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Abstract

Vital signs can help clinicians identify children at risk of serious illness. The NICE guideline for fever in under-fives
recommends a routine measurement of temperature, heart rate, capillary refill and respiratory rate in all febrile
children visiting the emergency department (ED). This study aims to evaluate the measurement of paediatric vital
signs in European EDs, with specific attention to adherence to this NICE guideline recommendation. In a prospec-
tive observational study, we included 4560 febrile children under 16 years from the ED of 28 hospitals in 11
European countries (2014-2016). Hospitals were academic (n=17), teaching (n=10) and non-teaching (n=1) and
ranged in annual paediatric ED visits from 2700 to 88,000. Fifty-four percent were male, their median age was
2.4 years (IQR 1.1-4.7). Temperature was measured most frequently (97%), followed by capillary refill (86%), heart
rate (73%), saturation (56%) and respiratory rate (51%). In children under five (n=3505), a complete measurement
of the four NICE-recommended vital signs was performed in 48% of patients. Children under 1 year of age, those
with an urgent triage level and with respiratory infections had a higher likelihood of undergoing complete measure-
ments. After adjustment for these factors, variability between countries remained.
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Conclusion: Measuring vital signs in children with fever in the ED occurs with a high degree of practice variation between
different European hospitals, and adherence to the NICE recommendation is moderate. Our study is essential as a benchmark for

current clinical practice, in order to tailor implementation strategies to different European settings.

‘What is Known:

* Viital signs can quickly provide information on disease severity in children in the emergency department (ED), and the NICE guideline for fever in
under-fives recommends to routinely measure temperature, heart rate, capillary refill and respiratory rate.
* Data regarding measurement of vital signs in routine practice across European EDs is currently unavailable.

What is New:

» Measurement of vital signs in febrile children is highly variable across European EDs and across patient subgroups, and compliance to the NICE

recommendation is <50%.

* Children under 1 year of age, those with an urgent triage level and with respiratory infections had a higher likelihood of undergoing complete

measurements.
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Infections - Pediatrics

Abbreviations

APLS Advanced pediatric life support

CRF Case report form

ED Emergency department

NICE National Institute for Health and Care
Excellence

PEWS Paediatric early warning scores

REPEM  Research in European Pediatric
Emergency Medicine

RTI Respiratory tract infections

SBI Serious bacterial infections

UK United Kingdom

Introduction

Fever is the most common reason for children to be brought to
an emergency department (ED) [1-3], with causes ranging
from self-limiting illnesses of childhood to serious bacterial
infections (SBIs) that can prove fatal [3—5]. Vital signs can
help clinicians identify children at risk of serious illness. Even
though the level of evidence for the diagnostic accuracy of
vital signs is varying, their importance is widely acknowl-
edged [6]. Vital signs form the basis of paediatric early warn-
ing scores (PEWS) that are widely used to monitor disease
severity of children in the inpatient setting [ 7]. Moreover, they
are included in several prediction models for serious infec-
tions and in disease-specific guidelines for the ED setting [3,
8—12]. The NICE guideline for the assessment and initial man-
agement of fever in children under five recommends a routine
measurement of temperature, heart rate, capillary refill and
respiratory rate in all children presenting to the ED with a
fever [13]. These recommendations have been adopted
throughout a large number of European hospitals.

Not measuring vital signs may pose the patient at risk of
underestimating the severity of illness and may delay appropri-
ate treatment [14]. From adult research and single-country
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studies, we know that incomplete and inaccurate recording of
vital signs is common [15-17]. This problem may be even
larger in Europe, given the diversity of the countries, cultures
and healthcare systems. However, international data on record-
ing of vital signs across Europe in children are lacking [18].
Information on the measurement of vital signs is crucial in
order to fuel research on serious illness and to target quality
improvement initiatives in paediatric emergency medicine.
This research aims to evaluate the current practice of measuring
vital signs in febrile children in European EDs and, more spe-
cifically, the level of adherence to the NICE guideline recom-
mendation to routinely measure four distinct vital signs.

Methods
Study design and population

We performed a prospective observational study in 28 EDs in
11 European countries, including patients under the age of 16
and with a fever as their presenting complaint. Children were
excluded if they presented to the ED repeatedly for the same
problem within 7 days, if they were treated with antibiotics in
the 7 days before the ED visit, or if they had a documented
allergy to antibiotics. For the current study, children with
comorbidities were also excluded, as disease-specific char-
acteristics may influence their management. In the whole
population, we evaluated the measurement of vital signs. In
children under five, we assessed the adherence to the rec-
ommendations to measure four distinct vital signs from the
NICE guideline ‘Fever in under 5s: assessment and initial
management’ [13].

Data collection

Data collection took place between October 2014 and
February 2016 within the network of Research in European
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Pediatric Emergency Medicine (REPEM). Detailed methods
have been published earlier [19]. In short, all participating 28
EDs recorded medical information for all attending children
with fever for one random day each month. We recorded gen-
eral characteristics of patients (age, sex, weight, height, co-
morbidities), vital signs (heart rate, respiratory rate, tempera-
ture, oxygen saturation, capillary refill time) and information
regarding diagnosis and management. Data were extracted
from routine patient records, and filled in on an electronic
study case report form (CRF) by the local investigator after
the sampling day (Electronic Supplementary Material 1).
Comorbidities and diagnoses were recorded according to
pre-specified categories. We neither used ICD-codes for the
recording of diagnoses nor had we access to data after the ED
visit. Consequently, ‘diagnosis’ in this manuscript refers to a
presumed diagnosis at ED discharge. All items in the CRF
were mandatory to fill in, with the option to choose “un-
known’. Unknown values on vital signs were seen as ‘not
measured’, and were therefore considered to be outcomes
rather than omissions. Local investigators were aware of the
sampling days and the general scope of the study as a registry
of febrile children, but vital sign measurement was not known
as a specific point of interest. Hospital information was col-
lected using a survey, including questions on guideline use.
We collected data on hospital setting (inner city/rural/mixed),
hospital type (academic/teaching/non-teaching), triage system
and number of annual paediatric ED visits, similar to other
studies on the organization of care (Electronic
Supplementary Material 2) [20]. Setting reflects the popula-
tion in the catchment area of the hospital. Academic hospitals
are connected to a university, teaching hospitals non-
university hospitals that provide training for paediatrics resi-
dents; non-teaching hospitals do not provide training of
residents.

Definitions

Not every study hospital used the same triage system, but they
all classified children according to a five-point scale, ranging
from ‘non-urgent’ to ‘immediate’, making comparisons pos-
sible. Owing to the small number of cases, patients in the
‘immediate’ and ‘very urgent’ categories were grouped to-
gether. Tachycardia and tachypnoea were defined according
to the advanced pediatric life support (APLS) guideline [21].
Fever was defined as temperature > 38 °C, hypoxia as periph-
eral oxygen saturation level of <94%. Crowding of the ED
was defined for each hospital according to their number of
total paediatric ED visits on the sampling day (less than
usual/as usual/more than usual). We defined a usual number
of total visits as the interquartile range of the number of total
visits across the different sampling days per hospital. If on a
sampling day the number of total visits was lower than the
25th percentile for that hospital, crowding was less than usual,

if the number was higher than the 75th percentile, the ED was
more crowded than usual.

Adherence to the NICE guideline was based on the follow-
ing indicator: ‘Measure and record temperature, heart rate,
respiratory rate and capillary refill time as part of the routine
assessment of a child with fever.” [13]. Adherence to the NICE
guideline was defined as the complete measurements of those
four vital signs in children under 5 years old.

Statistical analysis

We used descriptive analyses to evaluate the frequency of
measurement for all of the available vital signs in the study
population. We examined practice variations between coun-
tries, age groups, triage levels and diagnoses, visualizing the
measurement of vital signs by heat maps. We used diagnosis
in these analyses as a proxy of presenting complaint (next to
the fever) and suspicion of severity, assuming that children
with RTIs would present with respiratory symptoms, enteric
infections with vomiting or diarrhoea and that children with
fever without source, urinary tract infections and sepsis/
meningitis mostly present without specific symptoms but with
a higher suspicion of invasive infections. We compared the
frequency of detecting abnormal vital signs between countries
that frequently measured vital signs and countries that mea-
sured them less often.

In assessing adherence to the NICE guideline, we mea-
sured the frequency of complete measurements in children
under five from all hospitals that used the NICE recommen-
dations. We tested the influence of age, triage level, diagnosis
and crowding of the ED on adherence using a multilevel lo-
gistic regression model that included hospital as a random
variable. Analyses were performed using SPSS (IBM, version
24) and R (version 3.5.2).

Results
Population characteristics

In total, 5255 children were included in the complete cohort,
all presenting with fever and without prior antibiotic treatment
or repeated ED visits. In the current study, we included 4560
children. Exclusion was mostly because of comorbidities
(Fig. 1). Of the included children, 53.8% were male and the
median age was 2.4 years (interquartile range 1.1-4.7).
Table 1 shows their baseline characteristics and provides in-
formation regarding patients’ way of referral and follow-up.
Baseline characteristics of children with comorbidities have
been published earlier [19]. In general, these children were
more ill and older than children without comorbidities. Of
the 28 participating hospitals, 17 were academic hospitals,
10 teaching hospitals and one non-teaching hospital
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5255 children included in cohort

695 excluded
4 children from hospitals with <5
patients assessed

B 50 children with incorrect age data
24 children aged >16 years
617 children with comorbidities
A 4

4560 analysed for baseline characteristics and for
overall measurement of vital signs

1546 excluded
1055 children aged >5 years
491 children from hospitals not
using NICE recommendations

—

\ 4

3014 analysed for adherence to NICE recommendations

Fig. 1 Flowchart of inclusion

(Table 2). They varied from inner city hospitals (n=17) to
regional (n = 2) and mixed hospitals (n =9), and their number
of annual paediatric ED visits ranged from 2700 to 88,000.
Most hospitals used a local triage system (n=8) or the
Manchester triage system (n=7, Table 2). All except the
Spanish hospitals used the recommendation to routinely mea-
sure vital signs as mentioned in the NICE guideline.

Overall measurement of vital signs and per country

The measurement of vital signs occurred in varying degrees,
both when comparing the different vital signs with each other
and across participating countries. Overall, temperature was
measured most frequently (97%, 4435/4560, 95% confidence
interval 97-98%), ranging between countries from 70% (78/
111) in Hungary to 100% in Denmark and England (n =24
and n = 145 respectively). Capillary refill was next (86%, 85—
89%), followed by heart rate (73%, 72-75%), saturation
(56%, 55-58%) and respiratory rate (51%, 50-53%), although
the latter two had much wider ranges between countries.
Figure 2 a contains a heat map visualizing the frequency of
vital sign measurements in participating countries. Variability
between countries is apparent throughout all of the different
vital signs and is most striking for respiratory rates.
Temperature was the most consistent, as it was measured in
more than 90% of cases in all countries but one.

Measurement of vital signs per triage level, age group
and diagnosis

In the hospital in Turkey, no routine triage was performed. In

the remaining hospitals, 99% (3825/3852) of children were
triaged upon their arrival to the hospital. Children requiring
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Table 1 Baseline characteristics of the population, n = 4560

n/N (%)*

General characteristics
Male sex
Age in years®
Season
- Spring
- Summer
- Autumn
- Winter
Way of referral
- General practitioner
- Self
- Other healthcare professional
Triage level
- Immediate or very urgent
- Urgent
- Standard
- Non-urgent
Abnormal vital signs
Fever (temperature >38 °C)
Tachycardia®
Tachypnoea®
Hypoxia (oxygen saturation <94%)
Prolonged capillary refill (>3 s)
Disposition
- Discharged home
- Observation unit <24 h
- Admitted to ward
- Admitted to ICU

2451/4557 (53.8%)
24 (1.1-4.7)

1110/4560 (24.3%)
766/4560 (16.8%)
1024/4560 (22.5%)
1660/4560 (36.4%)

395/4524 (8.7%)
3966/4524 (87.7%)
163/4524 (3.6%)

197/3850 (5.1%)
1042/3850 (27.1%)
1866/3850 (48.5%)
745/3850 (19.4%)

2403/4435 (54.2%)

1138/3341 (34.1%)

665/2333 (28.5%)
85/2567 (3.3%)
67/4560 (1.5%)

4035/4559 (88.5%)
187/4559 (4.1%)
321/4559 (7.0%)

11/4559 (0.2%)

*Unless stated otherwise
° Median (interquartile range)
¢ According to APLS guidelines

‘very urgent’ or ‘immediate’ care had their vital signs measured
most frequently (Fig. 2b). Differences across triage levels were
greatest for heart rate, saturation and respiratory rate and
amounted to about 30% points between the ‘very urgent/imme-
diate’ and ‘standard’ categories (heart rate: 93% vs. 64%, sat-
uration: 90% vs. 59%, respiratory rate: 65% vs. 37%).

Differences in measurement across age groups were small-
er (Fig. 2¢). Only heart rate and saturation were more frequent-
ly measured in infants than in children > 5 years of age (heart
rate: 83% vs. 71%; saturation 78% vs. 47%).

We observed an association between the measurement of
vital signs and diagnosis (Fig. 2d). Most children (3307/4461,
74%) had respiratory tract infections (RTIs); only 15 children
had sepsis or meningitis. Temperature and capillary refill were
measured quite consistently across the different infectious foci
(97% and 86% of cases respectively), but the remaining vital
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signs exhibited a considerable variability. Saturation was mea-
sured substantially more often in lower RTIs and in patients
with sepsis/meningitis than in other cases. Heart rate was re-
corded in all patients with sepsis/meningitis (15/15) and in
86% (416/486) of those with lower RTIs. For fevers of un-
known origin, on the other hand, heart rate measurements
were included in the work-up of only 61% (174/284) of cases.
Respiratory rates were measured in less than half of patients
for four out of seven infectious foci and were done most fre-
quently in patients with lower RTIs, amounting to 64% (310/
486) of cases.

Frequency of abnormal findings

The incidence of abnormal vital signs when measured was
generally low. Of all patients with a measured temperature,
2403 (54.2%) had a fever at the time of evaluation in the ED
(Table 1). Out of these children, 889 (37%) had a temperature
of 39 °C or more. Other than that, heart rate was most often
abnormal, in 34.1% of cases. Twenty-nine percent of children
were found to be tachypnoeic, hypoxia was found in 3.3% of
cases and prolonged capillary refill in 1.5%.

We observed no correlation between the frequency of
measurement of a vital sign per country and the propor-
tion of abnormal values (out of all values measured in
that country). So, less frequent measurement of a vital
sign was not related to a higher proportion of abnormal
values detected.

Adherence to guideline recommendation

From all hospitals using the NICE recommendations, 1450/
3014 (48%) of children under five underwent a complete mea-
surement of these vital signs (95% CI 46 to 50%). A complete
measurement was most frequent in children with lower RTIs
and sepsis, although at a moderate compliance of 55% and
46% respectively (193/350 for lower RTIs and 5/11 for sepsis;
Table 3). Multivariable analysis showed that children with
RTIs had complete measurements significantly more often
than children with fever without focus (odds ratio for upper
RTI 1.75 (1.10-2.77), for lower RTI 3.75 (2.21-6.37);
Table 3). Also, younger children were more likely to have
all recommended vital signs measured than children over
1 year of age. Last, children with high triage urgency
had full measurements slightly more often than non-
urgent children (immediate/very urgent OR 1.62 (0.95—
2.76), urgent level OR 1.36 (0.96-1.95)). Crowding of
the ED had no significant effect on the frequency of
complete measurement of vital signs. After adjusting
for diagnosis, age and triage urgency, a substantial var-
iability between hospitals remained (data not shown).

@ Springer

Discussion
Main findings

In this study of febrile children at 28 European EDs, we ob-
served that of all vital signs, temperature is most frequently
measured and respiratory rate least frequently, but with a high
degree of variability between countries. Most centres have
adopted the recommendation of the NICE guideline ‘Fever
in under 5s: assessment and initial management’ to always
measure temperature, heart rate, respiratory rate and capillary
refill, but compliance to this recommendation was moderate.
Febrile children that are under 1 year of age, with high triage
urgency and those with RTIs were more likely to have a full
set of vital signs measured.

Interpretation and comparison to existing literature

Fever was an inclusion criteria for our study, which explains
the high frequency of completed temperature in our database
and the high proportion of abnormal temperatures. The rela-
tively high proportion with abnormal heart rate can be ex-
plained by the physiological relationship between temperature
and heart rate [22, 23]. Respiratory rate was least frequently
measured and with large variation across subgroups. Other
studies have suggested reasons for such variability, like crying
or distress of a child, or limitations in the counting technique
[11, 24, 25]. We had no information on the child’s well-being
or the devices used for measurement of respiratory rate, but
these factors may have contributed to the observed low fre-
quency of measurement of this vital sign. Although ED
crowding has been associated with decreased quality of care
[26], we found no association between ED crowding and ad-
herence to the vital signs measurement recommendation in
our study.

We observed an overall adherence of 48% to the NICE
recommendation to measure four vital signs in all children
under five, in our study in 2014-2016. This is lower than re-
ported by a previous audit study in primary care in the UK
(62%) after educational sessions and introduction of a template
to record vital signs in the electronic health record [15]. An
audit among paediatric EDs in the UK found that temperature
was similarly measured as in our study (94%), but reports lower
numbers for capillary refill time (53%) and higher rates for
heart rate (94%) and respiratory rate (89%) measurements
[16]. It may be striking that full measurement of vital signs
children under five was most frequently done in children
suspected of RTIs, rather than in those with suspected urinary
tract infections and fever without focus. Even though the dis-
charge diagnosis is often unknown at the moment of vital sign
measurement, it is likely to assume that children with these last
two diagnoses might present without specific symptoms. These
children may have more diagnostic uncertainty and be at higher
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a n hospitals n (%) Temperature  Capillary refill Heart rate Saturation ~ Respiratory rate Legend

Ttaly 3 446 (10) 0%

Portugal 3 698 (15) 10%

Spain 4 631 (14) 20%

Romania 2 282 (6) 30%

Turkey 1 708 (16) 40%

Switzerland 2 428 (9) 50%

The Netherlands 5 161 (4) 60%

France 5 926 (20) 70%

Hungary 1 111(2) 80%

Denmark 1 24 (0.5) 90%

England 1 145 (3) 100%

Total population 4560 (100) 73 56 51

b n (%) Temperature  Capillary refill Heart rate Saturation  Respiratory rate Legend

Non-urgent 743 (19)

Standard 1845 (48)

Urgent 1042 (27)

Immediate / Very urgent 195 (5)
70%
80%
90%

Total population® 3825 (100) _ 69 66

¢ n (%) Temperature  Capillary refill Heart rate Saturation ~ Respiratory rate Legend

5- 16 years 1054 (23) 40%

1-5 years 2478 (54) 50%

3 - 12 months 867 (19) 60%

0 - 3 months 160 (4) 70%
80%
90%

Total population” 4559 (100) H 86 73

d n (%) Temperature  Capillary refill Heart rate Saturation ~ Respiratory rate Legend

Fever without focus 284 (6)

Other 199 (4)

Urinary tract 125 (3)

Enteric 531(12)

Upper respiratory 2821 (63)

Lower respiratory 486 (11)

Sepsis/meningitis 15(0.3)

Total population® 4461 (100)

Fig. 2 Heat maps indicating the frequency of vital sign measurements in
% a per country; b per triage level; ¢ per age group; d per diagnosis,
Superscript lowercase letters indicate the following: “Turkey (1= 708)
and 27 other cases excluded for missing triage level; ®1 patient missing
age; “99 (2%) missing diagnosis. Categories (country, diagnosis and

risk of complicated disease. Less than half of the children with
suspected sepsis—although represented by a small number in

triage level) are ranked from top to bottom according to how often all
of the vital signs were measured. Vital signs are in turn organized from
left to right based on their frequency of measurement overall. Green
indicates highest frequency of measurement per figure; red indicates
lowest frequency of measurement

our study—received the full set of vital sign measurements
needed for compliance with the NICE guidelines.
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Table 3  Determinants of full measurement of NICE-recommended vi-

tal signs in children under five

Full chart measured N (%)* OR (95% CI)°
Diagnosis
- Fever without focus 72/170 (42%) Reference
- Other 53/134 (40%) 0.94 (0.50-1.77)
- Urinary tract infection 37/83 (45%) 1.19 (0.56-2.54)
- Enteric 142/352 (40%) 1.26 (0.75-2.12)
- Upper RTI 922/1856 (50%)  1.75 (1.10-2.77)
- Lower RTI 193/350 (55%) 3.75 (2.21-6.37)

- Sepsis—meningitis

Triage level

/11 (46%)

1.93 (0.49-7.65)

- Non-urgent 180/526 (34%) Reference
- Standard 368/1117 (33%)  0.75 (0.54-1.05)
- Urgent 358/715 (50%) 1.36 (0.96-1.95)

- Immediate or very urgent

Crowding of PED

- Usual number of daily visits
- Less visits than usual
- More visits than usual

98/163 (60%)

519/1267 (41%)
168/463 (36%)
296/775 (38%)

1.62 (0.95-2.76)

Reference
0.83 (0.62-1.10)
0.98 (0.77-1.24)

Age groups
- 0 to 3 months 81/139 (58%) 1.76 (1.06-2.92)
- 3 to 12 months 392/728 (54%) 1.38 (1.09-1.75)
- 1to 5 years 976/2146 (46%) Reference

#Based on population under five from hospitals using NICE recommen-
dations, n=3014

® Multivariable analysis, clustered by hospital, based on complete cases,
n=2433

RTI, respiratory tract infection; PED, paediatric emergency department

Patient characteristics can only partly explain the observed
practice variations. Professional adherence to guideline rec-
ommendations can also be influenced by local policy or pro-
fessional experience. Even though most participating centres
mentioned that their guidelines were based on the NICE
guideline, in the process of translation from the UK to another
setting, the evidence probably is weighed according to the
local setting and practice. This may induce further practice
variation across centres [18].

Strengths and limitations

This study had the advantage of a sizeable, prospectively gen-
erated database containing large amounts of high quality patient
information from 28 hospitals of various sizes and hospital
types, from 11 different countries in Europe. Compared to the
available literature in European paediatric emergency medicine,
this number of included hospitals and countries is large,
supporting the generalizability of our findings. However, some
countries and hospitals included more patients than others,
which might have influenced results. Furthermore, countries
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were represented by different numbers of hospitals (some coun-
tries only by one hospital), which adds uncertainty to whether
measurements are a reflection of national or local policies.
The study was performed in hospitals of the REPEM re-
search collaboration, ensuring high-quality data [27]. Their
interest in research indicates that they are likely to uphold a
high standard of care. The staff of participating hospitals were
only aware of the general study design as a registry of febrile
children, so a special focus on vital sign measurement during
the study period is unlikely. Lastly, because this research treat-
ed missing variables as decisions not to perform certain mea-
surements, some room remains for human error in data col-
lection. However, all items in the data collection form were
mandatory, with the option to fill in ‘missing’. During the
preparation of this manuscript, the local investigators con-
firmed that ‘missing’ values were indeed ‘not recorded’.

Clinical and research implications

Our numbers on compliance to the NICE recommendation
obtained from 28 European EDs calls for better recording of
vital signs in children. Not measuring vital signs may pose
children at risk of underestimating the severity of their illness
or delaying necessary treatments [14]. Even though almost all
included centres had adopted the NICE recommendation to
measure vital signs in all febrile children, compliance in less
than half of cases is striking. Even in children with sepsis,
fever without source or urinary tract infections in less than
50% of cases the full set was measured. Therefore, special
attention should be given to children presenting with fever
without specific symptoms, since vital sign measurements
may contribute most to the identification of severe infections
in this patient group. Although measurement is influenced by
age and triage, it might be questioned whether triage appro-
priately selects children with severe disease [28].

Future research should focus on identifying reasons for non-
compliance, including cultural and healthcare factors at the in-
dividual, organizational and national level [18]. Qualitative re-
search could provide more in-depth information on the reasons
for the observed discrepancies in vital sign measurements
across Europe. At the same time, more evidence is needed on
the diagnostic value of vital signs in different settings and pa-
tient groups and their impact on health outcomes. Such research
could provide evidence for targeted measuring of vital signs in
children that benefit most from complete measurements.

Conclusion

Measuring vital signs in children with fever in the emergency
department occurs with a high degree of practice variation be-
tween different European hospitals and is done more often in
younger children, those with a higher triage urgency or who
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have respiratory tract infections. The overall adherence to the
NICE recommendation to measure four vital signs in all febrile
children under five is moderate. Our practice variation study is
essential as a benchmark for current clinical practice. It can
guide future research into the drivers and consequences of the
observed under-recording of vital signs. Moreover, it can be
used to tailor implementation strategies of the NICE recom-
mendation to different European settings.
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