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ABSTRACT

Objective To monitor hospital activity for presentation,
diagnosis and treatment of cardiovascular diseases
during the COVID-19) pandemic to inform on indirect
effects.

Methods Retrospective serial cross-sectional study

in nine UK hospitals using hospital activity data from

28 October 2019 (pre-COVID-19) to 10 May 2020
(pre-easing of lockdown) and for the same weeks during
2018-2019. We analysed aggregate data for selected
cardiovascular diseases before and during the epidemic.
We produced an online visualisation tool to enable near
real-time monitoring of trends.

Results Across nine hospitals, total admissions and
emergency department (ED) attendances decreased
after lockdown (23 March 2020) by 57.9% (57.1%—
58.6%) and 52.9% (52.2%—53.5%), respectively,
compared with the previous year. Activity for cardiac,
cerebrovascular and other vascular conditions started

to decline 1-2 weeks before lockdown and fell by
31%—88% after lockdown, with the greatest reductions
observed for coronary artery bypass grafts, carotid
endarterectomy, aortic aneurysm repair and peripheral
arterial disease procedures. Compared with before the
first UK COVID-19 (31 January 2020), activity declined
across diseases and specialties between the first case
and lockdown (total ED attendances relative reduction
(RR) 0.94, 0.93-0.95; total hospital admissions RR 0.96,
0.95-0.97) and after lockdown (attendances RR 0.63,
0.62-0.64; admissions RR 0.59, 0.57-0.60). There was
limited recovery towards usual levels of some activities
from mid-April 2020.

Conclusions Substantial reductions in total and
cardiovascular activities are likely to contribute to

a major burden of indirect effects of the pandemic,
suggesting they should be monitored and mitigated
urgently.

INTRODUCTION
Beyond direct effects of the COVID-19 on popula-
tions in every country, the pandemic had and will

continue to have indirect effects on morbidity and
mortality, through changes in patient and clinician
behaviour, and health system reorganisation.' In
order to plan and adapt responses to this and future
public health threats, therefore, there is a need to
understand the indirect effects of the pandemic on
non-communicable diseases for both disease burden
and health service provision.>

Cardiovascular diseases (CVDs) are the largest
cause of morbidity and mortality in the UK and
globally.® * Moreover, prior CVD is a major risk
factor for complications and mortality associated
with COVID-19.° ¢ Government guidance has
advised individuals with CVD to pay particular
attention to physical isolation measures.” Concerns
have been raised about provision of care during the
pandemic for these diseases, from prevention to
treatment, and are supported by data from multiple
countries showing reduced service activity.® In the
UK, studies have reported reductions in activity
across CVDs.!” "' Moreover, official national
statistics show an excess of non-COVID-19 and
CVD deaths,”” ® as well as a reduction in emer-
gency department (ED) attendances for cardiac
presentations.'*

There are multiple disease-specific national
audits for CVD, in addition to routine primary
and secondary care data. However, these sources
often lag several weeks or even months behind real
time, may not include the UK’s devolved nations
and are not currently accessible for analyses." For
audit, quality improvement, surveillance and to
inform policy responses, it is necessary to determine
changes in service delivery that occurred during the
pandemic. Transparent, public-facing, near real-
time information has been shown to be of value to
patients, the public, researchers, clinicians and poli-
cymakers alike during the pandemic.! !¢

For presentation, diagnosis and treatment of
CVD, we aimed to: (1) develop a protocol for
national surveillance of CVD hospital services
during the COVID-19 pandemic; (2) present pilot
data from a preliminary cohort of hospitals; and (3)

BM)
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design and implement a simple tool for monitoring and visual-
ising trends in CVD hospital services in the UK.

METHODS

Study design and data sources

We conducted a retrospective hospital-based analysis of presenta-
tions, diagnoses and treatments or procedures for selected CVDs
in hospitals across the UK before and during the COVID-19
epidemic. The protocol was developed by a group of seven
cardiovascular clinicians with relevant clinical, epidemiological
and health data science expertise and agreed with members of
the CVD-COVID-UK collaboration, supported by the British
Heart Foundation (BHF) Data Science Centre.'”

Data collection
We sent email invitations to contribute data to the chief clinical
information officers or other relevant contacts in 21 hospitals
(or groups of regionally connected hospitals) across the UK.
We requested aggregate data, with no individual level or linked
data, including inpatient admissions and ED visits, both overall
and for specified cardiovascular diagnoses and procedures or
treatments, and we provided guidance on which International
Classification of Diseases, 10th Revision (ICD-10), Office of
Population Censuses and Surveys Classification of Interventions
and Procedures version 4 (OPCS-4) or equivalent codes to use.
We selected six disease areas to gain an overview of CVD service
provision in a short timescale:

Acute coronary syndrome (ACS).

Heart failure.

Stroke and transient ischaemic attack.

Venous thromboembolism.

Peripheral arterial disease (PAD).

Aortic aneurysm.
Online supplemental table 1 shows the data request sent to
hospitals for weekly counts of relevant ED categories, hospital
admission diagnoses and hospital treatments/procedures
covering the period 28 October 2019-10 May 2020, designed
to show activity in three phases: pre-COVID-19 pandemic to
the first UK confirmed case of COVID-19 (31 January 2020),
between the first COVID-19 case but prelockdown on 23 March
2020 and postlockdown. All participating hospitals had local
information governance approval.

Since our principal aim was to capture change in activity over
time within each hospital rather than to make direct compari-
sons between hospitals, we incorporated a degree of flexibility in
the way each data item was defined. For example, one hospital,
which did not have timely access to ICD codes for ACS, was able
to provide counts using a data capture tool embedded into the
patient record that identifies all patients with ACS at the point
of cardiac troponin testing.'® Where available, as measures of
total acute activity, we requested counts of all ED attendances,
all hospital admissions and all COVID-19 hospital admissions.

In addition, given known seasonal fluctuations in hospital
services, we requested data on the same items from the same
calendar weeks (or months) in the previous year (2018-2019)
for comparison. We recognised that not all disease areas or
treatments and procedures would be relevant to or available
from every participating hospital, and so invited hospitals to
contribute whichever data items they were able to.

VVVYVYYVYY

Data analysis
The study period was divided into three phases based on
complete weeks (Monday—Sunday) of data: (1) before the first

case of SARS-CoV2 in the UK (28 October 2019-2 February
2020 (14 weeks)); (2) between the first case and start of lock-
down in the UK (3 February 2020-22 March 2020 (7 weeks));
and (3) during lockdown (23 March 2020-10 May 2020 (7
weeks)).

We used the aggregate data to compare the weekly counts
within each hospital and across all hospitals combined, esti-
mating associated 95% CIs using the Poisson exact method."”
We calculated means of hospital statistics and their 95% Cls in
the combined analyses. In addition, we calculated percentage
change from the corresponding week in the previous year
(2018-2019), together with 95% Cls using the Wilson score
interval, in the three phases described above. We also calculated
the percentage reduction in total hospital admissions and ED
attendances around Christmas and New Year in 2019-2020 by
comparing the period 16 December 2019-12 January 2020 to
the immediately preceding period 18 November—15 December
2019, using the same approach with equivalent weeks to calcu-
late the percentage reduction around Christmas and New Year
in 2018-2019. We calculated 4-week rolling means, that is, the
means of hospital activities over each 4-week period, starting 3
weeks prior to the week of interest. Such rolling means enable
clearer visualisation of trends for data items with low numbers
and high variability. Where data providers suppressed values
less than 5, we converted these to the value of 2.5 for analytic
purposes. To demonstrate relative change of hospital activities
between phases, we also calculated relative reduction (RR) in
weekly counts compared with the first phase (before the first
UK case of COVID-19). We performed all statistical procedures
in R (V.4.0.0). Relevant code is available at https://github.com/
HDRUK/4C-Initiative.

Interactive data visualisation tool and patient and public
involvement

As understanding trends and patterns in hospital activity should
inform policymakers and other stakeholders in the planning
of services as the UK eases out of lockdown, we developed an
interactive online tool to enable dynamic visualisation of the
data. It will enable periodic (eg, monthly) updates of data from
contributing hospitals to monitor trends over time and facilitate
incorporation of data from other UK hospitals and comparisons
between hospitals (http://www.hospitalactivity.com). There was
no formal patient and public involvement.

RESULTS

Overall hospital activity

Of 21 hospitals (or groups of regionally connected hospitals)
contacted, 17 agreed to participate. Of these, nine hospitals
distributed across England and Scotland, providing cardiovas-
cular services to an estimated population of up to 10 million
people, contributed data in time for the analyses reported here.
There were 513 703 hospital admissions from eight hospitals
and 435 653 ED attendances from five hospitals during the
period 28 October 2019-10 May 2020 compared with 599 372
and 506 516, respectively, in 2018-2019. There were 676 and
5182 COVID-19 related admissions from eight hospitals for the
second and third phases (after the first UK case of COVID-19
until lockdown commenced and from the start of lockdown
onwards), respectively.

Across all hospitals, total admissions before the first case of
COVID-19 were very similar to the corresponding period in
2018-2019, including the expected dip in admissions of around
12% during the Christmas period in December 2018 and 2019
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Table 1 Hospital statistics as percentage change from corresponding dates in 2018-2019
Percentage change from 2018 to 2019
Before first case Between first case and lockdown  After lockdown
No. of hospitals % 95% Cl % 95% Cl % 95% Cl
Overall
Total ED attendances 5 34 32t036 -8.8 -8.410-9.1 -52.8 -52.2t0 -53.5
Total hospital admissions 8 1.1 1.0t01.2 -6.3 —6.0to 6.7 -58.2 -57.5 to -58.9
Cardiac
ED attendance with cardiac conditions 4 5.7 43t07.6 -9.6 -72t0-12.8 -40.2 —35.6 to —45.0
Admission with ACS 9 -1.7 -1.1t0-2.6 -15.7 -13.0t0 -18.9 -39.4 —-35.3t0-43.5
Admission with heart failure 7 6.1 5.1t07.3 -3.2 -2.2t0-4.5 —-49.0 —45.7 to -52.2
PCl performed 7 -6.9 -5.0t0-9.4 -8.2 -5.4t0-12.2 -39.6 -33.7t0-45.8
Cardiac pacemaker and resynchronisation 8 23 1.0t04.9 0.0 0.0t02.8 —-47.2 —-38.8t0 -55.9
CABG performed 6 -9.4 -5.0t0 -16.9 -9.8 -4.3t0-21.0 —69.6 —-55.2 t0 -80.9
Cerebrovascular
ED attendance with cerebrovascular 4 -1.9 -1.0t0-3.5 —-6.5 -4.0t0-10.2 -31.8 -26.2 to -38.0
conditions
Admission with acute stroke/TIA 6 -1.5 -5.8t0-9.8 -11.9 -8.81t0-15.8 —-49.2 —43.7 to -54.7
Stroke thrombolysis and thrombectomy 5 -5.6 -1.0to -25.8 0.0 0.0t025.9 —45.5 -2131t0-72.0
Carotid endarterectomy/stenting 4 30.8 12.7t0 57.6 25.0 7.1 t0 59.1 —66.7 —30.0 to —90.3
Cerebral aneurysm coiling 5 -9.6 -5.7to -15.7 -35.8 —26.9to —45.8 -59.4 —-47.1 t0 -70.5
Other vascular
ED attendance with vascular conditions 3 0.6 0.1t03.2 -16.0 -9.91t0 -24.7 -40.6 -31.5t0 -50.3
Admission with aortic aneurysms 7 13.7 10.1t018.2 9.4 5.5t015.3 -53.0 —44.510 —61.3
Admission with peripheral arterial disease 6 14.4 12.41016.8 2.8 1.7t04.7 —-49.2 —-44.8 to -53.6
Admission with DVT or PE 6 11.5 8.61015.0 -12.9 -8.91t0-18.2 -37.2 —30.6 to —44.2
Limb revascularisation, bypass or amputation 6 -1.2 -0.4t0-33 -3.7 -1.61t0-83 —-68.2 -59.8t0 -75.5
Aortic aneurysm repair 6 -18.8 -10.2to -31.9 -20.8 -9.2 to —40.5 —88.2 —65.7 t0 —-96.7
Peripheral angioplasty 6 15.0 10.1t021.6 9.1 45t017.6 —65.5 -54.81t0 -74.8

After lockdown=23 March 2020-10 May 2020.
Before first case=28 October 2019-2 February 2020.
Between first case and lockdown=3 February 2020-22 March 2020.

ACS, acute coronary syndrome; CABG, coronary artery bypass graft; DVT, deep vein thrombosis; ED, emergency department; PCl, percutaneous coronary intervention; PE,

pulmonary embolism; TIA, transient ischaemic attack.

(online supplemental table 2). After lockdown, admissions
decreased by 57.9% (95% CI 57.1% to 58.6%) compared with
the previous year (table 1 and figure 1).

Overall ED attendances showed a similar pattern, with a small
3.4% (3.2%-3.5%) increase compared with the previous year
before the first case, a more modest winter reduction of around
8% (online supplemental table 2), a marked 52.9% (52.2%-
53.5%) reduction after lockdown and evidence of some recovery
back towards pre-COVID-19 levels of activity from mid-April
2020. The reduction in hospital admissions was substantially
larger than the number of admissions for COVID-19 (figure 1).
Overall hospital admission and ED attendance patterns were
generally consistent across individual hospitals. However, while
there was some recovery in ED attendances from mid-April
2020 in all hospitals that provided data, hospital admissions had
only started to return towards usual levels in some, but not all,
hospitals by early May (figure 2).

Cardiac, cerebrovascular and other vascular conditions

Compared with the previous year, hospital statistics on cardiac,
cerebrovascular and other vascular conditions dropped by
between 31% and 88% after lockdown (table 1). Most started
to decline 1-2 weeks before the lockdown. Some recovery
from mid-April 2020 was evident in ED attendances for these
conditions and for cardiac procedures (primarily driven by PCI)
(figure 2, figure 3 and www.hospitalactivity.com). The greatest

proportional reductions (65% or more) were in coronary artery
bypass graft surgery, carotid endarterectomy, aortic aneurysm
repair and procedures for PAD (table 1).

Comparison with the pre-COVID-19 period

Compared with the period before the first COVID-19 case,
activity declined across diseases and specialties between the first
case and lockdown (total ED attendances RR 0.94, 0.93-0.95;
total hospital admissions RR 0.96, 0.95-0.97) and, more mark-
edly, after lockdown (total ED attendances RR 0.63, 0.62-0.64;
total hospital admissions RR 0.59, 0.57-0.60). Reductions in
coronary artery bypass grafts, carotid endarterectomy, periph-
eral arterial procedures and aortic aneurysm repairs were the
most prominent (RRs 0.23— 0.49) (figure 4). All hospitals had
reduced activities after lockdown but with variation between
hospitals in the extent of reduction for different diseases and
treatments (online supplemental figure 1).

DISCUSSION

Summary of findings

Three main findings have emerged from this rapid assimilation
of UK hospital routine health data. First, the current data have
shown in detail the pattern of sharp reductions in activity across
CVDs, across services and across hospitals, during the initial
wave of the pandemic. Second, the results have demonstrated

Ball S, et al. Heart 2020;0:1-8. doi:10.1136/heartjnl-2020-317870
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represents 95% Cl of the respective hospital activity. The first case of COVID-19 was on 31 January 2020 and lockdown started on 23 March 2020. ED,
emergency department.

that changes in hospital services started to occur prior to lock- Our results indicate the reduction in overall admissions was
down, with some—but not all—moving towards pre-COVID-19 substantially larger than the increase in COVID-19 related
activity levels by early May 2020. Third, the visualisation tool admissions across all hospitals that provided information on
developed for this analysis has illustrated how aggregate data can both. Adapting hospital services to address the pandemic has
be collected from hospitals and presented rapidly. been more complex than simply accommodating an increase
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Figure 3

% change compared with the previous year in ED attendance, hospital admissions and procedures/treatments for cardiac, cerebrovascular

and other vascular conditions. Cardiac ED attendances are those with an ED diagnosis code for cardiac conditions; cardiac admissions include

those with acute coronary syndrome or heart failure; cardiac procedures/treatments include percutaneous coronary intervention, cardiac pacemaker
or resynchronisation and coronary artery bypass graft; cerebrovascular ED attendances are those with an ED diagnosis code for cerebrovascular
conditions; cerebrovascular admissions include those with acute stroke (ischaemic, intracerebral haemorrhage or subarachnoid haemorrhage) or
transient ischaemic attack; cerebrovascular procedures/treatments include stroke thrombolysis, thrombectomy, carotid endarterectomy/stenting

or cerebral aneurysm coiling; other vascular ED attendances are those with an ED diagnosis code for other vascular conditions; other vascular
admissions include those with aortic aneurysms, DVT, PE or peripheral arterial disease; other vascular procedures include aortic aneurysm repair, limb
revascularisation, bypass or amputation and peripheral angioplasty. Horizontal brown line indicates 0%; vertical green dotted line indicates first
confirmed COVID-19 case on 31 January 2020; vertical purple dotted line indicates lockdown date on 23 March 2020. Shading represents 95% Cls of
% change. DVT, deep vein thrombosis; ED, emergency department; PE, pulmonary embolism.

in hospital admissions. Hospitals had to create additional crit-
ical care capacity by repurposing operating theatres and staff,
therefore, cancelling elective surgical procedures. Hospital-
wide measures have also been required to minimise spread of
infection. These adaptations necessitated reductions in overall
activity. Primary care in the UK shifted to a total triage system
and remote consultation, wherever possible, with unknown
consequences, including impact on hospital referral. These
service adaptations were justifiable, but the marked reduction in
overall hospital admissions compared with the numbers due to
COVID-19 raises the possibility of overall health service over-
compensation. The observed reduction in hospital activity will
undoubtedly lead to adverse, indirect, long-term impacts on
care and incidence of non-COVID-19 diseases. Understanding
patient and professional behaviours and service organisational
factors contributing to the observed response across different
parts of the health service should help in planning appropriate

service adaptation for potential further surge of COVID-19 or
future emergencies.

The present data showed a dramatic and consistent decline in
overall admissions and ED attendances from ~2 weeks before
lockdown. This may reflect changes in behaviour of clinicians,
hospital management and the public, which occurred prior to
lockdown. It is possible that disease incidence of both cardio-
vascular and non-cardiovascular conditions decreased, which
needs to be investigated. There was evidence of recovery in ED
attendances and in admissions in some hospitals from around
mid-April 2020, although, as of 10 May 2020, activity gener-
ally remained below that of the previous year. We also observed
marked reductions in CVD-specific ED attendances, admissions
and hospital procedures and treatments, although with some
recovery in ED attendances and percutaneous coronary inter-
ventions (PCI) from mid-April 2020.

Ball S, et al. Heart 2020;0:1-8. doi:10.1136/heartjnl-2020-317870

"IybuAdoo Aq pejoslold 1senb AQ 0202 ‘¥ JeqIBAON Uo /w0 fwig-esy//:diy woly pepeojumoq "020g 418090100 § Uo 028/ 1£-0202-1uflieay/9g | L'} Se paysiiand jsul) :lesH



Healthcare delivery, economics and global health

Between 1st case and lockdown

Total ED visits

Total hospital admissions

ED attendance with cardiac conditions

Admission with ACS

0.94 (0.93-0.95)

0.96 (0.95 -0.97)

0.92 (0.85-1.01)

0.92 (0.85 -1.00)

After lockdown

0.73 (0.65-0.81)

0.76 (0.69 -0.84)

Admission with heart failure 0.96 (0.80-1.01)
PCI performed 0.99 (0.89-1.11) 0.78 (0.68 -0.90)
Cardiac pacemaker and resynchronisation performed 099 (085-1.14) 0.68 (0.55-0.84)
CABG performed 1.00 (0.77 -1.29) _

ED attendance with cerebrovascular conditions

Admission with acute stroke/TIA

Stroke thrombolysis and thrombectomy performed

Carotid endarterectomy / stenting performed

Cerebral aneurysm coiling procedures performed

ED attendance with other vascular conditions

Admission with aortic aneurysms

Admission with peripheral arterial disease

Admission with DVT or PE

Limb revascularisation, bypass or amputation performed

Aortic aneurysm repair performed

Peripheral angioplasty performed

0.98 (0.87 -1.09)

0.98 (0.88-1.08)

1.03 (0.60 -1.77)

0.98 (0.58 -1.65)

0.82 (0.65-1.04)

0.91 (0.75-1.11)

0.98 (0.86-1.12)

0.95 (0.88-1.02)

0.88 (0.78 -1.00)

0.99 (0.85-1.15)

0.99 (0.65-1.48)

0.98 (0.81-1.17)

0.82 (0.72 -0.94) RR

0.70 (0.61-0.81)
0.73 (0.35-1.51) 08
0.4

0.74 (0.59-0.93)

0.73 (0.63 -0.85)

Figure 4 Relative reductions in hospital activities during the COVID-19 pandemic. Relative reduction (RR) comparing phase 2 (between first case
and lockdown) and phase 3 (after lockdown) to phase 1 (before first case). ACS, acute coronary syndrome; CABG, coronary artery bypass graft; DVT,
deep vein thrombosis; ED, emergency department; PC, percutaneous coronary interventions; PE, pulmonary embolus; TIA, transient ischaemic attack.

We assessed relative change in activity both through
percentage change compared with the previous year and
through relative reduction compared with before the first UK
COVID-19 case. These two approaches yielded consistent
results, suggesting that the observed reductions related mainly
to the COVID-19 pandemic rather than to expected variations
(eg, the known declining rates in carotid endarterectomy® or
seasonal fluctuations). Reductions in procedures for CVDs and
PAD were particularly dramatic, with no evidence of recovery
by early May. The number of coronary artery bypass surgery
(CABG) was more than halved during the pandemic with a less
marked reduction in PCI (figure 4 and table 1). While we did
not collect data to explore the reasons for this disparity between
modes of coronary revascularisation, several factors may be
relevant. The repurposing of cardiac surgical and anaesthetic
resources during the pandemic will underpin the reduction in
cardiac surgical procedures. Furthermore, some patients who
had been referred or accepted for CABG were redirected in
some hospitals to be treated instead by PCI, which does not
require anaesthetic support. Guidelines from the UK’s Vascular
Society early in the pandemic suggested increasing the size
threshold for elective surgical intervention for abdominal aortic
aneurysms and the avoidance of carotid endarterectomy.*' This
advice will have contributed to the dramatic decline in aortic
aneurysm repairs and carotid endarterectomies. These disease-
specific and service-specific data enable monitoring of service

activity as well as estimates to inform on the indirect effects
of the pandemic on morbidity, mortality and health economic
measures.' '

We demonstrated that hospitals across the UK were willing
and able to rapidly provide aggregate data to monitor trends
in overall and CVD-specific activity in close to real time.
Furthermore, we have developed an online tool to facilitate the
inclusion of additional hospitals and incorporate data updates
for ongoing monitoring of trends in hospital activity as lock-
down restrictions ease across the UK in the coming weeks and
months. These data and our tool provide surveillance of overall
and cardiovascular hospital activities and could inform which
services for which diseases require particular attention at system
level and at hospital level. This framework could be used in
other non-COVID-19 diseases, for example, cancer and respi-
ratory disease, where national efforts are already underway
(eg, those led by the Health Data Research UK cancer and
respiratory research hubs, DATACAN and BREATHE, respec-
tively).?> 2 These types of data need to be integrated across
disease-specific domains in order to tackle the complex nature
of the indirect effects of the pandemic as well as the prominent
role of multimorbidity in the risk of COVID-19 severity and
mortality. Such data are not currently part of routine pandemic
or emergency preparedness,”* but the scale of the indirect
effects across the UK and worldwide suggests that this situation
needs to change.
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Comparison with other data

National mortality data from the UK and other countries also
demonstrate the direct and indirect impacts of the pandemic,
showing peaks in COVID-19 deaths, non-COVID-19 deaths
and CVD deaths.”” ** Other studies have also reported similar
reductions in hospital activity overall, for CVDs and for other
conditions (eg, cancer) during the COVID-19 pandemic, both
in the UK and many other countries.” >’~*’ Our results on proce-
dures and treatments for CVDs are consistent with the estimated
cancellation rate of over 70% for elective operations based on
projections from the initial response to the pandemic.”” Where
reported, recovery of activity has generally been slow; for
example, in hospitals in China, CVD activity remained below
pre-COVID-19 levels for 2-3 months, even after easing lock-
down.' To our knowledge, the present report is the first UK
study to have recorded overall and cardiovascular hospital
activity over a long enough period since lockdown to show the
beginning of recovery in some measures and is the only study
we are aware of to provide analyses of these via an online tool
designed to include data from additional hospitals and regular
updates over the months ahead.

Strengths and limitations

The simple, aggregate nature of our data request enabled a
large proportion of the hospitals contacted to provide data in
a short timeframe. This has made possible the notion of a regu-
larly updated online tool that can incorporate and display near
real-time data from an increasing number of hospitals across the
UK. However, the aggregate nature of the data means that the
influence of individual-level factors such as age, socioeconomic
status, ethnicity and comorbidities cannot be explored. Further-
more, our current data request combines data on the primary
and other (secondary) reasons for hospital admission and does
not subdivide admissions or procedures according to elective
(planned) and emergency (unplanned) activity. Future modifica-
tions of our data collection procedures could enable separate
analysis of elective and emergency procedures. Finally, we used
data from the previous calendar year as a comparator to calcu-
late percentage change in activity. While data averaged across
the previous 5 years may provide a more stable comparator and
has been used to assess excess mortality from national mortality

What is already known on this subject?

» There were excess non-COVID-19 and cardiovascular disease
(CVD) deaths during the COVID-19 pandemic.

» Disease burden and health service provision for CVD is
unclear.

What might this study add?

» Activity for cardiac, cerebrovascular and other vascular
conditions fell by 31%-88% after lockdown with the greatest
reductions observed in coronary artery bypass grafts, carotid
endarterectomy, aortic aneurysm repair and peripheral
arterial disease procedures.

How might this impact on clinical practice?

» Health service providers should monitor hospital activities
and develop strategies to mitigate indirect effects of the
COVID-19 pandemic resulted from reduced total and
cardiovascular activities.

data, such data would mask longer term trends in some activities
(eg, reductions in carotid endarterectomies and aortic aneurysm
repairs and increasing numbers of procedures for PAD),*® hospi-
tals may have found it more challenging to provide these data,
and changes in hospital catchment areas and service arrange-
ments would be more likely to have occurred over a longer
period.

Conclusion

In conclusion, we have shown the value of simple aggregate data
for monitoring changes in general and disease-specific hospital
activity during the course of the COVID-19 pandemic in the UK
and the potential for further development of an online tool to
enable ongoing monitoring. This will enable individual hospi-
tals to compare activity in their hospital with others and could
provide real-time data to inform the planning and prioritisa-
tion of service responses to the current and future public health
emergencies.
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Supplementary Table 1. Data items in data request form sent to hospitals for weekly

counts

Category

Presentation /diagnosis
/treatment /procedure

Suggested A&E Diagnosis /ICD-
10 /OPCS-4 codes

Please note if alternative
codes/method used

Emergency department

Total ED visits

visits
Cardiac conditions A&E Diagnosis code': 20
Cerebrovascular conditions A&E Diagnosis code': 21
Other vascular conditions A&E Diagnosis code': 22
Hospital admissions Total admissions
Total COVID admissions ICD-102%: U07.1, U07.2
Acute coronary syndromes ICD-10% 121, 122, 124
Heart failure ICD-102: 150
Acute stroke/TIA ICD-102: 160, 161, 163, 164, G45
DVT or PE ICD-10% 126, 180
Peripheral arterial disease ICD-102: 170, 173, 174, 177
Aortic aneurysms ICD-102% 171
gg:mzzts/procedures iFr,:ta(;?\tgigiﬂus coronay OPCS-4% K49, K50, K75
CABG OPCS-4%: K40-K44
qu;rrc;i:; resynchronisation OPCS-4%: K59
Cardiac pacemaker procedures | OPCS-4%: K60

Intravenous thrombolysis for
acute ischaemic stroke

OPCS-4%: X83.3 and ICD-10% 163

Mechanical thrombectomy for
acute ischaemic stroke

OPCS-4 version 4.9%: L35.4

OR

OPCS-4 version 4.8%:1L.71.2 and
Y53 and Z35 and ICD-102: 163

Cerebral aneurysm coiling
procedures

OPCS-4% 001-004 and Y53 and
Z35

Carotid endarterectomy /
stenting

OPCS-4%129.4,129.5,L31.4

Peripheral angioplasty

OPCS-4%: L54-71

Limb revascularisation, bypass
or amputation

Bypass OPCS-4: L16-65;
Amputation OPCS-4: X09, X10,
X11;

Revascularisation: L48-L54; L56-
L63

Aortic aneurysm repair

L18-L23; L25-L.28
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Supplementary Table 2. Percentage reduction in hospital admissions and ED attendances
during the Christmas and New Year period*

% reduction 2018-2019 % reduction 2019-2020 % reduction pooled across

(95% Cl) (95% ClI) both years (95% Cl)
Hospital admissions 11.2 (10.7-11.8) 13.0(12.4-13.6) 12.1(11.7-12.6)
ED attendances 4.0 (3.7-4.4) 8.0 (7.6-8.4) 6.1 (5.8-6.4)

* comparing the period 16 December 2019 to 12 January 2020 to the immediately preceding period 18 November to
15 December 2019 (and equivalent weeks for the previous year)
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Supplementary Figure 1. Relative change in hospital activities compared to before first case of
COVID-19 across individual hospitals

Hospital
A2 A3 B2 B3 C2 C3 D2 D3 E2 E3 F2  F3 G2 G3 H2 H3 12 13

Total AZE visits

Total hospital admissions

Cardiac A&E attendances

Cardiac admissions

RR
Cardiac proceduressfreaiments 15
Cerebrovascular AGE atlendances 10
05

Cerebrovascular admissions

Cereb Jlar procedt ment

Othervascular AGE attendances

Other vascular admissions

Other vascular proceduresitreatments

Hospitals are represented as A to | with affix referring to the phase: 2 = between first case and lockdown; 3 = after lockdown.
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