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Abstract

Objectives: COVID-19 has resulted in the greatest disrup-
tion to National Health Service (NHS) care in its over 70-
year history. Building on our previous work, we assessed
the ongoing impact of pandemic-related disruption on pro-
vision of emergency and elective hospital-based care across
Scotland over the first year of the pandemic.

Design: We undertook interrupted time-series analyses to
evaluate the impact of ongoing pandemic-related disruption
on hospital NHS care provision at national level and across
demographics and clinical specialties spanning the period 29
March 2020-28 March 2021.

Setting: Scotland, UK.

Participants: Patients receiving hospital care from NHS
Scotland.

Main outcome measures: We used the percentage change
of accident and emergency attendances, and emergency and
planned hospital admissions during the pandemic compared
to the average admission rate for equivalent weeks in
2018-2019.

Results: As restrictions were gradually lifted in Scotland
after the first lockdown, hospital-based admissions
increased approaching pre-pandemic levels. Subsequent
tightening of restrictions in September 2020 were associat-
ed with a change in slope of relative weekly admissions rate:
—1.98% (—2.38, —1.58) in accident and emergency atten-
dance, —1.36% (—1.68, —1.04) in emergency admissions and
—2.31% (-2.95, —1.66) in planned admissions. A similar pat-
tern was seen across sex, socioeconomic status and most
age groups, except children (0-14 years) where accident

and emergency attendance, and emergency admissions
were persistently low over the study period.
Conclusions: We found substantial disruption to urgent
and planned inpatient healthcare provision in hospitals
across NHS Scotland. There is the need for urgent policy
responses to address continuing unmet health needs and to
ensure resilience in the context of future pandemics.
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Introduction

Almost three months following the emergence of
severe acute respiratory syndrome coronavirus 2 in
Wuhan, the World Health Organization (WHO)
declared a global coronavirus disease 2 (COVID-
19) pandemic on 11 March 2020." COVID-19 swiftly
placed immense pressure on the provision of routine
healthcare as the number of people infected with
SARS-CoV-2 rapidly increased.”> The UK and
Scottish Governments responded by introducing
national lockdowns on 23 March  2020.
Concurrently, many aspects of healthcare provision
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were curtailed including suspending or cancelling
planned surgery and reducing the number of
face-to-face clinical assessments.” These actions
were taken to focus resources on patients with
COVID-19 and to minimise transmission of the
virus. We previously investigated the scale of the dis-
ruption on the provision of secondary care in
Scotland over three months following the initial lock-
down (until week ending 28 June 2020) and found
that the usage of hospital-based services was severely
disrupted.® In addition to directly causing morbidity
and mortality, healthcare disruptions represent indi-
rect effects of the COVID-19 pandemic that have
likely led to increased morbidity and mortality.*®
To manage the pandemic after the imposition of
the first UK-wide lockdown, the Scottish
Government introduced three phases to allow grad-
ual easing of restrictions (see Figure 1 and
Supplementary Table S1 for a timeline and addition-
al details). Briefly, Scotland exited the initial lock-
down with stepwise easing of restrictions that
started with Phase 1 (most strict) from 29 May
2020, to Phase 3 (least strict) commencing on 9 July
2020. However, cases of COVID-19 started to rise
once more in August 2020 and additional measures
were introduced on 22 September 2020. This was
followed by local authorities entering a tiered

system of restrictions based on regional rate of infec-
tion commencing on 2 November 2020. Then on
26 December 2020, the whole of Scotland and the
UK moved to its second national lockdown, with
similar social restrictions to those imposed during
the initial lockdown in March 2020.

In this study, we aimed to investigate how the
relaxing and tightening of these restrictions impacted
on hospital-based care in Scotland over a 12-month
period from the imposition of the first lockdown.

Methods

Study design and data sources

We extended our initial analysis and undertook an
interrupted time-series (ITS) analysis’® to assess the
impact of re-introduced lockdown restrictions on
22 September 2020. We studied two time-periods:
(1) Before: weeks ending 28 March 2020 to
27 September 2020; and (2) After: weeks ending
4 October 2020 to 28 March 2021. The timeline of
Scotland’s lockdown roadmap illustrates these time-
periods and the relevant events that occurred during
them (Figure 1, Supplementary Table S1).

We used weekly hospital data in Scotland span-
ning a timeframe of one year, from the weeks ending

Figure 1. Scotland’s COVID-19 lockdown roadmap from 2020 to April 2021 with the study periods for reference. References

found in Table SI.
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29 March 2020 to 28 March 2021. Data were
obtained from the Public Health Scotland R Shiny
app ‘Wider impacts of COVID-19.° To capture
healthcare disruption in secondary care, we analysed
three outcomes: accident and emergency (A&E)
attendances, emergency hospital admissions, and
planned hospital admissions across National Health
Service (NHS) Scotland. The three outcomes were
stratified by demographic variables and clinical spe-
cialties), (see Mulholland et al.? for further details on
the data sources and outcome definitions). We antic-
ipated little selection bias in these data sources since
they routinely captured all hospital-based activity
across Scotland.

Data fields

Outcomes were measured on a weekly basis and were
quantified as the relative percentage change of the
weekly attendances/admissions to the two-year
weekly average of 2018-2019 usage.

We considered healthcare disruption by demo-
graphic variables and selected clinical specialties.
These data were categorised as follows: sex (male,
female); age group (<5, 5-14, 15-44, 45-64, 65-84
and 85+ years) with age-bands in line with our pre-
vious work?; deprivation (defined using the Scottish
Index of Multiple Deprivation [SIMD]' quintiles: 1
(most deprived) to 5 [least deprived]); and clinical
specialties for hospital admissions only (A&E,
Cancer, Cardiology, Gynaecology, Medical,
Paediatrics [medical], Paediatrics [surgical] and
Surgery).

Statistical methods

To compare whether rates differed between the two-
year historical average and the 2020-2021 levels, the
mean counts were compared at four week-time peri-
ods: (1) four weeks before change-point (weeks
ending 6 September to 27 September 2020); (2) four
weeks after change-point (weeks ending 3 October 3
to 31 October 2020); and (3) four weeks before the
end of the study (weeks ending 28 February 2021 to
28 March 2021). Mean counts were compared using
two-sample Wilcoxon signed rank tests and using the
four counts in each sample.

Modelling was conducted using segmented/piece-
wise linear regression models containing a linear
slope for time, a binary term for the change-point
(0: before intervention, 1: after intervention) and an
interaction between the two terms. This interaction
accounts for any step changes (changes to the inter-
cept) and slope changes (changes to the weekly rate)
before and after the intervention. Estimates for these

step and slope changes were calculated using the
before time period' as the reference group, meaning
an estimate of 0 suggested there was no change in the
intercept or slope and a positive estimate suggested
that there was an increase in the intercept or slope
after the change-point. The addition of each of
the variables was explored in turn as categorical
terms using interactions as outlined in our previous
study.?

To compare these different models, the Akaike
Information Criteria and the Bayesian Information
Criterion were used. We checked assumptions of
linear regression by assessing the histogram of resid-
uals, the normal QQ plot of residuals and residuals
vs. fitted values. We also checked for the presence of
autocorrelation using the autocorrelation function
and the partial autocorrelation function. To assess
the fit of the model parameters, the maximum likeli-
hood ratio test was used. All estimates were reported
using 95% confidence intervals (CI).

The analyses were undertaken by RM and inde-
pendently verified by SAS in R software, version
3.6.1 (http://www.R-project.org). All R code scripts
will be made available on the EAVE II GitHub page
(https://github.com/EAVE-II/Impact-of-COVID-19-
on-secondary-care-in-Scotland) on publication.

Reporting guideline

We used the Reporting of studies Conducted
using Observational Routinely-collected Data
(RECORD)'" extended from the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) statement on reporting
guidelines to support the communication of findings
(Supplementary Table S2).

Ethical permissions

Ethical approval was not required for this study since
the data are aggregated and open sourced on Public
Health Scotland (PHS).’

Role of the funding source

The funders had no role in study design, data analy-
sis, decision to publish or preparation of the
manuscript.

Results

Usage of hospital services steadily increased after the
first UK lockdown approaching the two-year histor-
ical average as lockdown restrictions were gradually
eased in phases (see Figure 1 for the timeline) and
peaked during summer 2020. Figure 2 illustrates the
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Figure 2. Overall rates of A&E attendances (left), emergency (middle) and planned hospital admissions (right) from weeks ending
29 March 2020 to 28 March 202 1. Red vertical dotted line represents the announcement of re-introduced lockdown measures on

22 September 2020 and black dotted line represents the start of 2021. (a) Counts by 2018-2019 average (dotted line) and 2020—
2021 (solid line). (b) Relative percentage change of the 20202021 counts to the 2018-2019 average, where 0 represents the two-
year historical average.
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count and the percentage change compared to the
2018-2019 average for A&E attendances, and emer-
gency and planned hospital admissions (see
Supplementary Tables S3—S5 for two-sample statisti-
cal comparison). As restrictions were re-introduced
starting 22 September 2020, we observed an immedi-
ate decline in A&E attendance and emergency admis-
sions (Figure 3). The introduction of restrictions was
associated with a change in level and slope of relative
admissions rate: level change of —19.79% (95% CI
-25.86, —13.71) in A&E attendance, —15.58% (95%
CI -20.50, —10.67) in emergency admissions, —0.16%
(95% CI -9.33, 9.01) and in planned admissions;
slope change of —1.98% (95% CI -2.38, —1.58) in
A&E attendance, —1.36% (95% CI —1.68, —1.04) in
emergency admissions and —-2.31% (95% CI -2.95,
—1.66) in planned admissions (Table 1).

Similar interruption patterns were observed across
the demographic characteristics: age, sex and depri-
vation (Supplementary Figures S1-S3). Age was

shown to have the most variability across the differ-
ent demographic factors, with sex and deprivation
not displaying differing patterns amongst their
groups (Supplementary Figure S1).

For emergency care (both A&E visits and emer-
gency admissions), those aged under five years were
the most impacted by the initial lockdown in March
2020 and this age group continued to have the lowest
usage throughout 2020 and 2021 in comparison to
the two-year historical average (Figure 4).
Furthermore, the re-introduction of restrictions led
to the sharpest decline in A&E attendance and
admissions in the 5-14-year age group with the
slope change dropping by 0.6% per week (0.5-0.7)
in A&E attendances and 0.5% per week (0.4-0.6) in
emergency admissions (Supplementary Table S6).
Trends in the remaining age groups (>15 years) clus-
tered together and showed a gradual increase after
the UK lockdown until the re-introduced lockdown
measures, where levels remained steadily below



Shah et al.

Figure 3. Fitted lines of segmented regression models for
A&E attendances, emergency and planned hospital admis-
sions across Scotland. Points represent weekly percentage
changes between 20202021 and 20182019 average for

weeks ending 29 March 2020 to 28 March 2021. Vertical
line represents change-point (re-introduced lockdown
measures announcement 22 September 2020). Horizontal
line at 0 is the 2018-2019 average. (a) A&E attendance. (b)
Emergency admissions. (c) Planned admissions.
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historic levels (Figure 4, Supplementary Tables S3,
S4 and S6).

For emergency hospital admissions, the clinical
areas exhibiting a continual increase towards pre-
pandemic levels were those associated with A&E,
cancer and cardiology, all of which in the last four
weeks of the study either superseded or were not sub-
stantially different from the two-year historical aver-
age (Supplementary Figure S5 and Table S4).
Surgical paediatrics increased sharply after the initial
lockdown, peaked at the time of the re-introduced
measures where levels exceeded the two-year average

and fell abruptly towards similar levels to the historic
average (Supplementary Figure S5 and Table S4).
The remaining clinical areas remained well below
the previous levels, with medical paediatrics having
the lowest levels in comparison to the previous levels
(Supplementary Figure S5).

Planned hospital admissions for cancer and med-
ical paediatrics showed minimal reduction after the
re-introduced measures, where levels continued to
increase and reached similar levels to the two-year
historic average by the end of the study
(Supplementary Figure S5 and Table S5). Planned
hospital admissions for the remaining specialties
showed a reduction after the re-introduction of
restrictions and  maintained levels  below
historic levels during the follow-up (Supplementary
Figure S5).

Discussion

Hospital healthcare provision remained enormously
disrupted across Scotland 12 months after the impo-
sition of the first national lockdown with these
impacts being seen across sex, age groups, depriva-
tion groups and most clinical specialties. An overall
pattern comprising three key trends emerged: first,
there was an immediate and substantial reduction
in numbers attending hospital starting 2-3 weeks pre-
ceding the announcement of the first UK lockdown?;
second, recovery commenced during lockdown from
mid-April 2020 until September 2020 with rates of
healthcare utilisation slowly approaching pre-
pandemic levels as restrictions were gradually lifted;
and third, the numbers attending hospital started to
decrease again following the re-imposition of restric-
tions on 22 September 2020 that continued through-
out the remaining of the study period up to March
2021. Furthermore, despite recovery, hospital-based
activity remained at well-below levels in preceding
years, even when COVID-19 restrictions were most
relaxed during Phase 3 from July to early September
2020. Compared to other age groups, the recovery of
emergency hospital usage for children (under 5 and
5-14 years) was the lowest compared to historic
levels. However, the same age groups showed the
most recovery in planned hospital usage.

To our knowledge, this is the first national-level
study that assessed the one-year impact of the pan-
demic on elective and emergency hospital usage. The
key strengths of this analysis include covering the
entire population, the length of follow-up (one
year) and the use of routinely collected clinician-
recorded data. Furthermore, the ITS design
employed is a powerful methodological tool to inves-
tigate the impact of an intervention on the
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Figure 4. Fitted lines of segmented regression models by a,
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performance of a healthcare system, particularly
when that intervention is unforeseen or there is lim-
ited control over the time-point of the intervention.'?

While an ITS analysis can overcome some of the
biases inherent in observational data, challenges
remain in inferring causality. A key challenge with
an ITS analysis is selecting the exact time-point of
the intervention. Where there is a clear event or inter-
vention, it is easy to identify what would be the pre-
and post-intervention data points. In this study,

however, we sought to adopt a time-point associated
with a healthcare policy measure (easing and tighten-
ing of restrictions) in response to the prevalence of
COVID-19 in Scotland. The timeline of the COVID-
19 pandemic (Supplementary Table S1) suggested
two interventions: the ‘eat-out-to-help-out’ scheme,
which started on 3 August 2020, and the tightening
of restrictions, which started on 22 September 2020,
as visual examination of hospital activity
(Supplementary Figure S1) revealed a downward
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Table |I. Level and slope before the change-point, and the change in level and slope after the change-point for A&E attendance,
emergency and planned hospital admissions with 95% confidence intervals.

A&E attendance

Emergency hospital

Planned hospital

admissions admissions

Level before change-point (95% Cl)
Slope before change-point (95% ClI)
Level change after change-point (95% ClI)

Slope change after change-point (95% Cl)

Note: All measures are in % change compared to the 2018-2019 mean.

trend starting during Phase 3. Preliminary analyses
showed that both time-points produced similar
results, but we considered 22 September 2020 a
more appropriate time-point as planned hospital
admissions were still increasing throughout August
and September 2020.

COVID-19 has had a very major disruption in
hospital services in the UK, particularly around the
time lockdown was first imposed. Early reporting on
6 April 2020 revealed a 49% decrease in activity at
emergency departments in England in the week after
lockdown commenced compared to the last week of
February 2020."* Similar magnitudes of change have
emerged from subsequent ITS analyses of national
data, with attendances down 41% for A&E, 26%
for emergency hospital admissions and 61% for
planned hospital admissions across Scotland,® and
51% for emergency departments at hospitals
in England," compared to preceding years.
Explanations for the reduction in hospital visits
may include population behavioural changes related
to the fear of contracting COVID-19 or reluctance to
access healthcare to avoid overwhelming the system,
a reduction in other seasonal illnesses'> due to less
social interactions, a reduction in accidents due to
less vehicular use'® and cancellation of routine hos-
pital services to improve pandemic response capacity.

As the pandemic progressed, a growing number of
UK studies have assessed the pattern of disruption to
hospital services over longer timescales. Studies
largely concur that a recovery in hospital services
gradually commenced after the first lockdown in
March 2020, as observed with overall attendances
at emergency departments in England (based on
data until June 2020),'* hospital visits for specific
conditions such as acute coronary syndromes,'®
number of operations for certain cancers (colorectal,
colon and rectum cancer) in England'” and surgical
activity in England and Wales (based on data until
September 2020).'® Recovery of hospital services was

~51.96 (~56.10, —47.83)
1.75 (1.47, 2.01)
~19.79 (-25.86, —13.71)

~1.98 (-2.38, —1.58)

—33.67 (-37.02, —30.32) —72.31 (-78.99, —65.64)

1.26 (1.04, 1.48) 1.84 (1.40, 2.27)

~15.58 (-20.50, —10.67)  —0.16 (-9.33, 9.01)

~1.36 (~1.68, —1.04) —231 (-2.95, —1.66)

halted with the tightening of restrictions in
September 2020. However, the decline was not as
steep compared to that observed with the instigation
of the initial lockdown. Similarly, a gradual decline in
hospital surgical activity in England and Wales was
also observed from September 2020.'® This relatively
minor disruption could be due to a combination of
factors. During the pandemic, there was increased
public messaging to make the population aware
that in an emergency individuals should seek medical
help.'? In addition, the NHS has developed new pro-
cesses in response to the COVID-19 pandemic and as
a result more stringent infection control measures are
now in place along with the allocation of resources
and intent to resume and continue routine health-
care,”” thereby allowing for resumption of many hos-
pital services. Besides the UK, reductions in planned
hospital admission have also been observed in other
countries including Japan,®' Belgium,”> Hong
Kong,”* Norway,>* Sierra Leone®® and South
Korea.¢

The severe disruptive effect of COVID-19 to emer-
gency paediatric care in hospitals in Scotland was
also observed in England, with greater reductions
in children attending emergency departments com-
pared to other age groups.'* Before the pandemic,
there was generally a high usage of hospital emergen-
cy departments for paediatric services. A study of a
national dataset across England showed that children
accounted for 21% of attendances to A&E (0-15
years of age).”’ Moreover, non-urgent use of A&E
for paediatric illness is considered high, on average
accounting for 41.06% (£15.16%) of presentations
at A&E.,”® with the majority of the non-urgent
attendances occurring for children aged 0-4 years.>
These non-urgent attendances are considered to be
largely driven by parental behaviour: an amplified
concern about an illness that is perceived to be seri-
ous, need for reassurance from paediatric specialists,
lack of awareness of other health service options (e.g.



Journal of the Royal Society of Medicine 0(0)

NHS 111, out-of-hours primary care), influence of
parental social network and a low confidence in ill-
ness assessment by the parents.**> COVID-19 may
have altered aspects of this parental behaviour,
resulting in a reduction in seeking non-urgent paedi-
atric care from emergency hospital services. As the
pandemic continues, these changes in parental behav-
iour may be persisting, since emergency paediatric
care remained below historic levels and a reduction
in the usage of emergency paediatric care was once
again observed as restrictions tightened from
September 2020 in Scotland.

The substantial recovery during and post
lockdown demonstrates that the system has the abil-
ity to adapt in an evolving global health crisis. This
has occurred alongside a growing knowledge of the
biology, pathogenesis and epidemiology of the virus
and disease, the development of treatments and vac-
cines for the virus, and the reorganisation of health-
care in a changing environment. However, the effects
of the disruption of health services are likely long-
lasting, particularly with regard to the implications of
individuals not receiving appropriate routine health-
care. This is likely to have increased morbidity and
possibly mortality in the population.*> There is also
the impact of postponing planned hospital admis-
sions on the increased risk of patient morbidity and
on quality of life.® If reductions in hospital activity
were primarily due to fears of contracting SARS-
CoV-2 in a hospital setting, then these concerns
may have been largely mitigated through the public
health messaging to reassure the population that they
should still seek hospital treatment during the pan-
demic.'” However, as the pandemic has evolved, hos-
pital attendances continue to remain well below
historic levels; thus, it is important to determine if
the continued disruption is due to individuals not
seeking care for non-urgent ailments or if there are
other reasons contributing to this. It is important to
try and disentangle avoidable morbidity and non-
urgent emergency hospital attendances. In addition,
continued monitoring of the levels of hospital activity
can provide crucial information on impact of the
changing COVID-19 pandemic. Lastly, there is a
need to introduce preventive measures in hospitals
to protect patients, healthcare workers and the
public. With the COVID-19 pandemic evolving into
an endemic, such measures should instil public con-
fidence and encourage them to seek healthcare, if
needed.

In conclusion, the COVID-19 pandemic has had a
major, persistent and disruptive impact on hospital

service provision across Scotland. Despite the easing
of restrictions and some recovery in the usage of
hospital-based care, activity remained well below his-
toric levels with likely major consequences for avoid-
able morbidity and possibly mortality.
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