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ABSTRACT

Objective: Use of the National Early Warning Score2 (NEWS2) has been mandated in adults
admitted to acute hospitals in England. Urgent clinical review is recommended at NEWS2>5. This
policy is recognised as requiring ongoing evaluation. We assessed NEWS2 acquisition, alerting at
key thresholds, and patient outcomes, to understand how response recommendations affect clinical

resource allocation.

Setting: Adult acute hospital in England.

Design: Observational cohort study.

Participants: 100,362 consecutive admissions between Nov 2018-Jul 2019.
Outcome: Death or admission to ICU within 24 hours of a score.

Methods: NEWS2 were assembled as a single score from consecutive 24-hour timeframes; the first
score recorded (“Index-NEWS2"), the highest NEWS2, or as all scores from the admission (“All-
NEWS2"). Scores were excluded from analysis when a patient was in intensive care, in the presence
of a decision not to undertake cardiopulmonary resuscitation, or on Day 1 of elective admission

prior to the planned procedure.

Results: A mean of 4.5 NEWS2 were acquired per patient per day. The outcome rate following an
Index-NEWS2 was 0.22/100 patient-days. The sensitivity of outcome prediction at Index-NEWS2 >5
= 0.46, and number needed to evaluate (NNE) =52. At this threshold, a mean of 37.6 alerts/100
patient-days would be generated, occurring in 12.3% of patients on any single day. Threshold
changes to increase sensitivity by 0.1, would result in a 2-fold increase in alert rate and 1.5-fold
increase in NNE. Overall, NEWS2 classification performance was significantly worse on Index-scores
than All-scores (c-statistic = 0.78 vs 0.85; p<0.001).

Conclusions: The combination of low event-rate, high alert-rate and low sensitivity, in patients for
cardiopulmonary resuscitation, means that at current NEWS2 thresholds, resource demand is
significant, and might redirect care from other patients at need. In analyses that epitomise in-
patient screening, NEWS2 performance suggests a need for re-evaluation of current response

recommendations in this population.
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Strengths and limitations of the study

All admissions to an acute hospital within the study timeframe are included, providing the basis

for a detailed understanding of the consequences of NEWS2 based policy.

A precise definition of DNACPR decisions over the course of an admission informed our
analysis, in order to maintain correspondence with decision making and treatment options

available clinically.

The evaluation of NEWS2 as a single score from discrete 24-hour timeframes, provides an
assessment of classification performance which epitomises its role in screening patients
between routine reviews, moderating the effects of including large numbers of scores acquired

from those already identified to be at clinical risk.

The analysis is limited by the fact that this is a single centre study, however the underlying data

are consistent with other reports from acute hospitals in the NHS.

The analysis excludes Day 1 of elective admission from outcome-based analysis, because

deranged physiology was predicted to occur following planned intervention on that day.
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INTRODUCTION

The use of early warning scores (EWS's) has been widely advocated, to integrate physiological
parameters into a single actionable output. In 2017, the Royal College of Physicians (RCP) published
a modified National Early Warning Score (NEWS), referred to as NEWS2 [1]. NEWS2 is a scoring
system based upon six physiological parameters. It is associated with specific clinical response
recommendations, including urgent clinical review at a key threshold NEWS2 score >5. This requires
attendance by clinicians with competence in the assessment and treatment of acutely ill patients,
and where necessary, escalation to a team with critical care competencies [1]. At NEWS2 score >7,
this is uplifted to assessment by a team with those critical care competencies. In 2019, the National
Health Service in England (NHSE) mandated the use of NEWS2 for all adults in acute hospitals and
widened its application to include screening for sepsis [2]. This extends its use significantly beyond
the evaluation of acute admissions, for which NEWS was initially developed and validated [3-8]. The
National Institute for Health and Care Excellence (NICE) has identified the need for further
evaluation of NEWS2, to ensure no adverse consequences from its roll out across the NHS [9]. This
is in the context of limited evidence of survival benefit from an EWS triggered response [8, 10-15],
or definition of the resource required to deliver a response [16]. Since electronic systems directly
link a threshold EWS to a response recommendation [17], high rates of alerting may arise,
unmoderated by human intervention [18, 19], creating an opportunity for clinical resource to be

diverted in ways that could be counterproductive [9].

Given a requirement to significantly alter clinical practice [1, 2], we evaluated the performance of
NEWS?2, across the in-patient population of an acute hospital. This included a description of the
rate of NEWS2 data acquisition, the rates at which key threshold scores were met, and their
relationship to outcome. This was with a view to understanding how NEWS2 based
recommendations could affect the distribution of resource when put into practice, taking into
account factors which may modify the outcome, such as resuscitation status, or those which may

amplify demand, such as recurrent alerting [9].
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METHODS
Setting

The Queen Elizabeth Hospital Birmingham (QEHB) is a National Health Service (NHS), urban, adult,
acute hospital in England with 1269 beds including 80 level 2/3 intensive care (ICU) beds, an
Emergency Department that assesses >300 patients per day, and a mixed secondary and tertiary
practice that includes all major adult specialities with the exception of obstetrics and gynaecology.
The EHR at QEHB (PICS, Birmingham Systems) contains time-stamped, structured records that
include demography, location, time of admission and discharge, physiological measurements
supporting NEWS2 and Standard Early Warning Score (SEWS) (Table S1 of the online supplement)

and Do Not Attempt Cardiopulmonary Resuscitation (DNACPR) decisions.

NEWS2 data collection was electronically mandated, whilst alerting continued to use established
SEWS thresholds [20], (coincidentally facilitating an assessment of NEWS2 performance at the key
action threshold >5, minimally disrupted by triggered clinical responses (Table S2 and S3 of the
online supplement)). Existing standards included a maximum interval between EWS acquisition =
12 hours, progressive alerting to ward-based staff and automated escalation to a 24/7 critical care

outreach team at threshold SEWS.

Cohort and Definitions

All hospital spells (continuous stay in a hospital bed), between 00.00 on 01/11/2018 and 23.59 on
31/7/2019, were evaluated to discharge (99.6%), or to 56 days post admission (0.4%) if that was
earlier. Initial Emergency Department assessments, prior to admission, were not included. An
adapted consort diagram is shown in Figure la. Admissions were identified as emergency or
elective from the mandatory provider spell admission method code. A composite outcome event
was defined as the first of unplanned admission to ICU (type 1 and 2 of the NHS critical care

minimum dataset) or death of the patient, within 24 hours of a NEWS2 score.

In the primary analysis, each spell was divided into consecutive 24-hour post-admission days
starting at the time of admission. As shown in Figure 1b, for admission time T, consecutive 24-hour
periods end at T + (n x 24 hours); where n is the nominal post-admission day. The first NEWS2
recorded in each post-admission day, at time t, was termed the Index-NEWS2 score. An
overlapping, patient-day variable was defined between t, and t,+24hours. The first outcome

occurring in the patient-day was linked to the preceding Index-NEWS2. This design was used to
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ensure a single NEWS2 score was captured from discrete, consecutive, 24-hour time periods and

that the outcome was assessed over 24 hours.

In addition to Index-NEWS2, analyses were undertaken using all the scores recorded in a given time
period (termed All-NEWS2) [21] and using the highest score on each post-admission day (termed
Highest-NEWS2). NEWS2 scores were not eligible for inclusion if at the time the score was acquired,
the patient was in ICU or had a DNACPR in place. This was to achieve internal consistency when
using admission to ICU as part of the composite outcome, since decisions not to resuscitate are
highly concordant with ceiling of care not including ICU. On return from ICU or if a DNACPR was
revoked, subsequent scores were included in the analysis. No score was calculated when patients

underwent an operative procedure away from the ward.

Day 1 post elective-admission was excluded from outcome-based analysis because it was known
that almost all were admitted for surgery later that day, after a NEWS2 was recorded. Any
relationship with outcome might then be confounded by decisions not to proceed to intervention

on that day, informed by NEWS2 or its component observations.

Patient demographics are reported for the first admission in the study period. Additional context is
provided by reporting bed occupancy at midday across the study period (Table S4 of the online

supplement).

Analysis of EWS performance

To evaluate the performance of different NEWS2 threshold scores, a patient with a NEWS2 >
threshold score was defined as predicted positive (P) and a patient with a NEWS2 < threshold score
as predicted negative (N). At different NEWS2 threshold values, performance metrics were
calculated from 4 different groups: true positive (TP), when an outcome event was correctly
predicted, false positive (FP) when an outcome event was predicted but did not occur; with true
negative (TN) and false negative (FN) following suit. Receiver operating characteristics (ROC's) were

derived from these metrics, for Index-NEWS2 and All-NEWS?2.

A range of performance metrics were calculated including two identified to be particularly suited

to the representation of early warning score performance, namely the Number Needed to Evaluate
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(NNE) and the Alert Rate [22]. NNE is the number of patients meeting a threshold NEWS2 score, to

include one who then sustains an outcome event, defined as follows:

TP+FP 1
NNE=—1p—=ppy

The Alert Rate is the number of threshold scores (alerts that would be generated) per 100 inpatients

per day, defined as follows:

TP + FP

Alert Rate = TP+ FP+ TN+ FN ™ number of NEWS2 scores acquired (/100 patients/day)

The NNE and Alert Rate were plotted against the sensitivity as previously discussed [22]. For the
Index-NEWS?2, an outcome event rate per 100 patient-days, was calculated (Overall Event Rate) as
follows:

TP+ FN

Overall Outcome Event Rate = TP+ FP+ TN + FN x 100 /100 patient days

For the Index-NEWS2, an outcome event rate at any given threshold score (Alerted Event Rate) per
100 patient-days, was calculated as follows:

TP

Alerted Outcome Event Rate = TPLFP+TN+LFN * 100 /100 patient days

For the purpose of reporting any daily rate, time of discharge was not considered, a whole day was

counted.

Estimation of Clinician Resource Requirement

The clinical resource required to support response recommendations was illustrated by
assuming 1 hour of healthcare professional time per clinical evaluation, informed by a report
of a rapid clinical response team on a surgical ward in Holland [23]. The number of healthcare
professionals required /100 beds occupied was calculated based upon a 40-hour working week

and 18% overhead for leave (=1760 hours/year).
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Statistical analysis

All statistical analyses were undertaken in STATA SE 15.1. Normally distributed variables are
represented as mean +/- standard deviation others as median and interquartile range.
Bootstrap analyses of the ROC were undertaken with 10,000 repetitions of 10,000 patient-days.

There were no adjustments for multiple comparisons and all p values are reported.

Patient and public involvement

302 patients and public members were consulted in relation to the use of health data to
improve the care for people with acute, unplanned illness. The theme of acuity scores was
discussed in a working group and agreed to be a priority for patients. Access to health data
was specifically discussed with a group of patients and members of the public, who reviewed
data field names and agreed data access was in the interests of patients. Initial results have
been fed back to patient groups. The full results of this paper will be disseminated through

the PIONEER patient and public group.

Research Ethics Approvals

This study was approved by the East Midlands—Derby REC (reference: 20/EM/0158) and as part
of a change assessment programme (UHB clinical audit: CARMS-15850).
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RESULTS

Patients and admissions

There were 100,362 admissions across 273 days. In 21,744 no NEWS2 was recorded, 21,599
(99.3%) of which were associated with a short length of stay < 12 hours (Figure 1a). The other 78,431

admissions in which NEWS2 was recorded, occurred in 52,214 patients (Table 1).

DNACPR and outcome

A DNACPR decision was made in 4,621 (4.6%) admissions. This resulted in a DNACPR that was active
in 170 £ 15 (13%) in-patients at midday (Table S4 of the online supplement). Of 1076 deaths not
on ICU, 943 (87.6%) occurred in those with a DNACPR decision, in 834 of whom this had been in

place >24 hours.

Index-NEWS2 recording and outcome

A DNACPR was active throughout the course of 367 admissions. In the remaining 77,877
admissions, 294,602 Index-NEWS2 were recorded. They were associated with 715 outcome events
in the following 24 hours (154 deaths and 561 admissions to ICU). Of 10,731 post-admission days
in which no NEWS2 was calculated, 5,786 (53.9%) involved discharge later that day, whilst 4,424
(41.2%) comprised a whole day in which the patient was eligible for inclusion and in which no

outcome event occurred (Figure S1 of the online supplement).

Day 1 post-elective admission
Exclusion of Day 1 of elective admission from the analysis of Index-NEWS2 associated outcome,

was supported by finding that 94.7% of admissions were followed by a planned procedure, that this

occurred within 12 hours, and all outcome events followed a procedure.

Classification performance of NEWS2

Across all other days, 1,162,824 All-NEWS2 scores were recorded on 258,678 post-admission days,
so a mean of 4.5 NEWS2 were recorded per day. 580/258,678 (0.22%) Index-NEWS2 were associated
with an outcome event. 5,284/1,162,824 (0.45%) All-NEWS2 were associated with an outcome

event, since a mean of 9 NEWS2 were recorded in the 24 hours prior to an outcome event. The c-

10
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statistic of outcome prediction was higher when derived from All-NEWS2 compared to Index-

NEWS2 (0.85 vs 0.78; p<0.001; Figure S2 of the online supplement).

Alert Rate and NNE associated with Index-NEWS2

Table 2 presents Index-NEWS2 performance. The Index-NEWS2 Alert Rate is shown in Table 3.
Figure 2a plots this Alert Rate against sensitivity for the Index-NEWS2 score. Around current key
clinical response thresholds, the relationship was log-linear: a 2.0 x increase in the Alert Rate for an
increase in sensitivity of 0.1 (Alert Rate = 0.19e718xsensitvity hatween NEWS2 >10 and >2). At the key
action threshold NEWS2 >5 the Alert Rate generated by an Index-NEWS2 = 5.3/100 patients/day,
at which score the Index-NEWS2 sensitivity = 0.46.

Figure 2b shows the relationship between the NNE and sensitivity. Around current key clinical
response thresholds, the relationship was log-linear: a 1.5 x increase in NNE to increase sensitivity
by 0.1 (NNE = 8.7 e*l4xsensitivity hatween NEWS2 >10 and >2). At the key action threshold NEWS2
score >5, the NNE = 52.

Alert Rate associated with All-NEWS2

The Alert Rate at a threshold Index-NEWS2 score represents the rate derived from that single score.
However, a mean of 4.5 NEWS2 scores were recorded per post-admission day. The Alert Rate
derived from All-NEWS?2 scores is shown in Table 3. Figure 2a plots the Alert Rate generated by All-
NEWS2 against the sensitivity of Index-NEWS2, across different thresholds. Around current clinical
response thresholds, the relationship was log-linear: a 1.8 x increase in the Alert Rate for an increase
in sensitivity of 0.1 (Alert Rate = 2.12eb14xsensitvity hetween NEWS2 >10 and >2). At the key action
threshold NEWS2 score >5, the Alert Rate generated by All-NEWS2 = 37.6/100 patients/day.

Alert Rate associated with Highest-NEWS2

The Alert Rate generated by the Highest NEWS 2 score in each post-admission day is also shown
in Table 3. Figure 2a plots the Alert Rate generated by the Highest-NEWS2, against the sensitivity
of the Index-NEWS2, across different thresholds. Around the current clinical response thresholds,
the relationship was log-linear: a 1.8 x increase in the Alert Rate for an increase in sensitivity of 0.1
(Alert Rate = 0.73e607xsensitivity hatween NEWS2 >10 and >2). At the key action threshold NEWS2
score >5, the Alert Rate generated by the Highest-NEWS2 = 12.3/100 patients/ day.
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Incremental clinical resource required by changes to NEWS2 threshold

The number of clinicians required to support responses deployed at the different NEWS2
thresholds, is also estimated in Table 3. This is derived from the Alert Rates defined by the Index-
NEWS2, All-NEWS2 and the Highest-NEWS2 at each threshold, with 1 hour assigned per clinical
response deployed. Thus, at the key action threshold NEWS2 score >5, demand for clinician
resource was calculated to be respectively 1.1, 7.8 and 2.6 WTE clinicians/100 in-patients. This
would equate to 14, 98 and 32 WTE clinical staff to respond to the Index, All or the highest NEWS2
respectively in the QEH (1269 beds).

Calibration of NEWS2

Although not developed as a predictor of absolute risk, NEWS2 usefully represents progression of
risk across the population analysed. Integer changes in NEWS2 threshold were associated with
approximately equal relative changes in the odds ratio of outcome events, across a wide range of

scores (Figure S3 of the online supplement).

12
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DISCUSSION

In 2019, NHSE required that NEWS2 be used to monitor all adults in acute hospitals [2], extending
its scope to include screening for sepsis. This was linked to clinical response recommendations
defined by the RCP, including a key threshold for urgent clinical review at NEWS2>5 [1]. NICE
cautioned that when used in this way, there was a risk that NEWS2 based recommendations could
result in new demand, which paradoxically might adversely affect overall care delivery [9]. A need
for ongoing evaluation was identified. Our analysis was designed to provide a description of how
NEWS2 implementation could affect the disposition of clinical resource, across an acute hospital
in-patient population, considering the effects of response modifiers such as resuscitation status as

well as repeated measurement in those already identified for increased levels of care.

In contrast to other studies, NEWS2 recorded at the time of a DNACPR was excluded from our
analysis. This was possible because time stamped records of both were available in the EHR.
Previous reports have excluded patients on end-of-life care pathways, however this had to be
inferred from an absence of observations in the 24 hours prior to death [24-26]. Precise delineation
of these two groups shows that the majority of deaths occurred in patients with a DNACPR in place
for more than 24 hours, whereas ICU admissions occurred in patients without a DNACPR. Although
this may be unsurprising, it is important when considering the translation of NEWS2 into clinical
practice. Compared to previous reports [24-26], there was a low event rate in the large group of
patients who were eligible for outcome-based analysis, because the majority of deaths occurred in
patients with a DNACPR. A low event rate in this group is one reason why NEWS2 may not perform
as well as expected when translated into clinical practice [9, 15]. It is evident in metrics sensitive to
the event rate, such as the NNE. This analysis does not imply that NEWS2 is not applicable to
patients with a DNACPR, but it does reflect difficulty in interpreting the real-world consequences of

recommended thresholds, if these populations are not analysed separately.

Index-NEWS2 was used to assemble single scores from discrete post-admission timeframes, to limit
over-representation of scores recorded for clinical indication rather than routine screening. Clinical
practice guidelines, including those associated with NEWS2 [1], require increased monitoring of
physiological parameters to track those already identified to be at risk of further deterioration. This
requires a progressive representation of risk, a different task to screening a population using routine

observations. Our findings are relevant to the latter. The better classification performance of NEWS2
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on All-scores compared to Index-scores implies that NEWS2 discriminates better on days in which
data acquisition is more frequent. This conclusion is apparently different to the influential report of
Jarvis and colleagues, which found that the c-statistic of NEWS and other scoring systems are little
affected when using all or single scores per admission [21]. However, their random selection of
single scores across an admission would be expected to mirror the distribution of all scores. In
contrast, a methodology employing single scores from a timeframe typical of that between routine
reviews [27, 28] is less influenced by superior performance on scores obtained during times of high
frequency monitoring. Arguably, our analysis of Index-NEWS2 more closely reflects its use as a
screening tool in the interval between ward-round based routine assessment, which is typically 24
hours. This difference in performance is another reason why in clinical practice, NEWS2 might not

perform as well as expected from the literature [15].

Even at the lower action threshold >5, Index-NEWS2 sensitivity was less than 0.5. Other routes to
clinical evaluation, such as routine or symptom-based assessment are therefore also likely to play
an important role in identifying deteriorating patients for assessment. The resource with which to
deliver these assessments must then compete with that demanded by NEWS2 triggered responses.
Diversion of resource is one mechanism by which NEWS2 implementation could adversely affect

patient care, particularly if alert rates are high [9].

In our centre, alert rates would be high at current NEWS2 thresholds. This is consistent with data
from other NHS acute hospitals [24, 26]. A meaningful diversion of clinical resource away from other
routes to evaluation is therefore possible [9]. Equally, alert fatigue could arise, thereby degrading
clinical decision making [29]. In response to this, some centres have developed local policies to

manage repeated alerting in some situations [30].

Given that responses to All-NEWS2 may be modified in various ways, including prospective
decision-making or censoring by ward-staff at the point of care [31], we also defined an Alert Rate
based on the Highest-NEWS2 score each day. This is operationally equivalent to allowing one
triggered response per person per day. Although it might underestimate the optimal response rate,
this provides additional context with which to understand the boundaries of reasonable clinical

resource deployment.
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An optimal threshold score would usually be defined by health economic analysis [8, 32]. This is not
possible because there is little evidence quantifying survival benefit from EWS triggered responses
[8, 10-16], nor is there a consistent account of the cost of current clinical response
recommendations. We assigned 1 hour of clinician time per response, to illustrate the potential
resource implications of different thresholds. This was based on a single informative study [23]
identified by NICE guidance on emergency and acute care [16]. It evaluated a team with critical care
competencies, most like that indicated for NEWS2>7. We chose not to vary this resource attribution

further, as our aim was to provide perspective on scale rather than precise definition of cost.

Although a health economic analysis is not possible, description of the Alert Rate and Event Rate
provides some insight into the resource consequences of different NEWS2 thresholds, across an
acute hospital in-patient population. For example, reducing the NEWS2 threshold from >7 to >5
would increase the Alert Rate from 4.1 to 12.3 /100 post-admission days, thereby increasing the
modelled demand for healthcare professionals from 0.9 to 2.6 whole time equivalents /100 in-
patients. This resource estimate is based upon Highest-NEWS2, so may be an under-estimate. The
number of Index-NEWS?2 triggered responses followed by an event would increase by 0.04/100
patient-days, but 0.12 events /100 patient-days would still not have been predicted. Even as an
approximation, these results reveal that small changes in current thresholds can result in demand

for clinical resource that could meaningfully impact delivery through other care pathways.

Our analysis of NEWS2 excluded patients when there was a DNACPR decision. This is a diverse
group of patients, including those approaching the end of life as well as those in whom significant
intervention is considered. Since they form a minority of in-patients, their exclusion from outcome-
based evaluation would not alter our conclusions regarding the use of undifferentiated NEWS2
thresholds. Nevertheless, this population warrants separate analysis, in particular those whose
resuscitation status changed in the 24 hours prior to death. This may inform an understanding of
how different implementations of EWS'’s are associated with different in-hospital cardiac arrest

rates, possibly because they prompt DNACPR decisions differently [33].

Our analysis also excluded Day 1 of elective admission. This is because different cause-effect
relationships during that day significantly confound the relationship between physiological

derangement and outcome. Previous studies have excluded similar cohorts by not including elective
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admissions [24-26], or day-case admissions [9, 15]. Again, this exclusion does not imply that NEWS2
is not of use, but that a different outcome analysis would be required, arguably one beginning on

return to a ward post-procedure.

A single centre analysis has limitations with respect to generalisation to other populations. Our
underlying data are though consistent with reports from other NHS acute hospitals [24, 26].
Furthermore, an editorial response from 2012, employing unpublished data from users of the
VitalPac EWS, suggested that RCP recommendations on NEWS (and now NEWS2) would be
unsustainable across an entire in-patient population [34]. This can be understood not simply as an
issue of capacity but potential jeopardy arising from the redirection of resource [9]. In an acute
admissions unit, where event rates are high and resources already targeted, value may be realised
from a representation of risk that supports healthcare professionals tracking of patients [3]. As
already discussed, this is a different task to the efficient discrimination required of a screening test,
applied across the in-patient population, to trigger further clinical evaluation. This distinction is also
relevant to recommendations on the identification of sepsis, in which a NEWS2 >5 is used to prompt
clinical assessment by a senior decision maker [2, 35]. This threshold was developed from the
association between outcome and NEWS [36] or gSOFA [24, 25], in those with features of sepsis.
NEWS?2 >5 used as a screening tool for sepsis has not been directly assessed. Our analysis illustrates
the potential real-world consequences of such recommendations, including on the distribution of

senior clinical resource [9].

In summary, we identify why NEWS2 may not perform as well as expected when screening the in-
patient population. This relates not just to moderate classification performance of NEWS2 in this
setting (23), but the consequences of high alert rates, including competition for clinical resource
[9] and clinicians’ attention [29]. There is a particular need to manage multiple alerts in rapid
succession [30]. These problems relate in part to the fact that NEWS2 was evolved for paper-based,
or stand-alone implementation. In these settings, alert censoring by ward staff is well documented,
whether appropriate or not [18, 19]. EHR's automate alerting, thereby generating different
problems, associated with high alert-rates. The EHR offers the opportunity to develop more
sophisticated scoring systems incorporating a wide range of data, however correspondence with a
national, paper-based system would then be lost. Any such development would require careful
evaluation using a suitable methodology, such as cluster randomisation [37]. This approach has

recently demonstrated improved 30-day mortality in patients identified to be at risk of
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deterioration in Kaiser-Permanente hospitals. An algorithm was used to assess co-morbid
conditions and laboratory parameters, as well as physiological parameters [38]. At the chosen
response threshold, only 2.8 alerts per 100 patients per day were generated. This was followed by
a complex intervention involving remote review by specially trained nurses, stipulated to avoid alert
fatigue in hospital staff. It is therefore a significantly different implementation to NEWS2 in England,
but one that demonstrates the potential for targeted assessment using an EHR. Indeed, it may be
that simple scoring systems are limited in their capacity to confer net benefit across a diverse
population, receiving current standards of routine review [27]. Failure to show survival benefit from
EWS triggered responses would in that case, not simply reflect limitations in the methodologies

used to undertake assessment [15].

In conclusion, there is a risk that currently constituted NEWS2 based response recommendations
could adversely impact the overall delivery of care to an in-patient population [9]. The response to
multiple alerts requires better definition and ongoing evaluation. As a result, we would not support
undifferentiated implementation of current recommendations at a key threshold NEWS2 score >5,
across the entire in-patient population at our centre. Given existing reports of NEWS2 performance,

our findings are likely to be relevant to other acute hospitals.
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TABLES

Table 1 Demographic and clinical characteristics of patients

Elective Emergency
Number of patients with one or more included admission eligible 22,538 29,122
for analysis (first admission)
Mean age / years (at time of first admission) 53.9+18.1 56.2 £21.7
Number of male patients (percentage) 12,142 13,800
(53.9%) (47.4%)
Ethnicity
White 16,153 (71.7%)| 19,596 (67.3%)
South Asian 2,642 (11.7%) | 4,203 (14.4%)
Black 943 (4.2%) 1,489 (5.1%)
Other 806 (3.6%) 1434 (4.9%)
Not Known 1,994 (8.8%) 2,400 (8.2%)

Admitting speciality on first admission

General Medicine 1,545(6.9%) | 20,174 (69.3%)
General Surgery 2,150 (9.5%) | 3,061 (10.5%)
Trauma & Orthopaedics 2,307 (10.2%) | 1,486 (5.1%)
Neurosurgery 1,866 (8.3%) 639 (2.2%)
Urology 1,411 (6.3%) 587 (2.0%)
Cardiology 1,821 (8.1%) 469 (1.6%)

Clinical & Medical Oncology

1,263 (5.6%)

549 (1.9%)

Ear, Nose and Throat (ENT)

1,401 (6.2%)

389 (1.3%)

Plastic Surgery

2,138 (9.5%)

304 (1.0%)

analysis throughout an admission

Maxillo-Facial Surgery 849 (3.8%) 252 (0.9%)
All others 5,787 (25.7%) | 1,212 (4.2%)
Mean number of admissions / patient 1.6 1.5
Number of admissions in which the patient was ineligible for 60 494

Table 1 Legend

The demographics, mode of admission and admitting speciality on first admission, of the 52,214

patients that were subject to NEWS2 analysis, contributing 36,182 elective and 42,249 emergency

admissions. In 554 admissions the patient was ineligible for inclusion in analysis throughout the

spell (187 due to admission and discharge from ICU. 367 due to a DNACPR decision).
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Table 2 Performance of Index NEWS 2

Page 20 of 41

Threshold Number of Number of Alert Rate Sensitivity Specificity PPV NPV NNE Alerted
NEWS2 Index NEWS2 composite / 100 patients (%) (%) (%) (%) outcome
meeting outcome events / post- event rate
threshold associated with | 5qmigsion day /100
Index NEWS?2 at patient-
threshold days
=1 184,867 534 71.5 92.1 28.6 0.3 99.9 347 0.21
>2 101,364 453 39.2 78.1 60.9 0.4 99.9 224 0.17
>3 53,713 383 20.8 66.0 79.3 0.7 99.9 141 0.15
>4 26,484 318 10.4 54.7 89.9 1.2 99.9 84 0.12
>5 + Single=3 21,833 288 8.4 49.6 91.7 1.3 99.9 76 0.11
>5 13,793 268 5.3 46.1 94.8 1.9 99.9 52 0.10
>6 7,252 216 2.8 37.1 97.3 3.0 99.9 34 0.08
>7 3,824 153 1.5 26.2 98.6 4.0 99.8 25 0.06
>8 2,095 105 0.8 18.0 99.2 5.0 99.8 20 0.04
=9 1,158 75 0.4 12.8 99.6 6.4 99.8 16 0.03
>10 613 51 0.2 8.6 99.8 8.2 99.8 12 0.02

Table 2 legend

The Index NEWS2 score is the first recorded in each consecutive 24-hour period post-

admission. 258,678 Index NEWS2 score were analysed from Day 1 to Day 56 of admission,

excluding the first day of elective admission. There were 580 outcome events.

The alerted outcome event rate per 100 patient days is the number of outcome events

following an Index NEWS2 meeting the threshold NEWS2 score. The overall outcome event

rate = 0.22 per 100 patient-days. PPV is positive predictive value. NPV is negative predictive

value. NNE is number needed to evaluate.
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Table 3
Alert Rates and clinician resource required to respond at threshold NEWS2
Threshold Index NEWS2 | WTE clinician / All-NEWS2 WTE clinician / 100 Highest-NEWS2 | WTE clinician / 100
NEWS2 Alert Rate / 100 100 occupied | Alert Rate /100 occupied beds Alert Rate / 100 occupied beds
patients / post- beds patients / post- to respond to All patients / post- to respond to
admission day to respond to admission day NEWS2 admission day Highest NEWS2
Index at threshold at threshold
NEWS2
at threshold
>1 71.5 14.8 3354 69.6 91.4 19.0
>2 39.2 8.1 202.3 41.9 64.5 134
>3 20.8 43 117.6 24.4 39.6 8.2
>4 10.4 22 65.3 13.6 22.1 4.6
>5 or
Single=3 8.4 1.7 52.9 11.0 19.3 4.0
>5 5.3 1.1 37.6 7.8 12.3 2.6
=6 2.8 0.6 222 4.6 7.1 1.5
=7 1.5 0.3 12.9 2.7 4.1 0.9
>8 0.8 0.2 7.6 1.6 2.5 0.5
>9 0.4 0.1 44 0.9 1.5 0.3
>10 0.2 <0.1 24 0.5 0.9 0.2

Table 3 legend

The Alert Rate is the number of NEWS2 scores that reach threshold per 100 patients per post-

admission day. NEWS2 score were analysed from Day 1 to Day 56 of admission, excluding the

first day of elective admission. Index NEWS2 reports the first NEWS2 recorded in each post-

admission day. All-NEWS2 includes all scores recorded in the admission spell. Highest-NEWS2

reports the highest score recorded in each post-admission day. The whole time equivalent (WTE)

clinician resource required to service clinical response recommendations at different thresholds,

assumed 1 hour per deployed response and an annual clinician workload = 1760 hours. NEWS2

were excluded from analysis in the presence of a DNACPR decision or when the patient was on ICU.
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FIGURE LEGENDS

Figure 1 Modified consort diagram and overview of study design

Legend

a.

Of 100,762 consecutive in-patient spells, 78,431 (77.8%) recorded at least one NEWS2 score
whilst admitted outside of ICU. Of the remaining 21,931, 0.8% were admitted and discharged
from ICU and so were never eligible for inclusion in the analysis. Of the others in which no
NEWS?2 score was recorded 96.8% had a length of stay (LOS) < 6 hours, 99.3% <12 hours (and
0.3% 224 hours). There were 29 deaths or admission to ICU associated with spells in which no
NEWS2 was recorded.

Post-admission days were defined as consecutive 24-hour periods beginning at the time of
admission T. The Index NEWS2 score was the first recorded in each of these periods at time t
(®). A distinct overlapping ‘patient-day’ variable was then defined for each NEWS2 score
between t and t + 24 hours during which, occurrence of a composite outcome event (¢) was
recorded and linked to the peceeding Index NEWS2. Since the exact time t, that the Index-
NEWS2 was recorded varies on each day, a small number of outcome events may be
associated with no Index NEWS2 score (3.5%) as illustrated during Day 3, or with two Index
NEWS2 scores (9.6%) as illustrated during Day 4.

Figure 2 Alert Rate and Number Needed to evaluate for NEWS2

Legend

a.

Alert Rate for Index, All and Highest NEWS2 score vs sensitivity for Index NEWS2 score
The Alert Rate is the number of NEWS2 scores recorded at any given threshold, per 100 patients

per post-admission day.

NEWS2 scores from Day 1 to 56 post-admission other than for Day 1 of elective admission were
evaluated. The larger marker denotes the key action threshold NEWS2 >5, to the right of which
is the marker for NEWS2 >5 or single parameter = 3 (and then NEWS2 >4, >3, >2, >1), and to
left of which is NEWS2 >6 (and then NEWS2 >7, =8, >9, >10).

Number Needed to Evaluate vs sensitivity for Index NEWS2 score

The Number Needed to Evaluate is the number of patients to whom an Index NEWS2 score
based clinical response must be deployed at threshold, to include one who then sustains a
linked composite outcome event. The composite outcome event was defined as the first of
unplanned admission to ICU (type 1 and 2 of the NHS critical care minimum dataset) or death

of the patient within 24 hours of a NEWS2 score.
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Figure 1 Modified consort diagram and overview of study design
Legend
a. Of 100,762 consecutive in-patient spells, 78,431 (77.8%) recorded at least one NEWS2 score whilst
admitted outside of ICU. Of the remaining 21,931, 0.8% were admitted and discharged from ICU and so
were never eligible for inclusion in the analysis. Of the others in which no NEWS2 score was recorded 96.8%
had a length of stay (LOS) < 6 hours, 99.3% <12 hours (and 0.3% =24 hours). There were 29 deaths or
admission to ICU associated with spells in which no NEWS2 was recorded.

b. Post-admission days were defined as consecutive 24-hour periods beginning at the time of admission T.
The Index NEWS2 score was the first recorded in each of these periods at time t (black circle). A distinct
overlapping ‘patient-day’ variable was then defined for each NEWS2 score between t and t + 24 hours
during which, occurrence of a composite outcome event (black diamond) was recorded and linked to the
preceeding Index NEWS2. Since the exact time t , that the Index-NEWS2 was recorded varies on each day,
a small number of outcome events may be associated with no Index NEWS2 score (3.5%) as illustrated
during Day 3, or with two Index NEWS2 scores (9.6%) as illustrated during Day 4.
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Figure 2B
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Figure 2 Alert Rate and Number Needed to evaluate for NEWS2
Legend
a. Alert Rate for Index, All and Highest NEWS2 score vs sensitivity for Index NEWS2 score
The Alert Rate is the number of NEWS2 scores recorded at any given threshold, per 100 patients per post-
admission day.
NEWS?2 scores from Day 1 to 56 post-admission other than for Day 1 of elective admission were evaluated.
The larger marker denotes the key action threshold NEWS2 = or > 5, to the right of which is the marker for
NEWS2 =or >5 or single parameter = 3 (and then NEWS2 = or > 4, = or > 3, = or >2, = or >1), and to left
of which is NEWS2 = or > 6 (and then NEWS2 = or >7, = or >8, = or >9, = or >10).

b. Number Needed to Evaluate vs sensitivity for Index NEWS2 score
The Number Needed to Evaluate is the number of patients to whom an Index NEWS2 score based clinical
response must be deployed at threshold, to include one who then sustains a linked composite outcome
event. The composite outcome event was defined as the first of unplanned admission to ICU (type 1 and 2
of the NHS critical care minimum dataset) or death of the patient within 24 hours of a NEWS2 score.
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Online Supplementary Figure S1: Post admission days with no Index NEWS2 recorded

Post-admission days with no Index NEWS2 recorded
n= 10,731
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Legend. Of the 10,731 in which no Index-NEWS2 was recorded, 5,786 (53.9%) were discharged alive later that day. 433 (4.0%) were ineligible for part of the
<

day because they were on ICU or had a DNACPR initiated. A further 88 (0.8%) died before a NEWS2 was recorded on g‘-at day. 4,424 post-admission days were
0

therefore not associated with a NEWS2 record for unidentified reasons. There were 144 events (88 deaths and 56 emerggncy admissions to ICU) associated with
o

post-admission days in which no Index-NEWS2 was recorded and another 3 in which a DNACPR was initiated priogto NEWS2 acquisition and subsequent
(1]

death. Of the 144 events, 102 were not associated with an Index NEWS2 from the previous day, 20 because they occui:-red on the first day. The other 82 were

associated with NEWS2 acquired later in the previous day but occurred > 24 hours after that day’s Index-NEWS2.
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Online Supplementary Figure S2
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Receiver operating characteristic (ROC) for Index NEWS2 recorded in Day 1 to 56 excluding first post
elective admission day (c statistic = 0.78, 95% CI:0.76-0.81) and All NEWS2 recorded in Days 1 to 56
excluding first post elective admission day (c statistic = 0.85, 95% CI: 0.85-0.86) p<0.001. A bootstrap
analysis was performed with 10,000 repetitions of 10,000 patient-days, the median and 2.5th and 97.5th
percentiles were then used to generate the ROC curve and corresponding confidence intervals. The
outcome event was defined as the first of unplanned admission to ICU (type 1 and 2 of the NHS critical

care minimum dataset) or death of the patient within 24 hours of a NEWS2 score.
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Online Supplementary Figure S3a
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Legend

The Ln of the Odds Ratio (Ln OR) + 95% confidence intervals for occurrence of the composite outcome
event when the Index NEWS2 > threshold score vs. < threshold score. The composite outcome event
was the first of unplanned admission to ICU (type 1 and 2 of the NHS critical care minimum dataset) or
death of the patient within 24 hours of a NEWS2 score. This analysis included NEWS2 scores from Day
1 to 56 post-admission other than for Day 1 of elective admission.

Although NEWS?2 is not constituted to report absolute risk, it exhibits features valuable in representing
risk. Integer changes in threshold were associated with approximately equivalent proportionate changes
in the risk of an outcome event, across a wide range of scores and associated risk.

(These relationships resemble Fig 2b, because the relationship between sensitivity and Index NEWS2 is
approximately negative linear and because at low event rates the odds of an event at threshold = PPV =

1/NNE; the Ln (odds of an event) ~ -Ln (NNE)).
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Online Supplementary Figure S3b
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Legend

The Ln of the Odds Ratio (Ln OR) + 95% confidence intervals for occurrence of the composite outcome
event when the Index NEWS2 or All NEWS2 > threshold score vs. < threshold score. This representation

of the data reflects the differences in performance between Index-and All-NEWS2 shown in Fig S1.
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Online Supplementary Table S1 NEWS2 and SEWS scoring

National Early Warning Score (NEWS) 2 Standardising the assessment of acute-illness severity in the
NHS- Royal College Physicians, London
Chartl: The NEWS2 scoring system

Physiological Score
parameter
3 2 1 0 1 2 3

Respiration rate (per <8 9-11 12-20 21-24 =25

minute)

SpOy Scale 1 (%) <91 92-93 94-95 =96

SpOy Scale 2 (%) <83 84-85 86-87 88-92>93 0on | 93-94 on 95-96 on >97 on
air oxygen oxygen oxygen

Air or oxygen? Oxygen Air

Systolic blood <90 91-100 101-110 111-219 2220

pressure (mmHg)

Pulse (per minute) <40 41-50 51-90 91-110 111-130 >131

Consciousness Alert CVPU

Temperature (°C) <35.0 35.1-36.0 36.1-38.0 38.1-39.0 >39.1

Chart 2: NEWS2 thresholds and triggers

NEW score Clinical risk Response

Aggregate score 0—4

Low

Ward-based response

Red score
Score of 3 in any individual parameter

Low—medium

Urgent ward-based response”

Aggregate score 5-6

Medium

Key threshold for urgent response”

Aggregate score 7 or more

High

Urgent or emergency response™

* Response by a clinician or team with competence in the assessment and treatment of acutely ill

patients and in recognising when the escalation of care to a critical care team is appropriate.

“*The response team must also include staff with critical care skills, including airway management.

National Early Warning Score (NEWS) 2 Standardising the assessment of acute-illness severity in the
NHS- Royal College Physicians, London,

© Royal College of Physicians 2017

Standardised early warning scoring system (SEWS) parameters and scoring system.

Physiological Score
parameter
3 2 1 0 1 2 3
Respiration rate (per <8 9-20 21-30 31-35 =36
minute)
SaOy <85 85-89 90-92 =93
Temperature (°C) <33.9 34.0-34.9 35.0-35.9 36.0-37.9 38.0-38.9 >39.0
Blood pressure <69 70-79 80-99 100-199 =200
(mmHg)
Pulse (per minute) <29 30-39 40-49 50-99 100-109 110-129 >130
AVPU Alert Verbal Pain None

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

¥S0-T20z-uadolwq

Supplementary Table 2 — Index NEWS2 and SEWS (a) and linked outcomes events (b) from Day 1 to 56 gost-admission excluding Day 1 of

elective admission S
(o]
@
Table S2a Index NEWS2 and SEWS g
NEWS2 3
0 1 2 3 4 3 4 5 6 7 8 9 10 11 12 [ N3 14 15 16 17 Total
single | single B SEWS
0 | 72852 | 54298 | 21005 | 6960 | 2310 | 123 110 | 891 | 232 | 40 5 1 1 0 0 ) 0 0 0 0 158828
1| 674 | 28195 | 22333 | 10054 | 3685 | 2628 | 1565 | 2212 | 867 | 292 | 57 19 3 1 1 %o 0 0 0 0 72586
2| 283 | 835 | 3995 | 4771 | 2162 | 1029 | 1512 | 1910 | 952 | 427 | 174 | 60 16 3 1 ?go 0 0 0 0 18130
3| 2 170 | 291 | 800 | 925 | 445 | 478 | 1068 | 793 | 481 | 246 | 102 | 35 17 4 :'P 0 0 0 0 5857
4] o0 5 27 43 156 9 123 | 394 | 431 | 301 | 211 | 143 | 68 15 7 §2 2 0 0 0 1937
SEWS 5] o 0 0 4 10 3 14 62 129 | 143 | 157 | 118 | 85 39 16 5.4 0 1 0 791
6] o 0 0 0 0 0 0 5 21 40 66 66 59 46 23 | o 2 0 0 0 338
7 0 0 0 0 0 0 0 0 1 5 15 27 24 26 12 %8 2 2 1 0 123
8| o 0 0 0 0 0 0 0 2 0 6 7 7 10 10 -§5 4 3 1 1 56
9] o 0 0 0 0 0 0 0 0 0 0 2 2 2 4 _54 2 2 0 0 18
0] o 0 0 0 0 0 0 0 0 0 0 0 0 2 1 %2 1 0 1 2 9
1| o 0 0 0 0 0 0 0 0 0 0 0 0 1 0 ol 0 0 1 0 3
2] o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Eo 0 1 0 0 1
3] o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 1 1
Towl | 73811 | 83503 | 47651 | 22632 | 924 | 4237 | 38w | 5@ | a4z | 17 | 937 | 565 | a0 | 162 | 7 | 6 19 8 5 4

Of the 8039 that NEWS2 = 3 in any single parameter 149 (1.8%) triggered the lowest SEWS threshold >4

Of the 6542 that NEWS2 =5, 461 triggered (7.0%) the lowest SEWS threshold >4

Of the 3428 that NEWS2 = 6, 584 triggered (16.0%) the lowest SEWS threshold >4

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1ybuAdoo Ag pardairold 1senb Ag 740z,

Page 38 of 41



http://bmjopen.bmj.com/

Page 39 of 41

oNOYTULT D WN =

S
BMJ Open I
e}
D
7
N
o
N
N
o
g
Table S2b outcome events linked to Index NEWS2 and SEWS N
NEWS2 g
>
0 1 2 3 4 g incte | 4 sinele | 3 6 7 8 9 10 [ 11 [ 12 [a3 [ 14 [ 15 ] 16 | 17 Total
11, 11,
single single ;I.;I SEWS
0 45 52 28 21 9 0 0 3 2 1 0 0 0 0 D 0 0 0 0 161
Q
1 0 25 30 19 19 5 3 2 | 18 5 0 1 0 0 0 [<0 0 0 0 0 137
N
2 1 3 11 11 7 2 5 20 | 16 6 5 3 1 0 1 [ Q 0 0 0 0 92
N
3 0 1 1 4 5 3 1 4 | 16 | 20 | 8 7 0 0 1 | o 0 0 0 0 81
Q
4 0 0 0 0 0 0 1 3 8 7 5 4 1 1 0 | 2o 0 0 0 0 30
SEWS 5 0 0 0 0 0 0 0 0 2 8 9 6 8 4 3| Ro 2 0 0 0 2
6 0 0 0 0 0 0 0 0 1 1 3 1 6 4 2 | &1 0 0 0 0 19
7 0 0 0 0 0 0 0 0 0 0 0 0 2 5 o [ 0 0 0 9
8 0 0 0 0 0 0 0 0 0 0 0 2 0 0 E 2 1 1 0 7
o
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S 0 0 0 0 1
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S 0 0 0 0 1
=
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o |20 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o |30 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %o 0 0 0 0 0
Total | 46 81 70 55 40 10 10 | 52 | 63 | 48 | 30 | 24 | 18 | 14 | 7 | o6 4 1 1 0

Of the 20 that NEWS2 =3 in any single parameter, 1 (5.0%) triggered the lowest SEWS threshold >4
Of the 52 that NEWS2 =5, 3 (5.8%) the lowest SEWS threshold >4
Of the 63 that NEWS2 =6, 11 triggered (17.5%) the lowest SEWS threshold >4
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Of the 39178 that NEWS2 = 3 in any single parameter, (1.9%) 766 triggered the lowest SEWS threshold >4
Of the 39910 that NEWS2 =5, 2847 triggered (7.1%) the lowest SEWS threshold >4
Of the 23919 that NEWS2 = 6, 3490 triggered (14.5%) the lowest SEWS threshold >4
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Supplementary Table 3 — All NEWS2 and SEWS (a) and linked outcomes events (b) from Day 1 to 56 posg-admission excluding Day 1 of
elective admission o)
o
@
Table S3a All NEWS2 and SEWS g
NEWS2 3
0 1 2 3 4 3 * 5 6 7 8 o |10 | 11|12 Q3| ]| |6 || s ]| Ml
single | single B SEWS
0 | 201135 | 225784 | 99131 | 37585 | 12886 | 631 | 500 | 4720 | 1444 | 269 | 46 | 11 | 1 0o | o 9o | o | 0o | o | 0o | 0| eass
1| 2748 | 114393 | 99833 | 49029 | 20759 | 12435 | 7958 | 13629 | 6182 | 2206 | 696 | 143 | 34 | 5 1 3o [ o] o o o o 3300
=4
2 | 1159 | 3772 | 18598 | 24228 | 12226 | 4894 | 7661 | 11932 | 7365 | 3669 | 1681 | 666 | 175 | 37 | 11 [B1 [ o [ o [ o | o | o | 98075
3 10 583 | 1364 | 3940 | 5404 | 2053 | 2820 | 6782 | 5438 | 3983 | 2413 | 1231 | 462 | 188 | 54 |12 | 2 | 0o | 0o | o | o 36739
]
4 0 15 113 279 | 778 | 55 | 653 | 2462 | 2560 | 2349 | 1883 | 1428 | 768 | 302 | 122 (333 | 9 | 3 | o | o | o 13812
=y
SEWS | 5 0 0 2 19 53 1 44 | 369 | 809 | 1021 | 1044 | 1024 | 763 | 442 | 184 [F76 | 28 | 9 | 1 | o | 0 5899
6 0 0 0 0 2 0 3 15 | 105 | 227 | 365 | 503 | 485 | 368 | 213 [S12 | 48 | 12 | 3 | o | o0 2461
=
=]
7 0 0 0 0 0 0 0 1 13 27 | 83 | 166 | 158 | 197 [ 151 589 | 59 | 17 | 8 | 0 | 2 971
[¢)
8 0 0 0 0 0 0 0 0 3 4 19 | 30 | 62 | 98 | 64 [S64 | 40 | 2 | 9 | 2 1 418
==
9 0 0 0 0 0 0 0 0 0 0 3 | 5 | 13| 19| 4 [B35 | 2| 20 | 1| 3|0 171
)
10 0 0 0 0 0 0 0 0 0 0 o | 2 | 2 | 4 |11 B ]| 1|6 |9 |4 1 61
11 0 0 0 0 0 0 0 0 0 0 o | o | o 1 1 g3 | 2 | 2 | 4 | 0| o0 13
12 0 0 0 0 0 0 0 0 0 0 o [ o | o | o | o {Z1 3] 2 | 1 1| o 8
13 0 0 0 0 0 0 0 0 0 0 o | o | o] 0o |0 |s0 | o0 1| oo 1| o 2
Total | 295052 | 344547 | 219041 | 115080 | 52108 | 20079 | 19639 | 39910 | 23919 | 13755 | 8233 | 5209 | 2923 | 1661 | 852 [;436 | 225 [ 94 | 46 | 11 | 3 | 1162824
N
o
<
«Q
c
@
4
3
=t
(9]
Q
(9]
o
(=3
<
o
(@]
©
<
E
=
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4 Table S3b outcome events linked to A1l NEWS2 and SEWS N
5 NEWS2 o
>
6 3 4 © Total
) 0 1 2 3 4 single | single 5 6 7 8 9 10 11 12| 3 14 15 16 17 18 SEWS
(=)
8 0 200 208 194 150 73 0 1 37 16 5 0 0 0 0 0 = 0 0 0 0 0 884
?O 1 3 140 162 163 152 39 29 168 | 108 | 56 16 4 0 0 0 i) 0 0 0 0 0 1040
o
1 2 3 7 55 94 81 30 63 194 | 188 | 117 | 71 37 14 1 2 N 0 0 0 0 0 957
12 3 0 3 23 55 15 31 135 | 159 | 189 | 130 | 80 32 16 7 9 0 0 0 0 0 878
13 4 0 0 0 2 5 0 12 40 89 96 | 108 | 118 | 62 47 14 5_:1 1 0 0 0 0 595
14 5 o
0 0 0 0 0 0 0 6 24 40 60 81 88 63 23 | 8 7 2 0 0 0 407
15 SEWS @
16 6 0 0 0 0 0 0 0 0 2 7 24 50 54 54 23 | S 5 3 0 0 0 236
o
17 7 0 0 0 0 0 0 0 0 0 1 3 17 24 31 30 37 11 6 1 0 2 143
=0
13 8 0 0 0 0 0 0 0 0 0 2 1 5 3 11 14 | o 14 11 4 1 0 85
9 =
20 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 g0 5 6 6 0 0 34
21 10 0 0 0 0 0 0 0 0 0 0 0 1 0 0 4 | D 3 4 3 1 1 19
@
22 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o | o 1 0 3 0 0 4
23 3
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R 1 0 0 0 0 2
24 o
25 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0
26 Total | 206 | 357 | 414 | 432 | 366 84 136 | 580 | 586 | 513 | 413 | 393 | 279 | 224 | 121 | 98 48 32 17 2 2 5284
27 >
e
28 Of the 220 that NEWS2 = 3 in any single parameter 12 (5.4%) triggered the lowest SEWS threshold >4 =
[y
29 Of the 580 that NEWS2 =5, 46 triggered (7.9%) the lowest SEWS threshold >4 o
30 88 o
31 Of the 586 that NEWS2 = 6, 115 triggered (19.6%) the lowest SEWS threshold >4 Q
~
32 g
33 5284 outcome events are recorded because every NEWS2 is treated independently and linked to an outcome event ovezthe subsequent 24 hours.
34 3
35 T
36 =4
@
37 Q
@
38 g
39 E
40 3
41 3
42 S
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Supplementary Table 4 bed occupancy by the in-patient population at midday

Group Number of Beds occupied at
12.00°

Patients eligible for NEWS2 analysis

emergency admission in hospital < 24 hours at 12.00 98 + 15

emergency admission in hospital >24 hours at 12.00 632 +31

elective admission in hospital <24 hours at 12.00

150 (IQR 53-162)

elective admission in hospital >24 hours at 12.00

198 £ 21

Patients not eligible for NEWS2 analysis

ICU

72 (IQR: 67-76)

DNACPR

170 £ 15

Supplementary Table 4 legend

Number of beds occupied at midday for the 273 days between 01/11/2018 and 31/7/2019.

2Mean + standard deviation for normally distributed groups. Median and interquartile range if not normally
distributed. (Elective admission in hospital <24 hours included day case admissions which vary
significantly with the day of the week). In those eligible for NEWS2 analysis, weekday bed occupancy =
1096 (median; IQR: 1079-1113) and weekend bed occupancy = 949 (median; IQR: 937-976). Across all

days, the mean daily bed occupancy at midday in those eligible for NEWS2 analysis = 1046.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies
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Item Response
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or Yes. Pg 3
the abstract
(b) Provide in the abstract an informative and balanced summary of what Yes. Pg 3
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being  Yes. Pg 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses Yes. Pg 5
Methods
Study design 4 Present key elements of study design early in the paper Yes. Pg6
Setting 5 Describe the setting, locations, and relevant dates, including periods of Yes. Pg6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection Yes. Pg 6-7
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed N/A
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders,  Yes Pg 6-7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods Yes Pg 6-7
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Yes Pg 6-7
Study size 10 Explain how the study size was arrived at Yes. Pg 6-7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If Yes. Pg 6-7
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for Yes Pg 8-9
confounding
(b) Describe any methods used to examine subgroups and interactions Yes Pg 8-9
(c) Explain how missing data were addressed Yes Pg 8-9
(d) If applicable, explain how loss to follow-up was addressed N/A
(e) Describe any sensitivity analyses Yes Pg8-9
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers Yes Pg 10
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Yes Pg 10
(c) Consider use of a flow diagram Yes Fig 1
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, Yes Table 1
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of  Yes Figure 1
interest
(c) Summarise follow-up time (eg, average and total amount) Yes Pg 10
Outcome data 15*  Report numbers of outcome events or summary measures over time Yes Pg 10
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted Yes Pg 11 -
estimates and their precision (eg, 95% confidence interval). Make clear 12
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which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were Yes Pg 11 -
categorized 12
(c) If relevant, consider translating estimates of relative risk into absolute Yes Pg 1l -1
risk for a meaningful time period 2
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, Yes Pg 1l -
and sensitivity analyses 12
Discussion
Key results 18 Summarise key results with reference to study objectives Yes. Pg 14
Limitations 19 Discuss limitations of the study, taking into account sources of potential Yes Pg 16
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, Yes Pg 16
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results Yes Pg 16
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and, if applicable, for the original study on which the present article is
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*@Give information separately for exposed and unexposed groups.
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ABSTRACT

Objective - Use of National Early Warning Score 2 (NEWS2) has been mandated in adults admitted
to acute hospitals in England. Urgent clinical review is recommended at NEWS2>5. This policy is
recognised as requiring ongoing evaluation. We assessed NEWS2 acquisition, alerting at key
thresholds, and patient outcomes, to understand how response recommendations would affect

clinical resource allocation.

Setting. Adult acute hospital in England.

Design. Retrospective observational cohort study.

Participants. 100,362 consecutive admissions between Nov 2018-Jul 2019.
Outcome. Death or admission to Intensive Care Unit (ICU) within 24 hours of a score.

Methods. NEWS2 were assembled as single scores from consecutive 24-hour timeframes, (the first
NEWS2 termed “"Index-NEWS2"), or as all scores from the admission (termed All-NEWS2). Scores
were excluded when a patient was in intensive care, in the presence of a decision not to attempt

cardiopulmonary resuscitation (DNACPR), or on Day 1 of elective admission.

Results. A mean of 4.5 NEWS2 were acquired per patient per day. The outcome rate following an
Index-NEWS2 was 0.22/100 patient-days. The sensitivity of outcome prediction at Index-NEWS2 >5
= 0.46, and number needed to evaluate (NNE) = 52. At this threshold, a mean of 37.6 alerts /100
patient-days would be generated, occurring in 12.3% of patients on any single day. Threshold
changes to increase sensitivity by 0.1, would result in a 2-fold increase in alert rate and 1.5-fold
increase in NNE. Overall, NEWS2 classification performance was significantly worse on Index-scores
than All-scores (c-statistic = 0.78 vs 0.85; p<0.001).

Conclusions. The combination of low event-rate, high alert-rate and low sensitivity, in patients for
cardiopulmonary resuscitation, means that at current NEWS2 thresholds, resource demand would
be sufficient to meaningfully compete with other pathways to clinical evaluation. In analyses that
epitomise in-patient screening, NEWS2 performance suggests a need for re-evaluation of current

response recommendations in this population.
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Strengths and limitations of the study

All admissions to an acute hospital within the study timeframe are included, providing the basis

for a detailed understanding of the consequences of NEWS2 based policy.

A precise definition of DNACPR decisions over the course of an admission informed our
analysis, in order to maintain correspondence with decision making and treatment options

available clinically.

The evaluation of NEWS2 as a single score from discrete 24-hour timeframes, provides an
assessment of classification performance which epitomises its role in screening patients
between routine reviews, moderating the effects of including large numbers of scores acquired

from those already identified to be at clinical risk.

The analysis is limited by the fact that this is a single centre study, however the underlying data

are consistent with other reports from acute hospitals in the NHS.

The analysis excludes Day 1 of elective admission from outcome-based analysis, because

deranged physiology was predicted to occur following planned intervention on that day.
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INTRODUCTION

The use of early warning scores (EWS's) has been widely advocated, to integrate physiological
parameters into a single actionable output. In 2017, the Royal College of Physicians (RCP) published
a modified National Early Warning Score (NEWS), referred to as NEWS2 [1]. NEWS2 is a scoring
system based upon six physiological parameters. It is associated with specific clinical response
recommendations, including urgent clinical review at a key threshold NEWS2 score >5. This requires
attendance by clinicians with competence in the assessment and treatment of acutely ill patients,
and where necessary, escalation to a team with critical care competencies [1]. At NEWS2 score >7,
this is uplifted to assessment by a team with those critical care competencies. In 2019, the National
Health Service in England (NHSE) mandated the use of NEWS2 for all adults in acute hospitals and
widened its application to include screening for sepsis [2]. This extends its use significantly beyond
the evaluation of acute admissions, for which NEWS was initially developed and validated [3-8]. The
National Institute for Health and Care Excellence (NICE) has identified the need for further
evaluation of NEWS2, to ensure no adverse consequences from its roll out across the NHS [9]. This
is in the context of limited evidence of survival benefit from an EWS triggered response [8, 10-16],
or definition of the resource required to deliver a response [17]. Since electronic systems directly
link a threshold EWS to a response recommendation [18], high rates of alerting may arise,
unmoderated by human intervention [19, 20], creating an opportunity for clinical resource to be

diverted in ways that could be counterproductive [9].

Given a requirement to significantly alter clinical practice [1, 2], we evaluated the performance of
NEWS?2, across the in-patient population of an acute hospital. This included a description of the
rate of NEWS2 data acquisition, the rates at which key threshold scores were met, and their
relationship to outcome. This was with a view to understanding how NEWS2 based
recommendations could affect the distribution of resource when put into practice, taking into
account factors which may modify the outcome, such as resuscitation status, or those which may

amplify demand, such as recurrent alerting [9].
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METHODS
Setting

The Queen Elizabeth Hospital Birmingham (QEHB) is a National Health Service (NHS), urban, adult,
acute hospital in England with 1269 beds including 80 level 2/3 ICU beds, an Emergency
Department that assesses >300 patients per day, and a mixed secondary and tertiary practice that
includes all major adult specialities with the exception of obstetrics and gynaecology. The EHR at
QEHB (PICS, Birmingham Systems) contains time-stamped, structured records that include
demography, location, time of admission and discharge, physiological measurements supporting
NEWS2 and Standard Early Warning Score (SEWS) (See Table S1 of the online supplement) and Do
Not Attempt Cardiopulmonary Resuscitation (DNACPR) decisions subject to regular review
underpinned by the clinical decision support system. NEWS2 observations were recorded by trained
healthcare staff with devices used and maintained in accordance with the Medicines and Healthcare

Products Regulatory Agency guidance [21].

This study was approved by the East Midlands—-Derby Research Ethics Committee (reference:
20/EM/0158) and Confidentiality Advisory Group (CAG20/CAG/0084) as part of PIONEER, the HDR-
UK Hub in Acute Care.

NEWS2 data collection was electronically mandated, whilst alerting continued to use established
SEWS thresholds [22], (coincidentally facilitating an assessment of NEWS2 performance at the key
action threshold >5, minimally disrupted by triggered clinical responses (See Table S2a and S2b and
Table S3a and Table S3b of the online supplement)). Existing standards included a maximum interval
between EWS acquisition = 12 hours, progressive alerting to ward-based staff and automated

escalation to a 24/7 critical care outreach team at threshold SEWS.

Cohort and Definitions

All hospital spells (continuous stay in a hospital bed), between 00.00 on 01/11/2018 and 23.59 on
31/7/2019, were evaluated to discharge (99.6%), or to 56 days post admission (0.4%) if that was
earlier. Initial Emergency Department assessments, prior to admission, were not included. An
adapted consort diagram is shown in Figure la. Admissions were identified as emergency or

elective from the mandatory provider spell admission method code. A composite outcome event
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was defined as the first of unplanned admission to ICU (type 1 and 2 of the NHS critical care

minimum dataset [23]) or death of the patient, within 24 hours of a NEWS2 score.

In the primary analysis, each spell was divided into consecutive 24-hour post-admission days
starting at the time of admission. As shown in Figure 1b, for admission time T, consecutive 24-hour
periods end at T + (n x 24 hours); where n is the nominal post-admission day. The first NEWS2
recorded in each post-admission day, at time t, was termed the Index-NEWS2 score. An
overlapping, patient-day variable was defined between t, and t,+24hours. The first outcome
occurring in the patient-day was linked to the preceding Index-NEWS2. This design was used to
ensure a single NEWS2 score was captured from discrete, consecutive, 24-hour time periods and

that the outcome was assessed over 24 hours.

In addition to Index-NEWS2, analyses were undertaken using all the scores recorded in a given time
period (termed All-NEWS2) [24] and using the highest score on each post-admission day (termed
Highest-NEWS2). NEWS2 scores were not eligible for inclusion if at the time the score was acquired,
the patient was in ICU or had a DNACPR in place. This was to achieve internal consistency when
using admission to ICU as part of the composite outcome, since decisions not to resuscitate are
highly concordant with ceiling of care not including ICU. On return from ICU or if a DNACPR was
revoked, subsequent scores were included in the analysis. No score was calculated when patients

underwent an operative procedure away from the ward.

Day 1 post elective-admission was excluded from outcome-based analysis because it was known
that almost all were admitted for surgery later that day, after a NEWS2 was recorded. Any
relationship with outcome might then be confounded by decisions not to proceed to intervention
on that day, informed by NEWS2 or its component observations. All other patient-days were eligible

for analysis.

Patient demographics are reported for the first admission in the study period. Additional context is
provided by reporting bed occupancy at midday across the study period (See Table S4 of the online

supplement).

Analysis of EWS performance
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To evaluate the performance of different NEWS2 threshold scores, a patient with a NEWS2 >
threshold score was defined as predicted positive (P) and a patient with a NEWS2 < threshold score
as predicted negative (N). At different NEWS2 threshold values, performance metrics were
calculated from 4 different groups: true positive (TP), when an outcome event was correctly
predicted, false positive (FP) when an outcome event was predicted but did not occur; with true
negative (TN) and false negative (FN) following suit. Receiver operating characteristics (ROC's) were

derived from these metrics, for Index-NEWS2 and All-NEWS?2.

A range of performance metrics were calculated including two identified to be particularly suited
to the representation of early warning score performance, namely the Number Needed to Evaluate
(NNE) and the Alert Rate [25]. NNE is the number of patients meeting a threshold NEWS2 score, to

include one who then sustains an outcome event, defined as follows:

TP+FP 1
NNE =1 =ppy

The Alert Rate is the number of threshold scores (alerts that would be generated) per 100 inpatients

per day, defined as follows:

TP + FP

Alert Rate = TPLFPTTN+FN ™ number of NEWS2 scores acquired (/100 patients/day)

The NNE and Alert Rate were plotted against the sensitivity as previously discussed [25]. For the
Index-NEWS2, an outcome event rate per 100 patient-days, was calculated (Overall Event Rate) as
follows:

TP+ FN

Overall Outcome Event Rate = TP+ FP+ TN + FN x 100 /100 patient days

For the Index-NEWS2, an outcome event rate at any given threshold score (Alerted Event Rate) per
100 patient-days, was calculated as follows:

TP

Alerted Outcome Event Rate = TP+FP+TN+FN * 100 /100 patient days
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For the purpose of reporting any daily rate, time of discharge was not considered, a whole day was

counted.

Estimation of Clinician Resource Requirement

The clinical resource required to support response recommendations was illustrated by
assuming 1 hour of healthcare professional time per clinical evaluation, informed by a report
of a rapid clinical response team on a surgical ward in the Netherlands [26]. The number of
healthcare professionals required /100 beds occupied was calculated based upon a 40-hour

working week and 18% overhead for leave (=1760 hours/year).

Statistical analysis

All statistical analyses were undertaken in STATA SE 15.1. Normally distributed variables are
represented as mean +/- standard deviation others as median and interquartile range.
Bootstrap analyses of the ROC were undertaken with 10,000 repetitions of 10,000 patient-days.

There were no adjustments for multiple comparisons and all p values are reported.
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RESULTS

Patients and admissions

There were 100,362 admissions across 273 days. In 21,744 no NEWS2 was recorded, 21,599
(99.3%) of which were associated with a short length of stay < 12 hours (Figure 1a). The other 78,431

admissions in which NEWS2 was recorded, occurred in 52,214 patients (Table 1).

Table 1 Demographic and clinical characteristics of patients

Elective Emergency
Number of patients with one or more included admission eligible for 22,538 29,122
analysis (first admission)
Mean age / years (at time of first admission) 53.9+18.1 56.2+21.7
Number of male patients (percentage) 12,142 13,800
(53.9%) (47.4%)
Ethnicity
White 16,153 (71.7%) | 19,596 (67.3%)
South Asian 2,642 (11.7%) 4,203 (14.4%)
Black 943 (4.2%) 1,489 (5.1%)
Other 806 (3.6%) 1434 (4.9%)
Not Known 1,994 (8.8%) 2,400 (8.2%)

Admitting speciality on first admission

General Medicine

1,545(6.9%)

20,174 (69.3%)

General Surgery

2,150 (9.5%)

3,061 (10.5%)

Trauma & Orthopaedics

2,307 (10.2%)

1,486 (5.1%)

Neurosurgery 1,866 (8.3%) 639 (2.2%)
Urology 1,411 (6.3% 587 (2.0%)
Cardiology 1,821 (8.1% 469 (1.6%)

Clinical & Medical Oncology

1,263 (5.6%

549 (1.9%)

Ear, Nose and Throat (ENT)

)
)
)
)

1,401 (6.2%

389 (1.3%)

Plastic Surgery

2,138 (9.5%)

304 (1.0%)

Maxillo-Facial Surgery

849 (3.8%)

252 (0.9%)

throughout an admission

All others 5,787 (25.7%) 1,212 (4.2%)
Mean number of admissions / patient 1.6 1.5
Number of admissions in which the patient was ineligible for analysis 60 494

Table 1 Legend

The demographics, mode of admission and admitting speciality on first admission, of the 52,214
patients that were subject to NEWS2 analysis, contributing 36,182 elective and 42,249 emergency
admissions. In 554 admissions the patient was ineligible for inclusion in analysis throughout the
spell (187 due to admission and discharge from ICU. 367 due to a DNACPR decision).

10
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DNACPR and outcome

A DNACPR decision was made in 4,621 (4.6%) admissions. This resulted in a DNACPR that was active
in 170 = 15 (13%) in-patients at midday (Table S4 of the online supplement). Of 1076 deaths not
on ICU, 943 (87.6%) occurred in those with a DNACPR decision, in 834 of whom this had been in

place >24 hours.

Index-NEWS2 recording and outcome

A DNACPR was active throughout the course of 367 admissions. In the remaining 77,877
admissions, 294,602 Index-NEWS2 were recorded. They were associated with 715 outcome events
in the following 24 hours (154 deaths and 561 admissions to ICU). Of 10,731 post-admission days
in which no NEWS2 was calculated, 5,786 (53.9%) involved discharge later that day, whilst 4,424
(41.2%) comprised a whole day in which the patient was eligible for inclusion and in which no

outcome event occurred (See Figure S1 of the online supplement).

Day 1 post-elective admission

Exclusion of Day 1 of elective admission from the analysis of Index-NEWS2 associated outcome,
was supported by finding that 94.7% of admissions were followed by a planned procedure, that this
occurred within 12 hours, and all outcome events followed a procedure. (The performance of

NEWS2 across day 1 post elective admission is shown in Figure S2a of the online supplement)

Classification performance of NEWS2

Across all other days, 1,162,824 All-NEWS2 scores were recorded on 258,678 post-admission days,
so a mean of 4.5 NEWS2 were recorded per day. 580/258,678 (0.22%) Index-NEWS2 were associated
with an outcome event. 5,284/1,162,824 (0.45%) All-NEWS2 were associated with an outcome
event, since a mean of 9 NEWS2 were recorded in the 24 hours prior to an outcome event. The c-
statistic of outcome prediction was higher when derived from All-NEWS2 compared to Index-

NEWS2 (0.85 vs 0.78; p<0.001; see Figure S2b of the online supplement).

Alert Rate and NNE associated with Index-NEWS2

Table 2 presents Index-NEWS2 performance. The Index-NEWS2 Alert Rate is shown in Table 3.
Figure 2a plots this Alert Rate against sensitivity for the Index-NEWS2 score. Around current key

clinical response thresholds, the relationship was log-linear: a 2.0 x increase in the Alert Rate for an
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increase in sensitivity of 0.1 (Alert Rate = 0.19e718sensitvity hetween NEWS2 >10 and >2). At the key
action threshold NEWS2 >5 the Alert Rate generated by an Index-NEWS2 = 5.3/100 patients/day,

at which score the Index-NEWS2 sensitivity = 0.46.

Figure 2b shows the relationship between the NNE and sensitivity. Around current key clinical
response thresholds, the relationship was log-linear: a 1.5 x increase in NNE to increase sensitivity
by 0.1 (NNE = 8.7 e#14xsensitivity hetween NEWS2 >10 and >2). At the key action threshold NEWS2
score =5, the NNE = 52.

12
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0.2 88 99.8 83 998 0.02
>
210 613 >1 (0.2-0.3) (6.6-11.5) | (99.8-99.8) | (6.3-10.8) | (99.8-§9.8) 12 (0.01-003) | 404 | 091
o
3
5
Q
@D
o
o
<
(@]
(]
he]
2
3
=
' 1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://bmjopen.bmj.com/

Page 15 of 43

oNOYTULT D WN =

BMJ Open

Table 2 legend

The Index NEWS2 score is the first recorded in each consecutive 24-hour period post-admission. 258,678 Index
NEWS2 score were analysed from Day 1 to Day 56 of admission, excluding the first day of elective admission.
There were 580 outcome events.

The alerted outcome event rate per 100 patient days is the number of outcome events following an Index NEWS2
meeting the threshold NEWS2 score. The overall outcome event rate = 0.22 per 100 patient-days. PPV is positive
predictive value. NPV is negative predictive value. NNE is number needed to evaluate. LR+ is positive likelihood

ratio. LR- is negative likelihood ratio.
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Alert Rate associated with All-NEWS2

The Alert Rate at a threshold Index-NEWS?2 score represents the rate derived from that single score.
However, a mean of 4.5 NEWS2 scores were recorded per post-admission day. The Alert Rate
derived from All-NEWS?2 scores is shown in Table 3. Figure 2a plots the Alert Rate generated by All-
NEWS?2 against the sensitivity of Index-NEWS2, across different thresholds. Around current clinical
response thresholds, the relationship was log-linear: a 1.8 x increase in the Alert Rate for an increase
in sensitivity of 0.1 (Alert Rate = 2.12eb14sensitvity hetween NEWS2 >10 and >2). At the key action
threshold NEWS2 score >5, the Alert Rate generated by All-NEWS2 = 37.6/100 patients/day.

Alert Rate associated with Highest-NEWS2

The Alert Rate generated by the Highest NEWS 2 score in each post-admission day is also shown
in Table 3. Figure 2a plots the Alert Rate generated by the Highest-NEWS2, against the sensitivity
of the Index-NEWS2, across different thresholds. Around the current clinical response thresholds,
the relationship was log-linear: a 1.8 x increase in the Alert Rate for an increase in sensitivity of 0.1
(Alert Rate = 0.73e607ensitvity hetween NEWS2 >10 and >2). At the key action threshold NEWS2
score >5, the Alert Rate generated by the Highest-NEWS2 = 12.3/100 patients/ day.

Incremental clinical resource required by changes to NEWS2 threshold

The number of clinicians required to support responses deployed at the different NEWS2
thresholds, is also estimated in Table 3. This is derived from the Alert Rates defined by the Index-
NEWS2, All-NEWS2 and the Highest-NEWS2 at each threshold, with 1 hour assigned per clinical
response deployed. Thus, at the key action threshold NEWS2 score >5, demand for clinician

resource was calculated to be respectively 1.1, 7.8 and 2.6 WTE clinicians /100 in-patients.

Calibration of NEWS2

Calibration was not assessed as NEWS2 does not estimate absolute risk [27]. Usefully, integer
changes in NEWS2 threshold were associated with approximately equal relative changes in the odds
ratio of outcome events, across a wide range of scores (See Figure S3a and S3b of the online

supplement).
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Table 3
Alert Rates and clinician resource required to respond at threshold NEWS2
Threshold NEWS2 Index NEWS2 WTE clinician / 100 All-NEWS2 WTE clinician / 100 Higﬁest-NEWSZ WTE clinician / 100
Alert Rate / 100 occupied beds Alert Rate / 100 occupied beds Ale;JEt Rate / 100 occupied beds
patients / post- to respond to Index patients / post- to respond to All pattents / post- to respond to Highest
admission day NEWS2 admission day NEWS2 ac%’\ission day NEWS2
at threshold at threshold N at threshold
21 71.5 14.8 3354 69.6 § 91.4 19.0
22 39.2 8.1 202.3 41.9 :oi 64.5 13.4
23 20.8 4.3 117.6 24.4 a 39.6 8.2
24 10.4 2.2 65.3 13.6 E’V; 22.1 4.6
25 or Single=3 8.4 1.7 52.9 11.0 g 19.3 4.0
25 53 1.1 37.6 7.8 Z 123 2.6
26 2.8 0.6 22.2 46 2 71 1.5
27 1.5 0.3 12.9 2.7 5 4.1 0.9
28 0.8 0.2 7.6 1.6 S 2.5 0.5
29 0.4 0.1 4.4 0.9 5 15 03
210 0.2 <0.1 2.4 0.5 3 0.9 0.2
Table 3 legend S

The Alert Rate is the number of NEWS2 scores that reach threshold per 100 patients per post-admission day. NEWS2 sf‘gre were analysed from Day 1 to Day 56
of admission, excluding the first day of elective admission. Index NEWS2 reports the first NEWS2 recorded in each posgadmission day. All-NEWS2 includes all
scores recorded in the admission spell. Highest-NEWS2 reports the highest score recorded in each post-admission day. 'I%e whole time equivalent (WTE) clinician
resource required to service clinical response recommendations at different thresholds, assumed 1 hour per deployed r%ponse and an annual clinician workload

@
= 1760 hours. NEWS2 were excluded from analysis in the presence of a DNACPR decision or when the patient was on 1€U

"1ybuAdoo Ag pardsiold
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DISCUSSION

In 2019, NHSE required that NEWS2 be used to monitor all adults in acute hospitals [2], extending
its scope to include screening for sepsis. This was linked to clinical response recommendations
defined by the RCP, including a key threshold for urgent clinical review at NEWS2>5 [1]. NICE
cautioned that when used in this way, there was a risk that NEWS2 based recommendations could
result in new demand, which paradoxically might adversely affect overall care delivery [9]. A need
for ongoing evaluation was identified. Our analysis was designed to provide a description of how
NEWS2 implementation could affect the disposition of clinical resource, across an acute hospital
in-patient population, considering the effects of response modifiers such as resuscitation status as

well as repeated measurement in those already identified for increased levels of care.

In contrast to other studies, NEWS2 recorded at the time of a DNACPR was excluded from our
analysis. This was possible because time stamped records of both were available in the EHR.
Previous reports have excluded patients on end-of-life care pathways, however this had to be
inferred from an absence of observations in the 24 hours prior to death [27-29]. Precise delineation
of these two groups shows that the majority of deaths occurred in patients with a DNACPR in place
for more than 24 hours, whereas ICU admissions occurred in patients without a DNACPR. Although
this may be unsurprising, it is important when considering the translation of NEWS2 into clinical
practice. Compared to previous reports [27-29], there was a low event rate in the large group of
patients who were eligible for outcome-based analysis, because the majority of deaths occurred in
patients with a DNACPR. A low event rate in this group is one reason why NEWS2 may not perform
as well as expected when translated into clinical practice [9, 15]. It is evident in metrics sensitive to
the event rate, such as the NNE. This analysis does not imply that NEWS2 is not applicable to
patients with a DNACPR, but it does reflect difficulty in interpreting the real-world consequences of

recommended thresholds, if these populations are not analysed separately.

Index-NEWS2 was used to assemble single scores from discrete post-admission timeframes, to limit
over-representation of scores recorded for clinical indication rather than routine screening. Clinical
practice guidelines, including those associated with NEWS2 [1], require increased monitoring of
physiological parameters to track those already identified to be at risk of further deterioration. This

requires a progressive representation of risk, a different task to screening a population using routine
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observations. Our findings are relevant to the latter. The better classification performance of NEWS2
on All-scores compared to Index-scores implies that NEWS2 discriminates better on days in which
data acquisition is more frequent [30]. This conclusion is apparently different to the influential
report of Jarvis and colleagues, which found that the c-statistic of NEWS and other scoring systems
are little affected when using all or single scores per admission [24]. However, their random
selection of single scores across an admission would be expected to mirror the distribution of all
scores. In contrast, a methodology employing single scores from a timeframe typical of that
between routine reviews [31, 32] is less influenced by superior performance on scores obtained
during times of high frequency monitoring. Arguably, our analysis of Index-NEWS2 more closely
reflects its use as a screening tool in the interval between ward-round based routine assessment,
which is typically 24 hours. This difference in performance is another reason why in clinical practice,

NEWS2 might not perform as well as expected from the literature [15].

Even at the lower action threshold >5, Index-NEWS2 sensitivity was less than 0.5. Other routes to
clinical evaluation, such as routine or symptom-based assessment are therefore also likely to play
an important role in identifying deteriorating patients for assessment. The resource with which to
deliver these assessments must then compete with that demanded by NEWS2 triggered responses.
Diversion of resource is one mechanism by which NEWS2 associated response recommendations

could adversely affect patient care, particularly if alert rates are high [9].

In our centre, alert rates would be high at current NEWS2 thresholds. This is consistent with data
from other NHS acute hospitals [27, 29]. A meaningful diversion of clinical resource away from other
routes to evaluation is therefore possible [9]. Equally, alert fatigue could arise, thereby degrading
clinical decision making [33, 34]. In response to this, some centres have developed local policies to

manage repeated alerting in some situations [35].

Given that responses to All-NEWS2 may be modified in various ways, including prospective
decision-making or censoring by ward-staff at the point of care [36], we also defined an Alert Rate
based on the Highest-NEWS2 score each day. This is operationally equivalent to allowing one
triggered response per person per day. Although it might underestimate the optimal response rate,
this provides additional context with which to understand the boundaries of reasonable clinical

resource deployment.

18
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

An optimal threshold score would usually be defined by health economic analysis [8, 37]. This is not
possible because there is little evidence quantifying survival benefit from EWS triggered responses
[8, 10-17], nor is there a consistent account of the cost of current clinical response
recommendations. We assigned 1 hour of clinician time per response, to illustrate the potential
resource implications of different thresholds. This was based on a single informative study [26]
identified by NICE guidance on emergency and acute care [17]. It evaluated a team with critical care
competencies, most like that indicated for NEWS2>7. We chose not to vary this resource attribution

further, as our aim was to provide perspective on scale rather than precise definition of cost.

Although a health economic analysis is not possible, description of the Alert Rate and Event Rate
provides some insight into the resource consequences of different NEWS2 thresholds, across an
acute hospital in-patient population. For example, reducing the NEWS2 threshold from >7 to >5
would increase the Alert Rate from 4.1 to 12.3 /100 post-admission days, thereby increasing the
modelled demand for healthcare professionals from 0.9 to 2.6 whole time equivalents /100 in-
patients. This resource estimate is based upon Highest-NEWS2, so may be an under-estimate. The
number of Index-NEWS2 triggered responses followed by an event would increase by 0.04/100
patient-days, but 0.12 events /100 patient-days would still not have been predicted. Even as an
approximation, these results reveal that small changes in current thresholds can result in demand

for clinical resource that could meaningfully impact delivery through other care pathways.

Our analysis of NEWS2 excluded patients when there was a DNACPR decision. This is a diverse
group of patients, including those approaching the end of life as well as those in whom significant
intervention is considered. Since they form a minority of in-patients, their exclusion from outcome-
based evaluation would not alter our conclusions regarding the use of undifferentiated NEWS2
thresholds. Nevertheless, this population warrants separate analysis, in particular those whose
resuscitation status changed in the 24 hours prior to death. This may inform an understanding of
how different implementations of EWS'’s are associated with different in-hospital cardiac arrest

rates, possibly because they prompt DNACPR decisions differently [38].

Our analysis also excluded Day 1 of elective admission. This is because different cause-effect

relationships during that day significantly confound the relationship between physiological
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derangement and outcome. Previous studies have excluded similar cohorts by not including elective
admissions [27-29], or day-case admissions [9, 15]. There was however no evidence that inclusion
of elective admissions on Day 1 following their return to the ward, would alter an overall assessment

of the utility of NEWS2.

A single centre analysis has limitations with respect to generalisation to other populations. Our
underlying data are though consistent with reports from other NHS acute hospitals [27, 29].
Furthermore, an editorial response from 2012, employing unpublished data from users of the
VitalPac EWS, suggested that RCP recommendations on NEWS (and now NEWS2) would be
unsustainable across an entire in-patient population [39]. This can be understood not simply as an
issue of capacity but potential jeopardy arising from the redirection of resource [9]. In an acute
admissions unit, where event rates are high and resources already targeted, value may be realised
from a representation of risk that supports healthcare professionals tracking of patients [3]. As
already discussed, this is a different task to the efficient discrimination required of a screening test,
applied across the in-patient population, to trigger further clinical evaluation. This distinction is also
relevant to recommendations on the identification of sepsis, in which a NEWS2 >5 is used to prompt
clinical assessment by a senior decision maker [2, 40]. This threshold was developed from the
association between outcome and NEWS [41] or gSOFA [27, 28], in those with features of sepsis.
NEWS2 >5 used as a screening tool for sepsis has not been directly assessed. Our analysis illustrates
the potential real-world consequences of such recommendations, including on the distribution of

senior clinical resource [9].

In summary, we identify why NEWS2 may not perform as well as expected when screening the in-
patient population. This relates not just to moderate classification performance of NEWS2 in this
setting (23), but the consequences of high alert rates, including competition for clinical resource
[9] and clinicians’ attention [33]. There is a particular need to manage multiple alerts in rapid
succession [30, 35]. These problems relate in part to the fact that NEWS2 was evolved for paper-
based, or stand-alone implementation. In these settings, alert censoring by ward staff is well
documented, whether appropriate or not [19, 20]. EHR's automate alerting, thereby generating
different problems, associated with high alert-rates. The EHR offers the opportunity to develop
more sophisticated scoring systems incorporating a wide range of data, however correspondence
with a national, paper-based system would then be lost [30]. Any such development would require

careful evaluation using a suitable methodology, such as cluster randomisation [16, 42]. This
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approach has recently demonstrated improved 30-day mortality in patients identified to be at risk
of deterioration in Kaiser-Permanente hospitals. An algorithm was used to assess co-morbid
conditions and laboratory parameters, as well as physiological parameters [43]. At the chosen
response threshold, only 2.8 alerts per 100 patients per day were generated. This was followed by
a complex intervention involving remote review by specially trained nurses, stipulated to avoid alert
fatigue in hospital staff. It is therefore a significantly different implementation to NEWS2 in England,
but one that demonstrates the potential for targeted assessment using an EHR. Indeed, it may be
that simple scoring systems are limited in their capacity to confer net benefit across a diverse
population, receiving current standards of routine review [31]. Failure to show survival benefit from
EWS triggered responses would in that case, not simply reflect limitations in the methodologies

used to undertake assessment [15].

In conclusion, there is a risk that currently constituted NEWS2 based response recommendations
could adversely impact the overall delivery of care to an in-patient population [9]. The response to
multiple alerts requires better definition and ongoing evaluation. As a result, we would not support
undifferentiated implementation of current recommendations at a key threshold NEWS2 score >5,
across the entire in-patient population at our centre. Given existing reports of NEWS2 performance,

our findings are likely to be relevant to other acute hospitals.
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DATA SHARING

The anonymised participant data and a data dictionary defining each field will be available to
others through application to PIONEER, the HDR-UK Health data Hub via the corresponding
author. The data will be available upon request and following approval of a process to ensure
ethical data governance and through a data access agreement. Please contact the

corresponding author for details.
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time = aa.bb
24 hours 48 hours 72 hours

Figure 1 Modified consort diagram and overview of study design
Legend
a. Of 100,762 consecutive in-patient spells, 78,431 (77.8%) recorded at least one NEWS2 score whilst
admitted outside of ICU. Of the remaining 21,931, 0.8% were admitted and discharged from ICU and so
were never eligible for inclusion in the analysis. Of the others in which no NEWS2 score was recorded 96.8%
had a length of stay (LOS) < 6 hours, 99.3% <12 hours (and 0.3% =24 hours). There were 29 deaths or
admission to ICU associated with spells in which no NEWS2 was recorded.

b. Post-admission days were defined as consecutive 24-hour periods beginning at the time of admission T.
The Index NEWS2 score was the first recorded in each of these periods at time t (black circle). A distinct
overlapping ‘patient-day’ variable was then defined for each NEWS2 score between t and t + 24 hours
during which, occurrence of a composite outcome event (black diamond) was recorded and linked to the
preceeding Index NEWS2. Since the exact time t , that the Index-NEWS2 was recorded varies on each day,
a small number of outcome events may be associated with no Index NEWS2 score (3.5%) as illustrated
during Day 3, or with two Index NEWS2 scores (9.6%) as illustrated during Day 4.
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Figure 2A
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Figure 2B
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Figure 2 Alert Rate and Number Needed to evaluate for NEWS2
Legend
a. Alert Rate for Index, All and Highest NEWS2 score vs sensitivity for Index NEWS2 score
The Alert Rate is the number of NEWS2 scores recorded at any given threshold, per 100 patients per post-
admission day.
NEWS?2 scores from Day 1 to 56 post-admission other than for Day 1 of elective admission were evaluated.
The larger marker denotes the key action threshold NEWS2 = or > 5, to the right of which is the marker for
NEWS2 =or >5 or single parameter = 3 (and then NEWS2 = or > 4, = or > 3, = or >2, = or >1), and to left
of which is NEWS2 = or > 6 (and then NEWS2 = or >7, = or >8, = or >9, = or >10).

b. Number Needed to Evaluate vs sensitivity for Index NEWS2 score
The Number Needed to Evaluate is the number of patients to whom an Index NEWS2 score based clinical
response must be deployed at threshold, to include one who then sustains a linked composite outcome
event. The composite outcome event was defined as the first of unplanned admission to ICU (type 1 and 2
of the NHS critical care minimum dataset) or death of the patient within 24 hours of a NEWS2 score.
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Online Supplementary Figure 1 (Figure S1)
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Online Supplementary Figure 1 (Fig S1)
Post admission days with no Index NEWS2 recorded

Of the 10,731 in which no Index-NEWS2 was recorded, 5,786 (53.9%) were discharged alive later
that day. 433 (4.0%) were ineligible for part of the day because they were on ICU or had a DNACPR
initiated. A further 88 (0.8%) died before a NEWS2 was recorded on that day. 4,424 post-admission

days were therefore not associated with a NEWS2 record for unidentified reasons.

There were 144 events (88 deaths and 56 emergency admissions to ICU) associated with post-
admission days in which no Index-NEWS2 was recorded and another 3 in which a DNACPR was
initiated prior to NEWS2 acquisition and subsequent death. Of the 144 events, 102 were not
associated with an Index NEWS2 from the previous day, 20 because they occurred on the first day.
The other 82 were associated with NEWS2 acquired later in the previous day but occurred > 24

hours after that day's Index-NEWS2.
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Online Supplementary Figure 2a (Fig S2a)

-
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* First NEWS2 from 12 hours post

elective admission (T =12 hours)

¥ Index NEWS2 Day 2 post
elective admission (T=24 hours)

Sensitivity
o
(3,

0-0 mrrerTrTTT T T T T T T T T T T T T T

0.0 0.5 1.0
1-specificity

Legend Figure S2a

Receiver operating characteristic (ROC) for the first NEWS2 obtained from 0-, 12- and 24-hours
post elective-admission. The respective c-statistics were 0.51, 0.63 and 0.60. The c-statistic = 0.74
for all later post elective admission patient-days combined. The outcome event was the first of
unplanned admission to ICU (type 1 and 2 of the NHS critical care minimum dataset) or death of
the patient within 24 hours of an evaluated NEWS2 score. As anticipated in the study design,
Index NEWS2 on Day 1 of elective admission was not predictive of an adverse outcome. Its
acquisition almost always preceded physiological insult, specifically a planned procedure
occurring in 94.7% of patients in the subsequent 12 hours. Assessment of the discriminatory
power of NEWS2 in the hours immediately following a procedure is beyond the scope of this

analysis but appears low.

The NEWS2 associated event rate on Day 1 post elective-admission = 0.37/100 patient-days and
Day 2 = 0.34/100 patient-days.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Online Supplementary Figure 2b (Fig S2b)
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Legend Figure S2b

Receiver operating characteristic (ROC) for Index NEWS2 recorded in Day 1 to 56 excluding first
post elective admission day (c statistic = 0.78, 95% Cl:0.76-0.81) and All NEWS2 recorded in Days 1
to 56 excluding first post elective admission day (c statistic = 0.85, 95% Cl: 0.85-0.86) p<0.001. A
bootstrap analysis was performed with 10,000 repetitions of 10,000 patient-days, the median and
2.5th and 97.5th percentiles were then used to generate the ROC curve and corresponding
confidence intervals. The outcome event was defined as the first of unplanned admission to ICU
(type 1 and 2 of the NHS critical care minimum dataset) or death of the patient within 24 hours of

a NEWS2 score.
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Online Supplementary Figure 3a (Fig S3a)
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Ln OR of composite outcome event
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25 Index N
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2 threshold score

T

6
EWS
29 Legend Figure S3a
The Ln of the Odds Ratio (Ln OR) + 95% confidence intervals for occurrence of the composite
32 outcome event when the Index NEWS2 > threshold score vs. < threshold score. The composite
34 outcome event was the first of unplanned admission to ICU (type 1 and 2 of the NHS critical care
36 minimum dataset) or death of the patient within 24 hours of a NEWS2 score. This analysis included
NEWS?2 scores from Day 1 to 56 post-admission other than for Day 1 of elective admission (Table
39 S2a and S2b).
41 Although NEWS2 is not constituted to report absolute risk, it exhibits features useful in
43 representing risk. Integer changes in threshold were associated with an approximately equal
change in the odds ratio of an outcome event. Across the range of scores, the OR of an event
46 > threshold score vs. < threshold score, increased by a factor of 1.2. (Ln OR of composite outcome
48 event = 1.35 + 0.205 (Index NEWS2 threshold score); R? = 0.99. For increase in NEWS2 =1, the
50 increase in Ln OR of composite outcome event = 0.205, the OR of composite outcome event
increases by a factor of €%2%° = 1.2),
53 (These relationships resemble Fig 2b, because the relationship between sensitivity and Index
55 NEWS2 is approximately negative linear and because at low event rates the odds of an event at

57 threshold = PPV = 1/NNE; the Ln (odds of an event) ~ -Ln (NNE)).
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Online Supplementary Figure 3b (Fig S3b)

g 5-

()

>

()

()

£ 47 E % }

S i :

= [

g 3- s : E ;

2 : i ¥

g Po_o§ !

224 P % = Index NEWS2

S { t - AINEWS2

5 4o

(14

o

5
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0123 4567 8 9101112131415

NEWS2 threshold score

Legend Figure S3b

The Ln of the Odds Ratio (Ln OR) + 95% confidence intervals for occurrence of the composite
outcome event when the Index NEWS2 or All NEWS2 > threshold score vs. < threshold score. This
representation of the data reflects the differences in performance between Index-and All-NEWS?2

shown in Fig S2b.
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2

2 Supplementary Table ST NEWS2 and SEWS scoring

5

6 National Early Warning Score (NEWS) 2 Standardising the assessment of acute-illness

; severity in the NHS- Royal College Physicians, London

9 Chart1: The NEWS2 scoring system

10 Physiological Score

1 parameter

12 3 2 1 0 1 2 3
13 Respiration rate (per <8 9-11 12-20 21-24 225
14 minute)

1

12 SpO; Scale 1 (%) <91 92-93 94-95 >96

17 SpO; Scale 2 (%) <83 84-85 86-87 88-92 >93 93-94 on 95-96 on >97 on
18 on air oxygen oxygen oxygen
19 Air or oxygen? Oxygen Air

20 Systolic blood <90 91-100 101-110 111-219 >220
21 pressure (mmHg)

22 Pulse (per minute) <40 41-50 51-90 91-110 111-130 2131
23 Consciousness Alert CVPU
24 Temperature (°C) <35.0 35.1-36.0 36.1-38.0 38.1-39.0 >39.1

25

;? Chart 2: NEWS2 thresholds and triggers

28 NEW score Clinical risk Response

29 Aggregate score 04 Low Ward-based response

30 Red score Low-medium | Urgent ward-based response*

31 Score of 3 in any individual parameter

32 Aggregate score 5-6 Medium Key threshold for urgent response*

33 Aggregate score 7 or more High Urgent or emergency response**

34

22 * Response by a clinician or team with competence in the assessment and treatment of acutely ill
37 patients and in recognising when the escalation of care to a critical care team is appropriate.

38 **The response team must also include staff with critical care skills, including airway

23 management.

41 National Early Warning Score (NEWS) 2 Standardising the assessment of acute-illness severity in

42 the NHS- Royal College Physicians, London,

ji © Royal College of Physicians 2017

45

46 Standardised early warning scoring system (SEWS) parameters and scoring system.

j; Physiological Score

49 parameter

50 3 2 1 0 1 2 3
51 Respiration rate (per <8 9-20 21-30 31-35 236
52 minute)

53 SaO, <85 85-89 90-92 >93

54 Temperature (°C) <339 | 340-349 | 350-359 | 360-37.9 | 380-389 | 2390

55 Blood pressure <69 70-79 80-99 100-199 2200

56 (mmHg)

57 Pulse (per minute) <29 30-39 40-49 50-99 100-109 110-129 >130
58 AVPU Alert Verbal Pain None
59

60
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Supplementary Table S2 - Index NEWS2 and SEWS (a) and linked outcomes events (b) from Ray 1 to 56 post-admission
excluding Day 1 of elective admission =t
o
iy
Table S2a Index NEWS2 and SEWS g
NEWS2 2
2
0 1 2 3 4 3 single |4 single 5 6 7 8 9 10 11 128 13 14 15 16 17 Total
N SEWS
0 72852 54298 21005 6960 2310 123 110 891 232 40 5 1 1 0 0 Qg 0 0 0 0 0 158828
o
1 674 28195 22333 10054 3685 2628 1565 2212 867 292 57 19 3 1 1 g 0 0 0 0 0 72586
2 283 835 3995 4771 2162 1029 1512 1910 952 427 174 60 16 3 1 g_ 0 0 0 0 0 18130
3 2 170 291 800 925 445 478 1068 793 481 246 102 35 17 4 é 0 0 0 0 0 5857
4 0 5 27 43 156 9 123 394 431 301 211 143 68 15 7 g 2 2 0 0 0 1937
SEWS 5 0 0 0 4 10 3 14 62 129 143 157 118 85 39 16_% 4 6 0 1 0 791
6 0 0 0 0 0 0 0 5 21 40 66 66 59 46 23 § 10 2 0 0 0 338
o
7 0 0 0 0 0 0 0 0 1 5 15 27 24 26 12%" 8 2 2 1 0 123
o
8 0 0 0 0 0 0 0 0 2 0 6 7 10 10 _5" 5 4 3 1 1 56
fan
9 0 0 0 0 0 0 0 0 0 0 0 2 2 2 43 4 2 2 0 0 18
10 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 g 2 1 0 1 2 9
11 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 o 1 0 0 1 0 3
>
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _:g 0 0 1 0 0 1
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l_: 0 0 0 0 1 1
o
Total | 73811 83503 47651 22632 9248 4237 3802 6542 3428 1729 937 545 300 162 79]\, 36 19 8 5 4
o
Cum 73765 157187 204768 231572 244572 251062 | 254427 | 256108 | 257015 | 257536 | 257818 | 257966 25803& 258068 | 258083 | 258090 | 258094 | 258098
Total

Of the 8039 that NEWS2 = 3 in any single parameter 149 (1.8%) triggered the lowest SEWS threshold >4
Of the 6542 that NEWS2 = 5, 461 triggered (7.0%) the lowest SEWS threshold >4
Of the 3428 that NEWS2 = 6, 584 triggered (16.0%) the lowest SEWS threshold >4

Cum Total Is the cumulative total at or below the NEWS2 score without an event used to calculate the odds ratio

when the Index NEWS2 > threshold score vs. < threshold score (Fig S3a).
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SEWS

Of the 20 that NEWS2 = 3 in any single parameter, 1 (5.0%) triggered the lowest SEWS threshold >4

Of the 52 that NEWS2 = 5, 3 (5.8%) the lowest SEWS threshold >4
Of the 63 that NEWS2 = 6, 11 triggered (17.5%) the lowest SEWS threshold >4

Cum Total Is the cumulative total at or below the NEWS2 score with an event used to calculate the odds ratio of

(=3
3
o
e}
[¢]
3
N
o
N
i
o
a1
N
o
N
NEWS2 o
>
0 1 2 3 4 |3single|4single| 5 6 7 8 9 10 1 12| @3 14 15 16 17 |Total SEWS
0 45 52 28 21 9 0 0 3 2 1 0 0 0 0 0 | B0 0 0 0 0 161
=
1 0 25 30 19 19 5 3 12 18 5 0 1 0 0 S 0 0 0 0 137
2 1 3 11 11 7 2 5 20 16 6 5 3 1 0 1 Y 0 0 0 0 92
1\
3 0 1 1 4 5 3 1 14 16 20 8 7 0 0 1 No 0 0 0 0 81
[ |
4 0 0 0 0 0 0 1 3 8 7 5 4 1 1 0 | g0 0 0 0 0 30
5 0 0 0 0 0 0 0 0 2 8 9 6 8 4 3 20 2 0 0 0 42
s}
6 0 0 0 0 0 0 0 0 1 1 3 1 6 4 2 | & 0 0 0 0 19
Q.
7 0 0 0 0 0 0 0 0 0 0 0 0 2 5 0o |2 0 0 0 0 9
8 0 0 0 0 0 0 0 0 0 0 0 2 0 0 o | 2 1 1 0 7
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o |1 0 0 0 0 1
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o | 31 0 0 0 0 1
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | Zo 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %O 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |0 0 0 0 0 0
o
Total 46 81 70 55 40 10 10 52 63 48 30 24 18 14 7 | 36 4 1 1 0
o
Cum 46 127 197 262 312 364 | 427 | 475 | 505 | 529 | 547 | 561 | 568 §74 578 | 579 | 580 | 580
Total °
i
o
N
o
N
N
(=3

the Index NEWS2 > threshold score vs. < threshold score (Fig S3a).
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Supplementary Table S3 - All NEWS2 and SEWS (a) and linked outcomes events (b) from Daygl1 to 56 post-admission
excluding Day 1 of elective admission =t
o
iy
Table S3a All NEWS2 and SEWS g
NEWS2 S
% Total
0 1 2 3 4 3 single |4 single 5 6 7 8 9 10 11 12 R 14 15 16 17 18 SEWS
0 291135 | 225784 | 99131 | 37585 | 12886 631 500 4720 1444 269 46 11 1 0 0 g’ 0 0 0 0 0 674143
1 2748 | 114393 | 99833 | 49029 | 20759 | 12435 7958 | 13629 | 6182 2206 696 143 34 5 1 S 0 0 0 0 0 330051
2 1159 3772 18598 | 24228 | 12226 | 4894 7661 11932 | 7365 3669 1681 666 175 37 11 8_ 0 0 0 0 0 98075
3 10 583 1364 3940 5404 2053 2820 6782 5438 3983 2413 1231 462 188 54 & 2 0 0 0 0 36739
[=]
4 0 15 113 279 778 55 653 2462 2560 2349 1883 1428 768 302 122 B 9 3 0 0 0 13812
=
SEWS 5 0 0 2 19 53 11 44 369 809 1021 1044 1024 763 442 184 _@ 28 9 1 0 0 5899
6 0 0 0 0 2 0 3 15 105 227 365 503 485 368 213 gﬁ 48 12 3 0 0 2461
7 0 0 0 0 0 0 0 1 13 27 83 166 158 197 151 ‘_@ 59 17 8 0 2 971
[©)
8 0 0 0 0 0 0 0 0 3 4 19 30 62 98 64 &% 40 22 9 2 1 418
fan
9 0 0 0 0 0 0 0 0 0 0 3 5 13 19 40 % 22 20 11 3 0 171
10 0 0 0 0 0 0 0 0 0 0 0 2 2 4 11 % 12 6 9 4 1 61
11 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 g 2 2 4 0 0 13
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 % 3 2 1 1 0 8
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 g 0 1 0 1 0 2
Total | 295052 | 344547 | 219041 | 115080 | 52108 | 20079 | 19639 | 39910 | 23919 | 13755 | 8233 5209 2923 1661 852 A%E 225 94 46 11 4 1,162,824
Cum 294846 | 639036 | 857663 | 992306 | 1063551 1102881 | 1126214 | 1139456 | 1147276 | 1152092 | 1154736 | 1156173 | 1156904 | 11 62 | 1157439 | 1157501 | 1157530 | 1157539 1157540
Total

Of the 39178 that NEWS2 = 3 in any single parameter, (1.9%) 766 triggered the lowest SEWS threshold >4

Of the 39910 that NEWS2 = 5, 2847 triggered (7.1%) the lowest SEWS threshold >4

Of the 23919 that NEWS2 = 6, 3490 triggered (14.5%) the lowest SEWS threshold >4

Cum Total Is the cumulative total at or below the NEWS2 score without an event used to calculate the odds ratio
when the Index NEWS2 > threshold score vs. < threshold score (Fig S3b).

the composite outcome event
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Of the 220 that NEWS2 = 3 in any single parameter 12 (5.4%) triggered the lowest SEWS threshold >4
Of the 580 that NEWS2 = 5, 46 triggered (7.9%) the lowest SEWS threshold >4
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Table S3b outcome events linked to All NEWS2 and SEWS N
NEWS2 9
0 1 2 3 4 3 single |4 single 5 6 7 8 10 11 12 ?ﬁ? 14 15 16 17 18 |Total SEWS
0 200 208 194 150 73 0 1 37 16 5 0 0 0 0 % 0 0 0 0 0 884
=
1 3 140 162 163 152 39 29 168 108 56 16 4 0 0 0 %D 0 0 0 0 0 1040
2 3 7 55 94 81 30 63 194 188 117 71 37 14 1 2 @ 0 0 0 0 0 957
1\
3 0 2 3 23 55 15 31 135 159 189 130 80 32 16 7 N 0 0 0 0 0 878
[ |
4 0 0 0 2 5 0 12 40 89 96 108 118 62 47 14 gl 1 0 0 0 0 595
5 0 0 0 0 0 0 0 6 24 40 60 81 88 63 23 %3 7 2 0 0 0 407
o)
SEWS 6 0 0 0 0 0 0 0 0 2 7 24 50 54 54 23 %4 5 3 0 0 0 236
Q.
7 0 0 0 0 0 0 0 0 0 1 3 17 24 31 30 37 11 6 1 0 2 143
8 0 0 0 0 0 0 0 0 0 2 1 5 3 11 14 3.9 14 11 4 1 0 85
9 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 _.‘iO 5 6 6 0 0 34
10 0 0 0 0 0 0 0 0 0 0 0 1 0 0 4 ? 3 4 3 1 1 19
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '% 1 0 3 0 0 4
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 g 1 0 0 0 0 2
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ?p 0 0 0 0 0 0
o
Total 206 357 414 432 366 84 136 580 586 513 413 393 279 224 121 iS 48 32 17 2 3 5284
o
Cum 206 563 977 1493 1995 2575 | 3161 3674 | 4087 | 4480 | 4759 | 4983 | 5104 §82 5230 | 5262 | 5279 | 5281 5284
Total °
=
o
N
o
N
N
(=3

Of the 586 that NEWS2 = 6, 115 triggered (19.6%) the lowest SEWS threshold >4

<
5284 outcome events are recorded because every NEWS2 is treated independently and linked to an outcome evegt over the subsequent 24 hours.

Cum Total Is the cumulative total at or below the NEWS2 score with an event used to calculate the odds ratio of tRe composite outcome event when

the Index NEWS2 > threshold score vs. < threshold score (Fig S3b).
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Supplementary Table S4 bed occupancy by the in-patient population at midday

Group

Number of Beds occupied at
12.00*

Patients eligible for NEWS2 analysis

emergency admission in hospital <24 hours at 12.00

98+ 15

emergency admission in hospital >24 hours at 12.00

632 +31

elective admission in hospital <24 hours at 12.00

150 (IQR 53-162)

elective admission in hospital >24 hours at 12.00

198 £21

Patients not eligible for NEWS2 analysis

ICU

72 (IQR: 67-76)

DNACPR

170+ 15

Supplementary Table 4 legend

Number of beds occupied at midday for the 273 days between 01/11/2018 and 31/7/2019.

#Mean + standard deviation for normally distributed groups. Median and interquartile range if not normally
distributed. (Elective admission in hospital <24 hours included day case admissions which vary
significantly with the day of the week). In those eligible for NEWS2 analysis, weekday bed occupancy
= 1096 (median; IQR: 1079-1113) and weekend bed occupancy = 949 (median; IQR: 937-976).

Across all days, the mean daily bed occupancy at midday in those eligible for NEWS2 analysis =

1046.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

BMJ Open

Item Response
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or Yes. Pg 3
the abstract
(b) Provide in the abstract an informative and balanced summary of what Yes. Pg 3
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being  Yes. Pg 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses Yes. Pg 5
Methods
Study design 4 Present key elements of study design early in the paper Yes. Pg6
Setting 5 Describe the setting, locations, and relevant dates, including periods of Yes. Pg6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection Yes. Pg 6-7
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed N/A
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders,  Yes Pg 6-7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods Yes Pg 6-7
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Yes Pg 6-7
Study size 10 Explain how the study size was arrived at Yes. Pg 6-7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If Yes. Pg 6-7
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for Yes Pg 8-9
confounding
(b) Describe any methods used to examine subgroups and interactions Yes Pg 8-9
(c) Explain how missing data were addressed Yes Pg 8-9
(d) If applicable, explain how loss to follow-up was addressed N/A
(e) Describe any sensitivity analyses Yes Pg8-9
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers Yes Pg 10
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Yes Pg 10
(c) Consider use of a flow diagram Yes Fig 1
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, Yes Table 1
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of  Yes Figure 1
interest
(c) Summarise follow-up time (eg, average and total amount) Yes Pg 10
Outcome data 15*  Report numbers of outcome events or summary measures over time Yes Pg 10
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted Yes Pg 11 -
estimates and their precision (eg, 95% confidence interval). Make clear 12
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which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were Yes Pg 11 -
categorized 12
(c) If relevant, consider translating estimates of relative risk into absolute Yes Pg 1l -1
risk for a meaningful time period 2
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, Yes Pg 1l -
and sensitivity analyses 12
Discussion
Key results 18 Summarise key results with reference to study objectives Yes. Pg 14
Limitations 19 Discuss limitations of the study, taking into account sources of potential Yes Pg 16
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, Yes Pg 16
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results Yes Pg 16
Other information
Funding 22 Give the source of funding and the role of the funders for the present study Yes Pg 17

and, if applicable, for the original study on which the present article is
based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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