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Abstract

Background: For emergency department (ED) patients with suspected infection, a vital sign-based clinical rule is
often calculated shortly after the patient arrives. The clinical rule score (normal or abnormal) provides information
about diagnosis and/or prognosis. Since vital signs vary over time, the clinical rule scores can change as well. In this
prospective multicentre study, we investigate how often the scores of four frequently used clinical rules change
during the ED stay of patients with suspected infection.

Methods: Adult (≥ 18 years) patients with suspected infection were prospectively included in three Dutch EDs
between March 2016 and December 2019. Vital signs were measured in 30-min intervals and the quick Sequential
Organ Failure Assessment (qSOFA) score, the Systemic Inflammatory Response Syndrome (SIRS) criteria, the
Modified Early Warning Score and the National Early Warning Score (NEWS) score were calculated. Using the
established cut-off points, we analysed how often alterations in clinical rule scores occurred (i.e. switched from
normal to abnormal or vice versa). In addition, we investigated which vital signs caused most alterations.

Results: We included 1433 patients, of whom a clinical rule score changed once or more in 637 (44.5%) patients. In
6.7–17.5% (depending on the clinical rule) of patients with an initial negative clinical rule score, a positive score
occurred later during ED stay. In over half (54.3–65.0%) of patients with an initial positive clinical rule score, the
score became negative later on. The respiratory rate caused most (51.2%) alterations.

Conclusion: After ED arrival, alterations in qSOFA, SIRS, MEWS and/or NEWS score are present in almost half of
patients with suspected infection. The most contributing vital sign to these alterations was the respiratory rate. One
in 6–15 patients displayed an abnormal clinical rule score after a normal initial score. Clinicians should be aware of
the frequency of these alterations in clinical rule scores, as clinical rules are widely used for diagnosis and/or
prognosis and the optimal moment of assessing them is unknown.
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Background
Measuring vital signs is indispensable when assessing pa-
tients with suspected infection in the emergency depart-
ment (ED), as their values provide information on
patients’ current disease status. Vital signs are often incor-
porated in clinical rules, which provide information on
diagnosis and/or prognosis. Four well-known and fre-
quently used clinical rules for medical patients in the ED
are the quick Sequential Organ Failure Assessment
(qSOFA) score, the Systemic Inflammatory Response Syn-
drome (SIRS) criteria, the Modified Early Warning Score
and the National Early Warning Score (NEWS) [1–3].
In many EDs, a clinical rule score is calculated with a

single set of vital signs, measured shortly after arrival.
Depending on the ED’s protocol, a positive—or abnor-
mal—score can have important implications, either by
triggering specific treatment protocols (e.g. for sepsis in
case of qSOFA and SIRS), or by prioritising patients in
crowded settings. Although these protocols are all aimed
at early detection of deteriorating patients, it is known
that vital signs change during a patient’s ED stay, due to
natural fluctuation, clinical deterioration, or improve-
ment as a result of prehospital or ED treatment. It has
not been investigated how often the scores of clinical
rules change after a patient’s arrival in the ED. [4]
For physicians in the ED, it would be insightful to

know the frequency of these changes, specifically taking
cut-off points for treatment protocols or warning trig-
gers for escalation of care into account. This information
could be used to optimise monitoring, prioritisation and
decision making.
In this prospective multicentre study, we therefore aim

to investigate how often the scores of four frequently
used clinical rules (qSOFA, SIRS, MEWS and NEWS)
change during the ED stay of patients with suspected in-
fection and which vital signs cause most alterations.

Methods
Design and setting
This prospective multicentre study included patients in
three EDs in the Netherlands: Zuyderland Heerlen (large
teaching hospital, > 30,000 ED visits/year), Maastricht
University Medical Centre (MUMC+, university second-
ary and tertiary care teaching hospital, > 20,000 visits/
year) and University Medical Centre Groningen (UMCG,
university tertiary care teaching hospital, > 30,000 visits/
year).

Study population
Data were collected in three inclusion periods, based on
the availability of research staff per inclusion site (centre
1: 26 March 2018–28 April 2018, centre 2: 25 June
2018–3 August 2018, centre 3: 2 March 2016–11 De-
cember 2019). Patients visiting the ED between 8 a.m.

and 11 p.m. were screened for eligibility. We included
adult patients (≥ 18 years), who presented to the ED
with fever (≥3 8.0 °C) and/or suspected infection and
who were able to provide informed consent. The clinical
suspicion of infection was judged by the staff member
on duty, either an emergency physician or internist acute
medicine. The judgement was based on information pro-
vided by the referring physician and information avail-
able immediately after ED triage. Examples of signs
suggestive of an infection included localised signs of an
infection (e.g. erythema) or specific complaints (e.g.
chills and/or coughing).
Participation in the study did not alter the treatment

of patients, which was at the physician’s discretion. All
three hospitals have a protocol for sepsis, which includes
intravenous antibiotics, fluid resuscitation and oxygen
supplementation.
The Institutional Review Boards of Zuyderland, The

Maastricht University Medical Centre and The Univer-
sity Medical Centre Groningen ruled that the Dutch
Medical Research Involving Human Subjects Act is not
applicable and granted waivers (METCZ20180022,
METC 2018-0420, METC 2015/164). All participants
provided written informed consent. We used the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines for reporting this observational
study [5].

Data collection
For this study, we retrieved data on age, sex and—if
assessed—triage urgency (determined using the Dutch
version of the Manchester Triage System (MTS)) [6, 7].
In intervals of approximately 30 min during the patient’s
ED stay (T0-T3), we measured the following six vital
signs: blood pressure (mmHg), heart rate (beats per mi-
nute—bpm), respiratory rate (/min), level of conscious-
ness (Glasgow Coma Scale, GCS), temperature (°C) and
peripheral oxygen saturation (%). A complete set of vital
signs was defined as measurement of all six parameters.
A maximum of four sets were measured (T0-T3), de-
pending on the patient’s length of ED stay. Patients with
less than two complete sets were excluded from analysis,
since it is not possible to investigate variation over time
in these patients.

Definitions
In order to improve clarity throughout the remainder of
the manuscript, we provide some additional details on
the definitions used. In this study, four vital-sign based
clinical rules were investigated (SIRS, qSOFA, MEWS,
NEWS) (Table 1). When the values of a patient’s vital
signs are entered in one of these rules, they add up to a
numeric value. Depending on the established cut-off
points, a clinical rule can be normal (i.e. negative) or
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abnormal (i.e. positive). This is called the clinical rule
score. As stated, these scores (normal or abnormal) can
have important implications by triggering specific treat-
ment protocols or by escalating care. Cut-off points for
abnormal clinical rule scores were ≥ 2 points for qSOFA
and SIRS, ≥ 4 points for MEWS and ≥ 5 points for
NEWS [1–3].

Statistical analysis
Descriptive analyses were performed for age, sex, triage
urgency and the values of the measured vital signs. We
calculated the scores of qSOFA, SIRS, MEWS and NEWS
and the corresponding clinical rule score (normal/abnor-
mal) at the different intervals (T0-T3). We analysed how
often the clinical rule score changed from normal to ab-
normal or vice versa, and we examined whether these al-
terations represented a switch from an abnormal to a
normal score or from a normal to an abnormal score. In
addition, we investigated the different patterns in clinical
rule scores that occurred during the patients’ ED stay and
analysed which vital signs caused most alterations. We
specifically chose to perform analyses based on cut-off
points, as these represent daily practice.
All statistical analyses were performed using IBM SPSS

statistical software version 26 (Armonk, 2019). Continu-
ous data were reported as means with standard deviation
(SD) and compared using Students’ T test or as medians
with interquartile ranges (IQR) and compared using the
Mann-Whitney U test. We reported categorical data as
absolute numbers and as valid percentages (to correct
for missing data); they were compared using chi-square
or Fisher exact tests. A P value < 0.05 was considered
statistically significant.

Based on an expected proportion of patients in whom
the qSOFA score changed from positive to negative or
vice versa at least once being 15%, a desired precision of
estimate of 2% and a confidence level of 95%, we found
the minimum sample size to be 1225 participants. Since
qSOFA is currently recommended as the bedside tool
for identifying poor clinical outcome in patients with
(suspected) infections, we used this clinical rule to calcu-
late the required sample size [3].

Results
Patients and vital signs
In total, 1743 patients were included during the study
period. In 1433 (82.2%) of these patients, at least two
complete sets of vital signs were measured (Table 2).
Only these patients were included for analysis. The me-
dian age was 63 (IQR 51–72) years and 58.3% were male.
The majority (63.1%) of patients were assigned triage ur-
gency yellow [7].

Alterations in clinical rule scores
In total, 637 (44.5%) patients experienced one or more
alterations in the score of one of the clinical rules
(Table 3). Least alterations were present in the qSOFA
scores (11.2%), whereas SIRS scores altered most often.
The total number of alterations was 1593, of which 882
(55.4%) represented an improvement in patient status
(abnormal to normal score) and 711 (44.6%) a deterior-
ation (normal to abnormal score). In all clinical rules,
approximately half (53.3–57.3%) of alterations repre-
sented patient improvement.

Table 1 Clinical rules

Clinical rule Included vital signs Possible values Normal score Abnormal score

qSOFA Respiratory rate
Level of consciousness
Systolic blood pressure

0–3 points 0–1 points ≥ 2 points

SIRS Temperature
Heart rate
Respiratory rate
White blood cell count

0–4 points 0–1 points ≥ 2 points

MEWS Systolic blood pressure
Heart rate
Respiratory rate
Temperature
Level of consciousness

0–14 points 0–3 points ≥ 4 points

NEWS Respiratory rate
Oxygen saturation
Supplemental oxygen
Temperature
Systolic blood pressure
Heart rate
Level of consciousness

0–20 points 0–4 points ≥ 5 points

Abbreviations: qSOFA, quick Sequential Organ Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome; MEWS, Modified Early Warning Score; NEWS,
National Early Warning Score
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Patterns in clinical rule scores
Table 4 shows the different possible patterns of clinical
rule scores during the patients’ ED stay. In the majority
of patients, the first scores were normal (75.6–91.5%). In
this group, most scores also remained normal during ED

stay (82.5–93.3%). In 6.7–17.5%, however, an abnormal
score occurred later on, representing a (temporary) de-
terioration of the patient.
Patients with an abnormal first clinical rule score had

normal scores later on in 54.3–65.0%, representing a
(temporary) improvement in patient status.

Vital signs responsible for alterations in clinical rule
scores
Table 5 shows which vital signs were responsible for the
alterations in clinical rule scores. The respiratory rate
was responsible for most alterations in all 4 clinical
rules: 55.6% for qSOFA, 45.5% for SIRS, 50.9% for
MEWS and 54.4% for NEWS. The least contributing
vital sign for alterations in clinical rule scores was the
level of consciousness (1.1–17.0%).

Discussion
In this study, we investigated the frequency of alterations
in qSOFA, SIRS, MEWS and NEWS scores in 1433 pa-
tients with suspected infection during their ED stay. We
showed that qSOFA alterations were present in 1 in 9
patients, SIRS in 1 in 4, MEWS in 1 in 5 and NEWS in 1
in 4. Approximately half of alterations were from a nor-
mal to an abnormal score and half vice versa. Interest-
ingly, 6.7–17.5% of patients with an initially normal
clinical rule score turned abnormal later on, while over
50% of patients with an abnormal first score turned nor-
mal later on. The respiratory rate was responsible for
over half of the changes in clinical rule scores.
To our knowledge, our study is the first to investigate

the effect of vital sign variation in the ED on the scores
of qSOFA, SIRS, MEWS and NEWS. Even during a rela-
tively short median ED stay of 158 min, the clinical rule
score changed in 11–26% of patients. The exploration of
the progression of these clinical rule scores over time is

Table 2 Baseline patient characteristics

n

Age (median, IQR) 63 (51–72) 1433

Male (n, %) 835 (58.3%) 1433

Time between first and last measurement
—min (median, IQR)

158 (112–225) 1433

Number of complete setsa (n, %) 1433

- 2 373 (26.0%)

- 3 553 (38.6%)

- 4 507 (35.4%)

Triage urgency upon arrival at the ED (n, %) 1193

- Red 1 (0.1%)

- Orange 233 (16.3%)

- Yellow 904 (63.1%)

- Green 55 (3.8%)

Vital signs at ED arrival

- Systolic blood pressure—mmHg
(median, IQR)

125 (111–140) 1412

- Heart rate—bpm (median, IQR) 75 (65–85) 1412

- Respiratory rate—/min (median, IQR) 19 (16–24) 1275

- Glasgow Coma Scale (median, IQR) 15 (15–15) 1378

- Temperature—°C (median, IQR) 37.5 (36.5–
38.3)

1341

- Peripheral oxygen saturation—% (median,
IQR)

96 (95–98) 1404

*Data are presented as median (IQR), or n (%)
Abbreviations: min, minute; bpm, beats per minute; ED, emergency department
aComplete set: systolic blood pressure, heart rate, respiratory rate, Glasgow
Coma Scale, temperature, peripheral oxygen saturation

Table 3 Alterations in clinical rule scores

All rules qSOFA SIRS MEWS NEWS

Patients with no alterations 796 (55.5%) 1273 (88.9%) 1055 (73.6%) 1149 (80.2%) 1059 (73.9%)

Patients with ≥1 alterationa 637 (44.5%) 160 (11.2%) 378 (26.4%) 284 (19.8%) 374 (26.1%)

- Patients with 1 alteration 101 (7.0%) 292 (20.4%) 203 (14.2%) 240 (16.7%)

- Patients with 2 alterations 53 (3.7%) 75 (5.2%) 75 (5.2%) 120 (8.4%)

- Patients with 3 alterations 6 (0.4%) 11 (0.8%) 6 (0.4%) 14 (1.0%)

Total number of alterations 1593 225 475 371 522

- Switch from abnormal to normal 882 (55.4%) 120 (53.3%) 272 (57.3%) 211 (56.9%) 279 (53.4%)

- Switch from normal to abnormal 711 (44.6%) 105 (46.7%) 203 (42.7%) 160 (43.1%) 243 (46.6%)
*Data are presented as n (%)
aFrom normal to abnormal or vice versa
Abbreviations: qSOFA, quick Sequential Organ Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome; MEWS, Modified Early Warning Score; NEWS,
National Early Warning Score
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a unique feature. In contrast, most ED-based studies use
a single set of vital signs, either the first or the worst
values, which may provide an explanation for the known
suboptimal performance of many diagnostic and prog-
nostic clinical rules in the ED. [8–10] When using clin-
ical rules to predict poor outcome (like sepsis), repeated
measurements of vital signs can be of surplus value,
since the optimal moment of assessing clinical rule
scores is unknown.
It is reassuring that the over half of patients with an

abnormal score at arrival turned normal during their ED
stay. Possible explanations for the improvement in vital
signs include adequate response to treatment and regres-
sion towards the mean. Previous studies have shown

similar results: patients with sepsis tend to improve dur-
ing the first 3 h in the ED. [4] It is also known, however,
that approximately one third of admitted medical pa-
tients with normal initial vital signs deteriorate within
24 h [11]. Depending on the clinical rule used, between
one in 6–15 of our patients turned from normal to ab-
normal during their ED stay. Actual deterioration of
these patients is the most likely explanation for this
phenomenon. Since changes in vital signs can be subtle,
it is not unlikely that gradual deterioration can be
missed when vital signs are not measured on a regular
basis. Although the clinical value of this finding has yet
to be established, the potential value of repeated mea-
surements has to be weighed against the time-

Table 4 Patterns in clinical rule scores during emergency department stay

*Data are presented as n (%)
Legend: negative clinical rule score, positive clinical rule score
Abbreviations: qSOFA, quick Sequential Organ Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome; MEWS, Modified Early Warning Score; NEWS,
National Early Warning Score; ED, emergency department
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consumption when performed manually or the back-
ground noise possibly created with automated or con-
tinuous measurements.
Worth mentioning as well is that a strong acute care

chain is present in the Netherlands. Most ED patients are
referred by a general practitioner (GP), and there is an im-
portant role for the highly trained emergency medical ser-
vices (EMS) nurses [12, 13]. These professionals often
initiate therapy (e.g. oxygen or fluid therapy) even before a
patient arrives at the ED. As a result, vital signs may (tem-
porarily) improve during a patient’s prehospital journey.
The first values measured in the ED may therefore be bet-
ter than those measured at home by the GP, potentially
underestimating a patient's severity of illness upon arrival
in the ED. Therefore, it must be recognised that measure-
ments taken in the ED are not ‘the first measurements’. It
is plausible that repeated measurements and adequate
communication throughout the entire acute care chain
can help optimise the care for these patients.
An interesting finding is that over half of all alterations

in clinical rule scores could (partially or entirely) be at-
tributed to variations in respiratory rate. The predictive
value of the respiratory rate has long since been recog-
nised, but the fact that it is usually measured manually
reduces both the frequency and reliability of its measure-
ments [14–18]. One could imagine that repeated manual
measurements of respiratory rates in busy EDs are (too)
labour intensive. We therefore feel that future research
should investigate the reliability and value of non-
invasive methods of either repeatedly or continuously
measured respiratory rates.

Despite being the first to investigate the effect of vital
sign variation in the ED on the scores of qSOFA, SIRS,
MEWS and NEWS, our study has some limitations.
First, the majority (63.1%) of our patients were triaged as
MTS urgency yellow (‘urgent’). As a result, generalisa-
tion of the results to other populations should be done
carefully. We would like to stress, however, that this is
likely the group of patients that could most benefit from
repeated measurements. Patients who are triaged as ur-
gency red (‘immediately’) or orange (‘very urgent’) are
acknowledged as having acute life-threatening problems
and are usually assessed (almost) immediately by a phys-
ician, whereas ‘yellow’ patients have to be assessed
within 1 h. In this hour, unwanted delay can occur. A
second limitation is that we did not take therapeutic in-
terventions and patient outcomes into account. Conclu-
sions on what changes vital signs (and clinical rule
scores) and whether our reported alterations are associ-
ated with adverse outcomes, such as intensive care ad-
mission or mortality, can therefore not be drawn. A
hypothetical study taking all this into account would be
labour-intensive, as not only interventions performed in
the ED would have to be registered, but also prehospital
interventions.
We feel that future research should focus on the feasi-

bility, implementation and predictive value of repeated
or continuous measurement of vital signs, throughout
the acute care chain. Specific focus should lie on the re-
spiratory rate, as it has been repeatedly shown to be an
important predictor of clinical deterioration, but mea-
sured infrequently and inadequately as well.

Table 5 Vital signs responsible for alterations in clinical rule scores

Clinical
rule

Alteration** n Responsible vital sign(s)***

SBP HR RR GCS T SpO2

qSOFA Deterioration 105 59 (56.2%) 52 (49.5%) 15 (14.4%)

Improvement 120 58 (48.3%) 73 (60.8%) 23 (19.3%)

Total 225 117 (52.0%) 125 (55.6%) 38 (17.0%)

SIRS Deterioration 203 61 (30.0%) 98 (48.3%) 83 (40.9%)

Improvement 272 82 (30.1%) 118 (43.3%) 132 (48.5%)

Total 475 143 (30.1%) 216 (45.5%) 215 (45.3%)

MEWS Deterioration 160 39 (24.4%) 52 (32.5%) 87 (54.4%) 1 (0.6%) 52 (32.5%)

Improvement 211 40 (19.0%) 62 (29.4%) 102 (48.3%) 3 (1.4%) 107 (50.7%)

Total 371 79 (21.3%) 114 (30.7%) 189 (50.9%) 4 (1.1%) 159 (42.9%)

NEWS Deterioration 243 95 (39.1%) 67 (27.6%) 135 (55.6%) 4 (1.6%) 43 (17.7%) 117 (48.1%)

Improvement 279 113 (40.5%) 84 (30.1%) 149 (53.4%) 4 (1.4%) 80 (28.7%) 143 (51.3%)

Total 522 208 (39.8%) 151 (28.9%) 284 (54.4%) 8 (1.5%) 123 (23.6%) 260 (49.8%)
*Data are presented as n (%)
**Deterioration: change from normal to abnormal score, Improvement: change from abnormal to normal score
***Sum of percentages can exceed 100% as more than 1 vital sign could contribute to a change in the clinical rule score
Abbreviations: qSOFA, quick Sequential Organ Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome; MEWS, Modified Early Warning Score; NEWS,
National Early Warning Score; SBP, systolic blood pressure; HR, heart rate; RR, respiratory rate; GCS, Glasgow Coma Scale; T, temperature; SpO2, peripheral
oxygen saturation
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Conclusion
Almost half of patients with a suspected infection ex-
perience a change in the score of qSOFA, SIRS, MEWS
and/or NEWS during ED stay. Approximately half of al-
terations were from a normal to an abnormal score and
half vice versa. The respiratory rate was the most con-
tributing vital sign to these alterations. Patients with a
normal score at ED arrival had a 6.7–17.6% chance of
displaying an abnormal score later during their ED stay,
whereas 50% of patients with an initial abnormal score
turned normal later on. Clinicians should be aware of
the frequency of alterations in clinical rule scores and
realise that the optimal moment of assessing clinical rule
scores is unknown.
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