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Abstract

Background: Early warning tools have been widely implemented without evidence to guide (a) 

recognition and (b) response team expertise optimisation. With growing databases from MET-calls 

and digital hospitals, we now have access to guiding information. The Queensland Adult-

Deterioration-Detection-System (Q-ADDS) is widely used and requires validation.

Aim: Compare the accuracy of Q-ADDS to National Early Warning Score (NEWS), Between-the-

Flags (BTF) and the electronic Cardiac Arrest Risk Triage Score (eCART)).

Methods: Data from the Chicago University hospital database were used. Clinical deterioration 

was defined as unplanned admission to ICU or death. Currently used NEWS, BTF and eCART 

trigger thresholds were compared with a clinically endorsed Q-ADDS variant.

Results: Of 224,912 admissions, 11,706 (5%) experienced clinical deterioration. Q-ADDS (AUC 

0.71) and NEWS (AUC 0.72) had similar predictive accuracy, BTF (AUC 0.64) had the lowest, 

and eCART (AUC 0.76) the highest. Early warning alert (advising ward MO review) had similar 
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NPV (99.2–99.3%), for all the four tools however sensitivity varied (%: Q-ADDS = 47/NEWS = 

49/BTF = 66/eCART = 40), as did alerting rate (% vitals sets: Q-ADDS = 1.4/NEWS = 3.5/BTF = 

4.1/eCART = 3.4). MET alert (advising MET/critical-care review) had similar NPV for all the four 

tools (99.1–99.2%), however sensitivity varied (%: Q-ADDS = 14/NEWS = 24/BTF = 19/eCART 

= 29), as did MET alerting rate (%: Q-ADDS = 1.4/NEWS = 3.5/BTF = 4.1/eCART = 3.4). High-

severity alert (advising advanced ward review, Q-ADDS only): NPV = 99.1%, sensitivity = 26%, 

alerting rate = 3.5%.

Conclusion: The accuracy of Q-ADDS is comparable to NEWS, and higher than BTF, with 

eCART being the most accurate. Q-ADDS provides an additional high-severity ward alert, and 

generated significantly fewer MET alerts. Impacts of increased ward awareness and fewer MET 

alerts on actual MET call numbers and patient outcomes requires further evaluation.
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Introduction

Unrecognised or poorly managed patient deterioration is a widely acknowledged problem in 

hospital-based health care.1,2 Derangements in physiological parameters are often present in 

the 24 h leading up to an event,3 so early recognition and intervention provides an 

opportunity to reduce preventable adverse outcomes.

Physiological track and trigger systems support early recognition and guide appropriate 

escalation of care.4,5 The first of these were bedside charts introduced to promote the timely 

presence of clinical help when vital signs became abnormal.6–8 Since then, national and 

international accreditation and safety organisations have recommended that track and trigger 

systems be routinely implemented in clinical practice.2,9–11 As a result, these systems have 

evolved rapidly and have not been implemented with the same methodological rigour of 

other clinical interventions. Moreover, track and trigger systems vary significantly. Most 

have tiered escalation protocols, with early/mild derangement thresholds for ward-level 

escalation and more severe derangement thresholds for medical emergency team (MET) or 

critical care escalation. However, they differ in design, algorithm thresholds, and levels of 

escalation., Single track and trigger systems, such as the Australian Between the Flags 

(BTF), rely on a single vital sign parameter threshold breach to trigger escalation of care,12 

whereas aggregate scoring systems, such as the National Early Warning Score (NEWS), 

escalate based on a cumulative score generated when multiple parameter derangement 

occurs.13 Evidence suggests that systems with aggregate scoring have better predictive 

validity,14,15 which has implications for patient safety and clinical resourcing.

The Queensland Adult Deterioration Detection System (Q-ADDS) is a track and trigger 

system used widely throughout Australia and some developing countries. It has a number of 

important features. It is a “combination” system, with MET alert thresholds for both an 

aggregate score across multiple parameters (like NEWS), and for severe vital sign 
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derangement on a single parameter (like BTF), which provides a safety net for incomplete 

vital sign sets and severe derangement on a single vital sign. It adds a quantified oxygen 

component to the vital sign thresholds, which aligns with recent Australian Thoracic Society 

of Australia and New Zealand guidelines16 that recommend escalation based on oxygen 

requirement rather than oxygen saturation levels. Q-ADDS has been designed according to 

human factor principles and heuristically evaluated throughout each stage of its 

development.17–23 Additionally, the escalation guidance provides 2 tiers of ward level 

visibility and escalation (mild derangement (score 4–5), and high-severity (score 6–7)), 

rather than just mild or MET thresholds. The underlying algorithm of Q-ADDS, however, 

has not been validated for predictive accuracy.

Our aim was to compare the accuracy and alerting efficiency of Q-ADDS to other 

commonly used early warning track and trigger tools and to eCART, an advanced digital 

algorithm tool that includes patient demographics, vital signs, and laboratory values. 

Additionally, because of the lack of evidence to guide optimal MET trigger thresholds, we 

performed a direct comparison of two low systolic blood pressure (SBP) and two high 

respiratory rate (RR) thresholds. Low SBP is of particular interest, as it is a frequent cause of 

MET calls where critical care input is not required, and is thus a potential opportunity for 

improved MET system efficiency.24

Methods

Study cohort and data collection

Vital sign data from all adult patients (age 18 and older) hospitalized on the medical-surgical 

wards at the University of Chicago from November 2008 to November 2018 were included 

in the study. Patients were excluded if they did not have at least one full set of numerical 

vital signs and a measurement of the amount of oxygen delivered at least once during their 

ward stay (e.g., “room air”). The study was approved by the University of Chicago’s 

Institutional Review Board (IRB #17–1342), and a waiver of consent was granted. Patient 

demographics, vital signs, laboratory values, location data, and discharge disposition were 

collected from the electronic health record (Epic; Verona, WI) through the University’s 

Clinical Research Data Warehouse.

Outcomes

The primary outcome of the study was clinical deterioration on the wards, which was 

defined as a direct ward to intensive care unit (ICU) transfer or death on the ward, in line 

with prior work.25 ICU transfer and death were analysed separately as secondary outcomes. 

Patients who were transferred from the wards to another location (e.g., the operating room) 

prior to their ICU transfer were not counted as having an event.

Early warning tools

Four early warning tools were compared: Q-ADDS, BTF, NEWS and eCART. BTF, NEWS 

and eCART provide bilevel notification/escalation alerting (early/mild derangement 

thresholds and MET thresholds), whereas Q-ADDS has an additional alert threshold (high-

severity) advising advanced ward level review. Additionally, four different variations of the 
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Q-ADDS (comparing two thresholds of low SBP and of high RR) were investigated 

(Supplementary Fig. 1). Q-ADDS Variant 1 has been used for the primary analysis in this 

study since this is the version planned for prospective clinical implementation. Clinical alert/

escalation thresholds for each tool are presented in Table 1.

In prior studies,15 NEWS was calculated on cumulative score only, based on prior 

publications and clinical use in the United States.14 However, the UK National Institute for 

Health and Care Excellence (NICE) guidelines2 mandate that for NEWS (and the more 

recent NEWS2), an early/ward level escalation should occur for a cumulative score of 5, and 

also for any single parameter score of 3 alone, so this has been included as an additional 

analysis (labelled NEWS+). The version of eCART used in this project is a previously 

published random forest algorithm that includes patient characteristics, vital signs, and 

laboratory values as variables. Scores were calculated at each time point that a patient had a 

full set of numerical vital signs needed for calculation, with the exception of oxygen 

delivery, mental status, and laboratory values (for eCART), which were carried forward from 

prior values if missing.

Statistical analysis

Patient characteristics and score distributions were presented as counts, percentages, and 

median with inter-quartile range (IQR) as appropriate. For each tool sensitivity, specificity, 

and the area under the receiver operating characteristic curve (AUC), negative predictive 

values (NPV) and positive predictive values (PPV) were calculated by defining all 

observations within 24 h leading up to an outcome as having the event and all other 

observations as not having the event, as per prior work.15 AUCs were compared between 

tools using the method of DeLong.26 The time-to-event was the time difference between 

when a score first reached a particular threshold and the outcome event was also calculated 

to determine the lead time of detection. Finally, an early warning score efficiency curve was 

created graphing the percentage of positive alerts (vital sign sets that breached an alert/

escalation threshold) on the y-axis against the sensitivity on the x-axis (see Figs. 1 and 2). 

All analyses were performed using Stata version 15.1 (Stata Corps; College Station, Texas), 

and two-sided P < 0.05 was considered statistically significant.

Results

Study cohort

A total of 226,981 adult admissions on the wards occurred during the study period, with 

2069 excluded due to missing vital signs and/or oxygen delivery values, which left 224,912 

admissions (5,349,995 vital sign sets) in the final cohort. Of these admissions, 11,706 

(5.2%) experienced at least one clinical deterioration outcome. The study cohort was 58% 

female, 56% African-American, and the median age was 57 (IQR 41 −69) years (see Table 

2). Fifteen percent of the study cohort had an ICU admission at least once during their 

hospital stay, which could have occurred before or after their ward stay, and the full cohort 

had an in-hospital mortality of 1%.
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Early warning tool comparisons

Accuracy—The AUC distributions of the different early warning tools are shown in Table 

3. For the combined outcome, eCART had the highest AUC for predicting an event in the 

next 24 h (0.79), followed by NEWS (0.73), Q-ADDS (0.72 for all four variants 

(Supplementary Table 1)), and BTF (0.64) (all pairwise comparisons using only Q-ADDS 

Variant 1 with P < 0.05). Findings for predicting ICU transfer (eCART 0.78, NEWS 0.72, Q-

ADDS 0.71, BTF 0.63) and for predicting death (eCART 0.92, NEWS 0.88, Q-ADDS 0.87, 

BTF 0.78), had a similar order.

The PPV, NPV, sensitivity and specificity for predicting an outcome in the next 24 h for the 

different alerting thresholds for each tool are shown in Table 4. The early alerting threshold 

(advising ward MO review) had similar NPV for all 4 tools (eCART/NEWS 99.2% vs Q-

ADDS/BTF 99.3%), however PPV varied (Q-ADDS = 3.9%, NEWS + = 4.4%, BTF = 

1.8%, eCART = 7.2%). Sensitivity also varied: NEWS (44%), NEWS+ (49%), Q-ADDS 

(47%), and eCART (40%), with BTF being the most sensitive (66%).

MET alert thresholds (advising MET/critical-care review) had a similar NPV for all four 

tools (eCART/NEWS 99.1% vs Q-ADDS/BTF 99.2%), however PPV varied (Q-ADDS = 

12.4%, NEWS = 8.4%, BTF = 5.7%, eCART = 10.2%), as did sensitivity (Q-ADDS = 14%, 

NEWS = 24%, BTF = 19%, eCART = 29%). The high-severity alert (advising advanced 

ward review, Q-ADDS only) had an NPV of 99.1%, PPV of 8.1%, and a sensitivity of 26%.

Time-to-event—The early alerting threshold time-to-event was similar for NEWS, NEWS

+, Q-ADDS and eCART (46/48/45/44 h respectively), where BTF was earlier (53 h). The 

MET alerting time-to-event for NEWS, Q-ADDS, BTF and eCART was 36/20/36/35 h 

respectively.

Alerting efficiency—The tools varied in alerting efficiency (Table 4). For early 

derangement alerts (when corrected by excluding MET alerts from the total) eCART had the 

highest efficiency (5.2% of vital sign sets) and BTF the lowest efficiency (41% of vital sign 

sets), with NEWS+ and Q-ADDS being similar (13% of vital sign sets). For MET alerts, 

however, Q-ADDS variant 1 was the most efficient (1.4% of vital sign sets), compared to 

NEWS+, eCART and BTF (3.5%, 3.4%, 4.1% respectively). Q-ADDS high-severity ward 

alert occurred on 7% of vital sign sets.

The four Q-ADDS variants compared two different high RR and low SBP MET thresholds. 

The overall accuracy of the different Q-ADDS variants were identical, with an AUC of 0.72 

for the combined outcome, 0.71 for ICU transfer, and 0.87 for death. Changing the high RR 

MET thresholds (variants 1,3) did not alter the NPV, PPV or sensitivity, however lowering 

the SBP MET threshold from < 90 mmHg to <80 mmHg alone reduced MET alerts by 45% 

(18–10% of encounters) with a reduction in sensitivity from 17% to 14%, but no impact on 

NPV (99.0%/99.0%).
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Discussion

The results demonstrate that the Q-ADDS algorithm has a similar discriminative accuracy 

for either intensive care unit transfer or death to NEWS and higher accuracy than BTF, with 

the advanced digital algorithm eCART proving more accurate than the vital-sign based tools. 

This relationship was similar to the previous comparison study.15 It is likely that additional 

parameters improve accuracy rather than the manipulation of parameter thresholds. This is 

supported by the superior accuracy from the addition of patient demographics and laboratory 

results in eCART, versus the similarity between AUCs of the four variants of Q-ADDS, 

where vital sign thresholds were manipulated but the number of parameters remained 

constant.

Early detection provides an opportunity for early intervention, and therefore prevention, of 

severe physiological derangement and subsequent adverse outcomes, but only if that 

detection is appropriately acted upon. Good clinical acumen and reliable recognition/alerting 

tools are key. These tools have to balance under-alerting, which may miss at-risk patients, 

and over-alerting, which can lead to alarm fatigue, unnecessary responder workload or 

“wrong place, wrong time” clinical situations. Alert/escalation fatigue can lead to failure to 

escalate or respond and can also lead to medical orders for patient specific modifications to 

alerting thresholds which reduces the sensitivity of the tools. To date there is no published 

evidence to define the optimal balance.

All four early warning tools included in this study have early escalation thresholds, where a 

ward-level clinical review is required. At the applied escalation alerting thresholds, this Q-

ADDS algorithm has a similar early ward level alerting accuracy and efficiency to NEWS, 

but generates almost 70% fewer alerts than BTF. eCART, again, was superior. Additionally, 

Q-ADDS provides a high-severity ward level alert (high-severity score 6), with higher 

sensitivity than NEWS or BTF MET thresholds. Escalation for single vital sign 

derangements may have serious implications for patient safety and resource allocation. Early 

alerts for ward-level review for any isolated score of 3 are used with NEWS in the UK, and 

although this improves sensitivity, it is at the cost of a 30% increase in ward medical officer 

escalation alerts–with no improvement in accuracy.

With regard to MET alerting, at the applied thresholds, Q-ADDS was the most efficient, 

generating >50% fewer MET alerts than NEWS or eCART, and >60% fewer than BTF. This 

was achieved with little difference in the NPV (an indicator of missed alerting opportunities 

in studies such as this where the outcome prevalence is low). Q-ADDS does have the lowest 

sensitivity, which raises concerns for missed opportunities to intervene. However, it is 

important to distinguish between validation of performance of the early warning tool 

algorithm (recognition), and performance of an early warning “system” (multi-level 

recognition, escalation and response) which is much more complex, and requires large-scale 

outcome-based research methodology.

Q-ADDS has a number of features aimed at redirecting services rather than reducing 

sensitivity. Stratified early warning thresholds facilitate prevention of deterioration, rather 

than response to it. A redirection of response expertise to advanced members of the ward 
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team (high-severity ward level alert) allows further opportunity for ward level awareness and 

escalation prior to MET/external escalation. This redirection is supported both by these 

results (sensitivity 26%) and previously published MET call outcome data.27 Low SBP 

triggers approximately 30% of all MET calls,27 most being isolated hypotension, and less 

than 4% of those calls result in more than ward level intervention or ICU transfer.24 These 

data show that reducing the low SBP MET threshold from 90 mmHg to 80 mmHg will result 

in a 40% reduction in MET alerts, so improving specificity for this threshold alone will 

reduce the strain on critical care resources. A MET attendance will still be recommended for 

any SBP <80 mmHg, hypotension associated with additional derangements, or as triggered 

by the “clinician worried” criterion.

To date there is no guiding evidence for the optimal lead time for early or late (MET) 

thresholds. Alerting/escalation must occur early enough for clinicians to respond and prevent 

adverse outcomes, but not so early that the alerts lead to unnecessary interventions or alarm 

fatigue. The early threshold lead times for Q-ADDS, NEWS and BTF are similar (40–50 h). 

For MET escalation, Q-ADDS had a lead time of 20 h, compared to 36 h for NEWS and 

BTF, but provides the additional high-severity ward alert at 31 h. It could be argued that 

earlier alerting should translate into earlier intervention and therefore better patient 

outcomes, however, who is best to provide that early response (i.e., medical treating team or 

critical care team) and when the ideal time is for critical care input, remains unclear. Critical 

care input greater than 12–24 h prior to an adverse event has questionable validity and 

significant resource implications. Optimal early escalation and MET escalation threshold 

lead times requires further exploration.

As described above for low SBP, a direct comparison was made for the high RR MET 

threshold. High respiratory rate is the most accurate of all the parameters in predicting 

deterioration but lacks evidence as to the ideal threshold in a combination single/multi-track 

and trigger system. Therefore, we compared two high RR thresholds (≥36 vs ≥30 breaths per 

minute) but there was little difference between the two.

It is expected that advanced algorithms will provide safer healthcare in the future. As 

technology advances, electronic health platforms will support the use of statistically derived 

algorithms like eCART, which combines patient demographics and laboratory values in 

addition to vital sign monitoring to provide a real-time scoring tool. eCART, using the 

alerting thresholds described, was significantly more accurate than the paper-based tools, 

with the advantage being particularly for early derangement detection. The Australian health 

system is still in the process of transitioning to electronic health records, and hospitals – 

particularly those in regional and remote areas – are unlikely to have this technology 

imminently and are reliant on paper-based tools.

This study has several strengths. This is the first published study to (1) evaluate the 

underlying algorithm of Q-ADDS compared to other commonly used tools, (2) use the 

inclusion of quantified oxygen requirement as a parameter, and (3) compare different 

thresholds for the key variables of high RR and SBP. Patient data were analysed on both 

complete vital sign sets and on individual vital signs with similar accuracy. The analysis 
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included data from over 220,000 patients over a 10-year period. The data reflects what is 

typically found in similar comparison studies.

Our findings are limited by this being a single-site study. This was unavoidable, as although 

a similar prior study included multiple sites, only one of these sites reliably recorded oxygen 

delivery.15 Nevertheless, the single-site data had similar characteristics when directly 

compared to the multi-site dataset. These data do not include calls based on other escalation 

criteria, such as clinician worry, patient confusion, or patients with modified alerting 

thresholds (available for BTF, Q-ADDS), or limitations of medical therapy orders, and 

therefore cannot be directly translated into impact on actual call numbers. The validation is 

statistical, and is based on the generation of alerts only. What action follows these alerts (the 

early warning system) is a critical component of the impact on patient outcomes. 

Implementation data would be required to evaluate associated improvement in patient 

outcomes. Additionally, the applicability of the ICU transfer outcome data to the Australian 

population must be interpreted in the context of the differences in patient populations, ICU 

admission and discharge policy between the USA and Australia. These limitations must be 

taken into consideration when interpreting the results in relation to Australian hospitalised 

patients.

Conclusion

The accuracy of the Q-ADDS algorithm was found to be superior to BTF and comparable to 

NEWS for predicting clinical deterioration, with eCART, the advanced digital monitoring 

tool being the most accurate. The Q-ADDS algorithm generated significantly fewer MET 

alerts than BTF, NEWS or eCART. The effect of increased ward awareness and intervention 

responsibility, and fewer MET alerts on actual MET call numbers and patient outcomes 

requires further evaluation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Early/ward alert efficiency curve. This curve illustrates the sensitivity of different alerting 

thresholds for whether an event occurs in the next 24 h (x-axis) vs. the percentage of alerts 

that are above the different thresholds (y-axis).
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Fig. 2 –. 
MET alert efficiency curve. This curve illustrates the sensitivity of different MET alerting 

thresholds for whether an event occurs in the next 24 h (x-axis) vs. the percentage of alerts 

that are above the different thresholds (y-axis). Note the y axis is reduced to 25% for 

improved visibility. *Q-ADDS high-severity ward escalation alert (Q-ADDS score 6).

Campbell et al. Page 12

Resuscitation. Author manuscript; available in PMC 2021 February 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 13

Ta
b

le
 1

 –

C
lin

ic
al

ly
 u

se
d 

al
er

t/e
sc

al
at

io
n 

th
re

sh
ol

ds
.

E
ar

ly
/m

ild
 d

er
an

ge
m

en
t 

al
er

t 
(e

sc
al

at
io

n 
to

 m
ed

ic
al

 o
ff

ic
er

)
H

ig
he

r 
se

ve
ri

ty
 a

le
rt

 
(e

sc
al

at
io

n 
to

 a
dv

an
ce

d 
m

ed
ic

al
 

of
fi

ce
r)

Se
ve

re
 d

er
an

ge
m

en
t 

al
er

t 
(e

sc
al

at
io

n 
to

 M
ed

ic
al

 E
m

er
ge

nc
y 

te
am

)

Q
-A

D
D

S
4–

5
6–

7
≥8

 o
r 

an
y 

si
ng

le
 p

ar
am

et
er

 in
 th

e 
pu

rp
le

 (
“E

”)
 z

on
e

N
E

W
S

5–
6

≥7

N
E

W
S+

 (
+

 s
in

gl
e 

pa
ra

m
et

er
)

5–
6 

or
 a

ny
 s

in
gl

e 
pa

ra
m

et
er

 =
 3

 b
ut

 s
co

re
 <

5
≥7

B
T

F
N

ot
 a

pp
lic

ab
le

N
ot

 a
pp

lic
ab

le

eC
A

R
T

93
–9

6
≥9

7

Resuscitation. Author manuscript; available in PMC 2021 February 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 14

Ta
b

le
 2

 –

Pa
tie

nt
 c

ha
ra

ct
er

is
tic

s.

D
em

og
ra

ph
ic

V
al

ue
A

ll 
en

co
un

te
rs

 (
n 

= 
22

4,
91

2)

A
ge

M
ed

ia
n 

(I
Q

R
)

57
 (

41
, 6

9)

Se
x

Fe
m

al
e

12
9,

42
7 

(5
8%

)

M
al

e
94

,7
87

 (
42

%
)

U
nk

no
w

n
13

 (
0.

01
%

)

R
ac

e
W

hi
te

83
,4

44
 (

37
%

)

B
la

ck
/A

fr
ic

an
-A

m
er

ic
an

12
4,

93
8 

(5
6%

)

A
si

an
/M

id
ea

st
 I

nd
ia

n
49

44
 (

2.
2%

)

A
m

er
ic

an
 I

nd
ia

n 
or

 A
la

sk
a 

N
at

iv
e

47
2 

(0
.2

%
)

N
at

iv
e 

H
aw

ai
ia

n 
or

 o
th

er
 P

ac
if

ic
 I

sl
an

de
r

29
0 

(0
.1

%
)

M
or

e 
th

an
 o

ne
 R

ac
e

41
79

 (
1.

9%
)

U
nk

no
w

n
66

45
 (

3.
0%

)

E
th

ni
ci

ty
H

is
pa

ni
c

10
,9

10
 (

4.
9%

)

N
ot

 H
is

pa
ni

c
20

6,
61

3 
(9

2%
)

U
nk

no
w

n
73

89
 (

3.
3%

)

E
nc

ou
nt

er
 L

O
S 

(h
ou

rs
)

M
ed

ia
n 

(I
Q

R
)

77
 (

44
, 1

43
)

IC
U

 e
ve

r
N

 (
%

)
34

,6
87

 (
15

%
)

D
ie

d 
ev

er
N

 (
%

)
21

83
 (

1.
0%

)

Resuscitation. Author manuscript; available in PMC 2021 February 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 15

Ta
b

le
 3

 –

D
is

tr
ib

ut
io

ns
 a

nd
 A

U
C

s 
fo

r 
in

cl
ud

ed
 e

ar
ly

 w
ar

ni
ng

 to
ol

 a
lg

or
ith

m
s.

Sc
or

e
M

ed
ia

n 
(I

Q
R

)
IC

U
 t

ra
ns

fe
r 

A
U

C
D

ea
th

 A
U

C
C

om
bi

ne
d 

ou
tc

om
e 

A
U

C

N
E

W
S

2 
(1

, 3
)

0.
72

 (
0.

72
, 0

.7
3)

0.
88

 (
0.

88
, 0

.8
9)

0.
73

 (
0.

73
, 0

.7
3)

N
E

W
S+

2 
(1

, 3
)

0.
72

 (
0.

72
, 0

.7
2)

0.
88

 (
0.

87
, 0

.8
9)

0.
73

 (
0.

73
, 0

.7
3)

B
T

F
0 

(0
, 1

)
0.

63
 (

0.
63

, 0
.6

3)
0.

78
 (

0.
77

, 0
.7

8)
0.

64
 (

0.
64

, 0
.6

4)

eC
A

R
T

46
 (

11
, 7

2)
0.

78
 (

0.
78

, 0
.7

8)
0.

92
 (

0.
91

, 0
.9

2)
0.

79
 (

0.
79

, 0
.7

9)

Q
A

D
D

S 
va

ri
at

io
n 

#1
2 

(1
, 3

)
0.

71
 (

0.
71

, 0
.7

1)
0.

87
 (

0.
86

, 0
.8

8)
0.

72
 (

0.
72

, 0
.7

2)

Q
A

D
D

S 
va

ri
at

io
n 

#2
2 

(1
, 3

)
0.

71
 (

0.
71

, 0
.7

1)
0.

87
 (

0.
86

, 0
.8

7)
0.

72
 (

0.
72

, 0
.7

2)

Q
A

D
D

S 
va

ri
at

io
n 

#3
2 

(1
, 3

)
0.

71
 (

0.
71

, 0
.7

2)
0.

87
 (

0.
86

, 0
.8

8)
0.

72
 (

0.
72

, 0
.7

2)

Q
A

D
D

S 
va

ri
at

io
n 

#4
2 

(1
, 3

)
0.

71
 (

0.
71

, 0
.7

1)
0.

87
 (

0.
86

, 0
.8

7)
0.

72
 (

0.
72

, 0
.7

2)

Resuscitation. Author manuscript; available in PMC 2021 February 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 16

Ta
b

le
 4

 –

C
ha

ra
ct

er
is

tic
s 

of
 d

if
fe

re
nt

 th
re

sh
ol

ds
 o

f 
th

e 
st

ud
ie

d 
sc

or
in

g 
sy

st
em

s 
us

in
g 

w
he

th
er

 a
n 

ev
en

t o
cc

ur
re

d 
w

ith
in

 th
e 

ne
xt

 2
4 

h 
of

 a
 v

ita
l s

ig
n 

se
t.

To
ol

Sc
or

e
E

nc
ou

nt
er

s 
(%

)a
Sc

or
es

 a
bo

ve
 t

hr
es

ho
ld

 (
%

)
M

ed
ia

n 
(I

Q
R

) 
ho

ur
s 

to
 o

ut
co

m
e

Se
ns

it
iv

it
y

Sp
ec

if
ic

it
y

E
ar

ly
 d

er
an

ge
m

en
t t

hr
es

ho
ld

Q
-A

D
D

S
>

=
4

10
6,

31
3 

(4
7%

)
77

8,
95

2 
(1

4%
)

45
 (

14
, 1

19
)

47
%

86
%

N
E

W
S

>
=

5
99

,7
11

 (
44

%
)

65
0,

04
1 

(1
2%

)
46

 (
14

, 1
19

)
44

%
88

%

N
E

W
S

(+
 s

in
gl

e 
pa

ra
m

et
er

)
>

=
5

12
9,

64
4 

(5
8%

)
89

7,
91

3 
(1

6%
)

48
 (

15
, 1

24
)

49
%

84
%

B
T

F
Y

el
lo

w
20

4,
79

0 
(9

1%
)

2,
41

8,
03

6 
(4

4%
)

53
 (

19
, 1

31
)

66
%

56
%

eC
A

R
T

>
=

92
71

,6
88

 (
32

%
)

46
3,

40
3 

(9
%

)
44

 (
13

, 1
19

)
45

%
92

%

H
ig

he
r s

ev
er

ity
 th

re
sh

ol
d

Q
-A

D
D

S
>

=
6

44
,2

40
 (

20
%

)
31

 (
7,

 9
7)

26
%

96
%

M
E

T
 th

re
sh

ol
d

Q
-A

D
D

S
>

=
8

21
,5

35
 (

10
%

)
74

,1
42

 (
1%

)
20

 (
4,

 7
9)

14
%

99
%

N
E

W
S

>
=

7
43

,5
42

 (
19

%
)

18
67

99
 (

3%
)

36
 (

9,
 1

02
)

24
%

97
%

B
T

F
R

ed
61

,2
16

 (
27

%
)

21
7,

21
0 

(4
%

)
36

 (
8,

 1
07

)
19

%
96

%

eC
A

R
T

>
=

97
34

,7
44

 (
15

%
)

18
4,

19
5 

(3
%

)
35

 (
9,

 1
04

)
29

%
97

%

a E
nc

ou
nt

er
s 

de
no

te
s 

th
e 

nu
m

be
r 

(%
) 

of
 e

nc
ou

nt
er

s 
th

at
 r

ea
ch

ed
 e

ac
h 

sc
or

e 
th

re
sh

ol
d 

at
 le

as
t o

nc
e 

on
 th

e 
w

ar
ds

.

Resuscitation. Author manuscript; available in PMC 2021 February 20.


	Abstract
	Introduction
	Methods
	Study cohort and data collection
	Outcomes
	Early warning tools
	Statistical analysis

	Results
	Study cohort
	Early warning tool comparisons
	Accuracy
	Time-to-event
	Alerting efficiency


	Discussion
	Conclusion
	References
	Fig. 1 –
	Fig. 2 –
	Table 1 –
	Table 2 –
	Table 3 –
	Table 4 –

