1 July2020 Imperial College COVI® response team

Report 29: The impact of the COVHD9 epidemic on alcause
attendances to emergency departments in two large London
hospitals: an observational study

Michaela A @ollmer, Sreejith Radhakrishnan, Mara D K&sth Flaxman, Sam Bhatt, Ceire Costelloe,
Kate Honeyford, Paul Aylin, Graham Cooke, Julian Redidiadn SandersPeter J White, Neil
Ferguson, Katharina Hauck, Shevanthi Nayagam, Pablo NG&ramn

WHO Collaborating Centre for Infectious Diseasel@&lling

MRC Centre for Global Infectious Disease Analysis

Abdul Latif Jameel Institute for Disease and Emergency AnalytioEA)

Division of Digestive Diseases, Department of Metabolism Digestion and Reproduction

Imperial College London

Imperial Clege Healthcare NHS Trust

Imperial College London Department of Primary Care and Public Health Global Digital Health Unit

Correspondencem.vollmer@imperial.ac.uk

SUGGESTED CITATION

Michaela A C Vollmer, Sreejith Radhakrishnan, Mara Dé&@itThe impact of the COVAT® epidemic on &ll

cause attendances to emergency departments in two large London hospitals: an observational study. Imperial
College Londor30-05-2020), doihttps://doi.org/10.25561/80295

@ @@@ This work is licensed under a Creative Commons AttribehlonCommerciaNoDerivatives
TEEICTE 4.0 International License.

DOI:https://doi.org/10.25561/80295 Pagel of 22


https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:m.vollmer@imperial.ac.uk

1 July2020 Imperial College COVI® response team

Summary

The health care system in England has been highly affected by the sutgmamd due to patients
afflicted by COVIHR9. Yet the impact of the pandemic on the care seeking behaviour of patients and
thus on Emergency department (ED) services is unknown, especially feC@gtBl9 related
emergenciesin this report, we aimed tossess how the reorganisation of hospital care and admission
policies to respond to the COVID epidemic affected ED attendances and emergency hospital
admissions.

We performed timeseries analyses of present year vs historic (2PA%59) trends of ED ahdances
between March 12 and May 31 at two large central London hospitals part of Imperial College
Healthcare NHS Trust (ICHNAnd compared these to regional and national trendiistoric
attendances datdo ICHNT and publicly available NHS situation repeete used to calibrate time
series auteregressive integrated moving average (ARIMA) forecasting madielshus predicted the
(conterfactual) expected number of Elftendanceshetween March 12 (wherhe first public health
measure leading to loetown started in England) to May 31, 2020 (when the analysis was censored)
atICHNTat all acute London Trusasd nationdly. The forecasted trends/iere comparedo observed

data for the same periods of timkastly, we analysed the trendsICHNT disaggregating by mode of
arrival, distance from postcode of patient residence to hospital and primary diagnosis amongst those
that were subsequentlyadmitted to hospital and compared these data to an average fershme
period of time in the years 2015 to 2019.

During the study period (January 1 to May 31, 2020) there was an overall decrease in ED attendances
of 35% at ICHNDf 50% across all London NHS Trasts53%nationally. For ICHNT, the decrease in
attendances was mainly amongst those aged younger than 65 and those arriving by their own means
(e.g. personal or public transporthcreasing distance (km) from postcode of residence to hospital
was a significant predictor of reduced attendances, which coatdbe explained by weighted (for
population numbers) mean index of multiple deprivatioNonCOVID emergency admissiotos
hospital after March 12 fell by 48% ICHNTcompared to previous year3his was seen across all
disease areas, including acute coany syndromes, stroke and cangetated emergenciesThe
overallnon-COVIEL9 hospitalisationmortality riskdid not differ(RR1.13, 95%CI 0.94.37, p=0.19)

also in comparison to previous years

Our findings suggest emergency healthcare seeking to hospitals drastically changed amongst the
population within the catchment area of ICHNIhis trend was echoed regionally and nationally,
suggestinghose sufferinga medical emergencmay not haveattended other (i.e. closeto-home)
hospitals.Furthermore, our timeseries analyses showed that, even after COM@ases and deaths
decreased (i.e. from early April), n@0OVIBEL9 ED attendances did not increase. The impact of
emergency triaging systems @ge.111 calls) and alternative (e.g. private hospital, chemist) health
services on these trends remains unknown. However, another recent report found increased non
COVID excess deaths in the community, which may be partially explained by people expeaencing
emergency and not attending health services at all. Whether those that attended ED services have
done so withlonger delaydrom the moment of emergency onset also remains unknown. National
analyses into thdactors causing reduced attendances to EBrises and strategies to revert the
negative trendsre urgently needed.
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1. Introduction

To tackle the COVIIB epidemic, fundamental changes to the provision of health and social services
have been instituted in Englaidl,2] As a result, the NHS undertook an unprecedented re
arrangement of theirresources, with specific measures including the postponing ofumgant
elective procedures and videdaging patients for referral to hospital servicgg. Moreover, on
March 12, thegovernment implemented the first of a series of ngmarmaceutical interventions
including advice for the public to seé#olate if experiencing COVID symptoms, advice for social
distancing, the closure of schools and universities and the ban of public evdhtiese measures
were rapidly followed by a national lodown on March 241] with all but key workers advised to
avoid interacting with others outside their households atdy at home a much as possible, unless
an emergency arisg4.3]

Perhaps largely as a result of the widespread implementation ofpf@mmaceutical interventions in

England (and elsewher@)] the country ha seen a steady reduction in the daily number of C&MID

cases and deatl®] However national data show that the number of attendances to accident and
emergency (ED) services (i.e. consulaat 24hour services including resuscitation units) have
decreased nationally by approximately 50% across all England regiodgeeeSifori K S | dzii K2 N& €
analysis of publicly available da{é].Moreover, concerns have emerged thatendances to such

emergency services remain low, even as the CQ¥9lBases have droppd]

Evidence from other countries indicates that the number of-ofihospital cardiac arrests have
increased alongside a decrease in ED attendances during the @@¥Hihdemid7,8] These data

also suggest that the numbef nonCOVIBEL9 attendances to emergency services has not increased
as expected as COVID cases and deaths decred3e9] To date, no published study in England has
analysed the trends in ne@OVIBLY9 attendances to ED deparents during the pandemic. Such data
would be crucial to understand the changes in ED attendances associated-githatng emergency

care resources in the country. Furthermore, beyond natidead! situation reportg5,6] analyses of

the potential sociodemographic and epidemiological factors associated with such behind trends are
urgently needed to inform strategies to understand the optimal public health approach to ensure high
guality standards of care for ne@OVIBEL9 matients.

In this report, we use administrative patient level clinical hospital records from two large London
hospitals from Imperial College Healthcare NHS Trust to analyse trends in attendances to ED
departments and emergency admissions pend postimplementation of lockdown policies in
England.

2. Methods

We had access to historical (2015 to 2019) and present year (January 1 to May 31, 2020) data on ED
FOGSYRIyO8a YR FRYAA&aA2yA G2 (62 tFNEHS [2yR2Y
with the Hammersmith, Queen Charlotte and Western Eye Hospitals they comprise the Imperial
College Healthcare NHS Trust (ICHNT), one of the largest NHS Trusts in England serving a diverse
L2 Lddzf F A2y 2F 2@0SNI cnnZnnn LIS 2rnf Bods HospitalS NG 2 y f ¢
ED services. Therefore we only focus on these two in our anflggis.
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Historic data of ED attendansdérom April 2019 was used to calibrate a time series forecast model to
predict the expected number of ED attendances as a counterfactual for the time period where-COVID
19 impacted ED attendances (Marchd{®lay 31). All forecasts were obtained from AlRegressive
Integrated Moving Average (ARIMA) modeihich capture the temporal structures within a time
series in order to forecast future values. These simple stochastic time series models can be used to
train and understand past data in order to predigture valueg11]

The ARIMA models used for our analyses have been parametrised using the most up to date data from

{G alNEQ& YR /KFENARY3I / NRaa | 2alLilifdgdodCharidgS G2 O
Cross Hospital, we only relied on data from April 1, 2019 until December 31, 2019 to calibrate a time

series model for both hospitals and create a forecast of expectedaaieED attendances and

emergency admissions for the period of Janul to May 31, 2020. We compared the forecasted

trend for 2020 against patiedevel administrative records from the trust. We defined two periods for

the analysis, preand postMarch 12, based on the data when the first public health measure {case

basal isolation) leading to loedown was imposed in Englaifdi.

Outcomes of interest were the change in crude and proportional ED attendances and emergency
admissions from March 12 to May 302D, compared to the predicted baseline from historic trends,
2PSNIff FyR RA&IFIINBIFTGSR o0& 3IS OFGS3I2NARSazr Y2
GNF YAaLR2NIO YR LRAaAGO2RSa 2F LI GASYydaQ dzimglf NBa,
of two to four alphanumeric characters, is recorded in patient data). Postcodes were categorised as
falling within five mutually exclusive zones based on the distance of the centre of the postcode area

from the hospital of attendance less than 000m (zone A), between,d01m and $00m (zone B),

between 5001m and /500m (zone C), between501m and 1M00m (zone D) and greater than

10,000m (zone Out) away from the hospital. As a proxy of attendance severity, we further quantified

the proportion ofattendances that subsequently required hospital admission by disease categories

and mortality risks.

All statistical and gegpatial analyses were performed in R 3.6.3, with the latter using freely available
polygon filed12] The proximity from an outer postcode to the nearest ED was calculated by
measuring the centroid of an outer postcode to the location of the hospital. For all analyses the
population weigls of Lower Layer Super Output AreaSOAwere used and aggregated to outer
postcodes.

Study approval and role of the funding sources

To ensure compliance witfGeneral Data Protection Regulations, data was extracted from
pseudonymised datasets into aggeade reports only for the outcomes of interest. Data processing

was authorised by both the Imperial College Healthcare NHS Trust and School of Public Health
research committees. Access to the data and authorisation for the present study was jointly granted

08 G(GKS ¢N¥zaAGQa 5FGF tNRGSOGA2Y hFFAOST /I fRAO2GL
and Analytical Unit, under Article 6(1)(e) / 9(2)(i) of the General Data Processing Regulations
(processing under public authority for purposes in theaaof public health). Only anonymised data

was accessed and aggregate reports and figures extracted for the present analyses.
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The funders of this study had no role in the study design, data collection, analysis, interpretation, or
reporting. The corregmnding author had full access to all the data in the study and the final
responsibility to submit for publication.

3. Results

3.1 Overall observed vs forecasted ED attendances

Between January 1 and March 11, 2020 there were 25,229atihdances to ED services at ICHNT,
which fell within the forecasted number of attendances for this period of time in this Trust (mean
26,396 with 95% confidence interval [Cl] 8,5314,221). After March 12, however, we observed a
significant decline ithe number of attendances, amounting to 18,576, a 35% (mean 28,774 with 95%
confidence interval [Cl] 26,625 to 30,923) decline against the forecasted attend&igese(d.

The overall decline in ED attendances to ICHNT was largely in keeping witttidmal trend during

the current COVIR9 pandemic responsd-igure J, see also Supplementary materikigure S).

| 26 SOSNE F2NJ L/ I b¢ GKS 20aSNIBBSR GNBYR 61 & YIFAyfa
Hospital, which dropped by 46% (95%2%»to 50%) compared to only 17% (95%CI 11% to 22%) for
Charing Cross Hospital.
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3.2 Disaggregated trends in ED attendances to ICHNT

From the start of the year to March 11, both historically and in the present, the number of daily ED
attendances by age to this Trust was mainly comprised of people aged 22 to 64 years, followed by
those older than 65 years and paediatric attendandégyre 23. Similarly to the overall trend, the
RSONBIasS Ay FdGdSyRIFyOSa hargat Chaifg CéossdHosaitlBHove$eNdn | G { |
both hospitals, we observed a much larger decline in attendances amongst younger age groups
compared to those over 65 years ofidure 23.

wS3AFNRfSaa 2F | 3S3 ySINIe& | fHypatintd SriviRgrbytes awvnd 2 { G
transport or emergency road ambulance services, prior to March 12. After this date, the former
decreased by 13.8%, while ambulance attendances increased by 24.4% (sd€igal®o S3in
Supplementary material). In the casé Charing Cross Hospital, the number of daily attendances by

mode of transport varied very little before and after March 12. While arrivals by ambulance services
dropped by 7.5%, arrivals by own means of transport increased by EiQégs 2a and 2b

Further to the above, we observed significant differences in the number of attendances to each
KaLWAdlf o0& F2dz2NJ LINBRSTFAYSR 12ySa 2F LI GASYyGaQ
FYR Bmna 1Y FNRY (KS K2aLJA ittefdandes flotnNGar¢hi2 ta MapfB1Q & | 2 2
were from patients residing at a postcode within a 5 km radrigure 33. Whilst the distribution of

attendances by zone of residence remained stable after March 12, 2020 (59.6% from within 5 km), we
foundA Y ONB I aAy3 RAAGFYOS 0SisSSy LI GASyGaqQ LRaitoz2R
decreasing ED attendancessérage of10number ofattendances per km increase, p < 0.Q04/hilst

this association disappeared when adjusting for mean nunalbdristoric attendances by postcode,

the forecasted regional attendances (i.e. to all acute London NHS Trusts) revealed a drop in ED
attendances by 50%, suggesting the reduction in attendances to our trust by increasing distance was

not driven by peoplattending ED services nearer to the place of residdrigure 1.3. Importantly,

weighted (by population in postcode) index of multiple deprivation quintile was not a predictor of
reduced ED attendances (Supplementary Table S1).

DOI:https://doi.org/10.25561/80295 Page7 of 22



1 July2020 Imperial College COVIM response team

CHARING CROSS HOSPITAL

150
100 ¢ o v 4
50
W
&
20
2
g ST MARY'S HOSPITAL
@ 150 ¢ o v A
0
g [ ]
=
100

ORI

0
Feb Mar Apr May Jun
Patient's age category Interventions
— Younger than 5 years * Advice on social distancing published
— Between 6 and 21 years old = Ban on public events

Case based measures
Lock-down
School closures

— Between 22 and 64 years old
Older than 65

4 F »

DOI:https://doi.org/10.25561/80295 Page8 of 22



1 July2020 Imperial College COVIM response team

CHARING CROSS HOSPITAL
150

100 * o ¥ 4

s "‘\,‘“0\“ M‘,N\/ ) J oy

w
@
[17]
E 0
=5 ST MARY'S HOSPITAL
2 200
3
£
=
<150 torov 4
[ ]
100
50
0 —e— o~ N
Feb Mar Apr May Jun
Mode of arrival Interventions
— Emergency road ambulance * Advice on social distancing published
— Patient's own transport = Ban on public events
— Other + Case based measures
Lock-down

v School closures
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Amongst ED attendances.ewecorded a total of 16,837 admissiotts hospital services aiCHNT
between January 1 and May 31, 20Z2is representea 15% decline from the average number of
admissions for the same period of time over the previous five calendar years. Importantly, the largest
drop in admissions was seen for the period after tat2, at 39% (6,545), compared to 14% (10,292)
before this date.

Out of all emergency admissions, CO¥®was either the cause or a-factor (i.e. documentedt
admission oduring hospitalisationrespectivelyfor admission in 1,408 (8%) patients. All but three of
these COVIR19 admissions occurred after March 1292 of admissions after this date were related

to COVIEL9) Figure 4. As a result,ie number of emergency admissions after March 12, excluding
those related to COVIDI, fell by 48% (5,140) compared to the same period in previous years. Most
of these norRCOVIEL9-related emergency admissions were for acute respiratory conditions (802,
12%), including pneumonia, asthma and chronic obstructive pulmonary disease exacerbations,
amongst others; and for injuries (540, 8%); gastrointestinal & liver disorderd, @%); and
genitourinary disorders (315, 5%).

The trend in emergency admissions to ICHNT meant an overall decrease in admissions in most disease
areas Figure 5; even for critical disease areas. For example, for the case of acute coronary syndromes

and stroke, admissions decreased by 60% and 26%, respectively. Obstetric and perinatal emergency
admissions also greatly declined, by 52% an% Zéspectively Lastly cancerrelated emergency

admissions (i.e. excluding programmed interventions and/or praocesi like chemeo and

NI RA2ZGKSNI LRBUO |yR (K24&4S RdzS (G2 Ayedz2NARSa O0F2N 4K’
47% and 64%, respectively.

Importantly, whilst the crude Hhospital mortality for emergency admissions for the period between
March 12 and May 31 increased from 1% historically (22089) to 8% in 2020 (incidence risk ratio
[IRR] 2.84, 95%CI 2886, p<0.001), this was driven by deaths relating to CQ9IPable S2(IRR

1.13, 95%CI 0.98.37,p=0.19). For most other diseaseasewe saw an overall reduction in mortality

risk ratio Table S2, including acute respiratory conditions, acute coronary syndromes, oncological
emergencies and injuries. For stroke and genitourinary emergency admissions, there was an increase
in mortality risk ratio, albeit there have been historically low number of deaths, and even lower
presently, driving the ihospital mortality rates for these disease are@alfle S
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4. Discussion

The current COVHD9 epidemic has created unprecedented challenges for emergency health services

in England. Tour knowledge, this is the first published analysis of ED attendance in the UK, with an
in-depth analysis into the disaggregated trends to a large London trust (ICHNT) as a case study. We

find that overall ED attendances decreased by 35% at ICHNT, wiiicline with the national trend
LINBASYGSRd® C2NJ 2dzNJ ¢NHzAa X K2gSOSNE GKS RNRLI Ay |
Charing Cross Hospital. When analysing the disaggregated trends for the Trust, we identified factors
associated with deeased ED attendance, all of which may carry important public health implications

and that, to a lesser or greater extent, could also explain the trend of decreased attendances at a
national level.

Firstly, we identified that attendance patterns of patis aged >65 years wemostly unaffected
compared to those amongst patients of younger age grolpthe present year, 44% of emergency
admissions were from patients over 65 years , compared to 41% between 2015 andl@§difethis

group ofpatients haiing beenthe mostaffected by COVHD9, accounting for 54% of all COMI®
admissiong13] Furthermore, emerging national evidence shows that excess deaths in the community
have increased, particularly amongst the eldgil,15]

Secondly, we find an important (64%) decrease in emergency admissions due to injuries. During the
current COVIEL9 public health respomsin England, important measures have included the closure

of schools, the indication that people must work from home as much as possible and advice to avoid
any unnecessary travl] These neasures havgreatly reducednobility across the country to a level
comparable to the one reached during weekends-ptarch 2020[16,17]ICHNT is a referral trust for
major trauma and injury, among many other héwlare pathways. The reduction in mobility and the
increase of the public staying at honoeuld have led to a reduction in the number of injuries
occurring.

Further to the abovgadditional capacity ofommunityhealth services created to reduce the e

on hospital serviceduring the pandemicsuch as extendebours practices, virtual generptactice
consultations additional pathways for key disease aremsd expansiontelephone assessment
services could havehelped toreduce ED attendancekat were related tominor presentations and
thus amenable to be managed in the commurit@] The absolute effect of such emergency measures
warrants further investigation, so that a positive, sustainable impact on streamlined enwrgare
can be achieved going forward

Thirdly, we observed indications that the severity of ED attendances may have increased during lock
down. On the one hand, whilst there was a steady decline in attendances of patients arriving by their
own means (g. personal or public transport), the proportion of ambulance arrivals incregsed
marker for illness severity. To an extent, this could be explained by the obsknezd relation
between increasing distance from postcode of residence to hospital amateg decrease in ED
attendancesHowever, our finding of an overall reduction in ED attendances across London NHS Trusts
(Figure 1.3 strongly suggests this was not equalised by healthcare seeking at ED services nearer to
0KS LI GASylifaevidkdice haR Snérgesl on an increashéalthcare seeking avoidance
across the population during lo@own.[19] This could have translated intopgoportion of those
experiencing a true emergency not having attended health services at all. Our finplaigsd with
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nationakevel analysekighlighting an increase in nd®OVID excess deaths in the commufiify,20]
suggest emergencies in theromunity may have increaseday have gone unattendegbotentially
due to healthcareseekinglelay and/or avoidancm the population. Factors behind these trends need
urgent investigation.

Our study has limitations that must be acknowledged. Firsthtionatlevel data weremonthly
aggregated situation reportayhich we complemented withdisaggregateddata from one of the

largest NHS Trusts in England, serving a diverse population of over 600,000. Even between the two
hospitals from our trust included ithe present analyses, there were important variations in ED
attendance characteristicsuRher analysis and comparisons with other trusts are needadyreater
variation in trends could be underpinning different reasons from decreased ED attendances in
different settings Secondly, a change in administrative coding systems between our historic and
present year datasets (i.e. betweebecondary Uses Serviaad Systematized Nomenclature of
Medicinesystems respectively) limited the ability to fully analydeK S OKI y3S Ay LI} GASY
on presentation to ED. However, we performed an analysis of the final diagnoses at discharge or
death for those that were ultimately admitted to hospital from ED in our Trust. By and large, this
subgroup of patients remsents those who are the sickest and thus warrarhadspital stay and
management.

In conclusion, our findings provide strong indication that emergency healtlsssgking may have
drastically changed amongst the population within the catchment areatdiiiCand nationally. This

may have signified that those that attended ED services during March 12 to May 31, 2020 did so with
longer delays than they used to (i.e. after emergency onset) or that they sought alternative health
services. These trends were miined even after the communitievel COVIEL9 case and death

rates decreased and may still remain below expected levels presently. There is an urgent need to
investigate reasons for reduced ED attendances. Lagtlfind it should be a public health prity to
investigate optimal approaches to streamline emergency services in England so as to maintain high
standard of care for both COVII® and noRCOVIBEL9 patients, whilst ensuring appropriate infection
prevention control measures
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8. Appendix

8.1Attendances to ED services by region

We created timeseries models of the absolute number of attendances to ED services by region in
England, using monthly NHS situati@ports from June 2015 to December 2069 The model was

build using theauto.arima function from the R packagéorecast which returns the timeseries
algorithm from Hyndman and Khandakar. For the case of all ED services, we consistently observed a
drop in accrued regional attendances by 50% from what would be expected for the month of April
2020 FigureS).
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Figure S3. ED attendances to ICHNT by geographic area of patient residence and method of arrival.
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