y Politécnico La Fe); Landaluce-

olavarria A*, Lecumberri D (Hospital Urduliz); Abad Gurumeta A, Abad-Motos A, Martínez-

Hurtado E, Ripollés-Melchor J*, Ruiz Escobar A (Infanta Leonor University Hospital); 
Cuadrado-García A*, Garcia-Sancho Tellez L*, Heras Aznar J*, Maté P, Ortega Vázquez I*, 

Picardo AL, Rojo López JA, Sanchez Cabezudo Noguera F*, Serralta de Colsa D* (Infanta 
Sofía University Hospital); Anchuelo Latorre J, Cagigas Fernandez C, Caiña Ruiz R, Gomez 

Ruiz M, Hernanz F, Jimeno Fraile J*, Martínez-Pérez P, Poch C, Santarrufina Martinez S*, 

Valbuena Jabares V (Marqués De Valdecilla University Hospital); Moliner-Sánchez C, 

Pingarron-Martin L, Rey-Biel J, Ruiz Martin I (Rey Juan Carlos University Hospital); Blas 

Laina JL, Cros B, Escartin J*, Garcia Egea J, Nogués A, Talal El-Abur I, Yánez C (Royo 
Villanova); Cagigal Ortega EP, Cervera I, Díaz Peña P, Elena GDCR, Enjuto D*, Fernández 

Bernabé P, Garcés García R, Gonzalez J, Hernández I, Herrera-Merino N, Marqueta De Salas 

M, Martinez Pascual P, Perez Gonzalez M*, Ramos Bonilla A, Rodríguez Gómez L (Severo 
Ochoa University Hospital); Bescós C*, Blanco-Colino R, Brana I, Caimari B, De Pablo 

García-Cuenca A, Duran-Valles F, Espin-Basany E*, Giralt López de Sagredo J, Pamias J, 

Pellino G, Prat N, Pujol Pina R, Saez barba M (Vall D’hebron University Hospital). 
Sri Lanka: Arulanantham A, Bandara GBK, Jayarajah U*, Ravindrakumar S, Rodrigo VS 

(District General Hospital Chilaw); Srishankar S* (Teaching Hospital Anuradhapura). 

Sudan: Ali karar AA (Al-Rajhi). 
Sweden: Elbe P*, Lindqvist EK* (Karolinska University Hospital); Taflin H* (Sahlgrenska 
University Hospital); Älgå A*, Heinius G, Nordberg M, Pieniowski E (South General 
Hospital); Gkekas I, Löfgren N, Rutegård M*, Sund M* (Umea University Hospital). 
Switzerland: Arigoni M, Bernasconi M, Christoforidis D*, Di Giuseppe M, La Regina D, Mongelli 

F (Ente Ospedaliero Cantonale); Chevallay M, Dwidar O, Gialamas E, Sauvain M (Hopital De 
Pourtales); Klenke F, Kollàr A*, Kurze C (Inselspital, Bern University Hospital, University Of 
Bern); Adamina M*, Bächler T, Crugnale AS, Giardini M, Guglielmetti L, Peros G, Solimene F 

(Kantonsspital Winterthur). 
Turkey: Aghayeva A*, Hamzaoglu I, Sahin I (Acibadem Altunizade Hospital); Akaydin E, 

Aliyeva Z, Aytac E, Baca B, Dülgeroğlu O, Ozben V*, Ozmen BB, Uras C (Acibadem Atakent 
Hospital); Arikan AE*, Bilgin IA*, Bozkırlı B*, Ceyhan GO, Kara H, Karahasanoğlu T, Uras C 

(Acibadem Maslak Hospital); Celik H* (Adana Baskent University); Meydanli MM* (Ankara 
City Hospital); Akilli H*, Ayhan A*, Kuscu E* (Baskent University); Onan MA* (Gazi 
University Medical Faculty Hospital); Akgor U*, Dincer HA, Erol T, Gultekin M*, Orhan N, 

Ozgul N*, Salman MC*, Soyak B* (Hacettepe University Hospital); Alhamed A, Ergün S*, 



OZcelık MF, Sanli AN, Uludağ SS*, Velidedeoglu M*, Zengin AK (Istanbul Universty - 
Cerrahpaşa Medical Faculty); Bozkurt MA, Kara Y*, Kocataş A (Kanuni Sultan Suleyman 
Training And Research Hospital); Cimenoglu B, Demirhan R, Saracoglu K* (Kartal Dr. Lutfi 
Kirdar Training And Research Hospital); Azamat İF, Balik E*, Buğra D, Giray B, Kulle CB, 

Taskiran C*, Vatansever D (Koç University Medical School); Gözal K, Güler SA, Köken H, 

Tatar OC*, Utkan NZ, Yıldırım A, Yüksel E (Kocaeli University Teaching Hospital); Akin E, 

Altintoprak F*, Bayhan Z, Cakmak G, Çapoğlu R, Çelebi F, Demir H, Dikicier E, Firat N, Gönüllü 

E, Kamburoğlu MB, Kocer B, Küçük IF, Mantoglu B (Sakarya University Faculty Of Medicine); 

Çolak E*, Kucuk GO, Uyanik MS (Samsun Training And Research Hospital); Göksoy B* 

(Sehit Prof.dr. İlhan Varank Training And Research Hospital); Bozkurt E, Citgez B, Mihmanli 

M, Tanal M*, Yetkin G (Sisli Hamidiye Etfal Training And Research Hospital); Akalin M, 

Arican C, Avci EK, Aydin C, Demirli Atıcı S*, Emiroglu M, Kaya T*, Kebabçı E, Kilinc G, Kirmizi 

Y, Öğücü H, Salimoğlu S, Sert İ, Tugmen C, Tuncer K, Uslu G, Yeşilyurt D (University Of 
Health Sciences Tepecik Training And Research Hospital); Karaman E*, Kolusarı A (Van 
Yuzuncu Yil University, Medical Faculty); Yildiz A* (Yildirim Beyazit University 
Yenimahalle Training And Research Hospital). 
Uganda: Benson O*, Lule H* (Kampala International University Teaching Hospital). 
United Kingdom: Agilinko J, Ahmeidat A, Barabasz M, Bekheit M*, Cheung LK, Colloc T, 

Cymes W, Elhusseini M, Gradinariu G, Hannah A, Kamera BS, Mignot G, Shaikh S*, Sharma P 

(Aberdeen Royal Infirmary); Abu-Nayla I, Agrawal A*, Al-Mohammad A, Ali S, Ashcroft J, Azizi 

A, Baker O, Balakrishnan A*, Byrne M, Colquhoun A, Cotter A, Coughlin P, Davies RJ*, Durrani 

A, Elshaer M, Fordington S, Forouhi P*, Georgiades F, Grimes H, Habeeb A, Hudson V, 

Hutchinson P*, Irune E, Jah A*, Khan DZ, Kolias A, Kyriacou H, Lamb B, Liau S*, Luke L, 

Mahmoud R, Mannion R, Masterson L*, Mitrofan CG, Mohan M, Morris A, Murphy S, O’Neill R*, 

Price S, Pushpa-rajah J, Raby-Smith W, Ramzi J, Rooney S, Santarius T, Singh A, Stewart 

GD*, Tan XS, Townson A, Tweedle E, Walker C, Waseem S, Yordanov S (Addenbrooke’s 
Hospital); Jones T, Kattakayam A, Loh C, Lunevicius R, Pringle S, Schache A, Shaw R*, Sheel 

A (Aintree University Hospital); Rossborough C (Altnagelvin Area Hospital); Angelou D, 

Choynowski M, McAree B*, McCanny A, Neely D (Antrim Area Hospital- Northern Health 
And Social Care Trust); Tutoveanu G* (Barnsley Hospital Nhs Foundation Trust); Ahad S, 

De La Cruz Monroy MFI, Mosley F*, Oktseloglou V* (Bradford Royal Infirmary); Alanbuki A*, 

Patel M, Shabana A (Brighton And Sussex Nhs Trust, Princess Royal Hospital); Perera E, 

Raveendran D, Ravi-Shankar K, Thiruchelvam J* (Broomfield Hospital); Arrowsmith L*, 

Campbell W* (Causeway Hospital); Grove T, Kontovounisios C, Warren O* (Chelsea And 



Westminster Hospital); Rolland P* (Cheltenham General Hospital); Aggarwal A, Brown S, 

Jelley C, Neal N* (Churchill Hospital); Clifford R, Eardley N, Krishnan E, Manu N, Martin E, 

Roy Mahapatra S, Serevina OL, Smith C, Vimalachandran D* (Countess Of Chester 
Hospital); Bordenave M*, Houston R, Putnam G, Robson A*, Tustin H (Cumberland 
Infirmary); Emslie K*, Labib PL*, Marchbank A, Miller D, Minto G, Natale J, Nwinee H, Panahi 

P, Rogers L* (Derriford Hospital); Abubakar A*, Akhter Rahman MM, Chan E, Ko KYK, 

O’Brien H, Sasapu K*, Woodun H (Diana Princess Of Wales Hospital Grimsby); Inglis R, Ng 

HJ* (Dumfries And Galloway Royal Infirmary); De Gea Rico A, Ghazali N*, Lambert J, 

Markose G, Math S, Sarantitis I, Shrestha D, Sultana A*, Taggarsi M, Timbrell S, Vaz OP, 

Vitone L* (East Lancashire Hospitals Nhs Trust); Day A*, Dent H, Fahim M, Waheed S* (East 
Surrey Hospital); Hunt A, Laskar N* (East Sussex Healthcare (Conquest Hospital And 
Eastbourne District General Hospital)); Gupta A*, Steinke J, Thrumurthy S (Epsom & St 
Helier University Hospitals Nhs Trust); Massie E, McGivern K, Rutherford D, Wilson M* 

(Forth Valley Royal Hospital); Hardie J, Kazzaz S* (Frimley Health Nhs Ft - Frimley Park); 

Handa S, Kaushal M, Kler A, Patel P*, Redfern J, Tezas S (Furness General Hospital); 
Aawsaj Y, Amonkar S, Barry C, Blackwell L, Blake D, Carter J, Emerson H, Fisher A*, Katory M, 

Korompelis P, McCormick W, Mustafa A, Pearce L, Ratnavelu N*, Reehal R (Gateshead 
Health Nhs Foundation Trust); Kretzmer L*, Lalou L, Manku B, Parwaiz I, Stafford J (George 
Eliot Hospital); Abdelkarim M, Asqalan A, Gala T, Ibrahim S, Maw A*, Mithany R, Morgan R*, 

Sundaram Venkatesan G (Glan Clwyd Hospital); Ang K, Caruana EJ*, Chowdhry MF, 

Mohammad A, Nakas A, Rathinam S (Glenfield Hospital); Boal M*, Brown O, Dwerryhouse S*, 

Higgs S, Vallance A (Gloucestershire Royal Hospital); Boyd E, Irvine V, Kirk A* (Golden 
Jubilee National Hospital); Bakolas G, Boulton A, Chandock A*, Khan T, Kumar M* (Good 
Hope Hospital); Agoston P, Billè A, Challacombe B*, Fraser S, Harrison-Phipps K, King J, 

Mehra G, Mills L, Najdy M, Nath R, Okiror L, Pilling J, Rizzo V, Routledge T, Sayasneh A*, 

Stroman L*, Wali A (Guy’s Hospital); Fehervari M*, Fotopoulou C*, Habib N, Hamrang-Yousefi 

S, Jawad Z, Jiao L, Pai M, Ploski J, Rajagopal P, Saso S, Sodergren M, Spalding D 

(Hammersmith Hospital); Laws S* (Hampshire Hospitals Nhs Trust); Hardie C, McNaught 

C* (Harrogate District Hospital); Alam R, Budacan A, Cahill J, Kalkat M*, Karandikar S*, 

Kenyon L, Naumann D, Patel A (Heartlands Hospital); Ayorinde J, Chase T, Cuming T, 

Ghanbari A, Humphreys L, Tayeh S* (Homerton University Hospital); Aboelkassem Ibrahim 

A, Bichoo R, Cao H, Chai AKW, Choudhury J, Evans C, Fitzjohn H, Ikram H, Langstroth M, 

Loubani M*, McMillan A, Nazir S, Qadri SSA, Robinson A, Ross E, Sehgal T, Wilkins A (Hull 
University Teaching Hospitals Nhs Trust); Dixon J*, Dunning J, Freystaetter K, Jha M, Lester 



S*, Madhavan A, Thulasiraman SV, Viswanath Y* (James Cook University Hospital); Curl-

Roper T, Delimpalta C, Liao CCL*, Velchuru V, Westwood E (James Paget Univeristy Nhs 
Foundation Trust Hospital); Belcher E*, Bond-Smith G*, Chidambaram S, Di Chiara F, 

Fasanmade K, Fraser L, Fu H, Ganau M*, Gore S, Graystone J, Jeyaretna D, Khatkar H, Lami 

M, Maher M, Mastoridis S, Mihai R, Piper R*, Prabhu S, Risk OBF, Selbong U, Shah K, Smillie 

R, Soleymani majd H, Sravanam S, Stavroulias D, Tebala GD, Vatish M*, Verberne C, Wallwork 

K, Winter S* (Oxford University Hospitals NHS Foundation Trust); Bhatti MI, Boyd-Carson 

H, Elsey E, Gemmill E, Herrod P*, Jibreel M, Lenzi E, Saafan T, Sapre D, Sian T, Watson N 
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