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ABSTRACT
Objective To assess accuracy of telephone triage in 

identifying need for emergency care among those with 

suspected COVID- 19 infection and identify factors which 

affect triage accuracy.

Design Observational cohort study.

Setting Community telephone triage provided in the UK 

by Yorkshire Ambulance Service NHS Trust (YAS).

Participants 40 261 adults who contacted National 

Health Service (NHS) 111 telephone triage services 

provided by YAS between 18 March 2020 and 29 June 

2020 with symptoms indicating COVID- 19 infection were 

linked to Office for National Statistics death registrations 

and healthcare data collected by NHS Digital.

Outcome Accuracy of triage disposition was assessed in 

terms of death or need for organ support up to 30 days 

from first contact.

Results Callers had a 3% (1200/40 261) risk of 

serious adverse outcomes (death or organ support). 

Telephone triage recommended self- care or non- urgent 

assessment for 60% (24 335/40 261), with a 1.3% 

(310/24 335) risk of adverse outcomes. Telephone triage 

had 74.2% sensitivity (95% CI: 71.6 to 76.6%) and 

61.5% specificity (95% CI: 61% to 62%) for the primary 

outcome. Multivariable analysis suggested respiratory 

comorbidities may be overappreciated, and diabetes 

underappreciated as predictors of deterioration. Repeat 

contact with triage service appears to be an important 

under- recognised predictor of deterioration with 2 

contacts (OR 1.77, 95% CI: 1.14 to 2.75) and 3 or more 

contacts (OR 4.02, 95% CI: 1.68 to 9.65) associated with 

false negative triage.

Conclusion Patients advised to self- care or receive non- 

urgent clinical assessment had a small but non- negligible 

risk of serious clinical deterioration. Repeat contact with 

telephone services needs recognition as an important 

predictor of subsequent adverse outcomes.

BACKGROUND
During the COVID- 19 pandemic, there 
was a risk that hospitals could be over-
whelmed by patients who did not need 

specific treatment. UK government 
pandemic planning predicted that, in 
the advent of an influenza or similar 
pandemic, there could be around 750 
000 excess emergency department (ED) 

Key messages

What is already known on this topic
 ► Telephone triage has been used to 
divert patients with suspected COVID- 19 
to self- care or for non- urgent clinical 
assessments, and thereby help mitigate 
the risk of health services being 
overwhelmed by patients who require 
no specific treatment.

 ► Concerns have been raised that 
telephone triage may not be sufficiently 
accurate in identifying need for 
emergency care; however, no previous 
evaluation of accuracy of telephone 
triage in patients with suspected 
COVID- 19 infection has been completed.

What this study adds
 ► Patients advised to self- care or receive 
non- urgent clinical assessment had 
a small but non- negligible risk of 
deterioration and significant adverse 
outcomes.

 ► Telephone triage has comparable 
performance to methods used to triage 
patient acuity in other emergency and 
urgent care settings.

 ► Accuracy of triage may be improved by 
better recognition of multiple contact 
with services as a predictor of adverse 
outcomes.
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attendances in the UK.1 2 Attendances were predicted 
to be largely for patients who would not require hospi-
talisation.3 4

To reduce this risk, from 18 February 2020 onwards, 
NHS England advised patients with suspected infec-
tion to contact the National Health Service (NHS) 
111 service instead of attending healthcare providers.5 
NHS 111 is a national, free- to- use 24- hour telephone 
triage service for urgent health problems. Initial triage 
is carried out by trained, non- clinical call advisors using 
the NHS Pathways clinical decision support software. 
The end point (disposition) is advice on what to do 
next, in terms of which service to access and the time-
frame within which this access should occur. If appro-
priate, the call can be passed onto a clinician (usually 
a nurse or paramedic) for further assessment and, 
depending on local arrangements, callers can speak 
to other specialist clinicians or appointments can be 
made with relevant services, including general practi-
tioners. Similar COVID- 19 telephone triage ‘hotlines’ 
have been implemented in parts of the USA.6 7

In the first 6 months of the COVID- 19 pandemic, 
ED attendances in the UK decreased by approximately 
25%, probably due, at least in part, to displacement of 
care.8 Patients who did attend the ED with suspected 
COVID- 19 infection were high acuity with a mortality 
rate of 15.5%, with lower acuity patients likely being 
managed via NHS 111.9 Indeed, there were almost 3 
million NHS 111 calls made across England in March 
2020; a record number and double the number in 
March for the previous year.10 To cope with the 
increase in call volume, a specific telephone triage 
pathway for patients with suspected COVID- 19 infec-
tion was introduced in early February 2020, which 
underwent rapid updates as the pandemic progressed. 
Local NHS 111 services used interim triage methods 
while awaiting implementation of new telephone triage 
pathways and, due to excess demand, calls started to 
be diverted to a national centre on 4 March 2020.

Concerns have been raised that during this period 
of high demand and reconfiguration of services, tele-
phone triage may have underappreciated the severity of 
some callers’ illness, leading to delays in treatment and 
avoidable harm.11 There have been calls for an inquiry 

into the effectiveness of NHS 111 telephone triage at 
identifying critically unwell patients and the Health-
care Safety Investigation Branch (HSIB) has started an 
investigation into NHS 111’s response to callers with 
suspected COVID- 19.12 13 A specific concern raised by 
public and patient representatives affiliated with HSIB 
is: ‘The NHS 111 telephone advice given did not fully 
respond to the severity of the reported symptoms’.13

There has been no previous evaluation of the accu-
racy of the clinical risk- assessment performed by this 
service nor, to our knowledge, other telephone triage 
services for patients with suspected COVID- 19 infec-
tion. Evaluating the accuracy of telephone triage and 
specifically estimating the risk of serious adverse 
outcome in those advised to self- care or wait for non- 
urgent assessment allows safety concerns regarding 
underappreciation of illness severity to be examined.

Our study aimed to:
1. assess how accurately NHS 111 telephone services iden-

tified those who suffered an adverse outcome needing an 

emergency response;

2. identify any factors that may have affected the accuracy 

of telephone triage.

METHODS
Study design

The Pandemic Respiratory Infection Emergency 
System Triage (PRIEST) study was piloted as the 
Pandemic Influenza Triage in the Emergency Depart-
ment (PAINTED) study, part of the National Institute 
for Health Research portfolio of studies to be activated 
in an influenza pandemic in England.14 However, it 
was adapted in February 2020 in response to the 
COVID- 19 pandemic, to include an expanded range 
of respiratory infections and evaluate prehospital 
urgent and emergency care triage services. This evalua-
tion of NHS 111 telephone services is an observational 
cohort study that forms part of the PRIEST study and 
is reported in accordance with the REporting of studies 
Conducted using Observational Routinely- collected 
health Data Statement guidance.15

Setting

Yorkshire Ambulance Service NHS Trust (YAS) 
provides 24- hour emergency and healthcare services 
for the Yorkshire and Humber, Bassetlaw, North 
Lincolnshire and Northeast Lincolnshire region in 
the north of England; an area of approximately 6000 
square miles and with a population of 5.3 million. In 
2018/19, YAS received >998 500 emergency medical 
service dispatch and 1 632 514 NHS 111 calls.

Data sources and data linkage

YAS provided a dataset of NHS 111 calls, triaged using 
an assessment pathway indicating possible COVID- 19 
infection, received between 18 March 2020 and 29 
June 2020. This timeframe was selected to encom-
pass the ‘first wave’ of the COVID- 19 pandemic in 

Key messages

How this study might affect research, practice or policy
 ► Telephone triage can have an important role in 
managing lower- risk patients during the COVID- 19, 
and potentially future, pandemics and help prevent 
patients who require no specific treatment from 
attending hospitals or other care providers.

 ► The under- recognised risk of deterioration associated 
with multiple contacts with telephone triage services 
has been fed back to the service provider to be 
incorporated in risk stratification.
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England (March to June 2020) and due to the exten-
sion of NHS 111 online triage services for suspected 
COVID- 19 in June 2020, including scheduling of clin-
ical assessments.16 17 All patients within the English 
NHS are allocated a unique identification number, the 
NHS number. Records with no NHS number (<2%) 
were not provided as these records could not be asso-
ciated with a traceable individual without manual 
review. The dataset consisted of patient identifiers, 
demographic data, call details and triage dispositions 
extracted from routinely collected electronic NHS 111 
call records (online supplemental material 1).

Patient identifiers were provided to NHS Digital 
for them to trace the identities of our cohort (ie, indi-
cate different sets of identifiers belonging to the same 
patient) and to supply additional individual- level demo-
graphic, comorbidity and outcome data. NHS Digital 
manages national health and care data collections from 
a variety of settings and providers in England.18 NHS 
Digital identified records in their collections belonging 
to patients in our cohort and provided data on patient 
demographics, limited COVID- related general prac-
tice (GP) records, ED attendances, hospital inpatient 
admissions, critical care periods and death registra-
tions from the Office for National Statistics (online 
supplemental material 2).

Both YAS and NHS Digital removed records 
belonging to patients who had registered an NHS 
national data opt- out. The study team excluded 
patients who had opted out of any part of the PRIEST 
study and those with inconsistent records (eg, multiple 
deaths recorded or death before latest activity). Patient 
identifiers across all datasets were replaced with a 
consistent pseudo- identifier to enable the identifica-
tion of records belonging to individual patients across 
datasets without revealing patient identifiers.

Inclusion criteria

Our final cohort consisted of all adult (aged 16+ 
years) patients at time of first call (index contact) 
within the YAS NHS 111 calls dataset who were traced 
by NHS Digital and for whom a final triage disposi-
tion, and therefore urgency of recommended triage, 
was recorded for their index contact.

Patient characteristics

Comorbidities recorded 12 months before the index 
contact with NHS 111 were extracted from elec-
tronic healthcare data provided by NHS digital 
(online supplemental material 2). This is consistent 
with the timescale for inclusion of comorbidities used 
to calculate comorbidity indexes using other routine 
data sources.19 20 Immunosuppressant drug use only 
contributes to the immunosuppression comorbidity if 
recorded in the 30 days before index contact. Preg-
nancy status was based on GP records recorded in the 
previous 9 months. Frailty in patients older than 65 
years was derived from the latest recorded (if any) 

clinical frailty scale score present in the electronic GP 
records prior to index contact.21 Smoking status was 
similarly derived from GP records based on the latest 
recorded (if any) smoking status prior to the index 
contact.

Outcomes

The primary outcome was death or renal, respira-
tory or cardiovascular organ support (serious adverse 
outcomes) at 30 days from index contact (identified 
from death registrations and critical care data).

The secondary outcome was death or organ support 
at 3 and 7 days from index contact.

Analysis

We first conducted a descriptive analysis of patient 
demographics, comorbidities and call disposition and 
used multivariable logistic regression modelling to 
confirm known patient characteristics associated with 
the primary adverse outcome in COVID- 19 infection. 
The model included: age, gender, available comorbid-
ities, smoking status, number of medications, clinical 
frailty scale, deprivation index and number of contacts 
with telephone triage. Ethnicity was excluded from 
analysis due to the high proportion of missing data 
(22.2%). Obesity was excluded due to an observed 
implausible protective association with the primary 
outcome which we believe to be an artefact of how 
these data were collected and recorded in the elec-
tronic GP dataset. For those under 65 years, a frailty 
scale score of 1 was assigned, since the score is not 
validated in this age group.

To assess how accurately NHS 111 identified patients 
with adverse outcomes, the call disposition categories 
of the index contact were divided into a binary clas-
sification of either: ambulance dispatched, or other 
urgent clinical assessment required; and self- care or 
non- urgent assessment (online supplemental material 
3). Urgent clinical assessment included advice to self- 
present to the ED, or provision of a further clinical 
assessment either immediately or within 4 hours of the 
call. Advice and call disposition provided by NHS 111 
can change over successive calls as a patient’s condi-
tion changes. Therefore, to assess if deterioration was 
recognised over multiple calls, a sensitivity analysis was 
conducted in patients who had an adverse outcome in 
which the disposition of the call immediately before 
the adverse outcome was used for binary classification.

We assessed the accuracy of the binary triage clas-
sification (ambulance dispatch/urgent clinical assess-
ment vs self- care/non- urgent assessment) in terms of 
sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) for the primary 
outcome with 95% CIs. To assess whether the imple-
mentation of different COVID- 19- related NHS Path-
ways affected the accuracy of triage, accuracy was 
estimated for the whole study period and in two 
distinct time periods. The first time period (18 March 
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2020 to 2 June 2020) encompassed the use of Path-
ways 19.3.3/4/5/7 by YAS and the second period (2 
June 2020 (10:30 hours) to 29 June 2020) Pathways 
19.3.8/9 which incorporated loss of taste or smell as a 
feature of COVID- 19 infection (online supplemental 
material 4).

Patient characteristics of false negatives (those 
advised to self- care/non- urgent assessment who expe-
rienced the primary outcome) and true positives 
(those provided with an ambulance/urgent assess-
ment who experienced the primary outcome) were 
compared. Similarly, we compared the characteris-
tics of false positives (those provided with an ambu-
lance/urgent assessment and not conveyed to hospital 
and did not experience the primary outcome) and 
true negatives (those advised to self- care/non- urgent 
assessment) among those who did not experience the 
primary composite adverse outcome. In patients with 
the adverse outcome, multivariable logistic regression 
was used to identify patient characteristics associated 
with false negative triage. We completed equivalent 
analysis in those without the adverse outcome to iden-
tify factors which predicted false positive triage. The 
models included: age, gender, available comorbidities, 
smoking status, number of medications, deprivation 
index and number of contacts with telephone triage. 
Due to a low proportion of missing data in included 
variables, complete case analysis was conducted. As 
with the previous analysis, ethnicity and obesity were 
excluded. Frailty was additionally excluded from this 
modelling due to a high proportion of missing data 
(39.4% of false negatives).

The sample size was based on the number of NHS 
111 calls for suspected COVID- 19 that YAS received 
during the first wave of the pandemic. All multivariable 
logistic models included a sample size of >500 and 
>10 events (adverse clinical outcome, false positive 
or false negative triage) per predictor parameter.22 23 
All totals presented are rounded to the nearest 5, with 
small numbers suppressed to comply with NHS Digital 
data disclosure guidance.

Patient and public involvement

The Sheffield Emergency Care Forum (SECF) is a 
public representative group interested in emergency 
care research.24 Members of SECF advised on the 
development of the PRIEST study and two members 
joined the Study Steering Committee. A PRIEST study 
patient public involvement (PPI) group was created 
during the study which included patients who had 
been admitted to hospital with COVID- 19 or their 
family members. Although not involved in conducting 
the analyses, both PPI groups were consulted regarding 
study design, particularly the ethical implications of 
using routine health data for research. All study find-
ings were presented and discussed with the PPI groups. 
Members helped with interpretation of findings 

particularly regarding acceptable risk of misclassifica-
tion.

RESULTS
Study population

Figure 1 and table 1 summarise study cohort deriva-
tion and the characteristics of the 40 261 included 
individuals. In total, 1200 people (3%, 95% CI: 2.8% 
to 3.2%) experienced the primary outcome (death or 
organ support) within 30 days following first contact 
with telephone triage services and 670 (56%) of 
adverse outcomes occurred within 7 days of contact. 
In our study cohort, 8165 patients (20.3%, 95% CI: 
19.9% to 20.7%) were conveyed or self- presented to 
the ED and 4490 (11.2%, 95% CI: 10.9% to 11.5%) 
were admitted as hospital inpatients within 30 days of 
index contact.

The median age of the whole cohort was 47 years, the 
cohort had a higher proportion of females (56.4%) than 
males and had high rates of comorbidity (chronic respi-
ratory disease 25.6%, diabetes 10.5% and hypertension 
18.1%). In multivariable modelling (online supplemental 
material 5), known predictors of adverse outcomes 
including increasing age (1- year increase, OR 1.06, 95% 
CI: 1.06 to 1.07), male gender (female, OR 0.48, 95% CI: 
0.40 to 0.58), diabetes (OR 1.62, 95% CI: 1.26 to 2.09) 
and frailty (moderate, OR 1.07, 95% CI: 0.71 to 1.07: 
severe, OR 2.51, 95% CI: 1.74 to 3.61) were associated 
with an increased risk of the primary composite adverse 
outcome.

Accuracy of NHS 111 triage

A triage disposition of ambulance dispatch/urgent clin-
ical assessment achieved a sensitivity of 74.2% (95% 
CI: 71.6% to 76.6%) to the primary outcome across the 
whole study period (table 2). If advised to self- care/non- 
urgent clinical assessment, the chance of experiencing 
an adverse outcome was approximately 1% (NPV: 
98.7%, 95% CI: 98.6% to 98.9%). For patients who 
contacted NHS 111 multiple times, classification of 
the triage disposition on the basis of the last call before 
the primary outcome, instead of index contact, did not 
noticeably affect these estimates (sensitivity: 77.3%, 
95% CI: 74.8% to 79.6% and (NPV: 98.9%, 95% CI: 
98.7% to 99%).

Sensitivity of triage disposition was higher for adverse 
outcomes at 3 days from index contact (81.4%, 95% 
CI: 76.6% to 85.5%) (online supplemental material 
6), than at 7 and 30 days. Specificity was comparable 
for adverse outcomes at 30 days (61.5%, 95% CI: 
61% to 62%) and 3 days (60.8%, 95% CI: 60.2% to 
61.3%). In the later period of NHS 111 clinical assess-
ment pathway implementation, sensitivity to adverse 
outcomes at 30 days increased (85.7%, 95% CI: 76.9% 
to 91.7%) but this was associated with a reduction in 
specificity (51.5%, 95% CI: 50% to 53.1%) (table 2).
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Prediction of false negative or false positive triage

Online supplemental material 7 compares the characteristics 
of who were correctly triaged as true positives or misclassi-
fied as false negatives. In both groups, approximately 50% 
of people experienced the primary adverse outcome within 
7 days of first contact, although a higher proportion of true 
positives experienced the adverse outcome within 3 days 
of contact. Multivariable modelling showed that younger 
age, multiple contacts and diabetes were associated with 
increased risk of false negative triage (table 3). The effect 
estimates for multiple NHS 111 contacts were similar if the 
triage disposition of last call before the primary outcome 
(two contacts, OR 1.96, 95% CI: 1.11 to 3.48 and three or 
more contacts, OR 7.78, 95% CI: 1.02 to 59.43) was used 
to classify true positives and false negatives.

Online supplemental material 8 compares the char-
acteristics of patients who received false positive or true 
negative triage classification; 24.9% of the cohort were 
false positives and table 4 presents the results of multivari-
able modelling to identify factors associated with being a 
false positive. Increased risk of being a false positive was 
associated with chronic renal impairment, immunosup-
pression and chronic respiratory disease (table 4). Other 
predictors included older age, smoking, increased medica-
tion use and female gender (table 4).

DISCUSSION

Summary

Our study showed that, during the study period, tele-

phone triage achieved a sensitivity of 74.2% (95% CI: 

71.6% to 76.6%) and specificity of 61.5% (95% CI: 

61% to 62%) for the primary outcome. Telephone 

triage recommended self- care or non- urgent assess-

ment for the majority (60%), with a very low but non- 

negligible risk of adverse outcome (1.3%). Sensitivity 

of telephone triage was higher for outcomes at 3 and 

7 days (online supplemental material 6) than 30 days, 

and sensitivity appeared to be increased at the expense 

of specificity in the later period of clinical assessment 

pathway implementation (table 2). Users of the service 

who were identified with possible COVID- 19 infec-

tion had a low (3%) risk of adverse outcome.

To identify factors which may affect accuracy of 

triage, we used multivariable analysis to identify 

predictors of false negative and false positive triage. 

The findings need cautious interpretation, given 

the limited information available during telephone 

triage, but suggest that some comorbidities (such as 

chronic respiratory disease) may be overappreciated 

as predictors of adverse outcome, while the associa-

tion of diabetes with adverse outcome may be under- 

recognised. Perhaps most striking, is that multiple 

contacts with NHS 111, in which possible COVID- 19 

infection was identifed, was associated with false 

Figure 1 Strengthening the Reporting of Observational Studies in Epidemiology flow diagram of selection of study population. NHS, National Health 

Service; YAS, Yorkshire Ambulance Service.
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Table 1 Population characteristics

Population characteristic Level
Whole population
n=40 261 Primary outcome n=1200

Age (years) Median (IQR)*
Mean

47 (32–61)
48.4

77 (63–86)
73.3

Gender (n, %) Male 17 5645
(43.6%)

710
(59%)

Comorbidity (n, %) Cardiovascular disease 850
(2.1%)

80
(6.6%)

Chronic respiratory disease 10 315
(25.6%)

320
(26.7%)

Diabetes 4245
(10.5%)

275
(22.8%)

Hypertension 7275
(18.1%)

510
(42.6%)

Immunosuppression
(including steroid use)

3320
(8.2%)

350
(29.3%)

Active malignancy 460
(1.2%)

55
(4.6%)

Obesity 6205
(15.4%)

105
(8.8%)

Pregnant 685
(1.7%)

‡

Renal impairment 415
(1%)

45
(3.7%)

Smoker 11 160
(29%)

1200
(35.9%)

Stroke 230
(0.6%)

20
(1.8%)

Number of drugs used
(n, %)

0 17 830 (44.3%) 230 (19.2%)

1–5 17 300 (43%) 620 (51.5%)

6–10 4550 (11.3%) 315 (26.5%)

11 or more 585 (1.5%) 40 (3.3%)

Clinical frailty scale
(N, %)

Unknown 6610 (16.4%) 605 (50.3%)

Aged <65 years 31 860 (79.1%) 330 (27.4)

1–3 200 (0.5%) 10 (0.9%)

4–6 670 (1.7%) 60 (5.1%)

7–9 925 (2.3%) 195 (16.3%)

Ethnicity (n, %) Unknown 8950 (22.2%) 410 (34%)

Asian or Asian British 4335 (10.8%) 90 (7.3%)

Black or black British 850 (2.1%) 15 (1.3%)

Mixed 540 (1.3%) 10 (0.8%)

Other ethnic groups 615 (1.5%) 10 (1%)

White 24 975 (62%) 670 (55.7%)

Deprivation index (n, %) Unknown 2360 (5.9%) 135 (11.2%)

1–2 14 355 (35.7%) 330 (27.6%)

3–4 7365 (18.3%) 205 (17.1%)

5–6 6005 (14.9%) 180 (15%)

7–8 5835 (14.5%) 195 (16.1%)

9–10 4345 (10.8%) 155 (13%)

Index triage category (n, %) Ambulance dispatch/Urgent clinical assessment 15 030 (39.6%) 890 (74.2%)

Ambulance response 3955 (9.8%) 450 (37.6%)

Urgent follow- up GP
assessment

555 (1.4%) 45 (0.4%)

Urgent follow- up COVID- 19 clinical assessment 11 235 (27.9%) 395 (32.7%)

Self- care/Non- urgent assessment 24 335 (60.4%) 310 (25.8%)

Self- care 12 925 (32.1%) 85 (7.2%)

Continued
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negative assessment, suggesting that repeat contacts 
may require a more urgent response.

Comparison with previous literature

The available evidence assessing the accuracy of tele-
phone triage for serious clinical outcomes, particularly 
for patients with suspected COVID- 19, is limited. 
Existing studies evaluating similar telephone triage 
‘hotlines’ in the USA have described service use or 
acceptability.6 7 The sensitivity and specificity of tele-
phone triage found in our study to the composite 
primary outcome is similar to that reported for clin-
ical tools used to triage patient acuity in the ED, at 
a point on the receiver operating characteristic curve 
with an equivalent balance of sensitivity and speci-
ficity.25 Previous evaluations of telephone triage and 
other forms of telemedicine in emergency care or 
COVID- 19 have largely assessed diagnostic accu-
racy of triage in identifying specific conditions.26–29 
However, a systematic review of accuracy of emer-
gency medical service dispatch by call handlers found 
the most urgent ambulance dispatch priorities to have 
sensitivities ranging between 78% and 95.6% for time 
critical conditions and specificities ranging between 
15.4% and 83.8%. Despite the reported sensitivities 
being higher than achieved by telephone triage in our 
study, the associated negative predictive values ranged 

from 95.4% to 96.9%, similar to that estimated in our 
study.

Strengths and limitations

Although telephone triage has been recommended and 
widely used during the pandemic in the UK and the 
USA to risk assess patients with suspected COVID- 19 
to limit potential spread of infection, this appears to be 
the first evaluation of accuracy.6 30 We have used a large 
cohort of patients identified from routinely collected 
telephone triage records and linked this to nationally 
collected, patient- level healthcare records to provide 
robust outcome data. We have assessed performance 
in a cohort of patients with suspected infection which, 
in the absence of accurate universally available rapid 
COVID- 19 diagnostic tests, reflects the population 
which urgent and emergency care services must clin-
ically triage. Unrestricted community testing for those 
with symptoms suggestive of COVID- 19 infection was 
only available from 18 May 2020 and therefore it is 
not possible to estimate the proportion of confirmed 
infections. However, known factors associated with 
adverse outcomes in COVID- 19 infection were found 
to be predictive of the primary outcome in our cohort 
including increasing age, male gender, diabetes and 
frailty.31–33

Population characteristic Level
Whole population
n=40 261 Primary outcome n=1200

Non- urgent GP assessment 880 (2.2%) 10 (0.1%)

Further non- urgent COVID- 19 assessment 10 510
(26.1%)

215
(17.7%)

Outcome (n, %) Death 910
(2.3%)

910
(75.6%)

Deaths due to COVID- 19 (including after 30 
days)

710
(1.8%)

580
(48.3%)

Organ support
(within 30 days)

425
(1.1%)

425
(35.2%)

Hospitalisation (n, %) ED attendance 8165
(20.3%)

840
(70%)

Inpatient admission 4490
(11.2%)

840
(69.9%)

Confirmed hospital diagnosis of 
COVID- 19†

In ED or as inpatient at 30 days 2370
(5.9%)

650
(54%)

Number of NHS 111 contacts in 
study period (n, %)

1 36 480 (90.6%) 1060 (88.2%)

2 3035 (7.5%) 120 (9.7%)

3 or more 750 (1.9%) 25 (2.1%)

Time to primary outcome from index 
contact—up to and including (n, %)

72 hours 320
(0.8%)

320
(26.5%)

7 days 670
(1.7%)

670
(56%)

*IQR.
†Unrestricted community testing for suspected COVID- 19 infection was only available from 18 May 2020. Confirmed diagnosis is based on inpatient PCR 
testing or clinical diagnosis in hospital.
‡Suppressed due to small numbers.
ED, emergency department; NHS, National Health Service.

Table 1 Continued
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Due to the use of routinely collected data, there 
were high rates of missing data for some variables, for 
example, ethnicity and frailty, which prevented inclu-
sion in some analyses. We have also assumed that if 
comorbidities were not recorded in the previous 12 
months they were not present. The mechanism of how 
data are collected and recorded in the routine datasets 
used means that, as identified for obesity, there may 
be bias in the classification of patients. The estimated 
prevalence of obesity in our cohort is 15% (half that 
reported in the national health survey) and, as weight 
is not comprehensively and consistently measured 
by GPs, the observed protective association is likely 
to reflect unknown characteristics associated with a 
measurement being taken, rather than obesity itself.34

We have evaluated the performance of NHS 111 
telephone triage as implemented by YAS. Although 
NHS 111 Pathways software algorithms are developed 
nationally, there may be variability in local implemen-
tation which may affect accuracy. During the study 
period, calls were diverted between regions and to a 
national centre due to excess demand. The basis on 
which calls were selected for diversion is not trans-
parent, but it is possible that patients with less complex 
healthcare needs were diverted to the national centre, 
potentially affecting the generalisability of our results. 
Our study period includes multiple pathway iterations 
but, due to how rapidly assessment pathways were 

updated, it was not possible to assess the accuracy of 
individual assessment pathways (online supplemental 
material 4). A national online assessment tool was 
implemented from the end of February 2020 and this 
may have affected the characteristics of the population 
using telephone triage services for advice.35 However, 
it was not until June 2020 that the public were advised 
to use the NHS 111 online coronavirus service before 
calling NHS 111.

Implications

Telephone triage performed comparably to triage 
methods used for patient acuity in the ED and, given 
the limited information available, including a lack of 
physiological parameters, this may reflect the best 
accuracy that could be achieved.25 36 It is difficult to 
accurately model the impact on emergency medical 
services if telephone triage had not been recommended 
for the initial assessment of patients with suspected 
COVID- 19. However, in 2019, the estimated popu-
lation of Yorkshire and the Humber was 5 502 967 
(including children).37 On the basis of the number of 
patients in our cohort and study period, not using tele-
phone triage could have led to around 61 extra ambu-
lances or urgent clinical assessments being provided 
each day per 1 000 000 population, without consid-
ering diversion to the national centre. YAS provided 
a face- to- face response to an estimated 298 incidents 

Table 2 Performance of binary NHS 111 triage (ambulance or urgent assessment 4 hours or less) for composite outcome (death or 
organ support)

Adverse outcome up to 30 days (3%, 2.8%–3.2%)
Whole study period

N=40 261 Adverse outcome No adverse outcome

Ambulance/Urgent assessment 890 15 035 Sensitivity 74.2% (71.6%–76.6%)
Positive predictive value
5.6% (5.2%–6%)

Self- care/Non- urgent assessment 310 24 025 Specificity 61.5% (61%–62%)
Negative predictive value
98.7% (98.6%–98.9%)

Adverse outcome up to 30 days (3.1%, 2.9%–3.2%)
NHS triage pathways 19.3.3/4/5/7 (18 March 2020 to 2 June 2020)

N=36 124 Adverse outcome No adverse outcome

Ambulance/Urgent assessment 807 13 079 Sensitivity 73.2% (70.4%–75.7%)
Positive predictive value
5.8% (5.4%–6.2%)

Self- care/Non- urgent assessment 296 21 942 Specificity 62.7% (62.1%–63.2%)
Negative predictive value
98.7 (98.5%–98.8%)

Adverse outcome up to 30 days (2.4%, 1.9%–2.9%)
NHS triage pathways 19.3.8/9 (2 June 2020 to 30 June 2020)

N=4137 Adverse outcome No adverse outcome

Ambulance/Urgent assessment 84 1957 Sensitivity 85.7% (76.9%–91.7%)
Positive predictive value
4.1% (3.3%–5.1%)

Self- care/Non- urgent assessment 14 2082 Specificity 51.5% (50%–53.1%)
Negative predictive value
99.3 (98.9%–99.6%)

NHS, National Health Service.
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per day in March 2020.38 NHS 111 telephone triage 
appears to have effectively helped to mitigate the risk 
of emergency healthcare services being overwhelmed 
by lower risk patients during the ‘first wave’ of the 
pandemic in England.

This must be weighed against the small but non- 
negligible risk that patients who were recommended to 
self- care or have a non- urgent clinical assessment had 
of serious adverse outcomes. Early clinical guidelines 
for the risk stratification of patients with suspected 
COVID- 19 infection, on the basis of previous influ-
enza epidemics, emphasised the importance of respira-
tory comorbidities and may have underestimated the 
risk associated with gender and diabetes.39 The results 
of our multivariable modelling reflects this, with the 
importance of smoking and chronic respiratory disease 
appearing to be overestimated and diabetes underes-
timated. Later clinical guidelines incorporated this 
evolving research base and emphasised the risk asso-
ciated with diabetes.40 However, the association we 
found with multiple NHS 111 COVID- 19- related 
contacts and risk of undertriage does not appear to 
have been previously identified and may reflect that 
patients with repeat contacts represent an unrecognised 
high- risk group. Patients with early representation 
after discharge from the ED are considered clinically 
high risk for adverse outcomes and misdiagnosis and 

this is likely to be reflected in patients who contact 
NHS 111.41 This finding has been fed back to the tele-
phone triage service provided by YAS and is likely to 
be applicable to telephone triage in different settings.

Telephone triage services for suspected COVID- 19 
and other conditions have rapidly expanded during 
the pandemic across different settings, with specific 
COVID- 19 telephone triage ‘hotlines’ created in 
parts of the USA.6 7 42 Different models for telephone 
triage in urgent and emergency care exist internation-
ally.26 43 44 Research is needed to determine the optimal 
configuration of such services in terms of accuracy and 
cost- effectiveness.43 NHS 111’s use of trained, non- 
clinical call advisors for initial assessment contrasts 
with other national triage services, where assessments 
are performed by nurses and other clinicians: this 
may impact accuracy, acceptability and cost.44 The 
acceptable risk of deterioration following such triage 
is subjective and significant variation in risk tolerance 
between clinicians and public representatives has been 
demonstrated.45 Research may be needed to support 
implementation of telephone triage methods and tailor 
triage to the resource constraints and risk tolerance 
of different healthcare settings. Within the context 
of the UK, future research could use our methods 
for a national evaluations of NHS 111 performance, 
including the devolved nations, and to assess regional 
variations in triage, accuracy and safety.

Table 3 Multivariable model predicting false negatives

Population 
characteristic Level

OR (95% CI)
N=1065

Age (years) 1- year increase 0.99 (0.98 to 1.00)

Gender Female 1.13 (0.84 to 1.52)

Comorbidity Cardiovascular disease 0.48 (0.20 to 1.16)

Chronic respiratory disease 1.00 (0.69 to 1.45)

Diabetes 1.66 (1.13 to 2.45)

Hypertension 0.99 (0.70 to 1.40)

Immunosuppression
(including steroid use)

0.62 (0.38 to 1.01)

Active malignancy 0.42 (0.15 to 1.23)

Obesity Not included

Renal impairment 0.86 (0.38 to 1.97)

Smoker 0.81 (0.58 to 1.12)

Stroke 1.99 (0.63 to 6.28)

Number of drugs 
used

0 Reference

1–5 1.13 (0.74 to 1.74)

6–10 0.60 (0.33 to 1.10)

11 or more 0.38 (0.11 to 1.27)

Deprivation 
index

1–2 Reference

3–4 1.27 (0.84 to 1.93)

5–6 1.03 (0.66 to 1.61)

7–8 1.26 (0.82 to 1.93)

9–10 1.38 (0.88 to 2.15)

Number of 111 
contacts in study 
period

1 Reference

2 1.77 (1.14 to 2.75)

3 or more 4.03 (1.68 to 9.65)

Table 4 Multivariable model predicting false positives

Population 
characteristic Level

OR (95% CI)
N=32 195

Age (years) 1- year increase 1.01 (1.01 to 1.01)

Gender Female 1.05 (1.01 to 1.10

Comorbidity Cardiovascular disease 1.04 (0.86 to 1.26)

Chronic respiratory disease 1.31 (1.22 to 1.40)

Diabetes 0.84 (0.77 to 0.93)

Hypertension 0.97 (0.90 to 1.05)

Immunosuppression
(including steroid use)

1.49 (1.36 to 1.64)

Active malignancy 1.25 (0.97 to 1.61)

Renal impairment 1.52 (1.17 to 1.97)

Smoker 1.10 (1.04 to 1.16)

Stroke 1.23 (0.87 to 1.75)

Number of drugs 
used

0 Reference

1–5 1.13 (1.06 to 1.21)

6–10 1.60 (1.42 to 1.81)

11 or more 2.36 (1.82 to 3.07)

Deprivation 
index

1–2 Reference

3–4 0.95 (0.89 to 1.02)

5–6 0.95 (0.89 to 1.03)

7–8 0.99 (0.92 to 1.07)

9–10 1.05 (0.97 to 1.14)

Number of 111 
contacts in study 
period

1 Reference

2 0.86 (0.78 to 0.95)

3 or more 0.71 (0.58 to 0.88)
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CONCLUSIONS
We have conducted the first evaluation of accuracy 
of telephone triage for need for emergency treat-
ment in patients with suspected COVID- 19 infection. 
Telephone triage appears to have had an important 
role in managing lower- risk patients and potentially 
preventing many patients who required no specific 
treatment from attending hospitals or other care 
providers. This must be weighed against the small 
but non- negligible risk of serious adverse outcomes in 
patients advised to self- care or have a non- urgent clin-
ical assessment. Repeat contact with triage services may 
need more recognition as an important predictor of 
subsequent deterioration. Future research is needed to 
determine acceptable risk of deterioration in patients 
advised to self- care and the optimal configuration of 
telephone triage services.

Author affiliations
1Centre for Urgent and Emergency Care Research (CURE), Health Services 
Research School of Health and Related Research (ScHARR), University of 
Sheffield, Sheffield, UK
2Centre for Health Information Management Research (CHIMR) and Health 
Informatics Research Group, Information School, University of Sheffield, 
Sheffield, UK
3Yorkshire Ambulance Service NHS Trust, Wakefield, UK
4Clinical Trials Research Unit (CTRU), Health Services Research School of Health 
and Related Research (ScHARR), The University of Sheffield, Sheffield, UK

Twitter Tony Stone @_tonystone_

Contributors The idea for the study was conceived by SG, 
JKT, TS, FB, PB and CM. Data processing and linkage was 
completed by TS and RC. The analyses were completed by CM 
and MH with specialist statistical advice from SG, JKT, LS and 
PB. All authors contributed to interpretation of results, read 
and approved the final manuscript.

Funding CM is a National Institute for Health Research 
(NIHR) Clinical Lecturer in Emergency Medicine (Grant 
Number Not Applicable/NA). The PRIEST study was funded 
by the UK National Institute for Health Research, Health 
Technology Assessment (HTA) programme (project reference 
11/46/07). This publication presents independent research 
funded by the National Institute for Health Research and 
University of Sheffield. The views expressed are those of 
the author(s) and not necessarily those of the University of 
Sheffield, the NHS, the NIHR or the Department of Health 
and Social Care.

Disclaimer The views expressed are those of the author(s) and 
not necessarily those of the University of Sheffield, the NHS, 
the NIHR or the Department of Health and Social Care.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval The North West- Haydock Research Ethics 
Committee gave a favourable opinion on the PAINTED 
study on 25 June 2012 (reference 12/NW/0303) and on the 
updated PRIEST study on 23 March 2020, including the 
analysis presented here. The Confidentiality Advisory Group 
of the NHS Health Research Authority granted approval 
to collect data without patient consent in line with Section 
251 of the National Health Service Act 2006. Access to data 
collected by NHS Digital was recommended for approval 
by its Independent Group Advising on the Release of Data 
(IGARD) on 11 September 2021 having received additional 
recommendation for approval for access to GP records from 
the Profession Advisory Group (PAG) on 19 August 2021.

Provenance and peer review Not commissioned; externally 
peer reviewed.

Data availability statement Data may be obtained from a 
third party and are not publicly available. The data used for 
this study are subject to data sharing agreements with NHS 
Digital and Yorkshire Ambulance Service, which prohibits 
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 iD
Benjamin David Thomas http://orcid.org/0000-0002-6659- 
6930

REFERENCES
 1 Department of Health. Pandemic flu: a national framework for 

responding to an influenza pandemic. London: Department of 

Health, 2007.

 2 Goodacre S, Challen K, Wilson R, et al. Evaluation of triage 

methods used to select patients with suspected pandemic 

influenza for hospital admission: cohort study. Health Technol 

Assess 2010;14:173–236.

 3 Scarfone RJ, Coffin S, Fieldston ES, et al. Hospital- Based 

pandemic influenza preparedness and response: strategies to 

increase surge capacity. Pediatr Emerg Care 2011;27:565–72.

 4 Nelissen S, Beullens K, Sabbe M, et al. The swine flu 

emergency department: the relationship between media 

attention for the swine flu and registrations in an emergency 

medicine unit. Prehosp Disaster Med 2014;29:141–5.

 5 NHS. Briefing: primary care providers and the coronavirus 

(COVID- 19), 2020. Available: https://www.england.nhs.uk/ 

coronavirus/wp-content/uploads/sites/52/2020/03/coronavirus- 

primary-care-briefing.pdf

 6 Cher BAY, Wilson EA, Pinsky AM, et al. Utility of a telephone 

triage Hotline in response to the COVID- 19 pandemic: 

longitudinal observational study. J Med Internet Res 

2021;23:e28105.

 7 Cheng A, Angier H, Huguet N, et al. Launching a statewide 

COVID- 19 primary care Hotline and telemedicine service. J 

Am Board Fam Med 2021;34:S170–8.

 8 Mulholland RH, Wood R, Stagg HR, et al. Impact of 

COVID- 19 on accident and emergency attendances 

and emergency and planned hospital admissions in 

Scotland: an interrupted time- series analysis. J R Soc Med 

2020;113:444–53.

 9 Goodacre S, Thomas B, Lee E, et al. Characterisation of 22445 

patients attending UK emergency departments with suspected 

 o
n

 A
p
ril 6

, 2
0
2

2
 b

y
 g

u
e

s
t. P

ro
te

c
te

d
 b

y
 c

o
p

y
rig

h
t.

h
ttp

://q
u
a
lity

s
a
fe

ty
.b

m
j.c

o
m

/
B

M
J
 Q

u
a

l S
a

f: firs
t p

u
b

lis
h

e
d

 a
s
 1

0
.1

1
3

6
/b

m
jq

s
-2

0
2

1
-0

1
4

3
8
2
 o

n
 3

0
 M

a
rc

h
 2

0
2
2
. D

o
w

n
lo

a
d
e
d
 fro

m
 



11Marincowitz C, et al. BMJ Qual Saf 2022;0:1–12. doi:10.1136/bmjqs-2021-014382

Original research

COVID- 19 infection: observational cohort study. PLoS One 

2020;15:e0240206.

 10 NHS. How has NHS 111 shaped public demand for the 

NHS in England during the pandemic? 2020. Available: 

https://www.health.org.uk/news-and-comment/charts-and- 

infographics/how-has-nhs-111-shaped-public-demand-for-the- 

nhs-in-england

 11 Tankel JW, Ratcliffe D, Smith M, et al. Consequences of the 

emergency response to COVID- 19: a whole health care system 

review in a single City in the United Kingdom. BMC Emerg 

Med 2021;21:55.

 12 Kmietowicz Z. Covid- 19: bereaved families, unions, and 

charities demand immediate public inquiry to save lives. BMJ 

2020;371:m4729.

 13 NHS. Response of NHS 111 to the COVID- 19 pandemic, 

2021. Available: https://www.hsib.org.uk/investigations-and- 

reports/response-of-nhs-111-to-the-covid-19-pandemic/

 14 Goodacre S, Irving A, Wilson R, et al. The pandemic influenza 

triage in the emergency department (painted) pilot cohort 

study. Health Technol Assess 2015;19:1–70.

 15 Benchimol EI, Smeeth L, Guttmann A, et al. The reporting 

of studies conducted using observational Routinely- collected 

health data (record) statement. PLoS Med 2015;12:e1001885.

 16 Office for National Statistics UK. Coronavirus (COVID- 19) 

infection survey technical article: waves and lags of COVID- 19 

in England, June 2021, 2021. Available: https://www.ons.gov. 

uk/peoplepopulationandcommunity/healthandsocialcare/cond 

itionsanddiseases/articles/coronaviruscovid19infectionsurveytec 

hnicalarticle/wavesandlagsofcovid19inenglandjune2021

 17 NHS. Nhs 111 online coronavirus service. Available: https:// 

digital.nhs.uk/services/nhs-111-online/nhs-111-online- 

coronavirus-services

 18 NHS. Data and information, 2021. Available: https://digital. 

nhs.uk/data-and-information

 19 Campbell MJ, Jacques RM, Fotheringham J, et al. Developing 

a summary hospital mortality index: retrospective analysis in 

English hospitals over five years. BMJ 2012;344:e1001.

 20 Street A, Maynou L, Gilbert T, et al. The use of linked routine 

data to optimise calculation of the hospital frailty risk score 

on the basis of previous hospital admissions: a retrospective 

observational cohort study. Lancet Healthy Longev 

2021;2:e154–62.

 21 Rockwood K, Song X, MacKnight C, et al. A global clinical 

measure of fitness and frailty in elderly people. CMAJ 

2005;173:489–95.

 22 Bergtold JS, Yeager EA, Featherstone AM. Inferences 

from logistic regression models in the presence of small 

samples, rare events, nonlinearity, and multicollinearity with 

observational data. J Appl Stat 2018;45:528–46.

 23 Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic 

regression. John Wiley & Sons, 2013.

 24 Hirst E, Irving A, Goodacre S. Patient and public involvement 

in emergency care research. Emerg Med J 2016;33:665–70.

 25 Zachariasse JM, van der Hagen V, Seiger N, et al. Performance 

of triage systems in emergency care: a systematic review and 

meta- analysis. BMJ Open 2019;9:e026471.

 26 Erkelens DC, Rutten FH, Wouters LT, et al. Accuracy of 

telephone triage in patients suspected of transient ischaemic 

attack or stroke: a cross- sectional study. BMC Fam Pract 

2020;21:256.

 27 Kim Y, Groombridge C, Romero L, et al. Decision support 

capabilities of telemedicine in emergency prehospital care: 

systematic review. J Med Internet Res 2020;22:e18959.

 28 Fitzpatrick D, Moore M, Best C, et al. 04 Improving the 

prehospital identification and management of people 

presenting to the ambulance service with COVID 19 

symptoms. Emergency Medicine Journal 2021;38:A2.2–3.

 29 Bohm K, Kurland L. The accuracy of medical dispatch - a 

systematic review. Scand J Trauma Resusc Emerg Med 

2018;26:1–10.

 30 Greenhalgh T, Koh GCH, Car J. Covid- 19: a remote 

assessment in primary care. BMJ 2020;368:m1182.

 31 Goodacre S, Thomas B, Sutton L, et al. Derivation and 

validation of a clinical severity score for acutely ill adults with 

suspected COVID- 19: the Priest observational cohort study. 

PLoS One 2021;16:e0245840.

 32 Izcovich A, Ragusa MA, Tortosa F, et al. Prognostic factors for 

severity and mortality in patients infected with COVID- 19: a 

systematic review. PLoS One 2020;15:e0241955.

 33 Knight SR, Ho A, Pius R, et al. Risk stratification of patients 

admitted to hospital with covid- 19 using the ISARIC who 

clinical characterisation protocol: development and validation 

of the 4C mortality score. BMJ 2020;370:m3339.

 34 NHS. Health Survey for England 2019 [NS], 2019. Available: 

https://digital.nhs.uk/data-and-information/publications/ 

statistical/health-survey-for-england/2019

 35 NHS. Nhs 111 online to help people with coronavirus, 2019. 

Available: https://www.england.nhs.uk/2020/03/nhs-111- 

online-to-help-people-with-coronavirus/

 36 Thomas B, Goodacre S, Lee E, et al. Prognostic accuracy of 

emergency department triage tools for adults with suspected 

COVID- 19: the Priest observational cohort study. Emerg Med J 

2021;38:587–93.

 37 Office of naional statistics. Population estimates for the 

UK, England and Wales, Scotland and Northern Ireland, 

provisional: mid- 2019, 2019. Available: https://www.ons.gov. 

uk/peoplepopulationandcommunity/populationandmigration/ 

populationestimates/bulletins/annualmidyearpopulatione 

stimates/mid2019#population-age-structures-of-uk-countries- 

and-english-regions

 38 NHS. Ambulance quality indicators data 2019- 20, 2020. 

Available: https://www.england.nhs.uk/statistics/statistical- 

work-areas/ambulance-quality-indicators/ambulance-quality- 

indicators-data-2019-20/

 39 Piroth L, Cottenet J, Mariet A- S, et al. Comparison of the 

characteristics, morbidity, and mortality of COVID- 19 

and seasonal influenza: a nationwide, population- based 

retrospective cohort study. Lancet Respir Med 2021;9:251–9.

 40 NHS. NHS expands offer of help to people with diabetes 

during coronavirus outbreak, 2020. Available: https://www. 

england.nhs.uk/2020/05/nhs-expands-offer-of-help-to-people- 

with-diabetes-during-coronavirus-outbreak/

 41 Hiti EA, Tamim H, Makki M, et al. Characteristics and 

determinants of high- risk unscheduled return visits to the 

emergency department. Emerg Med J 2020;37:79–84.

 42 Chitungo I, Mhango M, Mbunge E, et al. Utility of 

telemedicine in sub- Saharan Africa during the COVID- 19 

pandemic. A rapid review. Hum Behav Emerg Technol 2021. 

doi:10.1002/hbe2.297. [Epub ahead of print: 02 Nov 2021].

 43 Turner J, Coster J, Chambers D, et al. What evidence is there 

on the effectiveness of different models of delivering urgent 

care? a rapid review. Southampton (UK: NIHR Journals 

Library, 2015: 3. 1–134.

 44 van Ierland Y, van Veen M, Huibers L, et al. Validity of 

telephone and physical triage in emergency care: the 

Netherlands triage system. Fam Pract 2011;28:334–41.

 o
n

 A
p
ril 6

, 2
0
2

2
 b

y
 g

u
e

s
t. P

ro
te

c
te

d
 b

y
 c

o
p

y
rig

h
t.

h
ttp

://q
u
a
lity

s
a
fe

ty
.b

m
j.c

o
m

/
B

M
J
 Q

u
a

l S
a

f: firs
t p

u
b

lis
h

e
d

 a
s
 1

0
.1

1
3

6
/b

m
jq

s
-2

0
2

1
-0

1
4

3
8
2
 o

n
 3

0
 M

a
rc

h
 2

0
2
2
. D

o
w

n
lo

a
d
e
d
 fro

m
 



12 Marincowitz C, et al. BMJ Qual Saf 2022;0:1–12. doi:10.1136/bmjqs-2021-014382

Original research

 45 O'Keeffe ST. A cross- sectional study of doctors', managers' 

and public representatives' views regarding acceptable level 

of risk in discharges from the emergency department. QJM 

2015;108:533–8.

 o
n

 A
p
ril 6

, 2
0
2

2
 b

y
 g

u
e

s
t. P

ro
te

c
te

d
 b

y
 c

o
p

y
rig

h
t.

h
ttp

://q
u
a
lity

s
a
fe

ty
.b

m
j.c

o
m

/
B

M
J
 Q

u
a

l S
a

f: firs
t p

u
b

lis
h

e
d

 a
s
 1

0
.1

1
3

6
/b

m
jq

s
-2

0
2

1
-0

1
4

3
8
2
 o

n
 3

0
 M

a
rc

h
 2

0
2
2
. D

o
w

n
lo

a
d
e
d
 fro

m
 



Supplementary Material 1: Variables provided by YAS based on electronic call records 

Variable 

NHS Number 

Age 

Gender 

Call date and time (used to 

order multiple calls by 

individual) 

NHS 111 pathway used 

Disposition (Outcome) of Call 

 

Supplementary Material 2: Variables provided by NHS digital  

Variable Source Timeframe 

Date of Birth (single source of 

truth to calculate age) 

Any NHS digital dataset  

Gender Any NHS digital dataset  

Post code (used to calculate 

deprivation index) 

Any NHS digital dataset  

Ethnicity Any NHS digital dataset  

Date of death Office for National Statistics 

Mortality Data 

Following first contact NHS 

111 in study period 

Cause of death (ICD10 code) Office for National Statistics 

Mortality Data 

Following first contact NHS 

111 in study period 

Date of critical care admission Hospital Episode Statistics 

Critical Care Inpatient Data 

Following first contact NHS 

111 in study period 

Basic or advanced renal, 

cardiovascular or respiratory 

support during critical care 

admission 

Hospital Episode Statistics 

Critical Care Inpatient Data 

Following first contact NHS 

111 in study period 

Date of Inpatient admission Hospital Episode Statistics 

Admitted Patient Care record 

Following first contact NHS 

111 in study period 

Date of COVID-19 diagnosis 

(Inpatient) 

Hospital Episode Statistics 

Admitted Patient Care record 

Following first contact NHS 

111 in study period 

Date of Emergency 

Department Attendance 

Hospital Episode Statistics 

Emergency Care record 

Following first contact NHS 

111 in study period 

Date of COVID-19 diagnosis 

(Emergency Department) 

Hospital Episode Statistics 

Emergency Care record 

Following first contact NHS 

111 in study period 

Cardiovascular Comorbidity GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Respiratory Comorbidity GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Diabetic Comorbidity GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

GP estimated Frailty GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Hypertension GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 
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Immunosuppression GPES Data for Pandemic 

Planning and Research 

30 days before first contact 

NHS 111 in study period 

Malignancy GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Obesity GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Pregnancy GPES Data for Pandemic 

Planning and Research 

9 months before first contact 

NHS 111 in study period 

Renal Impairment GPES Data for Pandemic 

Planning and Research 

1 year before first contact NHS 

111 in study period 

Smoking Status GPES Data for Pandemic 

Planning and Research 

Last recorded  

Drug Count GPES Data for Pandemic 

Planning and Research 

Last recorded 
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Supplementary Material 3: Classification 111 triage categories 

Ambulance dispatched or other urgent clinical 

assessment 

Self-care or non-urgent assessment 

Ambulance response 

Speak to a Clinician from our service 

Immediately 

COVID risk Clinical Assessment service 1 hour 

COVID risk Clinical Assessment service 2 hours 

COVID risk Clinical Assessment service 4 hours 

Speak to a Primary Care Service within 1 Hour 

Speak to a Primary Care Service within 2 Hours 

Advised to make own way for urgent clinical 

assessment 

 

COVID Self Care 

COVID Coordination Service 

COVID risk Clinical Assessment service 6 hours 

COVID risk Clinical Assessment service 12 hours 

COVID risk Clinical Assessment Service next 

working day 

Home Management 

The call is closed with no further action needed 

All Dental Dispositions 

Any disposition to contact own GP or primary 

care service 

Midwife assessment 

 

Supplementary Material 4: NHS 111 COVID-19 assessment pathways implementation by Yorkshire 

Ambulance Service  

NHS 111 

Pathway* 

Implementation 

Date 

Study Period Description 

19.3.3 16/3/2020  1 First specific COVID-19 pathway, focus 

on remote consultations or remote 

follow-up. 

19.3.4 Not implemented 1  

19.3.5 & 19.3.6 03/04/2020 1 Chest pain incorporated as part of 

COVID assessment pathway 

New questions to identify vulnerable 

Patients  

19.3.7 10/04/2020 1 New advice provided for signs of 

deterioration and what to do in 

patients advised to self-care. 

19.3.8  02/06/2020 2 More specific triage for symptoms non-

specific for COVID e.g. cough or fever 

offers normal triage plus access to 

coronavirus triage if certain trigger 

criteria were met. 

19.3.9 03/06/2020 2 Incorporates loss of taste or smell as 

COVID symptom 

*Information regarding specific pathways obtained here https://digital.nhs.uk/services/nhs-

pathways/nhs-pathways-service-information/clinical-release-notes/archived-clinical-release-

notes/2020-archived-clinical-release-notes 
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Supplementary Material 5: Multi-variable model predicting primary outcome 

Population 

Characteristic 

Level Odds ratio  (95% 

Confidence Interval) 

N= 31, 820 

Age (Years) 1-year increase 1.06 (1.06 to 1.07) 

Gender (N, %) Female 0.48 (0.40 to 0.58)  

Comorbidity (N, %) Cardiovascular 

Disease 

0.80 (0.51 to 1.26)  

Chronic Resp. Disease  0.96 (0.76 to 1.21)  

Diabetes 1.62 (1.26 to 2.09)  

Hypertension 1.08 (0.85 to 1.38)  

Immunosuppression  

(including steroid 

use) 

0.97 (0.74 to 1.28)  

Active Malignancy 1.32 (0.80 to 2.19)  

Obesity Not included 

Renal Impairment 1.21 (0.69 to 2.13)  

Smoker 0.85 (0.69 to 1.04)  

Stroke 0.54 (0.20 to 1.41) 

Number of Drugs Used 

(N, %)  

0 Reference 

1-5 1.03 (0.80 to 1.36)  

6-10 0.93 (0.63 to 1.39)  

11 or more 0.87 (0.46 to 1.64)  

Clinical Frailty Scale   

(N, %) 

 

 

1-3 Reference 

4-6 1.07 (0.71 to 1.61)  

7-9 2.51 (1.74 to 3.61)  

Deprivation Index 

(N, %)  

1-2 Reference 

3-4 1.04 (0.80 to 1.34)  

5-6 1.02 (0.77 to 1.34)  

7-8 1.11 (0.85 to 1.45)  

9-10 1.09 (0.81 to 1.46)  

Number of 111 contacts 

in study period (N, %) 

 

1 Reference 

2 1.69 (1.27 to 2.27)  

3 or more 2.73 (1.70 to 4.39)  
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Supplementary Material 6: Performance of binary NHS 111 triage (ambulance or urgent assessment 

4 hours or less) for composite outcome (death or organ support) 

 CompositeAdverse outcome 7 days (1.7%, 1.6-1.8%) 

N=40, 261 Adverse Outcome No Adverse 

Outcome 

 

Ambulance/urgent 

assessment 

500 15,430 Sensitivity 74.4% (70.9- 

77.6%) 

Positive Predictive Value 

3.1% (2.9 – 3.4%) 

Self-care/ non-urgent 

assessment 

170 24,160 Specificity 61% (60.5% - 

61.5%) 

Negative Predictive Value 

99.3% (99.2 - 99.4%) 

 

Composite Adverse outcome 72 hours (0.8%, 0.7-0.9%) 

N=40, 261 Adverse Outcome No Adverse 

Outcome 

 

Ambulance/urgent 

assessment 

260 15,670 Sensitivity 81.4% (76.6- 

85.5%) 

Positive Predictive Value 

1.6% (1.4 – 1.8%) 

Self-care/ non-urgent 

assessment 

60 24,275 Specificity 60.8% (60.3% - 

61.3%) 

Negative Predictive Value 

99.8% (99.7 - 99.9%) 
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Supplementary 7: Comparison of False Negatives and True positives  

Population 

Characteristic 

Level False Negatives (30 

days) N= 310 

True Positives (30 days) 

N=890 

Age (Years)  Median (IQR)* 

Mean 

71.5 (57-84) 

69.9 

78 (66-86) 

74.5 

Gender (N, %) Male 185 

(59%) 

525        

(58.9%)  

Comorbidity (N, %) Cardiovascular Disease ** 70  

(8%) 

Chronic Respiratory 

Disease  

70 

(22.9%) 

250  

(28.1%) 

Diabetes 80 

(24.8%) 

200 

(22.1%) 

Hypertension 115 

(36.7%) 

400 

(44.7%) 

Immunosuppression  

 

30 

(8.7%) 

160 

(18.1%) 

Active Malignancy ** 50         

(5.5%) 

Obesity 40 

(12.3%) 

70 

(7.6%) 

Pregnant ** ** 

Renal Impairment ** 35 

(4%) 

Smoker 95 

(31%) 

335  

(37.6%) 

Stroke ** 15         

1.7% (1-2.8%) 

Number of Drugs 

Used 

(N, %)  

0 75 (23.6%) 160 (17.6%) 

1-5 175 (56.5%) 445 (49.7%) 

6-10 55 (18.1%) 260 (29%) 

11 or more 5 (1.9%) 33 (3.7%) 

Clinical Frailty 

Scale   

(N, %) 

 

 

Unknown 130 (42.6%) 470 (53%) 

 

Aged<65 120 (39.4%) 210 (23.2%) 

1-3 ** 10 (1%) 

4-6 ** 45 (4.9%) 

7-9 40 (11.9%) 160 (17.9%) 

Ethnicity  

(N, %) 

  

Unknown 100 (31.3%) 310 (34.9%)  

Asian or Asian British 30 (10%) 

 

10 (1%) 

 

Black or Black British ** ** 

 

Mixed ** 10 (1%) 

 

Other Ethnic Groups ** 60 (6.4%) 

 

White 170 (55.2%) 500 (55.9%) 

Deprivation Index 

(N, %)  

Unknown 30 (10%) 105 (11.7%) 

1-2 85 (27%) 250 (28%) 

3-4 55 (18.1%) 150 (16.7%) 
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5-6 40 (13.6%) 140 (15.5%) 

7-8 50 (16.8%) 140 (15.8%) 

9-10 45 (14.8%) 110 (12.4%) 

Index Triage 

Category (N, %) 

Self-care 85 (27.7%) NA 

Ambulance Response NA 450 (50.6%) 

Further COVID 

Assessment 

215 (68.7%) 295 (44.1%) 

Further GP Assessment 10 (3.2%) 45 (5.1%) 

Outcome (N, %) Death 210 (67.1%) 700 (78.6%)   

Deaths due to COVID 

(including after 30 days) 

140 (45.8%) 435 (48.8%) 

Organ support 

(within 30 days) 

140        

(45.2%) 

225        

(45.2%) 

Hospitalisation 

(N, %) 

Emergency Department 

(ED) Attendance 

 

210 (68.4%) 630        

(70.6%) 

Inpatient admission 215 (69%) 625        

(70.3%) 

Diagnosis of COVID  

 

In ED or as inpatient at 

30 days 

170 (55.5%) 475 (53.4%) 

Number of NHS 

111 contacts 

in study period 

(N, %) 

 

1 250 (81.3%) 810 (90.6%) 

2 44 (14.2%) 75 (8.2%) 

3 or more 15 (5%) 10 (1.2%) 

Time to Primary 

Outcome  

(N, %) 

72 hours 60  

(19%) 

260  

(29.1%) 

7 days 170  

(55.5%) 

500  

(56.1%) 

*Interquartile Range (IQR) 

**Numbers suppressed due to small numbers 
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Population 

Characteristic 

Level False Positives (30 days) 

N= 10, 000 

True Negative (30 days) 

N=24, 025 

Age (Years)  Median (IQR)* 

Mean 

49 (33-65) 

49.9 

44 (31-57) 

45.2 

Gender (N, %) Male 4,190 

(41.9%) 

10,460   

(43.5%) 

Comorbidity (N, %) Cardiovascular Disease 235 

(2.4%) 

310 

(1.3%) 

Chronic Respiratory 

Disease  

3,160 

(31.6%) 

5,125 

(21.3%) 

Diabetes 1,120 

(11.2%) 

2,100 

(8.7%) 

Hypertension 2,010 

(20.1%) 

3,320 

(13.8%) 

Immunosuppression  

 

1070 

(10.7%) 

1, 278 

(5.3%) 

Active Malignancy 120   

(1.2%) 

  150   

(0.6%) 

Obesity 1,660 

(16.6%) 

3,490 

(14.5%) 

Pregnant 190 

(1.9%) 

470 

(2%) 

Renal Impairment 135 

(1.4%) 

140 

(0.6%) 

Smoker 3, 245  

(32.4%) 

6, 200 

(25.8%) 

Stroke 70 

(0.7%) 

85 

(0.35%) 

Number of Drugs 

Used 

(N, %)  

0 3, 900 (39%) 12, 230 (50.9%) 

1-5 4, 500 (45%) 9, 830 (40.9%) 

6-10 1, 420 (14.2%) 1, 800 (7.5%) 

11 or more 190 (1.9%) 165 (0.7%) 

Clinical Frailty 

Scale   

(N, %) 

 

 

Unknown 1,965 (19.6%) 2,790 (11.6%) 

 

Aged<65 7,470 (74.7%) 20,725 (86.3%) 

1-3 60 (0.6%) 85 (0.4%) 

4-6 225 (2.2%) 220 (0.9%) 

7-9 290 (2.9%) 210 (0.9%) 

Ethnicity  

(N, %) 

  

Unknown 2,100 (21%) 5,480 (22.8%) 

Asian or Asian British 1,025 (10.3%) 2,790 (11.6%) 

Black or Black British 190 (1.9%) 555 (2.3%) 

Mixed 110 (1%) 355 (1.5%) 

Other Ethnic Groups 130 (1.3%) 420 (1.7%) 

White 6,445 (64%) 14,420 (60%) 

Deprivation Index 

(N, %)  

Unknown 650 (6.5%) 1, 180 (4.9%) 

1-2 3, 570 (38.2%) 8, 730 (38.2%) 

3-4 1, 770 (19%) 4, 500 (19.7%) 

5-6 1, 470 (15.7%) 3, 665 (16%) 

7-8 1, 435 (15.4%) 3, 440 (15.1%) 

9-10 1, 105 (11.8%) 2, 510 (11%) 
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Index Triage 

Category (N, %) 

Self-care NA 12, 840 (53.4%) 

Ambulance Response 1, 645 (16.5%) NA 

Further COVID 

Assessment 

7, 935 (79.3%) 10, 300 (42.9%) 

Further GP Assessment 360 (3.6%) 490 (2%) 

Number of NHS 

111 contacts 

in study period 

(N, %) 

 

1 9,230 (92.3%) 21,855 (91%) 

2 645 (6.5%) 1,740 (7.3%) 

 

3 or more 130 (1.3%) 430 (1.8%) 

*Interquartile Range (IQR) 
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