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Objective: To document the recovery of vascular services in Europe following the first COVID-19 pandemic peak.
Methods: An online structured vascular service survey with repeated data entry between 23 March and 9 August
2020 was carried out. Unit level data were collected using repeated questionnaires addressing modifications to
vascular services during the first peak (March e May 2020, “period 1”), and then again between May and June
(“period 2”) and June and July 2020 (“period 3”). The duration of each period was similar. From 2 June, as
reductions in cases began to be reported, centres were first asked if they were in a region still affected by rising
cases, or if they had passed the peak of the first wave. These centres were asked additional questions about
adaptations made to their standard pathways to permit elective surgery to resume.
Results: The impact of the pandemic continued to be felt well after countries’ first peak was thought to have
passed in 2020. Aneurysm screening had not returned to normal in 21.7% of centres. Carotid surgery was still
offered on a case by case basis in 33.8% of centres, and only 52.9% of centres had returned to their normal
aneurysm threshold for surgery. Half of centres (49.4%) believed their management of lower limb ischaemia
continued to be negatively affected by the pandemic. Reduced operating theatre capacity continued in 45.5% of
centres. Twenty per cent of responding centres documented a backlog of at least 20 aortic repairs. At least one
negative swab and 14 days of isolation were the most common strategies used for permitting safe elective
surgery to recommence.
Conclusion: Centres reported a broad return of services approaching pre-pandemic “normal” by July 2020. Many
introduced protocols to manage peri-operative COVID-19 risk. Backlogs in cases were reported for all major
vascular surgeries.
� 2022 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-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

In recent times, the effect of the COVID-19 pandemic on the
availability of healthcare resources has been widely re-
ported.1,2 In the early stages of the pandemic, healthcare
professionals documented dwindling resources,3 staff illness
and self quarantine, and problems with the availability of
personal protective equipment (PPE).4,5 In response, several
national vascular societies released guidance for surgeons
on what operative case mix should, or should not, be un-
dertaken during the pandemic.6e8

The Vascular and Endovascular Research Network (VERN;
www.vascular-research.net) is an established vascular
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trainee research collaborative.9e11 In response to the
evolving crisis VERN launched the COVID-19 Vascular SERvice
(COVER) study in March 2020. The aim of the first tier of the
study (tier 1) was to document fluctuations in global vascular
services during and after the first peak of the pandemic.

FromearlyMay 2020,many European countries had begun
to ease various aspects of national lockdowns, devolving
responsibility for implementing restrictions to local govern-
ments.12 Ongoing feedback to the COVER tier 1 survey by
participating centres indicated that key structural changes
made to services were updated in response to a reduction in
local cases and pressure on local hospital services. Here, the
focus is on those centres within Europe, and their experience
of resumption of services and surgery in the aftermath of the
first wave. The aim of this paper was to document changes in
vascular practice during the first peak of the pandemic, and
the adaptationsmade to practice in themonths following the
greatest pressure on services. This will permit ongoing com-
parison with repeated surveys of practice in the future.
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MATERIALS AND METHODS

International guidelines on designing and reporting of sur-
veys were used.13 The full study protocol is available at
https://medrxiv.org/cgi/content/short/2020.05.27.
20114322v1.

An online survey (SurveyMonkey) was developed by the
VERN committee, and piloted and refined in response to
rolling feedback from users. The survey contained closed
and open questions, and free text for detailed comments
regarding local challenges. The study is registered with the
ISRCTN Registry (80453162).

Descriptive analysis

The survey was divided into two sections. The first period
contained a descriptive analysis of the evolution of centres’
provision of common vascular services: threshold for
treatment; imaging and screening; staff availability; theatre
availability; multidisciplinary team input; clinics and PPE;
and progression over time.

These data comprised three time periods of approxi-
mately seven weeks each. Period 1 was from 23 March to 8
May 2020. These data had already been gathered and
published.2 The period for the first peak was estimated to
have occurred between March and May 2020 for all coun-
tries included in this paper. It was also the period in which
centres were mostlikely to see significant changes due to
rapidly published national and international guidance and
changes to working practice based on systemic shutdowns.

Period 2 was from 9 May to 24 June. This was considered
to be a period during which guidance was released,6 and
regions were beginning to develop resources to permit
continuing care for their vascular patients. Period 3 was
from 25 June to 8 August 2020. Around this time, more
reports were being released about lockdowns being lifted
across Europe.12 This division was also established so that
each period was of a similar length.

Management of vascular work in centres that described
themselves as having passed the initial peak of new cases
in the initial survey filter question

The aim of these questions was to identify strategies used
to permit the return of elective vascular surgery in only
those centres in regions which had reached this stage of the
pandemic.

This was a data collection period that occurred during
periods 2 and 3, from 2 June to 8 August 2020. Centres that
still felt they were in a region still experiencing a peak of
cases were excluded from the analysis.

No formal statistical analysis was performed. Percentages
represent the proportion of centres of a total of 53 (period
1), or 51 (period 2).

The full survey is detailed in Supplementary Appendix S1.
Initial survey completion asked for permission to use con-
tact details for future work. Using these details, centres
were asked, through regular repeated advertisement via
social media, e-newsletters, and established international
collaborative networks, to complete the survey regularly to
update their current practice over the stated period. Survey
data from centres outside of Europe were excluded for the
purposes of this analysis.

Data cleaning

The raw survey data were carefully scrutinised and cleaned
prior to analysis. Responses from non-European centres
were removed. Duplicate responses (defined as responses
from the same unit on the same day), and responses that
contained no useable data (e.g., where the responder had
entered no more than the name and or size of the unit
without answering any of the questions about service
provision) were removed. If there were multiple responses
from a single unit, the latest response during the specified
period was used as the most contemporary representation
of the practice in the centre at that time.

Calculating overall practice change over time

A scoring system was developed to enable calculation of
overall relative changes in practice from normal. This was
achieved by allocating a score of 0, 1, 2, or 3 to each possible
answer for each service evaluation question asked in the
questionnaire (Appendix S1). A score was allocated to each
possible answer based on the perceived relative service
reduction (with “0” representing no change and “3” repre-
senting the most significant change). The results, including
mean values and standard deviations are included in
Supplementary Table S1. A visual chart (Fig. 2) of mean
scores for each time point was created using these scores by
plotting centre responses with smoothing splines, used to fit
the trend in the average response. Generalised cross valida-
tion was used to choose automatically the optimal smooth-
ing parameters.

RESULTS

Evolution of practice change during the three time periods

The results presented here are combined data from all
centres and report the evolution of practice during the three
stated study time periods in 2020, during which responses
were received from 53 units across Europe (Table 1).

Provision of vascular services. The reported loss of dedi-
cated inpatient vascular beds compared with each centre’s
baseline is shown in Fig. 1. Although centres reported a
gradual improvement in the availability of dedicated
vascular beds over time, the overall number remained
below pre-pandemic levels even up to several months after
the reported peak of cases. Fig. 2 shows the results of the
scoring system used to calculate mean service reductions
during the study period. The most significant service re-
ductions were observed during the earliest phase of the
study during the first peak of the pandemic, in most Euro-
pean countries. Although, overall, the centres providing
data experienced a recovery of services towards normal
pre-pandemic practice, levels of service remained below
baseline by the time the study period had been completed
at the end of July 2020.
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Table 1. Breakdown of the location of the centres whose
responses are included in the report.

Country Number of centres
providing at least two
complete responses
during the mandated
survey period

First confirmed case

Austria 1 25 February 2020
Belgium 1 3 February 2020
Switzerland 1 25 February 2020
Germany 2 27 January 2020
Spain 2 31 January 2020
UK 28 31 January 2020
Greece 9 26 February 2020
Republic of
Ireland

1 29 February 2020

Italy 3 30 January 2020
The Netherlands 1 27 February 2020
Portugal 2 2 March 2020

The table contains all centres included in section 1. Two centres
reported they were still experiencing a spike in cases and were
not included in the past the peak questions (one centre from
the UK and one from Poland).
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Figure 1. Reported change in the number of inpatient dedicated
vascular beds during the survey period. A negative number on the
y axis indicates a drop in the number of beds compared with the
centre’s baseline. The smoothed line (blue) represents mean
changes over five days to demonstrate the overall change. The
responses suggest that bed levels for vascular patients has not
returned to baseline by the end of the survey period.
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Carotid surgery. During period 1, 68% of centres described
a change in approach to the management of carotid pa-
tients (i.e., a reduction in the number of patients offered
surgery). This decreased to 54% during period 2; during
period 3, 34% of centres were still offering surgery at
reduced frequency vs. their normal practice. The remaining
centres approached carotids on a case by case basis and
none was automatically limiting surgery to crescendo
transient ischaemic attacks only.

Abdominal aortic aneurysm screening programmes. Of
those responding units with an active screening programme
(either as part of the UK national screening programme or
their own centre led programme), 52% of centres had
stopped screening during the peak. By period 3, 22% of
responding centres continued to halt their programme.

Aortic aneurysm treatment threshold. During period 1,
only 25% of centres had been able to maintain their stan-
dard abdominal aortic aneurysm (AAA) practice, compared
with most centres that documented increased thresholds
for treatment of AAA to >6.5 cm or symptomatic patients,
where baseline practice was in line with international
standards. In contrast, during the final period, 53% of cen-
tres had returned to their normal practice.

Endovascular aortic aneurysm repair. Initially, only 15% of
centres previously able to offer 24/7 endovascular aortic
aneurysm repair (EVAR) were maintaining this standard. By
the end of period 3 this had recovered to 43% of centres,
with 40% able to offer EVAR during normal working hours
only.

Post-EVAR surveillance. Surveillance following EVAR had
been reduced or halted in 73% of centres during period 1;
however, by the third period 32% of centres documented
that they had not yet returned to their “normal” service.
Acute aortic syndrome. The majority of responding centres
(65%) maintained their usual pathways for the treatment of
acute aortic syndrome (AAS) (however, individual centre
baselines of usual practice were not documented); by
period 3 only 22% of centres were offering a reduced ser-
vice. A small proportion of centres (2%) adopted early
endovascular treatment of AAS during the pandemic peak,
compared with their standard practice; this was not seen in
the later time periods.

Lower limb ischaemia. In period 1, 87% of centres had
altered their approach to patients presenting with limb
ischaemia, with 49% still not offering pre-pandemic path-
ways by period 3. Of those centres, 36% of centres docu-
mented that they were being more conservative in their
treatment than usual, with many limiting interventions to
patients with only the most severe limb ischaemia (i.e., rest
pain and/or tissue loss).

Throughout the study period, centres stated that they
were using an “endovascular first” strategy more often than
before the pandemic, with 66% of centres adopting this
approach during the height of the pandemic and 53% of
centres continuing to use a more “endovascular first”
compared with their pre-pandemic approach in the final
study period.

Access to operating theatres. During the first study period,
many centres (57%) reported that there were no dedicated
elective vascular surgical slots, or that access to theatres
was only available for emergency cases. An assumption was
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Figure 2. Overall relative mean reductions in service throughout the study period. Results of the service reduction scores for all European
(including UK for the purposes of this analysis, which remained in the transition period until December 2020) centres represented in the
survey (purple), continental Europe alone (blue), and the UK (red). Each grey dot represents a centre response.
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made that these centres had dedicated elective vascular
theatre lists before the pandemic.

By the later stages, 51% reported a return to normal
operating capacity, while 45% continued to work with
reduced or emergency operating theatre capacity compared
with their normal service. By the end of the survey period
only 3% continued to report a lack of dedicated vascular
surgery slots.

Elective outpatient clinics. Initially, almost no centres were
running normal clinics (only 2%), where 31% had moved
to a pre-clinic triage system and 25% had cancelled all
clinics outright. Centres adapted and, in the latest study
period, 30% of centres had returned to their normal
outpatient services, with 43% of centres continuing to
triage patients.

Outpatient hot clinics. The use of hot clinics (i.e., clinics
reserved for acute and urgent patients seen directly by a
vascular surgeon) increased during the study period, despite
a lower case incidence in the latter stages, and only 26% of
centres did not have some form of hot clinic set up. Of note,
the data collected did not include the number of centres
with hot clinics pre-pandemic.

Multidisciplinary team meetings. Although a small pro-
portion of centres did not run any form of multidisciplinary
team (MDT) even before the pandemic, face to face
meetings remained absent in almost half (46%) of centres
even in the final study period, replaced by an MDT with
reduced staff in 41% of centres and video MDTs in a further
30% of centres.

Staff redeployment. The redeployment of junior staff from
their usual vascular team to other specialties during the
peak of the pandemic was most marked in the initial weeks
(55% of junior team members). Even during the later study
period, 32% of centres reported an ongoing loss of medical
staff to intensive care (22%), other surgical specialties (6%),
or medical teams, including accident and emergency (4%).

Imaging. A quarter (26%) of centres documented reduced
access to their usual pre-pandemic imaging in period 1;
however, by period 3 this had reduced to 6% and most
centres had documented a return to their first line imaging
modality.

Personal protective equipment. During period 1, PPE was
unavailable to staff in 25% of centres. Even during period 3,
12% reported that recommended PPE was not available at
the level recommended by local guidelines.

Management of elective cases in the new era

During the period from the 2 June to 9 August, two of the
53 units felt they were still in the middle of a local peak in
cases and were therefore excluded from this analysis (one
in the UK and one in Poland). The rest indicated that their
centre was in a region that had documented a reduction in
the number of new cases being reported (i.e., past the
peak).

The following section reports the data from the 51 of 53
unit responses from the UK (28 centres), Greece (nine
centres), Italy (three centres), Spain and Germany (two
centres), and Portugal, Austria, Belgium, Switzerland,
Ireland, and the Netherlands (one centre each).

The survey asked centres what category they considered
their centre to be in, using a colour coding system: blue,
dedicated to COVID-19 patients; amber, mixed patient co-
horts (i.e., caring for patients with suspected or confirmed
COVID-19 alongside patients admitted for elective surgery);
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and green, only admitting andmanaging patients screened as
negative for COVID-19 being admitted for elective surgery.

Most centres (81%) were designated amber sites.
Seventy-six per cent of amber or blue centres reported a
local green centre allied to their hospital, although 32%
reported access for day case patients only, and 29% did not
have access for their vascular cases. At least 24% of centres
did not have a designated green hospital site within their
region at all.

Patient testing in elective surgery

The majority of centres had begun to test all patients ahead
of elective surgery (74%), with all centres testing at least a
subset of elective patients. Although a small number of
centres required two negative swabs before surgery, 90%
had set a requirement of one negative swab.

Antigen testing using a swab was reported as the most
common form of testing employed in this cohort. Pre-
operative chest computed tomography was used in 31%
of centres for some or all pre-operative patients. The ma-
jority of centres reported that they asked their patients to
self isolate before surgery (67%), with the most frequent
duration being 14 days (71%), followed by seven days
(21%). Of these patients, 41% were being asked to self
isolate with their whole household.

Management after confirmed COVID-19 infection

Fifty-nine per cent considered an unspecified length of time
and a negative test necessary, whereas others relied on a
period of time having passed, or a negative test. The ma-
jority of centres maintained their own usual practice with
regard to post-operative thromboembolism prophylaxis.

Testing of healthcare workers

The practice of testing healthcare workers varied between
testing all (31%), some (17%), those who were symptomatic
(40%), and none (12%).

Waiting lists

Respondents aware of the status of their centre’s elective
waiting list (76%) reported that, in some centres, > 20
patients with an AAA were waiting for surgery due to
backlogs caused by the pandemic. Similar numbers were
reported for lower limb revascularisations (open and
endovascular management) and superficial venous disease
(Fig. 3).

Research

Although nearly 100% of centres were involved in research
during the reported “recovery” phase, 50% were only open
to COVID related studies, compared with 35% continuing
with all types of research. Of the centres with academic
surgeons on the team, 60% had not been able to resume
their research, or had returned only partly.
DISCUSSION

This paper has presented the initial recovery efforts of
vascular teams around Europe as reported case numbers
fell and the pressure on medical and surgical services eased
after the initial peak of the COVID-19 pandemic. It repre-
sents a pattern of service reductions that may repeat during
subsequent rises in cases and repeated lockdowns.

The initial report from the COVER study provided the first
international collaborative reports of unit level vascular
surgical practice at the start of the COVID-19 pandemic in
2020 and the period following the first international
lockdowns.2

By focusing the data and reports of “recovery” to UK and
European centres, the changes have been examined more
comprehensively, including bed availability and the peri-
operative pathway. It has also permitted a focus on coun-
tries considered to be “high income” and that share similar
practices under the same pan-Europe guidelines (e.g., those
from the European Society of Vascular Surgery).14

Despite the adaptations described by vascular centres to
permit as much elective surgery to proceed as possible
across a breadth of vascular services, including aortic
aneurysm surgery, limb threatening ischaemia, and venous
insufficiency, waiting lists have increased. The financial re-
sources, operating time, patient prioritisation, and staffing
that will be needed to “catch up” will be a challenge that
requires multistakeholder input. An estimate of the backlog
of AAA repairs in the UK alone, using results from the UK
National AAA Screening Programme,15 that 809 size
threshold aneurysms are identified annually, implies a
backlog of approximately 130 AAAs from the initial peak
alone. This does not consider the slow return to normal
practice, and the patients diagnosed in the months subse-
quent to this. Following only 12 weeks of COVID-19
disruption, global predictive modelling from reported elec-
tive cancellations across a range of surgical specialties
estimated it would take between 43 and 48 weeks for
services to catch up, and that was based on a 20% increase
in surgical volume.16

Few centres surveyed here had fully returned to their
pre-pandemic practice by July 2020, and the most recent
results of service availability and methods for ensuring
COVID safe pathways may now represent the new normal.
The demands made on teams to change their way of
practising may have been found to suit their population
and regional needs. Positive changes in practice may have
been found to be favourable and are now continuing. One
example is the use of remote MDTs in those centres that
use them. Not all centres will have a space large enough to
accommodate all members of a MDT in a COVID safe
manner (i.e., with adequate social distancing). Therefore,
the addition of video and teleconference software may
now permit all members of the team to attend and
contribute, whereas without it they would not be able to
do so.
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Figure 3. Reported estimated waiting list figures for key vascular conditions and associated surgery. Figures were taken from centres that
had access to their waiting lists. The x axis represents the estimated number of patients on the waiting list for each procedure. The y axis
indicates the percentage of responding centres in each category. (A) Abdominal aortic aneurysm repair. (B) Open surgery for peripheral
arterial disease. (C) Endovascular procedure for peripheral arterial disease. (D) Treatment for varicose vein treatment.
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The use of hot clinics also increased during the pandemic.
Although many centres required them to replace the lost
regular outpatient clinics, many report continuing the
practice into the recovery period.

The routine use of pre-operative COVID-19 tests shortly
before admission for surgery, and after a set period of self
isolation, has been reported by many of the centres sur-
veyed here. Evidence from other studies demonstrate that
contracting COVID-19 during or after surgery is detrimental
to patient survival.17 However, even during the peak of the
pandemic, the reported rate of suspected or confirmed
infection among patients operated on for a vascular con-
dition was very low.18 Vascular conditions are commonly
associated with the comorbidities linked to COVID-19
mortality (i.e., hypertension, increasing age, and male
sex). Therefore, many patients were likely to be practising a
degree of social isolation before their acute presentation to
vascular services, which will have provided some protection
to those requiring surgery.
Tier 1 of the COVER study remains a pragmatic survey of
evolving practice changes in a mix of district and tertiary
vascular centres. Surveys have known limitations (e.g., du-
plicates and validation of results). Duplications were
matched and resolved. The time periods were not corre-
lated exactly with individual country lockdown dates.
However, the countries of all centres included in this paper
entered lockdown in March 2020 and were in lockdown
when the survey began. Most centres that responded in a
repeated way were from the UK. The data have been pre-
sented as received from centres, and the bias this displays
must be accepted, while acknowledging that, across the
countries included, available technologies and guidelines
used for best practice are the same. Therefore, perceived
changes from best guided care will have been broadly
similar. Blanket coverage was not achieved for all countries
involved and therefore no comment can be made on any
bias introduced into the results due to the types of centres
that responded.
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Conclusion

In the months following the first peak of COVID-19 cases,
many centres did not return to their previous levels of care
provision. Since these data were collected, global rises in
cases have led to rolling lockdowns and repeated hospital
shutdowns due to pressures on services. Although these
data are historical, they represent a pattern of service re-
ductions that many countries may be forced to repeat in the
future.
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