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ABSTRACT
Objectives Ambulance clinicians use prealert calls to 

advise emergency departments (ED) of the arrival of 

patients requiring immediate review or intervention. 

Consistency of prealert practice is important in ensuring 

appropriate ED response to prealert calls. We used routine 

data to describe prealert practice and explore factors 

affecting variation in practice.

Design and setting We undertook a retrospective 

observational study in three UK ambulance services using 

a linked dataset incorporating 12 months’ ambulance 

patient records, ambulance clinician data and emergency 

call data.

Outcome measures We used least absolute shrinkage 

and selection operator regression to identify candidate 

variables for multivariate logistic regression models to 

predict variation in prealert use, analysing clinician factors 

(role, experience, qualification, time of prealert during 

shift), patient factors (National Early Warning Score version 

2, clinical working impression, age, sex) and hospital 

factors (receiving ED, ED handover delay status).

Results From the dataset of 1 363 274 patients conveyed 

to ED, 142 795 (10.5%) were prealerted, of whom 42 362 

(30%) were for conditions with clear prealert pathways (eg, 

sepsis, stroke, ST- elevation myocardial infarction, major 

trauma). Prealert rates varied across and within different 

ambulance services. Casemix (illness acuity score, clinical 

diagnostic impression) was the strongest predictor of 

prealert use, but male patient sex, clinician role, receiving 

hospital and hospital turnaround delay at receiving 

hospitals were also statistically significant predictors, after 

adjusting for casemix. There was no evidence that prealert 

rates are higher during the final hour of shift.

Conclusions Prealert decisions are influenced by 

factors other than illness acuity and clinical diagnostic 

impression alone. Variation in prealert practice suggests 

that procedures and processes for prealerting may lack 

clarity and improved prealert protocols may be required. 

Research is required to understand whether our findings 

are reproducible elsewhere and why non- clinical factors 

(eg, patient gender) may influence prealert practice.

INTRODUCTION

Ambulance clinicians use prealert (prenotifi-
cation) calls to inform receiving emergency 
departments (EDs) of the arrival of a criti-
cally unwell or rapidly deteriorating patient 
who they believe requires urgent review and/
or time- critical treatment immediately on 
arrival. Prealerts enable the receiving ED to 
prepare for the patient’s arrival, including 
actions such as activating a trauma team, 
requesting specialist support, preparing 
specialist equipment or ensuring availability 
of a resuscitation bay.1 The use of prealerts 
in pathways for certain conditions (eg, stroke, 
ST- elevation myocardial infarction (STEMI), 
major trauma) is now well established, but 
prealerts are also recommended for other 
physiological criteria or specific conditions, 
or patients judged to be ‘seriously injured 
or critically ill’.2–4 In the UK, joint guidance 

STRENGTHS AND LIMITATIONS OF THIS STUDY

 ⇒ This study used routine data to describe prealert 

practice in three UK ambulance services to under-

stand why patients receive prealerts and to explore 

potential factors affecting practice.

 ⇒ The study incorporated a linked dataset of 1.3 mil-

lion ambulance conveyances, linking electronic pa-

tient record data with clinician and hospital data to 

identify candidate variables for multivariate logistic 

regression models to predict variation in prealert 

use.

 ⇒ The time period covered by the study included the 

second period of COVID- 19 lockdown in the UK 

(January–March 2021), which potentially reduces 

the transferability of findings.

 ⇒ The study was designed to be exploratory to identi-

fy what variables might predict the use of prealerts 

and may be affected by different coding criteria be-

tween the different ambulance services.
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developed by the Association of Ambulance Chief Exec-
utives (AACE) and Royal College of Emergency Medi-
cine (RCEM) includes a number of physiological criteria 
and specific conditions that should be considered for 
prealert, for example, tachycardia ≥131 and STEMI.2 
Prealerts can lead to earlier initiation of time- critical treat-
ment, improved processes and better clinical outcomes 
for patients in specific patient groups including stroke, 
STEMI and sepsis.5–12

There are concerns that a lack of effective policies 
for prealerting may lead to inconsistent response and 
suboptimal patient care.3 Overuse or inappropriate use 
of prealerts may lead to patient safety risks due to EDs 
diverting resources from other critically ill patients.1 6 7 13 
Concerns about prealerts being used to bypass ambulance 
queues outside overcrowded EDs have been raised, with 
suggestions that prealert thresholds may be related to 
how busy ambulance clinicians believe the ED may be, 
which is particularly problematic in the context of over-
crowded EDs.14 15 Similarly, there are concerns about 
‘prealert fatigue’ where overuse of prealert calls leads to 
ED staff placing less value on the prealert.16 Consistent 
and appropriate use of prealerting is, therefore, key to 
optimising care for patients, particularly in the context of 
increasing demand and overcrowded EDs.3 17

Risk adversity in ambulance clinician decision- making 
has been shown to be influenced by levels of experience, 
confidence and fear of blame.18 Given the lack of consis-
tency in guidance at an organisation level, increasing 
concerns about litigation and pressures to meet ambu-
lance handover targets, we hypothesise that prealert 
practice is affected by factors other than patient presen-
tation and physiology.19 There is some evidence of dispar-
ities in prealert use for stroke or STEMI, with variation 
based on hospital, region and patient characteristics.20–22 
This variation is likely to be higher for conditions that 
constitute high numbers of prealerts, yet have less clear 
diagnostic criteria or prealert pathways (eg, suspected 
sepsis, unspecified medical concern). Despite prealerts 
playing a key role in the transfer of care between ambu-
lance and ED clinicians, and recognition of the burden 
that prealerts can place on already stretched EDs, under-
standing of which patients are prealerted and what factors 
may contribute to variation in practice is still limited.22

We used routine data to describe prealert practice in 
three of the 13 UK National Health Service (NHS) ambu-
lance services to understand which patients are receiving 
prealerts and to explore potential factors affecting vari-
ation in practice. Specifically, we aimed to understand 
whether there were clinician, patient and/or hospital 
factors that influenced prealert practice beyond the 
patient’s presenting complaint. The three ambulance 
services covering a population of 15.5 million were 
selected due to their ability to provide electronic patient 
record (ePR) data and because they incorporated areas 
of high and low deprivation, urban/rural mix and diverse 
ethnic populations that are broadly representative of the 
population of England.

METHODS

Study design and setting

In the UK, ambulance services are part of the UK NHS but 
organisationally independent from hospitals. Ambulance 
clinicians are paramedics and other clinical staff, such as 
ambulance technicians, who usually work autonomously 
without physician support but within clearly defined 
scopes of practice. If the ambulance clinician determines 
the need for a prealert, they typically phone a dedicated 
number in the ED and provide information in a struc-
tured way. The ED clinician then determines the hospital 
response and informs the ambulance clinician where they 
should bring the patient (eg, triage, resuscitation bay).

We developed a logic model for factors affecting 
prealerts based on an informal rapid review of the 
literature and stakeholder consultation with three UK 
Ambulance Service Research leads and the UK RCEM/
AACE. The model assumes that prealert practice may be 
affected by clinician factors (role, experience, sex, time of 
prealert during shift), patient factors (age, sex, National 
Early Warning Score version 2 (NEWS2) used to measure 
acuity, clinical working impression), hospital factors 
(catchment ED, handover delay status at time of prealert) 
and journey time.

We obtained routine, retrospective data from three 
adjoining ambulance services in England, covering a total 
population of 15.4 million people with a wide urban/rural 
and demographic mix. The ambulance service sites were 
selected pragmatically, based on their high rates of ePR 
completion and accessibility with ePR usage rate between 
90% and 100%.

Analysis

We analysed 12 months’ ePR data for all 999 calls that 
resulted in an ambulance transporting a patient to a 
hospital ED between 1 July 2020 and 30 June 2021. We 
linked data relating to the receiving hospital, including 
daily statistics on ambulance handover delay status at the 
time of prealert from routine situation report (SITREP) 
data,23 and ambulance clinician and patient data for each 
incident (table 1).

We undertook univariate analysis to describe prealert 
practice, including patient characteristics and clin-
ical information for all conveyances with and without a 
prealert to understand which patients and clinical condi-
tions were prealerted. Variable selection for the multivari-
able logistic regression model was performed using least 
absolute shrinkage and selection operator (LASSO).24 
The LASSO process begins with a full model of all poten-
tially relevant predictors and simultaneously performs 
predictor selection and penalisation during model devel-
opment to avoid overfitting. Potential hospital, clinician 
and patient predictors considered for the logistic regres-
sion model are listed in table 1.

We excluded cases from the regression model where 
the patient was transferred to the ED from another 
healthcare setting (interfacility transfers), or who were 
taken to the ED with a clinical working impression 
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of STEMI or hyperacute stroke, to mitigate for cases 
who had prealerted as part of an established ED bypass 
pathway. We excluded patients under 16 years of age due 
to different physiological/NEWS2 thresholds.

Due to high levels of correlation between NEWS2 
scores and individual physiological criteria, we only 
included NEWS2 (ie, not separate observations) in the 
final model. However, to account for presentations that 
may be prealertable but not identified by NEWS2 (eg, 
acute stroke) we also included patient presentations spec-
ified within the UK RCEM/AACE prealert criteria.2 To 
accomplish this, we developed a criterion comprising 
ambulance clinician working impression, documented 
interventions and physiological variables (online supple-
mental additional file 1).

We developed two clinician role categories. A simpli-
fied clinician role variable was available for all cases (para-
medic, non- registered clinician). For sites 1 and 2 where 
more granular data were available, clinician roles were 
allocated one of five categories (senior clinician, para-
medic, newly qualified paramedic (NQP), non- registered 
clinician and non- registered clinical support staff).

Where a calculated NEWS2 score was not available in the 
ePR data, we calculated the NEWS2 score from the avail-
able physiological variables. Missing data were imputed 
with the value zero, classifying missing as normal, unless 3 
or more physiological variables were missing.

Patient and public involvement

Our study patient and public involvement (PPI) group 
included people with lived experience of prealerts, either 
through being prealerted themselves or as a carer or 
family member of someone who has been prealerted. 
A member of the PPI group was a coapplicant on the 
study, and they attended all of the project management 
meetings where the research process and analysis were 
discussed. In addition, regular PPI group meetings were 
held to discuss the research, and the PPI group attended 
a 3- hour workshop where they were asked to comment on 
the findings.

RESULTS

We included 1 363 274 conveyances in the descriptive 
analysis after removal of 18 668 interfacility transfers. 
Baseline characteristics and characteristics of prealerts 
are presented in table 2. The dataset included 142 795 
prealerts, with prealert rates by ambulance service of 
8%–15%. Baseline populations were similarly matched 
for sex, but site 3 patients were older (table 3—see online 
supplemental additional file 2). Overall, 75% of clinicians 
were paramedics (including newly qualified and senior 
paramedics) who prealerted a higher proportion of 
conveyances than non- paramedics (11.0% vs 9.8%).

Table 1 Potential predictors for multivariable logistic regression model

Hospital factors

Journey time Elapsed time in minutes from the ambulance leaving the scene to arriving at hospital.

Handover delay status Proportion of ambulance arrivals where patient handover took >30 min.23

Hospital Anonymised name of the hospital. Note: Prealerts to hospitals with no ED were excluded.

Ambulance clinician factors

Clinical experience Time in years that clinician has worked in a clinical role with the ambulance service. Only available 

for sites 1 and 2.

Role Clinical role category: Senior clinician, paramedic, newly qualified paramedic (<2 years since 

qualification), non- registered clinician (eg, emergency medical technician, associate ambulance 

practitioner) and non- registered clinical support staff.

Simplified role only available for site 3—paramedic/non- registered clinician

Sex Male/female/other

Ethnicity Office for National Statistics categories. Excluded due to poor completion.

Proportion of shift Binary variable to indicate whether the calls were in the final hour of ambulance clinician’s shift. 

Unable to obtain for site 3.

Patient factors

Age Continuous variable

Sex Male/female/transgender

NEWS2* First and last NEWS2 score obtained from clinician recorded observations in the electronic patient 

record.

RCEM prealert criteria. Binary variable denoting whether the patient met either the physiological and/or non- physiological 

criteria for a prealert (see online supplemental additional file 1)

*NEWS2 is an early warning score based on routine physiological measures that is used in UK ambulance services and hospitals as a 

measure of illness acuity.31

ED, emergency department; NEWS2, National Early Warning Score version 2; RCEM, Royal College of Emergency Medicine.
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We tabulated the ambulance clinician working impres-

sions with the highest number of prealerts. The most 

common prealertable conditions were sepsis (34 821 

prealerts), unspecified medical condition/other (28 584 

prealerts), acute stroke (14 869 prealerts) and COVID- 19/

respiratory problem/lower respiratory tract infection 

(23 298 prealerts). Prealert rates varied between sites for 

different conditions.

Sepsis and unspecified medical conditions accounted 

for just over a quarter of prealerts (26.9%). Stroke and 

STEMI (which have clear prealert and ED bypass path-

ways in the UK) accounted for a further 13%. Major 

trauma constituted under 2% of prealerts, although this 

rose to 4% when incorporating trauma/head injury.

Summary table of ambulance transports to hospital 

stratified by prealert.

Logistic regression

After excluding cases where the ED was bypassed, 

patients who were under 16 years of age or whose age 

was not reported, and clinical working impressions of 

stroke or STEMI, the final dataset included 1 129 087 

records for analysis. Due to differences in availability 

of clinician- related data between the three sites, we 

were unable to include clinician- related data within a 

single dataset for all services. As a result, we created 

a multivariable logistic regression model utilising 

combined data from sites 1 and 2 (table 3). Table 3 

presents the data including ‘ambulance service’ as a 

variable, which an analysis of variance test suggested 

was a more accurate model than when ambulance 

service was excluded (online supplemental additional 

file 3).

Table 2 Summary table of categorical variables relating to ambulance transports to hospital stratified by prealert (% 

prealerted for each category)

Characteristic Site 1 prealert/total (%) Site 2 prealert/total (%) Site 3 prealert/total (%) Total prealert/ total (%)

  Overall 60 549/413 140 (14.7) 51 142//623 325 (8.2) 31 104/326 809 (9.5) 142 795/1 363 274 (10.5)

  Simplified clinician role

  Paramedic 46 665/305 549 (15) 39 342/485 978 (8.1) 21 302/211 206 (10) 107 309/1 002 733 (11)

  Non- paramedic 13 884/107 591 (13) 11 800/137 347 (8.6) 9802/115 603 (8.5) 35 486/360 541 (9.8)

  Patient sex

  Male 31 550/196 484 (16) 26 922/298 979 (9.0) 16 263/157 058 (10) 74 735/652 521 (11)

  Female 27 871/210 636 (13) 23 835/319 200 (7.5) 14 764/168 699 (8.8) 66 470/698 535 (9.5)

  Not specified 0/0 385/5146

(7.5)

53/691

(7.7)

438/5837

(7.5)

  Transgender 15/163

(9.2)

0/0 22/355

(6.2)

37/518

(7.1)

  Working Impression (conditions with >5 k prealerts only)

  Sepsis 6705/10 138

(66)

11 402/20 679 (55) 3372/4004

(84)

21 479/34 821 (62)

  Unspecified medical condition 5668/62 620

(9.1)

8673/165 959 (5.2) 2470/48 208

(5.1)

16 811/276 787 (6.1)

  Acute stroke 5881/8308

(71)

6417/13 812

(46)

2571/5663

(45)

14 869/27 783 (54)

  Other working impression 5791/71 923

(8.1)

3848/90 264

(4.3)

2134/54 066

(3.9)

11 773/216 253 (5.4)

  COVID- 19 3525/13 942

(25)

4481/25 550

(18)

928/4285

(22)

8934/43 777 (20)

  Respiratory problem 5839/26 628

(22)

676/6479

(10)

2070/15 144

(14)

8585/48 251 (18)

  Arrhythmia 2504/6740

(37)

1530/10 335

(15)

1970/8069

(24)

6004/25 144 (24)

  Lower respiratory tract infection 926/5059

(18)

2321/19 489

(12)

2532/13 287

(19)

5779/37 835 (15)

  Cardiac problem 1919/21 419

(9.0)

701/22 097

(3.2)

2687/34 571

(7.8)

5307/78 087 (6.8)

  Any RCEM prealert criteria triggered 40 437/98 149 (41) 40 250/145 989 (28) 22 536/80 461 (28) 103 223/324 599 (32)

  Any RCEM physiological criteria 

triggered

28 990/79 956 (36) 29 027/117 873 (25) 18 911/71 907 (26) 76 928/269 736 (29)

  Any RCEM non- physiological criteria 

triggered

22 566/34 267 (66) 24 722/57 871 (43) 8658/17 209 (50) 55 946/109 347 (51)

Further details are provided in online supplemental additional file 4.

RCEM, Royal College of Emergency Medicine.
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Hospital factors

Journey time was not selected by the LASSO as a signif-
icant feature contributing to prealerts and so does not 
appear in the logistic regression. However, there was 
considerable variation in odds ratios (OR) between 
hospital sites. Major trauma centre- designated hospi-
tals were generally associated with an increased odds of 
a prealert, although this was not universal (eg, MTC5, 
MTC6, MTC8). The variation was wider in the other EDs, 
with ORs ranging from 0.38 (95% CI 0.18 to 0.7, ED5) to 
2.2 (95% CI 2.11 to 2.3, ED25). In addition, increasing 
hospital turnaround was associated with increased odds 
of making a prealert (1.74, 95% CI 1.6 to 1.9).

Ambulance clinician factors

While the length of clinician experience was not associ-
ated with prealerts, NQP (typically those who have been 
registered for less than 2 years) had a higher OR than 
other clinicians (OR 1.3 95% CI 1.26 to 1.34 vs 1.11, 
95% CI 1.08 to 1.13 for paramedics). Clinician sex did 
not appear to have a significant impact on prealerts and 
calls within the final hour of the shift were not selected 
by LASSO. Staff at site 1 were more likely to prealert than 
those at site 2 (OR 1.94, 95% CI 1.86 to 2.02).

Patient factors

Although prealerted patients are older, this appears to be 
explained by case mix, and age appears to have a minimal 
impact on prealert decision (OR 1.01, 95% CI 1.01 to 
1.01). Male patients had a higher OR than female (OR 
1.24, 95% CI 1.22 to 1.26). Interestingly, NEWS2 was not 

selected as a feature for inclusion in the model by LASSO, 
but meeting the RCEM non- physiological criteria for a 
prealert was the most statistically significant predictor of 
making a prealert (OR 15.95, 95% CI 15.52 to 16.18).

DISCUSSION

Our analysis of over 1.3 million ambulance conveyances 
identified differences in prealert practice that were not 
attributable to case mix. We identified that prealert prac-
tice was affected by a combination of hospital, clinician 
and patient factors. Although many prealerts were for 
key prealertable conditions (sepsis, stroke, STEMI or 
trauma), around two- thirds of prealerts were for condi-
tions that may require a higher level of clinical judgement 
when deciding whether to prealert. Within this analysis, 
receiving hospital and hospital turnaround status were 
key factors in prealert practice, suggesting that ambu-
lance clinician concerns about anticipated response from 
the receiving ED may have an influence over decision 
making. There was some evidence that NQPs may prealert 
more than more experienced clinicians, although the size 
of the effect detected was small. We found no evidence 
that clinicians in the final hour of their shift were more 
likely to prealert.

Despite the impact and importance of prealerts on 
patient care, we have not identified other literature 
exploring prealert practice and factors affecting prealert 
rates for general populations, although several studies 
have reported on prealert practice for specific conditions 
where the benefit of prealert is more clearly defined. 
Within our PPI consultation workshop, our PPI group 
stated concerns about the levels of variation identified 
within guidance and within practice (as reported here), 
with concerns about the implications of variation on 
patients and their families. They felt that local variation 
needed to be reduced to a minimum, with more emphasis 
placed on national guidance.

Differences in practice between ambulance services 
suggest local protocols and priorities have an impact 
on prealert decisions. Boyd et al identified important 
differences in ambulance service guidance in the UK, 
with differences in physiological thresholds for prealert 
even for conditions with established care pathways, with 
services listing between 4 and 45 conditions as suitable for 
prealert.19 There was also variation in national ambulance 
and ED guidance regarding the criteria to determine 
whether a prealert is appropriate.2 In the USA, emer-
gency medical services (EMS) criteria for prealerts are 
likely to vary, and practice appears to be dictated by the 
requirements of local EDs.3 25 O’Hara et al also identified 
that differences in prealert criteria and perceived recep-
tiveness to prealerts differed between EDs and affected 
how ambulance clinicians made prealert decisions.26 Lin 
et al identified statistically significant differences in EMS 
prehospital notifications for stroke between hospitals and 
regions and concluded that disparities in EMS prenotifi-
cation use occurred by state and geographic region.

Table 3 Summary of multivariable logistic regression 

following LASSO variable selection for ambulance service 

prealert for sites 1 and 2

Term OR (95% CI)

Newly qualified paramedic 1.3 (1.26 to 1.34)

Paramedic 1.11 (1.08 to 1.13)

Senior clinician 1.09 (1.03 to 1.15)

Male clinician 0.98 (0.96 to 1)

Proportion of hospital turnarounds 

exceeding 30 min

1.74 (1.6 to 1.9)

Patient age 1.01 (1.01 to 1.01)

Male patient 1.24 (1.22 to 1.26)

Patient presentation meets RCEM non- 

physiological prealert criteria

15.85 (15.52 to 16.18)

Site one ambulance service 1.94 (1.86 to 2.02)

Emergency departments (not 

designated as major trauma centres) 

1–25 (see online supplemental 

additional file 4)

ORs between 0.38 (0.18 to 

0.7) and 2.2 (2.11 to 2.3)

Major trauma centres 1–8 (see online 

supplemental additional file 4)

ORs between 0.81 (0.77 

to 0.85) and 1.66 (1.58 to 

1.74)

Further details are supplied in online supplemental additional file 4.

LASSO, least absolute shrinkage and selection operator; RCEM, Royal 

College of Emergency Medicine.
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Inconsistent prealerting within individual hospitals 
has been reported elsewhere, with Sheppard et al and 
Brown et al both identifying underalerting of patients 
with suspected stroke, reporting that prealerts were not 
consistently used in suspected stroke patients, with 27% 
of patients who were FAST positive not prealerted, and 
22% of patients who met the local criteria for prealert not 
being prealerted.6 7

Other studies have identified differences in patient 
factors affecting prenotification for specific conditions. 
Blusztein et al identified male sex as an independent 
predictor of prenotification for STEMI.27 Lin et al found 
that female patients were less likely to receive EMS preno-
tification for stroke but also identified higher likelihood 
of EMS prenotification for younger patients, and signifi-
cant ethnic disparities in prenotification, with an adjusted 
OR of prealert for black patients of 0.94 (CI0.92–0.97) 
compared with white patients.28 Sheppard et al did not 
identify any statistically different racial or sex differences 
in stroke prealerting, which could be due to the small 
overall sample (n=271).7

It is unclear whether differences identified within our 
study are due to case mix that was not detected within 
the model, implicit bias in practice or different presenta-
tion of symptoms. We were unable to explore racial differ-
ences due to poor reporting of ethnicity within the ePR. 
However, our study supports findings of previous studies 
that report disparities in treatment based on non- clinical 
patient characteristics and suggests that inequalities in 
care exist.29

Our findings also demonstrate that prealert decision- 
making is affected by clinician and contextual factors, 
with prealert decisions being affected by anticipated 
ambulance handover delay as well as clinical experience. 
Weyman and O’Hara similarly identified that clinician 
perceptions of personal vulnerability and organisational 
blame in the event of a wrong decision (eg, waiting 
in a queue) are likely to influence more risk- averse 
decision- making.30

Limitations

The differences in prealert rates between the three ambu-
lance services are likely due partly to organisational differ-
ences but also due to differences in rates of recording 
the prealert within the ePR. At site 1, prealert recording 
was mandated during the final 6- month period and, 
therefore, likely to provide an accurate estimate of true 
prealert recording rates. However, recorded prealerts did 
not increase during this period.

We are unclear whether the missing data are missing 
at random. Missing data may be more likely for sicker 
patients where the ePR is likely to be completed after 
patient handover. However, although prealert recordings 
may not be missing at random due to patient condition, 
this is unlikely to affect other results such as clinician role, 
receiving hospital or patient sex.

The difference in prealert rates between sites may be 
due in part to under- recording of prealerts, or due to 

differences in local protocol. Data suggest that sepsis 
prealerts are higher at site 3 than for other sites, which 
reflects the local protocol requiring prealert for any red- 
flag sepsis. However, it is not known whether this reflects 
genuinely higher prealerting rates or higher recording of 
prealerts.

This study was undertaken within three UK ambulance 
services, and although we feel that the areas covered by 
these three services are broadly representative of the 
population of the UK, transferability may be limited for 
settings outside the UK. However, given known recognised 
variation in practice and a lack of clear protocols within 
other settings, the level of variation identified within this 
study is likely to be found elsewhere. The time period for 
which data were collected included the second period of 
COVID- 19 lockdown in the UK (January–March 2021), 
which reduces the potential transferability of findings. 
The proportion of prealerts due to COVID- 19 or respi-
ratory disease was likely higher within this dataset than 
in other years. However, this is unlikely to affect prealert 
practice for other conditions significantly.

We adjusted for casemix using the UK AACE/RCEM 
non- physiological criteria for a prealert. However, 
coding of this field required assumptions to be made, 
including the use of physiological parameters for some 
non- physiological criteria since working impression codes 
were either not available for certain prealertable presen-
tations, or the severity of the patient presentation could 
not be determined by the working impression alone 
(eg, drug overdose, trauma, haemorrhage). This coding 
had to be undertaken on a service- by- service basis since 
provided fields and working impression codes differed 
between services. It is possible that this may lead to differ-
ences in categorisation in the model.

Differences in proportions of patients with sex labelled 
as ‘transgender’ or ‘not reported’ differed by ambulance 
service, suggesting that some ambulance services did not 
use the category ‘transgender’ within their coding and 
this field may not be reliable.

The analysis was exploratory in nature and not confir-
matory. The aim was to explore what variables might 
predict the use of prealerts, with the aim to guide future 
research. Although the size of effect was different within 
the combined and separate models (which may be 
expected as these were different datasets), the different 
models did all show that clinical variables are the key 
predictors, with hospital factors, anticipated handover 
delay, patient sex and clinician role all being predictors.

CONCLUSIONS

Considerable levels of variation in prealert practice 
across and within different ambulance services suggest 
that procedures and processes for prealerting may lack 
clarity, and improved prealert protocols may be required 
to reduce variation. While broad definitions such as ‘crit-
ically ill’ enable clinicians to use their clinical acumen 
to decide whether a patient requires a prealert, this may 
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also enable overuse of prealerts and increase the risk 
of prealert fatigue. There is a need to understand the 
reasons behind the variation in prealert practice identi-
fied within this analysis.

Author affiliations
1Research and Development, Yorkshire Ambulance Service NHS Trust, Wakefield, UK
2SCHARR, School of Medicine and Population Health, The University of Sheffield, 

Sheffield, UK
3Yorkshire Ambulance Service NHS Trust, Wakefield, UK
4East Midlands Ambulance Service NHS Trust, Nottingham, UK
5West Midlands Ambulance Service NHS Foundation Trust, Brierley Hill, UK
6Leeds General Infirmary, Leeds, UK
7Clinical Directorate, Yorkshire Ambulance Service NHS Trust, Wakefield, UK
8South East Coast Ambulance Service NHS Foundation Trust, Banstead, UK

X Richard Pilbery @999CPD and Fiona C Sampson @fcsampson

Contributors FCS conceived and designed the study, contributed to the analysis 

and interpretation of the data and drafted the paper and approved the final version. 

RP led the data analysis, drafted the paper and approved the final version. EH 

contributed to analysis of the data, critically revised the paper and approved the 

final version. FB, RS, AR, AP and MM contributed to study design, acquisition 

of data, analysis and interpretation of the data, critically revised the paper and 

approved the final version. SG, AP, MM, RO'H, JC and JL contributed to study 

design, critically revised the paper and approved the final version. All authors 

agreed to be accountable for all aspects of the work in ensuring that questions 

related to the accuracy or integrity of any part of the work are appropriately 

investigated and resolved. FCS is the guarantor for the paper.

Funding This research was funded by the National Institute for Health and Care 

Research Health Services and Delivery Research Programme (Grant number NIHR 

131293).

Disclaimer The views expressed in this publication are those of the author(s) and 

not necessarily those of the NIHR or the UK Department of Health and Social Care.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 

design, or conduct, or reporting, or dissemination plans of this research. Refer to 

the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval Ethical approval for the prealerts project was obtained from 

Newcastle & North Tyneside 2 Research Ethics Committee (Ref: 21/NE/0132).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The 

data used for this study are subject to data sharing agreements with the three 

participating UK NHS Ambulance Services (East Midlands, West Midlands and 

Yorkshire), which prohibit further sharing of individual level data. The datasets used 

are obtainable from these organisations subject to necessary authorisations and 

approvals.

Supplemental material This content has been supplied by the author(s). It has 

not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 

peer- reviewed. Any opinions or recommendations discussed are solely those 

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 

responsibility arising from any reliance placed on the content. Where the content 

includes any translated material, BMJ does not warrant the accuracy and reliability 

of the translations (including but not limited to local regulations, clinical guidelines, 

terminology, drug names and drug dosages), and is not responsible for any error 

and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 

Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 

others to copy, redistribute, remix, transform and build upon this work for any 

purpose, provided the original work is properly cited, a link to the licence is given, 

and indication of whether changes were made. See: https://creativecommons.org/ 

licenses/by/4.0/.

ORCID iDs

Richard Pilbery http://orcid.org/0000-0002-5797-9788

Fiona C Sampson http://orcid.org/0000-0003-2321-0302

Steve Goodacre http://orcid.org/0000-0003-0803-8444

Fiona Bell http://orcid.org/0000-0003-4503-1903

Andy Rosser http://orcid.org/0000-0002-5477-4269

Joanne Coster http://orcid.org/0000-0002-0599-4222

Jaqui Long http://orcid.org/0000-0002-6889-6195

Rachel O’Hara http://orcid.org/0000-0003-4074-6854

Alexis Foster http://orcid.org/0000-0002-7978-2791

Jamie Miles http://orcid.org/0000-0002-1080-768X

Janette Turner http://orcid.org/0000-0003-3884-7875

Aimee Boyd http://orcid.org/0000-0003-1030-8167

REFERENCES
 1 Harrison JF, Cooke MW. Study of early warning of accident and 

emergency departments by ambulance services. J Accid Emerg Med 
1999;16:339–41. 

 2 RCEM. UK NHS ambulance services pre- alert guideline for the 
deteriorating adult patient. R Coll Emerg Med; 2020. Available: 
https://rcem.ac.uk/wp-content/uploads/2021/10/NHS_Ambulance_ 
Services_pre_alert_criteria_guideline.pdf

 3 National Public Safety Telecommunications Council (NPSTC), 
National Association of State EMS Officials (NASEMSO), Emergency 
Medical Services (EMS) Working group. Pre ‐ hospital notification 
in time ‐ sensitive medical emergencies: what ems agencies and 
emergency departments should know. 2018.1–7.

 4 District of Columbia Fire and EMS Department. Emergency medical 
services manual and pre- hospital treatment protocols. Washington 
D.C DC Fire and EMS Department; 2022.

 5 James MK, Clarke LA, Simpson RM, et al. Accuracy of pre- hospital 
trauma notification calls. Am J Emerg Med 2019;37:620–6. 

 6 Brown CW, Macleod MJ. The positive predictive value of an 
ambulance prealert for stroke and transient ischaemic attack. Eur J 
Emerg Med 2018;25:411–5. 

 7 Sheppard JP, Lindenmeyer A, Mellor RM, et al. Prevalence and 
predictors of hospital prealerting in acute stroke: a mixed methods 
study. Emerg Med J 2016;33:482–8. 

 8 Learmonth SR. Does initiation of an ambulance pre- alert call reduce 
the door to needle time in acute myocardial infarct? Emerg Med J 
2006;23:79–81. 

 9 Booth SM, Bloch M. An evaluation of a new prehospital pre- alert 
guidance tool. Emerg Med J 2013;30:820–3. 

 10 McVerry F, Hunter A, Dynan K, et al. Country- Wide Analysis of 
Systemic Factors Associated With Acute Ischemic Stroke Door to 
Needle Time. Front Neurol 2019;10:676. 

 11 Gunn J. Do methods of hospital pre- alerts influence the on- scene 
times for acute pre- hospital stroke patients? A retrospective 
observational study. Br Paramed J 2021;6:19–25. 

 12 Mahama M- N, Kenu E, Bandoh DA, et al. Emergency response time 
and pre- hospital trauma survival rate of the national ambulance 
service, Greater Accra (January - December 2014). BMC Emerg Med 
2018;18:33. 

 13 Crystal R, Bleetman A, Steyn R. Ambulance crew assessment of 
trauma severity and alerting practice for trauma patients brought to a 
general hospital. Resuscitation 2004;60:279–82. 

 14 Sujan M, Spurgeon P, Inada- Kim M, et al. Clinical handover within the 
emergency care pathway and the potential risks of clinical handover 
failure (ECHO): primary research. Health Services and Delivery 
Research 2014;2:1–144. 

 15 England NHS, Improvement NHS. Addressing ambulance handover 
delays: actions for local accident and emergency delivery boards. 
2017. Available: https://improvement.nhs.uk/uploads/documents/ 
Ambulance_handover_guidance.pdf

 16 Atlassian. Understanding and fighting alert fatigue. 2013. Available: 
https://www.atlassian.com/incident-management/on-call/alert- 
fatigue#How-to-avoid-alert-fatigue

 17 Carberry M, Harden J. A collaborative improvement project by an 
NHS Emergency Department and Scottish Ambulance Paramedics to 
improve the identification and delivery of sepsis 6. BMJ Qual Improv 
Report 2016;5. 

 18 O’Hara R, Johnson M, Siriwardena AN, et al. A qualitative study of 
systemic influences on paramedic decision making: care transitions 
and patient safety. J Health Serv Res Policy 2015;20:45–53. 

 19 Boyd A, Sampson FC, Bell F, et al. How consistent are pre- alert 
guidelines? A review of UK ambulance service guidelines. Br 
Paramed J 2024;8:30–7. 

 20 Nusbaum JD, Gupta N, Glucksman A, et al. 65 Repairing the 
Stroke Chain of Survival: Exploring Missed Opportunities for EMS 
Prenotification. Ann Emerg Med 2017;70:S28. 

P
ro

te
c

te
d

 b
y

 c
o

p
y

rig
h

t, in
c

lu
d

in
g

 fo
r u

s
e
s
 re

la
te

d
 to

 te
x
t a

n
d

 d
a
ta

 m
in

in
g

, A
I tra

in
in

g
, a

n
d

 s
im

ila
r te

c
h

n
o

lo
g

ie
s

.
 . 

b
y
 g

u
e

s
t

 
o

n
 M

a
rc

h
 1

4
, 2

0
2
5

 
h

ttp
://b

m
jo

p
e
n

.b
m

j.c
o

m
/

D
o

w
n

lo
a
d

e
d

 fro
m

 
7
 M

a
rc

h
 2

0
2
5
. 

1
0

.1
1

3
6

/b
m

jo
p

e
n

-2
0
2
4
-0

9
7
1
2
2
 o

n
 

B
M

J
 O

p
e

n
: firs

t p
u

b
lis

h
e

d
 a

s
 



8 Pilbery R, et al. BMJ Open 2025;15:e097122. doi:10.1136/bmjopen-2024-097122

Open access 

 21 Lin CB, Peterson ED, Smith EE, et al. Emergency Medical Service 
Hospital Prenotification Is Associated With Improved Evaluation and 
Treatment of Acute Ischemic Stroke. Circ Cardiovasc Qual Outcomes 
2012;5:514–22. 

 22 Carlson T, Oster N, Shashaty J. Concordance between prehospital 
notification by EMS and actual patient presentation with relation to 
the allocation of hospital resources. Ann Emerg Med 1999;34:S65. 

 23 NHS England. Statistics » urgent and emergency care daily situation 
reports 2022- 23. 2023. Available: https://www.england.nhs.uk/ 
statistics/statistical-work-areas/uec-sitrep/urgent-and-emergency- 
care-daily-situation-reports-2022-23/

 24 Riley RD, Windt D, Croft P, et al, eds. Prognosis research in healthcare: 
concepts, methods, and impact. Oxford University Press, 2019. 
Available: https://doi.org/10.1093/med/9780198796619.001.0001

 25 @emergcasey. Do you have set criteria for hospital notifications? 
twitter (x) thread. 2023. Available: https://twitter.com/emergcasey/ 
status/1711151697614012873

 26 O’Hara R, Sampson FC, Long J, et al. What influences ambulance 
clinician decisions to pre- alert emergency departments: a qualitative 
exploration of pre- alert practice in UK ambulance services and 
emergency departments. Emerg Med J 2025;42:21–7. 

 27 Blusztein D, Dinh D, Stub D, et al. Predictors of hospital 

prenotification for STEMI and association of prenotification with 

outcomes. Emerg Med J 2022;39:666–71. 

 28 Lin CB, Peterson ED, Smith EE, et al. Patterns, predictors, 

variations, and temporal trends in emergency medical service 

hospital prenotification for acute ischemic stroke. J Am Heart Assoc 

2012;1:e002345. 

 29 Farcas AM, Joiner AP, Rudman JS, et al. Disparities in Emergency 

Medical Services Care Delivery in the United States: A Scoping 

Review. Prehosp Emerg Care 2023;27:1058–71. 

 30 Weyman A, O’Hara R. Decision- making at the front line: the role 

of choice architecture in nhs paramedic judgements over patient 

conveyance. In: Wankhade P, McCann L, Murphy P, eds. Critical 

perspectives on the management and organisation of emergency 

services. 1st edn. New York, NY: Routledge, 2019. Available: https://

www.taylorfrancis.com/books/9781351598125

 31 Royal College of Physicians. National early warning score (news) 2: 

standardising the assessment of acute- illness severity in the NHS. 

RCP; 2017.

P
ro

te
c

te
d

 b
y

 c
o

p
y

rig
h

t, in
c

lu
d

in
g

 fo
r u

s
e
s
 re

la
te

d
 to

 te
x
t a

n
d

 d
a
ta

 m
in

in
g

, A
I tra

in
in

g
, a

n
d

 s
im

ila
r te

c
h

n
o

lo
g

ie
s

.
 . 

b
y
 g

u
e

s
t

 
o

n
 M

a
rc

h
 1

4
, 2

0
2
5

 
h

ttp
://b

m
jo

p
e
n

.b
m

j.c
o

m
/

D
o

w
n

lo
a
d

e
d

 fro
m

 
7
 M

a
rc

h
 2

0
2
5
. 

1
0

.1
1

3
6

/b
m

jo
p

e
n

-2
0
2
4
-0

9
7
1
2
2
 o

n
 

B
M

J
 O

p
e

n
: firs

t p
u

b
lis

h
e

d
 a

s
 


	What factors predict ambulance prealerts to the emergency department? Retrospective observational study from three UK ambulance services
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Analysis
	Patient and public involvement

	Results
	Logistic regression
	Hospital factors
	Ambulance clinician factors
	Patient factors

	Discussion
	Limitations

	Conclusions
	References


