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Abstract

Background There are data on the safety of cancer surgery and the efficacy of preventive strategies on the prevention of
postoperative symptomatic COVID-19 in these patients. But there is little such data for any elective surgery. The main objectives
of'this study were to examine the safety of bariatric surgery (BS) during the coronavirus disease 2019 (COVID-19) pandemic and
to determine the efficacy of perioperative COVID-19 protective strategies on postoperative symptomatic COVID-19 rates.
Methods We conducted an international cohort study to determine all-cause and COVID-19-specific 30-day morbidity and
mortality of BS performed between 01/05/2020 and 31/10/2020.

Results Four hundred ninety-nine surgeons from 185 centres in 42 countries provided data on 7704 patients. Elective primary BS
(n=7084) was associated with a 30-day morbidity of 6.76% (n =479) and a 30-day mortality of 0.14% (n = 10). Emergency BS,
revisional BS, insulin-treated type 2 diabetes, and untreated obstructive sleep apnoea were associated with increased complica-
tions on multivariable analysis. Forty-three patients developed symptomatic COVID-19 postoperatively, with a higher risk in
non-whites. Preoperative self-isolation, preoperative testing for SARS-CoV-2, and surgery in institutions not concurrently
treating COVID-19 patients did not reduce the incidence of postoperative COVID-19. Postoperative symptomatic COVID-19
was more likely if the surgery was performed during a COVID-19 peak in that country.

Conclusions BS can be performed safely during the COVID-19 pandemic with appropriate perioperative protocols. There was no
relationship between preoperative testing for COVID-19 and self-isolation with symptomatic postoperative COVID-19. The risk

of postoperative COVID-19 risk was greater in non-whites or if BS was performed during a local peak.

Keywords COVID-19 - SARS-CoV-2 - Pandemic - Bariatric surgery - Obesity surgery - Revisional surgery

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has put
a severe strain on global healthcare resources. This along with
the realisation that perioperative severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection is associated
with high 30-day mortality (23.8%) [1] led to the cancellation
of millions of elective and semi-urgent surgical procedures
worldwide, including bariatric and metabolic surgery (BS)
[2].

It is also known that patients who inadvertently
underwent BS before the scale of the pandemic became
fully apparent and developed perioperative SARS-CoV-2
infection suffered significant morbidity [3]. There were
hence genuine concerns that the morbidity and mortality
of BS might be higher during the pandemic. This led to
several consensus statements and guidelines on the safe
resumption of BS [4-6]. The effect of adoption of these
consensus statements on the morbidity and mortality of
BS was, however, unknown. Knowledge of the factors
that are associated with morbidity and postoperative
COVID-19 infection might further allow us to improve
our recommendations for safe BS during the pandemic.

Recommendations for safe surgery during the pandemic
include routine preoperative reverse-transcriptase polymerase
chain reaction (RT-PCR) testing for SARS-CoV-2 and/or

@ Springer

preoperative self -isolation for variable time durations
[7-11]. Studies from cancer surgery further suggest that a
negative preoperative RT-PCR or operating in hospitals that
have “coronavirus disease (COVID-19) free” surgical path-
ways (complete segregation of the operating theatre, critical
care, and inpatient ward areas) is associated with a lower rate
of postoperative pulmonary complications [12, 13]. However,
data regarding the safety of non-cancer surgery such as BS
during the COVID-19 pandemic and whether the
above-mentioned pathways result in safer BS outcomes is
unknown.

Associations between obesity and severe COVID-19 [14,
15]; patients’ concerns regarding the availability and safety of
BS during the pandemic [16, 17]; and the negative impact of
the pandemic and lockdowns on the health and eating and
physical activity behaviours [18] further make it important
to examine the safety of BS during the COVID-19 pandemic.

We, therefore, conducted an international cohort study —
the global 30-day outcomes of bariatric surgEry iN thE
coVid-19 erA (GENEVA) to capture 30-day morbidity and
mortality of BS performed during the COVID-19 pandemic.
The results of the first 2001 patients who had their BS between
Ist May and 10th July 2020 were reported a few months ago
[19]. However, since July 2020, there have been further peaks
of COVID-19 globally. Hence, it was essential to continually
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monitor practice to ensure the safety of BS and explore pre-
dictors of complications and postoperative COVID-19.

As a result, we continued to collect data and expanded the
study to include 5703 more patients’ data submitted by 281
more surgeons from 58 more centres in 7 more countries. The
study hypothesis was that the 30-day morbidity and mortality
of BS performed globally during the COVID-19 pandemic
would be similar to the pre-pandemic figures. The study’s
primary outcome measure was all-cause and
COVID-19-specific 30-day morbidity and mortality of BS.
Secondary outcome measures were predictors of BS compli-
cations during the pandemic and the effect of preoperative
testing, preoperative self-isolation, hospital protocols, and lo-
cal pandemic burden on postoperative COVID-19 rates.

Methods
Study Design and Population

We conducted a global, multicentre, observational cohort
study of BS (elective primary, elective revisional, and emer-
gency) in adults (> 18 years) performed between 1/05/2020
and 31/10/2020. The study start date was 1st May to exclude
patients who underwent BS before the full scale of the pan-
demic and its effect on surgical patients became widely
known.

We included all consecutive adult patients undergoing
elective BS between 1st May and 31st October 2020 regard-
less of the surgical approach or the patient’s preoperative
COVID-19 status. All laparoscopic, open, robotic, or hybrid
surgical procedures were included. Laparoscopic sleeve gas-
trectomy, Roux-en-Y gastric bypass, and one anastomosis
gastric bypass procedures were identified separately, whereas
all others were pooled together in the “others” category.
Procedures included in the “others” category were a range of
diverse bariatric procedures. Data was also collected for pa-
tients undergoing emergency surgery related to previous bar-
iatric surgery. The participating centres and surgeons were
contacted using personal networks and national professional
BS societies (via newsletters, email, and social media groups
such WhatsApp®) and bariatric professionals’ networks on
LinkedIn®, Facebook®, and Twitter®.

This project was registered as a multinational audit (num-
ber: 5197) at the University Hospitals Birmingham NHS
Foundation Trust, UK. Each site project lead was responsible
for obtaining local governance approvals and data sharing
agreements before entering data into the registry. Patient’s
approval to share their anonymised data was obtained by the
individual collaborators and it was the responsibility of the site
leads to ensure that patient approval was in place and docu-
mented in the notes before entering data into the registry. The

site leads had to agree to these terms electronically before they
were allowed access to the registry to enter data.

Data Collected and Handling

Data collection included patients’ demographics, details of
surgery performed, preoperative COVID-testing protocols
and outcomes, in-hospital and 30-day COVID-19, and
surgery-specific morbidity and mortality. If a patient devel-
oped more than one complication, additional questions had to
be completed for each complication. This information was
collected using 77 questions (supplementary file).

Complications were captured using the Clavien-Dindo
(CD) classification system [20] for reporting surgical compli-
cations. This allowed for easier comparison of complication
data and captured all complications irrespective of their sever-
ity. We further captured individual complications that would
be important to the bariatric community such as bleeding and
leak rates and complications such as chest infection/
pneumonia that would be important in the context of the
COVID-19 pandemic. In case of more than one complication
occurring in the same patient, the highest CD score was
reported.

Data collected regarding the centre and the surgeon were
organised in 73 questions and included extensive profiling of
the centre, the surgeon, and the impact and handling of
COVID-19 in that centre. A copy of the questions can be
found in the appendix.

Study data were collected and managed using REDCap
electronic data capture tools hosted at the University of
Birmingham, UK. REDCap (Research Electronic Data
Capture) is a secure, web-based software platform designed
to support data capture for research studies [21, 22].

Data entered on REDCap were examined weekly for any
missing or erroneous data throughout the study period, and
site leads were contacted for clarification. Collaborators were
routinely contacted at 32 days following surgery if the 30-day
follow-up data had not been completed. The final dataset was
downloaded on the 10th of December once data queries had
been resolved. Data was subsequently re-examined for omis-
sions or abnormalities.

Statistical Methods

Continuous data were presented as mean + standard deviation
(SD) or median (IQR) depending on data distribution.
Frequencies were used to summarise categorical variables.
Independent t-test or Mann-Whitney U test was used to ex-
amine differences between continuous variables depending on
data distribution. A Chi-square test was used to compare cat-
egorical variables. Statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS) statistical
software, version 27.0 (SPSS Inc).

@ Springer
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The CD scale was used to assess outcomes in an ordinal
logit regression model. Variable selection was parsimonious,
with a small number of clinically determined predictors being
selected pragmatically, guided by univariate analysis. This
reduced the risk of overfitting or spurious associations.
Variables were checked iteratively using Akaike information
criterion scores to validate their inclusion in the multivariate
model. Checks were made for non-linear associations and
interactions were explored, though none were statistically sig-
nificant so a main-effects only model was used. The effect
sizes reported are odds ratios, specifically the odds of increas-
ing from one complication level to a higher one. A link test
was performed which gave a non-significant result suggesting
that the model was not severely misspecified. StataCorp.
2015. (College Station, TX: StataCorp LP.) was used to pro-
duce the model. A p value of < 0.05 was considered signifi-
cant unless stated otherwise.

To examine the relationship between the community bur-
den of COVID-19 pandemic and symptomatic post-operative
COVID-19, daily cumulative infection data were downloaded
from John’s Hopkins University git repository [23] and dif-
ferentiated to obtain daily numbers of new infection cases. To
analytically define peak maxima of new infections, data
curves for each country were fed through a low-pass
Butterworth filter. Maxima were automatically detected if lo-
cal maxima had a width of at least 7 days and reached at least
15% of the maximum number of infections of the country.

Results

A total of 499 surgeons from 185 centres in 42 countries
submitted data on 7734 patients who underwent BS between
Ist May 2020 and 3 1st October 2020 at the participating cen-
tres. Of these, complete 30-day morbidity and mortality data
were available for 7704 (99.6%) by the 10th of December
2020. Table 1 provides the basic demographics of these pa-
tients. Most patients (7084, 91.9%) underwent elective prima-
ry BS while 449 (5.8%) and 171 (2.2%) patients underwent
elective revisional BS and emergency surgery following a
previous BS respectively. The primary surgery population
mainly consisted of young white females (5197; 73.4%) with
severe obesity and a high prevalence of obesity comorbidities;
a quarter of the study population were non-whites (1813;
25.59%).

Of patients undergoing primary BS, laparoscopic sleeve
gastrectomy (LSG), laparoscopic Roux-en-Y gastric bypass
(LRYGB), and laparoscopic one anastomosis gastric bypass
(LOAGB) were performed in 3988 (51.8%), 2091 (14.2%),
and 705 (9.2%) patients, respectively. Three hundred (3.9%)
patients underwent “others” procedures. Other procedures in-
cluded a range of diverse bariatric surgical procedures and
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also procedures performed using open, robotic, and hybrid
surgical approaches.

30-Day Morbidity and Mortality (Table 2)

Four hundred seventy-nine (6.76%) patients undergoing pri-
mary BS developed at least one complication. Of these, 302
(4.26%) were minor CD grade I or II; and 177 (2.5%) were
CD grade II1, IV, or V. Overall, 49 (0.69%) patients required
management in intensive care (CD grades IV and V). Ten
(0.14%) patients died. Although complication rates were
higher in patients undergoing elective revisional surgery (n =
53/449, 11.8%) and those undergoing emergency surgery (n =
35/171, 20.46%) compared to primary BS, no deaths were
reported for these groups.

Factors affecting complications have been described in
Table 3. On logit regression analysis, increasing age, male
sex, being a current or former smoker (vs. non-smoker), hav-
ing insulin-dependent type 2 diabetes (T2D; vs. patients who
did not have diabetes), obstructive sleep apnoea (OSA) not on
continuous positive airways pressure (CPAP) (vs. patients did
not have OSA), hypertension, and hypercholesterolaemia
were associated with increased complication levels.
Emergency procedures and revisional procedures were asso-
ciated with higher odds of increased complications, as was
primary LRYGB or other primary procedures as compared
to primary LSG. Prior experience of the surgeon also appeared
significant.

Of the 10 patients who died [5 LSG, 4 LOAGB, and 1
laparoscopic single anastomosis duodeno-ileal bypass pa-
tients], seven (70.0%) were females. Four of these died due
to leaks (3 following LOAGB and 1 following LSG), two died
due to pulmonary embolism (PE), one died of COVID-19
pneumonia with PE, one died of mesenteric thrombosis, one
died of bleeding, and one died of multi-organ failure (not
otherwise specified; further data was not available for this
patient).

The patient who was diagnosed with COVID pneumonia
postoperatively had been advised to self-isolate for 2 weeks
preoperatively and also had a negative RT-PCR preoperative-
ly. Of the remaining 9 patients, 3 (33.3%) had been advised
preoperative self-isolation; 6 (66.6%) had preoperative testing
for SARS-CoV-2.

Perioperative COVID-19 Protocols (Table 4)

Overall, 54% (n = 4068) of elective (primary and revisional)
patients were not recommended any preoperative
self-isolation. Similarly, 19.8% (n = 1491) of the patients
did not undergo any preoperative testing to rule out
SARS-CoV-2 infection. One hundred thirty-six out of 185
centres indicated that they were treating COVID-19 patients
in the same hospitals (6086 patients; 79%), as opposed to 49
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Table 1 Basic demographic details of all patients undergoing elective primary BS, elective revisional BS, and emergency procedures
Elective primary surgery Elective revisional surgery Emergency
surgery
All primary LSG RYGB OAGB Others* All Conversional Other
procedures revisional  surgery revisional
procedures procedures
Total number 7084 3988 2091 705 300 449 285 164 171
Age 40.35+11.9 3878+11.9 43.01+ 41.13 + 40.86 = 44.81 4376 £109 46.64 £ 4529 +
11.4 11.3 11.9 10.9 10.7 119
Sex (M: F) 1886 1100 496 208 82 84 56 (19.6%): 28 (17.1%): 27 (15.8%):
(26.6%): (27.6%): (23.7%): (29.5%):  (273%-  (18.7%- 229 (80.4%) 136 144
5197 2888 1594 497 ): 218 ): (82.9%) (84.2%)
(73.4%) (72.4%) (76.2%) (70.5%) (72.7%) 365
1 (0.01%)** 1 (0.01%) (81.3%)
ok
Weight (in kg) 119.49 + 119.51 118.81 = 12246+ 11691+ 10435+ 108.1+24.1 9785+ 87.54 +
244 25.6 212 26.1 25.2 24.8 24.6 24.8
BMI 43.03+£6.9 43.14+74 4252457 44.19+75 4229+ 38.05+ 39.51+£8.6 3552+8.6 31.08+7.9
7.8 8.8
Ethnicity data
White 5271 3018 1445 541 267 (89%) 374 232 (81.4%) 142 155
(74.41%) (75.68%) (69.11%)  (76.74- (83.3%) (86.59%)  (90.64%)
%)
Non-white™**#* 1813 970 646 164 33(11%) 75 53 (18.6%) 22 16 (9.36%)
(25.59%) (24.32%) (31.89%)  (23.26- (16.7%) (13.41%)
%)
Asian
Black or African 108 14 19 13 (456%)  6(3.66%) 2 (1.17%)
(5.16%) (4.67%)  (4.23%)
American 398 (5.62%) 184 (4.61%) 34 (1.63%) 92 2(0.67%) 10 4 (1.4%) 6 (3.66%) 6 (3.51%)
(13.05- (2.23%)
%)
Hispanic or Latino 87 (1.23%) 51 (1.28%) 500 0 17 45 35(12.28%) 10(6.1%) 7 (4.09%)
(23.91%) (5.67%)  (10.02-
%)
Native Hawaiian or 1394 716 1(0.05%) 71 0 1(022%) 1(0.35%) 0 0
other (18.41%) (17.95%) (10.07-
%)
Pacific Islander 14 (02%)  12(03%) 3(0.14%) 1(0.14%) O 0 0 0 1 (0.58%)
American Indian or 10 (0.14%) 7 (0.18%) 0
Alaska Native
Co-morbidity data
Any co-morbidity 4879 2546 1555 564 214 260 178 (62.46%) 82 (50%) 74
(68.9%) (63.86%) (7437%)  (80.11- (71.33- (57.91- (43.27%)
%) %) %)
Type 2 Diet 421 (59%) 205 (5.14%) 109 76 (10.8%) 31 18 9 (3.16%) 9 (549%) 7 (4.09%)
diabetes con- (5.21%) (10.33- (4.01%)
mellitus trolled %)
Oral 860 (12.1%) 392 (9.83%) 296 113 59 34 25@8.77%) 9 (549%) 8 (4.68%)
medica- (14.16%)  (16.05- (19.67- (7.57%)
tion %) %)
Insulin 253 (3.6%) 75 (1.88%) 101 49 (6.96%) 28 14 10 (3.51%) 4 (244%) 3 (1.75%)
depen- (4.83%) 9.33%)  (3.12%)
dent
Hypertension 2189 1100 724 275 90 (30%) 113 82 (28.77%) 31 (189%) 37
(30.9%) (27.59%) (34.62%)  (39.06- (25.17- (21.64%)
%) %)
Sleep Not on 857 (12.1%) 449 221 155 32 21 19 (6.67%)  2(1.22%) 13 (7.6%)
apnoea CPAP (11.26%) (10.57%)  (22.02- (10.67- (4.68%)
%) %)
on CPAP 949 (13.4%) 529 297 76 (10.8%) 35(7.8%) 25(8.77%)  10(6.1%) 3 (1.75%)
(13.27%) (14.2%)
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Table 1 (continued)

Elective primary surgery Elective revisional surgery Emergency
surgery
All primary LSG RYGB OAGB Others* All Conversional ~ Other
procedures revisional  surgery revisional
procedures procedures
47
(15.67-
%)
Hypercholesterolaemia 1523 762 476 224 61 49 38 (13.33%) 11(6.71%) 22
(21.5%) (19.11%) (22.76%)  (31.82- (20.33- (10.91- (12.87%)
%) %) %)
Others 2061 1076 656 243 86 123 86 (30.18%) 37 35
(29.1%) (26.99%) (31.37%)  (34.52- (28.67- (27.39- (22.56%)  (20.47%)
%) %) %)
Smoking status
Current smoker 1039 647 195 113 84 (28%) 67 42 (14.74%) 25 32
(14.7%) (16.23%) (9.33%) (16.05- (14.9%) (15.24%)  (18.71%)
%)
Ex-smoker 928 (13.1%) 431 388 62 (8.81%) 47 91 56 (19.65%) 35 35
(10.81%) (18.56%) (15.67- (20.3%) (21.34%)  (20.47%)
%)
Non-smoker 5114 2909 1507 529 169 291 187 (65.61%) 104 103
(72.2%) (72.96%) (72.07%)  (75.14- (56.33- (64.8%) (63.41%)  (60.23%)
%) %)

*Qther primary procedures: SAS/ single anastomosis sleeve ileal bypass, banded sleeve, SADI-S single anastomosis duodeno-ileal bypass with sleeve
gastrectomy, open primary procedures, robotic primary procedures, resectional gastric bypass, gastroplication with OAGB, gastroplication, SAG/ single

anastomosis gastro-ileal bypass, BPD bilio-pancreatic diversion

**denotes transgender

*#+Non-white: Asian, Black or African American, Hispanic or Latino, Native Hawaiian or other Pacific Islander, and American Indian or Alaska Native

centres where the facility was not treating COVID-19 patients
(1618 patients; 21%). Testing of staff was performed in 67
centres (2144 patients; 27.8%).

Postoperative COVID-19

Of the 42 countries, 34 countries had at least one peak of
COVID-19 during the study period (Table 5). A total of
6092 (79%) patients were entered into the database from these
countries [23].

Forty-three patients (0.56%) developed symptomatic
COVID-19 postoperatively. These patients were from
Mexico (n = 8), Italy (n = 5), Egypt (n = 4), India (n = 4),
Saudi Arabia (n = 4), Turkey (n = 4), Argentina (n = 3), the
Netherlands (n = 3), Brazil (n = 2), Iran (n = 2), Israel (n = 2),
Ecuador (n = 1), and UK (n = 1). Thirty-eight had undergone
elective primary BS; two had undergone elective revisional
BS, and three had undergone emergency surgery. Further at-
tributes for patients who developed symptomatic COVID-19
postoperatively are described in Table 6.

Majority of these were either CD grade I (n =29; 67.4%) or
grade II (n = 11; 25.6%) complications. There were two CD
grade IV (4.65%) and one CD grade V (2.32%) complica-
tions. Thus, there was one mortality due to COVID-19 in this
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study. This patent was a 35-year-old female, who had a BMI
of 70.0 kg/m? along with, T2D on insulin, hypertension, OSA,
hypercholesterolaemia, and previous history of deep vein
thrombosis and underwent LOAGB. This patient had tested
negative on RT-PCR and was recommended self-isolation for
2 weeks before surgery. She was discharged home the day
after surgery and presented 10-days later with COVID-19
pneumonia. The initial surgery for this patient had been per-
formed in a small-sized district general hospital which also
treated COVID-19 patients concurrently. This patient had sur-
gery during the top tertile of SARS-CoV-2 infection incidence
for the country.

Factors Associated with Symptomatic Postoperative
COVID-19 (Table 6)

On univariate analysis of biological plausible variables, only
non-white ethnicity was significantly associated with symp-
tomatic post-operative COVID-19 (p = 0.013; white, 25/5800;
58.1% of COVID-19-positive patients; non-white, 18/1904;
41.9% of COVID-19-positive patients).

The proportion of people who were advised to self-isolate
was greater in the cohort that developed COVID-19 compared
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Table 2  30-day morbidity and mortality of elective primary BS, elective revisional BS, and emergency procedures
Primary surgery Revisional surgery Emergency
surgery
All primary LSG RYGB OAGB Others Allrevisional  Conversional Others
procedures procedures surgery
7084 3988 2091 705 300 449 285 164 171
Highest grade
Clavien Dindo grade | 166 (2.34%) 84 63 11 8 15 (3.34%) 11 (3.86%) 4 12 (7.02%)
2.1- (3.0- (1.5- (2.6- (2.44-
1%) 1%) 6%) 7%) %)
Clavien Dindo grade I 136 (1.92%) 63 48 17 8 11 (2.45%) 6 (2.11%) 5 11 (6.43%)
(1.5- (2.3- (2.4- (2.6- (3.05-
8%) %) 1%) 7%) %)
Clavien Dindo grade Illa 33 (0.47%) 16 8 7 2 8 (1.78%) 5(1.75%) 3 1 (0.58%)
0.4- (0.3- 0.9- 0.6- (1.83-
%) 8%) 9%) 7%) %)
Clavien Dindo grade IIIb 95 (1.34%) 50 31 12 2 13 (2.9%) 8 (2.81%) 5 10 (5.85%)
(1.2- (1.4- (1.7- (0.6- (3.05-
5%) 8%) %) 7%) %)
Clavien Dindo grade [Va 32 (0.45%) 13 15 3 1 5(1.11%) 4 (1.4%) 1 1 (0.58%)
(0.3- (0.7- 0.4- (0.3- 0.61-
3%) 2%) 3%) 3%) %)
Clavien Dindo grade IVb 7 (0.1%) 3 2 0 2 1 (0.22%) 1 (0.35%) 0 0
(0.0- (0.1- (0.6-
8%) %) 7%)
Clavien Dindo grade V 10 (0.14%) 4 0 4 2 0 0 0 0
(0.1- 0.5- 0.6-
%) 7%) 7%)
All complications 479 (6.76%) 233 167 54 25 53 (11.8%) 35(122%) 18 35 (20.46%)
(5.8- (7.9- (7.6- (8.3- (10.9-
4%) 8%) 5%) 3%) 8%)
Clavien Dindo grade I and II 302 (4.26%) 147 111 28 16 26 (5.79%) 17 (5.96%) 9 23 (13.45%)
(3.6- (5.3- (3.9- (5.3- (5.49-
8%) 0%) 7%) 3%) %)
Clavien Dindo grade I, IV, V. 177 (2.50%) 86 56 26 9 27(6.01%) 18(6.31%) 9 12 (7.01%)
2.1- (2.6- (3.6- (3.0- (5.49-
5%) 7%) 8%) %) %)
COVID infection
COVID-19 38 (0.54%) 20 10 5 3(1%) 2(0.45%) 0 2 3 (1.75%)
(0.5- 0.4- 0.7- (1.22-
%) 8%) 1%) %)
Specific complications
Bleeding 120 (1.69%) 57 41 20 2 9 (2%) 5(1.75%) 4 0
(1.4- (1.9- (2.8- 0.6- (2.44-
3%) 6%) 4%) 7%) %)
Leak from gastrointestinal tract 50 (0.71%) 26 13 9 2 9 (2%) 8 (2.81%) 1 2 (1.17%)
0.6- (0.6- (1.2- (0.6- 0.61-
5%) 2%) 8%) 7%) %)
Wound infection 42 (0.59%) 20 11 7 4 11 (2.45%) 4 (1.4%) 7 6 (3.51%)
(0.5- (0.5- 0.9- (1.3- (4.27-
%) 3%) 9%) 3%) %)
Postoperative pneumonia (not 15 (0.21%) 5 7 1 2 3 (0.67%) 2 (0.7%) 1 3 (1.75%)
otherwise specified) (0.1- (0.3- 0.1- 0.6- 0.61-
3%) 3%) 4%) 7%) %)
DVT 3 (0.04%) 2 1 0 0 0 0 0 1 (0.58%)
(0.0- (0.0-
5%) 5%)
PE 7 (0.1%) 2 3 1 1 0 0 0 0
(0.0- (0.1- 0.1- 0.3-
5%) 4%) 4%) 3%)
Other* 244 (3.44%) 112 93 25 14 32 (7.13%) 22(7.72%) 9 27 (15.79%)
(2.8- (4.4- (3.5- (4.6- (5.49-
1%) 5%) 5%) 7%) %)
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*QOther complications: anaesthetic complications, atelectasis, bowel obstruction, cardiovascular changes, constipation, dehydration, dermatological
changes, diarrhoea, dumping syndrome, dysphagia, electrolyte imbalance, fistula, hernia, hyperglycaemia, hypertension, hypoglycaemia, hypotension,
ileus, inflammation of local structures, intra-abdominal abscess formation, intraoperative damage to local structures, myocardial infarction, nausea, pain,
perforation, port-site haematoma, postoperative pyrexia, reflux, renal failure, type 1 and 2 respiratory failure, ulceration, urinary tract infection, venous
thromboembolism (non DVT/PE), and wound dehiscence

to those who did not develop COVID-19 (60.5%; 26/43 vs. Similarly, there was no difference in the proportion of pa-

44.1% 3290/7460, p = 0.03). tients who underwent BS in hospitals also looking after
There was no significant difference in the proportion of pa-  COVID-19 patients as compared to those who weren’t

tients who had preoperative testing for SARS-CoV-2 between  (74.4%; 32/43 vs 79.0%; 6054/7661).

those who did and did not develop postoperative symptomatic

COVID-19 (81.4%; 35/43 vs 79.6%; 6100/7661).

Table 3  Univariate and logit regression analysis (7687 observation) for the risk of postoperative surgical complications within 30 days. *** p <0.01,
sk *
p<0.05 *p<0.1

Univariate analysis Regression analysis
No complication Complication p value Odds ratio Confidence intervals
(7137 patients) (567 patients)
Age (year increase) 40.52+11.8 43.14 £ 12 < 0.001 1.008* 1.000-1.017
Sex = male 1822 (25.53%) 175 (30.86%) 0.02 1.259%* 1.033-1.534
BMI (unit increase) 425+73 419+84 0.71 0.993 0.981-1.006
Non-white 1755 (24.9%) 129 (22.8%) 0.26 1.020 0.797-1.305
Type 2 diabetes mellitus Diet controlled 398 (5.6%) 41 (7.2%) < 0.001 1.141 0.800-1.630
Oral medication 790 (11.1%) 54 (9.5%) 0.681%** 0.497-0.931
Insulin dependent 233 (3.3%) 37 (6.5%) 1.451* 0.987-2.134
Hypertension 1434 (20.1%) 161 (28.4%) < 0.001 1.083 0.879-1.334
Sleep apnoea Not on CPAP 802 (11.2%) 89 (15.7%) 0.001 1.107 0.842-1.457
on CPAP 902 (12.6%) 85 (15%) 0.107 1.395%* 1.076-1.809
Hypercholesterolemia 1434 (20.1%) 161 (28.4%) < 0.001 1.440%** 1.161-1.786
Other co-morbidities 1.062 0.874-1.290
Smoking status (past or current) 1988 (27.9%) 204 (36%) < 0.001 1.253%* 1.038-1.513
Surgery category reference — primary LSG 3755 (52.6%) 233 (41.1%) < 0.001
Surgery category Emergency surgery 136 (1.91%) 35 (6.17%) 3.089%%** 1.983-4.814
Revisional surgery 396 (5.5%) 53 (9.3%) 1.927%%#:* 1.374-2.701
RYGB 1924 (27%) 167 (29.5%) 1.219% 0.978-1.521
OAGB 651 (9.1%) 54 (9.5%) 1.244 0.902-1.716
Other primary surgeries 275 (3.9%) 25 (4.4%) 1.492* 0.931-2.392
Hospital size reference < 200 beds 2127 (29.8%) 134 (23.6%) < 0.001
Hospital capacity 200- 499 2156 (30.2%) 161 (28.4%) 1.068 0.818-1.395
(beds) 500-999 1886 (26.4%) 194 (34.2%) 1.140 0.841-1.545
1000-1999 691 (9.7%) 64 (11.3%) 1.191 0.831-1.707
> 2000 277 (3.9%) 14 (2.5%) 0.735 0.383-1.409
Hospital category reference — district general 2247 (31.5%) 145 (25.6%) < 0.001
Hospital category Teaching hospital 2254 (31.6%) 217 (38.3%) 1.43]%%* 1.105-1.852
University hospital 2636 (36.9%) 205 (36.2%) 1.088 0.836-1.414
Surgeon experience reference < 500 procedures 1129 (15.8%) 110 (19.4%) < 0.001
Surgeon experience 500-999 827 (11.6%) 35 (6.2%) 1.167 0.862 - 1.581
(procedures) 1000-2000 4264 (59.7%) 322 (56.8%) 0.754%+* 0.587-0.968
> 2000 917 (12.8%) 100 (17.6%) 0.434#5% 0.285-0.659
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Table 4  Perioperative COVID-19 safety protocols
Was patient asked to self (or home) isolate before the surgery?
Elective surgery (n = 7533) Emergency surgery (n = 171)
Yes, for approximately 1 week 2067 (27.4%) 1 (0.6%)
Yes, for approximately 10 days 163 (2.2%) 2 (2.1%)
Yes, for approximately 2 weeks 1061 (14.1%) 22 (12.9%)
No self-isolation recommended 4068 (54%) 119 (69.6%)
Other durations 174 (2.3%) 27 (15.8%)
Preoperative testing
Did the patient undergo any specific test for 6042 (80.2%) 93 (54.4%)
SARS-CoV-2/ COVID-19 preoperative-
ly
to rule out active infection or confirm
immunity?
Name of test Positive Negative Not tested/not avail-  Positive ~ Negative Not tested/ Not avail-
able able
RT PCR 11 5193 838 (11.12%) 2 72 19 (11.11%)
0.15%)  (68.94%) (1.17- (42.11%)
Po)
Antigen test 0 279 (3.7%) 5757 (76.42%) 0 23 70 (40.94%)
(13.45%)
Antibody test 17 671 (8.91%) 5344 (70.94%) 0 3 (1.75%) 90 (52.63%)
(0.23%)
Chest X ray 9(0.12%) 3593 (47.7%) 2424 (32.18%) 3 38 52(30.41%)
(1.75- (22.22%)
%)
CT scan chest 9(0.12%) 1163 4852 (64.41%) 1 13 (7.6%) 79 (46.2%)
(15.44%) (0.58-
Po)
Was PPE (FFP3/N95) used in theatre? Yes 3316 (44.02%) Yes 49 (28.65%)
No 4217 (55.98%) No 122 (71.35%)

The Temporal Relationship Between the Country
Incidence of COVID-19 and the Reported Post-BS
Symptomatic COVID-19 Cases (Fig. 1)

With regard to the incidence of COVID-19 for individual
countries, data from Ecuador, Iran, and Turkey were excluded
from this analysis due to the absence of an obvious peak
during the study period.

Symptomatic postoperative COVID-19 was more likely to
develop (0.7%; 34/4674 cases) when all/part of the postoper-
ative 30-day follow-up was within the top tertile of
SARS-CoV-2 infection incidence for that country as opposed
to when the incidence was in the bottom two tertiles (0.1%; 2/
1924 cases). This difference was statistically significant (p <
0.001).

Hospital and Surgeon Characteristics

Data was equally represented from district general hospitals
vs. teaching hospitals vs. university hospitals (2392 (31%) vs.
2471 (32.1%) vs. 2841 (36.9%) patients). The majority of the

data were from hospitals with a bed capacity of < 1000 beds—
5152 (66.9%) patients. A majority of the surgeons had per-
formed between 1000 and 2000 procedures — 4586 (59.5%).

Discussion

This is the biggest study on patients undergoing any
non-cancer surgery during the pandemic. This study showed
that elective BS performed during the COVID-19 pandemic is
probably safe with low 30-day morbidity and mortality and
very low risk of symptomatic COVID-19, most of which were
mild severity infections. This study also identified the factors
associated with 30-day complications and symptomatic
COVID-19 post-BS. These findings should reassure patients
and health care providers regarding the safety of BS during the
COVID-19 pandemic.

The burden of the pandemic has been uneven across the
globe and also fluctuated widely from month to month within
regions. At times, the healthcare systems have been too
overwhelmed to allow for any elective surgery to take place.
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Table 5 Country-wise reporting of cases and the relationship of the
peak incidence of COVID-19 to the study period (1st May—30th Nov).
(Based on https://github.com/CSSEGISandData/COVID-19/tree/master/

csse_covid 19 data/csse covid 19 time series accessed 01/12/2020 at
14:00 GMT). Shaded lines represent countries that did not have a peak of
COVID-19 incidence during the study period

Andorra Europe 16 22/10/20 during
Argentina South America 116 3 13/10/20 during
Australia Australia 124 30/07/20 during
Belgium Europe 114 25/10/20 during
Brazil South America 266 2 02/08/20 during

Colombia South America 52 12/08/20 during
Croatia Europe 11 29/11/20 during
France Europe 370 31/10/20 during
Germany Europe 423 01/04/20 before
Greece Europe 142 14/11/20 during
India Asia 290 4 13/09/20 during

Ireland Europe 67 18/10/20 during
Israel Asia 160 2 23/07/20 during
Italy Europe 1223 5 12/11/20 during
Jordan Asia 26 15/11/20 during
Lebanon Asia 22 09/11/20 during

Mexico North America 754 8 24/07/20 during
Netherlands Europe 772 3 25/10/20 during
Oman Asia 2 07/07/20 during
Pakistan Asia 17 14/06/20 during
Poland Europe 108 11/11/20 during
Portugal Europe 168 16/11/20 during
Romania Europe 61 12/08/20 during
Russia Europe/Asia 19 16/05/20 during
Saudi Arabia Asia 107 4 23/06/20 during
Singapore Asia 28 01/05/20 during
Slovenia Europe 11 14/11/20 during
Spain Europe 289 01/11/20 during
Sweden Europe 32 14/06/20 during
Syria Asia 25 22/08/20 during

United Arab Emirates Asia 158 19/05/20 during
United Kingdom Europe 263 1 03/11/20 during
United States of America North America 104 21/07/20 during
Venezuela South America 19 02/09/20 during
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Table 6 Factors associated with symptomatic postoperative COVID-19

Symptomatic postoperative COVID-19 p value
Yes No
Non-white ethnicity 18 (41.8%) 1886 (24.6%) 0.013
Preoperative self-isolation 26 (60.5%) 3290 (44.1%) 0.031
Preoperative testing 35 (81.4%) 6100 (79.6%) 0.774
Hospitals also treating COVID-19 patients 32 (74.4%) 6054 (79%) 0.46
Use of PPE in theatre 23 (0.7%) 4319 (99.5%) 0.193

However, as is evident from our study, there have also been
times when some surgical teams have had a more favourable
pandemic condition and the resources to carry out elective
surgery such as BS. This is probably a result of the massive
global effort on the development of consensus guidelines and
prioritisation criteria on safe resumption of BS [4, 6, 24]. But
there is little data on the safety of the BS during the pandemic
with the adoption of some or all of these recommendations. In
particular, there is a need to understand the efficacy of proto-
cols in identifying asymptomatic SARS-CoV-2 infected pa-
tients and reducing viral transmission within healthcare facil-
ities. We also need to understand if other changes imposed by
the pandemic such as recommendations to avoid laparoscopic

surgery without any definite evidence [25]; deskilling of the
surgical teams; recommendations to shorten hospital stay of
patients and increased use of telemedicine[4, 6]; and recom-
mendations to operate on highest risk patients first [24] have
impacted the safety of BS.

In our first report from this dataset [19], we had concluded
that the 30-day morbidity and mortality of elective primary BS
at 6.8% and 0.05%, respectively, seemed similar to the
pre-pandemic figures. These figures have remained broadly
unchanged at 6.76% and 0.14% even though we now have
7084 elective primary BS patients as opposed to 2001 in our
initial report [19]. These figures appear similar to large
pre-pandemic BS datasets [26-28].
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Fig. 1 The temporal relationship between the country incidence of
COVID-19 and the reported post-BS symptomatic COVID-19 cases.
Daily cumulative infection data were downloaded from John’s Hopkins
University git repository'® and differentiated to obtain daily numbers of
new infection cases. In order to analytically define peak maxima of new
infections, data curves for each country were fed through a low-pass
Butterworth filter. Maxima were automatically detected if local maxima
had a width of at least 7 days and reached at least 15% of the maximum
number of infections of the country. Day of surgery is indicated for each

Sep oct Nov

Month

SARS-CoV2 positive patient with a dot. The darker shaded area after
each dot indicates the 30-day follow-up period. The study period started
at 01/05/2020 and ended at 30/11/2020. The top three panels were used to
show this data due to the differences in the scale of incidence of SARS-
CoV-2 infection in respective countries. The bottom panel illustrates the
tertiles and infections/ day in Argentina. Patient A had date of surgery and
30-day follow-up within the lower and middle tertile. Patient B had the
30-day follow-up in the top tertile and Patient C had date of surgery and
30-day follow-up in the top tertile of the number of cases
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It would be particularly interesting to know what percent-
age of patients undergoing BS during the pandemic develops
symptomatic COVID-19 postoperatively and the outcomes of
those who were inadvertently operated on whilst positive for
SARS-CoV-2 at the time of the surgery. This makes the emer-
gency cohort in our study of particular interest especially be-
cause we know that patients with perioperative SARS-CoV-2
have significantly higher morbidity and mortality [1]. At the
same time, the outcomes of the different cohorts — primary
elective BS, primary revisional BS, and emergency surgery
groups — have been clearly and separately presented in this
study as they have different characteristics. Of note, two emer-
gency patients in this study were positive for SARS-CoV-2 at
the time of the surgery — one developed COVID pneumonia
and the other remained symptomatic. Neither of the two died.

The incidence of symptomatic COVID-19 postoperatively
was low in our study, and most of these were mild (CD grade I
or II). This may be due to several factors such as low disease
burden in the community or effective preoperative strategies
or measures to reduce in-hospital transmission of the virus.
Overall, it does suggest that measures adopted locally by bar-
iatric surgery teams were effective in preventing postoperative
COVID-19. The single COVID-related mortality reported
was a high-risk patient with severe obesity, multiple
co-morbidities who had also tested negative for
SARS-CoV-2 infection preoperatively. This patient presented
10 days after surgery. Since the median incubation period of
COVID-19 is around 4 days [29], this patient probably ac-
quired the virus postoperatively. This might suggest a need
to develop protocols for postoperative protection for high-risk
patients. Such an approach would be supported by another
study on benign surgery (Trauma and Orthopaedics) by
Karayiannis and colleagues [30] where authors recommended
the development of effective strategies to reduce “post-opera-
tive exposure to the virus”. However, specific lessons that
were learnt by the team where this unfortunate event happened
were not captured in this study. This needs to be examined in
future studies on this topic. Similarly, based on just one mor-
tality, it would be unreasonable to conclude that patients with
significant co-morbidities should not be offered BS during the
pandemic.

Blood coagulation disorders continue to be an area of much
interest during this pandemic [31, 32]. Patients in this study
who died of pulmonary embolism or mesenteric venous
thrombosis were not positive for SARS-CoV-2. We could
not obtain detailed information on the patient who died of
multiorgan failure (NOS) as the patient was treated in a dif-
ferent facility and the original surgeon could not provide us
with all the details. However, the surgeon did not report this
patient as having suffered from postoperative COVID-19.

With regard to perioperative strategies, there is data on
preoperative RT-PCR testing and COVID-free pathways in
the context of cancer surgery [12, 13] but not for patients
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undergoing benign surgery. In this study, preoperative viral
testing or surgeries in a facility that was not treating
COVID-19 patients were not associated with less postopera-
tive symptomatic COVID-19 infection. Interestingly, we
found that those who were advised preoperative
self-isolation were significantly more likely to develop post-
operative symptomatic COVID-19. This could be due to an
overall higher viral burden in those communities at the time of
preoperative consultation/counselling. One could hypothesise
that surgical teams in areas with higher viral community load
were more likely to recommend preoperative self-isolation. It
is a counterintuitive association that needs examination in fur-
ther focussed studies. Furthermore, the true protective effect
of preoperative self-isolation may have been masked by the
preoperative testing for SARS-CoV-2 infection as the major-
ity of the patients in this study underwent some form of
testing.

The risk of developing postoperative symptomatic
COVID-19 was greater when the surgery or part of the
30-day follow-up occurred during the peak of COVID-19 inci-
dence for that country. This might suggest a need for measures
to reduce postoperative viral exposure. However, this informa-
tion cannot be used to determine the level of pandemic burden
when it would be safe to perform BS in any particular region
since this information can only be worked out retrospectively
with our methodology (BS was safer when the country inci-
dence was in the lower two tertiles as opposed to the higher
tertile).

The data from this study supports data from previous stud-
ies that patients of non-white ethnicity were at a higher risk of
symptomatic COVID-19 postoperatively [33]. This may be
due to several factors as non-white patients in this study come
from countries with diverse healthcare systems and disease
burdens [34]. Even within the same country, non-white pop-
ulations may be at higher risk due to socio-economic and
cultural factors. In light of these findings, additional and more
stringent COVID-19-specific perioperative protocols could be
considered for non-white patients who are undergoing BS.
These could include stricter preoperative testing and
self-isolation; more stringent precautions such as
mask-wearing; segregation from emergency patients; use of
PPE in the healthcare facility; easy access to surgical teams
postoperative; and postoperative self-isolation.

This is the first multinational study to examine complica-
tions of BS and the predictors of these complications. In this
study, we found that increasing age, male sex, or current or
former smoking predicted the severity of complications fol-
lowing BS. This has previously been documented in the liter-
ature [35]. Emergency and revisional bariatric surgery were
associated with a higher risk of postoperative complications as
was primary RYGB. This reflects the complexity of emergen-
cy and revisional BS. Similarly, a higher risk of complications
with RYGB has been previously reported [36]. It is worth
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noting here that though complication rates were higher for
both LRYGB and LOAGB (compared to LSG), this differ-
ence was only significant for LRY GB after adjustment for risk
factors. This data also confirmed a higher risk of complica-
tions with insulin-treated T2D, untreated obstructive sleep ap-
noea, hypertension, and hypercholesterolaemia. The associa-
tion of T2D with increased morbidity and mortality after BS
has been previously reported [36]. The data supported that
increasing surgical experience was associated with a lower
risk of postoperative complications and that type of hospital
affected the risk of postoperative complications.

The findings of this study might also be relevant to the
wider category of minor and intermediate-risk elective surgi-
cal procedures in the context of the pandemic [37]. Until con-
clusive research on this subject, the findings of this study
might suggest a role for postoperative isolation and additional
protocols in non-white patients.

Study Limitations

This study has several limitations. It only includes data of
participating centres and may therefore not represent the real
global picture. The outcomes of this study are only applicable
to the study population and cannot be extrapolated to popula-
tions whose composition is different from the current study in
terms of age, sex, and racial characteristics. Also, data report-
ed from countries was not proportional to the prevalence of
pre-pandemic bariatric surgery in those countries. Notably, the
numbers from the USA and Brazil are fewer than expected.
This may be due to several factors such as the pandemic bur-
den in those countries at the time of the study or engagement
of surgical teams within those countries with this study.
There was no data available for 30 patients. However, com-
plete 30-day follow-up data on 99.6% of the patients should
be considered satisfactory. Also, though all reasonable care
was undertaken to ensure our collaborators knew the impor-
tance of submitting all consecutive patients during the study
period, we cannot be certain of that. At the same time, repeat-
ed reminders on the importance of this should have encour-
aged it. Although data on self-isolation has been presented, no
attempts were made to capture adherence to self-isolation or
mode of self-isolation (co-self-isolation with household).
Only patients with symptomatic infection were reported by
the collaborators. The local prevalence data and incidence of
postoperative SARS-CoV-2 infection have been presented
over the entire study period and have not been divided into
monthly periods. Finally, data on complications were
self-reported by surgical teams and may therefore not repre-
sent an accurate picture. There remains the possibility that
complications were underreported by collaborators. Authors
though hope that anonymous data collection would have re-
duced any underreporting of complications. Furthermore, no
attempt was made by the authors to identify data from

individual participants in this global collaborative study.
Data were only analysed as a whole. We further encouraged
reporting of complications by asking collaborators to actively
confirm the absence of complications at the 30-day mark.

Study Strengths

The study has several strengths such as a large sample size, the
global reach of the study, and extensive data profiling. Almost
80% of the data was collected from countries that had at least
one peak of COVID-19 during the study period. With 99.6%,
30-day follow-up data, authors have high confidence that these
findings represent true figures in the participating centres. The
use of a validated CD system of reporting complications for
such a large dataset further adds to the robustness of our study.
The large sample size allowed the examination of predictors of
complications and postoperative symptomatic COVID-19.

Conclusion

Bariatric and metabolic surgery can be performed safely dur-
ing the COVID-19 pandemic with appropriate perioperative
protocols. Non-white ethnicity and having surgery during a
local peak of COVID-19 for that country were associated with
a greater risk of symptomatic COVID-19 postoperatively.
There was no relationship between preoperative testing for
COVID-19/ preoperative self-isolation and incidence of
symptomatic postoperative COVID-19 perhaps suggesting
that the measures to reduce the postoperative viral exposure
are equally important.
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