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Abstract

Background

Although morbidity and mortality from COVID-19 have been widely reported, the indirect effects of
the pandemic beyond 2020 on other major diseases and health service activity have not been well
described.

Methods

Analyses used national administrative electronic hospital records in England, Scotland and Wales for
2016-2021. Admissions and procedures during the pandemic (2020-2021) related to six major
cardiovascular conditions (acute coronary syndrome, heart failure, stroke/transient ischaemic
attack, peripheral arterial disease, aortic aneurysm, and venous thromboembolism) were compared
to the annual average in the pre-pandemic period (2016-2019). Differences were assessed by time
period and urgency of care.

Results

In 2020, there were 31,064 (-6%) fewer hospital admissions (14,506 [-4%] fewer emergencies,
16,560 [-23%] fewer elective admissions) compared to 2016-2019 for the six major cardievascular
diseases combined. The proportional reduction in admissions was similar in all three countries.
Overall, hospital admissions returned to pre-pandemic levels in 2021. Elective admisSionsiwremained
substantially below expected levels for almost all conditions in all three countries (10,996 [-15%]
fewer admissions). However, these reductions were offset by higher than expected total emergency
admissions (+25,878 [+6%] higher admissions), notably for heart failure and stroke<in England, and
for venous thromboembolism in all three countries. Analyses for procedures showed similar
temporal variations to admissions.

Conclusion

This study highlights increasing emergency cardiovascular admissians during the pandemic, in the
context of a substantial and sustained reduction in electivesadmissions and procedures. This is likely
to increase further the demands on cardiovascular services over the coming years.
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Legend: Monthly total admissions for cardiovascular disease as primary diagnosis across subtypes,
across three countries in the UK and across pre-pandemic (2016-2019) and pandemic (2020 and
2021) periods.

Abbreviation: ACS: Acute Coronary Syndrome; HF: Heart Failure; TIA: Transient Ischaemic Attack; AA:

Aortic Aneurysm; PAD: Peripheral Artérial Disease; VTE: Venous Thromboembolism

Key Question: Whats the impact in 2020 and 2021 of the COVID-19 pandemic on hospital
admissions and procedures for six major cardiovascular diseases in England, Scotland and Wales?

Key Finding:In 2020, there were 6% fewer hospital admissions (emergency: -4%, elective: -23%)
comparedto-2016-2019 for six major cardiovascular diseases, across three UK countries. Overall,
admissions returned to pre-pandemic levels in 2021, but elective admissions remained below
expected levels.

Take-home Message: There were increasing emergency cardiovascular admissions during the
pandemic, with substantial and sustained reduction in elective admissions and procedures. This is
likely to increase further the demands on cardiovascular services over the coming years.

2016-2019
2020
2021
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Introduction

Since the early stages of the coronavirus (COVID-19) pandemic, acute workload on health systems
managing those with the virus has led to direct effects (e.g. hospitalisations, intensive care
admissions and mortality of infected individuals)(1-3). In addition, indirect effects have impacted
non-COVID diseases by health system strain and changes in behaviours, documented across some
individual specialties, clinical procedures, and countries but only in the first year of the pandemic(4—

7).

The role of non-communicable diseases (NCDs) and their care as a COVID-related risk factor and
outcome is consistent with a “syndemic”, “characterised by biological and social interactions
between conditions and states, interactions that increase a person's susceptibility to harm or worsen
health outcomes” (8). However, pandemic planning and preparedness excludes modelling of indirect
effects, which have not been of this scale in prior public health emergencies. Moreover, pandemic
monitoring has focused on metrics of infection, excluding NCDs as a risk factor_or=indirect

outcome(9).

Cardiovascular disease (CVD) is the greatest burden of disease in UK and globally(10). Any attempt to
quantify indirect effects or NCDs must consider CVD. Even in the early first wave, there were indirect
effects across 6 CVD subtypes in 9 UK hospitals with reduced admissions, emergency department
attendances and procedures after lockdown (23 March 2020) by*58%, 53%, 31%-88% respectively,
compared with prior years(2). Several studies confirmed indirect effects in different CVD subtypes
and countries(7, 11-13). However, over two years into the pahdemic with increasing non-COVID care
backlogs in the UK and other countries, thrée, questions remain. First, “Is the risk profile of
individuals with CVD different before and=during COVID-19?”, which could inform risk prediction
models and CVD prevention priorities~duting /pandemics. Second, “How has clinical activity varied
across subtypes(14), admissions and procedures during the pandemic?”, to understand impact of
changing pandemic waves and policy landscapes, including vaccinations and lockdowns. Third, “Are
CVD admissions and procedures “affected more for elective or emergency activity?”, to inform

service planning and resource utilisation during and post-COVID-19. In the CVD-COVID-UK/COVID-

IMPACT consortium, national electronic health record (EHR) data are available for pandemic-related

research(15,16).

Objectives
Using EHR phenotypes for CVD and associated procedures(14), the indirect impact of the COVID
pandemic on CVD can be studied with access to data for 65.7 million individuals across multiple

sources with >700 validated phenotyping algorithms. For six major CVD subtypes (acute coronary
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syndrome, heart failure, stroke/transient ischaemic attack, peripheral arterial disease, aortic
aneurysm, and venous thromboembolism) in three UK countries (England, Scotland and Wales), we
investigated hospital activity before (2016 to 2019) and during the COVID-19 pandemic (2020 to

2021) by: (i) demographic characteristics; (ii) admissions and procedures; and (iii) urgency of care.

Methods
Setting and data sources

National administrative hospital records for England, Scotland and Wales were used for this study
and data sources are shown in Figure S1. Data were accessed through each country’s trusted
research environment (TRE), which was made possible through agreements with Health-=Data
Research UK for the British Heart Foundation Data Science Centre’s CVD-COVID-UK/COVID=IMRPACT
research programme (15, 16). For England, data were obtained from the Admitted Patient Care
Hospital Episode Statistics in NHS Digital’s TRE service for England. For Scotland, the Scottish
Morbidity Records (SMR 01) for General / Acute Inpatient and Day Case admissienin the Scottish
National Safe Haven was the data source (17) and for Wales, it was the Patient Episode Database
Wales in the SAIL Databank (18). These datasets cover inpatient admissions to all NHS hospitals

including day cases.

Data extraction and analysis of patient-level hospital data“was,undertaken in each nation’s TRE using
common data specifications and analysis codes, accounting/for differences in data structure and
clinical coding procedures between the three nations. In.the raw form, each record represents a new
admission, a change between medical specialists within the same admission or an interhospital
transfer. To minimise overcounting, a“record that represented a continuous hospital stay and
included changes between medical\specialists within the same admission and accounted for

interhospital transfers was created=Only aggregated data were shared.
Study population

The study populationiincluded all individuals admitted to hospital in England, Scotland or Wales with
a primary diagnosis*ef-each CVD subtype between January 1%, 2016 and December 31%, 2021- the
study period covers four years before the COVID-19 pandemic for comparison with the first two
years.of ‘the'pandemic. The study population also included all individuals admitted for each of the
associated CVD procedures to ensure that all procedures were captured, since the associated CVD

subtype diagnosis might not necessarily be recorded as the primary diagnosis for these admissions.

Admissions for CVD diagnoses and procedures
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Included CVD diagnoses were acute coronary syndrome(ACS), heart failure(HF), acute stroke or
transient ischaemic attack(stroke/TIA), peripheral arterial disease(PAD), aortic aneurysm(AA) and
venous thromboembolism(VTE). Associated CVD procedures were percutaneous coronary
intervention, coronary artery bypass graft surgery, pacemaker/cardiac resynchronisation therapy,
ventricular assist device/heart transplant, stroke thrombolysis/thrombectomy, carotid
endarterectomy/stenting, cerebral aneurysm coiling, aortic aneurysm repair, peripheral limb
angioplasty, limb revascularisation, bypass/amputation, and pulmonary artery

embolectomy/embolisation.

Phenotypes for CVD diagnoses were defined using the international classification of diseases, 10th
revision (ICD-10 codes) and procedures using office of population censuses and surveys classification
of interventions and procedures, version 4 (OPCS-4 codes). These were chosen to align with an
earlier study (2) and a few minor modifications were made to OPCS-4 codes after clinicalhand
academic expert consensus (e.g. additional codes for coronary artery bypass surgery or pacemaker
insertion). For procedures, we counted all recorded procedures in a single admission/ Details of

diagnostic and procedural clinical terminology codes are in Table S1.

Admissions, not individuals, were counted. One patient may haveybeen“readmitted for a CVD
subtype or procedure, or had an admission for other CVD subtypés,or procedures during the study
period, and each admission was counted. Admissions were classified as emergency or elective using
the admission type variable in each dataset. Generally, emergency admissions were when the
admission was unpredictable and at short notice due to clinical need, such referral from accident
and emergency, a general practitioner or a clinic. Admissions were classified as elective when the
decision to admit could be separated from.the'time of the actual admission such as being admitted
from a waiting list, or having the admission booked or planned at the time when it was deemed

clinically necessary.
Statistical analysis

Analyses were for men and_women combined and for all ages. Demographic characteristics of
individuals admitted to haspital pre-pandemic with those admitted during the first two years of the
pandemic for CVD,subtypes and procedures were investigated. The characteristics were for each
admission=and. included sex, age, and ethnic group, and Charlson comorbidity index using ICD-10
codes. from the admission(19).The average number of people in each category of the selected
demographic characteristic was divided by the average number of admissions. Due to small numbers

(<5)+in some categories, characteristics for 2020 and 2021 were reported as an average of the two
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years. For all other analyses, 2020 and 2021 are reported separately. The average of 2016-2019 was

selected as the comparator for all analyses, using a four-year period to give stability over time.

Initially all admissions (emergency and elective combined) were assessed. To explore indirect effects
of the pandemic on unplanned and planned CVD care and inform policy responses, admissions were
reported separately as emergency or elective, respectively on CVD admissions to hospital separately
from hospital capacity to provide planned care during the pandemic. Annual counts were calculated
within the three time periods of interest: pre-pandemic 2016-2019, and pandemic 2020 and 2021.
The percentage change between time periods was calculated by subtracting the total for each
pandemic year from the 2016-2019 average and dividing by the 2016-2019 average. Percentage
changes were calculated with 95% confidence intervals, assuming pre-pandemic annual counts
followed a negative binomial distribution. Monthly counts of admissions were also calculatedyand
plotted to show trends during the years. The analyses were performed according to a pré-specified
protocol and analysis plan with phenotyping and analysis code, which is "available at

https://github.com/BHFDSC/CCU003 04.

Results

Study population

We identified a total of 1,973,104 and 970,374 admissions and 1,616,550 and 635,187 procedures in
2016-2019 and 2020-2021 respectively.

Demographic characteristics

There were no major differences by age, gender or'ethnic group between 2016-2019 and 2020-2021
for admissions (Table S2) or procedures/(Table S3) across countries or CVD subtypes. The Charlson
comorbidity profile was more severedn 2020-2021, compared with 2016-2019, for all admissions and
all procedures in England, except VAD/transplant and PA embolectomy. In Scotland, individuals with
PAD (20.4% vs 17.9%) and VI TE(18.8% vs 17.9%) had more severe comorbidities in 2020-2021,
compared with pre-pandemic;/ but otherwise, in Scotland and Wales, there were no notable

differences by comorbidities in admissions or procedures between pre- and post-pandemic periods.
Hospital admissions
Total admissions

In 2020, there were 31,064 (-6%) fewer admissions for all six CVD subtypes combined in the three
countries overall, compared with the expected 2016-2019 numbers. In 2021, there was an overall

increase of 14,884 (+3%) admissions. Figure 1 shows annual counts and percentage change in total
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admissions for CVD as the primary diagnosis for all CVD and across subtypes for each country. In
2020, admissions for all CVD in the three individual countries were lower than expected (-6% in
England, -6% in Scotland, -7% in Wales). In 2021, admissions in England were 4% higher than

expected, but in Scotland and Wales, numbers were similar to 2016-2019.

For most CVD subtypes, admissions in 2020 were lower than expected across countries compared
with 2016-2019 (Figure 1). Admissions for ACS, AA and PAD were lower in all three countries (annual
% change range: -6% to -27%), and for HF in Wales (-13%). For stroke/TIA in England, admission
numbers were somewhat lower (-3%). For the remaining CVD subtypes, the observed numbers of
admissions in 2020 were similar to those in 2016-2019. In 2021 in all three countries, admissions for
AA and PAD continued to remain lower than expected (range: -10% AA in Scotland to -19% AA.in
Wales) and there were more admissions for VTE than expected (range: +11% in Scotland to +27% in
Wales). In England, there were somewhat more admissions for stroke/TIA in England” (+4%).. In
Scotland, admissions for ACS, HF and stroke/TIA were similar in 2021 compared to"2016-2019. In

Wales, admissions for ACS and stroke/TIA were lower, -5% and -7% respectively.

The observed changes were not uniform throughout the two pandemic years (Graphical abstract). In
2020, monthly admissions for all CVD subtypes in all three countries decreased from January, with
greatest reductions in April, compared to 2016-2019. Admissions,remained lower than expected
during the rest of 2020, except VTE admissions which increased above 2016-2019 levels by
May/June 2020 and throughout 2021. In 2021, monthly admissions for all CVD subtypes were lower
than 2016-2019 levels in January and February in all 3,countries, except VTE. Timing and extent of

recovery to expected levels varied by CVD subtype and country.

Urgency of Care

In 2020, there were 14,506 (-4%) fewer emergency admissions than expected for all CVD in the three
countries combined, and the proportion’reduction was similar in all three countries. For most CVD
subtypes, emergency admissions in.all three countries were similar to those in 2016-2019 (Figure 2).
The exceptions were ACS invEngland (-8%), HF in Wales (-13%), stroke/TIA in England (-3%), AA in
England and Scotlandy(-9% and -12% respectively) and PAD in England (-5%). There were also fewer
elective admissions for all CVD in 2020 with a total of 16,560 (-23%) fewer in the three countries (-
22% for England,and Wales, -30% for Scotland). For most CVD subtypes across countries compared
to 2016-2019; elective admissions were lower (e.g: -16% ACS in England and stroke/TIA in Scotland, -
35% HF in Scotland). Admissions with the greatest reductions were AA (-34%, -38% and -37%) and

PAD(-30%, -36% and -40%) in England, Scotland and Wales respectively. Admission numbers were
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similar to 2016-2019 for ACS in Scotland and Wales, Stroke/TIA in England and Wales and VTE in

England and Scotland. No admissions for CVD subtypes were higher than expected.

In 2021, there were 25,878 (+6%) more emergency CVD admissions in the three countries combined.
This was driven by the 7% higher number of admissions in England, while in Scotland and Wales
numbers returned to expected levels (Figure 2). For most CVD subtypes across countries, the
number of emergency admissions returned to expected levels, although there were some
exceptions. Admissions were higher than expected in all three countries for VTE (England +19%,
Scotland +29%, Wales +13%). In England, admissions were higher than expected for HF (+11%),
stroke/TIA (+5%) and PAD (+6%) and somewhat lower for AA (-4%). Elective admissions remained
lower in 2021 with 10,996 (-15%) fewer CVD admissions than in 2016-2019 in the three countrijes
combined (England -14%, Scotland -25%, Wales -15%). For individual CVD subtypes, eléctive
admissions remained below pre-pandemic levels across all subtypes and countries, except HE. in
Wales (+23%) (Figure 2). Monthly emergency and elective admissions across CVD subtypes and
across countries decreased between January and April 2020 (Figures 4 and '5 respectively).
Emergency activity returned to 2016-2019 levels by June/July 2020, except for.VTE-which remained
higher throughout the rest of 2020 and 2021. Between February and April 2021, emergency CVD
admissions exceeded 2016-2019 levels, then decreased, particularly in-Wales, where ACS, HF and
stroke admissions decreased to lower than pre-pandemic levels, (Figure 3). Other than VTE, elective
admissions did not return to expected levels by end of 2021, across CVD subtypes and countries

(Figure 4). Reductions for elective and emergency admissions were greater in England and Wales.
Procedures
Total procedures

In 2020, there were 96,554 (-24%) féewer total procedures for all six CVD subtypes combined in the
three UK countries compared with the expected number in 2016-2019. In 2021, there were 76,541 (-
19%) fewer CVD procedures.\In"2020, admissions for all CVD procedures in the three individual
countries were lower than expécted and varied by country (England -25%, Scotland -16%, Wales -
23%) (Figure 1). In 2021, there was a small increase (5-8%) in all CVD procedures in the three

countries, but numbeérs remained below expected levels (England -20%, Scotland -10%, Wales -15%).

There were major reductions across most individual CVD procedures in 2020 compared with 2016-
2019. These’ included percutaneous coronary intervention (range: -17% in Scotland to -27% in
England), coronary artery bypass graft surgery (-23% in Scotland to -44% in Wales), carotid
endarterectomy (England -24% to Wales -43%) and limb angioplasty (-16% in England to -30% in

Wales). Only stroke thrombolysis in England was higher than expected (+8%), and cerebral artery
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coiling in all three countries was similar to 2016-2019. In 2021, although there was some
improvement, most CVD procedures remained well below the expected levels in all three countries,
ranging from -6% for PAD revascularisation in Scotland to -49% for carotid endarterectomy in Wales.
Only stroke thrombolysis in England (+17%), cerebral artery coiling in Scotland (+21%), and
ventricular assist device or heart transplant in Scotland (+81%) were higher, but numbers were low
and confidence intervals wide. Generally, monthly numbers of CVD procedures were lower in 2020

and 2021, compared to 2016-2019 across countries (Figure 2).

Observed changes were not consistent throughout 2020 and 2021 (Figure 5). In 2020, monthly
admissions for all CVD procedures in all three countries decreased from January, with greatest
reductions in April, compared to 2016-2019. Overall admissions for procedures all CVD subtypes

remained lower than expected during the rest of 2020 and 2021 in all three countries.
Urgency of Care

In 2020 there were 11,775 (-9%) fewer emergency CVD procedures than in 2016-2019 in all three
countries combined. The proportion reduction varied between countries (England #10%, Scotland
+3%, Wales -4%) (Figure 6). The total number of individual emergency €V¥D=procedures was either
lower than or similar to 2016-2019. Examples of procedures that were“lewer were coronary artery
bypass graft surgery (-26% in England, -57% in Wales), carotid endarterectomy (-36% in Wales), AA
repair (-23% in England, -25% in Wales) and pulmonary artery embolectomy (-20% in England). Some
procedures were higher in 2020 than expected: permanent pacemaker or resynchronisation therapy
in Scotland (+20%) and cerebral artery coiling (¥15%"in 'England and +47% in Wales), although

numbers were relatively low.

In 2021 there were only 1,990 (-2%).fewer, emergency CVD procedures in all three countries
combined, with some variation observed between countries (England -2%, Scotland +10%, Wales
0%). Generally, there was variabilitysacross individual CVD procedures and countries (Figure 6). For
example, emergency coronary.artery bypass graft surgery was lower in England (-9%) and Wales (-
53%) and higher in Scotland(+46%). However, AA repair across all three countries remained lower in

2021 than 2016-2019(England -19%, Scotland -18%, Wales -33%).

For elective €VD procedures in 2020, there were 84,766 (-31%) fewer procedures combined for all
three countries (England and Wales -32%, Scotland -21%). Individual elective procedures were all
lower in 2020 compared to 2016-2019 across countries, except stroke thrombolysis was higher in
England’(+230%, N+81). The reduction in CVD procedures varied by country and procedure, e.g. -
39%, -39% and -24% for CABG, and -29%, -24% and -41% for limb angioplasty in England, Wales and

Scotland, respectively.
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In 2021, the reduction in elective procedures persisted with 74,566 (-27%) fewer elective CVD
procedures combined for all three countries (England -29%, Scotland -15%, Wales -23%) (Figure 6).
The reductions continued for all individual elective procedures, except stroke thrombolysis in
England. Between January and April 2020, monthly emergency procedures decreased for AA, ACS, HF
and PAD, recovering to pre-pandemic levels in late 2020 and 2021. (Figure S2). Monthly elective
procedures decreased in January-April 2020, across subtypes and countries, and had not recovered

to 2016-19 levels by end of 2021 (Figure S3).

Discussion

In the first comprehensive study to use national routinely collected electronic hospital data in the
pandemic context across CVD subtypes, admissions, procedures, urgency of care and countries; we
demonstrate three major findings. First, there were profound reductions across CVD subtypesiand
countries during the pandemic, particularly for procedural activity which reduced by/a“third.in 2020
and by a quarter in 2021, compared with pre-pandemic levels. Second, except for. VIE, although
emergency admissions and procedures had returned to pre-pandemic levels ‘by/2021, elective
activity remained significantly reduced, especially for procedures. Third, the comorbidity profile for
CVD admissions and procedures was more severe during the pandemic than pre-pandemic in
England for most CVD subtypes but did not generally differ, between 2020-21 and 2016-19 for

Scotland and Wales.

Despite multiple analyses of indirect effects in the”UK and/other countries using EHR(11-14, 20),
these effects have been neglected in pandemic,surveillance and policy responses(21). Moreover,
prior analyses have tended to be disease- or procedure-specific and have not taken a system-level
view across diseases and countries(22)."'We now confirm previous reports of reduced activity for
admissions and for PCl and other«CVD-related procedures, showing variation by timing, speed and
extent of recovery across subtypes=Given the significant backlogs across services in the UK(23-25)
and other countries(26), there is an urgent need to monitor and understand these indirect impacts
of the COVID-19 pandemic, to develop coordinated, but tailored responses, based on subtype, type
and urgency of care, and.country. Without urgent action, indirect and long-term consequences could
create far gréateriburden and cost to individuals, populations and health systems than acute, direct

effects.

Reductions in emergency care are likely to require different approaches to workforce and resource
planning, compared with elective care, and for admissions versus procedures(27, 28). Therefore, the
greater effect on procedural activity and the relatively slower recovery of elective procedural

activity, especially in England and Wales, requires further investigation, explanation and mitigation
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strategies. The widespread strain on health systems due to COVID-19 is unprecedented and staff and
resource shortages over successive waves may provide part of the explanation. In 2021, some
emergency admissions were greater than pre-pandemic levels, which may in part, be related to the
reduction in elective admissions and procedures the year before. There may also have been changes
in coding of admissions as “emergency” or “urgent” so that they were less delayed during the

pandemic.

Although projections from national and international efforts such as the Global Burden of Disease
Study provide important context(29), more detailed national-and local-level data regarding CVD
readmissions, and non-COVID and CVD deaths are required for informed health policy. Ultimately,
answers require standardised, near real-time data which has become possible in the COVID-19
context but has historically not been a priority. To-date, admissions and procedures have“been
tracked in a “rear view mirror”, which is not fit-for-purpose for surveillance and planning during
public health emergencies such as pandemics, due partly to specialty- and disease-specifiesilos, and
partly due to a culture of retrospective data collection, monitoring and analysis. Fer example, the
UK’s National Heart Failure Audit and National Audit of PCI publish annual reports-with a one year
delay, which has been further delayed or de-prioritised during the pandemic(30) and national AA
screening data during the pandemic has not been published(31). National EHR data can and should
be used to study CVD and non-COVID diseases and servicesqat scale; with low-hanging fruits for

public health and policy planning during and post-pandemie:

Late presentation, greater severity of illness and inequalities in access to healthcare have been
invoked to explain increased rates of CVD during the/pandemic. The finding of similar baseline
characteristics before and during the pandemic among most individuals presenting with CVD and
undergoing CVD-related procedures in.Scetland and Wales suggests that these patient-level factors
(including age, sex and ethnicity) de’ not fully explain the reductions in CVD care during the
pandemic, and that system-levelfactors may be more important. However, for most CVD subtypes
in England, there was greater comorbidity burden in those presenting during pandemic years than
during pre-pandemic years, which could suggest decreased prevention, late presentation and/or
reduced access to CVD sefvices. We show differences by subtype, by urgency of care and by country,
which may Signify different reasons for reductions in activity and therefore different, nuanced
solutions. ‘For example, the higher impact on CABG, carotid endarterectomy and PAD procedures
negds to be explored. There is now clear evidence of increased VTE risk associated with COVID-19,
up to-I"year after infection, which at least partly explains the observed increase in VTE admissions
and procedures(32). We have only considered certain CVD admissions and procedures, but indirect

effects across all diseases and procedures are likely. A complex interplay of factors makes analysis
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difficult with successive pandemic waves, lockdowns, vaccination programmes and changing COVID-
19-related policies. However, without a whole-system perspective and better up-to-date data, the
indirect effect across diseases cannot be quantified, tackled or predicted. Only then can the correct,

nuanced approaches to workforce, public health priorities, health resource utilisation be planned.

Strengths/limitations

Our analyses used standardised, validated, open-source coding in national level EHR data in the most
comprehensive investigation of indirect effects to-date. We used pre-pandemic data for comparison.
We used the same methods for admissions and procedures across diseases, CVD subtypes and
comparable datasets across countries (17). Our study does have some limitations. First, we only
investigated some, not all CVD admissions and procedure. Second, there were low numbers for
certain procedures, particularly in Scotland and Wales. Third, we only examined inpatient and)not
outpatient or emergency department activity. Fourth, we only had sociodemographicwand
comorbidity data at baseline and not tracked over time. Fifth, we do not look in detail atiimpact of
lockdowns, vaccination, successive waves. Sixth, we are reliant on EHR and coding/errors are
possible though prior published studies suggest that this unlikely to be a major issue. Seventh, we
did not investigate impact of changes in CVD admissions or procedures on CVD-related mortality,
which should be considered in future studies. Eighth, using these«data.and analyses, we could not
conclude whether observed changes were due to patient-driven (e.g)fear of hospital attendance),
staff shortage (e.g. redeployment, sickness) or hospital, policy (e.g. cancelation of elective
procedures), which will require further research. Finally, our analyses only concerned UK healthcare

system and data, and may not be necessarily generalisable to other countries and settings.

Implications for clinical practice and policy

Our results suggest that proceduraléactivity'needs to be prioritised and planned to provide timely
services for high-risk patients during.pandemics. Data about potential indirect effects needs to be
collected and monitored, and 'ways-of collecting, storing and analysing data need to be standardised
across diseases and procedures, i.e. we cannot have every specialty and disease developing its own

|II

methods and “re-inventing the wheel”. During planning for pandemics, NCD surveillance needs to be

part of the preparation and during pandemics, it should be part of the dashboards.

Implications for research

With the advent of national TRE data, the type of research which we have conducted needs to be
scaled-Up. Open-source data and methods can facilitate valid comparisons within and across
countries, but differences in capture and coding of data need to taken into account. Our methods

and our results have application to other diseases (19,20) and other countries, with potential
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implications for current and future pandemic policy. The science of pandemic preparedness has
been largely restricted to infection dynamics. Future prediction models have to incorporate NCDs,
and should include indirect effects, which may be as profound as direct effects.

Conclusions

There have been wide and far-reaching reductions in secondary care for cardiovascular disease
throughout the pandemic, with incomplete recovery, particularly for procedural and elective activity,
even two years into the COVID-19 pandemic. Monitoring and protection of cardiovascular and non-

COVID services should be part of pandemic planning in future.
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Figure 1. Annual counts and percentage change in total admissions and procedures between pre-pandemic (2016-2019) and pandemic (2020-2021)
periods for cardiovascular disease as primary diagnosis for all cardiovascular diseases and across subtypes and across three countries in the UK.

Mean No. Difference. % change (95% C1) Difference % change (95% C1)
Condition 2016/19 Total No. 2020 2016/19 to 2020 2016/19 102020 Total No. 2021 2016/19 to 2021 2016/19 to 2021
Al Admissions
All conditions
England 428487 401437 -27040 - 6 (-10,-2) aa3ses 15379 a(-1,8)
Scotland 39296 37121 2175 - -6 (-8,-2) 39194 102 0(-3,3)
1o 25494 23645 1840 7(9,5) 25101 303 2(41)
Acs
England 106217 97039 o178 -9(-11,-6) 105182 -1035 1(-3,2)
Scotland 10447 9807 -640 - 6(-11,-1) 10458 11 0(-5,6)
Wwales 6857 sa62 395 - 6(-8,-3) 6541 316 - -5(-7.-2)
HE
England 92300 27386 4914 - 5(-14,5) 101242 8942 10(-1,21)
Scotland 6325 aas. - 5(-15,5) 6623 a7 -1(-10,10)
Wales a92s azs6 -639 -13(-17.-8) aso7 28 -1(-5.5)
Stroke/TIA
England 112141 108689 3452 3 (-5, 1) 116684 asas 4 (2.6)
Scotland 12471 1211 ass 3(-6,1) 12502 31 0(-3.4)
Wales 7467 7312 -155 2(-53) 6926 541 - -7(-10,3)
An
England 11975 ons 2857 24 (-28,-20) o8a7 2128 - 18 (-22,-14)
Scotland 012 o806 226 25(-31,.18) 824 88 - 10(16,3)
Wwales 67a aso 185 -27 (-36,-18) sas 129 - -19(-28,-9)
PAD
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vTE
England 62378 65004 2626 a(616) 73264 10886 17 (6,30)
Scotland 5091 5125 3a 1(-a.6) s6a3 552 11 (5,17)
Wales 3326 3359 a3 157 a2s 892 27(20,34)
ACS= Acute Coronary Syndrome, HF = Heart Failure, TIA= Transicnt Ischaemic Attack, AA= Aortic Aneurysm, PAD = Peripheral Arterial Disease, VTE= Venous Thromboembalism
Mean No. Oifferance % change (95% C1) Diffarence % change (95% C1)
Procedure for. 2016/19 Total No. 2020 2016/19 to 2020 2016/19 t0 2020 Total No. 2021 2016/19 to 2021 2016/19 to 2021
AL Procedures
All procedures
England as23s3 265447 86906 25 (-29,-20) 281926 70427 - 20(-25,15)
Scotland 31013 26057 16(-17,15) 2797 3024 - 10 (-11,-9)
Wales 20775 16083 -a692 23(-27,-18) 17695 -3080 - 15 (-19,-10)
Cardiac
England 196930 143370 53560 27(-33,-21) 153202 43728 -
Scotland o 15439 3210 17 (-19,16) 16581 20 -
Wwales 11152 8596 2556 -23(-27,19) 9661 -1a91 -
casc
England 15551 9961 5590 36 (-40,-31) 11121 4370 - 28(-33,23)
Scotland 1012 -207 -23(-28,16) 1062 47 - -19 (-25,-12)
Wales 1019 sea as1 44(-51,-37) 727 202 - 29 (-37,-20)
Heart Failure
PPM/resynchronisation
England 77545 64106 13439 17(-20,15) 66032 11513 - 15 (-17,12)
Scotland 096 3901 195 -5 (-10,1) a190 - 2(-3,8
Wwales 4650 3sa2 sos 17(-21,13) 4276 374 - 8(-12,3)
VAD/transplant
England 266 1ss -1 -a2 (-51,-31) 1a7 -119 - -as (-s4,-34)
Scotland 16 20 a 29 (-22,114) 28 12 81 (16,182)
Wales 12 ° 3 -23(-62,56) © - - 49 (-78,19)
Stroke/TIA
Thrombolysis or thrombectomy
nd 3863 4166 303 8(2,14) as17 654 - 17 (10,24)
Scotland o o
Wales 243 276 a3 14 (-15,53) 254 11 - 5(-22,41)
Carotid endartectomy or stenting
neland 2a68 2638 -830 -24 (-28,-19) 2039 -s29 - -15(-20,-10)
Scotland 398 201 107 27(-36,17) 322 o - 19 (-28,-9)
ales 26 128 on 43 (-61,18) 16 110 - 49 (-65,25)
Colling of cerebral artary
nd 1578 1626 as 3(-8,15) 1608 30 - 2(-9,14)
2a7 231 -16 -7 (-19,8) 300 53 - 21(7,38)
143 126 17 12(-27.7) 128 1s - 10 (-26,9)
12313 8128 a18s 8310 -a003 - -33 (-41,-23)
1459 1059 -aco 1117 -3a2 - -23(-31,15)
766 s12 254 33 (-44,-20) 526 240 - 31 (-22,18)
Umb angioplasty
England 22824 17402 -sa22 -24 (-28,-19) 18678 -a1a6 -18(-22,-14)
Scotland 1995 1679 316 -16(-20,-11) 1757 -238 -12(-26,-7)
Wwales 1028 717 311 30 (-48,-5) 738 290 - 28(-47,-3)
bypass or
England 17083 13152 3931 14583 2500 - 15 (-18,12)
Scotland 2720 2344 -376 -8) 2549 “171 - 6(-12,-1)
Wales 1a82 1280 -202 -1a(-21-6) 1232 -250 - 17 (-24,-9)
vrEe
PA embolectomy
England 932 743 189 20(-31,7) 720 203 - 22(-23,-9)
Scotland 124 s1 -a3 -35(-57,-2) 73 -s1 - -a1(-61,11)
54 29 25 46 (-64,21) 3 23 - 43(-61,16)
PCI= Percutancous Coronary Intervention, CABG= Coronary Artery Bypass Graft, PPAM= van= Assist Device, AA= Aortic » VIE= Venous Pa= Artery

Figure 2: Annual counts and percentage change in"total emergency and elective admissions between pre-pandemic (2016-2019) and pandemic (2020 and
2021) periods for cardiovascular disease as primary diagnosis for all cardiovascular disease and across subtypes and across three countries in the UK.
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Figure 3: Monthly emergency hospital admissions-for cardiovascular disease as primary diagnosis across subtypes, across three countries in the UK and
across pre-pandemic (2016-2019) and pandemic;(2020 and 2021) periods.
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Figure 4: Monthly elective hospital admissions for cardiovascular disease as primary diagnosis across subtypes, across three countries in the UK and
across pre-pandemic (2016-2019) and pandemic (2020 and 2021) periods.
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Figure 5. Monthly total procedures for cardiovascular disease across subtypes, across three countries in the UK and across pre-pandemic (2016-2019)
and pandemic (2020 and 2021) periods
All procedures
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Figure 6: Annual counts and percentage change in total emergency and elective procedures
between pre-pandemic (2016-2019) and pandemic (2020-2021) periods for cardiovascular disease
for all cardiovascular procedures and across subtypes and across three countries in the UK

Mean No. Difference % change (95%CI) Difference % change (95% Q1)
Procedure for.  2016/19 Total No. 2020 _2016/19 to 2020 2016/19t02020  Total No. 2021 2016/19 to 2021 2016/19 to 2021
Emergency Procedures
All procedures
England 1149 103164 11635 . -10(-11,9) 12179 -2620 é 2(371)
Scotland 6764 6952 188 - 3(06) 721 657 . 10(7,13)
Wales na 6993 328 . 4(-80) 7294 27 18 0(44)
Cardiac
pci
England 68542 60891 7651 . 11(13,9) 65105 3437 - 5(7,3)
Scotland 4280 217 37 . 1(35) 4564 284 = 761)
Wales 3651 3794 143 e 408 092 441 . 12(8,16)
case
England 3786 2789 997 . -26(-29,23) 359 227 9(12,5)
Scotland 75 n 4 . 5(:2927) 109 3 > 46(15,86)
Wales m 18 159 . 57 (-65,48) 129 148 53 (61,44)
Heart Failure
PPM/resynchronisation
England 2101 19387 1624 . 8(12,3) a7 766 tos 4(29)
Scotland 57 688 1us .- 20(8,33) 807 234 - 41(2855)
Wales 1581 1385 236 e -15(-24,5) 1457 124 8(173)
VAD transplant
England 106 6 43 —.—— 41(:54,23) 57 49 46(59,29)
Scotland 6
Wales
Stroke/TIA
or thrombectomy
England 3828 4049 2 e 6(012) 4400 sn2 . 15(8.22)
Scotland 0(00)
Wales 23 261 18 . ‘ 8(-2045) 24 1 . 1(:2535)
Carotid endartectomy or stenting
England 901 80 61 .- 7(133) 888 13 . 1(86)
Scotland % 45 s e 14 (-18,59) 0 0 . 1(-2843)
Wales £ 54 30 . « 36(-56,:5) 63 2 25(489)
Coling of cerebral artery
England s 19 —— 15(1.31) 863 88 ot 1(227)
Scotland m 100 11 o—t—i -10(-27,12) 145 34 e 31(858)
Wales 45 66 n . . 47(4,110) 46 1 —_— 3(3153)
Other vascular
Al repair
England 2702 2077 625 . -23(:35,10) a7 526 -19(31,5)
Scotland 24 209 35 .- 14(27,) 200 44 18(:31,3)
Wales 19 149 50 . 25 (-41,5) 134 R -33(47,14)
PAD
Limb,
England 5991 5504 87 e -8(13,3) 6126 135 2(38)
scotland 49 535 36 coe 7(7,23) 534 35 . 7(723)
Wales Y 359 58 —— 14(272) 339 7 . -19(31,3)
Revascularisation, bypass or amputation
England 7024 6563 461 . 7(10,3) n8s 161 . 2(16)
Scotland 958 54 e 6(1,14) 1005 101 . 11(419)
Wales 814 841 7 . 3(7,15) 7 0 . 5(-156)
vrE
PA embolect
England 13 107 26 .o 19(-35,1) 143 10 . 8(-1030)
Scotland 38 2 15 . . + . -39 (83,112) 17 21 55 (-88,61)
Woles 10 6 4 . « 38 (7445) 16 6 . 64(8,194)
50 ) 0 150 " 100 ) %0
ean No. Difference % change (95%C1) Difference % change (95% C1)
Procedure for. __ 2016/19 Total No. 2020 _2016/19 to 2020 Total No. 2021 2016/19 to 2021
Elective Procedures
All procedures
England 237554 162283 75271 . 169747 -67807 . 29(35,22)
Scotland 20235 19105 5130 . 20530 3705 . 15 (-17,14)
Wales 13455 9090 4365 e -32(:38,26) 10401 -3054 . -23(-29,16)
Cardiac
pcl
England 128388 82479 45909 . -36(-43,28) 88097 40291 . -31(39,23)
Scotland 14369 1m2 3247 - 23(24,21) 12017 2352 - 16(-18,14)
Woles 7502 4802 2 e 36(-41,31) 5569 1933 . 26(31,20)
cas
England 11765 nn 4593 . 39 (44,:33) m 4043 . 34 (40,28)
Scotland 123 941 2 -— 24(:30,18) 953 282 e -23(-29,16)
Wales 72 450 292 . -39 (-48,29) 598 144 . -19(31,6)
Heart Failure
PPM/resynchronisation
England 56533 44719 11814 . -21(:25,16) 24255 12278 e -22(26-17)
Scotland 353 213 310 . -9(-13,4) 383 -140 4081
Wales 3069 2497 572 . -19(-22,15) 219 250 re 8(12,4)
VAD transplant
England 160 92 -68 .o -43(:54,29) % 70 -44(55,30)
Scotland 1
Wales 12 9 3 . 23 (62,56) 6 6 <9(-7819)
Stroke/TIA
Thrombolysis or thrombectomy
England 36 17 8 230(76,519) 17 8 230(76,519)
Scotland
Wales o 15 15 10 10
Carotid endartectomy or stenting
England 2567 1798 769 . -30(-34,:26) 251 516 .- -20(-24,16)
Scotland 359 26 an —e 31(-40,21) %2 7 . -21(31,11)
Wales 12 7 68 . 48 (-66,:21) 53 % -63(-76,42)
Coling of carebral artery
England 803 72 7 -~ 9(204) 745 58 e T 7(-196)
Scotland 136 131 s . 4(:23,20) 155 19 5 14(-740)
Wales % 60 38 . -39(-57,12) 82 16 = -16(-4017)
Other vascular
Al repaic
England %611 6051 3560 . -37(45,28) 6134 3477 . -36(44,27)
Scotland 215 850 365 . -30(-37,:23) a7 298 . -25(32,17)
Wales 567 363 204 —e -36(-48,22) 392 475 . -31(43,15)
PAD
Limb angioplasty
England 16833 11898 4935 —— -29(-36,23) 12552 4281 - -25(-32,18)
Scotland 149 1188 352 et -24(-28,18) 1223 2 . -18(:23,13)
Wales 611 358 253 . « -41(:62,-10) 399 212 - : 35(:57,0)
Revascularisation, bypass or amputation
England 10059 6589 2470 . -34(-38,31) 7% 2661 . -26(-30,23)
Scotland 1816 1386 430 . -24(-31,16) 1544 an —e—t 15(:23,7)
Wales 668 439 29 .- -34(-43,24) 4s8 210 - -31(41,21)
vre
PA embolectomy
England 79 636 163 —— -20(-34,4) 586 23 -
Scotland 8 58 28 = < -33(49,11) 56 30 =
Woales a“ ) 21 T——— -48(-66,-20) 15 29 -66(-80,43)
pei= @ Bypass Groft, PPM= Permanent Pocemaker Implontation, VAD= Ventriculor Assist Device, AA= Aortic Aneurysm, VTE= Venous Thromboembolism, PA = Pumonary Artery
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