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Objective: The first COVID-19 pandemic wave was a period of reduced surgical activity and redistribution of
resources to only those with late stage or critical presentations. This Vascular and Endovascular Research
Network COVID-19 Vascular Service (COVER) study aimed to describe the six-month outcomes of patients who
underwent open surgery and or endovascular interventions for major vascular conditions during this period.
Methods: In this international, multicentre, prospective, observational study, centres recruited consecutive
patients undergoing vascular procedures over a 12-week period. The study opened in March 2020 and closed to
recruitment in August 2020. Patient demographics, procedure details, and post-operative outcomes were
collected on a secure online database. The reported outcomes at 30 days and six months were post-operative
complications, re-interventions, and all cause in-hospital mortality rate. Multivariable logistic regression was used
to assess factors associated with six-month mortality rate.
Results: Data were collected on 3 150 vascular procedures, including 1 380 lower limb revascularisations, 609
amputations, 403 aortic, 289 carotid, and 469 other vascular interventions. The median age was 68 years
(interquartile range 59, 76), 73.5% were men, and 1.7% had confirmed COVID-19 disease. The cumulative all
cause in-hospital, 30-day, and six-month mortality rates were 9.1%, 10.4%, and 12.8%, respectively. The six-month
mortality rate was 32.1% (95% CI 24.2e40.8%) in patients with confirmed COVID-19 compared with 12.0% (95%
CI 10.8e13.2%) in those without. After adjustment, confirmed COVID-19 was associated with a three times
higher odds of six-month death (adjusted OR 3.25, 95% CI 2.18e4.83). Increasing ASA grade (3e5 vs. 1e2), frailty
scores 4e9, diabetes mellitus, and urgent and or immediate procedures were also independently associated with
increased odds of death by six months, while statin use had a protective effect.
Conclusion: During the first wave of the pandemic, the six-month mortality rate after vascular and endovascular
procedures was higher compared with historic pre-pandemic studies and associated with COVID-19 disease.
� 2024 The Author(s). Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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INTRODUCTION

Following the first Coronavirus Disease-19 (COVID-19)
pandemic wave beginning in March 2020, the vascular
community, along with colleagues in all specialties, experi-
enced the effects of rising COVID-19 cases and hospital
admissions, leading to a scarcity of resources and rationing
of treatment. During the first wave of COVID-19, finite
availability of healthcare services led to the release of in-
ternational guidance for vascular surgeons. This guidance
limited the type of vascular interventions recommended for
each of the key vascular conditions. Surgery was recom-
mended for only the most severe or late stage pre-
sentations of vascular disease (i.e., crescendo transient
ischaemic attack; ischaemic limb with tissue loss or rest
pain; and abdominal aortic aneurysm (AAA) > 6.5e7 cm
[compared with the usual treatment threshold of 5.5
cm]).1,2

The Vascular and Endovascular Research Network (VERN)
COvid-19 Vascular sERvice (COVER) study previously pub-
lished the in-hospital outcome data for an international
cohort of 1 103 patients who underwent surgical or endo-
vascular intervention during the first pandemic wave in
2020.3 Results demonstrated that, despite documenting
4.0% suspected or confirmed COVID-19 amongst patients,
in-hospital mortality following intervention for eligible
aortic disease, lower limb revascularisation, major ampu-
tation, and carotid interventions exceeded pre-pandemic
outcomes by tenfold. It was suggested that the increased
mortality rate was due to delays in treatment, healthcare
staff shortages, and reduced access to higher level care
beds. By the end of the study period, complete records for 3
150 patients were available for analysis, including follow up
data to six months. This paper aimed to report the six-
month follow-up outcomes for these patients.
METHODS

Study design

The VERN COVER study was a prospective, observational
cohort study (ISRCTN registration reference number:
80453162) that aimed to capture procedural, post-
operative, and follow-up information on vascular and
endovascular interventions undertaken during the COVID-
19 pandemic.4 The study was performed and is reported
in accordance with the STROBE guidelines.5 United Kingdom
(UK) National Health Service (NHS) Research Ethics Com-
mittee and Health Research Authority approval was granted
prior to commencing recruitment (20/NW/0196 Liverpool
Central) in March 2020. Centres outside the UK obtained
institutional review board approval before participation, as
per local and national regulations. Study sponsorship was
provided by the research and development department,
University Hospitals Coventry and Warwickshire, Coventry,
UK. The study was conducted in line with the Declaration of
Helsinki. Consent procedures were performed as per the
guidance at each institution. De-identified data were
transferred to a UK NHS server (based at the University of
Birmingham) as per Health Research Authority and NHS
principles. Data sharing agreements were used for all
participating institutions. Each centre was required to re-
cord local identifiers on a secure, local, General Data Pro-
tection Regulation (GDPR) compliant database to allow
longitudinal data capture and linkage, which was overseen
by the study sponsor.

Study cohort

Each recruiting site’s investigators prospectively collected
information on consecutive patients with a vascular pa-
thology undergoing any vascular or endovascular procedure
over a period of 12 weeks from local study opening, using
an online purpose built database on Research Electronic
Data Capture (REDCap).6 All patients who were entered into
the database from the study opening on 20 March 2020 to
31 August 2020 were included in this study. Records set as
incomplete by the local team entering data were excluded
from the analysis.

Patient characteristics

Baseline data that were prospectively recorded included:
demographics, type of procedure, co-existing health con-
ditions (including suspected or confirmed COVID-19 dis-
ease), medications being taken prior to the procedure (on
admission or started acutely), American Society of Anes-
thesiologists (ASA) physical status classification, and frailty
expressed by the Clinical Frailty scale (CFS).7 The CFS is a
validated judgement-based tool that measures the func-
tional status of individuals, including their mobility, use of
walking aids, and ability to perform activities of daily living,
with scores ranging from 1 (very fit) to 9 (terminally ill).7

Peri-procedural data that were collected included the
time from presentation to intervention, mode of anaes-
thesia, type of operation, and post-operative care environ-
ment. Post-procedural data included unplanned admission
to critical care, in-hospital death, total length of hospital
stay, SARS-CoV-2 pneumonia (using each centre’s own
practice standards for diagnosis), and post-operative
complications.

Study outcomes

The primary outcome was all cause cumulative mortality at
six months after the procedure. Secondary outcomes
included six-month re-admission, re-intervention, myocar-
dial infarction, respiratory complications, SARS-CoV-2
pneumonia, surgical site infection, and major amputation
rates. In-hospital and 30-day cumulative outcomes were
also reported.

Statistical analysis

Normally distributed data are presented as mean and
standard deviation, and non-normally distributed data as
median and interquartile range (IQR). Multivariable logistic
regression was used to assess risk factors for six-month
death. The risk factors found to be statistically significant at
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the 90% confidence level in the univariable binary logistic
regression analysis were taken forward to multivariable lo-
gistic regression; these included comorbidities (including
COVID status), medications, ASA grade, frailty score, and
urgency of surgery. The associations between the de-
terminants and the outcomes in the logistic regression
models were expressed as odds ratios with 95% confidence
intervals. Statistical analysis was performed using STATA
version 17 (StataCorp, College Station, TX, USA).

RESULTS

Of the 3 745 procedure records entered in the database,
267 had missing covariables (age, sex, or type of procedure)
and 328 were marked as incomplete and excluded. There-
fore, 3 150 records from 69 vascular centres in 21 countries
were included in the analysis. Most of the submitted pro-
cedures were performed in the UK (n ¼ 1 152, 36.6%) and
Australia (n ¼ 754, 23.9%) (Supplementary Table S1).
Table 1 contains the baseline characteristics of the cohort
overall and by type of procedure. The median age was 68
years (IQR 59, 76) and 2 315 patients (73.5%) were men.
Fifty two patients (1.7%) were reported to have confirmed
COVID-19 disease and 67 (2.1%) had suspected COVID-19 at
the time of the procedure.
Procedure characteristics

The most common procedures performed in the study
period were lower limb revascularisations, followed by
amputations and aortic procedures, vascular access in-
terventions, and carotid procedures (Table 1). The remain-
ing 211 records (6.7%) pertained to thoracic outlet,
mesenteric, and venous procedures.

The most common indication for aortic surgery was AAA
reaching size threshold (n ¼ 213, 52.9%), followed by
symptomatic AAA (n ¼ 71, 17.6%), ruptured AAA (n ¼ 4 6,
11.4%), rapid growing AAA (n ¼ 40, 9.9%), and acute aortic
syndrome or transection (n ¼ 33, 8.2%). The mean diameter
of AAA operated on during this period was 60.0 (SD 18.9)
mm. Primary endovascular repair was performed in 68.2%
of aortic interventions, and open surgery in 24.0% (n ¼ 96).
Revision procedures accounted for 31 cases (7.8%). Lower
limb revascularisations consisted of 698 endovascular, 526
open surgical, and 156 hybrid procedures. The most com-
mon indication was chronic limb-threatening ischaemia
(n ¼ 735, 53.5%), followed by claudication (n ¼ 279,
20.3%), acute limb ischaemia (n ¼ 194, 14.1%), graft ste-
nosis (n ¼ 51, 3.7%), aneurysm (n ¼ 49, 3.6%), uncontrolled
infection (n ¼ 35, 2.5%), and trauma (n ¼ 31, 2.3%); there
were 268 major amputations (44%). Carotid interventions
were performed for asymptomatic disease in 98 cases
(33.9%), 92 transient ischaemic attacks (31.8%), 74 stroke
(25.6%), and 25 ocular symptoms (8.7%). The median time
from index neurological event to surgery was nine (IQR 3,
24) days.

Most of the procedures were expedited (n ¼ 1 342,
42.9%) or elective (n ¼ 981, 31.3%), with the remaining
being urgent (n ¼ 646, 20.6%) and immediate (n ¼ 163,
5.2%). Procedures were performed under general anaes-
thetic (GA) in 1 761 cases (56.1%), under local anaesthetic
in 904 (28.8%), and the rest were performed under spinal,
epidural, or peripheral nerve block. Deviation from the
normal anaesthetic type was reported in 39 cases (1.2%),
usually because an alternative was given instead of GA (n ¼
18) or GA was used instead of local anaesthetic (n ¼ 10).
Regarding the destination after surgery, 696 patients
(22.1%) were admitted to level 2 or level 3 care (high de-
pendency unit or intensive care unit, respectively), 2 091
returned to the ward (level 1 care) (66.5%), whereas 204
(6.5%) were treated as day cases. Deviation from the usual
post-operative care environment was reported in 76 pa-
tients (2.4%), and involved patients treated in level 3 care
instead of level 2 (n ¼ 29) or the ward (n ¼ 10), and others
returning to the ward instead of level 2 (n ¼ 10) or level 3
care (n ¼ 5).

In-hospital outcomes

During their hospital stay, 20.2% of patients (95% CI 18.8e
21.6%) experienced a post-operative complication and
10.0% (95% CI 8.9e11.1%) returned to theatre for a further
procedure. In-hospital mortality across all procedure types
was 9.1% (95% CI 8.2e10.2%). In-hospital mortality for
aortic procedures was highest at 11.4% (95% CI 8.5e14.9%),
closely followed by amputations (11.0%, 95% CI 8.6e
13.8%), carotid procedures (6.9%, 95% CI 4.3e10.5%), and
lower limb revascularisation (7.3%, 95% CI 5.9e8.7%). The
post-operative complications reported for each procedure
type are detailed in Table 2. The median length of stay was
the longest for amputations (median 10; IQR 5, 18 days) and
shortest for vascular access procedures (median 2; IQR 1, 4
days).

30-day outcomes

The 30-day outcomes for patients undergoing vascular
procedures during the first COVID-19 pandemic wave are
shown in Table 3. Fifty eight patients underwent a major
amputation within 30 days of a revascularisation procedure
(4.2%, 95% CI 3.2e5.4%). A total of 1.8% of patients had
SARS-CoV-2 pneumonia (95% CI 1.4e2.3%), with the rate of
pneumonia due to other pathogens being 2.4% (95% CI
1.9e3.0%). Pneumonia was most frequent after aortic
procedures (5.7%, 95% CI 3.7e8.4%). The cumulative all
cause mortality rate at 30 days was 10.4% (95% CI 9.3e
11.5%), highest for patients with primary amputation
(12.3%, 95% CI 9.8e15.2%), and lowest for patients un-
dergoing carotid interventions (8.0%, 95% CI 5.1e11.7%)
(Table 3). The 30-day re-admission rate was 11.0% overall
(95% CI 9.9e12.2%), and was highest following vascular
access procedures (15.1%, 95% CI 11.0e20.1%) and lower
limb revascularisation (12.3%, 95% CI 10.6e14.1%).

Cumulative six-month outcomes

Six-month outcomes by procedure type are documented in
Table 4. Any type of re-intervention was required in 18.2%
of patients (95% CI 16.8e19.6%) and re-admission occurred



Table 1. Patient characteristics by procedure type.

Characteristic Total
(n ¼3 150)

Aortic
(n ¼ 403)

Carotid
(n ¼ 289)

Lower limb
revascularisation
(n ¼ 1 380)

Amputation
(n ¼ 609)

Vascular Access
(n ¼ 258)

Age e years 68 (59, 76) 74 (68, 80) 72 (65, 78) 69 (61, 77) 65 (57, 73) 60 (48, 70)
Male sex 2 315 (73.5) 345 (85.6) 210 (72.7) 1 010 (73.2) 468 (76.8) 150 (58.1)
Comorbidities

Diabetes e type 1 or 2 1 485 (47.1) 80 (19.9) 86 (29.8) 649 (47) 491 (80.6) 130 (50.4)
Hypertension 2 019 (67.0) 284 (70.5) 232 (80.3) 921 (66.7) 382 (62.7) 186 (72.1)
COPD 459 (14.6) 78 (19.4) 39 (13.5) 226 (16.4) 84 (13.8) 10 (3.9)
Myocardial infarction 702 (22.3) 112 (27.8) 60 (20.8) 329 (23.8) 141 (23.2) 35 (13.6)
Chronic kidney disease 645 (20.5) 58 (14.4) 21 (7.3) 218 (15.8) 146 (24) 168 (65.1)
Renal replacement/dialysis 299 (9.5) 8 (2) 1 (0.3) 59 (4.3) 45 (7.4) 176 (68.2)
Stroke/TIA 413 (13.1) 37 (9.2) 130 (45) 140 (10.1) 75 (12.3) 15 (5.8)
Cancer 192 (6.1) 40 (9.9) 15 (5.2) 84 (6.1) 33 (5.4) 7 (2.7)
Dementia 72 (2.3) 12 (3) 12 (4.2) 24 (1.7) 19 (3.1) 3 (1.2)
Peripheral artery disease 1 205 (38.3) 55 (13.6) 40 (13.8) 788 (57.1) 261 (42.9) 26 (10.1)

Current smoker 562 (17.8) 71 (17.6) 58 (20.1) 298 (21.6) 98 (16.1) 11 (4.3)
ASA grade (8 missing)

1e2 572 (18.2) 74 (18.5) 72 (24.9) 242 (17.6) 83 (13.7) 31 (12.0)
3e5 2 570 (81.8) 327 (81.5) 217 (75.1) 1 135 (82.4) 524 (86.3) 227 (88.0)

Frailty (84 missing)
Not frail (score 1e3) 1 527 (49.8) 271 (68.6) 197 (69.1) 605 (45.2) 201 (34.1) 124 (49.2)
Moderate (score 4e6) 1 399 (45.6) 118 (29.9) 85 (29.8) 684 (51.1) 327 (55.5) 123 (48.8)
Severe (score 7e9) 140 (4.6) 6 (1.5) 3 (1.1) 50 (3.7) 61 (10.4) 5 (2.0)

COVID-19 disease
Confirmed 52 (1.7) 1 (0.2) 4 (1.4) 16 (1.2) 17 (2.8) 0 (0.0)
Suspected 67 (2.1) 5 (1.2) 8 (2.8) 13 (0.9) 18 (3.0) 7 (2.7)

Urgency of surgery (18 missing)
Elective 981 (31.3) 197 (49.4) 105 (37.4) 395 (28.6) 65 (10.8) 160 (62.0)
Expedited 1 342 (42.9) 105 (26.3) 143 (50.9) 656 (47.6) 325 (53.8) 60 (23.3)
Urgent 646 (20.6) 52 (13) 31 (11) 259 (18.8) 191 (31.6) 37 (14.3)
Immediate 163 (5.2) 45 (11.3) 2 (0.7) 69 (5.0) 23 (3.8) 1 (0.4)

Data are presented as n (%) or median (IQR).
Abbreviations: COPD, chronic obstructive pulmonary disease; TIA, transient ischaemic attack; ASA, American Society of Anesthesiologists.
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in 22.5% (95% CI 21.1e24.0%). The most common compli-
cation was surgical site infection (15.3%, 95% CI 14.1e
16.6%), most of which were diagnosed after discharge
(10.1%, 95% CI 9.1e11.2%). Other complications included
non-SARS-CoV-2 pneumonia documented after 5.9% of
procedures (95% CI 5.1e6.8%), graft or stent occlusion in
4.4% (95% CI 3.7e5.1%), myocardial infarction in 4.9% (95%
Table 2. In-hospital events by type of procedure.

Event Aortic Carotid

Length of stay e days 5 (3, 10) 4 (2, 6)
Complications

Cardiac 28 (6.9) 2 (0.7)
Respiratory 42 (10.4) 5 (1.7)
Stroke 3 (0.7) 11 (3.8)
Renal failure 21 (5.2) 0 (0)
Bleeding 18 (4.5) 12 (4.2)
Surgical site infection 3 (0.7) 2 (0.7)
Limb ischaemia 10 (2.5) 0 (0)
Any complication 102 (25.3) 29 (10.0)

Return to theatre 29 (7.2) 8 (2.8)
Death 46 (11.4) 20 (6.9)

Data are presented as n (%) or median (interquartile range).
CI 4.2e5.7%), and stroke in 1.4% (95% CI 1.0e1.9%). At six
months after a lower limb revascularisation procedure,
7.8% of patients (95% CI 6.4e9.3%) had gone on to have a
major amputation.

The all cause cumulative mortality rate at six months was
12.8% (95% CI 11.6e14.0%) overall; 32.1% (95% CI 24.2e
40.8%) in patients with confirmed COVID-19 compared with
Lower limb
revascularisation

Amputation Vascular access

6 (3, 12) 10 (5, 18) 2 (1, 4)

48 (3.5) 29 (4.8) 3 (1.2)
51 (3.7) 32 (5.3) 1 (0.4)
10 (0.7) 4 (0.7) 0 (0)
34 (2.5) 18 (3.0) 0 (0)
60 (4.4) 13 (2.1) 7 (2.7)
82 (5.9) 69 (11.3) 1 (0.4)
103 (7.5) 17 (2.8) 1 (0.4)
306 (22.2) 151 (24.8) 12 (4.7)
180 (13.0) 70 (11.5) 12 (4.7)
100 (7.3) 67 (11.0) 26 (10.1)



Table 3. Thirty-day outcomes by type of procedure.

Outcome Aortic Carotid Lower limb
revascularisation

Amputation Vascular access

Myocardial infarction 12 (3.0) 3 (1.04) 27 (2.0) 9 (1.5) 2 (0.8)
SARS-CoV-2 pneumonia 3 (0.7) 5 (1.7) 24 (1.7) 13 (2.1) 2 (0.8)
Pneumonia of other cause 23 (5.7) 4 (1.4) 26 (1.9) 21 (3.5) 2 (0.8)
SSI not requiring admission 4 (1.0) 2 (0.7) 42 (3.0) 27 (4.4) 1 (0.4)
SSI requiring admission 5 (1.2) 1 (0.4) 71 (5.1) 41 (6.7) 6 (2.3)
Graft or stent occlusion 7 (1.7) 4 (1.4) 42 (3.0) - 6 (2.3)
Major amputation 0 (0) - 58 (4.2) - -
Re-admission 36 (8.9) 16 (5.5) 169 (12.3) 68 (11.2) 39 (15.1)
Mortality 48 (11.9) 23 (8.0) 119 (8.6) 75 (12.3) 29 (11.2)

Data are presented as n (%).
Abbreviation: SSI ¼ surgical site infection.
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12.0% (95% CI 10.8e13.2%) in those without. Aortic pro-
cedures had an overall documented mortality rate of 13.6%
(95% CI 10.4e17.4%), three times higher in urgent (28.8%,
95% CI 17.1e43.1%) or emergency cases (35.6%, 95% CI
21.9e51.2%) compared with elective or scheduled pro-
cedures (7.9%, 95% CI 5.2e11.6%). Outcomes by indication
and urgency of surgery for AAA procedures are presented in
Supplementary Table S2. Patients with uncontrolled infec-
tion had a mortality rate of 31.4% (95% CI 16.9e49.3%), the
highest among all indications for revascularisation, followed
by acute limb ischaemia (17.0%, 95% CI 12.0e23.1%),
chronic limb-threatening ischaemia (10.3%, 95% CI 8.2e
12.8%), and claudication (8.6%, 95% CI 5.6e12.5%). The six-
month mortality rate following major amputation was
found to be 17.9% (95% CI 13.5e23.0%) and 13.8% (95% CI
10.3e17.9%) following minor amputations. Procedures for
asymptomatic carotid disease were associated with a 10.2%
(95% CI 5.0e18.0%) six-month mortality rate, while the rate
was 7.3% (95% CI 4.1e12.0%) for symptomatic carotid
disease. Six-month mortality figures by procedure type for
the eight countries that submitted >100 procedures in total
are presented in Supplementary Table S3.

After adjusting for ASA grade, frailty, diabetes status,
urgency of procedure, and statin administration, confirmed
COVID-19 disease was associated with three times higher
Table 4. Six-month outcomes by type of procedure.

Outcome Aortic Carotid

Myocardial infarction 31 (7.7) 4 (1.4)
Stroke 5 (1.2) 11 (3.8)
SARS-CoV-2 infection 16 (4.0) 16 (5.5)
SARS-CoV-2 pneumonia 6 (1.5) 7 (2.4)
Pneumonia of other cause 48 (11.9) 7 (2.4)
SSI not requiring admission 8 (2.0) 2 (0.7)
SSI requiring admission 10 (2.5) 1 (0.4)
Graft or stent occlusion 14 (3.5) 4 (1.4)
Major amputation - -
Re-intervention 43 (10.7) 8 (2.8)
Re-admission 68 (16.9) 18 (6.2)
Death 55 (13.6) 24 (8.3)

Data are presented as n (%).
Abbreviation: SSI ¼ surgical site infection.
odds of six-month death (adjusted OR 3.25, 95% CI 2.18e
4.83) (Supplementary Table S4). In the multivariable model,
increasing ASA grade (3e5 vs. 1e2), moderate and severe
frailty, presence of diabetes mellitus, and urgent or imme-
diate procedure were also independently associated with
increased odds of death at six months, while statin use had
the opposite effect (Fig. 1).
One-year follow up

One year follow up data were available for 2 396 patients
(76.1%). All cause cumulative one-year mortality was 14.4%
(95% CI 13.0e15.9%). One-year outcomes for this subgroup
by procedure type are presented in Supplementary
Table S5.

DISCUSSION

This six-month follow up analysis of the original COVER
study has shown that, amongst 3 150 patients undergoing
vascular procedures during the first wave of the COVID-19
pandemic, the six-month mortality rate was similar to the
in-hospital mortality rate, suggesting that most deaths
occurred at the time of the index procedure.

The all cause mortality rate at six months post-
operatively was consistently higher than pre-pandemic
Lower limb
revascularisation

Amputation Vascular access

68 (4.9) 37 (6.1) 4 (1.6)
19 (1.4) 7 (1.2) 0 (0.0)
64 (4.6) 46 (7.6) 14 (5.4)
33 (2.4) 13 (2.1) 2 (0.8)
69 (5.0) 52 (8.5) 2 (0.8)
80 (5.8) 47 (7.7) 1 (0.4)
138 (10.0) 93 (15.3) 6 (2.3)
94 (6.8) 1 (0.2) 17 (6.6)
107 (7.8) - -
325 (23.6) 125 (20.5) 46 (17.8)
350 (25.4) 170 (27.9) 72 (27.9)
159 (11.5) 95 (15.6) 36 (14.0)
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Figure 1. Adjusted model of predictors for six-month mortality rate, including data from the 3 044 patients with completed six-month
recorded outcomes. ASA: American Society of Anaesthesiologists.
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levels reported in the literature for all procedural groups,
despite there being a relatively low COVID-19 disease inci-
dence in this cohort.8e12 It is unclear why this was the case,
but is hypothesised that the pandemic could have had
secondary consequences such as delays in procedures, late
presentation of patients, operating only on more severe or
urgent cases, and disruptions to vascular service delivery
and established pathways. It is also possible that the true
incidence of infection was higher than identified in this
study due to varying testing policies and the lack of avail-
ability of COVID-19 tests during the first stages of the
pandemic; it is estimated that approximately 10% of the
UK’s population had SARS-CoV-2 antibodies in April 2020.13

Despite low rates of documented infection, the results
from this study support the previously reported high mor-
tality rate observed in patients undergoing vascular pro-
cedures following a positive COVID-19 test.14,15 The
multivariable regression analysis demonstrated that peri-
operative SARS-CoV-2 infection was associated with an
increased risk of death at six months by a factor of 3.3, after
adjusting for other independent predictors of six-month
mortality, such as increasing ASA,16 increased frailty,17e19

diabetes mellitus,20 and urgent surgery.21

The in-hospital mortality rate for this cohort of 3 150
patients was lower than that observed for the 1 103 pa-
tients included in the previous report overall (9.1% vs.
11.0%) and for each procedure separately, with the greatest
difference observed in aortic (11.4 vs. 15.2% previously) and
carotid procedures (6.9 vs. 10.7% previously).3 The previous
publication included 1 103 patients who were recruited
earlier in the COVID-19 pandemic period, suggesting that
the additional mortality risk may have decreased with time,
possibly due to the services adapting as the pandemic
progressed. The two cohorts were comparable in terms of
patients with suspected or confirmed SARS-CoV-2 infection
(3.7 vs. 4.0%) and the proportion of elective or expedited
procedures was slightly increased in the larger cohort (73.7
vs. 71.6%).

Like aortic procedures, death following carotid proced-
ures seemed to occur early in the post-operative period in
both symptomatic and asymptomatic patients, and was
higher than pre-pandemic levels;22e24 the reason for this is
unclear and the study did not collect information on the
cause of death. It was hypothesised that the known dif-
ferences in stroke and death rates following carotid pro-
cedures in both randomised and real world data, and the
importance of tight and rapid blood pressure control25 that
is more reliably achieved in level 2 and 3 care, could
potentially explain the excess strokes and deaths observed
in this cohort with a relatively low incidence of COVID-19.
The high observed mortality rate could also be partly due
to the sequelae of undiagnosed SARS-CoV-2 infection, if the
true incidence was higher in the early pandemic period that
this study covered.

Conversely, patients undergoing lower limb revascular-
isation or amputation procedures had a six-month mortality
rate equivalent to that reported in the literature in the
years preceding the pandemic.26,27 This could also reflect
the relatively high mortality risk associated with the disease
process rather than the procedure itself in these patients.28

It was noted that despite international guidance regarding
the deferral of non-urgent procedures such as revascular-
isations for claudication, a small proportion of these were
still performed during the first wave of the pandemic. This
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could be explained by country specific and other local
guidance, which was usually informed by the spread of the
virus in each country and the lockdown or other contain-
ment measures that were put in place.

The COVID-19 pandemic disrupted operating theatre ac-
tivity across all surgical specialties, and increased morbidity
and mortality has been reported by other studies. A sys-
tematic review and meta-analysis of studies on neurosur-
gical procedures reported significantly increased mortality
during the pandemic.29 Studies on general surgical pro-
cedures have also found higher post-operative complica-
tions in SARS-CoV-2 infected patients, higher failure to
rescue in non-infected patients,30 and higher in-hospital
mortality in patients operated on during that period irre-
spective of infection status.31

This study had some limitations. First, the observational
nature meant that causality could not be inferred, and there
was probably residual confounding. A difficulty of under-
taking the study during the pandemic was that practices
(including testing provision and policy) probably consider-
ably varied within and between countries, and the pro-
portion of patients tested for SARS-CoV-2 infection is
unknown. Data were reported by the clinicians in each
participating centre, potentially limiting the accuracy, and
there was a risk of data entry errors. Similarly, due to the
need to consent patients for inclusion, it cannot be guar-
anteed that patients were enrolled in a consecutive manner.
This may have also led to an under representation of
mortality if there was insufficient time or resources to
consent patients in the emergency setting. Finally, there
were no available historical data of the pre-COVID-19
pandemic period from each centre; therefore, it was not
possible to make direct comparisons and draw robust
conclusions regarding the difference in outcomes over time.

Conclusion

In-hospital death during the first wave of the COVID-19
pandemic was higher than pre-pandemic levels reported
in the literature for most vascular surgery procedures, an
effect which persisted up to six months. There is limited
evidence on the causes of the reported mortality rate, but
possible causes are the secondary consequences of the
pandemic, including delays in treatment and competition
for life preserving resources such as level 2 and 3 care.
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