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ABSTRACT

Background The Pulmonary Embolism Severity Index
(PESI) and the simplified PESI (sPESI) are validated scores
for mortality prediction in patients with pulmonary
embolism (PE). National Early Warning Score (NEWS) is a
general prognostic risk score for multiple clinical settings.
We investigated whether the NEWS had a comparable
performance with the PESI and sPESI, for predicting
intensive care unit (ICU) admission and death in patients
with acute PE.

Methods In haemodynamically stable patients with
confirmed PE from the YEARS Study (2013-2015), we
evaluated the performance of the NEWS, PESI and sPESI
for predicting 7-day ICU admission and 30-day mortality.
Receiver operating characteristic curves were plotted and
the area under the curve (AUC) was calculated.

Results Of 352 patients, 12 (3.4%) were admitted

to the ICU and 5 (1.4%) died. The AUC of the NEWS

for ICU admission was 0.80 (95% Cl 0.66 to 0.94)

and 0.92 (95% C1 0.82 to 1.00) for 30-day mortality.

At a threshold of 3 points, NEWS yielded a sensitivity
and specificity of 92% and 53% for ICU admission

and 100% and 52% for 30-day mortality. The AUC

of the PESI was 0.64 (95% CI 0.48 to 0.79) for ICU
admission and 0.94 (95% C1 0.87 to 1.00) for mortality.
At a threshold of 66 points, PESI yielded a sensitivity of
75% and a specificity of 38% for ICU admission. For
mortality, these were 100% and 37%, respectively. The
performance of the sPESI was similar to that of PESI.
Conclusion In comparison with PESI and sPESI, NEWS
adequately predicted 7-day ICU admission as well as
30-day mortality, supporting its potential relevance for
clinical practice.

INTRODUCTION

In clinical practice, early warning scores (EWS) are
important for recognising deterioration of patients
over time and for enabling timely interventions
that benefit the patients’ outcome. Over the last
decades, many scores have been developed for
predicting prognostic outcomes of specific under-
lying diseases. Examples include the ADHERE
algorithm for prediction of in-hospital mortality
in patients with heart failure, and the TIMI risk
score for patients with ST-elevation myocardial

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The National Early Warning Score (NEWS)
is an accurate tool for identifying patient
deterioration in acute settings. In patients
with pulmonary embolism (PE), the Pulmonary
Embolism Severity Index (PESI) or simplified
PESI (sPESI) is frequently used instead.

= Application of a single scoring system may
simplify decision-making in acute care.
However, the prognostic performance of NEWS
has not been evaluated in PE.

WHAT THIS STUDY ADDS

= In our study, NEWS demonstrated greater
utility than PESI and sPESI for all-cause 7-
day intensive care unit (ICU) admission, and
comparable or greater utility than PESI and
sPESI for all-cause 30-day mortality.

= A NEWS <3 had negative predictive values for
ICU admission and 30-day mortality of 99%
and 100%, respectively.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These data are hypothesis forming, but a
NEWS <3 appears to be associated with a
very low risk of ICU admission or death in
haemodynamically stable patients with acute
PE. These findings should be corroborated in
other data sets.

infarction. In the UK, the National Early Warning
Score (NEWS), a derivative of the modified EWS,
was implemented in 2012 to identify deteriorating
patients in-hospital or in the ED at an early stage to
improve clinical outcomes.! The NEWS has been
validated in multiple medical settings and is a good
discriminator for prognostic outcomes, regardless
of the underlying disease.” In comparison with 33
other EWS, NEWS has a greater ability to discrimi-
nate patients at risk of unanticipated intensive care
unit (ICU) admission or death within 24 hours, with
area under the receiver operating characteristics
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(ROC) curve of 0.86 (95% CI 0.85 to 0.87) and 0.89 (95% CI
0.89 to 0.90), respectively.’

In patients with pulmonary embolism (PE), prognostic assess-
ment is crucial as the clinical course varies between patients and
ranges from fast recovery to haemodynamic compromise and
death. While 30%-50% of haemodynamically stable patients
with PE are eligible for home treatment, the other half require
hospitalisation with or without haemodynamic monitoring.**®
The main indication for ICU admission in patients with PE
is (impending) haemodynamic instability, sometimes with
performing reperfusion therapy. This is in line with the 2019
European Society of Cardiology guidelines, which recommend
that patients with intermediate-high to high-risk PE require
monitoring.” Current guidelines advocate the use of the Pulmo-
nary Embolism Severity Index (PESI) or its simplified version
(sPESI) for risk stratification of patients with PE.®

In the acute care setting, the plethora of different prognostic
scores for different diseases could be a source of confusion and
poor adherence. A single, universal prognostic score, such as the
NEWS, could help acute care physicians in making adequate
decisions more rapidly. However, its prognostic performance in
patients with acute PE has never been evaluated. Therefore, we
investigated whether the NEWS had a comparable performance
with the PESI and sPESI for predicting ICU admission and death
in patients with acute PE.

METHODS

Study design and patient population

The study was a post-hoc analysis of the YEARS Study.® * The
YEARS Study was a multicentre, prospective cohort study in
12 Dutch hospitals conducted between October 2013 and July
2015 in haemodynamically stable patients with suspected acute
PE, to validate the diagnostic YEARS algorithm. Patients were
treated for their PE as per hospital protocol and were followed
for 3 months. Clinical and PE-specific characteristics at inclusion
were collected to assess the severity of the PE. For the present
analysis, patients from seven Dutch hospitals participating in the
YEARS Study diagnosed with radiologically confirmed acute PE
at baseline were eligible for inclusion.® In these seven centres,
variables needed to calculate the PESI, sPESI or NEWS were
routinely collected while this was not the case for the other five
hospitals from the YEARS Study consortium. Patients with an
in-hospital PE were excluded from this analysis.

Prognostic scores
The three prognostic scores under evaluation were NEWS, PESI
and sPESI. These risk scores were calculated as proposed in the
original derivation studies (online supplemental tables 1 and
2).2 19" The vital parameters used to calculate the NEWS, PESI
and sPESI were the first measured parameters at presentation to
the ED (online supplemental table 3). These data were collected
for all seven included centres by four different authors (RB,
MAMS, IMB, SVH). There was no overlap in data collection.
Eventually, all items necessary for calculation of the three scores
were available in our data set, except for the variable ‘Alert
Voice Pain Unresponsiveness’ (AVPU) used in the NEWS. As a
surrogate for the AVPU variable, we used the variable ‘altered
mental status’. Patients scored 0 points in the NEWS in case of
no altered mental status and 3 points when they had an altered
mental status.

The NEWS comprises seven variables (vital parameters)
for which 0-3 points can be attributed per variable. The sum
score ranges from 0 to 20 points, and directly predicts patients’

deterioration.” The lower the NEWS, the lower the risk of
deterioration.

The PESI is based on 11 routinely available patient characteris-
tics and stratifies patients with PE into five severity classes: with
30-day mortality rates of 0%-1.6% in class I (PESI score 0-65),
1.7%-3.5% in class II (PESI score 66-85), 3.2%-7.1% in class
III (PESI score 86-105), 4.0%~-11.4% in class IV (PESI score
106-125) and 10.0%-24.5% in class V (PESI score =125).1°

The sPESI is based on 6 of the 11 original PESI variables and
stratifies patients with PE into two severity classes, with 30-day
mortality rates of 1.1%, with 1.5% having recurrent throm-
boembolism or non-fatal bleeding (sPESI score 0 points), or
mortality rates of 8.9% (sPESI score =1 points).'!

Clinical outcomes

The outcomes were all-cause ICU admission within 7 days and
all-cause mortality within 30 days after presentation. In a second
analysis, we evaluated PE-related ICU admissions and PE-related
mortality. All clinical outcomes had been collected prospectively
during the YEARS Study. In the YEARS Study, deaths were clas-
sified as PE related if confirmed by autopsy, shown by objective
testing8 before death or PE could not be ruled out as a cause of
death.

Statistical analysis

Demographic and clinical characteristics were described with
standard descriptive statistics. Patients lost to follow-up were
excluded. Multiple imputation by chained equations for the
individual scoring items was used to account for missing data
(online supplemental table 3). All scoring items of NEWS, PESI
and sPESI, along with the clinical outcomes, were included in
the imputation model to create five imputed data sets. After
imputation of the scoring items, we calculated all risk scores for
each individual. Differences between the risk scores for patients
with and without the clinical outcome were calculated and tested
for significance by performing the Mann-Whitney U test. The
area under the ROC curve (AUC) was calculated separately for
each imputed data set to evaluate the continuous predictive
performance of the NEWS, PESI and sPESI for all outcomes.
We hereafter pooled the AUCs of all imputed data sets to obtain
summary estimates. The AUC represents the degree to which a
risk score can distinguish between patients with and without one
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Mot eligible: n = 12
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In-hospital pulmonary embolism
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= =
= g n= 444
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Excluded: n =92
e — L s
Structurally more than five scoring items
missing

Ineluded patients
7 hospitals

Study outcomes

T-day ICU admission: n = 12
30-day mortality: n= 5

Figure 1  Flow chart of the study population. ICU, intensive care unit.
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Table 1 Demographic and clinical characteristics of the study
population
Patients with acute
PE, N=352
Age in years, mean (SD) 59 (17)
Female sex, n (%) 186 (53)
Smoking, n (%) 51 (15)
Renal impairment defined as e-GFR <30 mL/min, n (%) 3(1)
Systolic BP in mm Hg, mean (SD) 137 (22)
HR in beats per minute, mean (SD) 91 (19)
RR in breaths per minute, mean (SD) 20 (5)
Peripheral oxygen saturation in percentage, mean (SD) 95 (5)
Temperature in degrees Centigrade, mean (SD) 37.0(0.7)
Loss of consciousness, n (%) 6(2)
PE location: central, segmental and subsegmental, n (%)* 75 (21)
Syncope before or during presentation at ED, n (%) 29 (8)
Comorbidity, n (%)
Hypertension 85 (24)
Venous thromboembolism 84 (24)
Malignancy 46 (13)
Diabetes mellitus 29 (8)
Myocardial infarction 27 (8)
Chronic obstructive pulmonary disease 20 (6)
Stroke 20 (6)
Heart failure 103)

Data on diabetes mellitus were missing in 12 patients, data on e-GFR were missing
in 3 patients, data on hypertension were missing in 13 patients, data on PE location
were missing in 88 patients, data on smoking were missing in 9 patients, data on
stroke were missing in 11 patients, data on syncope were missing in 86 patients.
*This comprises patients, who had a PE at all three levels (subsegmental, segmental
and central).

e-GFR, estimated glomerular filtration rate; n, number; PE, pulmonary embolism.

of the outcomes. We considered an AUC less than 0.60 as failing,
0.60-0.69 poor, 0.70-0.79 fair, 0.80-0.89 good, and more than
or equal to 0.90 as excellent discrimination.'? Estimates with SE
were combined across the data set using Rubin’s rules, to provide
a summary estimate and its corresponding 95% CL'* Reclassifi-
cation tables were created using all available thresholds, along
with the sensitivity, specificity, and positive (PPV) and negative
predictive value (NPV).

Data were analysed by the SPSS, V.26.0 and by R studio, V.3.6.3
(R Foundation for Statistical Computing, Vienna, Austria; www.
R-project.org), in particular using the ‘mice’ V.2.25 package
for multiple imputation and the ‘proc’ package V.2.4.9 for the
c-indices.

Patient and public involvement
Patients and the public were not involved in this research.

RESULTS

Study population

Of 456 patients enrolled in the YEARS Study and diagnosed
with PE, we included 352 patients with an acute PE from seven
centres for the current analysis (figure 1). Mean age of the
selected patients was 59 years (SD 17) and 186 (53%) patients
were female (table 1). In 75 (21%) patients, the anatomical
extent of the PE was extensive, comprising central, segmental
and subsegmental pulmonary arteries.® Because haemodynam-
ically unstable patients were excluded from the YEARS Study,
none required thrombolysis for the primary management.

5 =36

=345

N —

T T T T
No Yes No Yes
ICU admission within 7 days ICU admission within 7 days

NEWS

PESI
50 100 150 200

0
|

© n=346
0 4
- ¥ °
7}
w e - o
o
@
o~ o _
- | I .
T T
No Yes

ICU admission within 7 days

Figure 2 Differences in NEWS, PESI and sPESI scores between
patients who were admitted to ICU and patients who were not, in

the overall population (n=346). The black horizontal line represents
the median, the outer lines of the boxplot represent the first and third
quartile range, the whiskers represent the 95% Cl and the open circles
represent the outliers. The range of the NEWS in this study varies

from 0 to 15. The range of the PESI varies from 0 to 200. The range of
the sPESI varies from 0 to 6. ICU, intensive care unit; NEWS, National
Early Warning Score; PESI, Pulmonary Embolism Severity Index; sPESI,
simplified PESI.

Detailed follow-up data were missing in six patients because
of immediate transfer to another hospital. No other patients
were lost to follow-up. Out of the remaining 346, 187 (54%)
patients were admitted and 159 (46%) patients were treated at
home. Twelve (3.4%) patients were admitted to the ICU within
7 days; 10 of these were PE related. Reasons for these PE-related
admissions were haemodynamic and/or respiratory decompen-
sation including respiratory shock requiring cardiopulmonary
resuscitation. One of the non-PE-related ICU admissions was
for additional monitoring due to a medical history of a thalamic
haemorrhage and the other due to an intrathoracic haemor-
rhage. Detailed follow-up data on mortality were available for
all 352 patients. Five (1.4%) died within 30 days, of whom one
as a direct consequence of PE and two as a possible consequence
of PE. One (0.3%) patient died of an intraparenchymal haemor-
rhage after anticoagulation and another patient (0.3%) died by a
euthanasia procedure in the setting of severe comorbidities. One
patient who died had also been admitted to the ICU; all other
(n=4) patients had not been admitted to the ICU.

National Early Warning Score

Figure 2 shows the NEWS in patients who were admitted to
the ICU (n=12) and in patients who were not (n=334). The
pooled AUC for the NEWS for all-cause ICU admission was 0.80
(95% CI 0.66 to 0.94) (figure 3). Out of 176 patients with a
NEWS below 3, 1 of the 12 patients was misclassified as low risk
and was ultimately admitted to the ICU. This corresponded to
a sensitivity of 92%, a specificity of 53%, a NPV of 99% and a
PPV of 6% (online supplemental table 4). At a NEWS of 7 points
or higher, the sensitivity was 62% and the specificity 87%. The
NPV and PPV were 98% and 149%, respectively (online supple-
mental table 4).

Figure 4 shows the NEWS in patients who died (n=5) and
in patients who survived. The pooled AUC for 30-day all-cause
mortality was 0.92 (95% CI 0.82 to 1.00) (figure 5). In 179
patients with a NEWS lower than 3, zero patients were misclas-
sified as low risk, as none of these died within 30 days. This
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Figure 3  Area under the curve (AUC) for prediction of 7-day ICU
admission for NEWS, PESI and sPESI in the overall population (n=346).
ICU, intensive care unit; NEWS, National Early Warning Score; PESI,
Pulmonary Embolism Severity Index; sPESI, simplified PESI.

yielded a sensitivity of 100%, a specificity of 37%, NPV 100%
and PPV 2% (online supplemental table 5). At a NEWS of 7
points or higher, the sensitivity was 83% and the specificity was
85%. The NPV and PPV were 100% and 7%, respectively.

The performance of the NEWS for predicting PE-related ICU
admission and mortality was comparable with its performance
for all-cause ICU admission and mortality (online supplemental
tables 6 and 7).

o =352
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Figure 4 Difference in NEWS, PESI and sPESI scores between patients
who survived and patients who died within 30 days in the overall
population (n=352). The black horizontal line represents the median,
the outer lines of the boxplot represent the first and third quartile range,
the whiskers represent the 95% Cl and the open circles represent the
outliers. The range of the NEWS in this study varies from 0 to 15. The
range of the PESI varies from 0 to 200. The range of the sPESI varies
from 0 to 6. NEWS, National Early Warning Score; PESI, Pulmonary
Embolism Severity Index; sPESI, simplified PESI.
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Figure 5 Area under the curve (AUC) for prediction of 30-day
mortality for NEWS, PESI and sPESI in the overall population (n=352).
NEWS, National Early Warning Score; PESI, Pulmonary Embolism Severity
Index; sPESI, simplified PESI.

PESI score

Figure 2 shows the PESI in patients who were admitted to the
ICU (n=12) and in patients who were not. The overall pooled
AUC for PESI for ICU admission was 0.64 (95% CI 0.48 to 0.79)
(figure 3). None of the PESI threshold values adequately discrim-
inated patients who were or were not admitted to the ICU,
corresponding to low sensitivity and specificity values (online
supplemental table 4).

In 129 patients with a PESI below 66, three patients were
misclassified as low risk and were admitted to the ICU. This
yielded a sensitivity of 75%, a specificity of 38%, a NPV of 98%
and a PPV of 4%. At a PESI of 126 or higher, the sensitivity was
17% and the specificity was 95%. The NPV and PPV were 97%
and 11%, respectively.

Figure 4 shows the PESI in patients who died and in patients
who survived. The overall AUC for the PESI for 30-day all-cause
mortality was 0.94 (95% CI 0.87 to 1.00), discriminating opti-
mally with a maximal sensitivity at the threshold value of 86
points (online supplemental table § and figure 5). In 128 patients
with a PESI below 66, zero were misclassified as low risk, as
none of the patients died within 30 days. This corresponded to a
sensitivity of 100% and a specificity of 37%. The NPV and PPV
were 100% and 2%, respectively. At a PESI of 126 or higher, the
sensitivity was 61% and the specificity was 95%. The NPV and
PPV were 99% and 15%, respectively.

The performance of the PESI for predicting PE-related ICU
admission and mortality was comparable with its performance
for all-cause ICU admission and mortality (online supplemental
tables 6 and 7).

sPESI score

The overall median sPESI was 0 points (IQR 0-1). In patients
who were admitted to hospital, the median sPESI was 1 point
(IQR 0-1), compared with 0 points (IQR 0-1) in those who
were treated at home (p<0.001). Figure 2 shows the sPESI in
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patients who were admitted to the ICU (n=12) and in patients
who were not admitted to the ICU. The overall AUC for the
sPESI for all-cause ICU admission was 0.69 (95% CI 0.57 to
0.81). The threshold of 1 point misclassified two patients at low
risk, who ultimately were admitted to the ICU, corresponding to
a sensitivity of 83% and a specificity of 56%, and an NPV and
PPV of 99% and 6%, respectively (online supplemental table 4).

Figure 4 shows the sPESI in patients who died within 30 days
and in patients who survived. The overall AUC for the sPESI for
all-cause 30-day mortality was 0.78 (95% CI 0.51 to 1.00). The
threshold of 1 point misclassified one patient as low risk, who
eventually died, corresponding to a sensitivity of 79%, a speci-
ficity of 55%, and a NPV and PPV of 99% and 2%, respectively
(online supplemental table 5).

DISCUSSION

Our study demonstrates that NEWS has a comparable utility
with PESI and sPESI in predicting 30-day mortality in haemo-
dynamically stable patients with acute PE, and possibly better
utility to predict 7-day ICU admission. The optimal cut-off value
for NEWS was a score of 3 points—this yielded a sensitivity,
specificity, NPV, and PPV of 92%, 53%, 99% and 6%, respec-
tively, for ICU admission. Corresponding numbers for mortality
were 100%, 52%, 100% and 3%. Our results suggest that the
NEWS could have a good performance in predicting haemo-
dynamic deterioration and death in patients with acute PE and
may be an attractive alternative risk stratification score in this
population.

However, the NEWS cannot adequately determine who
should be admitted to the ICU, due to a large overestimation
of patients at high risk. Of note, this overestimation would be
expected to be lower if the NEWS was used in a population
with a higher prevalence of haemodynamic compromise, that
is, the patients excluded from the YEARS Study. For clinical
purposes, the NEWS could therefore nonetheless help physi-
cians in making decisions on the adequate care of these patients
without the need for a more specialised score. Whether or not
these patients are also eligible for home treatment cannot be
concluded from our results as the patient group with a NEWS
lower than 3 points consists of both patients treated at home
and patients treated during hospital admission. Moreover, the
NEWS does not include additional feasibility criteria for home
treatment such as medical or social reasons for admission, which
are incorporated in the Hestia rule, a rule that was specifically
developed to select candidates for safe home treatment.'*

With high AUCs, the NEWS and the PESI both excellently
discriminated between patients who survived and patients who
died after presentation with acute PE. Our observed prognostic
values of the NEWS and PESI for 30-day mortality are similar
to those in many other studies evaluating the PESI, including
studies which validated the PESI at the threshold of 86." '® Our
observed performance is substantially higher compared with
studies evaluating the NEWS as a predictor for mortality in
patients with other diseases at the ED.'”™" Since haemodynamic
instability is largely associated with mortality in patients with
PE,*® and the NEWS is partially a surrogate for haemodynamic
instability, this probably drives our finding of excellent perfor-
mance of the NEWS in patients with PE.

The main strengths of this study are the prospective design
of the original study and the fact that we were able to evaluate
both scores, which are currently used in clinical practice in this
population. The main limitation is that the data set was rela-
tively small. In particular, the small number of observed clinical

outcomes makes it challenging to draw firm conclusions from
our findings. Nevertheless, the narrow CIs suggest that the study
had a sufficient sample size. We deem the risk of bias possibly
caused by our method of collection of vital parameters to be
minimal, as these data were systematically filled out at the ED.
The lack of overlap in data collection, however, remains a limita-
tion of this multicentre study. In addition, we applied multiple
imputation to account for missing data.*’ Unfortunately, our
data set did not include any information on hypercapnic respi-
ratory failure, so we were not able to evaluate the performance
of the NEWS2. The results therefore need to be verified by
other studies. Another limitation of this study was the surrogate
‘altered mental status’ that was used for the variable AVPU in the
NEWS. This might have led to an overestimation of the NEWS
in these patients as some of them might have had an altered
mental state, but would have scored low on the AVPU. As only
six of our included patients had an altered mental status, we
suspect this overestimation did not substantially influence our
results. In addition, the outcome ICU admission’ is a relatively
subjective outcome, prone to confounding by indication and
criteria for ICU admission may have been different across the
study sites. Consequently, our results may not represent the ICU
management in patients with PE in other countries. We recom-
mend validating this study in a prospective, independent and
larger cohort. Such a study should investigate the optimal NEWS
threshold for dedicated monitoring, the additive value of NEWS
for risk stratification and the prognostic implications of changes
in NEWS over time after treatment initiation.

In conclusion, the NEWS was able to identify patients with
PE at low risk of haemodynamic deterioration in this study. A
NEWS of lower than 3 accurately identified patients with a very
low 30-day mortality risk and at low risk of 7-day ICU admis-
sion, making it an attractive clinical threshold to determine
which patients presenting with an acute PE do not need intensive
monitoring.
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