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Background: Patients admitted to hospital with Covid-19 are at risk of deterioration. The National Early
Warning Score (NEWS2) is widely recommended, however it’s validity in Covid-19 is not established and
indices more specific for respiratory failure may be more appropriate. We aim to describe the physiological
antecedents to deterioration, test the predictive validity of NEWS2 and compare this to the ROX index
([SpO,/[FiO,]/respiratory rate).

Method: A single centre retrospective cohort study of adult patients who were admitted to a medical ward,

K ds: . . . . .

c?\;‘i/:iq 95 between 1/3/20 and 30/5/20, with positive results for SARS-CoV-2 RNA. Physiological observations and the
Coronavirus NEWS2 were extracted and analysed. The primary outcome was a composite of cardiac arrest, unplanned
NEWS2 critical care admission or death within 24 hours. A generalized linear model was used to assess the associa-

ROX tion of physiological values, NEWS2 and ROX with the outcome.
Rapid response systems Findings: The primary outcome occurred in 186 patients (26%). In the preceding 24 hours, deterioration was
Predicting deterioration most marked in respiratory parameters, specifically in escalating oxygen requirement; tachypnoea was a late
sign, whilst cardiovascular observations remained stable. The area under the receiver operating curve was
0.815 (95% CI 0.804—-0.826) for NEWS2 and 0.848 (95% CI 0.837-0.858) for ROX. Applying the optimal level
of ROX, the majority of patients triggered four hours earlier than with NEWS2 of 5.
Interpretation: NEWS2 may under-perform in Covid-19 due to intrinsic limitations of the design and the
unique pathophysiology of the disease. A simple index utilising respiratory parameters can outperform
NEWS?2 in predicting the occurrence of adverse events.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

admitted in acute and general wards, and more than 3,100 ventilated
Covid-19 patients [1,2].
Additionally, the severity of the disease amongst hospital-

1. Introduction

The SARS-CoV-2 (Covid-19) pandemic has put strain on health-
care systems across the globe. In the UK, between 23™ March and
2nd July 2020, there were 125,315 Covid-19 patients admitted to
United Kingdom National Health Service (NHS) hospitals. At the peak
there were over 3000 admissions per day with 15,700 patients
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ised patients presents a major challenge. In the International
Severe Acute Respiratory and Emerging Infections Consortium
(ISARIC) data set of more than 20000 UK cases, 55% required
high flow oxygen and 17% patients were admitted to critical
care (CC) [3]. In this context, there is a pressing need to evalu-
ate current escalation pathways. The challenge is to find inno-
vative ways to optimise identification of deterioration with
Covid-19, whilst working within resource-constrained systems
due to the pandemic.
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Research in context

Evidence before this study

NEWS?2 is an established system for detection of the deteriorat-
ing patient, however it has not been fully validated in Covid-19.
Specifically, there is a need to understand the impact of the
binary grading system for oxygen requirement, which has been
postulated to be a potential limitation. Current data demon-
strates that hypoxaemia is a very characteristic feature of
Covid-19 and therefore a system more specific for respiratory
failure may be more appropriate; the ROX index ([SpO,/FiO,]/
respiratory rate) has previously been demonstrated to be pre-
dictive of the need for intubation in a cohort of patients with
hypoxic respiratory failure.

Added value of this study

This study demonstrates that in the 24 hours preceding cardiac
arrest, critical care admission or death, deterioration is most
marked in respiratory parameters, specifically in escalating
oxygen requirement; tachypnoea is a late sign, whilst cardio-
vascular observations remain stable. The predictive validity of
NEWS?2 is lower than for the ROX index and applying the opti-
mal level of ROX, the majority of patients triggered four hours
earlier than with a NEWS?2 of five.

Implications of all the available evidence

The available evidence suggests that NEWS2, when used as a
continuous track and trigger system has good discrimination
for the prediction of adverse events, however it may not be the
optimal early warning score given the particular physiology in
Covid-19. The ROX index may be derived from similar physio-
logical data and holds promise as an earlier marker of deterio-
ration. In addition, the potential benefits of adding O, as a
continuous variable to the NEWS2 should be modelled and
tested in future studies.

NEWS?2 is an established system for detection of the deteriorating
patient, in use across the NHS since 2012 and adopted worldwide
[4,5,6]. It was designed to standardise grading of severity of acute ill-
ness, and has been shown to predict adverse outcomes”’ Initial
reports of NEWS2 in Covid-19 have been limited by small samples
size and | or have been restricted to the use of physiology on admis-
sion only, which does not reflect the use of a ‘track and trigger’ sys-
tem in practice. [8-13]. Whilst the NEWS2 has recently been well
validated in the setting of its original derivation [14], there is
acknowledgement that it requires testing in other settings, and spe-
cifically to understand the impact of the binary grading system for
oxygen requirement, which has been postulated to be a potential
limitation due to the unique pathophysiology of the disease [15].
Whilst attempts to create prognostic tools for use in Covid-19 have
recognised fraction of inspired concentration of oxygen (FiO,) as a
crucial component [16,17], previous attempts to add FiO, to the
NEWS in a general population of hospitalised patients on oxygen
have led to only small increases in predictive validity [18].

The ROX index (the ratio of peripheral oxygen saturation (SpO,) to
FiO,, divided by the respiratory rate (RR)) has previously been shown
to predict the need for intubation in a cohort of patients with hypo-
xaemic respiratory failure [19]. Due to the predominant respiratory
features of Covid-19, it is possible that the ROX index may have valid-
ity in predicting adverse outcomes. The primary aim of this study is to
describe the physiological antecedents to deterioration, to test the

predictive validity of NEWS2 in predicting an adverse outcome and
to compare this to the ROX index, in adult patients with Covid-19.

2. Method

A retrospective observational cohort study at an academic medical
centre was conducted between 1/3/20 and 30/5/20. The hospital has
a fully deployed NEWS2 protocol and critical care outreach team
(CCOT). High Flow Nasal Oxygen was not utilised in line with avail-
able guidance [20,21]. Continuous Positive Airway Pressure (CPAP) /
Non-Invasive Ventilation (NIV) was provided only in CC and was lim-
ited due to safety concerns. An awake proning protocol,[22] and a
strategy of early invasive mechanical ventilation (IMV) was employed
[23]. SpO,, targets were reduced to 92-96% in line with NHS England
guidance [24].

Patients were tested for Covid-19 at presentation in the Emer-
gency Department (ED). Patients who achieved target SpO, with FiO,
<0.4 and RR <24/minute were generally admitted to a medical ward.
Those who had FiO, >60% or RR >25 were escalated to the CCOT for
review unless there were pre-existing limitation of therapy orders.

The case definition was adult patients (>17 years) who were
admitted to a medical ward, with positive results for SARS-CoV-2
RNA using multiplexed-tandem polymerase chain reaction, per-
formed on nasopharyngeal and throat swab. We included cases
where the Covid-19 swab was taken up to 7 days prior to the admis-
sion (due to the prevalence of community testing or testing in ED in
patients who were subsequently discharged, but then readmitted,
and because re-testing was not always routine upon admission when
the patient was already known to be Covid-19 positive) and within
the first 4 days of admission to hospital. We excluded positive tests
after 4 days to avoid confounding by patients who may have had a
nosocomial acquisition and therefore for whom Covid-19 may not be
the primary cause of illness. Only physiological observations that
were taken on the ward were utilised. We excluded observations
made before the swab was taken (in order to be certain the physiol-
ogy recorded was related to the Covid-19 diagnosis), or after the pri-
mary outcome had occurred. A convenience sample was utilised
between the dates of 1/3/20 and 30/5/20, reflecting the main surge
of Covid-19 admissions to our hospital during the first wave of the
pandemic.

The primary outcome was a composite of peri/cardiac arrest,
unplanned CC admission or death, in line with previous studies of
early warning scores [4]. Secondary outcomes were designed to dis-
tinguish patients who were ‘for full escalation of therapy’ (for which
we used the composite of peri/cardiac arrest OR unplanned CC
admission) as compared to patients who had ward-based limitations
of therapy who would not receive either of the above escalations and
for whom death on the ward was the most relevant secondary out-
come. Finally we analysed the requirement for advanced respiratory
support (CPAP, NIV or IMV) in recognition of the fact that admission
to critical care may occur at different thresholds and can have limita-
tions as a surrogate of severe illness. For all repeated measures analy-
ses, a patient was determined to have an outcome if it occurred
within 24 hours of the relevant observation set. An example of data
used for 1 patient is shown in the supplementary appendix (Supple-
mentary Figure 1).

Data was extracted from the electronic medical record utilising an
enterprise data warehouse including demographics, comorbidities,
date and time of Covid-19 diagnosis, longitudinal physiological
observations (FiO,, SpO,, respiratory rate, heart rate, systolic blood
pressure, level of consciousness and temperature) and clinical out-
comes. FiO, was treated as a continuous variable but was also dicho-
timised into whether supplementary oxygen was being administered
or not. Because it was not possible to measure the true value of FiO,,
a reference conversion table was utilised to estimate the FiO, from
the device and oxygen flow rate (Supplementary Figure 2). Level of
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consciousness used a modified five-point ordinal scale: alert, new
confusion, response to voice, responsive to pain, unresponsive
(‘ACVPU’). Co-morbidity was assessed using the Elixhauser co-mor-
bidity index and frailty was assessed using the Dr Foster Global
Frailty Score [25,26]. Time of critical care admission was defined as
the time of the first recorded heart rate observation, to avoid errors
associated with administrative processes.

Categorical data is presented as count (%) and continuous data is
reported as median and interquartile range [IQR] or mean and stan-
dard deviation (SD) according to the distribution. The worst physio-
logical values were compared between groups, and the physiological
trend was evaluated for the 24 hours prior to the outcome occurring.
Generalized linear mixed models were used to model the odds of
each outcome, specifying a binomial family, with a random intercept
to account for the clustering of observations within the same patient.
The physiological values were normalised using Z scores to be able to
make direct comparisons. A sensitivity analysis was performed
adjusting for clinically relevant baseline characteristics. Optimal sen-
sitivity and specificity was identified using Youden’s Index. Observa-
tion sets with any missing parameters did not generate a NEWS2
score and therefore were excluded (4%). For FiO,, oxygen adminis-
tered was recorded as ‘Null’ in 20.4% of observation sets. Commonly
this occurred in a sequence of values of FiO, 0.21, suggesting that in
many instances no value was recorded as the patient was not receiv-
ing supplemental oxygen. Therefore, for FiO, only, data was imputed
using last value carried forward (LVCF), but restricted to looking back
only one observation set. If a subsequent row was also ‘Null’ for FiO,
then this data was treated as missing. Sensitivity analysis was also
performed without FiO, imputation. Statistical analysis was per-
formed using R (version 4.0.0, http://www.r-project.org) using the
pROC and Ime4 packages. All tests were two sided and a p value of

1122 total patients Covid positive
admitted between 1/3/20 and 31/5/20

<0.05 was considered significant. TRIPOD guidance for prediction
model validation, and STROBE guidance for reporting cohort studies
was followed.

This study was approved by the Ethics Committee of Guys and St
Thomas’ NHS Trust (REC Number: 20/HRA/1871) and the require-
ment for written informed consent was waived as the study used
anonymised and routinely collected data. This research received no
specific grant from any funding agency in the public, commercial or
not-for-profit sectors.

2.1. Role of Funders

This research received no specific grant from any funding agency
in the public, commercial or not-for-profit sectors.

3. Results

Between 1/3/20 and 30/5/20, 1122 patients were identified as
being positive for Covid-19. Subsequent exclusions are shown in
Figure 1, leaving 708 admissions which were included in the analysis
(accounting for 693 patients with 15 re-admissions). The median
time from admission to the Covid-19 swab was 0.6 [0.2—0.8] days
with only a minority (12%) of cases having positive swabs identified
prior to hospital admission. The total number of observation sets ana-
lysed was 29783. The number of each physiological value available
for analysis, before and after imputation are included in Table 2.

Baseline characteristics are shown in Table 1.

For the 708 patients included in the study, mean (SD) age on
admission was 62.2 (18.1) years and the majority were male. The
population was overweight and almost two fifths had diabetes. Of
the 603 patients who had comorbidity status recorded, all had at least

Patients excluded:

Inter-hospital transfers direct to
Critical Care n=62

v

972 Covid patients admitted to medical
wards

v

Direct Emergency Department
to Critical Care admissions n=88

Positive Covid swab before
seven days of admission n=144

v

Positive Covid swab after four
days of admission n = 99

Admitted to ward but no

v

708 admissions included in the study

(693 direct admissions + 15
readmissions within 4 days of positive
swab from previous admission)

v

observations recorded n=21

Figure 1. Flow diagram for the study cohort.
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Table 1
Baseline characteristics of cohort presented as overall and by the occurrence of the primary outcome.
Overall Any adverse event  No adverse event  Differenc
n=708 n=186 n=522 e (95% CI)
Age (Mean (SD)) 62.2(18.1) 67.1(16.8) 60.4 (18.3) 6.7 (3.8,9.6)
Male gender (n [%]) 408 [57.6] 116 [62.4] 292 [55.9] 6.4(-2.1,14.9)
Ethnicity (n [%])
White 288[40.7] 86 [46.2] 202 [38.7] 7.5(-1.1,16.2)
Black 196[27.7] 46 [24.7] 150[28.7] -4.0(-11.7,3.7)
Asian 55(7.8] 19[10.2] 36[6.9] 3.3(-1.9,85)
Mixed/Other 51[7.2] 16 [8.6] 35(6.7] 1.9(-3.0,6.8)
Not specified 118[16.7] 19[10.2] 99 [19.0] -8.8(-14.6,-2.9)
Body Mass Index (Mean (SD)) 27.4(6.8) 27.5(6.7) 27.3(6.9) 0.2(-0.9,1.3)
Elixhauser Comorbidity (n [%])
Total condition count of 10+ 53[7.5] 20[10.8] 33[6.3] 44(-0.8,9.7)
Total condition count of 7-9 82[11.6] 20[10.8] 62[11.9] -1.1(-6.7,4.5)
Total condition count of 4-6 158 [22.3] 46 [24.7] 112[21.5] 3.3(-4.2,10.8)
Total condition count of 1-3 310[43.8] 64 [34.4] 246 [47.1] -12.7(-21.1,-4.3)
Missing 105[14.8] 36[19.4] 69 [13.2] 6.1(-0.6,12.9)
Diabetes (n [%]) 272 [384] 72(38.7] 200 [38.3] 0.4(-8.1,8.9)
Global Frailty Score (Mean (SD))  3.5(2.2) 3.7(2.1) 3.5(2.3) 0.2 (-0.2,0.6)

one comorbidity. Half the patients were from black, asian or mixed
racial backgrounds. Hospital length of stay was 6.8 [3.6 - 13.6] days
and overall hospital mortality for this cohort was 15%. Patients who
suffered the primary outcome were older (67.1 (16.8) years versus
60.4 (18.3) years, mean difference 6.7 years (95% CI 3.8 - 9.6)), how-
ever other baseline characteristics were similar. The group whose
first adverse event was peri/cardiac arrest or CC admission were
younger and with lower co-morbidity and frailty as compared to
those who died on the ward. (Table S1)

Overall, the composite primary outcome occurred in 186/708
(26%) admissions, which were peri/cardiac arrest (5, 2.7%), admission
to CC (98, 52.7%) or death on a ward (83, 44.6%). Of those admitted to
CC, 77 (78.6%) received IMV and 4 (0.6%) received NIV. Time from
hospital admission to critical care admission was 2.2 [1.2 - 3.2] days
and time to death as the first adverse event was 8.0 [4.0 - 10.0] days.

3.1. Physiology and trends prior to adverse events

The most deranged physiological values for the group that had the
primary outcome and for that where the patient's stay was uncompli-
cated are shown in Table 2

Trends in physiological deterioration in the final 24 hours prior to
the adverse event occurring are shown in Fig 2. There is a notable
inflection in the FiO, up to 12 hours before the event, whilst the RR
did not increase until approximately 5 hours before. SpO, was gener-
ally well maintained and the cardiovascular observations remain rel-
atively constant with no clear indication of the impending adverse
event.

3.2. Associations with primary and secondary outcomes

The odds ratio for the occurrence of the primary outcome for all
standardised physiological variables is shown in Table 3, both unad-
justed, and adjusted for baseline variables, age, gender, ethnicity and
body mass index (BMI).

A standardised unit increase in NEWS?2 is associated with a signifi-
cant increase in odds of having an adverse event within 24 hours,
however the odds ratio for the ROX index is more than three times
greater (2.43 (95% CI 2.15-2.74) versus 7.87 (95% CI 6.31-9.82)). The
predominant physiological variables exerting this influence are the
FiO,, with a significant but lesser influence from SpO,, RR and HR. An
increase in temperature was associated with a reduced odds of an
adverse event. Additional data for associations with baseline charac-
teristics, absolute unit changes in physiological variables, including

analysis for the secondary outcomes are shown in the Supplementary
Tables S2, S3, S4, and S5, where similar associations are demon-
strated. None of the baseline characteristics that we tested were sta-
tistically associated with either the primary or secondary outcomes,
and sensitivity analysis generated similar co-efficients.

3.3. Sensitivity and specificity for predicting first adverse events

The cut-point with the optimal sensitivity and specificity for
NEWS2 is 4.5 with sensitivity of 0.72 and specificity of 0.79 (Table 4).

For the ROX index, optimal sensitivity (0.85) and specificity (0.75)
for the primary outcome occurs at a value of 14.91, however only
integer values are shown.

The area under the receiving operating characteristics curve
(AUROC) for the occurrence of the primary outcome within 24 hours
is 0.815 (95% CI 0.804-0.826) for NEWS2 and 0.848 (95% CI 0.837-
0.858) for the ROX index (Figure 3). The AUROC for all physiological
parameters and for secondary outcomes are shown in Figures S3-6.
For the primary outcome, analysis of individual physiological param-
eters (Figure S3) shows that the AUROC for FiO,, when treated as a
continuous variable alone is 0.827 (95% CI 0.815-0.837), thus outper-
forming NEWS2. This compares to an AUROC of 0.701 (0.95% CI
0.693-0.708) when FiO, is analysed as a binary variable. The AUROC
for Sp0O,, is low at 0.568 ((95% CI 0.551-0.585) and thus the addition
of Sp0, to FiO, does not increase predictive validity. RR performs less
well than other respiratory parameters (AUROC 0.784, (95% CI 0.770-
0.798)). Other parameters including HR, SBP, temperature and con-
scious level all perform poorly. Sensitivity analysis without imputed
FiO, data showed the AUROC for ROX was less still greater than
NEWS2 (0.832, 95% CI 0.822-0.842).

With respect to secondary outcomes, the ROX index also has the
highest AUROC for predicting advanced respiratory support (0.872,
95% C10.864-0.881) compared to NEWS2 or any of its individual com-
ponents (Figure S4). The SpO,/FiO ratio has the highest AUROC with
regards to predicting death on a medical ward (AUROC 0.880, 95% CI
0.845-0.915); Figure S6), likely related to the fact that SpO, begins to
decrease late in the physiological deterioration, or ceases to be a
physiological target at the end of life.

The cumulative proportion of patients who met the threshold of
five points on NEWS2, as compared to those who met the optimal
threshold of sensitivity and specificity for ROX (14.55), prior to peri/
cardiac arrest or escalation to CC are shown in Figure S4. Of patients
who had this outcome, the majority met the ROX threshold approxi-
mately 4hrs before the widely recommended NEWS2 threshold,
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Table 2

Differences in most deranged physiological values observed presented by the occurrence of the primary outcome NEWS2, National Early Warning Score 2; ROX, the ratio of
peripheral oxygen saturation to fractional inspired concentration of oxygen, divided by the respiratory rate; FiO,, fractional inspired concentration of oxygen; SpO», periph-
eral oxygen saturation; BP, blood pressure; SD, standard deviation.

Overall Any adverse Total available data No adverse Total available data Difference in means
n=708 event (out of 1173) event (out of 28610) (95% CI)
n=186 (n[%]) n=522 (n[%])

Maximum NEWS2 score (Mean (SD)) 6.0(32) 9.0(24) 1095 [93.4] 49(2.8) 27335 [95.5] 4.1(3.745)
Minimum ROX index with imputation * (Mean (SD))  13.9(7.9) 6.4(4.3) 1131[96.4] 16.6(7.1) 27554 [96.3] -10.2(-11.1,-9.3)
Minimum ROX index without imputation “ (Mean (SD)) 14.1(8.0) 6.5(44) 1086 [92.6] 16.8(7.2) 22291 [77.9] -10.3(-11.2,-9.4)
Maximum FiO, with imputation 0.4(0.2) 0.6(02) 1170[99.7] 0.3(0.2) 28385 [99.2] 0.3(0.3,0.3)

(Mean (SD))
Maximum FiO, without imputation * 0.4(0.2) 0.6(0.2) 1117 [95.2] 0.3(0.2) 22592 [78.9] 0.3(0.3,0.3)

(Mean (SD))
Minimum SpO, 90.3(7.5) 86.2(10.3)  1160[98.9] 91.8(5.5) 28064 [98.1] -5.6(-7.2,-4)

(Mean (SD))
Minimum SpO, / FiO, with imputation * (Mean (SD)) ~ 295.1(136.7) 164.8(81.4) 1158[98.7] 342.1(121.2) 27847[97.3] -177.3(-193,-161.6)
Minimum SpO, | FiO, without imputation * 296.2 (136.8) 165.1(81.7) 1113[94.9] 343.4(121.1) 22530(78.7] -178.3 (-194,-162.6)

(Mean (SD))
Maximum respiratory rate (Mean (SD)) 25.9(7.5) 31.7(8.7) 1135[96.8] 23.8(5.8) 27879 [97.4] 7.9(6.6,9.2)
Maximum heart rate (Mean (SD)) 1015(17.8) 107.6(20.5) 1125[95.9] 993(162)  27807[97.2] 8.3(5,11.6)
Minimum systolic BP (Mean (SD)) 105.0(15.3) 106.0(16.5) 1107 [94.4] 104.6 (14.8) 27708 [96.8] 14(-1.34.1)
Maximum temperature (Mean (SD)) 38.1(0.9) 38.5(1.0) 1107 [94.4] 38.0(0.9) 27771 197.1] 0.5(0.3,0.7)
Minimum temperature (Mean (SD)) 36.0(0.8) 36.1(0.8) 1107 [94.4] 35.9(0.7) 277711[97.1] 0.2(0.1,0.3)
Lowest recorded level of consciousness 1127 [96.1] 27784 [97.1]

(n[%])
Alert 623[88.0]  145[78.0] 478[91.6]
New confusion 21[3.0] 81[4.3] 13[2.5]
Voice 38[5.4] 21[11.3] 17[3.3]
Pain 19[2.7] 9[4.8] 10[1.9]
Unresponsive 6[0.8] 2[1.1] 410.8]
Missing 1[0.1] 1[0.5] 0[0]

2 Imputation of FiO, values using last value carried forward.

First unplanned event
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Figure 2. Physiological values in the 24 hours preceding an adverse event with LOESS smoothing curves
NEWS2, National Early Warning Score 2; ROX, ROX index - the ratio of peripheral oxygen saturation to fractional inspired concentration of oxygen, divided by the respiratory
rate; FiO,, fractional inspired concentration of oxygen; SpO-, peripheral oxygen saturation; BP, blood pressure; LOC, level of consciousness.
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Table 3

Results of univariable generalized linear mixed models for the primary outcome occurring within 24 hours of the observation set NEWS2,
National Early Warning Score 2; ROX, the ratio of peripheral oxygen saturation to fractional inspired concentration of oxygen, divided by the
respiratory rate; FiO,, fractional inspired concentration of oxygen; SpO-, peripheral oxygen saturation; BP, blood pressure; BMI, body mass index.

Variable Unadjusted p-value  Unadjusted relative  Adjusted® Odds p-value  Adjusted® relative
0dds Ratio (95% CI) risks (95% CI) Ratio (95% CI) risks (95% CI)
NEWS?2 z-score 2.43(2.15,2.74) <0.001 2.30(2.06,2.57) 2.36(2.06,2.7) <0.001 2.24(1.98,2.53)
ROX index z-score 7.87(6.31,9.82) <0.001 6.19(5.22,7.28) 8.33(6.52,10.63)  <0.001 6.45 (5.35,7.69)
FiO, z-score 3.63(3.13,4.21) <0.001 3.29(2.89,3.73) 4.36 (3.63,5.23) <0.001 3.85(3.29,4.48)
SpO, z-score 1.5(1.37,1.65) <0.001 1.47(1.35,1.61) 1.5(1.35,1.68) <0.001 1.47(1.33,1.63)
SpO,/FiO; z-score 7.19(5.83,8.86) <0.001 5.76 (4.89,6.75) 8.0(6.32,10.12) <0.001 6.25(5.21,7.41)
Respiratory rate z-score  1.77 (1.61,1.94) <0.001 1.71(1.57,1.87) 1.78 (1.59,1.98) <0.001 1.73(1.56,1.91)
Heart rate z-score 1.47 (1.29,1.68) <0.001 1.45(1.28,1.63) 1.48(1.28,1.7) <0.001 1.45(1.26,1.66)
Systolic BP z-score 0.93(0.8,1.08) 0.344 1.07 (0.93,1.24) 1.11(0.94,1.32) 0.213 1.11(0.94,1.3)
Temperature z-score 0.87(0.79,0.96) 0.006 0.88(0.8,0.96) 0.89(0.8,0.99) 0.029 0.89(0.81,0.99)

2 Adjusted for the baseline variables age, gender, ethnicity, and BMI

Table 4

Sensitivity, specificity, negative and positive predictive values for NEWS2 and ROX index at different cut points
for the occurrence of the primary outcome PPV, positive predictive value; NPV, negative predictive value.

NEWS2 ROX index
Cut point  Sensitivity ~ Specificity =~ PPV NPV Cutpoint  Sensitivity  Specificity = PPV NPV
0.5 0.99 0.15 004 1.00 3 0.02 1 020 096
15 0.97 031 0.05 1.00 4 0.05 0.99 020 0.96
2.5 0.93 0.49 0.07 099 5 0.11 0.98 0.18  0.96
35 0.84 0.66 009 099 6 0.18 0.96 017 097
4.5 0.72 0.79 012 099 7 0.28 0.95 019 097
5.5 0.51 0.87 014 098 8 0.35 0.93 018 097
6.5 0.31 093 015 097 9 0.42 0.92 017 097
7.5 0.18 0.96 015 097 10 0.49 0.9 017 098
8.5 0.09 0.98 015 096 11 0.58 0.88 017  0.98
9.5 0.04 0.99 016 096 12 0.68 0.85 0.16  0.98
13 0.74 0.83 015 099
14 0.8 0.78 013  0.99
15 0.85 0.74 012  0.99
16 0.87 0.71 011  0.99
17 0.89 0.67 0.10  0.99
18 091 0.63 0.09 0.99
19 0.92 0.59 0.08 099
20 0.93 0.54 0.08 099

although the curves converge again closer to the event and the over-
all positive predictive value of ROX is similar to NEWS2
Fig 4

4. Discussion

In this cohort of Covid-19 positive patients who were admitted
onto a medical ward, 26% went on to have a peri/cardiac arrest, CC
admission or died on the ward. Our data shows that there is marked
derangement of normal physiology and a clear trajectory of deterio-
ration that precedes the event. We tested the validity of NEWS2, a
“track and trigger” system mandated across the NHS and found that a
simple three parameter model (the ROX index), based solely on respi-
ratory parameters and which treats FiO, as a continuous variable,
outperformed NEWS2 for predicting adverse events, particularly the
need for advanced respiratory support. These findings have the
potential to be clinically important if they translate into earlier iden-
tification of deteriorating patients.

The key strength of our study is that it uses accessible, longitudi-
nal bedside physiological data to aid risk stratification and escalation
of Covid-19 patients and a composite of clinically important and
comparable outcomes. Because ROX utilises the observations already
being recorded, it can be easily calculated and integrated with cur-
rent escalation protocols. On the other hand, this a single centre, ret-
rospective study and the generalisability to other healthcare systems
is not known. In the absence of a none-Covid-19 control group we

cannot know if the findings are unique to Covid-19 as a cause of
respiratory failure. Data from the ED was not used and therefore our
findings cannot necessarily be extrapolated to patients in that set-
ting; neither are the findings applicable to patients receiving high
flow oxygen therapy or CPAP | NIV. There was an appreciable amount
of ‘Null’ data in the FiO, field, raising the potential to bias the results.
However, this occurred predominantly in the group that did not suf-
fer an adverse event (a group who would be less sick), which we
believe supports our assumption that ‘Null’ may have commonly rep-
resented the absence of supplemental oxygen. For this the use of
LVCF was appropriate, although sensitivity analysis without FiO,
imputation also gave similar results. The ROX index is sensitive to the
FiO, and this value cannot usually be measured accurately when
using simple oxygen delivery devices; utilising estimated values in
this study is a recognised limitation and is a reason why applying
absolute values of ROX, derived from this study is not recommended.

Recently published studies have suggested that NEWS2 is useful
and predictive of deterioration in Covid-19 patients, [9,10,11,13]
whilst others have criticised its efficacy [8,12]. T T The majority of
these studies use NEWS2 score at a single time point at hospital
admission, rather than as a continuous assessment tool. The PACIFIC-
19 group have recently published a comprehensive validation,
reporting an AUROC of 0.882 (95% CI 0.868-0.895), and similar to a
none-Covid-19 population, but acknowledge that this may be inflated
as it is in the setting of the original NEWS validation, and that the
impact of the binary oxygen grading system is not fully known [14].
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Figure 3. Receiver operating characteristic curves for NEWS2 and ROX index to predict the primary outcome within 24 hours
NEWS2, National Early Warning Score 2; ROX, ROX index - the ratio of peripheral oxygen saturation to fractional inspired concentration of oxygen, divided by the respiratory

rate; AUC, area under the receiver operating characteristic curve
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Figure 4. Cumulative occurrence of NEWS > /= 5 (established threshold for escalation) vs ROX </= 14.55 (optimal sensitivity and specificity for predicting peri/cardiac arrest call or

Critical Care admission 24 hrs prior to the event occurring.
NEWS2, National Early Warning Score 2; ROX, ROX index - the ratio of peripheral oxygen saturation to fractional inspired concentration of oxygen, divided by the respiratory

rate
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Other published prediction models have used a more complicated
composite of patient related risk factors, laboratory data and clinical
parameters which are more challenging to operationalise [18,27-
29]. To our knowledge, no other study has evaluated the use of
the ROX index in Covid-19 although Hamovich et al. proposed
the “Covid severity index” (qCSI), which also focuses on respira-
tory physiology [17].

NEWS2 has been shown to be an indicator of increased risk of
serious clinical deterioration and mortality in adult patients [4]. The
original validation reported an AUROC for prediction of the same pri-
mary outcome of 0.873 (95% CI 0.866-0.879) [7]. We found the
AUROC in this Covid-19 population is 0.815 (95% CI 0.804-0.826),
thus underperforming in comparison. The difference in these findings
is likely to be accounted for by the particular pathophysiology in
Covid-19 which manifests with predominantly, though not exclu-
sively respiratory features. Our data in Figure 2 shows that the
increase in FiO, is the key harbinger of deterioration with a major
inflection from around 10 hours before the event, with tachypnoea a
later but still notable feature. There is a relative absence of cardiovas-
cular disturbance. Heart rate is only weakly statistically associated
with the outcome and in a way that may have limited clinical signifi-
cance and systolic blood pressure is not associated at all. Therefore,
an early warning system that applies weight to these factors is less
likely to be predictive in this condition. This data supports anecdotal
reports of Covid-19 and are consistent with the findings of Pimentel
et al.[15]. The other key issue is that ‘oxygen requirement’ is treated
as a binary variable in NEWS2 with two points allocated for oxygen
supplementation, regardless of whether this is FiO, 0.24 or 0.8.
Whilst this has advantages in terms of implementation, it fails to
identify the key feature of deterioration in Covid-19. By directly com-
paring the predictive validity of FiO, as a binary and as a continuous
variable we have demonstrated mechanistically an important reason
why NEWS2 may under-perform.

We note that the ROX index threshold we identified is markedly
higher than has been described previously [19]. Our threshold is for
predicting the outcome within 24 hours, thus providing an ‘early
warning’, rather than dictating that the patient requires CC admission
or intubation at that time. In addition, the observation that Covid-19
patients are unusually tolerant of hypoxaemia and thus tachypnoea
is less of a feature may raise the ROX threshold [30,31]. Finally,
because we had a low threshold for escalation and did not use CPAP
on the ward, this may have produced more conservative thresholds
for NEWS2 and ROX than is practical elsewhere. It is acknowledged
that the incremental benefit of ROX is only small. Whilst the positive
predictive value for the occurrence of the outcome within 24 hours
remains relatively low and is similar to NEWS2, within that time
period there is the potential for earlier detection by up to four hours.
The negative predictive value, an important safety consideration for
early warning scores, is high in both systems. One additional strength
of the ROX index as compared to the NEWS2 is that it may allow a
greater number of patient to be monitored more easily and with
reduced contact for health care workers; thus it could have advan-
tages for infection prevention and be more easily delivered in lower
resources settings or are at times of overwhelming demand.

An optimal detection and escalation pathway needs to offer a high
sensitivity trigger to identify a deteriorating patient in a timely man-
ner. This will enable enhanced monitoring and consideration of treat-
ment and escalation planning, with admission to CC if appropriate,
before injurious deterioration occurs. We have demonstrated that a
ROX threshold of 14.55 can identify patients up to 4 hours earlier
than a NEWS2 of 5, which is likely to be clinically important. How-
ever, high sensitivity must be balanced with sufficient specificity for
an adverse outcome so as to avoid alert fatigue, over-treatment or
preservation of scarce resources. The thresholds identified as statisti-
cally optimum do not imply clinical safety, and need to be tested pro-
spectively. Whilst we do not advocate abandoning NEWS2, with all

of the associated benefits of standardisation, there could be advan-
tage from additionally incorporating the ROX index as a parallel sys-
tem. Alternatively, the benefits of grading oxygen dependency as a
weighed variable could be incorporated into a unified Covid-19 early
warning score which would require prospective testing in parallel
with established systems.

In this study NEWS2 under-performed in Covid-19, as compared
the population in which it was first validated, due to intrinsic limita-
tions of the design and the unique physiology of the disease. A simple
index utilising respiratory parameters can outperform NEWS2 in pre-
dicting the occurrence of adverse events. These findings require vali-
dation in future studies.
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