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Abstract

Background

Access to and use of urgent and emergency care in the United Kingdom’s National Health

Service reduced during COVID-19 related lockdowns but demand reportedly increased

since then. We investigated the impact of COVID-19 on urgent and emergency health care

services activity in an eastern England population of 1.1 million.

Methods

We used health care activity data from a municipal health department, recorded at the level

of discrete events (such as visits to hospital or ambulance calls) to compare system activity

between 2018–2020 (pre-COVID), 2020–2021 (lockdown) and 2021–2023 (post-lockdown),

carrying out interrupted time series analyses to describe changes in activity.

Results

Daily emergency department (ED) attendances were 10% (95% confidence interval 9–12%)

lower during the lockdown period, and 7% (6–8%) higher in the post-lockdown period than

pre-COVID. Attendances arriving by ambulance were 13% (12–14%) lower post-lockdown

than pre-COVID, while attendances of arrivals by other means were 17% (16–19%) higher.

Post-lockdown, overall attendances were continually reducing. ED waiting times were 45%

(44–47%) longer in the post-lockdown period compared to the pre-COVID period and con-

tinued to increase post-lockdown. There was a 15% (14–16%) reduction in daily ambulance

dispatches post-lockdown versus pre-COVID. Ambulance arrivals with delayed handover to

hospital care exceeding 60 minutes increased by 17% (16–18%) post-lockdown versus pre-

COVID, and probability of delay showed a continuously upward trend post-lockdown of 20%

(19–21%) per year.
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Conclusion

Patients are facing long waits in EDs to be admitted to hospital, discharged or transferred.

This results in delays in ambulances handing over patients and attending to other calls,

which may explain decreasing rates of ambulance dispatches. Potential solutions are likely

to involve enhancing the flow through and discharge of patients from hospital, and a whole

systems approach which considers the capacity of the local health and care infrastructure,

including intermediate care and social care.

Introduction

Background

The challenges faced by the United Kingdom’s National Health Service (NHS) before the

COVID-19 pandemic have continued post-pandemic and are particularly apparent in urgent

and emergency care (UEC). The target for the NHS is that 95% of emergency department

(ED) attendances are seen and discharged, admitted, or transferred within four hours [1]. The

NHS has not met the four-hour target in any year since 2013/14, and since July 2015 it has

been missed every month [2]. UEC performance has declined markedly over the last five years;

nationally: the percentage of Type 1 (ED) attendances admitted, transferred or discharged

within four hours or less was 55.4% in November 2023, compared to 81.2% in November 2018

[3]. Being admitted from a crowded ED is associated with increased length of stay and may

contribute to avoidable error, poor staff experience and increased mortality [4].

Urgent care involves any non-life-threatening illness or injury needing urgent attention

which might be dealt with by phone consultation through the NHS 111 Clinical Assessment

Service, pharmacy advice, out-of-hours general practitioner (GP) appointments, or at a minor

injury clinic or walk-in centre. Emergency care involves life-threatening illnesses or accidents

which require immediate treatment from an ED, often via an ambulance service (using the

emergency healthcare call line, 999) [5]. We use the term “UEC” to cover all unscheduled

urgent and emergency care-seeking at EDs.

COVID-19 may have affected demand for UEC by increasing unmet need by, for example,

patients being unable or less willing to make GP appointments, under-detection of long-term

conditions (for example, through reduced take up of NHS Health Checks), and delays to treat-

ment [6–8]. In 2020, an estimated 400,000 planned procedures were not performed each

month, which may have led to patients seeking UEC for health problems associated with

delayed treatment [9]. COVID-19 also had a negative impact on NHS services through the

reduction in staff wellbeing [10].

An interrupted time series analysis of the impact of COVID-19 on attendances and emer-

gency and planned hospital admissions in Scotland found a significant drop in attendances

(-41%) and emergency (-26%) and planned (-61%) admissions during the first few months of

the pandemic [11]. A study of ED attendances at two large London hospitals found a decrease

in attendances of 35% during the period after the first lockdown was imposed (12 March– 31

May 2020), reflecting broader trends seen across England [12]. Honeyford et al, in a retrospec-

tive study of changes in ED activity in a London hospital trust, found a reduction of 52% in

daily ED attendance rates during lockdown (a four-week period in March/April 2020) [13].

COVID-19 and related lockdowns therefore resulted in short-term reductions in ED atten-

dances. Less is known about UEC trends since the peak of the COVID-19 pandemic and asso-

ciated lockdowns.
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We have had the opportunity to explore UEC trends using publicly available data in the

area served by Norfolk and Waveney (N&W) Integrated Care System, which is a partnership

of organisations responsible for the provision of health care across the region. N&W is situated

geographically in East Anglia in the UK and covers a population of almost 1.1 million [14].

Data covering the periods pre- and post-COVID-19 pandemic show substantial increases in

ED waiting times (93% increase in those waiting more than four hours), alongside compara-

tively small increases in attendances (5%) [3]. Individual event patient level data was explored

to examine in more details the impact of the COVID-19 pandemic and trends pre- and post-

lockdown.

Objectives

This research used individual event level patient data to explore the impact of COVID-19 on

UEC in N&W. Specific objectives were to describe changes between and within pre-COVID,

lockdown and post-lockdown periods in the numbers of:

• daily attendances at each of the three hospital EDs in N&W, and for the three EDs combined,

overall and for subgroups of patients, and in the time patients spent in each ED before dis-

charge, transfer or admission to hospital.

• ambulances called out (through NHS111 or 999) daily in N&W, and in the proportions of

calls with subsequent delayed handovers to each ED.

Methods

We used individual event level patient data to compare average ED attendances, waiting times,

999 calls and 111 calls in N&W between three time periods: pre-COVID, lockdown, and post-

lockdown, along with continuous trends over time within each period. In this report ‘post-

lockdown’ is defined as the period following the end of the stay-at-home rule of the final

(third) lockdown in England, from 30 March 2021 to 31 March 2023. ‘Pre-COVID’ is used to

define a period from 1 April 2018 to the start of the first lockdown on 25 March 2020. The

lockdown period was from 26 March 2020 to 29 March 2021, and included three periods of

lockdown:

• Lockdown 1: 26 March 2020 to 4 July 2020 inclusive

• Lockdown 2: 5 November 2020 to 2 December 2020 inclusive

• Lockdown 3: 6 January 2021 to 29 March 2021 inclusive

We carried out an interrupted time series analysis describing changes in UEC activity from

April 2018 to March 2023. The time series analysis was carried out with health care activity

data provided by the municipal health department for N&W Integrated Care System, the inte-

grated care board (ICB). They collated data provided by NHS organisations including hospital

trusts, the East of England Ambulance Service and NHS111. The raw data were at the level of

individual health service visit, telephone call or ambulance call.

For the analyses we focused on Type 1 emergency care department data. Type 1 EDs are

medical consultant-led 24-hour services with full resuscitation facilities. N&W has three Type

1 EDs, at the Norfolk and Norwich University Hospital (NNUH) in Norwich, the James Paget

University Hospital (JPUH) in Great Yarmouth, and the Queen Elizabeth Hospital (QEH) in

King’s Lynn. We selected attendances where the patients were either registered with 105 GPs

in N&W or had a home address in N&W (defined as 611 Lower layer Super Output Areas,
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LSOA) and visited the main 24hr ED at NNUH, JPUH or QEH from 1 April 2018 to 31 March

2023. Activity for patients who were neither registered with a GP practice nor had an address

located within N&W were excluded because the data included ‘out of area’ residents pre-

COVID but not during the lockdown and post-COVID periods due to changes in reporting

protocols. This particularly affects hospitals near county borders, for example QEH in King’s

Lynn, which sees more ‘out of area’ patients. Similarly, activity at ‘out of area’ hospitals by

patients residing in N&W was excluded because our focus was on UEC in N&W.

At the NNUH, Type 1 attendances include the Children’s Emergency Department and

Older People’s Emergency Department, but do not include ‘Assessment Units’. This report

excludes analysis of attendances to hospital same day emergency care centres, and general

(family doctor) practices.

Statistical methods

To describe changes in UEC activity over time we analysed the following variables, which were

aggregated at day level using the individual event level patient data.

1. ED attendances: total number of attendances per day, arrival mode, diagnosis, referral

source, and mean time spent in ED. Separate analyses were carried out for each ED in the

study area, and for the aggregated N&W area data.

2. Ambulance dispatches: number and type of request for ambulance dispatch and counts of

and proportions of ambulance to ED handover times greater than 60 minutes. Handover

times were analysed separately for each ED, and for the aggregated area data.

3. We first compared mean values of each variable between pre-COVID, lockdown and post-

lockdown periods using ANOVA tests. We then applied interrupted time series linear

regression models to estimate changes in each variable. In all models we adjusted for day of

the week and month of the year to account for seasonal and within-week variation in

activity.

For each outcome variable we used three sets of models:

• Model 1 estimates the change in mean values of each variable from pre-COVID to lockdown

and post-lockdown periods.

• In Model 2 we additionally estimated continuous time trends during the pre-COVID, lock-

down and post-lockdown periods. We also estimated the interaction between the time trend

and the indicator of pre-COVID, lockdown and post-lockdown periods, to estimate how the

continuous time trend changed after the lockdown period.

• In Model 3, we additionally included indicators of the three lockdown periods, to estimate

the temporary effect of each lockdown on UEC activity rates.

With these data it was not possible for us to investigate individual characteristics associated

with receipt of care, because the outcome variables for all of our analyses are aggregated, and

because the individual level data are only available for individuals who received care, and not

all individuals in the N&W population. To investigate potential differences in time trends

between age groups, however, we graphed counts of monthly visits to EDs, stratified by age

group.

Full details of methods are provided in S1 File.

We used a 5% significance level with 95% confidence intervals.

All time series linear regression models were produced using R statistical software version

4.1.2 (2021-11-01) [15]. Where percentage changes are reported these have been calculated
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using the unadjusted pre-COVID mean, and the lockdown and post-lockdown change

(adjusted for day of week and month of year) estimated with Model 1.

Research governance

Research ethics approval was granted by UEA Faculty of Medicine and Health Sciences

Research Ethics Subcommittee (ETH2223-1729, 20/03/2023). Consent from participants was

not obtained as data were analysed pseudonymously. Data Protection Impact Assessments

were completed in accordance with data governance procedures at Norfolk County Council

(NCC) for the use of the pseudonymised patient record data. The data were sublicensed data

from N&W ICB and named UEA researchers delivering the project were provided with NCC

laptops to analyse data in the secure NCC data environment. The UEA researchers were

accountable to and supervised by the NCC Insight and Analytics service. No individual level

personal data were removed or shared outside of the NCC secure data environment.

Results

Number and characteristics of ED attendances

Between 1 April 2018 and 31 March 2023 the 519,152 individuals in the data selected for analy-

sis made 1,193,359 total ED attendances. Of these attendances, 48.4% were to NNUH, 29.2%

to JPUH and 22.3% to QEH. 48.1% of the study population were male and 51.9% were female

(54 attendances had unspecified gender), and 83.6% were White British ethnicity (using eth-

nicity categories from the 2001 census). We excluded 351,275 ED attendances by individuals

who were not resident or registered with a general practice in N&W, or who attended an ED

outside N&W.

During this period, 98.5% of all ED attendances were for the first time for an incident and

the remainder were for planned or unplanned subsequent attendances at the same department

for the same incident as the first attendance. The most common reasons for ED attendance

were injury (29.5%), respiratory disease (8.6%), circulatory problems (8.1%) and digestive sys-

tem problems (6.6%). Arrival was by ambulance for 34.1% of ED attendances. including heli-

copter/air ambulance. Around half (48.4%) of attendances were self-referred to EDs, 27.0%

were referred by ambulance service, 8.8% were referred by primary care health team and 7.8%

were referred by NHS 111 service.

We analysed only data for those ambulances arriving at the three N&W trusts (NNUH,

JPUH and QEH) from 2018/19 to 2022/23. The number of ambulances arriving at NNUH,

JPUH and QEH were 244,359, 117,542 and 88,812, respectively, during this period. Of all

ambulance calls 78.9% (n = 355,770) were initiated through 999 telephone calls and 21.1%

(94,943) were initiated through NHS 111 calls.

Results of time series regression Models 1 and 2 are reported in the manuscript and results

of Model 3 are confined to the Supporting Information. Regression coefficients were all

adjusted by day of the week and month of the year. Outcomes are reported as percentage dif-

ferences compared to the pre-COVID means shown in Table 1 (model 1 intercepts are inap-

propriate denominators for calculating percentage differences because they apply only to

reference days and months).

Numbers of daily ED attendances

Mean daily total ED attendances in N&W decreased by 10% from the pre-COVID period to

the lockdown period, then increased in the post-lockdown period to be 7% more than pre-

COVID (Tables 2 and S2, Figs 1 and S1). These overall changes were primarily due to changes
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in ED visits that did not arrive by ambulance, which were 16% lower during lockdown and

17% higher post-lockdown, compared to pre-COVID. Ambulance arrivals did not change

from pre-COVID to lockdown, and were 13% lower post-lockdown than pre-COVID

(Table 2). ED visits for injuries decreased by 16% from pre-COVID to lockdown, then

increased to be 6% higher post-lockdown than pre-COVID. ED visits for circulatory diseases

changed very little (3%) from pre-COVID to lockdown, and increased to be 15% higher post-

lockdown than pre-COVID. ED visits due to referrals from primary care decreased by 8%

from pre-COVID to lockdown, to be 23% higher post-lockdown than pre-COVID. In contrast,

ED visits due to referrals from NHS111 increased by 12% from pre-COVID to lockdown, then

decreased be 8% higher post-lockdown than pre-COVID.

Estimates of changes in levels and in continuous time trends (slopes) for numbers of daily

ED attendances are shown in Tables 3 and S3, Figs 1 and S1. Total daily ED visits in N&W

increased continually by 64 daily visits per year pre-COVID, then dropped to a much lower

Table 1. Mean values of urgent and emergency care indicators in Norfolk and Waveney before, during and after COVID lockdown periods.

Variable Pre-COVID Lockdown Post-lockdown p-value*
Mean number (SD) per day

All visits 650 (68) 582 (91) 693 (65) <0.001

Arrive by ambulance 234 (19) 235 (22) 205 (28) <0.001

Arrive by other 415 (60) 348 (76) 488 (63) <0.001

Referred by primary care 53 (28) 49. (27) 65 (33) <0.001

Referred by NHS 111 52 (17) 58 (21) 46 (11) <0.001

All ambulance callouts 265 (19) 255 (26) 225 (33) <0.001

Ambulance callouts through NHS 111 60 (18) 61 (17) 40 (15) <0.001

Ambulance callouts 999 205 (19) 193 (26) 185 (27) <0.001

Mean (SD)

Minutes at ED 220 (30) 220 (31) 320 (55) <0.001

Minutes at ED (ambulance arrivals) 300 (53) 304 (55) 518 (129) <0.001

Minutes at ED (other arrivals) 175 (22) 162 (19) 240 (39) <0.001

Ambulance handover> 60 minutes (%) 7.5 (6.4) 3.6 (4.4) 24 (15) <0.001

*ANOVA. ED emergency department. SD standard deviation.

https://doi.org/10.1371/journal.pone.0311901.t001

Table 2. Changes in mean number of daily emergency department attendances in Norfolk and Waveney from pre-COVID period to COVID lockdown period, and

from pre-COVID period to post-lockdown period.

Outcome All visits Ambulance arrivals Non-ambulance arrivals

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Intercept (pre-COVID mean) 585 (573, 598) <0.001 231 (226.72, 236.08) <0.001 354 (343, 365) <0.001

Change pre- COVID to lockdown -65 (-75, -60) <0.001 0.13 (-2.76, 3.01) 0.93 -68 (-75, -61) <0.001

Change pre—COVID to post-lockdown 43 (37,49) <0.001 -30 (-32, -27) <0.001 72 (67, 78) <0.001

Injury Circulatory disease Referred by primary healthcare team

Intercept (pre-COVID mean) 173 (168, 179) <0.001 48 (46, 50) <0.001 62 (59, 65) <0.001

Change pre- COVID to lockdown -29 (-32, -26) <0.001 1.2 (0.1, 2.3) 0.03 -4.0 (-6.0, -2.1) <0.001

Change pre—COVID to post-lockdown 10 (8, 12) <0.001 7.4 (6.5, 8.3) <0.001 12 (11, 14) <0.001

Referred by NHS111

Intercept (pre-COVID mean) 40 (38, 43) <0.001

Change pre- COVID to lockdown 6.1 (4.7, 7.5) <0.001

Change pre—COVID to post-lockdown -6.0 (-7.1, -4.9) <0.001

Linear regression models, adjusted for day of week and month of year (model 1). CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t002
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level during lockdown, during which they then increased by 95 daily visits per year. They then

increased post-lockdown to a similar level to pre-COVID but decreased gradually during post-

lockdown period (Fig 1 and Table 2). These time trends were similar in the three EDs (S2 Fig

and S2 Table). ED visits arriving by ambulance increased from lockdown to post-lockdown

periods, then decreased by 38 daily visits per year during the post-lockdown period. In con-

trast ED visits that did not arrive by ambulance continued to increase gradually by 26 daily vis-

its per year post-lockdown. Other categories of ED visits either increased gradually post-

lockdown (injuries and primary care referrals) or changed very little (circulatory diseases) or

not at all (NHS111 referrals) within the post-lockdown period.

These results were similar for the three EDs, except for the following. ED visits referred

from primary care increased during lockdown and post-lockdown in NNUH, but decreased in

JPUH and QEH (S2 Table). Post-lockdown trends in non-ambulance arrivals increased more

steeply in NNUH than in JPUH or QEH (S2 Table).

Time trends in total ED attendances were similar in all age groups (S2 Fig).

Waiting times in ED

Waiting times in EDs were defined as the daily mean minutes from arrival at ED to discharge

or admission to hospital. Changes in mean values are reported in Tables 4 and 5, S4 and S5

Tables. Mean waiting times for all visits did not change from pre-COVID to lockdown periods,

but increased by 45% (100 minutes) from pre-COVID to post-lockdown. Mean waiting times

for visits that followed ambulance arrivals increased by 72% (217 minutes), while visits that

arrived by other means increased by 37% (65 minutes) (Table 4). Estimates of changes in levels

Fig 1. Total daily visits in Norfolk and Waveney: Observations and statistically modelled changes. Green lines

connect daily observations, blue lines represent Model 1 means, and red lines represent Model 2 levels and slopes. The

shaded area represents the lockdown period, the area to the left represents the pre-COVID period and the area to the

right represents the post-lockdown period.

https://doi.org/10.1371/journal.pone.0311901.g001
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and in continuous time trends showed small decreases in level from pre-COVID to lockdown,

large decreases in level from pre-COVID to post-lockdown, and continuously increasing

slopes during each of the three periods (Tables 5 and S5). The most steeply increasing trends

were during the post-lockdown period (increasing by 60 minutes per year for all visits), and

particularly in ambulance arrivals (increasing by 161 minutes per year). NNUH had the great-

est increase in mean waiting times post-lockdown, especially for ambulance arrivals (S4

Table). However, the continuous upward trend in waiting times post-lockdown was steepest

for QEH, followed by JPUH (S5 Table).

Table 3. Change in level and in slope* in mean number of daily emergency department attendances in Norfolk and Waveney, between pre-COVID, lockdown and

post-lock periods.

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Outcome All visits Ambulance arrival Non-ambulance arrival

Slope pre-COVID 64 (56, 712) <0.001 3.1 (0.60, 5.6) 0.02 61 (54, 68) <0.001

Change in level pre-COVID to lockdown -242 (-300, -186) <0.001 -50 (-68.6, -326) <0.001 -192 (-239, -144 <0.001

Change in slope pre-COVID to lockdown 31 (8.8, 54) <0.001 18 (12, 26) <0.001 13 (-6.2 32) 0.18

Slope during lockdown 95 (73, 118.) <0.001 21 (14.19, 28.58) <0.001 74 (55, 93) <0.001

Change in level pre-COVID to post-lockdown 156 (124, 485) <0.001 125 (115, 135) <0.01 30 (3.6, 575) 0.026

Change in slope pre-COVID to post-lockdown -76 (-87, 66) <0.001 -41 (-44., 38) <0.001 -35 (-44, -27) <0.001

Slope post-lockdown -12 (-2., -4.5) 0.002 -38 (-40, -36) <0.001 26 (19, 33 <0.001

Outcome Injury Circulatory disease Referred by primary healthcare team

Slope pre-COVID 12 (9.1, 16) <0.001 3.3 (2.1, 4.4) <0.001 11 (9.2, 13) <0.001

Change in level pre-COVID to lockdown -147 (-171, -123) <0.001 -13 (-21, -4.7) 0.002 4.7 (-9.9, 19) 0.53

Change in slope pre-COVID to lockdown 40 (30, 50) <0.001 3.8 (0.4, 7.2) 0.030 -10 (-16, -4.4) <0.001

Slope during lockdown -4.9 (-9.3, -0.5) 0.029 7.0 (3.6, 10) <0.001 1.0 (-4.9, 6.9) 0.74

Change in level pre-COVID to post-lockdown -8.0 (-22, 5.5) 0.25 17 (13) <0.001 2.2 (-6.0, 10) 0.60

Change in slope pre-COVID to post-lockdown 52 (43, 62) <0.001 -4.9 (-6.4, -3.3) <0.001 -6.0 (-8.6, -3.3) <0.001

Slope post-lockdown 7.5 (4.2, 10) <0.001 -1.6 (-2.8, -0.5) 0.006 5.3 (3.3, 7.3) <0.001

Outcome Referred by NHS111

Slope pre-COVID 7.3 (5.8, 8.7) <0.001

Change in level pre-COVID to lockdown 25 (14, 35) <0.001

Change in slope pre-COVID to lockdown -12 (-17, -7.5) <0.001

Slope during lockdown -4.5 (-8.8, -0.3) 0.04

Change in level pre-COVID to post-lockdown 1.0 (-5.0, 6.9) 0.75

Change in slope pre-COVID to post-lockdown -7.2 (-9.13–5.3) <0.001

Slope post-lockdown 0.1 (-1.4, 1.5) 0.93

Linear regression models, adjusted for day of week and month of year (model 2). *Continuous increase or decrease per year. CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t003

Table 4. Changes in waiting times (mean number of minutes from arrival at emergency department until discharge or admission) in Norfolk and Waveney, from

pre-COVID period to COVID lockdown period, and from pre-COVID period to post-lockdown period.

Outcome All visits Ambulance arrival Non-ambulance arrival

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Intercept (pre-COVID mean) 191 (184, 199) <0.001 234 (217, 251) <0.001 156 (150, 161) <0.001

Pre-COVID to lockdown -0.4 (-5.1, 4.3) 0.87 2.7 (-7.7, 13.1) 0.61 -13 (-17, -9.7) <0.001

Pre-COVID to post-lockdown 100 (96, 103) <0.001 217 (208, 225) <0.001 65 (62, 68) <0.001

Linear regression models adjusted for day of week and month of year (model 1). CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t004
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Ambulance callouts

Mean daily numbers of ambulance callouts in N&W decreased by 4% from pre-COVID to

lockdown, and decreased by 15% from pre-COVID to post-lockdown (Table 6). Estimates of

changes in levels and in continuous time trends showed no change in slope pre-COVID, a

lower level with increasing slope during lockdown, and a higher level with decreasing slope

post-lockdown (Table 7). During the post-lockdown period mean daily ambulance callouts

were decreasing steadily by 44 callouts per year (Table 7). These changes were similar for

ambulance callouts from NHS111 and from 999 telephone calls. Ambulance callout data are

not reported separately for each ED because the ambulance service covers all of N&W.

Ambulance handover delays

Delays in ambulance handovers to EDs of more than 60 minutes were uncommon pre-

COVID (7.5%, Table 1). Changes in the frequency of such delays are reported in Tables 8 and

9, S6 and S7 Tables. Delays decreased by 4% from pre-COVID to lockdown periods, but

increased by 17% from pre-COVID to post-lockdown (Table 8). During the post-lockdown

period the proportion of ambulance handovers taking over 60 minutes increased steadily by

20% per year, in contrast to the pre-COVID and lockdown periods during which there was

minimal continuous change (Table 9).

Discussion

ED attendances increased slightly in the post-lockdown period compared to the pre-COVID

period. These increases were due to patients who did not arrive by ambulance. Waiting times

at ED increased substantially from pre-COVID to post-lockdown and continued to increase

Table 5. Change in level and in slope* in minutes waiting at emergency departments in Norfolk and Waveney, between pre-COVID, lockdown and post-lock

periods.

Outcome All visits Ambulance arrival Non-ambulance arrival

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Slope pre-COVID 26 (22, 302) <0.001 48 (39, 56) <0.001 21 (18, 25) <0.001

Change in level pre-COVID to lockdown -45 (-75, -1)6 0.003 -94 (-153, -35) 0.002 -26 (-49, -2.4) 0.03

Change in slope pre-COVID to lockdown 2.5 (-9.4, 14.) 0.68 10 (-14, 34) 0.40 -7.7 (-17, 1.8) 0.11

Slope during lockdown 29 (17, 40) <0.001 58 (34, 82 <0.001 14 (4.2 23) 0.0048

Change in level pre-COVID to post-lockdown -115 (-132, -9.2) <0.001 -384 (-417, -351) <0.001 -55 (-69, -44) <0.001

Change in slope pre-COVID to post-lockdown 34 (29, 39.44 <0.001 114 (104, 125) <0.001 14 (9.9, 18) <0.001

Slope post-lockdown 60 (56, 64) <0.001 161 (154, 170) <0.001 35 (32, 39) <0.001

Linear regression models adjusted for day of week and month of year (model 2). *Continuous increase or decrease per year. CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t005

Table 6. Changes in mean number of ambulance callouts in Norfolk and Waveney from pre-COVID period to COVID lockdown period, and from pre-COVID

period to post-lockdown period.

Outcome All ambulance calls Called through NHS 111 Called through 999

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Intercept (pre-COVID mean) 265 (260, 702) <0.001 52 (50, 55) <0.001 212 (208, 217) <0.001

Pre-Covid to lockdown -10 (-13, -6.5) <0.001 1.7 (0.3, 3.2) 0.02 -12 (-14, -8.9) <0.001

Pre-Covid to post-lockdown -39 (-42, -37) <0.001 -20 (-21, -19) <0.001 -20 (-22, -17) <0.001

Linear regression models, adjusted for day of week and month of year (model 1). CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t006
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steadily during the post-lockdown period (except in NNUH where they decreased during the

most recent 2022–23 year). Patients were also more likely to have delayed handovers of more

than 60 minutes from ambulance to hospital care.

The greatly increased waiting times at ED and for ambulance handovers cannot be

explained solely by the increase in attendances. Post lockdown, ED patients faced long waits to

be admitted, discharged or transferred. This results in ambulances being delayed handing over

patients and attending to other calls, which may explain decreasing rates of ambulance dis-

patches; this has been a national problem since COVID-19 [16,17].

It has been claimed that the main reason that EDs are unable to promptly treat, discharge

or admit patients is the lack of available hospital beds [18,19]. Analysis of patient pathways and

flow within EDs and hospitals was, however, beyond the scope of this study. Publicly available

data show that the number of doctors in N&W EDs has increased by between 40% and 262%

since 2018, and the number of nurses by 24–62%, indicating that long waiting times cannot be

remedied by solely increasing ED staff capacity [20,21]. More prompt discharge of some

cohorts of patients may be enabled by increasing social care capacity locally, which data sug-

gest may have decreased in recent years [22]. Other potential solutions are likely to involve the

broader health and social care system (including mental health services and intermediate care

services) in the short and long-term.

The results of the present study suggest that COVID and COVID lockdowns do not appear

to have had major lasting effects on attendances at UEC in N&W during the post-lockdown

period. The UEC system largely recovered from the shock of COVID and related lockdowns,

with most activity returning to similar levels post-lockdown as pre-COVID. Those indicators

that became progressively worse post-lockdown could be due to tightening bottlenecks in

Table 7. Changes in level and in slope* in mean number of ambulance callouts in Norfolk and Waveney, between pre-COVID, lockdown and post-lockdown

periods.

Outcome All ambulance calls Called through NHS 111 Called through 999

Covariates Coefficient 95% CI p-value Coefficient 95% CI p-value Coefficient 95% CI p-value

Slope pre-COVID -1.0 (-3.8, 1.8) 0.48 0.5 (-1.0, 2.0) 0.54 -1.5 (-3.8, 0.9) 0.21

Change in level pre-COVID to lockdown -89 (-109, -69) <0.001 -30 (-41, -19) <0.001 -59 (-76, -42) <0.001

Change in slope pre-COVID to lockdown 32 (24, 40) <0.001 12 (8.0, 17) <0.001 20 (13, 27) <0.001

Slope during lockdown 31 (23, 39) <0.001 13 (8.4, 17) <0.001 -18 (12, 25) <0.001

Change in level pre-COVID to post-lockdown 137 (126, 148 <0.001 21 (15, 27) <0.001 116 (107, 126) <0.001

Change in slope pre-COVID to post-lockdown -43 (-47, -40) <0.001 -11 (-13, -8.6) <0.002 -33 (-36, -30) <0.001

Slope post-lockdown -44 (-47, -42) <0.001 -10 (-12, -8.6) <0.001 -34 (-37, -32) <0.001

Linear regression models, adjusted for day of week and month of year (model 2). *Continuous increase or decrease per year. CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t007

Table 8. Changes in mean percentage of ambulance callouts with delayed handover to emergency departments of

more than 60 minutes in Norfolk and Waveney, from pre-COVID period to COVID lockdown period, and from

pre-COVID period to post-lockdown period.

Outcome % handovers delayed >60 minutes

Covariates Coefficient 95% CI p-value

Intercept (pre-COVID mean) -0.5 (-2.4, 1.5) 0.63

Pre-COVID to lockdown -4.0 (-5.2, -2.8) <0.001

Pre-COVID to post-lockdown 17 (16, 18) <0.001

Linear regression models adjusted for day of week and month of year (model 1). CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t008
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patient flow during ED care, admission to and discharge from hospital. As we did not have

data on inpatient flow through hospitals to discharge and to social care, we were unable to

investigate these processes.

Strengths and limitations

Differences between results obtained using the three regression models should be considered.

Model 1 results are most informative in showing the changes in average UEC from the pre-

COVID to the lockdown periods, and how this activity generally returned to levels post-lock-

down that were similar to pre-COVID levels; exceptions were ED waiting times, ambulance

arrivals and callouts, and ambulance handover times which changed substantially. Model 2

results added to these findings by describing the continuous time trends in UEC within pre-

COVID and post-lockdown periods. They showed gradually increasing demand for UEC pre-

COVID, and steeply changing continuous time trends post-lockdown for ED waiting times,

ambulance callouts and ambulance handover delays. Model 3 results provided additional

information on the magnitude of temporary decreases in every UEC activity in every ED in

each of the three lockdowns (S8 Table).

A strength of this study is the size, detail and variety of the UEC dataset that was used for

the analyses. The range of the data provided allowed us to get a comprehensive picture of the

impact of COVID-19 on UEC, looking not just at ED attendances but at waiting times and

requests for ambulance dispatches. Data provided at the daily level allowed us to examine the

specific impact of lockdown periods and changes to attendances/waiting times/dispatches dur-

ing these periods.

The study has used routine data sources (Hospital Episode Statistics and the Emergency

Care Data Set) which, as medical records, have limitations when used for research. A limita-

tion is that due to differences and changes in data recording, results are not entirely compara-

ble over the years, and we were unable to carry out similar analyses of Type 3 urgent and

emergency care (attendances at walk-in centres, minor injuries units, and GP Front Door ser-

vices). Data for attendance have only been collected by those with an address or registered gen-

eral practice located in N&W, therefore excluding attendances from residents out of area. This

has particularly affected QEH in Kings Lynn which lies on the border of West Norfolk, South

Lincolnshire and East Cambridgeshire, serving a large proportion of out of area patients. Find-

ings may not be generalisable beyond the specific area of study. However, other areas of the

Table 9. Changes in level and change in slope* in percentage of ambulance callouts with delayed handover to

emergency departments of more than 60 minutes in Norfolk and Waveney, between pre-COVID, lockdown and

post-lock periods.

Outcome % handovers delayed >60 minutes

Covariates Coefficient 95% CI p-value

Slope pre-COVID 0.8 (-0.1, 164) 0.09

Change in level pre-COVID to lockdown 0.4 (-5.9, 6.7) 0.89

Change in slope pre-COVID to lockdown -2.2 (-4.8, 0.3) 0.09

Slope during lockdown -1 (-4.0, 1.1) 0.27

Change in level pre-COVID to post-lockdown -63 (-67, -60) <0.001

Change in slope pre-COVID to post-lockdown 19 (18, 21) <0.001

Slope post-lockdown 20 (19, 21) <0.001

Linear regression models adjusted for day of week and month of year (model 2). *Continuous increase or decrease

per year. CI confidence interval.

https://doi.org/10.1371/journal.pone.0311901.t009
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United Kingdom are likely to have had similar experiences and may be able to draw lessons

from this research. It would have been desirable to investigate individual level characteristics

associated with changes in UEC activity, but that was not possible as these data excluded

N&W residents who did not receive UEC. In a separate study we analysed cross-sectional data

on associations between sociodemographic characteristics of every N&W resident, and their

number of ED visits during one year post-lockdown [23]. This found that socioeconomic dep-

rivation and chronic health conditions were major determinants of ED attendance. Future

research would benefit from linkage of longitudinal data on every individual in a geographical

area with longitudinal individual level data on UEC.

Conclusion

This research confirms previous evidence that COVID-19 led to a reduction in emergency

department attendances during lockdown periods, followed by an increased demand. It adds

important new information about activity and trends pre-COVID, during and post-lockdown,

sources of referral to EDs, and ambulance waiting times. Greatly increased waiting times and

ambulance handover times at EDs are not wholly explained by the relatively small increases in

numbers of attendances, suggesting that improvements are likely to require better flow

through and discharge from hospital, to enable prompt admissions, rather than solely invest-

ing in increased emergency department capacity. Further research is needed to understand

bottlenecks in UEC pathways, including the availability of beds, and the impact that delayed

discharge and availability of social care provision may be having on capacity and flow.
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