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WHAT THIS PAPER ADDS

This population based cohort study examined the patterns of care and surgical outcomes for lower limb vascular
procedures in the UK during the COVID-19 pandemic. It included 36 938 lower limb revascularisation and major
amputation procedures performed from January 2019 to April 2021. Emergency procedures for severe limb
ischaemia continued to be performed. The overall in hospital mortality rates after elective revascularisations and
major amputations were significantly higher during the pandemic compared with pre-pandemic levels. The
excess mortality rate was significantly associated with SARS-CoV-2 infection, after adjusting for changes in the
mix of patients undergoing treatment or problems of access to hospital facilities.

Objective: There is limited information on changes in the patterns of care and outcomes for patients who had vascular
procedures after the first wave of the COVID-19 pandemic. The aim of this population based study was to examine the
patterns of care and outcomes for vascular lower limb procedures in the UK during the COVID-19 pandemic.
Methods: Lower limb revascularisations and major amputations performed from January 2019 to April 2021 in
the UK and entered in the National Vascular Registry were included in the study. The primary outcome was in
hospital post-operative death and secondary outcomes were complications and re-interventions. The study
was divided into Pre-pandemic (1 January 2019 — 29 February 2020), Wave 1 (1 March — 30 June 2020),
Respite (1 July — 31 October 2020), Wave 2/3 (1 November 2020 — 30 April 2021).

Results: The study included 36 938 procedures (7 245 major amputations, 16 712 endovascular, 12 981 open
revascularisations), with 15 501 procedures after March 2020, a 27.7% reduction compared with pre-
pandemic. The proportion of open surgical procedures performed under general anaesthetic was lower in
Wave 1 and after compared with pre-pandemic (76.7% vs. 81.9%, p < .001). Only 4.6% of patients in the
cohort had SARS-CoV-2 infection (n = 708), but their in hospital post-operative mortality rate was 25.0% (n =
177), six times higher than patients without SARS-CoV-2 (adjusted odds ratio 5.88; 95% Cl 4.80 — 7.21, p <
.001). The in hospital mortality rate was higher during the pandemic than pre-pandemic after elective open
and endovascular revascularisation (respectively 1.6% vs. 1.1%, p = .033, and 0.9% vs. 0.5%, p = .005) and
after major amputations (10.4% during Wave 2/3 vs. 7.7% pre-pandemic, p = .022).

Conclusion: There was excess post-operative mortality rate for patients undergoing lower limb vascular
procedures during the pandemic, which was associated with SARS-CoV-2 infections. Further research should
be conducted on long term outcomes of patients operated on during the COVID-19 pandemic period.
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redeployment. In the UK, a national lockdown was imple-
mented from March to June 2020, followed by two additional
lockdowns between November 2020 and February 2021,” in
response to the emergence of a new SARS-CoV-2 variant. For
vascular surgery, the National Health Service (NHS) in England
and the Vascular Society of Great Britain & lIreland issued
guidance recommending the deferral of elective surgery and
consideration of therapeutic options with minimal need for
post-operative critical care for emergency procedures, in or-
der to preserve healthcare resources and reduce patient
exposure to hospital.> The American College of Surgeons
published similar recommendations regarding the review and
postponement of elective procedures.”

Changes in the provision of vascular services in response
to the pandemic have been documented through surveys of
healthcare professionals and institutional reviews.””” Out-
comes such as post-operative complications and death after
vascular interventions during the COVID-19 pandemic have
also been explored in the COvid-19 Vascular sERvice
(COVER) Tier 2 multicentre study,® the COVID-VAS study,’ as
well as other single centre and registry studies.’® > How-
ever, most studies had a small sample of patients and
focused on the first wave of the pandemic that started in
March 2020, and did not extend to late 2020 and 2021.

The aim of this study was to examine patterns of care and
short term outcomes of lower limb vascular procedures
performed in the UK during the pandemic compared with a
pre-pandemic period.

MATERIALS AND METHODS

This population based study used data submitted in the Na-
tional Vascular Registry (NVR), a national clinical audit col-
lecting demographic and clinical information on five major
vascular procedures (abdominal aortic aneurysm, carotid
endarterectomy, lower limb bypass and endarterectomy, an-
gioplasty, and major amputation) undertaken within NHS
hospitals in the UK.** The NVR captures 81% of open surgical
revascularisations, 49% of endovascular revascularisations,
and 88% of major amputations in the UK.> The study
involved secondary analysis of existing pseudo-anonymised
data and therefore was exempt from NHS Ethics Committee
approval. Results are presented in accordance with the
Strengthening the Reporting of Observational Studies
(STROBE) Statement for cohort studies.*®

Study population

The study cohort comprised adult patients who underwent
lower limb open or endovascular revascularisation or major
amputation procedures, performed in NHS hospitals be-
tween 1 January 2019 and 30 April 2021. Open revascular-
isation procedures consisted of lower limb bypasses and
endarterectomies with or without an endovascular compo-
nent (hybrid), and endovascular procedures included balloon
angioplasties with or without stent. If multiple procedures
were performed on different dates during a single hospital
admission, the first procedure was analysed as the index
procedure, and the subsequent procedures were considered
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re-interventions. Patient records were excluded if data were
missing on key variables (age, comorbidities, smoking status,
indication for surgery, and procedure details).

Patient characteristics

The NVR dataset contained demographic (patient age at
surgery, sex, comorbidities, smoking status) and clinical in-
formation (indication for intervention, Fontaine score, date
of admission, admission method, date and type of inter-
vention, anaesthetic type), as well as post-operative in
hospital patient outcomes. Information on comorbidities
included the presence of diabetes mellitus, chronic
obstructive pulmonary disease (COPD), ischaemic heart
disease (IHD), chronic heart failure (CHF), chronic kidney
disease (CKD), and stroke. It also included the patient’s
SARS-CoV-2 status (positive polymerase chain reaction or
lateral flow test pre- or post-operatively, COVID-19 symp-
toms, which were added as data items in April 2020). Pa-
tients were considered to have SARS-CoV-2 infection if they
had a positive test at any point during the admission or a
clinical diagnosis was made based on COVID-19 symptoms.

Indications for intervention included chronic limb
ischaemia (CLI), acute limb ischaemia, uncontrolled infec-
tion, trauma, and aneurysm. CLI was further divided into
moderate (Fontaine | and ll), if the patient was asymp-
tomatic or had intermittent claudication, and severe (Fon-
taine lll and IV), if the patient had rest pain or tissue loss.
The type of anaesthetic was categorised as general or
locoregional (including blocks).

Outcomes

The primary outcome was in hospital death after a vascular
lower limb procedure. The secondary outcomes were res-
piratory, cardiac, renal, and cerebrovascular complications,
post-operative limb ischaemia, and re-interventions (an-
gioplasty, bypass, major amputation, minor amputation).

Statistical analysis

The study was based on a complete case analysis. Revascu-
larisation procedures with open and endovascular elements
(hybrid) were analysed as surgical procedures. Revascularisa-
tion procedures were also split into elective and non-elective;
major amputations were treated as one group. Changes over
time were examined by dividing the time period into pre-
pandemic (1 January 2019 — 29 February 2020) and
pandemic sections (1 March 2020 — 30 April 2021) with the
pandemic section consisting of three segments: Wave 1
(1 March — 30 June 2020), Respite (1 July — 30 October 2020),
Wave 2/3 (1 November 2020 — 30 April 2021). Patterns over
time were inspected graphically using smoothing splines.
Continuous variables were summarised using the median
and interquartile range, and categorical variables using fre-
guencies and proportions. To test the significance of changes
over time, the Pearson’s chi square test was used for cate-
gorical variables and the Mann—Whitney U test for continuous
variables. Poisson regression and logistic regression were used
to evaluate differences in procedure volume across time
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periods and differences in the proportion of procedures per-
formed under general anaesthetic, respectively.

Four multivariable logistic regression models were
developed to estimate the impact of SARS-CoV-2 infection
and other demographic and clinical characteristics on in
hospital post-operative death. The first model included only
the time period when the procedure was performed. The
second incorporated the procedure type, anaesthetic type,
and indication for surgery in addition to the time period.
The third model included the previous variables as well as
patient age, sex, and comorbidities (diabetes mellitus,
chronic obstructive pulmonary disease [COPD], ischaemic
heart disease [IHD], chronic heart failure [CHF], chronic
kidney disease [CKD]). The peri-operative SARS-CoV-2 status
was added as an explanatory variable in the final model, in
addition to all the previously included variables. All statis-
tical tests were two sided and p < .05 was considered
statistically significant. All analyses were performed using
STATA 15.1 (StataCorp, College Station, TX, USA).

RESULTS

The inclusion criteria were fulfilled by 37 393 procedures per-
formed during the study period and 455 were excluded due to
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missing data on key variables (age, comorbidities, smoking
status, indication for surgery, and procedure details). The study
analysed information on 36 938 lower limb procedures,
comprising of 7 245 (19.6%) major amputations, 16 712 (45.3%)
endovascular, and 12 981 (35.1%) open revascularisations.

Procedures in each time period

There were 15 501 procedures performed during the 14
months of the pandemic (March 2020 — April 2021)
compared with 21 437 in the 14 months pre-pandemic
(January 2019 — February 2020), representing a 27.7%
reduction in total procedures.

The mix of lower limb vascular procedures performed
during the pandemic was significantly different compared
with the previous year (p < .001) (Fig. 1). There was a
decrease in all procedures, especially during the peaks of
the pandemic (Wave 1, Wave 2/3) and this reduction was
greatest for elective revascularisation procedures (Table 1).

Did the characteristics of patients having procedures
change?

The indication for surgery across the four revascularisation
procedures is summarised in Fig. 2. Among patients who
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Figure 1. Weekly volumes of vascular lower limb procedures performed from January 2019 to April 2021 in UK by admission method and
procedure type (scatterplot) with a smoothed regression line (red line): (A) elective endovascular revascularisation, (B) non-elective
endovascular revascularisation, (C) elective open revascularisation, (D) non-elective open revascularisation, and (E) major lower limb
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Table 1. Monthly average vascular lower limb procedural volume, proportion of procedures performed under general anaesthetic,
and proportion of patients with suspected or confirmed SARS-CoV-2 infection by type and time period of procedure, as observed
and relative to 2019 pre-pandemic figures.
Procedure Procedures, monthly average — n General anaesthetic — % SARS-CoV-2 infection — %
Pre- Wave Respite Wave Pre- Wave Respite Wave Pre- Wave Respite Wave
pandemic 1 2/3 pandemic 1 2/3 pandemic 1 2/3
Major amputation
Observed 270 273 276 213* 71.2 64.3* 67.0* 66.5* n/a 10.5 5.8 14.2
Relative to 2019 101.1 102.2 78.9 90.3 94.1 93.4
Elective bypass
Observed 334 160* 264* 181* 86.2 81.1% 81.9* 83.3* n/a 2.3 0.9 1.9
Relative to 2019 479 79.0 54.2 94.1 95.0 96.6
Non-elective bypass
Observed 207 184 209 176* 88.9 83.8% 85.8* 85.5* n/a 6.2 2.5 8.0
Relative to 2019 88.9 101.0 85.0 94.3 96.5 96.2
Elective endovascular
Observed 512 295%  348* 288* 6.0 6.2 6.5 6.7 n/a 0.6 0.3 1.0
Relative to 2019 57.6 68.0 56.3 103.3 108.3 111.7
Non-elective
endovascular
Observed 208 160* 180* 162~ 10.3 9.9 10.7 13.1* n/a 5.9 2.2 7.0
Relative to 2019 76.9 86.5 77.9 96.1 103.9 127.2

*

Statistically significantly different (p < .05) compared with pre-pandemic period. n/a = not available.

had a major amputation or non-elective revascularisation,
the distribution of the indications did not change during the
three pandemic time periods compared with the distribu-
tion observed in 2019. However, there was a distinct change
in the pattern among the patients who had elective
revascularisation, with a dramatic drop in the number of
procedures performed for moderate disease (Fontaine
score | or 1) (p < .001). The number of patients treated for
trauma, aneurysms, and infection remained stable over
time.

Patient and procedure characteristics stratified by time
period and procedure type are summarised in
Supplementary Table S1. Regarding comorbidities, a signif-
icantly higher proportion of patients who underwent elec-
tive endovascular revascularisation had diabetes (p < .001),
COPD (p = .024), chronic heart failure (p < .001), and CKD
(b < .001).

There was also a significant increase in the proportion of
current smokers undergoing amputation (34.7% during the
pandemic vs. 31.7% pre-pandemic, p = .007), elective
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Figure 2. Monthly average number of procedures by indication for surgery in each time period and by procedure type. CLI = chronic limb
ischaemia.
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Table 2. In hospital mortality rate and rate of respiratory complications by type and time period of vascular lower limb procedure

Procedure Pre-pandemic Wave 1 Respite Wave 2/3

In hospital mortality
Amputation 7.7 (6.9-8.6) 7.8 (6.3—9.5) 8.1 (6.5—9.8) 10.4 (8.8—12.2)
Elective bypass 1.1 (0.8—1.4) 2.0 (1.1-3.5) 1.9 (1.2—2.9) 1.1 (0.6—1.9)
Non-elective bypass 4.2 (3.5—5.0) 4.4 (3.0-6.1) 5.1 (8.7—6.9) 6.0 (4.6—7.6)
Elective endovascular 0.5 (0.3—0.7) 1.1 (0.6—1.9) 0.6 (0.3—1.2) 1.0 (0.6—1.6)
Non-elective endovascular 4.2 (3.5-5.0) 5.5 (3.9-7.5) 4.5 (3.1-6.2) 5.7 (4.3—7.3)

Respiratory complication rate
Amputation 8.6 (7.7—9.5) 11.3 (9.5—-13.3) 7.1 (5.6—8.8) 11.9 (10.2—13.8)
Elective bypass 2.9 (2.4—3.4) 4.1 (2.7-5.9) 2.6 (1.7-3.7) 1.9 (1.2—2.9)
Non-elective bypass 5.1 (4.4—6.0) 8.3 (6.4—10.5) 5.0 (3.6—6.7) 7.8 (6.2—9.5)
Elective endovascular 0.2 (0.1-0.3) 0.6 (0.2—1.2) 0.4 (0.1-0.8) 0.4 (0.2—0.8)
Non-elective endovascular 3.2 (2.5—3.9) 5.8 (4.1-7.9) 2.1 (1.2-3.4) 5.5 (4.1-7.1)

Data are presented as % (95% confidence interval).

(35.4% vs. 31.4%, p < .001), and non-elective (44.9% vs.
40.4%, p = .001) surgical revascularisation.

Was there a change in the type of anaesthetic used during
the pandemic?

The proportion of amputation procedures performed under
general anaesthetic was 66.0% during the pandemic
compared with 71.2% in the pre-pandemic period (p <
.001). This reduction was also observed in elective (82.2%
vs. 86.2%, p < .001) and non-elective (85.1% vs. 88.9%, p <
.001) surgical revascularisation procedures. There was no
change in the anaesthetic type for endovascular procedures
(Table 1).

How many patients were reported as having SARS-CoV-2
infection?

Only a small proportion of patients who had vascular pro-
cedures had suspected or confirmed SARS-CoV-2 infection
during their admission (4.6%, n = 708). The rate of SARS-
CoV-2 infection for procedures performed during the
pandemic was highest for patients having amputation
(9.1%, n = 361), followed by non-elective bypass (5.1%, n =
152) and non-elective endovascular revascularisation (4.7%,
n = 122), while it was less than 1% for elective revascu-
larisation procedures. The infection rate was higher in the
Wave 2/3 period than in Wave 1 (Table 1).

Did the time that patients spent in hospital change?

The median time from admission to procedure was shorter
by one day during the pandemic compared with the pre-
pandemic period for amputations and non-elective revas-
cularisation procedures (Supplementary Figure S1). Median
length of stay was also significantly shorter during the
pandemic for amputations (18 days vs. 22 days pre-
pandemic), non-elective open surgical revascularisation
(12.5 days vs. 15 days pre-pandemic), and endovascular
revascularisation (11 days vs. 12 days pre-pandemic)
(Supplementary Figure S1).

Complications and re-interventions

There was a significant increase in respiratory complications
after amputation and non-elective revascularisation pro-
cedures, while no change was observed after elective pro-
cedures (Table 2). Additionally, rates of cardiac and renal
complications, stroke, and surgical site infections remained
stable during the pandemic for all procedures
(Supplementary Table S2).

Regarding re-interventions after the primary procedure
during an admission, bypass and major amputation rates
following elective open revascularisation were increased
compared with the pre-pandemic period, but not for the
other categories of revascularisation procedure. There
was a significant increase in the proportion of non-
elective angioplasty procedures that were followed by
an unplanned bypass during the second and third wave
compared with the pre-pandemic period (Supplementary
Table S2).

In hospital post-operative death

The in hospital mortality rates after elective open and
endovascular revascularisation were 1.6% and 0.9% overall
during the pandemic period and were slightly higher than
observed in the pre-pandemic period (1.6% vs. 1.1%, p =
.033; and 0.9% vs. 0.5%, p = .005, respectively). Figure 3
illustrates that the increased mortality rate was associated
with the COVID waves. For elective open revascularisation
procedures, the mortality rate doubled during the first
months of the pandemic (Table 2). In hospital death after
major amputations was greatest during the Wave 2/3
period, reaching 10.4% (95% Cl 8.8 — 12.2) compared with
7.7% (95% Cl 6.9 — 8.6) in the pre-pandemic period (p =
.022) (Fig. 3). The post-operative mortality rate did not
change significantly after open and endovascular non-
elective revascularisation procedures.

The impact of patient and clinical factors on in hospital
mortality from the four regression models are shown in
Supplementary Table S3. As indicated by Model 1, pro-
cedures during the COVID-19 pandemic period were asso-
ciated with an excess mortality rate (adjusted odds ratio
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[aOR] 1.45, 95% Cl 1.23 — 1.71 for Wave 1; aOR 1.61, 95%
Cl 1.39 — 1.86] for Wave 2/3). Adding procedural factors
(Model 2) demonstrates that some of the excess mortality
was associated with a change in the mix of procedures
performed, even though there is still evidence of excess
mortality in Wave 2/3 (Model 2, aOR 1.38, 95% ClI 1.19 —
1.59). The increased mortality in Wave 2/3 persisted after
further adjustment for patient age, sex, and comorbidities,
indicating that the excess mortality was not associated with
treating patients with worse general health (Model 3, aOR
1.43, 95% Cl 1.23 — 1.66). Finally, after the inclusion of the
SARS-CoV-2 infection variable in the model (Model 4), the
time period of the procedure was no longer associated with
a significant effect on mortality (Fig. 4). This suggests the
excess mortality in the population of lower limb procedures
performed during the pandemic is predominantly attribut-
able to SARS-CoV-2 infections among individuals. Compared
with patients without SARS-CoV-2 infection, the SARS-CoV-2
positive patients had six times higher in hospital mortality
rate, after adjusting for age, sex, comorbidities, indication

for surgery, type of procedure, type of anaesthetic, and time
period of procedure (aOR 5.88, 95% Cl 4.80 — 7.21, p <
.001). The overall mortality rate among those with SARS-
CoV-2 infection was 25.0% (n = 177).

DISCUSSION

This study found an overall 28% reduction in vascular lower
limb surgical activity during the COVID-19 pandemic period
compared with the previous months, with greater effects
observed in elective revascularisation procedures. Even
though the proportion of patients with SARS-CoV-2 infec-
tion undergoing vascular procedures was only 4.6%, a
COVID-19 diagnosis was associated with six times higher
mortality rate, even after adjusting for patient and pro-
cedure characteristics. The overall complication and re-
operation rates were comparable to the previous year,
but there was a significant increase in in hospital mortality
after elective revascularisation and amputation procedures,
mainly related to concomitant SARS-CoV-2 infection.
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Figure 4. Coefficients plot of the adjusted odds ratio (aOR) and 95% confidence intervals for in hospital death after lower limb vascular
procedures. The blue line indicates aOR of 1. SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; CLI = chronic limb ischaemia.

In this study, a 40% decrease in elective revascularisation
procedures was noted during the pandemic. This decline in
vascular activity has also been reported for carotid endar-
terectomies, aortic aneurysm repairs, and lower limb pro-
cedures by another UK study during the first wave of the
pandemic.’” A similar decrease in elective activity has been
recorded in other countries, such as Italy*® and the United
States.'® The postponement of non-urgent surgical pro-
cedures and the prioritisation of urgent and emergency
work was recommended by surgical professional bodies in
order to reduce the exposure of patients to hospitals and
preserve critical care resources. This decrease in surgical
volume stems mainly from the reduction in procedures
performed for mild or moderate CLI (Fontaine I/Il), while
the number of procedures for severe limb ischaemia (Fon-
taine I11/IV) remained stable. This is reassuring, as it indicates
that urgent limb saving procedures continued to be per-
formed. A reduction in procedures for claudication was also
noted in a report from the Swedish Vascular Registry and
Southern Italy.">?° Interestingly, the Swedish report did not
identify a significant reduction in vascular procedures overall
during 2020 compared with previous years, which may be
because no national lockdown was imposed in the country.®

Previous studies from The Netherlands and Italy noted an
increase in amputation rates, which was attributed to
hospital avoidance and subsequent delayed presentation

with severe limb ischaemia.?> >> However, a significant in-

crease in primary major amputations was not identified.
This finding is supported by previously published studies,
which are however limited to patients with diabetes.”®?’

Regarding differences in the patterns of care, patients
undergoing elective endovascular revascularisation pro-
cedures during the pandemic period had more comorbid-
ities, such as diabetes, COPD, kidney disease, and chronic
heart failure. An increase in some of these comorbidities
was also noted in a study from the United States.”® There
has also been an increase in the proportion of current
smokers that underwent amputation and surgical revascu-
larisation, which may be an indication of the impact of
lockdown on mental health and change in smoking habits.”’
Only a small proportion of patients included in this study
had SARS-CoV-2 infection, similar to other studies.’’ The
infection rate was higher in Wave 2/3 than in Wave 1,
which may be related to more and better testing at later
stages of the pandemic.

Additionally, an increase in revascularisation procedures
performed endovascularly in this study was not identified,
even though this has been described by the international
COVER study,” as well as single centre studies from the
United States and Portugal.*® These studies may be at risk
of selection bias, as they involved units that registered to
participate, rather than population level data. Moreover,
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more open surgical procedures (revascularisation and
amputation) were performed under locoregional anaes-
thesia during the pandemic period compared with pre-
pandemic, which has also been described in a study from
Portugal.>® This approach may have been chosen where
possible in an attempt to preserve critical care resources,
avoid the use of anaesthetic equipment and staff, and
reduce the risk of pulmonary complications associated with
the use of general anaesthetic. Additionally, this practice of
performing revascularisations under locoregional anaes-
thesia is supported by an update of the European Society of
Vascular Surgery guidelines for Acute Limb Ischaemia,
published in early 2022.3*

Both median time from admission to procedure and
length of stay were shorter during the pandemic. Due to the
high rates of SARS-CoV-2 transmission in hospital, this
finding may indicate a conscious effort by healthcare staff
to reduce the length of stay in hospital. It may also be
related to the fact that there was less pressure on emer-
gency theatre capacity by other specialties, since profes-
sional bodies recommended non-operative treatment for
acute conditions such as appendicitis.

In hospital death after elective revascularisation proced-
ures and major amputations was higher during the pandemic
than the pre-pandemic period. This increase can be explained
by the presence of SARS-CoV-2 infection, which was associ-
ated with a six times increase in mortality. Patients with SARS-
CoV-2 infection had a post-operative mortality rate of 25%,
which is comparable with the 30 day mortality rate of 23.8%
reported by the multicentre COVIDSurg study®” and two
studies of vascular procedures from Lombardy (25% in hos-
pital mortality in patients with COVID-19).*%* It is also lower
than the 30 day mortality rate of 37.3% after vascular surgery
procedures reported in the COVID-VAS multicentre study
from Spain for patients with SARS-CoV-2 infection during the
first wave.’ Notably, there was no change in mortality or post-
operative complication rates after vascular procedures in the
Swedish registry.™®

The main strength of this study is the large sample size
and the long study period, which included the three waves
of the pandemic in the UK. Additionally, historical data
allowed the comparison of the pandemic period with pre-
pandemic patterns of care and outcomes.

This study has certain limitations. First, due to population
based observational study design, there is a possibility that
the rate of SARS-CoV-2 infection was under reported during
data collection. Another factor that may have contributed
to underestimation of the rate of SARS-CoV-2-positive pa-
tients is the limited availability of diagnostic tests during the
first wave of the pandemic. Second, the case ascertainment
of endovascular revascularisation procedures in the Na-
tional Vascular Registry is lower than open revascularisation
procedures.”® Third, procedural volumes may have been
impacted by under reporting during the pandemic period,
but this would not have an effect on the patterns of care
and outcomes that this study presented.

The findings from this study suggest that elective surgery
was markedly reduced during the COVID-19 pandemic and
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that the observed excess mortality rate was associated with
the infection by the virus. This indicates that strategies
should be developed to define criteria for priority access to
care for patients who need it most and which would limit
the excess mortality rate due to delays to treatment.
Operational plans should also be in place to enable a rapid
return to normal operations while ensuring that the risk of
infection for PAD patients is minimised. Examples could be
the development of protected operating pathways in
dedicated surgical hubs or within larger hospitals, as well as
pathways from referral to treatment.
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