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Michael Dan Arvig, Christian S Meyhoff, Morten H Bestle, Bibi Hølge-Hazelton, Gitte Bunkenborg, Anne Lippert, Ove Andersen, 
Lars Simon Rasmussen, Kasper Karmark Iversen

Summary
Background The clinical benefit of Early Warning Scores (EWSs) is undocumented. Nursing staff’s clinical assessment 
might improve the prediction of outcome and allow more efficient use of resources. We aimed to investigate whether 
the combination of clinical assessment and EWS would reduce the number of routine measurements without 
increasing mortality.

Methods We did a cluster-randomised, crossover, non-inferiority study at eight hospitals in Denmark. Patients aged 
18 years or older, admitted for more than 24 h were included. Admissions to paediatric or obstetric wards were 
excluded. The participating hospitals were randomly assigned 1:1 to start as either intervention or control with 
subsequent crossover. Primary outcomes were 30-day all-cause mortality (non-inferiority margin=0·5%) and average 
number of EWS per day per patient. The intervention was implementation of the Individual EWS (I-EWS), in which 
nursing staff can adjust the calculated score on the basis of their clinical assessment of the patient. I-EWS was 
compared with the National Early Warning Score (NEWS). The study is registered at ClinicalTrials.gov, NCT03690128 
and is complete.

Findings Unique admissions longer than 24 h were included from Oct 15, 2018 to Sept 30, 2019. Of 90 964 patients 
assessed, n=46 470 were assigned to the I-EWS group and n=44 494 to the NEWS group. Mortality within 30 days 
was 4·6% for the I-EWS group, and 4·3% for the NEWS group (adjusted odds ratio 1·05 [95% CI 0·99–1·12], p=0·12). 
In subgroup analyses I-EWS showed increased 30-day mortality for hospitals that did I-EWS in fall–winter, which was 
probably due to seasonality, and within patients admitted in a surgical specialty. Overall risk difference was 
0·22% (95% CI −0·04 to 0·48) meaning that the non-inferiority criteria were met. The average number of scorings 
per patient per day was reduced from 3·14 to 3·10 (ie, a relative reduction of 0·64% [95% CI −0·16 to −1·11], p=0·0084) 
in the I-EWS group.

Interpretation Including clinical assessment in I-EWS was feasible and overall non-inferior to the widely implemented 
NEWS in terms of all-cause mortality at 30 days, and the number of routine measurements was minimally reduced. 
However I-EWS should be used with caution in surgical patients.

Funding Capital Region Research Foundation, Gangsted Foundation, Candys Foundation, Herlev-Gentofte Hospital 
Research Foundation, Laerdal Foundation, and The Foundation of Director Boennelycke and wife.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
In patients who are hospitalised, a strong association 
exists between abnormal vital signs and adverse outcomes, 
such as cardiac arrest and unexpected death.1–3 The logical 
preventive step has been frequent measurements of vital 
signs through a track-and-trigger system, providing 
the opportunity to intervene and possibly prevent 
deterioration. Early Warning Scores (EWSs) are common 
in track-and-trigger systems combining vital signs in 
a weighted score and thus estimating the risk of 
deterioration.4–6 There is, however, scarce evidence of an 
effect on patients’ outcomes and the majority of studies 
are observational.3,6,7 No clear consensus has been reached 

regarding the most effective strategy to prevent adverse 
outcomes in patients who are hospitalised.6

EWS was introduced as an aid to clinical decision 
making and was never considered an alternative to 
skilled clinical judgement, but implementation of EWSs 
might lead to severely diminished focus on clinical 
assessment.8,9 EWS is a so-called one-size-fits-all model, 
without consideration of a patient’s individual 
physiological response to stress due to, for example, age, 
gender, medication, or comorbidity.10 Furthermore, EWS 
omits nursing staff’s clinical interpretations of the 
specific disease symptoms. The system is considered 
rigid, and the danger of an overly task-oriented culture 
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has been raised.11 Data show that a clinical assessment 
can provide important information in the detection of 
acute physiological deterioration and is useful in 
predicting mortality.12–16 In the current trial, we aimed to 
investigate whether addition of an individual clinical 
assessment to an Early Warning Score (I-EWS) would 
reduce the average number of scorings per patient per 
day without increasing the risk of all-cause mortality 
within 30 days.

Methods
Study design
The study design, rationale, and protocol have previously 
been described in detail.3 The trial was a prospective, 
multicentre, cluster-randomised, crossover, non-
inferiority study done at eight hospitals in the eastern 
part of Denmark with a total catchment area of 
2·7 million people and 500 000 acute admissions yearly. 
Each hospital completed a 6·5-month intervention 
period in which I-EWS was implemented and a 
6·5-month control period using the National Early 
Warning Score (NEWS) with the opportunity to use the 
Capital Region of Denmark NEWS Override System 
(CROS).8 The trial consisted of two periods, both having 
an implementation period of 2-weeks in which all data 
were censored, an inclusion period of 5 months, followed 
by a follow-up period of 30 days (appendix p 2).3 CROS 
was administrated by doctors and offers the opportunity 
to define acceptable temporary and chronic values in the 
Electronic Health Record (EHR) for all vital signs 

included in NEWS. The aggregated NEWS was 
automatically adjusted in the EHR on registration of vital 
signs within the next 24 h or until the chronic value was 
revised by a doctor or the patient was discharged.

The trial was presented to the regional scientific ethics 
committee and was waived for formal approval. The trial 
data management was approved by the Danish Data 
Protection Agency.

Participants
Patients aged 18 years or older, admitted for more than 
24 h were included. Admissions to paediatric or obstetric 
wards were excluded. Only the first admissions longer 
than 24 h were included. The follow-up period was 
30 days in accordance with the intention-to-treat principle. 
If a patient was transferred to an intensive care unit 
during admission, any observation obtained here would 
not be included, as other observation systems were used.

Randomisation
The participating hospitals were randomly assigned 1:1 
to start as either intervention or control with 
subsequent crossover. Using stratified randomisation, 
based on the number of admissions, large and small 
hospitals were equally distributed between the control 
and intervention groups. The investigators enrolled the 
hospitals and used computer-generated numbers for 
randomisation and allocation (appendix p 4). Our 
biostatistician (TL) was not masked to allocation of 
intervention or control.

Research in context

Evidence before this study
We searched PubMed for articles published from 
Jan 1, 1995, to Dec 31, 2020, on implementing track and trigger 
systems. We only included English-language studies that 
investigated the effect of implementing a statistical modelling-
weighted and aggregate-weighted early warning scoring 
system. Search terms were “Early Warning Score*” OR (“Track 
and trigger system” OR “Track and trigger systems”) OR (“Rapid 
Response System” OR “Rapid Response Systems”). Our results 
were compared with the latest published reviews by Alam and 
colleagues 2014, Smith and colleagues 2014, Linnen and 
colleagues 2019, and Gerry and colleagues 2020. We identified 
two randomised controlled studies, one being a single-centre 
crossover study including 2353 patients, whereas the other was 
a multicentre pragmatic, stepped-wedge, cluster randomised 
trial including a total of 69 656 patients. Neither of the studies 
found an effect of track and trigger systems on cardiac arrest or 
mortality.

Added value of this study
To the best of our knowledge, this study is the first to 
investigate whether the inclusion of clinical assessment as 
a part of an early warning score would reduce the average 

number of scorings per patient per day without increasing 
all-cause mortality within 30 days. Furthermore, we believe it is 
the first study to compare two track and trigger systems in a 
cluster-randomised, multicentre crossover study design, 
including both medical and surgical patients hospitalised for 
more than 24 h. The Individual Early Warning Score (I-EWS) 
including clinical assessment was overall non-inferior to the 
widely implemented National Early Warning Score. I-EWS led to 
a minimal although significant reduction in routine 
measurements per patient per day and significantly reduced the 
number of individual high scores.

Implications of all the available evidence
Until now, implementation has been driven by low amounts 
of evidence and without a general conclusion on their effect. 
The effect of early warning score systems on patients, 
workflows, and resources is enormous. Hence, it is essential to 
close this evidence gap. Our study shows that it is feasible to 
compare early warning score systems in randomised trials to 
more accurately assess their efficacy. We showed that inclusion 
of clinical assessment was both feasible and resulted in a 
reduction in number of scorings, which could potentially lead 
to a redistribution of resources without harming the patients.
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Procedures
During the intervention period, the I-EWS was 
implemented as the scoring system for systematic 
observation and risk assessment of patients who were 
hospitalised. Nursing staff assessed the patient, 
measured and recorded vital signs systematically, and 
assigned patients with an aggregated score of 0–20 
(appendix p 5). Subsequently, and on the basis of their 
clinical assessment of the individual patient, the 
nursing staff, who assessed the patient, evaluated the 
score, and could adjust the score in either direction, or 
keep the current score, as previously described.3 An 
I-EWS modification of 0 indicates that the score, based 
on vital signs, was acceptable and relevant to the 
patient, including an appropriate observation interval 
and without need for escalation in care. If an adjustment 
was considered necessary, the I-EWS score could be 
lowered by a maximum of 4 points or increased by 
6 points. In the control period, the already implemented 
NEWS was used. A schematic comparison of I-EWS 
and NEWS is illustrated in the appendix (p 3). Both 
scoring systems follow the same escalation protocol 
and algorithm for rescoring, with a maximum interval 
of 12 h (see appendix p 6). Our educational 
implementation stategy before the implementation and 
intervention period included local research staff, 
representing all participating wards. The local research 
staff were responsible for introducing I-EWS as well as 
ensuring compliance with NEWS.

Local research staff attended either a 2-h formalised 
introduction to I-EWS or a 2-h NEWS brush-up teaching 
session, before the trial and at crossover. All teaching 
sessions were done by authors PBN and CSL with the 
purpose of providing the necessary background 
information about EWS systems, the intervention, and 
the trial to the research staff. Nursing staff and medical 
doctors also received written I-EWS and NEWS 
information before the trial and at crossover.3

Outcomes
The primary outcomes were all-cause mortality at 30 days 
after admission and the average number of times per day 
a patient was evaluated with NEWS or I-EWS.

The secondary outcomes were length of stay and all-
cause mortality at 48 h and 7 days after admission. The 
following explorative outcomes were preplanned: in-
hospital cardiac arrest, reported in absolute and relative 
numbers (%) and per 10 000 ward days; scores triggering 
a call for the medical emergency team (MET) reported in 
absolute and relative numbers (%) and per 10 000 ward 
days; scores triggering a call for the attending doctor 
reported in absolute number (%) and per 10 000 ward 
days; and changes in I-EWS–NEWS due to I-EWS 
modification (intervention group) and due to temporary 
or chronic acceptable values (control group). These 
outcomes were assessed after data was available on 
Oct 31, 2019 and prespecified in the published protocol 

paper and statistical analysis plan published online on 
clinicaltrials.gov, with the latest update made in 
July, 2019.3

A post-hoc sensitivity analysis for primary outcomes 
was done restricting the analysis to include only patients 
with at least one score of 2 or more on the basis of the 
recorded vital signs.

All residents in Denmark are registered in the Danish 
Civil Registration System and have a unique personal 
identification number that allows follow-up through 
national registries. We acquired data on outcomes from 
the Epic-based (Epic, Verona WI, USA) EHR, the civil 
registration system, and the Danish National In-Hospital 
Cardiac Arrest Registry after follow-up was completed. 
All registrations related to NEWS and I-EWS were 
integrated into the EHR. Criteria for data management 
are described in the appendix (p 1).

Figure 1: Trial profile
NEWS=National Early Warning Score. I-EWS=Individual Early Warning Score. *Only non-psychiatric hospitals were 
assessed. †Hospital units were defined as clusters based on administrative organisation and catchment area. 

6·5-month operational period with I-EWS 

19 hospital* units assessed for eligibility
 

12 hospitals enrolled

8 clusters† of hospitals were randomly assigned

A total of 90 964 patients were identified 

A total of 128 002 admissions were identified 

All re-admissions excluded
NEWS 18 564 admissions
I-EWS 18 474 admissions

6·5-month operational period with NEWS

NEWS
44 494 index admissions analysed

I-EWS
46 470 index admissions analysed

6·5-month operational period with NEWS 
 

6·5-month operational period with I-EWS

7 hospitals excluded
2 units declined
5 units did not meet the following cluster criteria:

arrival of acutely admitted patients in an 
on-site emergency department 
systemised use of NEWS on hospitalised 
patients 
access to medical emergency team 
access to intensive care units  
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Statistical analysis
The trial was designed to have a power of more 
than 90% with a non-inferiority margin of 0·5% for 
mortality at 30 days. Statistical analyses of the primary 
and secondary outcomes regarding mortality were done 
in accordance with the intention-to-treat principle. 

Analyses on score data were done on the final score 
after a possible correction was added owing to either 
I-EWS or CROS in the control group. Analyses were 
done with R (R Project for Statistical Computing), 
version 4.1.0.

The main analysis of mortality was done using 
a logistic regression adjusting for hospital, period, 
gender, and age. Any difference in size between hospitals 
and seasonal effects was considered in the statistical 
analyses. The primary outcome of average number of 
times per day a patient was evaluated with I-EWS–
NEWS, at an included scoring unit, was analysed using a 
simple linear model of the log-transformed values 
adjusted for the same variables as for mortality. 
Supplementary analysis was done on 30-day mortality 
excluding patients with missing I-EWS modifications in 
more than one-third of the total number of 
measurements, in addition to sensitivity analyses of the 
primary outcome; to account for the possible effect of 
do-not-resuscitate orders, we analysed survival until 
day 30 with Cox regression, with censoring at the time 
when the restriction order was registered. The following 
post-hoc analysis was added: a sensitivity analysis for 
primary outcomes, restricting the analysis to include 
only patients with at least one score of 2 or more on the 
basis of the recorded vital signs. The rationale behind 
this sensitivity analysis was to exclude patients who, 
during their admission, never received a score leading to 
a closer observation than the required minimum 
observation interval. A subgroup analysis investigating 
patients who were grouped as either a medical or 
surgical admission on the basis of admission specialty 
was also done.

The secondary outcomes, all-cause mortality at 
48 h and 7 days, were analysed similarly to the primary 
outcome. Length of full hospital stay was analysed by 
means of a simple linear model. All secondary 
outcomes were adjusted for the same variables as the 
primary outcomes.

The number of cardiac arrests in the two groups 
was reported and assessed with logistic regression 
and adjusted for the same variables as primary and 
secondary outcomes. For each patient, we computed 
how many scores could potentially trigger a call 
for the attending doctor (score ≥6) and activation 
of MET (score ≥7), and compared them using 
a linear model adjusted for the same variables as all 
other outcomes.

Subgroups were adjusted for the same variables as 
the primary outcome; it was however not possible to 
adjust for the period when each hospital was treated as 
an individual subgroup.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing 
of the report.

Individual Early 
Warning Score 
(n=46 470*)

National Early 
Warning Score 
(n=44 494*)

Patient characteristics

Female 23 715 (51·0%) 22 814 (51·3%)

Male 22 755 (49·0%) 21 680 (48·7%)

Age, years 67·13 (17·45) 66·54 (17·53)

Admissions included in period

October, 2018–
April, 2019

26 423 (56·9%) 23 285 (52·3%)

April–October, 2019 20 047 (43·1%) 21 209 (47·7%)

Admissions at included hospitals

Hospital A 6017 (12·9%) 6816 (15·3%)

Hospital B 3927 (8·5%) 5104 (11·5%)

Hospital C 3341 (7·2%) 3954 (8·9%)

Hospital D 6762 (14·6%) 7411 (16·7%)

Hospital E 12 582 (27·0%) 9940 (22·3%)

Hospital F 7844 (16·9%) 6447 (14·5%)

Hospital G 4640 (10·0%) 3776 (8·5%)

Hospital H 1357 (2·9%) 1046 (2·4%)

Admissions at registered department specialty

Emergency 
Department

4010 (8·6%) 3218 (7·2%)

Dermatology 156 (0·3%) 223 (0·5%)

Endocrinology 1356 (2·9%) 1733 (3·9%)

Geriatrics 1504 (3·2%) 1488 (3·3%)

Haematology 501 (1·1%) 515 (1·2%)

Infectious disease 810 (1·7%) 871 (2·0%)

Cardiology 8520 (18·3%) 7490 (16·8%)

Pulmonary disease 3287 (7·1%) 2780 (6·3%)

Medical 
gastroenterology

1998 (4·3%) 2240 (5·0%)

Nefrology 947 (2·0%) 993 (2·2%)

Neurology 4155 (8·9%) 3930 (8·8%)

Internal medicine 2547 (5·5%) 2369 (5·3%)

Urology† 2071 (4·5%) 1870 (4·2%)

Breast surgery† 75 (0·2%) 55 (0·1%)

Gynaecology† 836 (1·8%) 843 (1·9%)

Vascular surgery† 159 (0·3%) 148 (0·3%)

General surgery† 5205 (11·2%) 5185 (11·7%)

Orthopaedic surgery† 6470 (13·9%) 6844 (15·4%)

Plastic surgery† 489 (1·1%) 456 (1·0%)

Ear nose throat 
surgery†

436 (1·0%) 478 (1·1%)

Oncology 938 (2·0%) 765 (1·7%)

Data are n (%) or mean (SD). *First admission with a total length of stay of more 
than 24 h. †Classified as surgical patients.

Table 1: Characteristics of patients in the randomised trial comparing the 
Individual Early Warning Score with the National Early Warning Score
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Results
Of the 19 units assessed for eligibility, two units declined 
participation, and five units did not meet the predefined 
cluster criteria and were therefore excluded. Inclusion 
took place at eight hospitals (12 units), with both medical 
and surgical wards, and were clustered on the basis of 
administrative organisation before randomisation, as 
illustrated in the CONSORT diagram (figure 1) and as 
described previously.3 A total of 90 964 patients were 
included from Oct 15, 2018, until Sept 30, 2019, with 
a crossover on April 15, 2019. A 30-day follow-up was 
done before crossover and at the end of the trial, on 
Oct 30, 2019. A total of 46 470 (51·1%) patients were 
observed with I-EWS, and 44 494 (48·9%) were observed 
with NEWS. The distribution between hospitals is shown 
in table 1, which also summarises patient characteristics.

At 30 days, death occurred in 2128 (4·6%) patients in 
the I-EWS group and in 1896 (4·3%) in the NEWS group; 
(adjusted odds ratio [OR] 1·05 (95% CI 0·99–1·12; p=0·12). 
The risk difference was 0·22% (95% CI −0·04–0·48; 
table 2), which is within the prespecified non-inferiority 
margin. The cumulative 30-day mortality when 
censoring at registration of a do-not-resuscitate order 
is plotted in figure 2 and no significant difference was 
found in the adjusted hazard ratio (HR; 1·06 
[95% CI 1·00–1·13], p=0·059). A total of 382 do-not-
resuscitate orders were censored in the I-EWS group 
compared with 350 in the NEWS group. An analysis on 
30-day mortality excluding patients with missing I-EWS 
modifications in more than one-third of the total 
number of measurements increased the adjusted OR to 
1·08 (1·01–1·16; p=0·017). This analysis excluded 

5369 patients in the I-EWS group with a significantly 
lower 30-day mortality than the 41 101 remaining patients 
(30-day mortality; 4·3% vs 4·60%, p=0·010). A forest plot 
(figure 3) revealed no significant differences between 
30-day mortality according to age group. Of the eight 
individual hospitals adjusted only for gender and age, 
three showed a significantly increased 30-day mortality 
with I-EWS and one a significantly decreased 30-day 
mortality with I-EWS (figure 3). A post-hoc subgroup 
analysis was done, which investigated patients admitted 
within a medical or surgical specialty, 59 344 and 31 620 
respectively. A significantly higher 30-day mortality was 
found within the group of patients admitted in a surgical 
specialty, adjusted OR 1·17 (95% CI 1·02–1·35, p=0·029). 
A clear indication of inter action between admission 
specialties in relation to all-cause mortality within 
30 days was also found (p=0·0060).

A total of 1 296 476 I-EWS–NEWS scores were made 
during the trial at the included scoring units.

The average number of times that a patient was 
evaluated per day was 3·10 times in the I-EWS group 
and 3·14 in the NEWS group. When adjusted for 
hospital, period, gender, and age, a reduction of 0·64% 
(95% CI −0·16 to −1·11; p=0·0084; 0·0256 score per 
day) was found in the I-EWS group compared with the 
NEWS group. In the I-EWS group, 14 826 (31·9 %) 
patients only had scores of 0 and 1 during their 
admission, whereas this was seen in 15 212 (34·2 %) in 
the NEWS group. Excluding these patients in a post-
hoc analysis increased the relative reduction in the 
number of scores per day to 1·17% (−0·63 to −1·70; 
p<0·0001; 0·049 score per day per patient, see table 2).

Individual Early 
Warning Score 
(n=46 470)

National Early 
Warning Score 
(n=44 494)

Odds ratio 
(95% Cl)*

Relative change* Risk difference Days (95% Cl)*

Primary outcomes

All-cause mortality at 30 days 2128 (4·6%) 1896 (4·3%) 1·05 (0·99 to 1·12); 
p=0·12

·· 0·22% (95% CI 
−0·04 to 0·48)

··

Per protocol analysis† 
(n=41 101 vs 44 494)

1898 (4·6%) 1896 (4·3%) 1·08 (1·01 to 1·16); 
p=0·017

·· ·· ··

Average number of times per 
day (24 h) a patient was scored

3·10 (1·17) 3·14 (1·22) ·· −0·64% 
(−0·16 to −1·11); 
p=0·0084

·· ··

Excluding patients with all 
scores ≤1‡

3·27 (1·21) 3·34 (1·27) ·· −1·17% 
(−0·63 to −1·70); 
p<0·0001·

·· ··

Secondary outcomes

All-cause mortality at 7 days 623 (1·3%) 562 (1·3%) 1·04 (0·93 to 1·17); 
p=0·43

·· ·· ··

All-cause mortality at 48 h 149 (0·3%) 135 (0·3%) 1·09 (0·85 to 1·39); 
p=0·50

·· ·· ··

Length of stay 5·60 (7·64) 5·57 (7·56) ·· ·· 0·05 (−0·05 to 0·15); 
p=0·29

Data are n (%) or mean (SD) unless stated otherwise. *Adjusted for period, hospital, gender, and age. †Includes only patients where the scores were correctly assessed more 
than 30% of the time. ‡Excluding patients were the score calculated from vital sign registrations never exceed a score of one during admission. A score of zero and one leads 
to the minimum observation interval of 12 h.

Table 2: Results of the randomised trial comparing an Individual Early Warning Score with the National Early Warning Score
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All-cause mortality at 48 h and 7 days showed no 
significant difference between groups, with an adjusted 
OR of 1·09 (95% CI 0·85 to 1·39; p=0·50) and 
1·04 (0·93 to 1·17; p=0·43). Similarly, we observed no 
significant difference in length of hospital stay; 0·05 days 
(95% CI −0·05 to 0·15; p=0·29).

In the I-EWS group, 5·4 % of all scores were 
downgraded to a lower level in the escalation protocol, 
whereas 0·3% were upgraded; 94·2 % of the scores were 
unchanged. By comparison, in the NEWS group 2·0% of 
the scores were downgraded in the EHR by the doctor. 

Results stratified by hospital are shown in the 
appendix (p 7).

The number of scores generating a call for the 
attending doctor and MET (≥6) were significantly lower 
in the I-EWS group (0·17 per day vs 0·19 per day); 
a reduction of 5·9% (95% CI −0·15% to −11·78%; 
p=0·044).

In a post-hoc sensitivity analysis excluding patients 
scoring only 0 or 1, the relative number of scores 
downgraded to a lower level in the escalation protocol 
after the nursing staff made their clinical assessment 
increased to 7·8%, whereas 0·5% were upgraded (table 3). 
We found no significant difference in registered cardiac 
arrests between the two groups (table 4).

Discussion
In this trial, we prospectively investigated the effect of 
introducing nursing staff’s subjective clinical assessment 
to an objective vital-sign-based score (ie, I-EWS).5,6 The 
I-EWS scoring system fulfilled our predefined non-
inferiority margin of 0·5% for all-cause mortality at 
30 days compared with NEWS. I-EWS significantly 
decreased the average number of daily routine 
measurements per patient as well as the number of 
scores leading to calls for doctors and MET compared 
with NEWS.

The non-inferiority margin chosen in the study cannot 
exclude an excess mortality of 0·5% (absolute numbers). 
However, excess mortality is an inborn risk in non-
inferiority trials if the intervention is not superior. In the 
intention-to-treat analysis the 95% CIs indicate that the 
risk might increase with I-EWS, although the increase is 
not significant. The I-EWS group had almost 20% more 
admissions within the pulmonary and oncologic 
specialties, in which a high mortality must be expected 
and could explain a potential increase in risk between the 
two treatment groups. A per protocol analysis suggested 
a higher 30-day mortality when I-EWS was used and 
documented as required. The per protocol analysis 
excluded over 5000 patients with a 30-day mortality that 
was significantly lower than in those remaining and it is 
possible that these patients did not have deviating vital 
parameters resulting in scores of 0 or 1 where the I-EWS 
modifier of 0 was not registrered despite a system 
generated warning. The result of the per-protocol analysis 
should therefore be interpreted with caution owing to the 
risk of confounding by indication.

The overall average number of scorings per patient per 
day was minimally, although significantly reduced with 
I-EWS. Restricting the analysis to include only patients 
with at least one score of 2 or more in a post-hoc analysis, 
further decreased the average number of routine 
measurements per patient.

The number of scores that should lead to a call for the 
attending doctor or MET (scores ≥6 and ≥7) was 
significantly reduced in the I-EWS group. This reduces 
the use of resources but on the other hand it also 

Figure 2: Kaplan-Meier plot illustrating survival in the 30 days after admission to the participating hospitals 
stratified by Early Warning Score system (I-EWS vs NEWS)
Data are censored in case of deploying do-not-resuscitate orders. Adjusted hazard ratio: 1·06 (95% CI 1·00–1·13, 
p=0·059).
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Figure 3: Subgroups of the patient population in the randomised trial comparing the Individual Early 
Warning Score with the National Early Warning Score illustrated as a forest plot
*It is not possible to adjust for the period effect when each hospital is treated as an individual subgroup.
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introduces a risk that timely management of the sickest 
patients is missed.

Changes in score within the I-EWS group were only 
done in 6% of the scores. This finding could suggest that 
the initial score, equivalent to NEWS, in most cases was 
in concordance with clinical judgement. Another 
explanation could be that nurses felt insecure in changing 
scores and therefore did not change the score even if they 
disagreed. Most likely the explanation is a combination of 
these two. CROS allows temporary and chronic acceptable 
values for all vital signs, and these automatically adjust 
a NEWS score within the EHR. CROS is primarily used to 
register a lower acceptable oxygen saturation for patients 
with chronic obstructive pulmonary disease (COPD) with 
the same purpose as NEWS2.17 NEWS2 has in the UK 
superseded NEWS. We found a 2·0% downgrading of the 
individual scores in the NEWS group compared with a 
5·4% downgrading with I-EWS. One explanation for the 
lower percentage within the NEWS group could be that a 
CROS registration can only be done by doctors, and 
adjustment in the score is only made when a vital sign 
goes below a predefined threshold (eg, saturation 
below 90%). In I-EWS the nursing staff were allowed to 
continuously make this adjustment every time they 
assessed a patient if they found it relevant, which gives 
the nursing staff an opportunity to leverage I-EWS better 
and accommodate for false alarms. This might be at the 
cost of I-EWS’s sensitivity, but as our results show, the 
30-day mortality is non-inferior to NEWS.

Our results indicate a tendency towards a higher 30-day 
mortality with I-EWS for patients older than 70 years, 
although this was not significant.

Because of the study design, it is not possible to 
separate treatment effect from seasonal effect when 
comparing I-EWS to NEWS at each hospital. In the 
subgroup analysis, I-EWS was found to decrease 30-day 
mortality at hospitals A–D, although only significantly at 
one hospital. Conversely, I-EWS was found to increase 
all-cause mortality at 30-days significantly at three out of 
the four hospitals E–H. Hospital A–D used I-EWS during 
the period of spring and summer whereas E–H used 
I-EWS during the period of fall and winter. Since this 
subgroup analysis was done without adjusting for time 
of year it should be interpreted carefully. The effect of 
seasonal change could explain this finding as higher 
admission rates and mortality are normally seen during 
winter.18 We mainly base our evidence on before-and-
after studies, in which a period effect is also a significant 
limitation.19–23 An important observation is that patients 
admitted in a surgical specialty had a significantly higher 
30-day mortality with the use of I-EWS and an interaction 
was found, concluding that the overall effect of I-EWS on 
all-cause mortality was influenced by admission specialty. 
This result must be explored further in future research 
but for the time being I-EWS must be used with caution 
within the surgical specialties to ensure safety. Future 
studies could also describe fatal cases from this study in 

order to obtain knowledge of any I-EWS-related or 
NEWS-related preventable deaths.

We confirmed the second part of our hypothesis that 
inclusion of clinical assessment would reduce the 
average number of scorings per patient per day, although 
only a minor reduction was found. This relatively minor 
reduction in the number of assessments might reflect 
restrictions inherent to doing studies in a busy, dynamic 
health-care environment. We also sought to implement 
change in workflows and measure improvements over 
a short period. The challenge in doing that was also 
highlighted by the MERIT study which found no effect 
on a composite of cardiac arrest, unexpected death, or 
unplanned admission to the intensive care unit when 
introducing a MET.24 Additionally, allowing the nursing 
staff to actively include their clinical assessment and 

I-EWS (n=46 470) NEWS (n=44 494) I-EWS vs NEWS

Absolute numbers

Cardiac arrest 124 (0·27%) 98 (0·22%) 1·16 (0·88 to 1·53); 
p=0·28  

Scores generating a call for 
the attending doctor*

45 331 (6·99) 46 443 (7·36) −5·9% 
(−0·15% to −11·78%); 
p=0·044  

Scores generating a call for 
mobile emergency team*

27 495 (4·24) 29 033 (4·60) −5·4% 
(−1·26% to −9·61%); 
p=0·011  

Event rate (events per 10 000 ward days)

Cardiac arrest 4·76 3·94 ··

Scores generating a call for 
the attending doctor

1745 1871 ··

Scores generating a call for 
mobile emergency team

1058 1169 ··

Data are n (%), event rate, or odds ratio (95% CI). I-EWS=Individual Early Warning Score. NEWS=National Early Warning 
Score. CROS=Capital Region of Denmark NEWS Override System. *For each patient it is computed how many scores 
could potentially generate a call for the attending doctor (score ≥ 6) or call for the mobile emergency team (score ≥7). 
Treatment groups are compared on the number of scores generating a call using a linear model adjusted for period, 
hospital, sex, and age.

Table 4: Secondary outcomes for the randomised trial comparing an Individual Early Warning Score 
with the National Early Warning Score

Downgraded Unchanged Upgraded

Changes in score

I-EWS* 35 005 (5·4) 611 288 (94·3) 1945 (0·3)

NEWS† 12 622 (2·0) 618 463 (98·0) 0

Sensitivity analysis—excluding patients with all scores ≤1

I-EWS* 49 406 (7·8) 580 839 (91·7) 3167 (0·5)

NEWS† 18 476 (3·0) 597 397 (97·0) 0

Data are n (%). I-EWS=Individual Early Warning Score. NEWS=National Early 
Warning Score. CROS=Capital Region of Denmark NEWS Override System. *All 
I-EWS scores are assessed by the nursing staff and are modified on the basis of a 
clinical assessment, see appendix (p 2) for description. †NEWS scores will be 
automatically adjusted if temporary (24 h) or chronic (until the patient is 
discharged) values are registered by a doctor in the CROS system. Scores cannot 
be upgraded with CROS.

Table 3: Changes in score leading to a lower or higher level in the 
observation protocol and escalation protocol
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encouraging them to take responsibility, especially if 
adjustments lead to a lower observation level, is a change 
in culture. Compared with the mandated use of NEWS, 
which rigidly dictates the level of observation, this might 
have restricted the use of I-EWS. Nurses’ experiences 
and perceptions of I-EWS and NEWS to identify patient 
deterioration were assessed in a focus group study.25 
However, we do not know whether a longer period of 
time or a more comprehensive implementation strategy 
would have further lowered the average number of times 
per day a patient had I-EWS measured.

The rationale behind this study was that most EWSs 
are a one-size-fits-all model and that clinical assessment 
can provide important information which could be 
useful for a timely detection of reversible deterioration.12–16 
We did, however, only find a minor reduction in the 
average number of scorings per patient per day. The 
clinical relevance of this finding and whether nursing 
staff will notice a 0·64% reduction in their workload is 
important to consider. It is possible that scorings were 
redistributed among patients, when the nursing staff 
found it more clinically relevant and this will not show 
in the chosen outcome.

Most EWS systems are retrospectively developed with 
a high ability to predict a proportion of patients who are 
at risk for clinical deterioration, mainly death. The trade-
off is that some alerts are false and will trigger an 
unnecessary escalation of care in stable patients, leading 
to redundant observations, increased workload, and poor 
distribution of resources as discussed previously.26,27 
Additionally, continuing to develop new scoring systems 
solely by a retrospective validation against outcomes 
such as in-hospital death and cardiac arrest carries a risk 
of perfecting EWSs towards detecting terminally ill 
patients, as such outcomes identify populations with a 
high proportion of individuals on an irreversible end-of-
life pathway, rather than patients on a path towards 
deterioriation that can be reversed. Some might argue 
that new data-driven models, which can provide better 
discrimination, would be a better alternative to existing 
EWSs, but we also still need to see their effect on clinical 
outcomes when implemented in a real-world setting.28

In the end, what is clinically relevant when it comes 
to EWSs is whether deterioration is detected and 
prevented in a timely manner, and thus that the 
prognosis for the patient is improved, and not which 
scoring system had the highest discrimination.

Generally, EWSs are used broadly without clear 
evidence of benefit in terms of patient outcomes and 
utilisation of resources.6 A head to head comparison 
between already implemented and newly developed 
scoring systems in randomised trials is necessary 
and essential to obtain further knowledge on optimal 
risk assessment. We have consecutively included an 
unselected cohort of 90 964 medical and surgical patients 
across eight hospitals (12 units), indicating high 
generalisability. At the same time, we only included 

patients admitted for more than 24 h to a ward, whom we 
believed had a higher risk of deterioration. Our data is 
representative in terms of gender and ethnicity. To our 
knowledge, this trial is the first to be done in a clinical 
setting that reflects the reality, whereby these EWSs are 
widely used all over the world,6 as we include all acute 
admissions across all departments at the hospitals in the 
study.

An important strength of the trial is the size of the study. 
Our study design contrasts with a notable limitation in 
most previous studies,5,19,20,22 which have used historical 
controls and lack randomisation. Two randomised 
controlled trials investigating the effect of implementing 
different EWS systems on patient outcomes have been 
criticised for being underpowered to show an 
improvement.7,28 A notable explanation is that the number 
of preventable deaths is reported to be low, and a superiority 
design is difficult to assess.29 By comparison, our trial both 
acknowledges the low number of preventable deaths by 
choosing a non-inferiority design and by striving to achieve 
enough power through our study design.3 Both I-EWS and 
NEWS were registered in the EHR, contributing to 
a higher completeness of data and minimising the risk of a 
carry-over effect. Implementation of I-EWS was supported 
by automatic alerts in the EHR to the nursing staff if the 
registration of the clinical assessment was omitted. 
Although the implementation was supported by alerts, we 
still saw a variation in how much I-EWS was used at the 
individual departments—a further limitation to the study. 
It is also a well known phenomenon that information and 
knowledge do not necessarily lead to a change in 
behaviour.30 Our biostatistician was not masked to 
allocation of intervention or control. However, we consider 
the risk of bias to be small as a detailed statistical analysis 
plan was written before the study was completed and 
analysis of data started.

Exclusion of patients discharged within 24 h restricts 
knowledge of these patients; however, many emergency 
departments use triage tools and to a lesser extent NEWS 
to assess patients initially, and data from these patients 
would reflect the effect of both.

In future studies, we suggest that an implementation is 
done as a step-wedged, cluster-randomised, trial design 
to ensure non-inferiority to NEWS.

Another important limitation of our trial was that no 
historical data on compliance to NEWS exists. We were 
not able either to explore compliance or response to the 
escalation protocol (eg, actual contact to or response 
from the attending doctor or medical emergency team) 
as our trial was designed to solely collect follow-up data 
from the EHR. The lack of compliance data restricts the 
possibility to explore changes in clinical decision making 
(eg, whether increased activation of the medical 
emergency team could lead to further interventions or 
more do-not-resuscitate orders), which highlights an 
important point. Introducing a standardised scoring 
system with an escalation protocol might be an 
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oversimplified solution to a complex problem. An 
appropriate response must be ensured when possible 
deterioration is effectively and efficiently detected. We 
did not address this in our study. Although I-EWS was 
found to be non-inferior to NEWS, future research 
should explore different risk groups and whether I-EWS 
ensures appropriate responses.

Clinical assessment as a part of an early warning score 
(ie, I-EWS) to evaluate patients at risk of deterioration was 
overall non-inferior to the widely accepted NEWS in 
terms of all-cause mortality at 30 days. A significantly 
higher 30-day mortality was found with I-EWS within 
surgical specialties, which must be investigated in 
future research. A minimal reduction in routine 
measurements and the number of individual high scores 
was found with I-EWS, potentially leading to a reduction 
of resources spent.
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