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GENERAL INTRODUCTION



1.1 AN AGING POPULATION

Emergency departments (EDs) are fast-paced working environments with a
high turnover of acutely ill patients with varying disease presentations like
fractures and wounds to sepsis and cardiac arrest. Over the last several
decades, older people have represented an increasing proportion of ED visits
worldwide due to an aging population.’2 The higher proportion of elderly
represents a challenge for the acute care as older people more often present
with non-specific complaints of an acute illness combined with multiple
comorbidities, polypharmacy, and altered mental status, complicating
diagnostic work-up and treatment.#> More importantly, older patients
are at higher risk for hospitalization and death after an ED visit.° Timely
clinical decisions are therefore crucial. Many clinical decisions in the ED are
based on the patients' risk and prognosis. Risk stratification is the process of
assigning a risk status to patients, then using this information to direct care
to improve overall health outcomes. As risk stratification enables clinicians
to identify the right level of care and services for emergency patients, it may
also help to prevent overcrowding through early disposition decisions. Risk
stratification forms therefore the backbone of Emergency Medicine.

1.2 RISK STRATIFICATION

Until the 20th Century, risk stratification or prognostication was the major
task of the medical profession before treatment options such as antibiotics
existed. Doctors made the clinical diagnosis of pneumonia not because they
were able to treat it, but only to prognosticate so they could inform the
family to settle their affairs, as pneumonia used to be the main cause of
death. After a rapid grow in medical developments, prognostication received
almost no more attention in medical textbooks by 1970 due to a shift from
prognostication to a diagnosis-based concept focused on diagnosis and
therapy.” Explicit attention to prognosis consequently diminished and
became an intrinsic part of diagnosis and therapy. Nowadays, in the day-to-
day practice of medicine, clinicians are continuously making risk assessments
by relying on their estimates of severity to make clinical decisions.® This
is either done by intuitive, gestalt-based assessments or with the help of
formal risk scores. In both ways, the clinician estimates the risk for adverse
outcomes or deterioration based on a few or many physiological variables.
Vital signs are the most important objective physiological variables used to
assess the severity of illness,*'® and abnormal vital signs are associated with
poor outcomes."" However, age-related changes may affect the interpretation
and use of vital signs during risk assessment. Thus, physiological variables
may need different interpretations in older patients because of (patho)-



physiological changes with increasing age. For example, arterial walls
become stiffer, causing higher blood pressure variability, and heart rate
response to stress may be blunted."? Laboratory tests, or biomarkers, can
also be used for risk assessment, but their normal values may also change
with increasing age. For correct risk stratification, it is therefore important
that clinicians understand the relationship between these physiological
parameters and outcomes in both young and old patients.

1.3 SEX DIFFERENCES

Besides age differences in the ED, physicians have become more aware
of sex differences in acute diseases, especially after the apparent sex
differences in clinical outcomes during the Coronavirus Disease 2019 (COVID-
19) pandemic.”® Male patients had almost three times the odds of Intensive
Care Unit (ICU) admission and 1.4 times higher odds of death with COVID-
19.3 Nonetheless, these outcome differences between men and women
are not solely described for COVID-19. Sex differences in outcomes and
clinical presentations have been described in many diseases, such as acute
myocardial infarction, stroke, and infectious diseases.'*?° Nonetheless, it
remains unclear whether male sex is an independent risk factor for adverse
outcomes in the overall ED population or if the higher risk in males is caused
by higher disease severity at ED presentation. If healthcare providers are
aware of sex differences in disease presentations and clinical outcomes,
they may be able to better anticipate the clinical course and provide better
treatment choices for both men and women. If male sex is a risk factor for
poor outcomes in the ED, clinicians should incorporate this variable in their
risk assessment.

1.4 RISK TOOLS

Many risk stratification tools have been introduced in the Emergency
Department, such as Early Warning Scores (EWSs), the quick-sequential
organ failure assessment score (qSOFA) for sepsis, the CURB-65 for
pneumonia, and the Revised Trauma Score (RTS) for trauma patients.2'2
Most scores detect clinical deterioration or predict mortality for all patients
or subgroups. These scores were designed to support clinical intuition and
gestalt by providing a formal risk score. Nonetheless, many risk scores have
limited predictive performance in older patients.?” This poor performance
may be caused by relevant age differences in risk which are often not
considered while developing these scores. Moreover, many scores use
single thresholds for physiological variables (i.e., higher, or lower than a
systolic blood pressure of 90mmHg), suggesting a clinically relevant change



in prognosis at this threshold. Also, using one threshold indicates that one
cut-off may discriminate between a good and bad prognosis. However,
recent studies in patients with traumatic brain injury and sepsis showed that
prognosis linearly worsens with decreasing systolic blood pressure (SBP),
without a single identifiable threshold.? 2° Similarly, linear, or U-shaped
instead of dichotomous associations may exist for other vital signs used
in ED risk stratification. Although most EWSs use multiple thresholds for
each physiological variable, they were not developed by applying statistical
methods but rather by clinical consensus.'®3° Using scores that are not age
and sex-adjusted with erroneously selected thresholds may negatively affect
patient care if used for clinical guidance. This may especially apply to the
ED where patients are often undifferentiated and at risk for deterioration.
An example of an excellent clinical score is the Acute Physiology and Chronic
Health Evaluation 4t edition (APACHE-1V) used for Intensive Care Unit (ICU)
patients.3"32 The APACHE-1V has excellent discriminative performance and
calibration for ICU patients, not only allowing to predict accurately the
outcome for an individual patient, but also allowing to compare the quality
of care of ICUs by calculating a Standardized Mortality Ratio (SMR). The SMR
is the observed mortality in ICU patients divided by the predicted mortality.
An SMR below 1 implies fewer people died after ICU admission than
predicted, suggesting good quality of care. However, although this score is
an excellent prediction tool, other factors may lead to a higher calculated
SMR. For example, physiological parameters may improve or deteriorate
in the hours before ICU admission,333¢ e.g., during initial treatment in the
emergency department (ED). These data measured before ICU admission
are not included in the original APACHE-IV score.?' 32 Consequently, the
calculated severity of illness and predicted mortality risk may differ when
the same initial treatment is provided before or after ICU admission for a
given patient.?”38 |t is essential to understand the effect of ED treatment and
clinical course on the predicted mortality risk calculated by the APACHE-IV,
if these scores are used to compare the quality of care among departments
or hospitals.

1.5 THE NETHERLANDS EMERGENCY DEPARTMENT
EVALUATION DATABASE (NEED)

This thesis used the Netherlands Emergency department Evaluation
Database (NEED) to investigate the aims of this thesis. The NEED is the
national quality registry for EDs in the Netherlands, founded in 2016,
and aims to contribute to the transparency and quality of ED care in the
Netherlands by providing reliable data to the participating EDs (www.
stichting-need.nl). Participating EDs receive twice a year a report for



benchmarking in which the data of the hospital are compared with the
pooled data of all participating EDs in the NEED.

1.6 AIM OF THE THESIS

This thesis has four aims. First, to investigate whether the interpretation of
physiological variables should be age and sex adjusted for ED patients. The
second aim is to assess whether thresholds for vital signs and biomarkers
truly exist. The third aim is to develop and externally validate an age and
sex adjusted Early Warning Score and assess whether this score improves
the classification of ED patients into low, intermediate, and high risk. The
fourth aim is to evaluate the effect of initial ED treatment versus immediate
ICU admission on predicted mortality risk and SMR in critically ill patients.

1.7 OUTLINE OF THE THESIS

This thesis is divided into three parts. The first part includes the first and
second aim of this thesis. In chapter 2, we study the association between
vital signs and clinical outcomes in ED patients of different age categories. In
chapter 3, we evaluate the effect of age on the interpretation of biomarkers
of renal function and homeostasis, inflammation, and circulation in ED
patients. In chapter 4, we investigate whether the difference between the
patients’ initial and previously measured systolic blood pressure (delta
SBP) predicts mortality in older ED patients. In Chapter 5, we study sex
differences in clinical presentation and risk stratification in the ED. In
Chapter 6, the association between SBP and heart rate (HR) is investigated.

The second part of this thesis is devoted to developing an age and sex
adjusted EWS. Chapter 7 describes the effect of including age in the National
Early Warning Score (NEWS) on its predictive performance in different age
categories. In Chapter 8, we develop and externally validate an age and
sex-adjusted International Early Warning Score (IEWS).

The third part of this thesis includes one chapter, Chapter 9, in which we
study the effect of treatment and clinical course during ED stay on severity
scoring and predicted mortality risk in ICU patients.

Finally, in chapter 10, the main conclusions of this thesis are summarized
and discussed, and future perspectives are proposed.
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ABSTRACT

Background Appropriate interpretation of vital signs is essential for risk
stratification in the Emergency Department (ED) but may change with
advancing age. In several guidelines, risk scores such as SIRS and qSOFA,
commonly used in emergency medicine practice (as well as critical care)
specify a single cut-off or threshold for each of the commonly measured vital
signs. Although a single cut-off may be convenient, it is unknown whether a
single cut-off for vital signs truly exists and if the association between vital
signs and in-hospital mortality differs per age-category.

Aims To assess the association between initial vital signs and case-mix
adjusted in-hospital mortality in different age categories.

Methods Observational multi-centre cohort study using the Netherlands
Emergency department Evaluation Database (NEED) in which consecutive
ED patients 18 years were included between 1 January 2017 and 12 January
2020. The association between vital signs and case-mix adjusted mortality
were assessed in three age categories (18-65; 66-80; >80 years) using
multivariable logistic regression. Vital signs were each divided in five to
six categories, e.g., systolic blood pressure (SBP) categories (<80, 81-100,
101-120, 121-140, >140mmHg).

Results We included 101,416 patients of whom 2374 (2.3%) died. Adjusted
Odds Ratios for mortality increased gradually with decreasing SBP and
decreasing peripheral oxygen saturation (Sp0O,). Diastolic blood pressure
(DBP), mean arterial pressure (MAP) and heart rate (HR) had quasi-U-shaped
associations with mortality. Mortality did not increase for temperatures
anywhere in the range between 35.5-42.0°C, with a single cut-off around
35.5°C below which mortality increased. Single cut-offs were also found
for MAP <70mmHg and respiratory rate >22/min.. For all vital signs, older
patients had larger increases in absolute mortality compared to younger
patients.

Conclusion For SBP, DBP, SpO,, and HR no single cut-off existed. The impact
of changing vital sign categories on prognosis was larger in older patients.
Our results have implications for the interpretation of vital signs in existing
risk stratification tools and acute care guidelines.



INTRODUCTION

Vital signs are used for risk stratification in nearly all acute care guidelines.?"
39-4 Many risk stratification tools, such as SIRS, qSOFA, CURB-65,%'-?> specify
a single cut-off (or threshold) for each of the commonly measured vital
signs, suggesting that one cut-off may discriminate between good and bad
prognosis. However, recent studies in patients with traumatic brain injury
and sepsis showed that prognosis linearly worsened with decreasing systolic
blood pressure (SBP), without an identifiable single threshold.?®2° Similarly,
linear, or U-shaped instead of dichotomous associations may exist for other
vital signs used in ED risk stratification.

In addition, most risk stratification models are applied in all ED patients
irrespective of age. However, a recent study showed that risk stratification
tools are inappropriate for older ED patients.?”-42 The association between
vital signs and outcomes may change with advancing age due to physiological
changes. Arterial walls become stiffer in older patients, heart rate response
to stress is blunted and fever is absent in many older patients with sepsis.”?

Although a single cut-off for vital sighs may be convenient in risk stratification
tools, numerical scores based on predicted mortality will possibly better
inform physicians and prevent impaired recognition of early deterioration
in ED patients. Physiological changes with increasing age may implicate
that currently used risk stratification tools should be age-adjusted. This is
particularly important given the ageing of the population with an increasing
number of older ED patients.

Therefore, the aims of the present study are two-fold: First, to assess the
associations of vital signs and relevant clinical outcomes (e.g., mortality and
Intensive Care Unit (ICU)/Medium Care Unit (MCU) admission) and whether
a single cut-off or threshold exists for each vital sign, and second, to study
whether associations of vital signs and relevant clinical outcomes change
with advancing age.

METHODS

Study design and setting

This observational multi-centre study was conducted in three EDs in the
Netherlands, each with approximately 25,000-30,000 ED visits per year. Data
from the three sites spanned slightly different times: data for the tertiary
centre included visits between 1 January 2017 - 8 June 2019, and data from
the two urban teaching hospitals were from 1 January 2019 - 12 January



2020 1 January 2017 - 31 December 2019, respectively. The tertiary care
centre uses the Manchester Triage System (MTS) and both urban hospitals
use the Dutch Triage Standard (NTS). The study was approved by the medical
ethics committee of the LUMC. The study was registered in the Netherlands
Trials Register: NL8422.

Selection of participants

All consecutive ED patients 218 years were included if one or more of the
following vital signs were measured: respiratory rate (RR), peripheral oxygen
saturation (Sp0,), systolic blood pressure (SBP), diastolic blood pressure
(DBP), mean arterial blood pressure (MAP), heart rate (HR) and temperature.

Data collection

Data were collected from the Netherlands Emergency department Evaluation
Database (NEED), the Dutch quality registry for EDs (www.stichting-need.
nl), a record containing clinical data from all ED visits from the participating
hospitals. Supplementary file 1 provides a detailed description of the data
collected in the NEED. Twice a year all clinical data from the participating
hospitals is downloaded into the record. Onset of participation in the
NEED differs per hospital. For the current study, data were available from
three of the nine participating hospitals. The NEED stores data using the
web-based application Project Manager Internet Server (ProMISe, Leiden,
the Netherlands, https://www.msbi.nl/promise/promise.aspx). Privacy
sensitive data are encrypted by a trusted third party (ZorgT TP, Houten, the
Netherlands, www.zorgttp.nl) with Trusted Reversible Encryption Service.

The vital signs measured at the beginning of ED presentation, before ED
treatment, were recorded in the NEED. Only one set of vital signs was
recorded per patient. If patients arrived by own transport, HR, SpO, and
temperature were measured in a triage room by a nurse mostly in seated,
sometimes supine, position. These vital signs were entered manually in the
hospital information system. Once moved to a patient room, the other vital
signs were measured by a nurse with the MP52 IntelliVue, Intellivue MP30,
Intellivue MX400 or MX500 monitor (Philips, Eindhoven, the Netherlands).
Multi-patient reusable latex-free NIBP Comfort Care Cuff from Philips were
used with cuff a small cuff (27-35cm), medium cuff (35-45cm), large cuff (42-
54cm) and extra-large cuff (44-56cm), depending on the size of the patient.
Vital signs registered in the patient room were automatically transferred
in the hospital information system, except for temperature, which was
entered manually. Temperature was measured with a Genius™ 3 Tympanic
Thermometer. If patients arrived by ambulance, vital signs were measured in
supine position in the patient room as described. In the tertiary care centre,



vital signs were automatically measured every 2.5 to 15 min and transferred
to the electronic patient file with PDMS software (Chipsoft, the Netherlands),
depending on the personalized setting for a specific patient. Median values
of vital signs were registered for the first 10 minutes of measuring.

Measurements

Before we could perform statistical analysis, several variables had to be
synchronized among hospitals. Beforehand we could not assume that the
association between vital signs and outcomes were linear. Therefore, vital
signs were categorized into ranges based on expected distribution, and
commonly used reference intervals: RR (Not measured, 0-9, 10-19, 20-29,
>30/min), SpO, (0-80, 81-85, 86-90, 91- 95, 96-100%), SBP (0-80, 81-100, 101-
120, 121-140, >140mmHg), DBP (0-60, 61-80, 81-100, 101-120, >120mmHg),
MAP (0-60, 61-80, 81-100, 101-120, >120mmHg), HR (0-50, 51-75, 76-100, 101-
125, >125beats/min.), temperature (Not measured, 0-30, 31-34, 35-37, 38-39,
240°C).

Correspondent to literature,”® RR and temperature were often not
registered. To limit the number of missings in the analyses, we included
a category “not registered”. In EDs in the Netherlands, vital signs are not
registered for all patients. For example, vital signs are often not registered
in patients with an ankle distortion or a single fracture, because they are
at low risk of adverse events and often discharged, and RR is often only
registered if patients are considered critically ill by the nurse. Therefore,
the fact that vital signs are registered may provide relevant information
for risk stratification. Supplementary file 2 describes how the variables
triage levels, chief complaints (the top ten chief complaints was used) and
treating specialties were modified before they could be used as potential
confounders in the statistical analyses.

Patients were stratified into three age categories: 18-65, 66-80 and >80
years. These age categories were chosen based on the mean SBP in the
general population in the Netherlands according to the National Institute
for Public Health and the Environment (RIVM, www.rivm.nl). The mean SBP
increases substantially above 65 years.

Outcome

The primary outcome was whether there was a vital sign category that could
be used as a cut-off to predict the outcomes of in-hospital mortality and ICU
or MCU admission, which also included the Coronary Care Unit.



Sample size estimation

Approximately five to ten events per variable are needed to prevent
overfitting in association studies.** The NEED contained 148,828 ED visits
of patients 18 years. We estimated that in ~60% of the ED visits vital signs
were registered resulting in ~90,000 ED visits which could be used for the
analyses. In-hospital mortality was estimated to be ~3%. Included patients
were stratified in three age categories, yielding ~90,000 / 3 = 30,000 patients
per age category. Thus, we expected to have ~0.03 x 30,000 = 900 events
per group to be able to adjust for the 37 potential confounders (see main
statistical analysis) in the analyses with in-hospital mortality as outcome,
which is appropriate to prevent overfitting.

Statistical analyses

Patient characteristics were described as mean (standard deviation (SD)) for
normally distributed data, and median (interquartile range (IQR)) for skewed
data. Categorical data were presented as number (N, (%)).

For all analyses, one category per vital sign was used as reference category
(i.e. reference category for HR was 50-75 beats/min.). The number of
measured vital signs outside the reference range were calculated.

We used multivariable logistic regression analyses for the association
between vital sign categories and the primary and secondary outcomes. The
following potential confounders were entered in the models for which then
backward stepwise elimination was performed: age, sex, triage level, top ten
chief complaints, hospital, treating specialty, disposition (ward, ICU/MCU),
SpO,, temperature (including category ‘not registered’), GCS (not assessed,
assessed and 15 points, assessed and <15 points), lab tests (0=no lab tests
performed, 1= any lab test performed), blood gas analyses (0= not tested,
1= tested), number of consultations in the ED (0, 1, 2 or >3 consultations),
and performed radiological test (0= none, 1= any test). Other vital signs
were not entered in the models because of potential multicollinearity
among vital signs. The number of consultations, lab tests and radiological
tests were used as measures of comorbidities/complexity, as has been
suggested previously.*>4¢ Triage level, GCS, blood gas analyses and ICU/MCU
admission were used as disease severity measures.?” ICU/MCU admission
is not only an outcome, but also a proxy of disease severity not captured in
the initial vital signs. For example, a patient with an initial SBP of 90 mmHg
who responds to fluid resuscitation can be admitted to a normal ward and
has a different risk for in-hospital mortality compared to a patient who
also has an initial SBP of 90 mmHg does not respond to fluid resuscitation
and consequently needs ICU admission. In other words, the variable ICU/



MCU admission also reflects the response to treatment. For the secondary
outcome, the potential confounder disposition was replaced by the amount
of fluid administration as a proxy of disease severity. Multicollinearity was
assumed not to be a problem if variation inflation factors (VIF) were below
three. The associations between vital sign categories and case-mix adjusted
outcomes were assessed in two ways to give better insight in differences
between age categories, as the relative risk for the outcome may be similar
among age categories, while the absolute risk may be different due to
different baseline risk at the reference values. We used adjusted odds ratios
(AORs) with 95%-confidence intervals (95%-Cl) as relative risk measure and
predicted (case mix-adjusted) mortality as absolute risk measure.

In the figures, the AORs of in-hospital mortality were plotted as a function
of vital sign categories for the pooled data and for all age categories. If we
observed a sudden rise or decline in AORs by changing vital sign categories,
we performed minimal p-value analyses to assess a more precise value for
the possible threshold. In these analyses, we changed the vital sign into a
binary value (below or above a cut-off value) in the multivariable logistic
regression as described above. We repeated the analyses with all possible
cut-off values in steps of 0.5°C (temperature), 1/min. (RR), 5.0mmHg (SBP,
DBP, MAP), 5.0 beats/min. (HR) or 5.0% (SpO,). The cut-off value with the
lowest p-value for the AOR was considered as threshold. In this way, a
threshold was determined in approximately continuous data of the vital
sign. Thresholds with minimal p-value analyses were not determined if vital
signs had no clear single cut-off.

A P-value<0.05 was considered as statistically significant. Data were analysed
using SPSS (version 25.0, IBM, New York, USA).

Subgroup and sensitivity analyses

We performed subgroup analyses for suspected infection and trauma
patients to assess whether aetiology affected the primary associations of
interest. See supplementary files 3 and 4 for case definitions. A sensitivity
analyses was performed to assess whether hospital transfers may have
influenced our results, as we did not follow-up on these patients. The main
analyses were repeated in which patients transferred to other hospitals
were considered as deceased.



RESULTS

Patient inclusion and characteristics
Figure 1 shows that of the 147,728 ED visits of patients =18 years, 101,416
patients were included in whom vital signs were measured.

ED visits in three hospitals
(N=172,104)

Excluded:
Age < 18 (N=23,275)
Age missing (N=1)

ED visits aged 218
(N=148,828)

Excluded:
y No vital signs (N= 47,412)

ED visits with measured vital signs
(N=101,416)

ED visits ED visits ED visits
18-65 years 65-80 years >80 years
(N=55,742) (N=30,819) (N=14,855)

Figure 1. Patient inclusion and flow through the study. Observational multi-centre
cohort study using the Netherlands Emergency department Evaluation Database
(NEED). Three different age categories were included in which vital signs were mea-
sured.

Table 1 shows patient characteristics of the total cohort and per age-
category. The mean age of included patients was 59.6 years (19.6). Table 1
also shows the percentage of patients in whom vital signs fell outside the
reference ranges which are normally used in adults. For most values, the
rate of abnormal vital signs increased with advancing age.
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The association between vital signs and clinical outcomes

The AORs for predicted mortality (table 2) increased gradually with
worsening values of SBP and SpO,, while DBP, MAP and HR had a quasi-
U-shaped association with mortality (Figures 2 and 3). There was no clear
cut-off point between categories of SBP, DBP, SpO, and HR and AORs for
mortality. The AOR for RR gradually increased between 10-19mm (Figure
3), with a substantial increase for mortality at 22/min. The AOR of mortality
showed a substantial increase for temperature below a threshold of 35.5°C;
however, temperatures above this were not associated with mortality. For
MAP, a threshold at <70mmHg was found for mortality. Although single cut-
offs for MAP, RR and temperature exist, using these cut-offs would ignore
further increase of risk with more extreme values of these vital signs.

Older patients had larger increases in case-mix adjusted predicted mortality
compared to younger people with changing vital sign categories (right panels
in figure 2 and 3). In contrast, AORs for mortality decreased or increased
to a similar extent with changing vital sign categories. Only patients aged
18-65 years with an SpO, <80% had higher odds for mortality (AOR 11.09;
7.40-16.62) compared to patients aged 66-80 years (AOR 4.50; 3.19-6.34) and
>80 years (AOR 4.99; 3.30-7.56).
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Y-axis: Y-axis:
AORs on in-hospital mortality Predicted in-hospital mortality
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Figure 2. Adjusted odds ratios (AORs) for systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP) and peripheral oxygen satura-
tion (SpO,) for in-hospital mortality (left side) and predicted in-hospital mortality
(right side) as a function of vital signs in different age categories. Note that the black
line is the pooled data of all three age categories together. The following potential
confounders were entered in the model for in-hospital mortality through backward
stepwise regression: age, gender, triage level, top ten chief complaints, hospital,
treating specialty, disposition, SpO, (except for association of SpO,), temperature
(except for association of temperature), Glasgow coma scale, lab tests, number of
consultations in the emergency department and performed radiological test.
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Y-axis: Y-axis:
AORs on in-hospital mortality Predicted in-hospital mortality
Age
60t categories 0.20
5.0 —Pooled 0.16
4.0 —19-65
s0l —66-80 4 042
20 —80+ = 0.08
10 =— 0.04 ﬁ
0.0 0.00
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2,0
1.0 \/
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HR (/min) HR (/min)
6.0 0.64
5.0
4.0 048
3.0 0.32
2.0
0.16
1.0 I
0.0 0.00 =
<31 3135 3538 3840 40 Nt:t . <31 3135 3538 3840 -40 Not
registere i
Temperature (°C) g1 Temperature (°C) registered

Figure 3. Adjusted odds ratios (AORs) for respiratory rate (RR), heart rate (HR) and
temperature for in-hospital mortality (left side) and predicted in-hospital mortality
(right side) as a function of vital signs in different age categories. Note that the black
line is the pooled data of all three age categories together. The following potential
confounders were entered in the model for in-hospital mortality through backward
stepwise regression: age, gender, triage level, top ten chief complaints, hospital,
treating specialty, disposition, SpO,, temperature, Glasgow coma scale, lab tests,
number of consultations in the emergency department and performed radiological
test.

For ICU/MCU admission (table 3, supplementary files 5 and 6), SBP had a
relevant cut-off in the category of <80mmHg and was calculated at 70mmHg
with minimal p-value analysis. For MAP, a threshold of <60mmHg existed for
admission to the ICU/MCU. When RR was registered, AOR for ICU admission
was at least doubled compared to when it was not recorded, but no other
cut-off was seen. Temperature < 31 °C had a substantially higher likelihood
for ICU admission.

32



(¢0'z-18'0)8C'L
(00°1-€5°0) ££°0
(€6'0-95°0) 2L°0
(€6'0-95°0) ££°0

(LE°1-8L°0) ¥O'L
(cz'1-18'0) 00°L

(LL 110 vE'L
(0t'2-86'0) ¥S°L

(w6'z-lzl) 88l
(2L'1-98°0) LT'L
(9%'1-88°0) L'L
(LL'1-SL0) ¥6°0

(85'2-8€°L
(86'0-99°0
(€£0-25°0
Amm.o-oﬁo

68°L
080
290
180

= = = -

(85°1-0L'1) ZE'L
(€6'0-2£°0) 280

(19°1-GL'L) 9€°L
(o'e-9L1) LET

(09°Z-05°1) 86'L
(91'L-#£'0) €6'0
(¢1°1-18'0) S6°0

)
)
)
(60°1-€8°0) S6°0

(96'2-19°1)81°C
(G6'0-¥9°0)8L°0
(9£°0-95°0)59°0
(18°0-09°0)69°0

(Loz1vl) LLL
(21°1-88°0) 66'0

(lg'l-er) ogL
(0oe-€8'L)ve'e

(¢rz-e9') Li'e
(8L°1-6£°0) L6'0
(£1'1-88°0) LO'L
(€0'1-6£°0) 06'0

(90'z-0'L) 0L'L
(98'0-£9°0)9£°0
(0£0-L50) ¥9°0
(8'0-,L9°0) L0

00l

ocl-Lol
x0Cl<

(S8Hww) aunssaid poojq [el1a1y Uean

(6¥°1-8LL) 2€'L
(00'1-98°0) €6'0

00l
Br'1-Lz ) ve'L
(85'2-98°1)8l'C

(0gz-v9'L
(LI'L-¥8°0
(80°'L-68°0
(£6'0-28°0

el
£6°0
86°0
680
00°L

09-0

08-19

¥00L-18

ocl-LoL

0cl<

(8Hwuw) aunssaud poojq d1j03seid
08-0

001-18

0cl-LoL

ovl-Lcl

$0PL<
(SHwuw) aianssaid poojq 21]031sAs

saeak 0g<

sieak 0g8-99

sieak go9-g|

110Yo0d |e30L

'sdnoJ8 a8e JuaJayip Ag UoISSIWPE NDIN/NDI PUE SUSIS [eIIA UBaMIDQ UOIIBID0SSE 33 J0) (SYOVY) SOleY SppO paisnipy “€ ajqeL



(eze-sel)LLe

(9%°1-96°0) 8L'L
(18'L-€0°L) LE'L
(cov-LL2) 26T

(€0'6-00°€) 0C'S
(L5910 €s’e
(6L'¥-85°1) 8S°C
(09'12-20'2) 6579

(zee-L1L) ze'L
(06'2-L6'0) L9'L
(so'z-Lo'L) vl

)
)
)
(92°1-58°0) ¥0'L

(#£'1-06°0) ST'L

(LE'1-50°L) 0T'L
(€8'1-1E1)SS°L
(6Sz-LLL)0LT

(18°£-€0'Y) 19°G
(06'€-G2°2)96'C
(Le'zeL)Lee
(wLL-8€0) 6TV

(S6'7-55°7) GS'E
(6Le-6v'L)8L'T
(zgL-0LL) Lyl
(ze'1-eol) oLl

(¢9°L-vL0)oL'L

(€1°1-88°0)00°L
(69°L-¥2 L)SP"L
(YT e-€2°2)69°C

(69°£-L0°Y) 65°S
(96'c-sv'a) LL'E
(L8'zegl)8ee
(lg'g-LED) LLE

(18'v-cea) ve'e
(09's-gv'a)zLe
(#8°1-00°L) SE°L
(ce'1-00°L) SL'L

(S9°1-80°L) ¥E'L
00°L

(6LL-LO'L) OL'L
(89°1-9€'1) TS'L
(L8'T-€TDEST

(GE'9-6L1¥)9L'S
(€990 sL'e
(6LT-1070) LET
(¢8's-96'0)SL'Y

00l

(wL'e-1r'2) 00°E
(oL'e-06'L) ev'e
(S9°1-8LL) 6E°L
(9z'1-90°L) 9L'L

00l

GZl-10l

SYARS

(utwy/sieaq) ajed Jaeaq
0€<

6¢-0¢

6l-0l

6-0

342151334 10N

(uiwy) ayeu Aiojeaidsay
08-0

G8-18

06-98

S6-16

£001-96

(%) uoneanies uagAxo jesaydiiad

saeak 0g<

sieak 0g8-99

sieak go9-g|

110Yo0d |e30L

(panunuod)

‘'sdnoJ8 a8e 1uasayip Ag uoissiwpe NDIN/NDI PUe SUSIS |BIIA UBaMISQ UOIIRIDOSSE 3yl J0) (SYOV) S0IeY SppO paisnipy °€ ajqel



The association between vital signs and clinical outcomes

‘(s1s91 [ed18ojo1pe.

pawJojiad ‘s1591 ge| ‘suoilelnsuod Jo Jaquinu) Aixajduwod/sa13plgiou0d 3seasip Jo saixold pue (sasAjeue sed poo|q ‘9|eas ewo)d)
MOSse|D ‘UoieJISIUILPE PIN| ‘|9A3] 98e11) A11uaAss aseasip Jo saixoud ‘aunjesadwa) ‘0ds ‘Ayjenads Sunessy ‘jendsoy ‘syurejdwod
J21yd ua1 doa Uapuas ‘a8e :uoissaidal asimdals paemsdeq y3noayl 4oy [SpoW Yl Ul paJ4aiud 3J9M SIapunojuod [einualod SUImo||o) ayL
sasA|eue UoIssaJ3al ay) Ul £10891ed 90U =4
11UN 34> Wnipaw =NDIA ‘1UN 348 SAISUSIUI = ND] :SUONLIARIQQY

(L18-v91)9°LL
(L1'€-29°0) Li'L
(6£°0-15°0)¥9°0
(€7°0-81°0) 820
(82°'1-£0°0) 0E'0

(56'6-9€°0) 68°L

(Z6'1-29°0) PL'L
(9£°0-85°0) 99°0
(£¥°0-82°0) LEO
(r1'1-G2°0) €5°0

(99'52-9€°1)06°S
(Ev"'z-20°'1)8S°L
(1£°0-95°0)€9°0
(6¥7°0-0€°0)8€°0
(L6'0-62°0)€S°0

(¢8'6-659°1) G6°E
(#81-00°L) 9€°L
(0£0-65°0)¥9°0
(17'0-0€°0) S€°0
(8£°0-2€°0) 05°0

00°L

0€-0

ve-Lg

LE-GE

6E-8€

(01725

«P24915139.4 10N
(Do) @4an3esadwa)

saeak 0g<

sieak 08-99

sieak go-g|

11040d |e301

(panunuoo)

‘sdnoJg a8e uaJaylp Ag Uoissiwpe NDIN/NDI PUe SUSIS [eIIA US9MIBQ UOIIRIDOSSE 33 104 (SYOY) S0y SppO paisnipy °€ ajqeL

35



Younger patients had larger increases in predicted ICU/MCU admission
compared to older patients with increasing DBP, RR, HR, and decreasing
SpO, categories (supplementary file 5 and 6). In contrast, AORs changed to
a similar extent among all age categories for changing vital signs.

Subgroup and sensitivity analyses

The AORs for mortality increased or decreased to the same extent in
the subgroups with suspected infection and trauma patients, and in the
sensitivity analyses, regardless of the patient’s age category (supplementary
file 3, 4 and 7).

DISCUSSION

The present study has two main findings. First, in-hospital mortality
increased gradually with decreasing SBP and SpO, without the existence of a
single threshold for these vital signs. For DBP, MAP and HR, we found quasi-
U-shaped associations with in-hospital mortality. A single cut-off existed
for MAP, RR, and temperature, however, using these single cut-offs would
ignore further increase of risk with more extreme values of these vital signs.
Secondly, absolute mortality increased substantially more in older compared
to younger patients with changing vital sign categories.

The use of a single threshold for SBP in many acute care guidelines and
risk stratification tools deserves scrutiny.?3-2> 4748 The linear association
between SBP and mortality in an unselected ED population corresponds
with previous studies in traumatic brain injury, sepsis, hypertension and
unselected ED patients.?4%°0 Our study suggests that a single cut-off is also
absent for SpO, correspondent to earlier findings in a study by Ljunggren
et al. in 96,512 unselected ED patients." Interestingly, temperatures above
35.5°C, i.e. normal temperature and fever, were not significantly associated
with mortality in our and Ljunggren’s study. This finding is in contrast to
what has been suggested in several risk stratification tools, like the national
and modified EWS, in which points are assigned for high temperature.>' It
should be noted, however, that the original EWS was not intended to be a
predictor of outcome, but rather to be a simple tool to assist inexperienced
nursing or medical staff in recognizing patients at risk for deterioration and
in securing immediate, more experienced help.>?

In addition to a threshold for temperature, we also found a single cut-off for
MAP and RR. RR was the least registered vital sign, but our findings confirm
the importance of RR given the strong association with mortality and the
higher odds for ICU/MCU admission if RR was registered, compared to if it



was not registered. The threshold we found for MAP <70mmHg was similar
to the thresholds used in several guidelines.?* % Interestingly, the odds for
ICU admission only started to increase with MAP below 60mmHg. Probably,
physicians are less triggered to admit patients to an ICU or MCU with a MAP
between 60-80mmHg. This discrepancy between the associations of MAP
and in-hospital mortality versus ICU admission warrants further research
as it may reflect unrecognized hypotension, and patients with higher MAPs
may need ICU admission.

Different from other studies, we have studied the effect of age on
associations between vital signs and outcome. Older patients had larger
increases in the absolute risk for mortality with changing vital sign categories
compared to younger patients, while the relative risk for mortality had
similar increases. Previously, the use of different single cut-off values for
SBP in trauma patients has been suggested for advanced age.>? Although
prognosis has been found to deteriorate at higher SBP threshold, our data
suggest not to use a single cut-off at all.

The findings of the present study have several implications for clinical
practice. Although a single cut-off may be convenient and easy to use,
our first finding suggests that the use of a cut-off for several vital signs
in risk stratification tools and acute care guidelines are inappropriate.2’2
39-41 The use of a single cut-off suggests that above or below this specific
threshold prognosis changes substantially. Using only a single threshold,
like for SBP or RR in qSOFA, does not mean that the chosen threshold for
SBP of 100mmHg discriminates better between low and high-risk patients
than a threshold of 90, 110, 120, 130, 140 mmHg and so on, as has been
demonstrated previously for SBP in traumatic brain injury.2® Even if a single
cut-off exists, i.e. if an association between outcome and a vital sign is only
apparent from a certain value, dichotomous risk stratification would ignore
further increase of the risk with more extreme values of the vital sign. This
implicates that several risk stratification tools and acute care guidelines
could be improved by using numerical scores based on AORs or predicted
mortality rather than using dichotomous variables.?"23:39-41 Currently, these
grading scores are already used in EWS, although the scores in the EWS are
not supported by AORs derived from prediction models.*

APACHE Il'is a good example of a numerical score for ICU patients.>* Similar
risk stratification scores may be developed for the ED to improve recognition,
initial resuscitation and disposition.

Our second main finding implicates that risks scores need to be age-
adjusted. The effect of vital signs on mortality did change with advancing



age, because baseline risk for older age was higher. For example, if SBP
decreased and the risk on in-hospital mortality increased fourfold, the effect
on younger patients with a baseline mortality risk of i.e. 0.5% would be much
smaller than the effect on older patients with a baseline mortality risk of
i.e. 4.0%. More points may be assigned in a numerical score for older age
for similar vital signs.

Interestingly, the subgroup analyses in sepsis and trauma patients suggests
that the etiology of changes in vital signs does not affect the impact of vital
signs on relevant outcomes. Future studies should incorporate our findings
in development of risk stratification tools and acute care guidelines for ED
patients using numerical scores based on absolute risks.

Our study has several strengths like a large sample size with unselected
patients and the multicentre design. Several limitations merit emphasis.
First, this observational study used the NEED, which lacks information
about the medical history and comorbidities of patients. However, to
overcome this, we used variables that are associated with comorbidities
and complexity.*> Second, information bias cannot be completely ruled out
although data collection was largely automatized and only reliably registered
variables are collected in the NEED. Finally, we missed outcomes of patients
who were hospitalized elsewhere. However, the sensitivity analyses in which
we considered these patients as deceased, yielded similar results.

CONCLUSION

The use of a single cut-off for each vital sign in acute care guidelines and
risk stratification tools deserves scrutiny, as our results show that clinical
outcomes increase gradually or in a U-shaped fashion with changing vital
signs. A threshold for MAP, RR and temperature exists, however, using these
single cut-offs would ignore further increase of risk with more extreme
values of these vital signs. Age-adjusted numerical scores will improve risk
stratification, as older patients have larger absolute increases in mortality
with changing vital signs, even after adjusting for confounders.



SUPPLEMENTARY FILE 1

Data collected in the Netherlands Emergency department Evaluation
Database (NEED) and their definitions are described in detail.

GENERAL DATA OF PARTICIPATING EMERGENCY DEPARTMENTS
In the NEED, several hospitals and the emergency department characteristics are registered
once a year.

1. Which hospital. Coding: <Hospital Code>.

2. Type of hospital. Urban = 0. Urban (STZ = Foundation of top clinical hospitals) teaching
hospital = 1. Academic Medical Centre = 2.

3. Number of patients in the region of the relevant hospital. This information can be
obtained for each participating hospital by the NZa (was once used to calculate the hospital
budgets).

4. Emergency physicians. a. Number of emergency physicians working at the emergency
room in the hospital on the first of January of the year in question. b. Emergency physicians in
fulltime equivalent. c. Number of residents in emergency medicine on the first of January of
the year in question. d. Number of residents notin training on the first of January of that year.
5. Presence of emergency physicians. a. Non-24/7 presence by emergency physicians = 0.
Minimum of 1 emergency physician 24 hours a day, 7 days a week = 1. b. How many emergency
physicians, residents in emergency medicine and residents not in training are working average
at the emergency department daily for patient care. Number per shift. The number of shifts
for emergency physicians also must be defined.

6. Number of trauma surgeons employed by the hospital (so NO general surgeons).
Trauma surgeons in FTE.

7. Number of internists in acute medicine employed by the hospital. (So NOT general
internists).

8a. Trauma centre No = 0. Level 2= 1. Level 1 =2.

8b. Intensive care in hospital. Not present = 0. Present = 1.

9. Medium Care (or high care) present in hospital. Not present = 0. Present = 1.

10. Number of visits per year on the emergency department (so NOT the number
of emergency patients per year). This only accounts for the number of patients at the
emergency department. If a separate emergency cardiac care is present or GP clinic is
integrated, these patient visits are counted separately.

11. Number of emergency department visits per year. N.

12. General Practitioner clinic integrated within the emergency department. No =0.
Yes=1.

13. Emergency cardiac care present AT or NEXT to the emergency department. Not
present = 0. Present =1

14. Quality indicators by the Dutch Society of Emergency Physicians (DSEP (NVSHA). See
also the NVSHA website. www.nvsha.nl.



Quality indicators for Acute Coronary Syndrome (ACS).

1.Are patients with (suspected) ACS treated at your emergency department? Indicate
whether any patients are suspected for acute coronary syndrome at your emergency
department. Answer: No = 0. Yes = 1.

2. For patients with (suspected) ACS, do you have a protocol about administration of
aspirin?

Indicate whether a protocol is used at the emergency department for the administration of
aspirin in cases of suspected acute coronary syndrome. Mention which protocol. Answer:
No=0.Yes=1.

3. Time for administration of aspirin to patients with (suspected) ACS registered at the
emergency room?

Specify whether the exact time of administration of aspirin given to patients with suspicion of
acute coronary syndrome is registered at the emergency department. This can be a written
or electronic registration. Answer: No =0. Yes = 1.

Quality indicator Complication registration.

A complication is an unintended and undesired event or condition during or following medical
treatment which is harmful to the health of the patient needing change in medical treatment, or
ifirreversible health damage exists.

1. Complication registrations

Is a complication registration used at the emergency department? Only one answer is possible.
If this question is answered with “no”, the other questions with indicator “Triage on Emergency
Department” do not apply. You can continue to answer the questions with the next indicator.
Answer: No =0.Yes = 1.

2. Complication meeting

A complication meeting at least four times a year at the emergency room? Answer only yes
orno. Answer: No=0Yes=1.

3. Complication Registration

Here we would like you to briefly specify which CR you are using. If possible, you can attach
a copy of the list of complications registered. Please note: This does not concern completed
lists with numbers of complications.

Free text: ...

Quality indicator child abuse / domestic violence.

1.Presence of child abuse protocols

Awritten child abuse protocol used at the emergency department which meets the following
minimum competencies? A. A multidisciplinary child abuse team is active in the hospital. B.
Employees at the emergency department are trained in identifying child abuse. Answer: Yes,
to both: 3 Ayes, Bno: 2 Ano, Byes: 1 No=0.

2. Screening instrument

Does the ED use a screening instrument to signal child abuse, such as the SPUTOVAMO form
or a derivative? Answer: No = 0. Yes = 1.

Which screening instrument is used at the emergency room?



(multiple answers possible): SPUTOVAMO form. No = 0. Yes =1 Top - toe examination.
No = 0. Yes = 1. Otherwise, describe: <Free text...>

3. Number of completed screening documents.

What is the number of completed screening documents at the emergency department, in
relation to the total number of children up to and including 18 years old at the emergency
department? n Number of completed screening documents at the ED in January 2011

N Total number of children up to and including 18 years at the emergency room in January
2011

n/N *100% Screening document percentage

4. Protocol “parent notifications” Is a protocol used at the emergency department for the
reporting of children as victims of domestic violence / suicidal attempt / auto mutilation /
excessive alcohol and / or drug use? Answer: No = 0. Yes = 1. Notifications:

Quality indicator pain relief.

1.Pain scoring systems Is a pain scoring system used at the emergency department? Answer:
No = 0. Yes = 1. If yes, which scoring system: <Free text>

2. Time registration of pain relief. Is the exact time recorded when pain relief is given in
the emergency room? Answer: No = 0. Yes = 1.

3. Pain protocols

Is a pain protocol used at the emergency room? Answer: No = 0. Yes = 1. Comments <Free
text>

Quality indicator Sepsis.

1.Sepsis protocol Is a sepsis protocol used at the emergency department? Answer: No=0.
Yes=1. If yes, which protocol <free text>

2. Screening document Is a screening document used for sepsis in the emergency room?
Answer: No=0. Yes=1. If yes, which document: <free text>

3. Time registration for administering of antibiotics to patients with sepsis Is time of
administering of antibiotics to patients with sepsis registered at the emergency department?
Answer No=0. Yes=1. Comments <free text>

Quality indicator Procedural sedation and analgesia (PSA)

PATIENT RECORDS.

The following basic principles are used: 1) Facts are recorded, e.g. times. Derived variables are
generated afterwards, such as duration of stay. 2) Continuous variables are not categorized
because this will lead to data loss. 3) Only create categories for coding, considering a remaining
category “other” and the possibility to indicate “unknown” The following data is collected from
all patients:

Demographic information. In general, the social service number (BSN) and date of birth
are registered for each patient. In addition, a unique code is registered for each emergency
room visit.

1.Age Age in years at the time of registration at the emergency registration desk.

2. Sex. Male or female. Code: Female = 0. Male = 1



3. Date and time Registration of ED presentation. DD-MM-YEAR-HOUR-MIN.

Transport to the hospital.

4. Type of arrival at the hospital. Arrival at the emergency room by ambulance or by own
transport (i.e. walking, bicycle / moped or public transport). Encoding: Own transport = 0.
Arrival with ambulance = 1. 9 = Unknown

5. Referral status. Self-referrer or referred by GP or another specialist. Encoding: Self-
referrer = 0. Referred by physician = 1. Referred by specialist = 2. 9 = Unknown. For variable
4 and 5, more variables are possible. This still has to be discussed and agreed with the
participating hospitals. Example: Anyone who enters by ambulance after a 112-call, would
that be a self-referrer?

General information in the ED.

6. Triage category. Triage category according to Manchester triage system upon arrival of
patient. Coding: Blue = 1, green = 2, yellow = 3, orange = 4, red = 5. If the Boston triage system
is used, the corresponding categories 1 to 5 will be used. If a Dutch triage system is used, it
will be entered.

7. Main specialism or supervisor. In case this is not known, the specialty will be recorded
which admits the patient.

Coding: emergency physician = 0. Surgery = 1. Internal medicine (or super specialism of
internal medicine for example gastroenterologist or vascular medicine) = 2. Cardiology = 3.
Neurology = 4. Urology, ENT or ophthalmology = 5. Pediatrics = 6. Other = 7.

8. Presenting complaint according to MTS, NTS, etc triage system. So not the entry
complaint according to the registration desk employee. Coding: Complaint 1 =1, complaint
2=2, i Complaint 52 = complaint 52.

9. Resuscitation in shock (trauma) room. Coding: Treatment in standard treatment room = 0.
Shock room / trauma room = 1.

The definition of a shock room still needs to be determined by the participating emergency
departments. They need to agree whether, for example, thrombolysis is part of this or not.
The exact conditions of this room must be specified?

10. Initial vital signs at the time of triage or in the ED treatment room. So NOT mentioned
on arrival at the treatment room. This variable only needs to be registered if it has been
measured. If not measured, the space is left empty.

Oxygen saturation as measured with a pulse oximeter used in the hospital (percentages
without oxygen). If measured when oxygen is given, note the number of liters / min of oxygen.
Systolic and diastolic blood pressure (mmHg).Heart rate measured with pulse oximeter (beats
/ min.).Temperature measured with an ear thermometer (degrees Celsius). Glascow coma
scale (EMV score). A separate variable is made of each vital parameter, with limit values and
units. The Early Warning Score can then be calculated.

11a. Additional blood tests on the emergency room. If blood has not been obtained and
sent for analyses, a 0 will be entered. If blood has been sent for analyses, a 1 will be entered.
11b. If blood has been obtained, the following values are entered. Carefully check whether
the units at all EDs are the same! Blood gas obtained. 0 = No. 1 = Yes. If yes: Venous = 0.
Arterial = 1. pH ...PO2 (KPa), PCO2 (KPa), Bicarbonate (mmol / L), B.E. ... Biochemistry: Sodium



mmol / L), K(mmol / L), Creatinine (umol / L) Urea (mmol / L), ASAT (U / L), ALAT (U / L), yGT
U /L), AF(U/L), LDH (U /L), CK(U/L), High sensitive Troponin (ng / L), CRP (mg/ L), Pro-BNP
(mg /L), Procalcitonin (mg /L), Lactate (mmol / L) Hematology: Hb (mmol / L), Leucocytes ( x10°

(
(

/L), Platelets (x10'2/ L), D-dimer (mg/ L), INR Toxicology: Ethanol (mg / L), Paracetamol (mg /
L) Blood cultures collected at the emergency room and sent for cultures:

0 =No. 1 =Yes. Blood cultures should be at least one set (i.e. an aerobic and an anaerobic).
Urine collected at the emergency room and send for cultures: 0 = No. 1 = Yes. Urinary sediment
collected at the emergency room: 0 = No. 1 = Yes. Urine toxicological analysis performed at the
emergency department: 0 = No. 1 = Yes.

12a. Additional X-ray diagnostics at the emergency room.

If no X-ray diagnostics has been performed at the emergency room, a 0 is entered. If a type
of X-ray diagnostics has been performed at the emergency room, a 1 is entered. Definition:
0 should also be entered, if the patient is sent for an X-ray by the GP, and afterwards sent to
the Emergency Department.

12b. If X-ray diagnostics have been performed, the type of examination must be
recorded. Conventional X-ray, extremity. 0 = No. 1 =Yes. Conventional X-ray, divers
(including chest X-ray). 0 = No, 1 = Yes. Abdominal ultrasound (including FAST). 0 = No, 1 = Yes.
Ultrasound for deep vein thrombosis (DVT). 0 = No, 1 = Yes. Ultrasound, divers. 0 = No, 1 = Yes.
Head CT. 0 = No, 1 = Yes. CT-Cervical spine. 0 =No, 1 =Yes. CT pulmonary embolism. 0 = No,
1=Yes. CT aorta. 0=No, 1 =Yes. CT chest-abdomen (trauma). 0 = No, 1 = Yes. Patients can
receive multiple examinations at the emergency room.

13. Number of consultations at the emergency room. Coding: No consultations =0. A
consultation = 1. Two consultations = 2. Three consultations = 3, etc.

Outcomes

14. Emergency department lengths of stay. Duration in minutes. Discharge time of
the emergency room minus the registration time at the emergency room. (So NOT the
announcement or triage time).

15. Discharge destination (disposition) Home, to general ward, medium care (MC) or
Coronary Care Unit (CCU) or intensive care (ICU). Died in ED. Transfer to another hospital.
Scheduled outpatient clinic after ED visit and related to ED visit.

16. Hospital length of stay. In days. Discharge date minus recording date. If a patient at the
emergency room is discharged home, the hospital duration is 0 days. If people are registered
before midnight and leave the ED after midnight, this should be accounted as 0 days!

17. Hospital mortality. Coding: Leaving the hospital alive = 0. Died in ED or brought in dead
(for example during CPR) = 1. Died in hospital before discharge = 2.

18. Return to ED with medical problem /7 complaints. Coding: No return with medical
problems within 7 days after registration time on ED = 0. Return to the ED within a week
after discharge with a medical problem which may or may not be related to the previous
ED visit = 1. Return to the ED within a week after discharge with a medical problem which is
clearly related to the previous ED visit = 2.



Otherwise =3
19.1CD-10 code and diagnosis after discharge from the emergency room and hospital.
20. Diagnosis Treatment Code (DBC or DOT).



SUPPLEMENTARY FILE 2

The following variables were calculated or modified:

Triage levels were considered equal among hospitals. Non-urgent triage
levels (blue and green) were merged into one triage level, because of the
low number of ED patients and events in the triage level blue.

The Manchester Triage System (MTS) was used in the tertiary care centre,
and consisted of 51 possible chief complaints. The Dutch Triage Standard
(NTS) consisted of 50 possible triage chief complaints and was used in
the two urban hospitals. The MTS and NTS were merged into one chief
complaints list. The MTS, NTS and the merged chief complaints list are
shown below. If chief complaints did not match, a new chief complaint
was made. In total the merged list contained 51 different chief complaints.
The top ten chief complaints were used in the present study to adjust the
primary associations of interest (feeling unwell; abdominal pain; dyspnea;
chest pain; extremity problems; collapse; trauma; palpitations; wounds;
headache, and a miscellaneous category containing all the other chief
complaints.

Treating specialty was categorised to minimalize the number of categories
and use as potential confounder: surgical (i.e. surgery, orthopaedics,
ophthalmology, urology, ear-nose-throat), medical (internal medicine,
cardiology, neurology, gastroenterologist, psychiatry, and remaining
specialties) and emergency medicine if no other specialty had been
involved. Specialities were assigned before ED treatment during patient
registration. Self-referred patients and critically ill patients are generally
assigned to the Emergency Medicine. If a patient is referred by a general
practitioner, he/she is often referred to a specific specialty.
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SUPPLEMENTARY FILE 3

Adjusted Odds Ratios (AORs) for the association between In-hospital
mortality and vital signs by different age groups in a subgroup analysis:
suspected infection.

Total 18-65 66-80 >80
cohort

Systolic blood pressure (mmHg)

>140% 1.00

121-140 1.01 (0.79- .97 (0.53-1.77) 1.08(0.75-  0.96 (0.65-
1.28) 1.54) 1.417)

101-120 1.56 (1.24-  1.74(1.02- 1.63(1.15-  1.41 (0.96-
1.96) 2.98) 2.33) 2.06)

81-100 1.85(1.42-  1.39(0.74- 2.49(1.68-  1.64(1.05-
2.40) 2.63) 3.68) 2.57)

0-80 2.58(1.88-  3.55(1.82- 2.62(1.55-  2.08(1.17-
3.56) 6.93) 4.42) 3.69)

Diastolic blood pressure (mmHg)

>120* 1.00

101-120 0.60(0.36-  1.21 (0.40- 0.50(0.23-  0.40(0.15-
1.03) 3.60) 1.10) 1.09)

81-100 0.68(0.43- 0.68(0.25- 0.54(0.28-  0.89(0.39-
1.08) 1.91) 1.04) 2.00)

61-80 0.64(0.41-  0.91(0.33- 0.50(0.26- 0.71(0.32-
1.01) 2.49) 0.96) 1.59)

0-60 1.00(0.64-  1.59(0.57- 0.91(0.47-  0.89(0.40-
1.58) 4.44) 1.76) 2.00)

Mean Arterial blood pressure (mmHg)

>120% 1.00

101-120 0.86(0.63- 1.02(0.48- 0.79 (0.49-  0.85(0.50-
1.18) 2.16) 1.26) 1.45)

81-100 0.89(0.66-  1.12(0.56- 0.71(0.45-  0.98 (0.60-
1.19) 2.27) 1.11) 1.62)

61-80 1.22(0.90- 1.33(0.64- 1.35(0.86-  1.07 (0.63-
1.67) 2.77) 2.14) 1.83)

0-60 2.22(1.52-  3.23(1.38- 2.34(1.31-  1.75(0.92-



Total 18-65 66-80 >80
cohort

Peripheral oxygen saturation (%)

96-100* 1.00

91-95 1.09(0.91- 1.15(0.76- 1.08 (0.82-  1.01 (0.74-
1.31) 1.75) 1.42) 1.36)

86-90 1.37(1.04-  1.55(0.79- 1.43(0.96- 1.18(0.72-
1.81) 3.05) 2.12) 1.94)

81-85 2.01(1.32-  1.10(0.38- 2.40(1.26-  2.09(1.03-
3.07) 3.22) 4.59) 4.24)

0-80 3.24(213-  2.80(1.21- 3.78(2.02-  2.58(1.25-
4.86) 6.45) 7.09) 5.35)

Respiratory rate (/min)

Not measured* 1.00

0-9 # # # #

10-19 1.08 (0.78-  1.19(0.61- 0.95(0.59-  1.11 (0.60-
1.49) 2.33) 1.54) 2.05)

20-29 1.66 (1.20- 2.20(1.13- 1.48 (0.93- 1.52(0.84-
2.27) 4.31) 2.34) 2.76)

>30 2.45(1.70-  3.86(1.73- 2.61(1.54- 1.88(0.98-
3.51) 8.60) 4.43) 3.62)

Heart rate (beats/min)

>125 2.63(1.88- 4.03(1.88- 1.70 (0.99-  2.99(1.70-
3.68) 8.66) 2.93) 5.26)

101-125 1.78 (1.34-  1.59(0.76- 1.68 (1.09-  2.05(1.29-
2.37) 3.33) 2.60) 3.28)

76-100 1.33(1.01- 1.55 (0.76- 1.13(0.75- 1.57 (1.02-
1.74) 3.14) 1.72) 2.43)

51-75* 1.00

0-50 1.64(0.89- 3.52(0.83- 1.12(0.40-  2.12(0.84-



Chapter 2

Total 18-65 66-80 >80
cohort
Temperature (°C)
Not measured* 1.00
>40 0.41 (0.23- 0.35(0.10- 0.35(0.13-  0.53(0.20-
0.75) 1.25) 0.95) 1.38)
38-39 0.52(0.39- 0.59(0.31- 0.54(0.36- 0.41(0.26-
0.68) 1.11) 0.80) 0.65)
35-37 1.14 (0.88- 1.50 (0.82- 1.01 (0.69-  1.09 (0.70-
1.48) 2.72) 1.49) 1.71)
31-34 2.59(1.50- 5.97(2.18- 1.28 (0.47-  2.41(0.95-
4.46) 16.4) 3.51) 6.15)
0-30 0.70 (0.08- # # #
6.26)

*= reference category, # No outcome events for this category
Case definition: Patients with suspected infection were selected if blood cultures
were obtained in the ED, and if patients were hospitalized.
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SUPPLEMENTARY FILE 4

Adjusted Odds Ratios (AORs) for the association between In-hospital

mortality and vital signs in a subgroup analysis: Trauma.

Total cohort

Systolic blood pressure (mmHg)
>140*

121-140

101-120

81-100

0-80

Diastolic blood pressure (mmHg)
>120*

101-120

81-100

61-80

0-60

Mean Arterial blood pressure (mmHg)
>120*

101-120

81-100

61-80

0-60

Peripheral oxygen saturation (%)
96-100*

91-95

86-90

81-85

0-80

Respiratory rate (/min)

Not measured*

0-9

10-19

20-29

1.00

1.18 (0.73-1.94)
1.31 (0.75-2.30)
1.64(0.79-3.41)
1.72 (0.67-4.40)

1.00

0.80(0.29-2.23)
0.35(0.13-0.97)
0.46 (0.18-1.20)
0.72(0.26-2.01)

1.00

0.50 (0.30-0.85)
0.56 (0.33-0.95)
1.13 (0.63-2.04)
1.70 (0.64-4.50)

1.00
1.87(1.24-2.82)
5.75 (3.14-10.52)
6.88 (2.61-18.12)
4.59 (1.55-13.57)

1.00

#

1.95 (1.04-3.65)
2.28 (1.16-4.48)
4.55(1.35-15.31)
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Total cohort

Heart rate (beats/min)
>125

101-125

76-100

51-75%

0-50
Temperature (°C)
Not measured*
>40

38-39

35-37

31-34

0-30

4.22 (1.76-10.1)
2.49(1.43-4.33)
1.03 (0.66-1.59)
1.00

2.05(0.74-5.68)

1.00

#

1.16 (0.42-3.19)
1.20(0.78-1.85)
4.84(1.13-20.75)
0.74 (0.04-15.27)

*=reference category

# No outcome events for this category

Case definition: Trauma patients were selected by hospitalized patients, triaged
orange or red and by the following triage presenting complaints: Severe trauma;
facial complaints; fall; extremity complaints; large scale incidents; neck pain; thorax
injury; head injury; wounds. Additionally, a radiological test had to be performed.
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Y-axis: Y-axis:
AORs on ICU/MCU admission Predicted ICU/MCU admission
Age
6.0 categories 020
50 —Pooled  *16
40 —19-65 012
30 —
66-80 0.08
. —80+
1.0 \a—— 0.04
0.0 0.00
<80  81-100 101-120 121-140 >140 <80 81-100 101-120 121140  >140
SBP (mmHg) SBP (mmHg)
6.0 0.20
. 0.16
40
0.12
30
- 0.08
"~ 0.04
—_—
00 0.00
<60 6180 81-100 101120 >120 61-80 81100 101120 >120
DBP (mmHg) DBP (mmHg)
6.0 0.20
50 0.16
40
012
3.0
- 0.08
10 & 0.04
0.0 0.00
<60 6180 81-100 101120 >120 <60 6180 81.100 1014120 >120
MAP (mmHg) MAP (mmHg)
6.0 0.32
50
0.24
40
20
0.80
1.0
0.0 0.00 ' _ y - -
<80 8185 8690 91.95 96-100 <80 8185 86.90 91.95 96100
SPO,(%) SPO,(%)

Adjusted odds ratios (AORs) for systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial pressure (MAP) and peripheral oxygen saturation
(Sp0,) and intensive care unit (ICU) / medium care unit (MCU) admission (left side)
and predicted ICU/MCU admission (right side) as a function of vital signs in different
age categories. Note that the black line is the pooled data of all three age categories
together. The following potential confounders were entered in the model for in-
hospital mortality through backward stepwise regression: age, gender, triage level,
top ten chief complaints, hospital, treating specialty, fluid administration, SpO,,
temperature, Glasgow Coma Scale, lab tests, number of consultations in the ED and
performed radiological test.
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Y-axis: Y-axis:
AORs on ICU/MCU admission Ao Predicted ICU/MCU admission
e
categories
6.0 —Pooled %20
5.0 —19-65 0.16
4.0 ~—66-80
- 0.12
30 80+
20 0.08
1.0 0.04
0.0 0.00
Not 09 1019 2029 >29 Not 09 10419 2029 >29
.t . i -
reglz ere RR (lmln.) registered RR (Imln.)
6.0 0.20
5.0 0.16
40 0.12
3.0
20 0.08
1.0 — 0.04
0.0 0.00
60 5175 76-100 101-125 125 <50 5175 76-100 101-125 >125
HR (/min) HR (/min)
6.0 0.64
5.0
4 0.48
3.0 0.32
20
0.16
1.0 S\
0.0 0.00
<31 31-35 35.38 3840 -40 Not <31 31-35 35.38 3840 ->40 Not
registered i
Temperature (°C) " Temperature (°C) "™

Adjusted odds ratios (AORs) for respiratory rate (RR), heart rate (HR) and temperature
for intensive care unit (ICU) / medium care unit (MCU) admission (left side) and
predicted ICU/MCU admission (right side) as a function of vital signs in different age
categories. Note that the black line is the pooled data of all three age categories
together. The following potential confounders were entered in the model for in-
hospital mortality through backward stepwise regression: age, gender, triage level,
top ten chief complaints, hospital, treating specialty, fluid administration, SPO,,
temperature, GCS, lab tests, number of consultations in the ED and performed
radiological test.
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SUPPLEMENTARY FILE 7

Sensitivity analysis in which the associations between vital signs and in-
hospital mortality were investigated. Patients transferred to other hospitals
from the ED were considered as deceased.

Total cohort

Systolic blood pressure (mmHg)
>140%*

121-140

101-120

81-100

0-80

Diastolic blood pressure (mmHg)
>120%*

101-120

81-100

61-80

0-60

Mean Arterial blood pressure (mmHg)
>120%*

101-120

81-100

61-80

0-60

Peripheral oxygen saturation (%)
96-100*

91-95

86-90

81-85

0-80

Respiratory rate (/min)

Not measured*

0-9

10-19

20-29

1.00

1.14 (1.03-1.26)
1.63 (1.47-1.80)
1.72(1.52-1.95)
1.98 (1.69-2.32)

1.00
0.73
0.67
0.71
0.97

0.60-0.90)
0.56-0.81)
0.59-0.85)
0.80-1.17)

— P PN

1.00

0.86 (0.77-0.97)
0.98 (0.87-1.10)
1.22(1.08-1.39)
1.76 (1.46-2.12)

1.00
1.31(1.21-1.43)
1.92 (1.66-2.23)
2.58 (2.06-3.23)
3.97 (3.26-4.84)

1.00

0.84 (0.50-1.41)
1.15(1.03-1.29)
1.60(1.42-1.81)
2.56 (2.16-3.03)
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Total cohort

Heart rate (beats/min)
>125

101-125

76-100

51-75*

0-50
Temperature (°C)
Not measured*
>40

38-39

35-37

31-34

0-30

1.89(1.61-2.22)
1.59 (1.43-1.78)
1.12 (1.03-1.22)
1.00

1.27 (1.01-1.60)

1.00

0.38(0.23-0.60)
0.60 (0.52-0.68)
0.86 (0.79-0.94)
2.05(1.53-2.75)
1.00 (0.36-2.81)

*= reference category

# No events for this category
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ABSTRACT

Background Appropriate interpretation of blood tests is important for
risk stratification and guidelines used in the Emergency Department (ED)
(such as SIRS or CURB-65). The impact of abnormal blood test values
on mortality may change with increasing age due to (patho)-physiologic
changes. The aim of this study was therefore to assess the effect of age on
the case-mix adjusted association between biomarkers of renal function
and homeostasis, inflammation and circulation and in-hospital mortality.

Methods Observational multi-center cohort study using the Netherlands
Emergency department Evaluation Database (NEED), including all
consecutive ED patients >18years of three hospitals. A generalized additive
logistic regression model was used to visualize the association between in-
hospital mortality, age and five blood tests (creatinine, sodium, leukocytes,
C-reactive Protein, and hemoglobin). Multivariable logistic regression
analyses were used to assess the association between the number of
abnormal blood test values and mortality per age category (18-50;51-65;66-
80;>80 years).

Results Of the 94,974 included patients, 2550 (2.7%) patients died in-
hospital. Mortality increased gradually for C-reactive Protein (CRP), and had
a U-shaped association for creatinine, sodium, leukocytes, and hemoglobin.
Age significantly affected the associations of all studied blood tests except
for leukocytes. In addition, with increasing age categories, case-mix adjusted
mortality increased with the number of abnormal blood tests.

Conclusions The association between blood tests and (adjusted) mortality
depends on age. Mortality increases gradually or in a U-shaped manner with
increasing blood test values. Age-adjusted numerical scores may improve
risk stratification. Our results have implications for interpretation of blood
tests and their use in risk stratification tools and acute care guidelines.



BACKGROUND

In Emergency Department (ED) patients, correct risk stratification is
important to early recognize clinical deterioration and to appropriately
assign patients to a definitive level of care.>> Many risk stratification tools,
such as SIRS, CURB-65, PIRO, GRACE, Ranson criteria, assign points for
abnormal blood test values.2" 22:39.5659 A previous study showed, however,
that risk stratification tools are ineffective at predicting mortality in older
ED patients.?” This may be caused by a different impact of abnormal blood
test values on mortality with increasing age due to (patho)-physiological
changes.%% ¢* For example, older patients normally have higher creatinine
levels than younger patients.®? Thus, in younger patients an increase in
plasma creatinine reflects a larger decrease in renal function compared to
older patients and may therefore also carry a larger risk.

In addition, due to less physiological reserve, or higher frailty, with increasing
age, an increasing number of abnormal blood test values may carry a larger
risk in older patients.

As a result, using age-adjusted risk scores for blood tests may have the
potential to improve risk stratification and consequently facilitate early
recognition of clinical deterioration. This early recognition may potentially
improve outcome of patients with medical conditions who need treatments
that are time sensitive.

The aim of the present study is twofold: First, to assess the effect of age on
the associations between biomarkers of renal function and homeostasis,
inflammation and circulation and in-hospital mortality. Secondly, we
investigate the risk of an increasing number of abnormal blood tests per
age category.

METHODS

Study design and setting

This observational multi-center study was conducted in three EDs in the
Netherlands, with each approximately 20,000-30,000 ED visits per year.
Consecutive ED visits were registered of one tertiary care center (1 January
2017 - 8 June 2019), and two urban hospitals (1 January 2019 - 12 January
2020 and 1 January 2017 - 31 December 2019). This study was registered
in the Netherlands Trial Register (ID NL8422) and approved by the medical
ethics committee of the Leiden University Medical Center, the Netherlands.



All methods were performed in accordance to the principles outlined in the
Declaration of Helsinki.

Selection of participants
All consecutive ED visits of 218 years were included in this study, if at least
one of the blood tests described below was performed.

Data collection

Data were collected from the Netherlands Emergency department Evaluation
Database (NEED), the national quality registry for EDs in the Netherlands
(www.stichting.need.nl). Correspondent to other quality registrations, and
in accordance with the “General Data Protection Act”, an informed opt-out
procedure was used in the participating hospitals for inclusion in the NEED.
Detailed information about the NEED and collected data are available in an
earlier publication.®®* We selected biomarkers which represent organ (dys-)
function and inflammation because these biomarkers are known to have
prognostic or diagnostic value in the ED, are commonly used in risk scores
developed for the ED and are routinely assessed in the ED. For example,
creatinine reflects renal function, which is the first organ to fail in early
disease stages such as sepsis.?'- 22395659 The following routinely measured
biomarkers were investigated: creatinine, urea, and sodium (reflecting
renal function and homeostasis), C-reactive protein (CRP) and leukocytes
(reflecting inflammation), lactate and hemoglobin (reflecting circulation). In
Supplementary file 1, details of the used laboratory assays and equipment
are described.

Outcome measures
In-hospital mortality (including death in the ED) was the primary outcome
measure.

Sample size estimation

For objective 1, we aimed to adjust for 6 potential confounders in the
multivariable logistic regression analysis. For objective 2, we aimed to adjust
for 39 potential confounders as described in the main statistical analyses
section. Approximately five to ten events per variable are needed to prevent
overfitting in association studies.** The NEED contained 148,828 ED visits of
patients =18 years of age. We estimated that in ~60% of the ED visits blood
tests were performed resulting in ~90,000 ED visits which could be used for
the analyses. Estimated in-hospital mortality would be ~3% of the overall
population. Included patients were stratified by age, yielding ~90,000 / 4
age categories = 22,500 patients per age category. On average we would



have 0.03 x 22,500 = 675 events per group, sufficient to adjust for the 39
potential confounders.

Descriptive analysis

Patient characteristics were summarized per age-category (18-50, 51-65,
66-80, and >80 years),®? as mean (SD) for normally distributed data, and
median (IQR) for skewed data. Per age category, the percentage of blood
test values outside of the reference range were reported.

Main statistical analyses

For objective 1, our goal was to study how creatinine, sodium, leukocytes,
CRP, and hemoglobin are associated with mortality in emergency care, and
how these associations change with age. We used the R package mgcv,%
to fit a generalized additive logistic regression model (GAM) to the binary
outcome in-hospital mortality. In this model, the log odds of the outcome
depends in an arbitrary way on all six predictors (five blood parameters
and age) and all their interactions. Clearly, such a complex model is
overparameterized which could lead to poor, unstable performance if left
unaddressed. However, it can be handled as part of the fitting procedure
by using a quadratically penalized likelihood type approach. Effectively, this
method enforces a smooth dependence of the log odds mortality on the
six predictors. To visualize the association between mortality and the six
predictors, we generated five graphs which present different views on the
same model. In each of the graphs, we varied one of the predictors together
with age, while the other four predictors were left constant at “typical”
values. These were chosen as follows: creatinine= 80pumol/L, leukocytes= 8.0
x1079/L, CRP=10mg/L, Sodium= 140mmol/L, and hemoglobin=9mmol/L.

This analysis was intended to be descriptive and exploratory, and therefore
we did not attempt formal statistical inference in terms of p-values and
confidence intervals.

Due to the complexity of the model, we could not add other biomarkers or
potential confounders. To assess whether adjustment for other potential
confounders affected our results, a second analysis was performed, in
which we also studied the biomarkers urea and lactate. Multivariable logistic
regression analyses were used with separate models for each biomarker for
each age category. We simplified the model by categorizing blood tests, based
on expected distribution and reference intervals (see Supplementary file 1).
The following potential confounders were entered in the models through
backward stepwise elimination: age, gender, triage level (non-urgent, urgent,
very urgent, most urgent), top ten presenting complaints (supplementary file



2), systolic blood pressure, heart rate, peripheral oxygen saturation, hospital,
high dependency care unit admission (yes or no), number of consultations in
the ED (0, 1, 2 or >2) and performed radiological tests (0 or >1). The models
for creatinine, urea, CRP, and leukocytes were adjusted for hemoglobin and
sodium. The model for sodium was adjusted for hemoglobin and urea, and
the model for hemoglobin was adjusted for sodium and urea. If variation
inflation factors (VIF) were below three, multicollinearity was assumed not
to be a problem. Triage level, high dependency care unit admission and vital
signs were used to adjust for disease severity.?’ Vital signs were categorized
in five or six categories to overcome non-linear associations, including a
category ‘not measured’ to prevent missing data. In the NEED comorbidities
were not registered. The number of consultations in the ED and the number
of radiological tests were used as measure of comorbidities / complexity as
described previously.* If variables were missing, the patient was excluded
from the analyses. However, the used potential confounders had almost
no missing data in the NEED. After the analyses for each biomarker was
performed in all age categories, the analyses were repeated for the pooled
data. An interaction term of age*blood test was added to study whether
age affected the association between the studied biomarker and mortality.
We considered age as an effect modifier if the p-value of the interaction
term was <0.05. Adjusted odds ratio’s (AORs) with 95% Confidence Intervals
(95%-Cl) and predicted probabilities (mean case-mix adjusted mortality)
were reported to compare relative risk increases with absolute mortality
with changing blood test values.

For objective 2, the number of abnormal blood test values, outside of
their reference intervals, was calculated for each age category. The used
reference intervals are mentioned in supplementary file 1. We studied the
association between the number of abnormal blood tests and mortality
with multivariable logistic regression using similar potential confounders
as described above.

Data were analyzed using SPSS (Version 25.0) and R version 4.0 (packages
foreign, dplyr, mgcv).



RESULTS

Patient inclusion and characteristics

Out of the 147,728 ED visits of patients >18 years, 94,974 patients
were included in whom blood tests were performed (flow diagram in
supplementary file 3). Mean age of included patients was 60.7 (19.0)
years. In-hospital mortality per age category was: 153 (0.6%) patients
in age category 18-50 years, 421 (1.8%) patients 51-65 years, 1086
(3.6%) 66-80 years, and 890 (6.3%) patients >80 years. Biomarkers
were more often abnormal in older patients. For example, sodium
was in 9.2% abnormal in age-category 18-50 years, and in 25.5% in
age-category >80 years (difference 16.3%; 15.5-17.1%). See table 1
for all patient characteristics and supplementary file 4 for patient
disposition and outcomes.
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Main results

For objective 1, the associations between biomarkers and mortality are
represented in figure 1 and figure 2. Creatinine, sodium, leukocytes, and
hemoglobin had U-shaped associations with mortality, while mortality
increased gradually with increasing CRP. In these figures it is also shown
that the absolute risk for mortality increased more in older compared to
younger patients with abnormal plasma values.

In the additional analyses, in which we also studied urea and lactate, relative
risks (AORs) were presented (see table 2). Both biomarkers of renal function
(creatinine and urea) had a more marked increase in AORs in patients 18-50
years with higher plasma concentrations. AORs started to increase below
136-145mmol/L in 18-50 years and below 126-130 mmol/L in >80 years.
Mortality increased gradually for CRP, with more marked increase in patients
18-50 years for plasma levels of 51-100mg/L. Hemoglobin had a U-shaped
association with mortality especially in older patients. A low hemoglobin was
associated with higher mortality in younger compared to older patients. For
lactate, mortality increased gradually in all age categories.



Chapter 3

0.104

Age

0.024

mortality
28 8
S & 8 8

0.001

50 100 150 200
Creatinine (pmol/L)

N

50

0.12

0.10

Age

g

40

0.02

0.00

130 140 150
Sodium (mmol/L)

1.

N
o

Figure 1. The associations between creatinine (panel A), sodium (panel B) and mor-
tality and age are shown using a generalized additive logistic regression model. This
model included five biomarkers and age. The four biomarkers that are not shown
in the panel were left constant at ‘normal’ values. These were chosen as follows:
creatinine= 80pmol/L, leukocytes=80x1079/L, CRP=10mg/L, Sodium=140mmol/L,
and hemoglobin=9mmol/L. Mortality is shown as predicted probability (between
Oand1
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Figure 2 The associations between leukocytes (panel A), C-reactive Protein (panel
B), hemoglobin (panel C) and mortality and age are shown using a generalized ad-
ditive logistic regression model. This model included five biomarkers and age. The
four biomarkers that are not shown in the panel were left constant at ‘normal’
values. These were chosen as follows: creatinine= 80pmol/L, leukocytes=8.0x10/9/L,
CRP=10mg/L, Sodium=140mmol/L, and hemoglobin=9mmol/L. Mortality is shown
as predicted probability (between 0 and 1).
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Alternatively, we tested whether age affected the association between
biomarkers and mortality using an interaction term. As shown by the
significant interaction terms, age significantly affected the associations
between urea (p=0.03), creatinine (p<0.01), sodium (p<0.01), hemoglobin
(p<0.01), CRP (p<0.01) and lactate (p<0.01) and mortality, but not between
leukocytes and mortality (p=0.47). Table 2 shows in which blood test
categories the risk on mortality was affected by age.

Supplementary file 5 shows the associations between biomarker categories
and mortality in all four age categories, corrected for potential confounders
like disease severity and complexity. The results are comparable with the
main analyses shown in figure 1 and 2, with larger absolute increases of
mortality in older patients with abnormal biomarker values.

For objective 2, figure 3 shows that the risk for absolute case-mix adjusted
mortality had larger increases in older patients with an increasing number
of abnormal blood test values. Older patients more often had abnormal
blood test values (see supplementary file 6).

Mean adjusted mortality (%)

il Age
40,0 category
M18-50
_ 51-65
30,0 M66-80
Mo+
20,0
10,0 ’/X/Iﬂ
0,0 T T T T T T

o -
-
N
w
N
3]
-]
~ -

Number of abnormal biomarkers

Figure 3 The association between the number of abnormal biomarkers (outside
of the commonly used reference ranges) and mortality in different age categories.
Mortality is shown as predicted mortality in percent (between 0 and 100%).



DISCUSSION

The present study has two main findings. First, mortality risk for ED patients
deteriorates gradually or in a U-shaped fashion with most blood tests.
Secondly, the association between blood tests and (adjusted) mortality
depends on age, whereas mortality risk is affected most by deviating
biomarker levels in younger patients. Age should therefore be considered
as an effect modifier rather than a covariate in future prediction models.

In ED-patients, case-mix adjusted mortality increased gradually with
increasing urea, CRP, and lactate values, and with the number of abnormal
blood tests. For creatinine, sodium, leukocytes, and hemoglobin we found
U-shaped associations. These findings correspond to previous studies in
which blood tests had similar unadjusted associations with relevant clinical
outcomes.®* %6 Several studies used biomarkers in prediction models for
the ED,%”7> with similar associations for mortality. However, to the best
of our knowledge, none of these studies investigated the effect of age on
the association between biomarkers and outcome. As we showed, the
associations between blood tests and case-mix adjusted outcomes changed
with age, suggesting that age should be considered as an effect modifier
rather than a covariate, possibly because reference intervals of biomarkers
change with age. For example, sodium and hemoglobin levels decline with
increasing age in a healthy population,’ 77 which may explain our findings
that low hemoglobin and low sodium have higher odds on mortality in
younger compared to older patients. For urea and creatinine, the AORs
for mortality were highest in younger patients, which is in accordance
with higher reference values for creatinine and urea in older people.®?
Although younger patients, compared with older patients, had more marked
increases in AORs for mortality with deviating urea, creatinine, sodium, CRP,
hemoglobin, and lactate, the absolute mortality increase was highest in
older patients. This can be explained by the higher overall risk for mortality
in older patients, irrespective of the value of plasma biomarker levels.

We also showed that abnormal biomarkers are more often present in
older patients. In addition, case-mix adjusted mortality had larger absolute
increases in older compared to younger patients with an increasing number
of abnormal biomarker values, which has not been studied before. The
number of abnormal biomarkers had a gradually increasing association with
mortality as described before.”

Our results imply that risk stratification tools and acute care guidelines
for the ED could be improved by incorporating the absolute risk per age



category. For example, in current practice, using a biomarker score based
on abnormal blood test values, both younger and older patients may be
considered as low risk with two abnormal blood tests. However, a mortality
risk increase of 100% compared to baseline risk, may result in for example
10% mortality in older patients (baseline risk 5%) and only 2% mortality
in younger patients (baseline risk 1%). As a result, older patients may
be considered as high risk with similar biomarker values while younger
patients are at low or intermediate risk. By using different risk scores for
age categories based on absolute measures of mortality, risk stratification
may be improved which may lead to better recognition of disease severity,
better disposition decisions and consequently lower mortality.

Another finding from our study is that the association between biomarker
levels and mortality is gradual with a linear or U-shaped relation.
Consequently, risk stratification can be improved by using numerical
scores rather than a single cut-off for every biomarker,?" 2239 56.58.59 35 s
currently done in the ICU with the Acute Physiology And Chronic Health
Evaluation (APACHE) models, in which more points are assigned if blood
tests deviate more from the reference range.>* Although a single cut-off for
each biomarker is commonly used in current risk stratification tools, such
as the CURB-65 or the SIRS,?"22:39.56.58.59 gur findings suggest not to use a
single cut-off for any blood test.

Although this study has its strengths, like the large sample size in multiple
EDs, there are also limitations. First, the NEED lacks information about
comorbidities. Instead, we had to use proxies known to be associated with
comorbidities and complexity to overcome this #. Second, inherent to
retrospective studies, our study could have been subjected to documentation
errors, although this was largely minimized by automatization. Finally, we
had no follow-up data, so we had to assume that discharged patients did
not experience the outcome.

In summary, the prognostic value of blood tests changes with age and
mortality risk deteriorates gradually or in a U-shaped fashion with most
blood tests for ED patients. Mortality risk is affected mostly by deviating
biomarker levels in younger patients. However, due to higher baseline risk
in older patients, small changes in biomarker values lead to high mortality.
Furthermore, age affected the association between the number of abnormal
blood tests and mortality. Our results have implications for interpretation of
biomarkers and their use in existing risk stratification tools and guidelines in
the ED. Future studies should develop risk stratification tools for ED patients
using age-adjusted numerical scores based on absolute risks.



SUPPLEMENTARY FILE 1

The reference values provided by the hospital laboratories for all studied
blood tests, and the type of kit/device that is used.

Blood test Reference values Device Kit
Urea 2.5-7.5mmol/L (men) Cobas 8000 Roche
2.5-6.4 mmol/L (women)
Creatinine 60-110 umol/L (men) Cobas 8000 Roche
49-90 pmol/L (women)
Sodium 135-145 mmol/L Cobas 8000 Roche
Lactate 0.5-2.2 mmol/L ABL90 Radiometer
Haemoglobin 8.5-11.0mmol/L (men)  XN9100 / Sysmex, Abbott
7.5-10.0 mmol/L Cell-Dyn
(women) Sapphire
Leukocytes 4.0-10.0 x 1079/L XN9100 / Sysmex, Abbott
Cell-Dyn
Sapphire
C-reactive Protein  <5.0 mg/L/ Cobas 8000 Roche
<6.0mg/L
SUPPLEMENTARY FILE 2

See supplementary file 2 of Chapter 2 in this thesis.



Age-adjusted interpretation of biomarkers

SUPPLEMENTARY FILE 3

172,104 ED visits in three
hospitals during study
period

23,276 ED visits excluded
<18 years

148,828 ED visits
aged 218

53,854 ED visits excluded
No measured biomarkers

94,974 ED visits with measured
biomarkers
18-50 years 51-65 years 66-80 years >80 years
26,697 ED visits 23,840 ED visits 30,257 ED visits 14,180 ED visits

Patient flow diagram of the study.
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SUPPLEMENTARY FILE 4

Disposition and outcome of included ED patients per age category in whom
biomarkers were assessed.

Total 18-50 51-65 66-80 >80
cohort years years years years
N=94,974 N=26,697 N=23,840 N=30,257 N=14,180

Patient disposition N (%)

33,711 13,412 8901 8408 2990
Discharged home (35.5) (50.2) (37.3) (27.8) (21.1)
Discharged 4121 (4.3) 1554 (5.8) 1032 (4.4) 1113(3.7) 422(3.0)
outpatient clinic

48,849 10,093 11,711 17,651 9394
Admission to ward (51.4) (38.2) (49.5) (58.3) (66.2)

Admission to MCU/ 3407 (3.6) 423(1.6) 984(4.2) 1403 (4.6) 597 (4.2)
CCcu

Admission to ICU 1799(1.9) 444(1.7) 507(2.1) 679(2.2) 169(1.2)

Transferto a 2103 (2.2) 405(1.5) 448(1.9) 740(2.4) 510(3.6)

different hospital

Died in the ED 185(0.2) 24(0.1) 41 (0.2) 75(0.2) 45 (0.3)
741 (0.01) 510(0.01) 179 (0.01) 52

Missing (<0.01)

Outcome N (%)
In-hospital mortality 2550(2.7) 153(0.6) 421(1.8) 1086(3.6) 890 (6.3)

Abbreviations: N= number, ED= Emergency Department, CCU = Coronary Care Unit,
MCU = Medium Care Unit, ICU = Intensive Care Unit, LOS =Length of Stay, IQR = Inter
Quartile Range.
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SUPPLEMENTARY FILE 5

Mean case-mix

adjusted mortality (%) biomarkers of renal functionand homeostasis

20,0
15,0

10,0

0,0
0-5.0 5.1-10.0 10.1-15.0 >15.0 0-50 51-100 101-150 >150
Urea (mmol/L) Creatinine (umol/L)
20,0
Age
15,0 category
w00 M 1850
51-65
&0 M66-80
0,0 [ | 80+
<125 126-130 131-135 1354145 >145
Sodium (mmol/L)
Mean case-mix R R R
adjusted mortality (%) biomarkers ofinflammation
20,0
15,0
10,0
5,0
0,0-
04 48 812 12416 1620 >20 0-50 51-100 101-150 >150
Leukocytes (x10”9/L) CRP (mg/L)
Mean case-mix = = "
adjusted mortality (%) biomarkers of circulation
20,0
60,0
15,0 50,0
40,0
10,07 30,0
5.0 20,0
10,0
0,0~ 0,0
4-6.0 6.1-7.0 7.1-9.0 >9.0 0-2 24 46 >6
Hemoglobin (mmol/L) Lactate (mmol/L)

Associations between biomarker categories and case-mix adjusted mortality
(presented as predicted mortality risk in percentages) is shown for four age
categories. The associations are adjusted for sex, age, biomarkers, vitals, proxies
for disease severity, complexity and comorbidities.
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ABSTRACT

Purpose To assess how often baseline systolic blood pressure (SBP) could
be retrieved from the Electronic Health Record (EHR) in older Emergency
Department (ED) patients. Secondly, to assess whether the difference
between baseline SBP and initial SBP in the ED (ASBP) was associated with
mortality.

Methods A multicenter hypothesis-generating cohort-study including
patients >70years. EHRs were searched for baseline SBPs. The association
between ASBP and 30-day mortality was investigated.

Results. Baseline SBP was found in 220 out of 300 patients (73.3%; 95%ClI
68.1-78.0%). In 72 patients with normal initial SBPs (133-166 mmHg) in the
ED, fifteen (20.8%) had a negative ASBP with 20.0% mortality. A negative
ASBP was associated with 30-day mortality (AHR 4.7; 1.7-12.7).

Conclusions. Baseline SBPs are often available in older ED patients. The
ASBP may have prognostic value and may be used as an extra variable
to recognize hypotension. Future studies should clarify whether the ASBP
improves risk stratification in the ED.



INTRODUCTION

Due to higher prevalence of hypertension in older patients,’®8° a seemingly
normal blood pressure in older Emergency Department (ED) patients may
in fact be relative hypotension and may not be recognized as such, possibly
leading to under-treatment and higher mortality.

Therefore, knowledge of an individual ED patient’s baseline systolic blood
pressure (SBP) may be essential to assess whether the initial SBP reflects
hypotension or normotension. Unfortunately, baseline SBP may often not
be available in the ED as Electronic Health Record (EHR) are not routinely
shared among general practitioners and hospitals,®' due to privacy laws
and under registration.

Therefore, the aim of the present hypothesis-generating study is two-fold:
First, to assess how often individual baseline SBPs are available in older
ED patients, and secondly, to evaluate whether the absolute reduction of
SBP compared to the patients’ baseline SBP value (ASBP) is associated with
30-day mortality. The prognostic value of ASBP has not been studied before
using the patients’ individual baseline SBP values. If baseline SBPs are often
available and the ASBP is associated with 30-day mortality, this variable may
contribute to better risk stratification leading to better recognition of vital
threads in ED patients.

METHODS

Study design and setting

This multicenter retrospective cohort study was conducted in two EDs in
the Netherlands: a tertiary care center with approximately 25,000 ED visits
annually and an urban care center with approximately 20,000 ED visits
annually. Data were collected from 1 to 27 January 2018. The study was
approved by the medical ethics committee of the MMC. The study was
registered in the Netherlands Trials Register: NL9029.

Patient selection

During the study period, all consecutive ED patients 270 years who were
subsequently hospitalized were included (the prevalence of hypertension
increases above this age, according to Statistics Netherlands (ww.cbs.nl)).
Patients were excluded if non-urgently triaged according to the Manchester
or Dutch Triage System or transferred to another hospital.



Outcomes

The primary outcome was the number (N) (%) of patients with an SBP
documented (objective 1) or 30-day mortality (objective 2). If patients were
discharged alive and 30-day mortality was not known, they were considered
alive after 30 days.

Sample size
See supplementary file 1.

Data collection

Data were collected from the EHR. One researcher in each hospital (lvl, IvD)
extracted the data. No clear definition exists in the literature of a baseline
SBP. In our study, the baseline SBP was defined as the mean of a maximum
of the three most recent SBP values from the General Practitioner (GP)
referral letters and the three most recent SBP values from the outpatient
clinical records. SBP values were not considered as a baseline value if the
notes or records described signs for acute illness (i.e., pneumonia, urinary
tract infection or fever) or acute pain (i.e., trauma, acute abdominal pain),
or if patients were referred to the ED on the same day. The ASBP was
calculated by subtracting the baseline SBP from the initial SBP in the ED.
Thus, a negative ASBP indicated that the SBP in the ED was lower than the
patients’ baseline SBP.

Statistical analyses

Patient characteristics were described for survivors and non-survivors as
mean (standard deviation (SD)), median (interquartile range (IQR)) or number
(N, (%)) as appropriate. Paired Student'’s t-tests, Wilcoxon Signed rank test
and Pearson 2 tests were used to compare patient characteristics. The
ASBP and initial SBP in the ED were categorized in tertiles based on their
distribution. The categorized ASBP could be negative, normal, and positive.
The categorized initial SBP in the ED was considered low, normal, and
high. A cox regression analysis was used to assess the crude and adjusted
association between ASBP, the initial SBP in the ED, and 30-day mortality,
adjusted for age, sex, and triage category (urgent or very urgent/immediate)
as a measure of disease severity. The Kaplan-Meier method was employed
to generate survival plots, using the log-rank test, for 30-day mortality.

A sensitivity analysis was performed limited to patients who had baseline
SBP values documented within 5 years prior to ED-presentation, to limit the
chance that antihypertensive drugs were prescribed and because individual
baseline values may have changed by ageing."?



Adjusted Hazard Ratio's (AHRs) are presented with 95% confidence intervals
(95% Cls).

An a of 0.05 was considered as statistically significant. Data were analyzed
using SPSS (version 25.0, IBM, New York, USA).

RESULTS

During the study period, 3102 patients presented to the ED of which 300
patients met the inclusion criteria (figure 1). Baseline SBP values were
found in 220 patients (73.3%; 95% Cl 68.1-78.0%). In the urban care center,
a baseline SBP was found in 117 out of 141 patients (83.0%; 75.7-88.8%)
compared to 103 out of 159 patients (64.8%; 56.8-72.2%) in the tertiary
care center (difference: 18.2%; 8.5-27.9%). 30-day mortality was 14.3% (10.3-
19.6%). Differences in patient characteristics existed between survivors and
non-survivors (see table 1).

Patients at ED
From 1st-16th of January 2018 MMC

From 1st -27th of January 2018 LUMC

(N =3102)
> Age < 70 years (N =2348)
N =794
Excluded N=494)
- Non-urgent triage category
B - No hospital admission
Revisit during study period
N =300

No registered baseline SBP

Objective 1

No registered SBP in the ED
(N=3)

-4
[
]
n
o
o
=3
N

Figure 1 Patient flow and inclusion through the study. The Electronical Patient Re-
cords were used to retrospectively include patients in two hospitals starting at 1st
January 2018.
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The delta blood pressure as predictor of mortality
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A cross table between the categorized ASBP and the initial SBP in the ED
showed that 15 out of 72 patients (20.8%; 13.1-31.6%) with a negative ASBP
had a normal (mid tertile) initial SBP in the ED (see table 2). Mortality was
highest if the ASBP was negative and the initial SBP in the ED was low, with
15 out of 57 deceased patients (%26.3).

Table 3 shows the crude and adjusted association for the ASBP and the initial
SBP in the ED and 30-day mortality. Kaplan Meier survival curves confirm
the prognostic role of ASBP in ED patients >70 years (figure 2).

The sensitivity analysis showed similar results (supplementary file 2).

Table 2. A cross table of categorized ASBP and the initial SBP in the ED with numbers
of 30-day mortality

Initial SBP in the ED

Low, Normal, 133- High, Total
<133mmHg, 166mmHg, (N) >166mmHg, (N)
(N) (N)

A SBP 57 15 0 72

(categorized) 115 (26.3%) T 3(20.0%) 10 (0.0%)

Negative (<-6.5

mmHg)

Normal (-6.5 - 18 43 12 73

21.7mmHg) T2 (11.1%) t2(4.7%) t1(8.3%)

Positive 1 13 58 72

(>21.7mmHg) 10 (0.0%) T 2 (15.4%) T 6 (10.3%)

Total (N) 76 71 70 217

SBP = Systolic Blood Pressure, ED = Emergency Department, A = delta. The ASBP
and the initial SBP in the ED were categorized in tertiles based on their distribution.
t number of patients who died in 30days, with percentages in that group.



The delta blood pressure as predictor of mortality

Table 3. The association between a delta systolic blood pressure and 30-day30-day
mortality in hospitalized Emergency Department patients =70 years.

30-day mortality

Univariable P-value Multivariable P-value
HR (95% Cl) AHR (95% CI)
ASBP (categorized)
Negative (<-6.5 42(1.511.2)  0.01 47(1.7127)  <0.01
mmHg)
Normal (-6.5 - 1.0 1.0
21.7mmHg)
Positive (>21.7mmHg) 1.7 (0.55-5.1) 0.37 2.0(0.63-6.1) 0.25
Initial SBP in the ED (categorized)
Low (<133mmHg) 2.5(1.0-5.9) 0.05 2.5(1.0-6.0) 0.04
Normal (133- 1.0 1.0
166mmHg)
High (>166mmHg) 1.0 (0.35-2.9) 0.99 1.1 (0.38-3.1) 0.90

Abbreviations: HR = Hazard Ratio, AHR = Adjusted Hazard Ratio, 95% Cl =95%
Confidence Interval, SBP = Systolic Blood Pressure, ED = Emergency Department,
A = delta.

The association between ASBP and 30-day mortality, and initial SBP in the ED and
30-day mortality, were both adjusted for age, sex, and triage category (urgent, or
very urgent/immediate). Because of multi-collinearity, we did not include the initial
SBP in the model with delta SBP and mortality.

The ASBP was calculated by subtracting the baseline SBP from the first measured
SBP in the ED. A negative ASBP, therefore, indicated that the SBP in the ED was
lower than the patients’ baseline SBP. The ASBP and the initial SBP in the ED were
categorized in tertiles based on their distribution.
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Figure 2 A Kaplan-Meier curve is shown for categorized delta systolic blood pressure
and 30-day mortality, and for the initial systolic blood pressure in the Emergency
Department and 30-day mortality.

DISCUSSION

In this hypothesis-generating study a baseline SBP value could be retrieved
from the EHR in most hospitalized ED patients >70 years. In addition, 21%
of patients with a normal SBP at ED presentation had a negative ASBP and
these patients had an increased risk for 30-day mortality.

Low SBP is a well-known risk factor for mortality in older ED patients."%¢ Due
to the high prevalence of hypertension in the elderly,’*#2 a seemingly normal
SBP may, in fact, be relative hypotension. Consequently, this may lead to an
underestimation of the risk and a lower urgency to initiate treatment. Thus,



the deviation from a patients’ normal SBP may be relevant. This hypothesis
is supported by a study in patients undergoing abdominal surgery, in which
an individualized, targeted SBP reduced the risk of postoperative organ
dysfunction compared to standard management.® This study suggests that
individualized treatment using the baseline SBP as a target may improve
outcomes. In another study in patients with septic shock, a higher target
mean arterial pressure resulted in minor kidney injury among patients
known with chronic hypertension.®

We are not aware of earlier studies on the association between the
difference in SBP between baseline values and SBP at presentation in the
ED and outcome in acutely ill patients. However, using another definition,
ASBP showed prognostic value in trauma patients in the ED.8>% |n these
studies, the ASBP was calculated as the difference between the initial SBP
in the ED and the prehospital SBP on the same day. A declining SBP in the
hours before ED admission was associated with increased mortality, as was
also shown for hospitalized patients.®8° In our study, we did not attempt to
study short-term SBP trends, but we assessed whether a lower SBP in the ED
compared to a baseline SBP was associated with 30-day mortality in older
patients. Although baseline SBP in our study could have been measured
years before the ED visit, we hypothesized that this SBP would provide
important information about the patients’ normal value.

Our study was not designed to study whether the ASBP was a better
predictor for mortality than the initial SBP in the ED. Nonetheless, our study
may have implications for clinical practice. We found that even if SBP at
admission is normal (> 133 mmHg), some patients had relative hypotension.
Future studies should assess whether using the ASBP in risk stratification
tools like, i.e., the National Early Warning Score has added value to the SBP
alone. Also, many challenges are reported regarding health information
exchange among hospitals and primary care centers.8" % Because baseline
SBPs may have significant prognostic value, our findings argue in favor of
promoting health information exchange among hospitals and primary care
centers to have baseline vital signs available in the ED.

Our study has several limitations. First, the baseline SBP was defined as a
mean of values found in referral letters of GPs and outpatient clinical records.
No information existed on how these SBPs were measured. Also, the median
time of the measured baseline SBP till ED visit was substantial. Furthermore,
antihypertensive agents could have been prescribed in the meantime, or
baseline SBPs could have been changed by (patho)physiological changes."?
We tried to overcome this with a sensitivity analysis using only baseline



SBPs measured <5 years from ED visit, which showed similar results. In
addition, baseline SBP should be unaffected by pain, psychological stress,
or acute illness. We cannot rule out the possibility that this was not always
documented in the files, which could have influenced baseline SBP. Secondly,
30-day mortality was missing in seven patients who were discharged alive.
However, five of these patients had a negative ASBP and therefore we do
not expect this would have affected our results. Lastly, the limited sample
size of this study and the two-center design limit the generalizability of our
findings and may lead to overestimation of the effect size. Nonetheless,
we believe that the ASBP needs further investigation in larger prospective
studies because it may improve recognition of hypotension.



SUPPLEMENTARY FILE 1

Sample size estimation: In this hypothesis-generating study, we wanted to
include 200 patients for objective 2 in both hospitals. We expected that
baseline SBP values would be available in approximately 70% of the patients.
For objective 1 we therefore expected to include approximately 285 patients
in total. Based on a previous study, the mortality in our patient selection
would be approximately 8-10 percent, which would result in 16-20 deceased
patients.®” We could therefore adjust for three potential confounders in the
multivariable logistic regression analyses according to the existing rule of
thumb.*4



Chapter 4

SUPPLEMENTARY FILE 2

Sensitivity analysis, including hospitalized Emergency Department patients
>70 years, who had baseline SBP values <5 years old till the ED visit.

In-hospital mortality

Univariable P-value Multivariable P-value
OR (95% CI) AOR (95% CI)
ASBP (categorized)
Negative (<-6.5 3.8 (1.0-14.6) 0.06 4.2 (1.0-17.1) 0.05
mmHg)
Normal (-6.5 - 1.00 1.00
21.7mmHg)
Positive (>21.7mmHg) 1.3 (0.3-6.1) 0.73 1.6 (0.3-7.6) 0.58
Initial SBP in the ED (categorized)
Low (<133mmHg) 3.5(0.9-13.2) 0.07 3.2(0.83-12.7) 0.04
Normal (133- 1.00 1.00
166mmHg)
High (>166mmHg) 0.99 (0.19-5.1) 0.99 1.1 (0.2-5.9) 0.90

Abbreviations: OR = Odds Ratio, AOR = Adjusted Odds Ratio, 95% CIl =95%
Confidence Interval, SBP = Systolic Blood Pressure, ED = Emergency Department,
A = delta.

The sensitivity included 185 patients in total, including 16 non-survivors.

The multivariable regression analysis was adjusted for age, sex and triage category
(urgent, or very urgent/immediate).

The baseline SBP contained one SBP value closest to the ED visit and <5 years. The
ASBP was calculated by subtracting the baseline SBP from the first measured SBP in
the ED. A negative ASBP therefore indicated that the SBP in the ED was lower than
the patients’ baseline SBP. The ASBP and the initial SBP in the ED were categorized
in tertiles based on their distribution.
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The delta blood pressure as predictor of mortality
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ABSTRACT

Objective The aim of this study was to investigate whether sex differences
exist in disease presentations, disease severity and (case-mix adjusted)
outcomes in the Emergency Department (ED).

Methods Observational multicenter cohort study using the Netherlands
Emergency department Evaluation Database (NEED), including patients >18
years of three Dutch EDs. Multivariable logistic regression was used to study
the associations between sex and outcome measures in-hospital mortality
and Intensive Care Unit/Medium Care Unit (ICU/MCU) admission in ED
patients and in subgroups of triage categories and presenting complaints.

Results Of 148,825 patients, 72,554 (48.8%) were females. Patient
characteristics at ED presentation and diagnoses (such as pneumonia,
cerebral infarction, and fractures) were comparable between sexes at ED
presentation. In-hospital mortality was 2.2% in males and 1.7% in females.
ICU/MCU admission was 4.7% in males and 3.1% in females. Males had
higher unadjusted (OR 1.34(1.25-1.45)) and adjusted (AOR 1.34(1.24-1.46))
risks for mortality, and unadjusted (OR 1.54(1.46-1.63) and adjusted (AOR
1.46(1.37-1.56)) risks for ICU/MCU admission. Males had higher adjusted
mortality and ICU/MCU admission for all triage categories, and with almost
all presenting complaints except for headache.

Conclusions Although patient characteristics at ED presentation for both
sexes are comparable, males are at higher unadjusted and adjusted risk for
adverse outcomes. Males have higher risks in all triage categories and with
almost all presenting complaints. Future studies should investigate reasons
for higher risk in male ED patients.



INTRODUCTION

Sex differences affect patient outcomes in many diseases, such as
Coronavirus Disease 2019 (COVID-19), acute myocardial infarction, acute
ischemic stroke and infectious diseases, while outcome differences in out
of hospital cardiac arrest are still controversial.'*?* Male sex was found to
be an independent predictor of mortality in the Emergency Department
(ED),°*%5 but it is unclear whether this higher risk for men is caused by male
sex itself, by higher disease severity at ED presentation, or by sex related
differences in the recognition and treatment of patients at risk in the ED.

We live in a society where sex-specific medicine acquires more attention
and physicians become more aware of sex differences in acute diseases.*¢ If
healthcare providers are aware of sex differences in disease presentations
and clinical outcomes, they may be able to better anticipate the clinical
course and provide better treatment choices for both men and women. If
sex differences in characteristics at ED presentation and (case-mix adjusted)
outcomes exist, risk stratification tools, triage systems, and guidelines for
management of patients in the ED may need to be sex-adjusted.3**

The aim of this study is therefore twofold: first, to assess sex differences
in ED presentations (such as vital signs, triage categories, presenting
complaints, blood values, pain scores), and differences in unadjusted and
case-mix adjusted clinical outcomes (in-hospital mortality, hospital, and ICU/
Medium Care Unit (MCU) admissions and ED/hospital Length of Stay (LOS)).
Secondly, to assess the relation between sex and outcomes in subgroups of
patients by triage-category and presenting complaints.

METHODS

Study design and setting

This observational multicenter cohort study was conducted in three EDs
in the Netherlands, with each approximately 25,000-30,000 ED visits per
year. In this study an existing database was used in which all ED visits were
registered of one tertiary care center (1 January 2017 - 8 June 2019), and two
urban hospitals (from 1 January 2019 - 12 January 2020 and in one center
from 1 January 2017 - 31 December 2019). The study was approved by the
medical ethics committee of the Maxima Medical Centre. The study was
registered in the Netherlands Trials Register: NL9030.

Selection of participants
All consecutive ED patients >18 years were included if sex was registered.



Data collection

Data were collected from the Netherlands Emergency department Evaluation
Database (NEED), the national quality registration for EDs in the Netherlands
(see www.stichting.need.nl). Data from three hospitals were available. The
tertiary care center used the Manchester Triage System (MTS) and both
urban hospitals the Dutch Triage Standard (NTS). Previously, we described
in detail which data were collected, and how data were categorized and
synchronized among hospitals before analyses was possible.®" In addition,
presenting complaints for both triage systems were merged and a National
Early Warning Score (NEWS) was calculated (supplementary file 1).°

Outcome measures

The primary outcome was in-hospital mortality. Secondary outcomes
were ICU/MCU admissions (including Coronary Care Unit admissions), ED-
length of stay (0-4hours or =4hours), hospital-length of stay, (0-5 days or
>5 days; 0-30days or =30 days) and total hospital admissions. Patients who
required, or were likely to require, advanced respiratory support, inotropic
agents or were at high risk for cardiac arrest, were admitted to the ICU/
MCU if a specialist or intensivist considered this to be necessary. ICU/MCU
admission did not include patients who were first admitted to a general
ward and were later admitted to an ICU/MCU. A prolonged ED-length of
stay was =4hours based on previous research.’” Hospital-length of stay
was dichotomized in two ways: shorter or longer than the median length
of stay in the Netherlands (5 days),’® and shorter or longer than 30 days
as measure of prolonged hospital stay.® Patients discharged from the ED
were not included in this outcome. The total hospital admissions included
deceased patients in the ED and patients transferred to other hospitals.

Sample size estimation

We aimed to adjust for 12 potential confounders in the regression analyses,
mentioned in the ‘Statistical analyses’ section. Most variables were
categorized and had to be used as dummy variables in the analyses. As a
result, we had to include 44 (dummy) variables in the regression analysis.
Approximately five to ten events per variable are needed to prevent
overfitting in association studies.** The NEED contained 148,828 ED visits
of patients >18 years of age, of whom ~50% (74,000) are women. Estimated
in-hospital mortality would be ~3% of the overall population. On average
we would have 0.03 x 74,000 = 2220 events per group to adjust for the 44
potential confounders in the analysis with the end-point mortality. This
number of events is appropriate to prevent overfitting.



Statistical analyses

For objective 1, descriptive statistics were used to compare ED presentation
and outcome between males and females. Data were presented as mean
and standard deviation (SD) if normally distributed, skewed data were
presented as median and interquartile range (IQR). Categorical data were
presented as number and percentage (%). Paired Student’s t-tests, Wilcoxon
Signed rank test and Pearson x2 tests (as appropriate) were used to compare
patient characteristics between males and females. NEWS scores were
presented with the commonly used trigger levels.® A sample of the top five
diagnoses (using the International Classification of Diseases 10th Revision
(ICD-10 codes)) were presented per sex and top 10 presenting complaints,
from two out of three hospitals, as information was not available in the
third hospital. Univariable and multivariable logistic regression analyses
were performed to assess the association between sex and outcomes. All
potential confounders considered relevant by three researchers (BC, SD,
and BdG) were used in the multivariable model. Vital signs were categorized
in four or five categories based on expected distribution to overcome
non-linear associations,?? including a category ‘not measured’ to prevent
information bias by missing data. Multicollinearity was considered not to
be a problem if the Variance Inflation Factor (VIF) was below three. Separate
models were made for the two different outcomes. Per outcome measure,
two different models were constructed. The first model was built to adjust
for reason of presentation in the ED and contained the following potential
confounders: age, hospital location and presenting complaints (top ten most
frequent presenting complaints + miscellaneous presenting complaints). The
second model was also adjusted for severity of illness and treatments given
in the ED, and contained 12 potential confounders: age, hospital location,
presenting complaints, performed radiological tests (0= none performed,
1= X-ray, ultrasound or CT-scan performed), laboratory test score (0= no
blood tests performed, 1= any blood test performed), amount of fluids
administered during ED stay (0=no fluid, 1= 0-500ml, 2=>500ml), number
of consultations in the ED (O=none, 1=1, 2=2, 3= >3 consultations), respiratory
rate (not measured, 0-9, 10-19, 20-29, >30/min), peripheral oxygen saturation
(not measured, 0-80, 81-85, 86-90, 91- 95, 96-100%), systolic blood pressure
(not measured, 0-80, 81-100, 101-120, 121-140, >140mmHg), heart rate (not
measured, 0-50, 51-75, 76-100, 101- 125, >125beats/min.) and temperature
(not measured, 0-30, 31-34, 35-37, 38-39, 240°C). Vital signs and fluid
administration were used as a measure of disease severity. The number
of consultations, radiological tests and laboratory test score were used as
a measure of comorbidities/complexity as described previously.*® Patients
with missing data were excluded from the analyses. Crude and adjusted
odds ratio’s (AORs) were reported with 95% Confidence Intervals (95%-Cls).



For objective 2, we assessed the association between triage categories
(1= non-urgent, 2= urgent, 3= very urgent, 4= most urgent), presenting
complaints and mortality, and ICU/MCU admission with a new multivariable
model for men and women separately, using similar potential confounders
as used in model 2 described above. Mean adjusted mortality with 95% Cls
for each triage category and presenting complaint were presented, which
is the absolute mortality after correction for confounding.

Sensitivity analyses

A sensitivity analysis was performed to assess whether using different
potential confounders in the multivariable logistic regression affected the
impact of sex on outcome. Therefore, we repeated the multivariable model
2 as described above to assess the association between sex and outcome,
but in which all vital signs were replaced as potential confounders by NEWS,
and blood tests (urea, hemoglobin, and leukocytes) divided in categories,
including a category ‘not measured'. If vital signs were not measured, they
were considered normal values in the NEWS.

In a second sensitivity analysis we excluded all patients who died in the
ED. After exclusion of these patients, we repeated the multivariable logistic
regression model 2 and reported the AOR for male sex.

Subgroup analyses

To assess whether etiology affected the association between sex and the
primary outcome, subgroup analyses were performed selecting patients
with a suspected infection, trauma, and chest pain. Supplementary file 2
describes how these patients were selected in the database.

IBM SPSS Statistics version 25.0 was used for all statistical analyses. A
P-value <0.05 was considered significant.

RESULTS

Patient characteristics

The total cohort consisted of 148,825 ED visits, of which 48.8% were women.
Supplementary file 3 shows the flow chart of the present study. The mean
age for men was 56.0 (20.0) years and for women 56.8 (20.9) years. Only
small differences existed between men and women in demographics,
characteristics during ED visit, vital signs, and performed diagnostics (table
1). For example, self-referral was higher among men (43.8%) compared to
women (37.5%), (difference 95%-Cl 5.8-6.8%). Males more often presented
with chest pain (8.8%) than women (7.4%) (difference, 95%-Cl 1.0-1.6%). The



miscellaneous presenting complaints consisted of 41 presenting complaints
(supplementary file 1), including urinary tract problems, eye problems,
suicidal behavior, intoxications, diarrhea/vomiting, and fall which all had
an incidence of >1.0% without differences between men and women. All
other presenting complaints had an incidence <1.0%. Males were more
often triaged as ‘most urgent’ (4.7%) than women (3.7%) (difference, 95%-ClI
0.7-1.1%). Severe pain (Numeric Rating Scale >7) was more often reported
by women (7.6%) compared to men (5.8%) (difference 95%-Cl 1.1-2.6%).
Creatinine, urea, and hemoglobin levels were higher in male sex. A sample of
the top five diagnoses per sex and presenting complaints from two hospitals
showed roughly similar results for men and women (supplementary file 4).
Patient characteristics were also described separately for patients triaged as
‘very urgent’ and ‘most urgent’, which showed similar results (supplementary
file 5).
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Sex differences in clinical presentation and risk
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The association between sex and clinical outcomes

In-hospital mortality was 2.2% in males and 1.7% in females (table 2). ICU/
MCU admission was 4.7% in males and 3.1% in females. Females were more
often discharged home from the ED (49.7%) compared to males (47.3%),
however, 7-day revisit to the ED was similar for men and women.

Table 2. Relevant clinical outcomes in male and female ED patients

Total cohort Males Females P
N: 148,825 N=76,271 N=72,554 value
In hospital-mortality?, 2851 (1.9) 1663 (2.2) 1188 (1.7) <0.01
N (%)
Disposition, N (%)
Total hospital 62,472 (42.0) 32,797 29,675 <0.01
admissions (43.0) (40.9)
ICU/MCU admission 5425 (3.9) 3317 (4.7) 2108 (3.1) <0.01
Ward admission 54175(38.9) 27,936 (39.4) 26,239 <0.01
(38.4)
Transfers to other 2519 (1.8) 1289 (1.8) 1230 (1.8) 0.84
hospitals
Discharged home 67,472 (48.5) 33,554 33,918 (49.7) <0.01
(47.3)

ED-LOS, hours, median 2.7 [1.7-3.8] 2.6[1.7-3.7] 2.8[1.8-3.8] <0.01
[IQR]

H-LOS, days, median 4.0[2.0-7.0] 4.0[2.0-7.0] 4.0[2.0-7.0] <0.01
[IQR]
7-day revisit to the ED, 8015 (5.4) 4068 (5.3) 3947 (5.4) 0.79
N (%)

Abbreviations= N: number, SD: standard deviation, IQR: inter quartile range, ICU:
intensive care unit, MCU: medium care unit, ED-LOS: Emergency Department-Length
Of Stay, H-LOS: hospital-Length Of Stay.

@ in-hospital mortality included patients who died in the ED.

Missing values (male;female)= mortality (1242;914) Disposition (5306;4279) ED-LOS
(15;19) H-LOS (28682;27437)

Males had higher unadjusted risk (AOR 1.34; 1.25-1.45) and adjusted risk
for in-hospital mortality with both model 1 (AOR 1.36;1.26-1.47) and model
2 (AOR 1.34; 1.24-1.46). Also, for high dependency care unit admission,
unadjusted risk (AOR 1.54;1.46-1.63) and adjusted risk with model 1 (AOR
1.47;1.38-1.55) and model 2 (AOR 1.46; 1.37-1.56) were higher in males
(see table 3). Males had a lower unadjusted risk (AOR 0.90; 0.88-0.92) and



Sex differences in clinical presentation and risk

adjusted risk (model 2) (AOR 0.89; 0.87-0.92) for a long ED length of stay of
>4hours.

Table 3. The risk for clinical outcomes for male ED patients compared to female
ED patients.

Crude Model 1 Model 2
OR (95%-CI) AOR (95%-Cl) AOR (95%-Cl)
In-hospital mortality 1.34 (1.25-145) 1.36 (1.26-1.47) 1.34(1.24-1.46)
ICU/MCU admission 1.54(1.46-1.63) 1.47(1.38-1.55) 1.46 (1.37-1.56)
Total hospital admissions ~ 1.09 (1.07-1.11)  1.16 (1.14-1.19)  1.18 (1.15-1.21)
ED-LOS (=4h) 0.90(0.88-0.92) 0.92(0.90-0.94) 0.89(0.87-0.92)
H-LOS (>5d) 0.96 (0.93-1.00) 0.98(0.95-1.02) 0.97 (0.94-1.00)

H-LOS (=30d) 1.14(1.01-1.30)  1.14(1.00-1.29)  1.11 (0.98-1.26)

Abbreviations= OR: odds ratio, AOR: adjusted odds ratio, Cl: confidence interval,
MCU: medium care unit, ICU: intensive care unit, ED-LOS: emergency department-
Length Of Stay, H-LOS: hospital-Length Of Stay.

For H-LOS, only patients who were admitted were included in the analyses.

ORs >1 means a higher risk on the outcome for males compared to females.
Model 1 is adjusted for age, top 10 presenting complaints, and hospital location.
Model 2 is adjusted for age, top 10 presenting complaints, hospital location,
performed diagnostics (radiology, blood tests), fluid administration, number of
consultations and vital signs.

The association between triage categories, presenting complaints,
and outcomes.

Men had higher risks on mortality or ICU/MCU admission in all triage
categories (Figure 1). In the ‘non-urgent’ triage-category, adjusted mortality
was 0.52% (0.51-0.53%) in men and 0.46% (0.45-0.47%) for women. Adjusted
ICU/MCU admission was 0.74% (0.72-0.76%) for men and 0.57% (0.56-0.59%)
for women. In the ‘most urgent’ triage category, adjusted mortality was
16.0% (15.4-16.6%) in men and 12.2% (11.7-12.8%) in women. Adjusted ICU/
MCU admission was 23.6% (23.0-24.2%) in men and 18.7% (18.1-19.3%) in
women.

With all presenting complaints, except wounds and headache, men had
higher adjusted mortality and ICU/MCU admission (see figure 2). Mean
adjusted mortality in men and women was 0.34% (0.33-0.35%) and 0.33%
(0.32-0.34%) for extremity complaints, 4.5% (4.4-4.6%) and 3.7% (3.6-3.8%)
for feeling unwell, 1.6% (1.5-1.7%) and 0.85% (0.81-0.89%) for abdominal pain,
5.6% (5.4-5.8%) and 4.1% (3.9-4.2%) for dyspnea, 1.0% (0.98-1.1%) and 0.70%
(0.66-0.73%) for chest pain, 0.090 (0.084-0.093%) and 0.12 (0.11-0.13%) for
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wounds, 1.4% (1.3-1.5%) and 1.1% (1.0-1.2%) for trauma, 4.7% (4.5-5.0%) and
3.3% (3.1-3.6%) for collapse, 0.45% (0.41-0.48%) and 0.18% (0.16-0.19%) for
palpitations, 0.86% (0.78-0.94%) and 1.9% (1.8-2.1%) for headache and 2.1%
(2.0-2.2%) and 1.5% (1.4-1.5%) for miscellaneous.

Mean adjusted in-hospital mortality (%)

Sex
20.07] Emale
MFemale
15.07]
10.0°|
5.0
0.07
Non-urgent  Urgent Very urgent  Most urgent
Triage categories
Mean adjusted ICU/MCU admission (%)
Sex
25.01 Emale
MFemale
20.0 =1
15.0 -
10.0 -
5.0 =1
0.0

Non-urgent  Urgent Very urgent  Most urgent

Triage categories

Figure 1 The first panel shows the mean adjusted in-hospital mortality is shown
with 95% Confidence intervals for men and women per triage category, according
to the Manchester Triage System or the Dutch Triage Standard. The multivariable
model was adjusted for age, presenting complaints, disease severity, vital signs, and
proxies for comorbidities/complexity. Panel B shows the mean adjusted Intensive
Care Unit/Medium Care Unit admission per triage category in men and women.
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Mean adjustedin-hospital mortality (%)
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Top 10 presenting complaints

Figure 2 The first panel shows the mean adjusted in-hospital mortality is shown with
95% Confidence intervals for men and women per top 10 presenting complaints,
according to the Manchester Triage System or the Dutch Triage Standard. The mul-
tivariable model was adjusted for age, presenting complaints, disease severity, vital
signs, and proxies for comorbidities/complexity. Panel B shows the mean adjusted
Intensive Care Unit/Medium Care Unit admission per top 10 presenting complaints
in men and women.
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Sensitivity subgroup analyses

The sensitivity analyses showed similar results with higher risks for men
if other potential confounders were used for adjustment for severity of
iliness, and if patients who died in the ED were excluded from the analysis
(supplementary file 6). Also, the subgroup analyses for suspected infection,
trauma and patients with chest pain showed similar results with higher risks
for men (supplementary file 2).

DISCUSSION

Although characteristics at ED arrival are roughly similar, male ED patients
have substantially higher crude and adjusted in-hospital mortality and were
more often admitted to high dependency care units compared to female
ED patients. These increased risks were also present in all triage categories
and with almost all presenting complaints (including chest pain), as well as
in subgroups of patients with suspected infection and trauma.

To study the nature of the increased risk in males, we first explored
whether this could be explained by higher age or different reasons for ED
admission. We found that the differences in mortality and admission to high
dependency care units persisted after correction for age and presenting
complaints. Our results are in line with earlier studies, showing that male sex
was found to be an independent predictor of adverse outcomes in patients
admitted to an ED with AORs ranging from 1.14 to 1.62.%% 93 % However, in
these studies it was not reported whether disease severity in males and
females were similar at ED presentation. In our study the increased risk in
male patients for adverse outcomes compared with females was still present
after adjusting for initial disease severity before ED treatment, suggesting
that factors other than age, presenting complaints and initial severity of
iliness were responsible for higher risk for adverse outcomes.

We can only speculate which other factors may contribute to the increased
risk for males compared to females. First, sex itself could be responsible for
adverse outcomes in males, meaning that the male phenotype is associated
with a more serious course of disease despite similar severity of illness at ED
presentation. Differences in immune response, cardiovascular function and
sex hormones have been suggested as the possible explanations for better
outcomes of females in many diseases, like in sepsis patients.' Alternatively,
it is possible that male patients present with more serious reasons for
admission despite similar presenting complaints and vital signs. Male
patients had higher ICU admissions than females, which may illustrate that
they were more often non-responders to ED treatment, which is a measure



of disease severity not captured in the initial variables. In addition, similar
presenting complaints could represent more severe diseases in males.
However, females are more likely to present with nonspecific complaints in
for example acute myocardial infarction or stroke.’ % Atypical presentation
of disease was associated with adverse outcome.'”? Consequently, one
would expect that nonspecific presenting complaints like feeling unwell,
palpitations, or dyspnea would most likely represent serious disease in
women with consequently higher risk for bad outcomes. In contrast we
found lower risks for women, also in these subgroups. Furthermore, we
showed that for each presenting complaint, diagnoses were comparable
between men and women. Alternatively, we cannot exclude the possibility
that differences in presenting complaints between males and females may
lead to a different risk estimation in triage systems resulting in delayed initial
management in the ED for males.

Differences in ED treatment may be another possible explanation for
outcome differences between men and women. Also, males with similar
vital signs may be sicker than females due to differences in reference values.
For example, a seemingly normal blood pressure in men may actually be
relative hypotension, due to higher incidence of hypertension in males,
causing end-organ hypoperfusion leading to adverse outcome.'® If so, risk
scores such as the triage system, which are mainly based on vital signs, may
have different associations with clinical outcomes for men and women. In
our study, in the non-urgent triage category, the absolute risk difference
between men and women was only 0.06% while in the most-urgent triage
category the difference was 3.8%, which suggests that disease severity is
not equally valued in triage systems. Possibly, the same is true for other
risk scores such as the NEWS, SIRS or PIRO score. In daily practice, risk
stratification tools are used to guide treatment and disposition decisions.
For example, in chest pain, the HEART and TIMI scores are used to identify
low-risk patients who could be safely discharged from the ED.'4 95 Studies
that evaluated the HEART and TIMI score independently in men and women
with chest pain, found a two times higher six-week risk for major adverse
cardiac events in men than in women with low risk scores.'%> 1% By using risk
stratification tools in the ED, like the HEART or TIMI score, or triage systems,
physicians may not recognize potential sex differences in disease severity,
which may cause inappropriate disposition decisions (i.e. to a ward instead
of to ICU) or wrong initial treatment. Our findings suggest that male sex is
an independent risk factor for adverse outcome, and thus, including male
sex in scoring systems may improve risk stratification.



Only in patients with headache as chief complaint, women had an increased
risk compared to men. It is known that there is an increased risk for
subarachnoid hemorrhage in women compared to men, and that women
have an increased risk of death due to stroke.'® Unfortunately, in our dataset,
we had no information on incidence of stroke in patients presenting with
headache.

Our study has implications for clinical practice. First, sex differences in
outcome cannot be explained by differences in age, presenting complaints,
or disease severity before ED treatment. Secondly, in future studies, risk
stratification tools and acute care guidelines may be improved if sex is
implemented as a predictor of adverse outcomes, or if different risk scores
are used for men and women, which is currently not done,3%-41.107

Despite several strengths like the large sample size and a multicenter design,
this study has several limitations. First, the NEED did not contain information
about comorbidities/complexity or frailty scores. To overcome this, we used
variables that are associated with comorbidities and complexity.”” Secondly,
we had to assume that patients discharged from the ED did not have adverse
outcomes as we did not follow-up on them. Nonetheless, we expect this
would be similar for both sexes as 7-day ED revisit was also similar. Lastly,
the observational nature of our study could have been subjected to errors
of documentation and data entry, although this was largely automatized
which minimalized accidental misregistration.

In summary, male ED patients had higher risks for crude and adjusted in-
hospital mortality and high dependency care unit admission compared
to female ED patients, while patient characteristics at ED arrival were
roughly similar. Furthermore, in all triage categories and with almost all
presenting complaints, men had higher risks than women. Future studies
should investigate reasons for higher risk in male ED patients, and whether
sex-adjusted risk scores aid to identify patients at risk which may improve
outcomes.



SUPPLEMENTARY FILE 1

See also supplementary file 2 of Chapter 2.

To calculate a National Early Warning Score (NEWS), all missing vital signs
were considered normal. A Glasgow Coma Scale of 14-15 was considered as

Alert from the AVPU score.

Chart for calculation of National Early Warning Score.

Points 3 2 1
Respiratory Rate (/ <8 9-11
minute)

Peripheral saturation <91 92-93  94-95
(%)

Use of supplemental Yes

oxygen

Temperature (Celsius)  <35.0 35.1-
36.0

Systolic blood <90 91-100 101-

pressure (mmHg) 110

Pulse (/minute) <40 41-50 51-90

Level of consciousness

0
12-20

>96

No

36.1-

38.0

11-
219

91-110

A

38.1-
39

110-
130

21-24 225

>39.1

>220

2131

VI I:)I
orU

A, Alert; V, Verbal; P, Reacting to pain; U, Unconscious; NEWS, National Early Warning

Score
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SUPPLEMENTARY FILE 2

Subgroup analyses
Suspected infection: Patients with suspected infection were selected if they
were hospitalized and blood cultures were obtained in the ED.

Trauma: Trauma patients were selected by triage colour orange or red
(urgent) according to the Manchester Triage System or Dutch Triage
Standard, and by the following triage presenting complaints: Severe trauma;
facial complaints; fall; extremity complaints; large scale incidents; neck pain;
thorax injury; head injury; wounds. Additionally, a radiological test had to
be performed in the ED, and patients had to be hospitalized or deceased
in the ED.

Patients with chest pain: Patients with chest pain were selected based on the
chief complaint chest pain, followed by hospitalisation or death in the ED.

Risk for male ED patients compared to female ED patients on relevant clinical
outcomes.

Crude Main analysis

OR (95%-Cl) AOR (95%-Cl)
Suspected infection (N=13,717)
In-hospital mortality 1.21 (1.05-139) 1.20 (1.03-1.40)
ICU/MCU admission 1.17 (1.00-1.36) 1.17 (0.99-1.39)
Trauma (N=7406)
In-hospital mortality 1.16 (0.86-1.57) 1.78 (1.29-2.47)
ICU/MCU admission 1.87 (1.47-2.38) 1.50 (1.15-1.95)
Chest pain (N=5220)
In-hospital mortality 1.13 (0.75-1.70) 1.25 (0.79-1.98)
ICU/MCU admission 1.26 (1.11-1.42) 1.35(1.19-1.54)

Abbreviations= OR: odds ratio, AOR: adjusted odds ratio, Cl: confidence interval,
MCU: medium care unit, CCU: ICU: intensive care unit.

Interpretation: OR >1 indicates a higher risk for women compared to men, OR<1
indicates a lower risk for women compared to men.

The main analysis is adjusted for age, top 10 presenting complaints, hospital
location, performed diagnostics (radiology, blood tests), fluid administration,
number of consultations, vital signs.

ORs >1 means a higher risk on the outcome for males compared to females.
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SUPPLEMENTARY FILE 3

Patient flow diagram from the present study.

Patients in NEED from January 2017 through January 2020
N=172,104

Age <18 years
N= 23,276

N= 148,828

Sex unknown

N=3
N= 148,825
Men Women
N=76,271 N=72,554
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SUPPLEMENTARY FILE 5

Patient characteristics of patients triaged as very urgent or most urgent.

Male patients Female patients

Demographics

N (%)

Age, years, mean (SD)

Arrived by ambulance, N (%)
Self-referral, N (%)
Trauma/shock room, N (%)
Characteristics during ED-visit

Top 10 presenting complaints, N (%)

1. Feeling unwell

2. Chest pain

3. Dyspnoea

4. Abdominal pain

5. Extremity complaints
6. Collapse

7. Trauma

8. Palpitations

9. Intoxications

10. Headache
Miscellaneous

Vital score, N (%)

No vital signs measured
>1 vital signs measured
All vital signs measured
Vital signs

SBP, mmHg, mean (SD)
DBP, mmHg, mean (SD)
Temperature, °C, median [IQR]
RR, /min, median [IQR]
SPO2, %, median [IQR]
HR, /min, mean (SD)

20,838 (53.3)
60.7 (18.1)
10,845 (59.2)
11,050 (53.7)
2984 (21.5)

4173 (20.7)
3676 (18.2)
2924 (14.5)
1574 (7.8)
1123 (5.6)
1087 (5.4)
1080 (5.3)
950 (4.7)
443 (2.2)
305 (1.5)
2843 (14.1)

25,188 (33.0)
25,036 (32.8)
26,047 (34.2)

130 (31)
85(18)
36.8 [36.4-37.3]
18.0 [15-22]
98.0[95-99]
87 (25)

18,222 (46.7)
60.8 (19.6)
9290 (58.4)
8614 (47.6)
2429 (19.6)

3696 (20.7)
2840 (15.9)
2921 (16.4)
1728 (9.7)
1095 (6.1)
699 (3.9)
713 (4.0)
811 (4.6)
632 (3.5)
397 (2.2)
2715 (15.2)
22,221 (30.6)
25,900 (35.7)
24,433 (33.7)

132 (33)
83(19)
36.9 [36.5-37.4]
15.0 [15-22]
98.0 [96-100]
89 (24)



Chapter 5

Patient characteristics of patients triaged as very urgent or most urgent.

Demographics

Male patients

Female patients

Pain scores, Numeric Rating Scale, N (%)

Not measured
0

1-3

4-6

7-10
Biomarkers

Sodium, median [IQR]

Creatinine, mmol/L, median [IQR]
Urea, mmol/L, median [IQR]

CRP, mg/L, median [IQR]
Leucocytes, x1079/L, median [IQR]
Hb, mmol/L, mean (SD)

Lactate, mmol/L, median [IQR]

14,610 (70.1)
2237 (10.7)
1546 (7.4)
1252 (6.0)
1193 (5.7)

140 (138-142)
87 [74-108]
6.3 [4.9-8.5]
8 [3-41]
9.2[7.1-12.3]
8.9(1.4)
1.6 [1.1-2.5]

12,992 (71.3)
1812 (9.9)
1209 (6.6)
1053 (5.8)
1156 (6.3)

140 (137-142)
68 [58-84]
5.4 [4.1-7.4]

8 [3-34]
9.2[7.1-12.2]
8.1 (1.1)
1.5[1.0-2.2]

Abbreviations= N: number, SD: standard deviation, IQR: inter quartile range, ED:
Emergency Department, SBP: systolic blood pressure, DBP: diastolic blood pressure,
MAP: mean arterial pressure, RR: respiratory rate, HR: heart rate, SPO2: peripheral
oxygen saturation, mmHg= millimetre mercury, °C: degrees Celsius, CRP: C-reactive

Protein, Hb: hemoglobin.
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Sex differences in clinical presentation and risk

SUPPLEMENTARY FILE 6

Sensitivity analysis 1

This sensitivity analysis assessed the association between sex and outcomes,
using multivariable logistic regression models adjusted for age, presenting
complaints, National Early Warning Score (NEWS), hospital location,
radiology performed, fluid administration, number of consultations, urea,
hemoglobin, and leukocytes.

AOR (95%-Cl)

In-hospital mortality 1.21 (1.11-1.31)
ICU/MCU admission 1.29(1.22-1.38)
Total hospital admissions 1.15 (1.12-1.19)
ED-LOS (=4h) 0.89 (0.86-0.91)
H-LOS (>5d) 0.97 (0.93-1.00)
H-LOS (=30d) 1.09 (0.96-1.25)

Abbreviations= AOR: adjusted odds ratio, Cl: confidence interval, MCU: medium
care unit, ICU: intensive care unit, ED-LOS: emergency department-Length Of Stay,
H-LOS: hospital-Length Of Stay.

ORs >1 means a higher risk on the outcome for males compared to females.

Sensitivity analysis 2

In this sensitivity analysis patients who died in the ED were excluded, to
assess whether sex differences in outcome were explained by patients in
cardiac arrestin the ED.

A multivariable logistic regression model was used to assess the association
between age and in-hospital mortality adjusted for age, top 10 chief
complaints, hospital location, performed diagnostics (radiology, blood tests),
fluid administration, number of consultations and vital signs.

AOR (95%-Cl)
In-hospital mortality 1.25(1.15-1.36)

ORs >1 means a higher risk on the outcome for males compared to females.
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ABSTRACT

Background Guidelines and textbooks assert that tachycardia is an early
and reliable sign of hypotension and an increased heart rate (HR) is believed
to be an early warning sign for the development of shock, although this
response may change by ageing, pain, and stress.

Objective To assess the unadjusted and adjusted associations between
systolic blood pressure (SBP) and HR in Emergency Department (ED) patients
of different age categories (18-50;50-80;>80 years).

Methods A multicentre cohort study using the Netherlands Emergency
Department Evaluation Database (NEED) including all ED patients >18years
from three hospitals in whom HR and SBP were registered at arrival to the
ED. Findings were validated in a Danish cohort including ED patients. In
addition, a separate cohort was used including ED patients with a suspected
infection who were hospitalized from whom an SBP and HR were available
before, during and after ED treatment. Associations between SBP and HR
were visualized and quantified with scatterplots and regression coefficients
(95%-Cl).

Results A total of 81,750 ED patients were included from the NEED and a
total of 2358 patients with a suspected infection. No associations were found
between SBP and HR in any age category (18-50years: -0.03bpm/10mmHg,
95%Cl -0.13-0.07, 51-80years: -0.43bpm/10mmHg, 95%Cl -0.38- -0.50,
>80years: -0.61bpm/10mmHg, 95%Cl -0.53- -0.71)), nor in different
subgroups of ED patient. No increase in HR existed with a decreasing SBP
during ED treatment in ED patients with a suspected infection.

Conclusion No association between SBP and HR existed in ED patients of
any age category, nor in ED patients who were hospitalized with a suspected
infection, even during and after ED treatment. ED physicians may be misled
by traditional concepts about HR disturbances because tachycardia may be
absent in hypotension.



INTRODUCTION

Several textbooks and guidelines, such as the Advanced Trauma Life
Support (ATLS) and Surviving Sepsis Campaign (SSC), assert that tachycardia
is an essential part of the physiological response to hypotension,39 108110
Consequently, tachycardia is often used as an early marker of hemodynamic
instability.?>"° Nonetheless, in trauma and sepsis patients, hypotension is
often not accompanied by tachycardia, and previous studies suggest not
relying solely on heart rate (HR) disturbances to recognize a progressive fall
in blood pressure.’116

Even if heart rate increases with decreasing blood pressure, many factors,
such as pain or anxiety, may cause a tachycardic response and thus heart
rate may not be a reliable vital sign in an undifferentiated patient population
such as in the Emergency Department (ED). More importantly, the heart
rate response in situations with lowering blood pressure may be blunted
with higher age, possibly by a decreased chronotropic beta-adrenergic
responsiveness.'”> "’ For this reason, we hypothesized that an association
between systolic blood pressure (SBP) and HR may exist in younger but
is less clear or absent in older ED patients. A better understanding of the
association between SBP and HR helps to assess the usefulness of HR as a
vital sign to detect hypotension in acutely ill patients.

This study aims to assess the association between SBP and HR in the ED
setting in different age categories.

METHODS

Study design and setting

This multicentre cohort study used three separate cohorts: the Netherlands
Emergency department Evaluation Database (NEED), a quality registry
for Dutch Emergency Departments (www.stichting-NEED.nl), the Danish
Multicenter Cohort (DMC) to externally validate our findings, and a cohort
including patients with a suspected infection (Sepsis op Spoedeisende
Hulp; (SOS) cohort). The NEED contained data from three EDs, a tertiary
care centre and two urban teaching hospitals (January 2017-September
2020). The DMC included all ED patients aged =18 years from two level Il
emergency departments with data between 2008 and 2013. Patients were
consecutively sampled in relation to previous prospective studies at two
level Il emergency centers. This cohort was chosen for external validation
to include a similar ED population as in the NEED, but in a different country
and period. The cohort has been described in detail previously."® " The



SOS cohort included patients who were hospitalized from the ED with a
suspected infection from two tertiary care centers and one urban teaching
hospital in the Netherlands with data between 2011 and 2013. This was a
retrospective analysis of prospectively collected data. The cohort has been
described in detail previously.”?® This cohort enabled the exploration of
vital signs within one patient during resuscitation, as it contained vital sign
registrations at three different time points in the ED.

Patients were stratified by age categories (18-50, 51-80, >80 years). These
age categories were chosen because the incidence of hypertension is low
till the age of 50 years in the Netherlands after which it gradually increases
(www.cbs.nl). The cut-off at 80 years has been used in previous studies.®°

Participants
In the NEED and DMC, all consecutive patients 218 years presenting to the
ED were included if both SBP and HR were registered.

The SOS cohort included consecutive ED patients aged 17 years and older,
with suspected infection and an urgent to very urgent triage category
according to the Manchester triage system, who were admitted to the
hospital and treated with intravenous antibiotics. For the current study,
patients of 17years old were excluded from the database.

Data collection

Previously, we described in detail how vital signs were measured and which
data were collected in the NEED.®2 In summary, we collected demographic
variables, disease severity, proxies for comorbidity and complexity, vital
signs, laboratory results and outcomes. One set of vital signs (HR, SBP,
peripheral oxygen saturation, respiratory rate, temperature, diastolic
blood pressure) was recorded per patient measured at the beginning of
ED presentation before ED treatment. Vital signs were not recorded if this
was not necessary for the ED presentation. This was similar for the DMC. In
the SOS, vital signs were registered before ED treatment (Time Oh at arrival
identical to the NEED cohort), during ED treatment (approximately around
time 30 minutes) and after ED treatment (before admission to the ward).
During ED stay, the lowest SBP and the highest HR value were registered.
Also, the use of beta-blocking agents and calcium antagonists was registered
only in this cohort.



Data analyses

Descriptive analyses
Data were presented as mean (standard deviation (SD)) if normally
distributed and median (interquartile range (IQR)) if skewed.

Main statistical analyses

Univariable associations between SBP and HR were investigated and
visualized using scatterplots for three age categories. Both a linear and
locally estimated scatterplot smoothing (LOESS) fit with 95% confidence
intervals (95%Cl) were fitted to the data. In the figures, the size of the
dots indicates the precision of the estimate for observed heart rate and is
based on the inverse of the standard deviation. The larger, the higher the
precision. A linear regression coefficient with 95%Cl and a R squared were
also presented.

To correct the association between SBP and HR for other vital sign values
and pain scores, an additional analysis was performed. We investigated
the association between SBP and HR using the R package mgcyv, to fit
a generalized additive regression model (GAM) adjusted for other vital signs
and pain scores which were left constant at ‘normal’ values (respiratory
rate (18/min.), peripheral oxygen saturation (97%), temperature (36 degrees
Celsius), numeric rating scale for pain (NRS) (0)), on the NEED data. Missing
NRS was considered as a score of 0. If other vital signs were missing the
patient was excluded. This analysis was intended to be descriptive, and
therefore we did not attempt formal statistical inference in terms of p-values
and confidence intervals.

In the SOS we assessed whether the use of beta-blocking agents or calcium
antagonists affected our results by linear fits for patients with beta-blocking
agents and patients without beta-blocking agents. A linear regression
coefficient with a p-value and an R squared was presented. In addition,
we assessed whether deterioration of blood pressure was accompanied
by an increasing HR. We therefore calculated the deltaSBP = SBP after ED
treatment - SBP before ED treatment, and similarly a deltaHR. We assessed
the relationships between those two variables using a scatterplot with linear
fit.

Subgroup analyses

We performed four subgroup analyses in the NEED. The first subgroup
analysis included all patients with an SBP<120mmHg, to put more focus on
the hypotensive patients in this study. In this subgroup, we compared the



in-hospital mortality rates in patients with a low HR response (below the
median) to hypotension and with a high HR response (above the median). In
this way we could study whether the absence of a tachycardic response had
a poor outcome compared to patients with a tachycardic response.

To assess whether the aetiology of a low SBP and severity of illness affected
the univariable association with HR, the relationship between SBP and HR
were also investigated for the subgroups suspected infection and trauma
patients (potentially having haemorrhage) in the NEED, and for patients
admitted to the Intensive Care Unit (ICU). In the subgroups suspected
infection and trauma, the most likely cause for hypotension is septic shock
and hemorrhagic shock, respectively, while other reasons are less likely. In
this way, we could assess the association between SBP and HR in two types
of shock patients. Patients with a suspected infection were selected in the
NEED if blood cultures were obtained and if they were hospitalized. Trauma
patients were selected if they were triaged as very urgent or immediate
(according to the Manchester Triage System or Dutch Triage Standard) and by
the following triage presenting complaints: Severe trauma; facial complaints;
fall; extremity complaints; large scale incidents; neck pain; thorax injury;
head injury; wounds. Additionally, a radiological test had to be performed.
Patients admitted to the ICU were registered in the NEED and were studied
as last subgroup.

All statistical analyses were performed in Rstudio (packages rms, dplyr, and
mgcv).

RESULTS

Patient characteristics

The NEED contained 148,828 patients >18 years. In total, 81,750 (54.9%)
patients could be included in whom both SBP and HR were registered. See a
flow diagram in figure 1. The mean age of patients in the NEED was 61 years
(SD 19). Mean SBP was higher in older patients >80 years with 141mmHg (SD
34) compared to the youngest age category with mean SBP of 124mmHg
(SD 26). Patient characteristics are described in table 1.
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NEED patients 218y

e Excluded: No SBP or
HR registered
Included patients N=67,078
N=81,750
subgroups Hypotensive Suspected Trauma Intensive
<120mmHg infection Care Unit
N=5315 Admission
N=29,238 N=13,806
N=1414
Figure 1 Flow diagram throughout the NEED cohort.
18-50years 51-80years above 80years

- N
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Heart rate (bpm)
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50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
Systolic Blood Pressure (mmHg)

Figure 2 The univariable relationship between systolic blood pressure (SBP) and
heart rate (HR) stratified by age categories in the NEED cohort (N=81,750). The size
of the dots indicates the precision of the estimate for observed heart rate and is
based on the inverse of the standard deviation. The larger, the higher the preci-
sion. Both a linear and locally estimated scatterplot smoothing (LOESS) fit with 95%
confidence intervals were fitted to the data. No association was found in any age
category between SBP and HR.

Main results

Figure 2 demonstrates the association between SBP and HR in three age
categories at arrival in the ED. No association between HR and SBP was
found in any age group. No association between SBP and HR was found
in any subgroup of hypotensive patients, trauma patients, patients with
a suspected infection, and ED patients admitted to the ICU (see figure 3).
Adjustment for other vital signs and pain scores did not affect the association
between SBP and HR (Figure 4).
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Fig.3  A) Hypotensive patients
18-50years 51-80years above 80years
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B) Suspected infection patients
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D) ICU admitted patients
18-50years 51-80years above 80years.
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Figure 3. Subgroup analyses in the NEED registry. Scatterplots are presented for
the association between systolic blood pressure and heart rate in different age
categories. Panel A shows the association between systolic blood pressure (SBP)
and heartrate in a subgroup of patients with an SBP <120mmHg (N=29,238). Panel B
shows a subgroup of patients with a suspected infection (N=13,806). Panel C shows
a subgroup of trauma patients (N=5315). Panel D shows a subgroup of ED patients
who were admitted to the Intensive Care Unit (N=1414). No association was found
in any age category between SBP and HR.
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The association between systolic blood pressure and heart rate
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Figure 4 The associations between systolic blood pressure, heart rate, and age are
shown using a generalized additive logistic regression model, adjusted for tempera-
ture, peripheral oxygen saturation, pain score and respiratory rate.

The SOS cohort included 2358 patients with a suspected infection. Patient
characteristics are described in supplementary file 1. No clear increase in
HR could be found with decreasing SBP for any age category neither before,
during or after ED treatment (Figure 5). The use of beta-blocking agents or
calcium antagonists did not affect the relationship. If the vital signs after ED
treatment of an individual patient were compared with the vital signs before
ED treatment, no increase in deltaHR existed with a decreasing SBP during
resuscitation in the ED (e.g., a negative deltaSBP; see supplementary file 2).
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Figure 5 The univariable relationship between SBP and HR stratified by age cate-
gories and time of registration in a cohort of patients with a suspected infection
(N=2358). Alinear line was fitted to the data. The relationship was assessed before
ED treatment (TO), during ED treatment (T30min.) and after ED treatment just before
ward admission. Patients with beta-blocking agents or calcium antagonists were
marked. No association was found in any age category between SBP and HR.

External validation in a Danish cohort of ED patients showed similar
results (supplementary file 3). No clear increase in HR could be found with
decreasing SBP for any age category.

Regression coefficients and R squared for the different cohorts and
subgroups are presented in supplementary file 4. Although some regression
coefficients were statistically significant, they were close to zero and
therefore not clinically relevant.

In the subgroup with hypotensive patients (SBP <120mmHg) we compared

mortality rates of patients with a low HR and patients with a high HR
response. Mortality was higher in the patients with a high HR (see
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supplementary file 5). However, the hypotensive patients >80years still had
a 7.3% mortality risk in the absence of a tachycardic response.

DISCUSSION

In this multicentre cohort study, no association between SBP and HR was
found in ED patients of any age category or subgroup including suspected
infection, trauma and ICU admitted patients. In the ED, tachycardia alone
may therefore not be helpful in detecting hypotension.

Although several textbooks and guidelines assert that tachycardia is an early
and reliable sign of hypotension to maintain sufficient cardiac output and
circulating volume,39108110.121 |ow blood pressure was not accompanied by
an increase in HR in the present study. Textbooks are based on theoretic
physiological principles explaining that compensated hypotension is
characterized by intense sympathetic stimulation of the circulation elicited
by baroreceptor reflexes.'08 109121122 However, several animal studies have
shown an absence of tachycardia in haemorrhage, which is in line with the
findings of the present study.'?2'?* The absence of tachycardia as a response
to hypotension during haemorrhage has been explained to be a vagal
ref|exl114,125-127

In sepsis it is currently believed that inflammation leads to vasodilation
which alters cardiac output due to preload reduction.3* 128129 As 3 result,
sympathetic activation is triggered and should lead to a compensated
tachycardia and vasoconstriction. Nevertheless, decreasing blood pressure
was not accompanied by an increased HR in younger and older patients
on average cohort level. This finding follows several studies which have
demonstrated that an altered heart rate variability in sepsis is common and
correlates with the severity of the systemic infection with a higher mortality
rate.115,116

At the start of this study we hypothesized that an association between SBP
and HR could be absent in older patients due to the decreasing chronotropic
response with increasing age.'> "7 However, the association was also lacking
in younger patients. Our results were confirmed in a Danish multicentre
cohort, implying that they can be generalized to other ED settings and
times. Also, we have shown that adjusting for other vital signs and pain
did not affect the association between SBP and HR in ED patients. We can
only speculate why an increased HR did not accompany hypotension in the
ED. A potential explanation is the large variety in ED presentations. While
patients with deranged hemodynamics, such as septic patients, would be



expected to have a combination of tachycardia and low blood pressure,
other ED patients presenting with pain or anxiety disorders could have
tachycardia with high blood pressure. Other factors such as changes in
blood volume, pain, anxiety, parasympathetic and sympathetic stimuli and
circulating hormones are likely explanations that may play an essential role
in ED patients. Because of this heterogeneity, no association between SBP
and HR may have been found.

The NEED only contained vital sign registrations at arrival to the ED, but
repeated analyses in a cohort with multiple registrations during and after ED
treatment showed similar results. Remarkably, a decrease in SBP during and
after resuscitation was not accompanied by an increase in HR in individual
patients with a suspected infection.

The importance of our observations lies in the fact that hypotension
cannot be recognized solely by the presence of tachycardia, and so HR
may be an unreliable vital sign to screen for physiological derangement
and hypotension in ED patients of all age categories, while guidelines
such as the ATLS continue to use HR as one of the vitals to classify the
degree of haemorrhagic shock.3% 198110 |n this study we demonstrated that
mortality rates are lower in hypotensive patients without a tachycardic
response than in patients with a tachycardia. Hypothetically, the patients
with an SBP below 120mmhg and absent tachycardic response might not
have essential hypotension, e.g., a perfusion problem. Nonetheless, the in-
hospital mortality rate was still substantially high in older patients, possibly
caused by a decreased chronotropic beta-adrenergic responsiveness or by
beta-blocking medication. Therefore ED physicians should not be misled by
traditional concepts about HR disturbances.39 108110

Despite several strengths like the large sample size and the fact that we
performed analyses in multiple independent cohorts, several limitations
merit emphasis. First, only one set of vital signs at ED arrival was available
in the NEED database, which may have affected our results. Possibly the
first set of vital signs is affected by measurement artifacts, or many more
confounders, such as mental stress and pain affecting HR, which could blur
the association with SBP. However, we assessed the relationship between
SBP and HR in a cohort including patients with a suspected infection at three
different times during ED stay (supplementary file 2), which showed similar
results. Secondly, we could not adjust the analyses for potential confounders
such as anxiety or vasopressor/inotropic agents. Nonetheless, we have
shown no clear relationship between SBP and HR even after adjusting for
vital signs and pain. Finally, we assessed the relationship between SBP



and HR at cohort level. A decreasing SBP may still be accompanied by an
increasing HR in individual patients, even though no increased HR was found
with a decreasing SBP in patients with suspected infection in the SOS cohort.

In summary, the present study indicates that an association between SBP
and HR cannot be detected in ED patients of any age category or subgroup.
Acute care guidelines should acknowledge that HR may not be a reliable
vital sign to detect physiological derangement in the ED.
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SUPPLEMENTARY FILE 2

The association between delta SBP and delta HR
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The association between delta systolic blood pressure and delta heart rate in
patients with suspected infection. Delta SBP was calculated as the SBP after ED
treatment - SBP before ED treatment. Delta heart rate was calculated as the HR
after ED treatment - HR before ED treatment.

If the SBP is lower after ED treatment (a negative delta SBP), the heart rate does not
respond with a positive delta HR in individual patients as can be seen in the figure.



The association between systolic blood pressure and heart rate

SUPPLEMENTARY FILE 3
External validation in Denmark: To validate our findings in a different country
and period, a Danish multicentre Cohort (DMC) was used, including patients

from two level Il emergency departments with data between 2008 and 2013.

Patient characteristics

DMC 18-50 51-80 >80 All
(N=4724) (N=7456) (N=2462) (N=14642)
Age
Mean (SD) 35.5(9.78) 66.8(8.32) 86.1(4.09) 60.0(20.0)
Gender
2096 3820 1131 7047
female

(44.4%) (51.2%) (45.9%) (48.1%)
Systolic blood pressure (mmHg)

Mean (SD) 132 (18.9) 140(25.4) 140(27.3) 137 (24.1)
Pulse (/min)

Mean (SD) 84.4(19.1) 84.9(20.3) 81.6(19.6) 84.2(19.8)
inhospital mortality

Yes 11(0.2%) 185(2.5%) 159 (6.5%) 355 (2.4%)
Admission to Intensive Care

Unit

Yes 100 (2.1%) 233(3.1%) 72(2.9%) 405 (2.8%)

Abbreviations= N: number, SD: standard deviation, DMC: Danish Multicenter Cohort,
mmHg: Millimeter Mercury.

The figure below shows the association between SBP and HR for the external val-
idation cohort.

18-50 years 51-80 years Above 80 years

Age cat.

© 18-50 years

=~ 51-80 years

== Above 80 years

Heart rate (bpm)

60-
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
Systolic Blood Pressure (mmHg)

153



SUPPLEMENTARY FILE 4

Correlation coefficients: For each cohort or subgroup, the correlation
coefficient is presented as a change in heart rate (bpm) per 10mmHg
increase in Systolic blood pressure is presented for the linear fit on the data
for all patients with an SBP between 50 and 250mmHg. Also, the R squared

is presented for the linear fit.

Change in HR (bpm) R squared
per 10mmHg increase in SBP
(95%-Cl)
NEED cohort (all patients, N=81,750)
18-50y -0.031 (-0.13- 0.07) 0,000
51-80y -0.43 (-0.38--0.50) 0.004
>80y -0.61 (-0.53--0.71)* 0.010
NEED cohort (subgroup trauma patients, N=5315)
18-50y 0.34(-0.05- 0.72) 0.003
51-80y -0.10 (-0.31- 0.10) 0.000
>80y -0.38 (-0.65--0.12)* 0.007
NEED cohort (subgroup suspected infection, N= 13806)
18-50y 0.54 (0.26-0.82)* 0.005
51-80y 0.43(0.29-0.58)* 0.004
>80y 0.15 (-0.11-0.40) 0.001
NEED cohort (ICU admitted patients, N= 1414)
18-50y -0.59 (-1.4-0.23) 0.007
51-80y 0.30(-0.13-0.74) 0.001
>80y -0.73 (-1.7-0.28) 0.015
DMC cohort (All patients, N=14642)
18-50y 0.64 (0.35-0.92)* 0.004
51-80y -0.55(-0.73--0.37)* 0.005
>80y -0.53 (-0.80--0.26)* 0.005

Abbreviations= N: number, 95%-Cl: 95% Confidence Intervals, ICU: Intensive Care
Unit, NEED: Netherlands Emergency department Evaluation Database, DMC: Danish
Multicenter Cohort, bpm: beats per minute, SBP: systolic blood pressure, HR: heart

rate.
*Statistically significant correlation coefficient (p<0.05)
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ABSTRACT

Objective To investigate how age affects the predictive performance of the
National Early Warning Score (NEWS) at arrival to the Emergency Department
(ED) regarding in-hospital mortality and intensive care admission.

Methods International multicenter retrospective cohorts from two Danish
and three Dutch ED. Development cohort: 14,809 Danish patients > 18 years
with at least systolic blood pressure or pulse measured from the Danish
Multicenter Cohort (DMC). External validation cohort: 50,448 Dutch patients
> 18 years with all vital signs measured from the Netherlands Emergency
Department Evaluation Database (NEED). Multivariable logistic regression
was used for model building. Performance was evaluated overall and within
age-categories: 18-64, 65-80 and >80 years.

Results In the DMC, a total of 2.5% died in-hospital and 2.8% were admitted
to the ICU, compared to 2.8% and 1.6%, respectively, in the NEED. Age did
not add information for prediction of intensive care admission but was
the strongest predictor for in-hospital mortality. For NEWS alone, severe
underestimation of risk was observed for patients >80 years, while overall
Area Under Receiver Operating Characteristic (AUROC) was 0.82 (Cl: 0.80-
0.84) in the DMC and 0.75 (Cl: 0.75-0.77) in the NEED. When combining NEWS
with age, underestimation of risks was eliminated for patients >80 years and
overall AUROC increased significantly to 0.86 (Cl: 0.85-0.88) in the DMC and
0.82 (Cl: 0.81-0.83) in the NEED.

Conclusions Combining NEWS with age improved the prediction
performance regarding in-hospital mortality, mostly for persons aged above
80 and can potentially improve decision policies at arrival to EDs.



INTRODUCTION

Background

Early Warning Scores (EWS) aggregate vital signs to assess illness acuity
and identify persons at risk of deterioration in the Emergency Department
(ED).*®* Among EWS, the National Early Warning Score (NEWS) in particular
has seen widespread implementation.’” NEWS was developed after
thorough review of 33 other EWS and combines six vital signs to a sum-
score, developed for best possible discrimination for 24-hour mortality with
an Area Under the curve of the Receiver Operating Characteristic (AUROC)
of 0.89.*2 However, the ability to predict the prognosis of older ED patients
using NEWS may be inadequate.?” %2 One explanation may be that the risk
of mortality associated with increasing vital sign abnormalities is larger in
older persons,™? or that vital signs discriminate worse for older compared
to younger persons for a combined outcome of in-hospital mortality or ICU
admission.’* In development of NEWS, age was not included as a predictor
because the impact of age on predictive performance was not considered
convincing by developers.'*?

Importance

Older people in the ED could be at risk of delayed or incorrect treatment
or wrong disposition, which may result in adverse outcomes. Previous
studies in the ED settings either dichotomized or categorized age when
investigating how to combine age with the similar Modified EWS.'33 13>
However, chronological age may not always reflect physiological age and risk
may increase in a non-linear fashion. Thus, the gain or harm from combining
NEWS with age remains uncertain.

Goals of This Investigation

The first objective of this study was to combine NEWS with age in a
development cohort and determine predictive performance within age
categories. The second objective was to externally validate the predictive
performance.

METHODS

Study Design and Setting

This was an international multicenter cohort study based on existing cohorts
from Emergency Departments. Analysis of predictive performance was
performed for pre-planned subgroups, stratified by age into three categories
(18-64, 65-80, and above 80 years).



Data collection conformed to the principles outlined in the Declaration of
Helsinki. In Denmark, the study was approved by the Danish Data Protection
Agency (file no. 2008-58-0035) and Danish Authorities for Health and
Medicines (file no. 3-3013-1281/ 1). Under Danish law, retrospective register
studies are exempt from the need for approval by an ethics committee. In
the Netherlands, the study was approved by the medical ethics committee
of the Maxima MC (file no. N21.007).

This study is presented in adherence to the Transparent Reporting of a
multivariable prediction model for Individual Prognosis or Diagnosis
(TRIPOD) reporting standards.'®®

Selection of Participants: Development Cohort

We used data from the Danish multicenter cohort (DMC) and combined
NEWS with age. The DMC includes patients > 18 years with a Danish civil
registration number. Patients were excluded if neither systolic blood
pressure nor pulse were recorded as these were on average missing all 7
vital signs used in NEWS. Patients were consecutively sampled in relation to
previous prospective studies at two level Il emergency centers: University
Hospital of Southwest Jutland: (2 October 2008 - 12 February 2009; 23
February 2010 - 26 May 2010; 1 June 2012 - 1 November 2011; 24 April 2013
-9 December 2013), and Lillebaelt Hospital (1 January 2010 - 30 June 2010)."®

137-139

Selection of Participants: External validation cohort

For external validation, we used data from the Netherlands Emergency
Department Evaluation Database (NEED, for more information see
www.stichting-need.nl), the national quality registration database in the
Netherlands. The NEED includes all patients > 18 years, unless they objected
to participation. Patients were only included if a complete set of vital sign
measurements were present. For this study, data was available from a level
Il emergency center (1 January 2017 - 8 June 2019), and two emergency
centers at level Il (1 January 2019 - 12 January 2020; 1 January 2017 - 31
December 2019).

Measurements

In the DMC, systolic blood pressure, pulse, respiratory rate, temperature,
oxygen saturation, use of supplementary oxygen, consciousness and
basic demographic information were recorded by a nurse in structured
form according to standard clinical practice for triage upon arrival. In the
NEED, vital signs were recorded in a similar manner, and both vital sign
measurement and basic demographic data were extracted from the Minimal



Data Set as described previously.®” Each vital sign was then assigned a value
of 0, 1, 2 or 3 to create NEWS (Box 1).1*2

Box 1 Chart for calculation of National Early Warning Score. Each vital sign is
assigned a point sum based on the level of abnormality, the sum is the National
Early Warning Score

Points 3 2 1 0 1 2 3

Respiratory Rate (/ <8 9-11 12-20 21-24 225

minute)

Peripheral <91 92-93  94-95 >96

saturation (%)

Use of Yes No

supplemental

oxygen

Temperature <35.0 35.1- 36.1-  38.1- 2391

(Celsius) 36.0 38.0 39

Systolic blood <90 91-100 101-110 111- >220

pressure (mMmHg) 219

Pulse (/minute) <40 41-50  41-50 51-90 91-110 111- =131
130

Level of A V, P, or

consciousness u

A, Alert; V, Verbal; P, Reacting to pain; U, Unconscious

Outcomes

The primary outcome was in-hospital mortality. The secondary outcome was
Intensive Care Unit (ICU) admission. These outcomes were chosen for best
possible comparison to the existing literature.’® In the DMC, information
regarding mortality and ICU admission was collected retrospectively from
the Danish Civil Registration System and the Danish National Patient
Register, respectively.”®® 4 In the NEED, outcome information was collected
retrospectively from the Minimal Data Set.

Analysis

We combined NEWS with age in multivariable logistic regression to form
NEWS+Age. Age was treated as a continuous predictor when fitted to the
DMC development cohort. Prior to this, we assessed non-linearity of age
in univariable logistic regression and explored non-linear terms for best
fit. These included Restricted Cubic Splines (RCS) with 3 to 5 knots, age
linear after age 40, age? after age 45, age+age?, age? and logarithmic.
Transformation terms were compared using the model Likelihood Ratio



x> (See supplementary file 3). Ultimately, we transformed age based
on RCS transformation with 4 knots. RCS knots were placed based on
quantiles of the age distribution (knots at 24, 54, 71 and 88), as previously
recommended.' The final number of knots was determined by maximizing
the Akaike Information Criterion, penalizing more complex models (See
supplementary file 3).142

We did not include non-linear terms for NEWS or interaction-terms between
age and NEWS as these terms were insignificant when comparing the relative
importance of terms in an ANOVA table of adjusted Wald x? statistics. We
applied the model coefficients and intercepts derived in DMC for assessment
of predictive performance in the NEED.

For missing data in the DMC, we substituted missing vital sign measurements
by multiple imputation to retain as much information as possible for model
building. We used the chained equations procure,'*® after determining if
imputation was feasible based on patterns of missingness.’#? 44 All vital
signs in NEWS, age, sex, specific ED and both outcomes were included in
the imputation procedure. We obtained 20 estimates of the missing vital
sign for each patient. We averaged regression coefficients and intercepts
to incorporate variance introduced by the imputation procedure. Predictive
performance in the DMC was also based on the average estimate of risk.

A sensitivity analysis for impact of imputations on model fit was performed
by comparing model estimates in the DMC data for both patients with
missing variables imputed (i.e. completed) and patients with all variables
available (i.e. complete).

For validation, we applied the model coefficients and intercepts derived
in the DMC development cohort when assessing predictive performance
in the NEED external validation cohort. Similarly, we assessed model
performance in three age categories 18-64, 65-80 and above 80 in both
the DMC and the NEED. Age-categories were pre-specified for comparison
to previous studies.*? We assessed discrimination, calibration, and net
benefit. Discrimination was assessed by extracting AUROC. Calibration
was assessed by extracting calibration slope and intercept from plots of
observed outcomes by predicted risk and by visual inspection of flexible
calibration curves.'s

Net benefit was assessed using decision curve analysis, plotting the
proportion of true cases identified while identifying no controls across a
range of plausible high-risk thresholds. The difference between the curves



represent the percentage increase compared to the other model.'*¢ The
chosen risk-range correspond to the range between the median observed
risk in the DMC with 3 NEWS points, to the median observed risk for persons
with 7 NEWS points. In current clinical practice, 5 or 6 NEWS points trigger
urgent clinical review.

The sample size was estimated to minimize model overfitting and to
target sufficiently precise model predictions. The estimate was based on
recommendations specific to prediction modelling using the pmsampsize
package in R. Based on previous observations in a similar population,’2
we set the expected outcome proportion conservatively to 0.024 for in-
hospital mortality, set an anticipated R?__ ., ., (i.e. variability explained by
the model) of 0.18, with 25 predictor parameters in the model, assuming a
5% margin of error in estimation of model-intercept. This necessitated at
least 2,237 subjects.

All analyses were performed in R statistical software.
RESULTS

Characteristics of Study Subjects

Table 1 provides a summary of patient characteristics for the DMC cohort.
The median age of the 14,809 patients was 63 (IQR: 45-76) and 48.1% were
women. A total of 365 patients (2.5%) died during the hospital stay and
417 (2.8%) were admitted to the ICU. In comparison, the median age of
50,448 patients in the NEED was 66 (IQR: 51-77), 1,413 (2.8%) patients died
in-hospital and 824 (1.6%) were admitted to the ICU (See supplementary file
1). We excluded 2,039 patients from the DMC of whom 58 (2.8%) died in-
hospital and 60 (2.9%) were admitted to the ICU (See supplementary file 2).
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Main Results

In the DMC, age showed a non-linear association with the risk of in-hospital
mortality or ICU admission in univariable analysis (See supplementary file 3
and 4). In multivariable analysis, age was the strongest predictor compared
to NEWS sum-score for in-hospital mortality but was not an independent
predictor for ICU admission (p: 0.58) (See supplementary file 5).

NEWS+Age showed good apparent validity in the DMC for prediction of
in-hospital mortality with a significantly improved overall AUROC of 0.87
(95% Cl: 0.85-0.88) compared to 0.82 (95% Cl: 0.80-0.84) for NEWS (DelLong:
Z=-5.76, p <0.001) (Table 2 and Figure 1). Apparent overall calibration was
nearly perfect as both NEWS and NEWS+Age were fitted to the DMC data.
Within age categories, risk was systematically overestimated for the age
category 18 to 64 with calibration slope increasing from 1.16 to 1.26, a
worsening from the ideal value of 1 (Table 2). Flexible calibration curves
suggested improved calibration for all age categories at risk-levels below
20% but also indicated a very low outcome incidence at risk levels above 20%
(See supplementary file 6). In external validation of NEWS+Age, we found
an AUROC of 0.82 (95% Cl: 0.81-0.83) with overall satisfactory calibration.
However, calibration slope increased from 1.10 to 1.17 for the age category
18-64 in the NEED, suggesting overestimation of risks (Table 2).

NEWS NEWS+Age

1.00 1.00

Optimal = NEWS 3:
PPV: 6.86% (6.48-7.21)
NPV: 99.3% (99.2-99.4)

Optimal = NEWS 4:
PPV: 9.56% (9.01-10.2)
NPV: 99.2% (99.1-99.4)

075 0.75

z
NEWS 5: 2
PPV: 10.3% (9.39-11.2) a™
NPV: 98.8% (98.6-98.9) 3

NEWS 5:
PPV:12.2% (11.3-13.2)
NPV: 99.0% (98.8-99.1)

sensitivity
°
2
g

1.00 0.75 0.50 0.25 0.00 1.00 075 050 025 0.00
specificity specificity

|Age categories — 18-64 65-80 — Above 80 — Overall

Figure 1 Receiver operating characteristics for NEWS and NEWS+Age by age groups
and overall in the Danish Multicenter Cohort for prediction of in-hospital mortality.
Values in parentheses indicate the 95% confidence intervals.

Abbreviations: NEWS, National Early Warning Score; PPV, Positive Predictive Value;
NPV, Negative Predictive Value.



Table 2 Predictive performance for in-hospital mortality in the Danish Multicenter
Cohort (Development) and the Netherlands Emergency Department evaluation
cohort (External validation)

Calibration Discrimination

Intercept Slope AUROC 95% CI
NEWS for in-hospital mortality in the DMC
18-64 -1.26 1.16 0.82 0.75 - 0.89
65-80 0.24 0.87 0.78 0.74 - 0.81
Above 80 0.75 0.90 0.78 0.74 - 0.81
Overall 0.00 1.04 0.82 0.80 - 0.84
NEWS+Age for in-hospital mortality in the DMC
18-64 0.02 1.26 0.87 0.81 - 0.92
65-80 0.05 0.99 0.79 0.75 - 0.82
Above 80 -0.05 1.03 0.78 0.75 - 0.82
Overall 0.00 1.03 0.87* 0.85 - 0.88
NEWS in the NEED
18-64 -0.90 1.10 0.80 0.76 - 0.80
65-80 0.13 0.86 0.75 0.73 - 0.76
Above 80 0.69 0.74 0.72 0.70 - 0.74
Overall -0.03 0.93 0.77 0.75 - 0.77
NEWS+Age for in-hospital mortality in the NEED
18-64 0.36 117 0.83* 0.81 - 0.86
65-80 -0.04 0.94 0.75 0.73 - 0.77
Above 80 -0.10 0.85 0.73 0.71 - 0.75
Overall 0.00 0.90 0.82* 0.81 - 0.83

Cl, Confidence Interval; AUROC, Area Under Curve for Receiver Operating
Characteristic; NEWS, National Early Warning Score, DMC: Danish Multicenter
Cohort; NEED, Netherlands Emergency Department Evaluation Database

* A significant difference was detected using DelLong's test compared to NEWS in
the same cohort and age category.

NEWS is readily combined with age at the bedside by use of the conversion-
chart (Figure 2). For example, a 76-year-old with a NEWS of 4 has a risk of in-
hospital mortality below 6%, whereas an 84-year-old has a risk of 6-8% with
the same NEWS. If 6% was considered a high-risk threshold for triggering,
for example, urgent clinical review, the latter would trigger such a review,
and all persons aged above 90 with a NEWS higher than 3 would trigger the
same. Internal and external calibration of the conversion chart is presented
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in Figure 3, confirming good calibration when used on the age category
above 80 in both the DMC and the NEED.

Decision curves indicate that a decision-policy guided by NEWS+age is likely
to increase the proportion of true cases to controls across the range of high-
risk thresholds (See supplementary file 7).

Conversion chart for age-adjusted risk with NEWS

Risk in %

W <2%

| 2-4%

4-6%

[ 6-8%
Il Above 8%

NEWS

O AN WHE OO N ®
PR U Y S S S

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 95 100
Age

Figure 2 Conversion-chart for calculation of risk of in-hospital mortality with NEWS
and age for for risk-categories <2%, 2-4%, 4-6%, 6-8% and >8%. Using this conversion
chart, a 76-year-old carries a risk below 6% and an 84-year-old carries a risk of 6-8%
with the same NEWS of 4.

Multiple imputation procedures reduced uncertainties in the estimates

when fitted on multiply imputed data compared to complete data with only
minor changes to model-coefficients (See supplementary file 5).
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NEWS NEWS NEWS
<65 65-80 >80
24
—~ 164 o o
9 N °
Z ¢
- e e ¢ e | Validation
E &
5 of @9 & o - « DMC
£ » NEED
§ NEWS+Age NEWS+Age NEWS+Age
;
_E <65 65-80 >80 1/SD
o
g 2 ® 0.1
3
2 @® 02
21 *
® ® °
g ° b - °
84 “e
0 .-
P N B e 0 A N & 8
A A ©
Predicted risk of in-hospital mor tality

Figure 3 Internal and external calibration of the conversion-chart. The predicted risk
of in-hospital mortality has been categorized to categories <2%, 2-4%, 4-6% and 6-8
in the conversion chart. Dots placed within dotted lines represent ideal calibration.
The size of the dots indicate the precision of the estimate for observed in-hospital
mortality in each risk-group, the larger, the higher the precision and is based on the
inverse of the standard deviation.

Abbreviations: NEWS, National Early Warning Score; DMC, Danish Multicenter
Cohort; NEED, Netherlands Emergency Department Evaluation Database

LIMITATIONS

An important limitation of our study is the risk of selection bias. We excluded
patients from analyses in the DMC if both systolic blood pressure and pulse
measurements were missing and these persons had slightly less favorable
outcomes. We believe this bias will affect predictions mostly for persons
at very high risk or very low risk with minor effects to our interpretation.
Also, we performed external validation on patients with complete data in
the NEED. As in the DMC, those with missing values likely differ, but by
using complete data we perform an external validation that indicate the
performance clinicians will experience unless they change habits.

We used multiple imputation procedures to replace missing values in
the DMC dataset as per recent recommendations on reporting of EWS.'30
However, it is not possible to test our assumptions about patterns of



missingness, though only minor effects on our estimates would be
expected because predictors included in both NEWS and NEWS+Age are
well-associated to the outcome and the selection is comprehensive.'*® If we
used complete data in our analysis, the amount of information for model
fitting would have been considerably smaller and likely bias model estimates
more.'#

New models will often be favored when compared to unadjusted models
in new settings.”>® NEWS is an integer score and as such provide the risk-
estimate directly, making it impossible to adjust coefficients or intercept.
However, in NEWS coefficients are equal for all vital signs after points have
been awarded, and NEWS may as such be expected to fit linearly in new
populations. We adjusted the estimated risks based on the best possible
fit to the DMC data.

Treatment preference is likely an important factor we cannot account for in
this study. The presence of advance directives may affect both in-hospital
mortality and ICU admissions. It is fair to expect differences in prevalence
of such directives when comparing Danish and Dutch populations and to
expect advance directives to be most prevalent among the old, contributing
to underestimation of risks for the oldest. However, we show similar findings
of increased predictive performance of NEWS+Age for in-hospital mortality
in both health care settings, suggesting limited impact of such directives
for this outcome.

Finally, we observe considerable miscalibration for those persons with
predicted risks above 20%. This groups consist of 215 persons in the DMC,
corresponding to 1.4% of all, but we do not consider it plausible that a risk
of in-hospital mortality above 20% would be noted without having triggered
an action beforehand.

DISCUSSION

In this large international multicenter retrospective cohort study, we show
that NEWS+Age improved prediction of in-hospital mortality but that the
same model did not improve prediction of ICU admissions. Prediction of
in-hospital mortality within age-categories revealed crucial differences: A
systematic and severe underestimation of risks for persons aged above
80 was eliminated, while overestimation of risks for persons aged 18-64
remained. Predictions were shifted to slight overestimation for the age
category 65-80. We validated our findings using external data in a different
European country and different time-period, increasing generalizability



considerably. We adhere to the TRIPOD guideline and use a very large
sample sizes in relation to the number of prognostic variables to improve
the validity of our estimates.

Our finding of increased discrimination for in-hospital mortality with
NEWS+Age, is in line with studies from the ED setting using the similar
Modified EWS,31% the prehospital setting,*? and the general ward setting.’"
In comparison to sepsis patients in another study, we found much better
discrimination with NEWS alone.’? It is unsurprising as this subpopulation
characterized by high suspicion of sequential organ-failure had higher
NEWS on average and much higher in-hospital mortality compared to our
all-comer population for which NEWS was developed. Additionally, a smaller
sample increases the likelihood of extreme observations.

The treatment paradox has likely affected our findings. This bias rests
on the assumption that those at high risk receive aggressive treatment,
leading to apparent overestimation of risks because the outcome is often
averted, a feature indicated previously.”>® Conversely, for the oldest age
category, we found underestimation of risks which may be due to other
unmeasured factors such as frailty, resuscitation preference or other
limitations to treatment. We cannot exclude that ageism is present, as has
also been suggested in the pre-hospital setting, where older patients are
less likely to be transported to a higher level trauma-center.”>* Frailty has
been suggested as an alternative to age in addition to vital signs at arrival
to the ED,”*> and may add to measures of illness acuity for prediction of
in-hospital mortality,’*® and post-admission mortality.”” '8 Importantly, it
should not be forgotten that frailty may itself become an aspect of ageism
due to its perceived chronic nature,”” and should demonstrate clear
performance gains compared to our findings before implementation. For
now, we demonstrate that underestimation of risks for older persons at
arrival can be eliminated with NEWS+Age, and our findings may help ensure
adequate levels of alertness until a clinical review can be performed.

Unexpectedly, we did not find NEWS+age to add meaningfully to prediction
of ICU admissions compared to NEWS and therefore did not investigate
predictive performance for ICU admission. An explanation may be that
ICU admission is both treatment and outcome, in contrast to in-hospital
mortality, and is less likely to happen for the oldest age categories in
our cohorts (Table 1 and supplementary file 1). This is consistent with
the treatment paradox and supports our finding that we cannot use one
prediction model to predict both ICU admission and in-hospital mortality.
Simulation studies suggests inclusion of treatment in prediction modelling



could improve estimates of performance.'®® However, due to the differences
in ICU admission proportions between age categories, this would worsen
the observed treatment paradox. Also, ICU admission is not an available
predictor at arrival where the prediction is made. Research from the intensive
care setting now points to prognostic factors superior to chronological age
that better capture physiological age, such as frailty, for prediction of ICU
length of stay and mortality.'® Mobility is another promising factor, readily
available on arrival, to improve NEWS,'62163 but this was not recorded. Finally,
treatment preferences may also be a prognostic factor to account for, but
such preferences are often not present at arrival.

Discrimination as assessed by AUROC is often insensitive to addition of
predictors,’®* and calibration is now considered crucial in evaluation of
risk scores.’ Our findings support this notion and it may explain why
age was not included during development of NEWS.'32 Despite improving
discrimination for persons aged 18-64 in external data, overestimation
remained within the clinically relevant levels of risk. This overestimation
could be reduced by varying the intercept of NEWS+Age by age category. For
example, when building a prediction model for early death after traumatic
bleeding, intercepts were adjusted to compensate for different baseline
risk in high and low-income countries.’®® Another approach is determining
age-dependent thresholds for each vital sign in NEWS,** but this requires
a computer for practical application and the resulting model lacks the
dissemination of NEWS. However, from Supplementary file 4 it is evident
that age does not add much information for the age category below 65,
indicating that only minor gains can be made. Instead, we sought to maintain
NEWS in its original form and update it with chronological age, focusing on
simplicity and non-linearity. This approach has also been recommended
previously, due to a general tendency of reported models that are overfitted
when applied in real-life.?

NEWS+Age may improve the ability to reliably determine risk of in-hospital
mortality at arrival and act on time sensitive illnesses, especially if we
apply it to persons aged above 80 in the ED. As the applicability to this sub-
population is improved it may also increase appropriate use of NEWS.'®
We demonstrate the importance of considering baseline risks in different
age-categories and a simple conversion chart to account for this. It is well
established that without the statistical baseline-risk clearly presented, even
statistical experts are biased in their perception of risk.'®® However, any
modification to a score administered to all upon arrival is likely to have
major implications on the workload for clinicians. On average, NEWS+Age
is unlikely to increase the workload for clinicians due to improvements in



both true positives and true negatives for the plausible high-risk-thresholds.
However, randomized clinical trials testing the effect of NEWS+Age on both
clinical decisions and outcome proportions are necessary. Prior to this,
actual thresholds for considering persons high-risk should be decided after
thorough discussion of clinically acceptable risks and resources available.'4®

In summary, combining NEWS with age increased discrimination significantly
for in-hospital mortality and retained good overall calibration in external
validation. Predictions improved considerably for persons aged above 80
but were overestimated slightly for persons aged below 80. Pending clinical
trials, it could potentially improve clinical decision policies guided by the
outcome in-hospital mortality.
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The impact of age on predictive performance of NEWS

SUPPLEMENTARY FILE 4

Avisual plot of odds-ratios to age depending on type of age-transformation
tested. Odds ratios are compared to the odds at the median age of 64 in
the Danish Multicenter Cohort Abbreviations: RCS, restricted cubic splines
regression; OR, Odds Ratio
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SUPPLEMENTARY FILE 6

Flexible calibration plots for NEWS and NEWS+Age by age groups and
overall, in the DMC. Bold lines are flexible calibration fits. A non-parametric
loess smoother is used instead of restricted cubic in age categories 65-80
and above 80 due to number of observations being below 5000. Grey lines
represent ideal calibration. Dotted lines denote 95% confidence interval
of the flexible calibration curve. Considerable miscalibration is present for
patients with predicted risks above 20%. This groups consist of 215 patients
in the DMC, corresponding to 1.4% overall. It is not plausible that a risk of
in-hospital mortality above 20% would be noted without having triggered
an action beforehand.
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Abbreviations: NEWS, National Early Warning Score; DMC, Danish Multicenter
Cohort.
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SUPPLEMENTARY FILE 7

Decision curves comparing a decision policy guided by NEWS to a policy
guided by NEWS+Age for a range of plausible high-risk thresholds in the
DMC (A) and NEED (B). Standardized net benefit is the proportion of true
cases identified while identifying O controls at a given high-risk threshold.
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Abbreviations: NEWS, National Early Warning Score; DMC, Danish Multicenter
Cohort; NEED, Netherlands Emergency Department Evaluation Database
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ABSTRACT

Objective Early Warning Scores (EWS) have a great potential to assist clinical
decision making in the Emergency Department (ED). However, many EWS
contain methodological weaknesses in development and validation and have
poor predictive performance in older patients. The aim of this study was to
develop and externally validate an International Early Warning Score (IEWS)
based on a recalibrated NEWS model including age and sex and evaluate
its performance independently at arrival to the ED in three age categories
(18-65y; 66-80y; >80years).

Design and setting International multicenter cohort study using data from
three Dutch EDs. External validation was performed in two EDs in Denmark.

Patients All consecutive ED patients >18years in the Netherlands Emergency
department Evaluation Database (NEED) with at least two registered vital
signs were included, resulting in 95,553 patients. For external validation,
14,809 patients were included from a Danish Multicenter Cohort
(DMCQ).

Measurements Model performance to predict in-hospital mortality was
evaluated by discrimination, calibration curves and summary statistics,
reclassification, and clinical usefulness by decision curve analysis.

Main results In-hospital mortality rate was 2.4% (N=2314) in the NEED and
2.5% (N=365) in the DMC. Overall, the IEWS performed significantly better
than NEWS with an AUROC of 0.89 (95% confidence Intervals 0.89-0.90) versus
0.82(0.82-0.83) in the NEED and 0.87 (0.85-0.88) versus 0.82 (0.80-0.84) at
external validation. Calibration for NEWS predictions underestimated risk
in older patients and overestimated risk in the youngest, while calibration
improved for IEWS with a substantial reclassification of patients from low to
high risk and a standardized net benefit of 5-15% in the relevant risk range
for all age categories.

Conclusions The IEWS substantially improves in-hospital mortality
prediction for all ED patients >18years.



INTRODUCTION

Early Warning Scores (EWS) are widely used prediction tools to early detect
clinical deterioration of patients and trigger intensive care consultation.>
52,169 By aggregating points for the degree of abnormality of each vital sign,
EWS provide a likelihood for mortality, which should trigger the nurse or
physician to get help or to intensify treatment. These scores are widely used
in many settings and they are mandatory as a standard of care in the United
Kingdom."®' The National Early warning Score (NEWS) in particular has been
widely implemented and is the most frequently used score to help identify
critically ill patients early.® 137.170.171

Some limitations of the NEWS and other EWS exist. Calibration of NEWS
predictions is poor with relative overestimation of risk in younger ED patients
and underestimation of risk in older ED patients.?”4% " NEWS assigns 0 to
3 points for all vital signs implying that all vital signs have similar predictive
value, which has been shown to be unfounded." # Furthermore, important
risk differences exist between men and women at arrival to the ED."72 173
Nonetheless, most studies do not test the performance of early warning
scores at older age or include sex differences.’®3? As a result, using NEWS
may cause serious disadvantages for patient care and wrong treatment or
disposition decisions.

The aim of this study was to develop and externally validate an International
Early Warning Score (IEWS), by recalibrating NEWS including age and sex, to
improve in-hospital mortality assessment at arrival to the ED.



METHODS

Study design and setting

This international multicenter cohort study is based on existing cohorts and
reporting adheres to the Transparent Reporting of a multivariable model
for Individual Prognosis or Diagnosis (TRIPOD) guidelines for prognostic
modelling studies.”®® The Netherlands Emergency department Evaluation
Database (NEED) was used as development cohort, consisting of three
hospitals in the Netherlands. The NEED is the national quality registry for
Emergency Departments (EDs) in the Netherlands and contributes to the
improvement of transparency and quality of ED care in the Netherlands
by supplying reliable data to the participating centers (see www.stichting-
need.nl).82 Data were prospectively collected and reviewed retrospectively.
Data from the three sites spanned slightly different periods: data from one
tertiary center (Leiden University Medical Center) included visits between 1
January 2017 - 8 June 2019, and data from the two level [l emergency centers
(Medical Center Leeuwarden and Catharina Hospital Eindhoven) were from
1 January 2019 - 12 January 2020 and from 1 January 2017 - 31 December
2019, respectively.

For external validation, we used the Danish Multicenter Cohort (DMCQ)
which has been described previously."® " These data were not only from
a different setting, but also from a different period to strengthen our
validation. Patients were consecutively sampled in relation to previous
prospective studies at two level Il emergency centers: University Hospital
of Southwest Jutland: (2 October 2008 - 12 February 2009; 23 February 2010
- 26 May 2010; 1 June 2012 - 1 November 2011; 24 April 2013 - 9 December
2013), and Lillebaelt Hospital (1 January 2010 - 30 June 2010).

Ethical considerations

In the Netherlands, the study was approved by the medical ethics committee
of the Maxima MC on 2021, February 2 (ref number: Institutional Review
Board N21.007). Under Danish law, retrospective registry studies are exempt
from the need for approval by an ethics committee.® The study has been
performed in accordance with the Helsinki declaration of 1975.

Selection of participants

All consecutive ED patients of 218 years were included in this study.
Patients were excluded in the NEED if none or only one vital sign (systolic
blood pressure (SBP), heart rate (HR), peripheral oxygen saturation
(Sp0,), respiratory rate (RR) or temperature) were registered, as vital signs
were considered missing not at random which prevented the possibility



for imputation (see supplementary file 1). Both studies collected data
prospectively, but the DMC did so based on a prospective study design
and the NEED was based on a registry. Hence, the missing data mechanisms
differed for DMC (see supplementary file 2). Here, patients were excluded
if neither systolic blood pressure nor pulse were recorded as these
observations were missing not at random, i.e., unrelated to any of the
observed variables, including outcomes.

Data collection

Demographic data were extracted from registers for both the NEED and
DMC. Implausible physiological values were considered missing. Vital
signs were recorded by a nurse in triage before ED treatment as described
previously for the NEED,®? and for the DMC.'"® ""9The first initial set of vital
signs was registered before treatment.

NEWS aggregates seven vital signs (see table 1).° The NEWS was calculated
for each patient (0-23points).° The collected Glasgow Coma Scale (GCS) was

converted to an AVPU score.'?

Table 1 The National Early Warning Score (NEWS)

Points 3 2 1 0 1 2 3

RR (/min.) <8 9-11 12-20 21-24 >25

SpO2 (%) <91 92-93 94-95 296

supplemental Yes No

oxygen

Temperature 35.1- 36.1- 38.1-

(=C) <35.0 360 380 39 =%

SBP (mmHg) <90 91-100 1?(1) 111-219 >220

Pulse (bpm) <40 41-50 51-90 91-110 111-130 2131

Level of V, P, or
. A

consciousness u

RR: Respiratory Rate, SpO, Peripheral oxygen saturation, SBP: Systolic blood
pressure, °C: degrees Celsius, mmHg: millimeter mercury, bpm: beats per minute,
A: Alert, V: Verbal, P:Pain, U: Unresponsive.

Outcome

The primary outcome was in-hospital mortality (including death in the ED).
This outcome measure allowed us to compare our findings with previous
studies.”” 3% In the NEED, outcome information was registered and collected



from the minimal data set. In the DMC, information regarding mortality was
collected retrospectively from the Danish Civil Registration System and the
Danish National Patient Register.

Sample size estimation
See supplementary file 3.

Data analyses

Descriptive analyses
Data were presented as mean (standard deviation (SD)) if normally
distributed and median (interquartile range (IQR)) if skewed.

Main statistical analyses

Predictive performance of NEWS and a recalibrated NEWS were evaluated
in three age categories (18-65; 66-80; >80 years). These age categories
were chosen based on previous age stratification.8> '° Prior to analyses,
we assessed non-linearity of age in univariable logistic regression and
explored non-linear terms (quadratic and restricted cubic splines) for best
fit. Because patients were included if at least two vital signs were registered,
missing data in the NEED were substituted by multiple imputation to reduce
information bias described in supplementary file 3.7

For each imputation set, we calculated the NEWS. We used the vital sign
categories as used in the NEWS as ordinal variables to fit the new model to
prevent introducing thresholds different to those professionals are used to
in current clinical practice with NEWS. We fitted the model NEWS+age+sex
on the imputed data by multivariable logistic regression and, in a backwards
selection approach, tested one-way and two-way interactions among
predictors and found none of sufficient impact to include in the revised
model. After deciding on recalibration, points were assigned and rounded
to a recalibrated NEWS score based on a nomogram presentation, i.e.,
regression coefficients."® Points were rounded to nearest integer.

Predictive performance was compared in all three age categories of NEWS,
recalibrated NEWS+age and the recalibrated NEWS+age+sex using Area
under the Receiving Operating Characteristic (AUROC) with 95% Confidence
Intervals (Cl) and calibration plots. We averaged regression coefficients and
intercepts across imputed sets to incorporate variance introduced by the
imputation procedure. The best of the two recalibrated models was named
the International Early Warning Score (IEWS).



To compare the net benefit of IEWS with NEWS, decision curves are
presented."”® This plots net-benefit at a range of risk thresholds for in-
hospital mortality with the trade-off of benefit (true positive proportion)
and harms (false positive proportion) on the same scale, adjusted by an
appropriate exchange rate.'*® Because risk thresholds may differ by age
group, separate decision curves were produced. To demonstrate how
IEWS classifies patients differently than NEWS, a reclassification table was
produced in which patients were allocated to low risk, medium risk or high
risk subsets, stratified by outcome. In this example, we decided that the
threshold from low to medium risk was two times the baseline risk and
medium to high risk was three times the baseline risk (mean in-hospital
mortality for patients with a NEWS <4points) per age category.

Internal and external validation
See supplementary file 3.

All analyses were performed in R statistical software (packages dplyr
(v1.0.7;,2021), rms (v6.2;2021), mice(v45;2011). A p-value <0.05 was considered
as statistically significant.

RESULTS

Patient characteristics

In total, 95,553 patients could be included for analyses from the NEED
with mean age 60.1 years (SD 19.4) and 50.3% male patients. Patient
characteristics are described in supplementary file 4. Excluded patients had
lower in-hospital mortality and fewer Intensive Care Unit (ICU) admissions
than the included patients (see supplementary file 1). For external validation,
a total of 14,809 patients were included. They had a mean age of 63 (SD 20)
years, 51.9% were male. Patient characteristics in DMC were comparable to
the NEED (supplementary file 5).

Main results

Age was used as a linear spline with no age effect assumed below 40 years
based on its fit and association with mortality (supplementary file 6). A
nomogram for the recalibrated NEWS plus age and sex was presented
(supplementary file 7).

Based on the nomogram, points were assigned for a recalibrated NEWS+age
score and a recalibrated NEWS+age+sex score resulting in a new risk score
(table 2). Based on the calibration plots for NEED data (Figure 1) and for
the DMC (Figure 2), the NEWS+age+sex was chosen as the best fit because



calibration improved visually and according to the slope and intercept in
the relevant risk range for all age categories while discrimination was not
affected by adding sex. The NEWS+age+sex model was therefore proposed
as the IEWS. Flexible calibration curves are shown in supplementary file
8 and 9 for NEED data and DMC. Whereas the NEWS showed substantial
underestimation of risk in older patients and overestimation of risk in
younger patients, calibration for IEWS improved in both the development
and validation cohort (Figures 1 and 2).



Development and external validation of the IEWS
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Chapter 8

Calibration in the NEED

(A) NEWS (B) NEWS recal+age (C) IEWS
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Figure 1 Internal calibration plots for the NEED (Netherlands Emergency depart-
ment Evaluation Database) for (A) the National Early Warning Score (NEWS), (B) a
recalibrated NEWS + age and (C) a recalibrated NEWS+age+sex (the International
Early Warning Score (IEWS)). The predicted in-hospital mortality was categorized in
steps of 2% in the relevant risk range. Calibration was assessed in three different
age categories (18-65y, 66-80y,>80y). The dotted lines represent ideal calibration.
The size of the dots indicates the precision of the estimate for observed inhospital
mortality in each risk group, the larger, the higher the precision based on the in-
verse of the standard deviation. Below the calibration figures are the distribution
of patients and outcomes presented for all three scores in histograms.
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Development and external validation of the IEWS

Calibration in DMC
(A) NEWS (B) NEWS recal+age (C) IEWS
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Figure 2 External calibration plots for the Danish Multicenter Cohort (DMC) for (A)
the National Early Warning Score (NEWS), (B) a recalibrated NEWS + age and (C) a
recalibrated NEWS+age+sex (the International Early Warning Score (IEWS)). The pre-
dicted inhospital mortality was categorized in steps of 2% in the relevant risk range.
Calibration was assessed in three different age categories (18-65y, 66-80y,>80y). The
dotted lines represent ideal calibration. The size of the dots indicates the precision
of the estimate for observed inhospital mortality in each risk group, the larger, the
higher the precision based on the inverse of the standard deviation. Below the
calibration figures are the distribution of patients and outcomes presented for all
three scores in histograms.

Overall, AUROC improved substantially for IEWS with 0.89 (95% Cl 0.89-
0.90) compared to NEWS 0.82 (95% Cl 0.82-0.83 in the NEED and in the
DMC with AUROC for IEWS 0.87 (95% Cl 0.85-0.88) compared to NEWS
0.82 (95% Cl 0.75-0.89). For most age categories, discrimination improved
substantially (table 3). Internal validation showed good performance of IEWS
(Supplementary file 10). Split sample analyses based on hospital location
showed similar results (Supplementary file 11).
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Table 3 Calibration and discrimination for NEWS and IEWS in the development and
validation cohort

Calibration Discrimination
Age groups Intercept  Slope AUROC 95% CI
Development cohort
NEWS for in-hospital
mortality in the NEED
18-65y -0.68 1.32 0.87 0.85-0.88
66-80y 0.38 0.97 0.80 0.79-0.81
>80y 0.97 0.91 0.78 0.77-0.80
Overall 0.18 1.09 0.82 0.82-0.83
IEWS for in-hospital
mortality in the NEED
18-65y 0.15 1.47 0.92 0.90-0.93
66-80y 0.21 1.23 0.85 0.84-0.86
>80y 0.16 1.18 0.83 0.82-0.85
Overall 0.18 1.24 0.89 0.89-0.90
Validation Cohort
NEWS for in-hospital
mortality in the DMC
18-65y -1.05 1.09 0.82 0.75-0.89
66-80y 0.43 0.82 0.78 0.74-0.82
>80y 0.94 0.84 0.78 0.74-0.81
Overall 0.20 0.98 0.82 0.80-0.84
IEWS for in-hospital
mortality in the DMC
18-65y -0.52 1.05 0.86 0.80-0.91
66-80y -0.04 0.88 0.80 0.76-0.83
>80y -0.25 0.83 0.77 0.73-0.81
Overall -0.21 0.94 0.87 0.85-0.88

NEWS: National Early Warning Score, IEWS: International Early Warning score,
AUROC: Area under the Receiving Operating Curve, 95% Cl: 95percent Confidence
Intervals, NEED: Netherlands Emergency Department Evaluation Database, DK:
Danish Multicenter Cohort.

The International Early Warning Score(IEWS) is a recalibrated model of the NEWS
including the additional variables age and sex.
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Decision curve analyses showed for each age category a standardized Net
Benefit of 5-15% in the relevant risk range of 1% to 15% (figure 3). As an
example, in a population with approximately 24 in-hospital deaths per 1000
patients, for a decision threshold of 5% in-hospital mortality risk, the IEWS
would identify 42% additional true deaths (Standardized net benefit at a
threshold of 5% for IEWS in figure 3), without increasing the number of
false positive predictions compared to not using any model. Compared to
using NEWS, the IEWS would identify 15% additional true deaths without
increasing the number of false positive predictions.

To give a better insight in the benefit of using IEWS compared to NEWS, a
reclassification table is presented in Supplementary file 12.

18-65y

>80y Overall

Standardized Net Benefit

02
02
02

0.0
00
00
0.0

r T T 1 r T T 1 r T T 1 | e m—
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15

High Risk Threshold High Risk Threshold High Risk Threshold High Risk Threshold

Figure 3 The decision curve analyses show for each age category a standardized
Net Benefit of 5-15% in the relevant risk range of 1% to 15%. One physician may be
more defensive and use, for example, 5% as a threshold for additional interven-
tions (i.e. Intensive Care consultation or broad spectrum antibiotics) for patients
>80years and older whereas another physician may choose to use a threshold of
10% for older patients. With both thresholds, the IEWS performs better than the
NEWS, with 10-15% net more true positives (i.e. identified more patients who died
corrected for the number of false positive classifications).

DISCUSSION

This large international multicenter cohort study shows that the IEWS,
a recalibrated model based on NEWS including age and sex, performs
significantly better compared to the widely adopted NEWS for the prediction
of in-hospital mortality in ED patients of all age categories in a development
and external validation cohort.



Most early warning scores have methodological weaknesses that could
have detrimental effects on patient care if used in clinical practice.”® " For
example, NEWS, based on the VitalPAC early warning score (ViEWS), did not
include age because AUROC only slightly improved after including age.3% 3

3 However, calibration, a key aspect of prediction model performance,3° 136
has not been assessed and age was used as a dichotomous variable below
or above 65 years instead as continuous predictor. Furthermore, points for
vital sign disturbances were allocated based on clinical consensus rather
than on a statistical approach.'®-3°

Our results are in line with several studies which have demonstrated that
including age to an early warning score improved predictive performance
substantially.42 133135151 However, none of these studies followed the
recommended steps for development and validation of prediction models
neither have they shown a classification in low to high risk."”®17° Our decision
curve analysis and reclassification table demonstrate that for both younger
and older patients the IEWS has considerable incremental value with more
young patients correctly classified as low risk, and more importantly, more
older patients correctly classified as high risk for in-hospital mortality.
Previous studies have shown that predictive performance only improved for
younger patients using an age-specific early warning score on a composite
outcome of mortality, cardiac arrest and ICU admission compared to
NEWS.6¢6. 180,181 However, the modeling approach was very different from
ours. Points were assigned to vital signs based on their distribution rather
than on regression coefficients as recommended for prediction modeling.’®
174178 This may have caused the age-specific model to underperform in older
age. Our group has demonstrated previously that the addition of age to
NEWS without recalibration of the physiological variables already improved
predictive performance for in-hospital mortality."?

Early warning scores are designed for prognostication and can be used as
early as in the ED and add to the clinical evaluation of a patient’s disease
severity.”® While clinical evaluation may vary among physicians depending
on years of experience,'® the IEWS provides a numerical mortality risk (a
percentage) that hypothetically may help with clinical decision-making.

For an easily adopted and implemented early warning score it is essential
that the variables in the score are easily measured, readily available and
strong predictors of the primary outcome.'’® 78 The physiological variables
used in NEWS meet all these requirements." 82 In addition, age and sex
exhibit the same qualities and are predictors for in-hospital mortality."® 172



Other variables have been proposed to use in early warning scores, such
as biomarkers or frailty measures.”® 156184186 Eor frailty, only four out of 60
frailty scores could be measured in less than one minute using vignettes.'®’
Though, in clinical practice, it may be difficult and not reliable to assess
frailty, for example if the level of consciousness is altered and no history
is available. Other variables such as biomarkers are not readily available
or easily repeated without high costs. For these reasons, we have only
evaluated age and sex as additional variables to the seven predictors of
NEWS which both met the criteria for reliable predictors and are always
known or can at least be estimated precisely.’*® 78 |n patients who received
prehospital treatments from paramedics or medical emergency services,
the physiological variables may already be improved at arrival to the ED
and thus the risk may be underestimated by using the NEWS or IEWS, a
phenomenon called lead-time bias in literature.’®® Prehospital treatments
have not been considered in the model. However, the IEWS still performs
better overall than NEWS also in the ED.

The present study has several strengths. We adhered to the TRIPOD
guidelines and followed steps recommended for the development of
prediction models.’3% 136174178 We used a large sample size in relation to the
number of predictors for both development and validation and validated our
findings externally in a different European country in a different time-period.
The IEWS is clinically useful in the relevant risk range for each age category.
Further validation is desired to assess generalizability of the proposed IEWS
across multiple settings.’®®9° Other limitations need to be considered. First,
a risk of selection bias may be present as we excluded patients in whom less
than two vital signs were registered. However, these patients were at very
low risk of mortality (for example wounds and fractures) or at very high risk
(cardiac arrest) and therefore these patients would have been recognized as
low or high risk also without an early warning score. As recommended, we
used multiple imputation to prevent information bias so we could include
as many patients as possible.’*® Notably, around 90% of AVPU values were
missing in the development cohort. However, missingness was clearly
related to outcomes and other measured variables (Supplementary file
13), IEWS worked very well in the external validation cohort with a very low
missingness of the AVPU variable. Hence, the bias incurred by imputing AVPU
is likely negligible, despite a high proportion of missingness.’' Secondly, in-
hospital mortality was chosen as the primary outcome. A time horizon of
a few days only is recommended for early warning scores.’*® Nevertheless,
the time till patients died in-hospital in our data was short with a median
of 4days (IQR 1-9), which allowed us to compare our results with previous
studies and assess deterioration of patients.> 3" "2 Thirdly, the physiological



variables have been categorized based on the NEWS because physicians are
used to work with these thresholds in clinical practice. However, it has been
recommended to avoid categorizing predictors in the statistical analysis.
For this reason, we repeated our analysis using restricted cubic splines for
each physiological variable and presented a nomogram (Supplementary
file 14). Using this nomogram would have resulted in similar distribution
of points as in the IEWS after rounding. Thus, categorization of variables
did not lead to poor modelling. Nonetheless, using different points for
each physiological variable may lead to calculation errors as physicians
are used to using the NEWS. This could be overcome by calculating the
score electronically. Lastly, the NEWS2, a modification of the original NEWS,
has not been evaluated in this study for several reasons. First, mortality
assessment did not improve using NEWS2 compared to NEWS in a previous
large study.’®® Secondly, the two major updates introduced in NEWS2 were
separate thresholds for saturation in patients with hypercapnic failure
and the addition of confusion in consciousness scale. We did not record
confusion, which makes it impossible to use the NEWS2 consciousness scale.
Additionally, information about current or previous hypercapnic failure is
often not available at arrival or requires arterial blood gas. We therefore
bases the IEWS on the foundation laid out in NEWS rather than NEWS2.
Comparing the IEWS with other widely adopted EWS, such as the Modified
Early Warning Score (MEWS), would have resulted in similar results, as the
design of MEWS was neither based on a statistical approach, nor itincludes
age or sex.'®

In summary, this large international multicenter cohort study shows that
the IEWS performs substantially better than the widely adopted NEWS for
predicting mortality in ED patients of all age categories in a development
and external validation cohort. Future studies should investigate further
evidence for predictive validity and assess whether implementation of IEWS
in the ED leads to lower adverse events compared to not using an early
warning score or using NEWS.



SUPPLEMENTARY FILE 1

Patient characteristics of excluded patients: Patient characteristics of both
included (0-3 missing vitals) and excluded patients (4-5missing vitals) are
presented in the table for comparison. Patients with four or five missing
vital signs (Systolic blood pressure, temperature, heart rate, peripheral
oxygen saturation or respiratory rate) were excluded from the analyses,
because vital signs were considered missing not at random in these patients.
Excluded patients are described in the table.

Excluded patients had lower in-hospital mortality, less ICU admissions and
lower urgency of triage compared to included patients.

Included patients Excluded patients
Number of missing vital signs
NEED 0 1 2 3 4 5
cohort (N=50378) (N=29174) (N=10383) (N=5618) (N=5843) (N=47393)
In-hospital mortality
died 1406 614 215 79 57 478
(2.8%) (2.1%) (2.1%) (1.4%) (1.0%) (1.0%)
Missing 681 437 210 159 148 519 (1.1%)

(1.4%) (1.5%) (2.0%) (2.8%) (2.5%)
ICU admission

ICU 821 (1.6%) 549 143 48 31 310
admission (1.9%) (1.4%) (0.9%) (0.5%) (0.7%)
No ICU 49195 28267 9965 4770 5145 39976
admission (97.7%) (96.9%) (96.0%) (84.9%) (88.1%) (84.4%)
Missing 362 358 275 800 667 7107

(0.7%) (1.2%) (2.6%) (14.2%) (11.4%) (15.0%)

Triage category*

immediate 3376 1370 396 110 86 632
(6.7%) (4.7%) (3.8%) (2.0%) (1.5%) (1.3%)
very urgent 17015 7761 2218 665 516 4913
(33.8%) (26.6%) (21.4%) (11.8%)  (8.8%) (10.4%)
urgent 20768 12855 4731 2927 2515 16502
(41.2%) (44.1%) (45.6%) (52.1%)  (43.0%) (34.8%)
non-urgent 8552 6600 2825 1835 2595 20845
(17.0%) (22.6%) (27.2%) (32.7%) (44.4%) (44.0%)
Missing 667 588 213 81 131 4501

(1.3%) (2.0%) (2.1%) (1.4%) (2.2%) (9.5%)

*Triage category according to the Manchester Triage System or Dutch Triage
Standard.
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SUPPLEMENTARY FILE 3

Sample size estimation

The NEED contained 148,828 ED visits of patients 218 years. We estimated
thatin ~60% of the ED visits at least two or more vital signs were registered
resulting in ~90,000 ED visits which could be used for the analyses with
approximately 2300 events (in-hospital mortality). This number is more than
sufficient for reliable analyses.””® Numbers were also large in age-based
subgroups. For external validation a minimum of in total 200 events is
recommended.'” The DMC contains approximately 350 events which should
be sufficient for external validation."

Multiple imputation procedure

Because patients were included if at least two vital signs were registered,
missing data in the NEED were substituted by multiple imputation to
reduce information bias."* We used the chained equations procedure, after
imputation was deemed feasible based on patterns of missingness.'”® %4 For
a better multiple imputation procedure, we also used triage category (non-
urgent, urgent, very urgent, immediate; according to the Manchester Triage
System or Dutch Triage Standard), urea, leukocytes, and fluid administration
(0, 0-500ml, >500ml) as a predictor in the imputation procedure. Outcome
was imputed if missing. Imputation parameters for DMC have been described
in detail previously."® We obtained 20 estimates of the missing vital signs
for each patient with five iterations each. We checked for collinearity and
convergence during the imputation procedure.

Internal and external validation

For internal validation, a bootstrapping was performed with 200 repetitions
on the imputed data and the overall AUROC and calibration were
presented.’”® Also, a non-randomly split sample analysis was performed
based on hospital location in the NEED cohort.

The DMC was used for external validation. Predictive performance in terms
of discrimination and calibration was assessed and based on the average
estimate of risk. A net benefit curve was produced.
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Patient characteristics of the NEED, the Development cohort

NEEDohort  (EOes EOEOVeers et neosssd

Age, years

Mean (SD) 45.7 (14.0) 72.9 (4.21) 85.8(3.87) 60.1 (19.4)

Sex

male (2459%;)) (15653.2;» 6316 (43.9%) ?5801.(3)32))

Systolic Blood Pressure (mmHg)

Mean (SD) 128 (28.2) 137 (33.2) 142 (34.3) 133(31.3)

Missing 4380 (8.5%) 1525(5.2%) 559 (3.9%) 6464 (6.8%)

Heart rate (bpm)

Mean (SD) 87.0 (20.7) 85.7 (21.6) 83.4 (20.8) 86.0 (21.0)

Missing 7037 (13.6%) 2647 (8.9%) 1232 (8.6%) (11(;?411;))

Respiratory Rate (/min.)

Median [IQR] 18:8][14.0- ;..(())][15.0- ;g:g]ms'o_ Z)..%][M.O-

Missing (13628_200/0) 7103 (24.0%) 3226 (22.4%) (227;53/0)

Peripheral oxygen saturation (%)

Mean (SD) 97.8 (2.96) 96.4 (3.81) 96.0 (3.84) 97.1 (3.47)

Missing 2443 (4.7%) 1397 (4.7%) 702 (4.9%) 4542 (4.8%)

Level of consciousness

Alert 4311 (8.4%) 3290 (11.1%) 1840 (12.8%) 9441 (9.9%)

Verbal 178 (0.3%) 118 (0.4%) 114 (0.8%) 410 (0.4%)

Pain 109 (0.2%) 44 (0.1%) 36 (0.3%) 189 (0.2%)

Unresponsive 57 (0.1%) 42 (0.1%) 15 (0.1%) 114 (0.1%)

Missing 46918 26097 12384 85399
(91.0%) (88.2%) (86.1%) (89.4%)

Temperature (degrees Celcius)

Median [IQR] g;g][%.S- 23.2][36.5- gg'.g][36.4- 33‘.2][36.5-

Missing 9820 (19.0%) 5161 (17.4%) 2762 (19.2%) 17728



18-65years 66-80years >80years All
NEED cohort (N=51573) (N=29591) (N=14389) (N=95553)
Supplemental Oxygen
yes 1421 (2.8%) 2130 (7.2%) 1449 (10.1%) 5000 (5.2%)
- 15931 . oy 25587
Missing (30.9%) 6984 (23.6%) 2672 (18.6%) (26.8%)
Fluid administration (ml)
24458 16065 o 48330
Occ (47.4%) (54.3%) 7807(54.3%) 5 6op)
0-500cc 4593 (8.9%) 2850 (9.6%) 1496 (10.4%) 8939 (9.4%)
>500cc 5248 (10.2%) 3231 (10.9%) 1377 (9.6%) 9856 (10.3%)
- 17274 . o 28428
Missing (33.5%) 7445 (25.2%) 3709 (25.8%) (29.8%)
Triage category, N *
(%)
) 11076 , o 19812
non-urgent (21.5%) 5683 (19.2%) 3053 (21.2%) (20.7%)
22703 12510 0 41281
urgent (44.0%) (42.3%) 6068 (42.2%) 43 5o
14413 . o 27659
very urgent (27.9%) 9071 (30.7%) 4175 (29.0%) (28.9%)

immediate
Missing

Urea (mmol/L)
Median [IQR]

Missing

Leukocytes (*1019)
Median [Min, Max]

Missing

2541 (4.9%)
840 (1.6%)

4.9[3.8-6.2]

11273
(21.9%)

9.2 [7.0-12.0]

10667
(20.7%)

In-hospital mortality, N(%)

Died
Missing

ICU admission, N (%)

488 (0.9%)
608 (1.2%)

1871 (6.3%)
456 (1.5%)

6.7 [5.3-9.0]

4435 (15.0%)

9.0[6.9-12.1]

4001 (13.5%)

981 (3.3%)
554 (1.9%)

840 (5.8%)
253 (1.8%)

8.2 [6.2-11.4]

2375 (16.5%)

9.2[7.1-12.2]

1921 (13.4%)

845 (5.9%)
325(2.3%)

5252 (5.5%)
1549 (1.6%)

5.8 [4.4-7.9]

18083
(18.9%)

9.1 [7.0-12.1]

16589
(17.4%)

2314 (2.4%)
1487 (1.6%)
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18-65years 66-80years >80years All
NEED cohort (N=51573)  (N=29591) (N=14389) (N=95553)
ICU admission 828(1.6%)  582(2.0%) 151 (1.0%) 1561 (1.6%)
Missing 1385 (2.7%) 319(11%)  91(0.6%) 1795 (1.9%)

SD: Standard deviation, IQR: Interquartile Range, ICU: Intensive Care Unit

*Triage category according to the Manchester Triage System or Dutch Triage
Standard.
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SUPPLEMENTARY FILE 5

Patient characteristics of the Danish Multicenter Cohort (DMC) used for
external validation.

DMC cohort (<|327990) (6I3=840316) (>|322503) ‘(QI\III=14809)

Age

Mean (SD) 449(13.9) 73.0(4.4) 86.1 (4.1)  60.0(20.0)

Gender

male 4,186 2,146 1,352 7,684
(52.4%) (49.7%) (54.0%) (51.9%)

Systolic blood pressure

(mmHg)

Mean (SD) 135 (21.6) 140 (26.2) 140 (27.4) 137 (24.1)

Missing 21 (0.3%) 11 (0.3%) 12(0.5%) 44 (0.3%)

Heart Rate (bpm)

Mean (SD) 84.8(19.6) 84.6(20.3) 81.6(19.6) 84.2(19.8)

Missing 54 (0.7%) 40 (0.9%) 29(1.2%) 123 (0.8%)

Respiratory Rate (/min)

Median [IQR] 16 [5] 16 [5] 18 [8] 16 [6]

Missing 2,340 1,073 624 4,037
(29.3%) (24.9%) (24.9%) (27.3%)

Peripheral oxygen

saturation (%)

Mean (SD) 971 (3.1) 95.4 (4.2) 949(4.7) 96.2(3.8)

Missing 343 (4.3%) 159 (3.7%) 135(5.4%) 637 (4.3%)

Level of consciousness

Alert 6,891 3,712 2,039 12,642
(86.2%) (86.0%) (81.5%) (85.4%)

Vocal 101 (1.3%) 84 (1.9%) 84 (3.4%) 269 (1.8%)

Pain 36 (0.5%) 23 (0.5%) 22 (0.9%) 81 (0.5%)

Unresponsive 23(0.3%) 10 (0.2%) 8 (0.3%) 41 (0.3%)

Missing 939 (11.8%) 487 (11.3%) ?1521(.)0%) (11';706% )

Temperature (Degrees

Celsius)

Median [IQR] 37.0[0.8] 36.9[0.9] 36.9[0.9] 37.0[0.8]

Missing 526 (6.6%) 234(5.4%) 182(7.3%) 942 (6.4%)



DMC cohort :327990) (6I3=§10316) (>|322503) ?I\III=14809)
Supplementary oxygen

Yes 353 (4.4%) 427 (9.9%) ?102?3%) 1,089 (7.4%)
In-hospital mortality, N

(%)

Died 46 (0.6%) 156 (3.6%) 163 (6.5%) 365 (2.5%)

ICU admission, N (%)
ICU admission

197 (2.5%)

144 (3.3%)

76 (3.0%)

417 (2.8%)
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The association between age and in-hospital mortality

0.15 age_group

° 18-65
* 6580
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Ihm: in-hospital mortality

Included patients from the NEED (N=95,553). Age was used as a linear predictor in
the prediction model above 40years old. The size of the dots indicates the precision
of the estimate for observed in-hospital mortality and is based on the inverse of
the standard deviation. The larger, the higher the precision.
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Nomogram for a recalibrated National Early Warning Score +age+sex

[ 1 2 3 4 5 6 7 8
Points
<9 21-24
Respiratory_Rate s
11 12 4
o 2805 w 2
Saturation - s
2 %o 5210
Systolic_Blood_Pressure ————t——
1 101-11 1
29 460010 144
Puise e e
50-90 91110 >130
38-39 35-36
Temperature r T y
>39 36-38 <35 VU
AVPU r d
A
Yes
Supplemental_02 —_—
No
age r v - - r T \
10-40 50 60 70 80 9 100
male
sex e
female
Total Points
0 2 4 6 8 10 12 14 16 18
Linear Predictor T T
65 -6 5.5 5 45 -4 35 3 25 2 15 105
Risk of Inhospital mortality
0.005 0.01 0.025 0.05 0.1 0.2

All predictors were used as categorized variables as used in the original National
Early Warning Score (NEWS). A nomogram was developed based on the regression
coefficients of all predictors (see below). A nomogram is a graphical presentation
of model fit, allowing points to be awarded on a scale that is proportional to the
log-odds. Points were rounded to nearest integer.

A nomogram fitted on the primary outcome (in-hospital mortality). As can be seen
in the nomogram, age was the strongest predictor for mortality followed by AVPU.
Male sex was associated with increased mortality. The nomogram for a recalibrated
NEWS score with age and without sex was comparable to the recalibrated NEWS
with age and with sex.
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Flexible calibration plots in the NEED

A) NEWS calibration in NEED
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Flexible calibration plots in the DMC

A) NEWS calibration in DMC
18-65y 66-80y >80y Overall
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Internal validation: Internal validation using bootstrap with 200 random
sample repetitions on the NEED.

08

06

Actual Probability
04

~  Apparent
—— Bias-corrected

00
1

T T T T T
0.0 02 04 06 08

Predicted Pr{ihm=1}
8= 200 repetitions, boot Mean absolute error=0.001n=95553

AUROC overall = 0.87
Calibration plot. Notes: Apparent refers to apparent performance for calibration;
bias-corrected refers to optimism-corrected in internal validation; bootstrap=200.
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Split sample analysis based on hospital location in the NEED.

Discrimination
Age groups AUROC 95% CI

NEWS for in-hospital mortality

Hospital 1 (tertiary care center) 0.80 0.78-0.82
Hospital 2 0.86 0.85-0.87
Hospital 3 0.82 0.81-0.84
IEWS for in-hospital mortality

Hospital 1 (tertiary care center) 0.87 0.86-0.89
Hospital 2 0.90 0.90-0.91
Hospital 3 0.87 0.86-0.89

NEWS: National Early Warning Score, IEWS: International Early Warning score,
AUROC: Area under the Receiving Operating Curve, 95% Cl: 95percent Confidence
Intervals, NEED: Netherlands Emergency Department Evaluation Database.

The International Early Warning Score is a recalibrated model of the NEWS including
age and sex as extra variables.

The figure below is a calibration plot for NEWS compared to IEWS stratified
by hospital location.

1 NEWS 2 IEWS

- (AUC=0.82) (AUC=0.89)
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Reclassification figure and table for the development cohort.

Because no clear risk thresholds exist, the baseline risk was calculated for
each age category by the average mortality risk for patients with a NEWS<4,
Patients were considered as lows risk if mortality was lower than 2*baseline
risk, medium risk if mortality was between 2*baseline risk and 3*baseline
risk, and high risk if mortality was more than 3*baseline risk.

18-65y Low risk <0.68%, medium risk 0.68-1.02% and high risk >1.02%
66-80y Low risk <2.94%, medium risk 2.94-4.41% and high risk >4.41%
>80y Low risk <5.96%, medium risk 5.96-8.94% and high risk >8.94%



Original classification

30-

In-hospital Mortality (%)
n
o

o

. &

Low risk ’.1cd|u‘m risk Hx_qh' risk
Predicted risk by NEWS

New classification

30-

20-

Age cat.

18-65
65-80
Above 80

, =l

Low risk Medium risk ngh' risk

Predicted risk by IEWS

Classification by NEWS
Low risk Medium

Classification by IEWS
High risk Low risk Medium High risk

(N45218) Risk (N=34178) (N=66700) risk (N=18765)
(N=16657) (N=10588)
Age
category
18-65y 9359 13735 27991 34486 6355 10244
(alive) (20.7%) (82.5%) (81.9%) (51.7%) (60.0%) (54.6%)

18-65y 8 (0.0%) 23 (0.1%)
(died)

66-80y 22631 2115
(alive) (50.0%) (12.7%)
66-80y 404 146 (0.9%)
(died) (0.9%)

>80y 12203 528 (3.2%)
(alive) (27.0%)

>80y 613 (1.4%) 110 (0.7%)

(died)

546 (1.6%) 36 (0.1%) 38 (0.4%) 503 (2.7%)

3864 21379 2704 4527
(11.3%) (32.1%) (25.5%) (24.1%)

646 (1.9%) 245(0.4%) 129(1.2%) 822 (4.4%)

813(2.4%) 10303 1240 2001
(15.4%) (11.7%) (10.7%)

318 (0.9%) 251 (0.4% 122 (1.2%) 668 (3.6%)
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Multivariable logistic regression for missing glasgow coma scale: A
multivariable logistic regression model demonstrated that missing glasgow
coma scale is associated with physiological variables and outcome (Chi-
square p<0.01), and thus GCS is not missing completely at random or missing
not at ramdom and is suitable for multiple imputation. Similar Chi-square
p-values were found for the other physiological variables.

Logistic Regression Model

Irm(formula = is.na(gcs) ~ ihm + sbp + saturation + sex + triage +

age, data = NEED2)

Ratio Test

Obs 82306

FALSE 9290

TRUE 73016 Pr(> chi2) <0.0001

Coef S.E. Wald Z Pr(>|Z])
Intercept 2.7829 0.3175 8.77 <0.0001

ihm -0.2334 0.0630 -3.70 0.0002

sbp -0.0095 0.0004 -26.49 <0.0001
saturation 0.0032 0.0012 0.37 0.7112
sex=female 0.03750.0225 1.67 0.0954
triage=very urgent 0.4236 0.0394 10.76 <0.0001
triage=urgent 0.9677 0.0397 24.37 <0.0001
triage=non-urgent 1.6921 0.0495 3417 <0.0001

age -0.0058 0.0007 -8.78 <0.0001

Frequencies of Missing Values Due to Each Variable
is.na(gcs) ihm sbp saturation sex triage age
0215459317 57074261810
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Nomogram for vital signs used as restricted cubic splines. Extremes for each
vital sign were excluded.
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ABSTRACT

Background Treatment and the clinical course during Emergency
Department (ED) stay before Intensive Care Unit (ICU) admission may affect
predicted mortality risk calculated by the Acute Physiology and Chronic
Health Evaluation (APACHE)-IV, causing lead-time bias. As a result, comparing
standardized mortality ratios (SMRs) among hospitals may be difficult if
they differ in the location where initial stabilization takes place. The aim of
this study was to assess to what extent predicted mortality risk would be
affected if the APACHE-IV score was recalculated with the initial physiological
variables from the ED. Secondly, to evaluate whether ED Length of Stay (LOS)
was associated with a change (delta) in these APACHE-IV scores.

Methods An observational multicenter cohort study including ICU patients
admitted from the ED. Data from two Dutch quality registries were linked:
the Netherlands Emergency department Evaluation Database (NEED) and
the National Intensive Care Evaluation (NICE) registry. The ICU APACHE-
IV, predicted mortality, and SMR based on data of the first 24 hours of
ICU admission were compared with a ED APACHE-IV model, using the most
deviating physiological variables from the ED or ICU.

Results A total of 1398 patients were included. The predicted mortality
from the ICU APACHE-IV (median 0.10; IQR 0.03-0.30) was significantly lower
compared to the ED APACHE-IV model (median 0.13; 0.04-0.36; p<0.01). The
SMR changed from 0.63 (95%Cl 0.54-0.72) to 0.55 (95%Cl 0.47-0.63) based on
ED APACHE-IV. Predicted mortality risk changed more than 5% in 321 (23.2%)
patients by using the ED APACHE-IV. ED LOS >3.9hours was associated with
a slight increase in delta APACHE-1V of 1.6 (95% Cl 0.4-2.8) compared to ED
LOS <1.7hours.

Conclusion Predicted mortality risks and SMRs calculated by the APACHE
IV scores are not directly comparable in patients admitted from the ED
if hospitals differ in their policy to stabilize patients in the ED before ICU
admission. Future research should focus on developing models to adjust
for these differences.



BACKGROUND

The Acute Physiology and Chronic Health Evaluation (APACHE)-IV is a scoring
system used for risk stratification of Intensive Care Unit (ICU)-patients.3>
9 The APACHE-IV is also used for case-mix correction when comparing
outcomes of patients in national and international research or quality
improvement projects.

The acute physiology score (APS), part of the APACHE-IV model, uses the most
deviated vital signs and laboratory results measured in the first 24 hours
after ICU admission.?' 32 However, physiological parameters may improve
or deteriorate in the hours before ICU admission,3¢, e.g., during initial
treatment in the emergency department (ED) or because of deterioration
in the clinical course. These data measured prior to ICU admission are not
included in the original APACHE-IV scores.?'-32 Consequently, the calculated
severity of illness and predicted mortality risk may differ when for a given
patient the same initial treatment is given before or after ICU admission or if
the ED stay is shorter resulting in a different clinical course, a phenomenon
called lead-time bias in literature.®” 38 For appropriate risk stratification and
case-mix correction, it is essential to understand whether there is an effect
of ED treatment on the APACHE-IV scores.

The present study assessed if, and to what extent, the APACHE-IV score
and predicted mortality risk change if the APACHE-IV is recalculated,
including data from both the pre-ICU ED period and the first 24 hours of
ICU treatment. In this way we evaluated if earlier findings from a very small
sample could be confirmed.?® Our second aim was to assess whether ED
treatments (e.g., the amount of fluid administered) and clinical course during
ED stay were associated with changes in the APACHE-IV score, predicted
mortality risk, and standardized mortality ratio (SMR).

METHODS

Study design and setting

This was an observational multicenter cohort study using the Netherlands
Emergency department Evaluation Database ((NEED), www.stichting-need.
nl) and the National Intensive Care Evaluation (NICE) registry.””” Data were
available from two urban teaching hospitals (Medical Center Leeuwarden, 14
October 2017 - 31 July 2020 and Catharina Hospital Eindhoven, 01 January
2019 - 01 July 2020). In both hospitals, patients were treated and stabilized
in the ED before ICU admission by emergency physicians with or without
consultation of an intensivist. If necessary, mechanical ventilation was



started in the ED. Patients were almost never intubated prehospital because
hospitals can be reached within 15minutes by ambulance in both regions in
the Netherlands. The medical ethical committee of Maxima MC reviewed
the research proposal and concluded that the anonymized data were not
subject to the Dutch Research on Humans Subjects Act (in Dutch “WMQ")
and waived the need for informed consent (registration number N20.117).

Patient selection

All' ICU patients who were directly admitted from the ED in the mentioned
study period were included. Patients transferred to other hospitals and
patients without any registered vital signs or laboratory results (9 patients)
in the NEED were excluded.

Data collection

Data from the NICE

The NICE is the national quality registry founded in 1996 in which all ICUs in
the Netherlands have participated since 2016.'°® Data available from NICE
were: Age, sex, date of admission, ICU length of stay, ICU mortality, hospital
mortality, and all data to calculate the APACHE-IV score.3%54 Supplementary
file 1 shows which variables were extracted from the NICE and from the
NEED to calculate the APACHE-IV score. Only the lowest and the highest
values of vital signs and laboratory tests in the first 24hours of ICU admission
were registered in the NICE. The NICE registry uses strict definitions and
specifications of the data collected, described in a data dictionary (https://
www.stichting-nice.nl/dd/). The NICE provides participants a mandatory
training and performs automated checks on data entry and regular on-site
quality audits.!#8 199

Data from the NEED

The NEED is the quality registry for EDs in the Netherlands (www.stichting-
need.nl), founded in 2016. For the present study, data were available
from two hospitals. Only the first set of vital signs and laboratory results
were registered in the NEED, measured before ED treatment, described in
detail previously.®? Except for variables to calculate the APACHE-IV score
(Supplementary file 1), patient characteristics (e.g., triage category according
to the Dutch Triage System or Manchester Triage Standard, presenting
complaints, diagnostics (Y/N), fluid administration), and ED- length of stay
(LOS) were extracted.



Linking of NEED and NICE databases

Both NEED and NICE have unique identifying patient numbers that are
not identical. In the NICE, patients were selected who were admitted from
the ED. In the NEED, patients were selected who were admitted to a high
dependency care unit. If the following variables were identical between
both databases, patient variables were linked: Date of ED admission (in the
NEED) and the date of ICU admission (in the NICE), hospital location, sex,
and age of the patient. In addition, for records in NICE with ED as resource
but without linkage to a NEED record, the date of ED admission could be
one day earlier than the date of ICU admission. These patients were linked
by changing the data of ED presentation to one day earlier.

Outcome measures

Outcome measures were the original ICU APACHE-IV score (Formally the
APACHE Ill score used in the APACHE IV model 3"-32) and predicted mortality
using the most deviated physiological variables from the first 24 hours after
ICU admission, and the ED APACHE-IV score using the most deviated values
from ED admission until 24 hours after ICU admission. The SMR is the ratio
between the observed number of deaths and the expected deaths in the ICU
using the original (ICU model) or modified (ED model) predicted mortality
risks. The delta APACHE-1V was calculated as the ED APACHE-IV score - ICU
APACHE-IV score.

Data and data analyses

Descriptive statistics

Data are presented as mean with standard deviation (SD) if normally
distributed and as median with interquartile range (IQR) if skewed.
Categorical data are presented as frequencies (%).

Main statistical analyses

In our study, the ICU APACHE-IV score was compared with a recalculated
APACHE IV score, called the ED APACHE-IV. According to the original model,
the ICU APACHE-IV score was calculated with the most deviating vital signs
or blood tests in the first 24hours of ICU admission.?' Points were assigned
for the value that was furthest from a reference value. For example, for
heart rate the reference value was 75bpm. Reference values for all other
variables are shown in supplementary file 2. According to the APACHE
IV definitions,® more deviating vital signs or laboratory results do not
necessarily result in a higher score (see supplementary file 2). Based on
rules of the original APACHE-IV model, missing physiological variables were
considered normal. The ED APACHE-IV included the most deviating vital



signs and blood tests from ED admission until 24 hours after ICU admission.
The data available from the NEED registry to calculate the ED APACHE-IV are
described in Supplementary file 1. The acute physiological variables were
recalculated, all other variables in the ED APACHE-IV remained identical to
the ICU APACHE-IV (e.g., the Chronic Health Conditions). Urine output and
mechanical ventilation (Y/N) were not registered in the NEED. Patients were
considered not to be intubated at ED arrival. In the ED, venous blood gas
is often obtained instead of an arterial blood gas. If no arterial blood gas
was available, the pH from the venous blood gas analysis was used with a
correction of 0.03, and the pCO2 was used with a correction of -4.8mmHg.2°
Pa02 is not well correlated between venous and arterial blood gas and was
therefore considered missing if not available as arterial value. Predicted
mortality risks were calculated for the ED APACHE-IV using the Beta's of
the ICU APACHE-IV logistic model. The APACHE-IV scores, Acute Physiology
Score (APS), and predicted mortality risks were compared between the ICU
and ED model with a Wilcoxon Signed Rank test. In addition, we assessed
the discriminative performance of both the ICU and ED APACHE-IV model
using a receiver operator characteristic (ROC) curve with area under the
curve (AUC) analysis and in-hospital mortality as outcome. Calibration plots
for both models were presented.

For our second aim, delta APACHE-IV was calculated (e.g., ED APACHE-IV -
ICU APACHE-1V). Delta APACHE-1V was normally distributed, and therefore,
univariable and multivariable linear regression analyses were performed to
assess the association between ED LOS, fluid administration (Oml, 0-500ml,
>500ml) as independent variables, and a delta APACHE-IV as dependent
variable. ED-LOS was divided into quartiles (0-1.7h, 1.7-2.7h, 2.7-3.9h, >3.9h).
Because of a strong correlation between ED LOS and fluid administration,
separate models were used. The following potential confounders were
included in both multivariable models: Age, gender, hospital, and the ED
APACHE-IV score. Although age is one of the variables included in the
APACHE-1V, age may still be an independent predictor for delta APACHE-
IV. Fluid administration and ED LOS were included as dummy variables to
overcome non-linear associations. The unstandardized coefficients (Beta's)
were presented with 95% Confidence Intervals (95%-Cl).

To study whether the ED APACHE-IV was significantly different per quartile
ED-LOS, a Kruskal Wallis Test was used.

A P-value <0.05 was considered statistically significant. SPSS version 25.0
was used for all data analyses.



RESULTS

Patient characteristics

During the study period, 1730 patients were admitted from the ED to
the ICU. In total, 1398 (80.8%) patients were included after linking both
databases (see figure 1). The median age was 64 years (50-74years), a total
of 1046 (60.5%) were male patients. Patient characteristics, including all APS
variables, are described in table 1. Characteristics of patients who could not
be linked between both databases (N=323) are comparable with the included
patients and are described in supplementary file 3. The median laboratory
values in the ED were comparable with the lowest and highest values from
the ICU. Supplementary file 4 describes other patient characteristics, such as
the triage category in the ED, and the most common presenting complaints
in the ED and reasons for ICU admissions.

NICE
Patients admitted to the ICU from the
ED

N= 1730

Excluded
NICE patients not linked
N =323

Patients linked based on age, sex,
hospital, date of presentation

N= 1295

Date of presentation -1 day
N= 112 Excluded

Not any vital signs or biomarkers
measured in the ED

N=9

Included
N= 1398

Figure 1. Patient flow diagram throughout the study. Patients from the National
Intensive Care Evaluation (NICE) registry were linked with patients from the Neth-
erlands Emergency department Evaluation Database (NEED).
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The ED APACHE-IV score

Including the most deviating vital signs and blood tests from ED admission
until 24 hours after ICU admission, the median ED APACHE-IV score (63;
IQR 47-90) was calculated and differed significantly from the median ICU
APACHE-IV score (56; IQR 39-80) (p-value <0.01). The median predicted
mortality for the total population was higher for the ED APACHE-IV system,
0.13 (IQR 0.04-0.36) versus 0.10 (IQR 0.03-0.30) (see table 2). Observed in-
hospital mortality was 13.4% (N=188). The SMR decreased from 0.63 (95%
C10.54-0.72) for the ICU APACHE-IV model to 0.55 (95% Cl 0.47-0.63) for the
ED APACHE-IV model, a relative difference of 12.7%.

Table 2 The ICU and ED APACHE-IV model

Risk scores ICU ED P-value
APACHE-IV model APACHE-IV model

APACHE-IV score, median (IQR) 56 (39-80) 63 (47-90) <0.01

APS, median (IQR) 44 (30-68) 52 (35-76) <0.01

APACHE-IV Predicted mortality, 0.10 0.13 <0.01

median (IQR) (0.03-0.30) (0.04-0.36)

SMR (95% Cl) 0.63(0.54-0.72) 0.55(0.57-0.63)

ICU: Intensive Care Unit, ED: Emergency Department, APACHE-IV: Acute Physiology
and Chronic Health Evaluation (4" edition), APS: Acute Physiology Score, SMR:
Standardized mortality Ratio (observed mortality / predicted mortality). IQR:
interquartile range, 95% Cl: 95 percent Confidence Interval.

The ED APACHE-IV was calculated by using the most deviating vital signs and
laboratory results from the Emergency Department or the first 24hours of Intensive
Care Unit admission. All other variables in the APACHE-IV model remained similar.

Both APACHE-IV models had an identical AUROC of 0.91 (95% Cl 0.89-0.93) and
0.91 (95% Cl 0.89-0.93). Calibration plots for both models were comparable
(supplementary file 5). The ED APACHE-IV score increased in 1075 (77.2%)
patients, decreased in 33 (2.4%) patients, and remained unaltered in 284
(20.4%) patients. Predicted mortality increased >5.0% in 320 (23.1%) patients
and decreased >5.0% in 1 (0.1%) patient (see Supplementary file 6). Higher
ICU APACHE-IV scores had larger changes in predicted mortality risks if
modified with ED variables.

ED Length of stay and delta APACHE-IV score

To study whether the ED LOS was associated with a delta APACHE-IV
score (= ED APACHE-IV - ICU APACHE-IV), the ED APACHE-IV score and the
delta APACHE-1V are presented per ED LOS quartile (figure 2). As assessed
with a multivariable linear model, more fluid administration in the ED
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was associated with a significant adjusted increase in delta APACHE-IV
(p-value=0.04) (see table 3). Compared to those with an ED LOS < 1.7hours,
among patients with ED LOS >3.9hours the delta-APACHE was on average
1.6 points (95% Cl 0.4-2.8) higher.

The median APACHE-IV score differed per quartile ED LOS (p<0.01) calculated
with the Kruskal Wallis Test.

o T I ............. e I

Median ED APACHE-V
Mean delta APACHE-IV
o
1

0 T T T
<1.7h 1.7-2.7h 2.7-3.9h >3.9h <1.7h 1.7-2.7h 2.7-3.9h >3.9h

Emergency Department Length of Stay Emergency Department Length of Stay

Figure 2 In panel A the median Emergency Department Acute Physiology and Chron-
ic Health Evaluation (ED APACHE-IV) score is presented per quartile Emergency De-
partment Length of Stay (ED-LOS), with 95% Confidence intervals. The ED APACHE-IV
score uses the most deviated physiological variables from ED admission until 24
hours after ICU admission, which differs from the ICU APACHE-IV score which only
contains the most deviated physiological variables from the first 24hours of ICU
admission. Panel B shows the mean delta APACHE-IV which is calculated as follows:
ED APACHE-IV score - ICU APACHE-IV score.

237



Chapter 9

Table 3 Crude and adjusted associations between fluid administration, Emergency
Department-Length of Stay and delta APACHE-IV

Independent Crude P-value Adjusted P-value
variables Beta

Beta (95% ClI) (95% CI)

No fluid - - - -
0-500ml fluid 0.9 (-1.0-1.2) 0.9 0.6 (-0.6-1.8) 0.33
>500ml fluid 1.9 (1.0-2.8) <0.01 1.1 (0.0-2.1) 0.04
ED-IOS <1.7h - - - -
ED-LOS 1.7-2.7h -0.4(-1.3-0.6) 0.45 0.8(-0.3-2.0) 0.15
ED-LOS 1.7-3.9h 0.2(-0.7-1.2) 0.64 0.9 (-0.2-2.1) 0.20
ED-LOS >3.9h -0.1 (-1.0-0.9) 0.87 1.6 (0.4-2.8) 0.01

ED-LOS: Emergency Department Length of Stay, APACHE-IV: Acute Physiology and
Chronic Health Evaluation (4 edition), 95% Cl, 95 percent confidence intervals.
The association between fluid administration, ED-LOS and Delta APACHE-IV score
(ED APACHE-IV - ICU APACHE-IV) was assessed. Crude Beta's are presented,
and adjusted Beta's. Because of multicollinearity between ED LOS and fluid
administration, separate models were used for both variables. Both models were
adjusted for age, sex, hospital, and the modified APACHE-IV score.

DISCUSSION

The present study shows that in ICU patients admitted from the ED, the
average calculated severity of illness and predicted mortality risks are
substantially higher, and the SMR is lower if not only data from the first 24
hours of ICU stay are used to calculate the APACHE-IV score, but also the
data from the ED. In our population, the mean increase in APACHE IV score
was 13%, with a mean increase in predicted mortality risk of 30% and a
decrease in SMR of 13%.

Our results are in accordance with an earlier study of 76 ICU patients
admitted from the ED and operating rooms.2® In this study, higher APACHE
II, APACHE lll, and SAPS Il scores were found if calculated with data from 6
hours before ICU referral to 24 hours after ICU admission compared with
the standard period from ICU admission to 24 hours after ICU admission.
Consequently, including pre-ICU data leads to higher severity of illness
scores. This can be explained by the fact that the period to choose the most
deviating physiological variables becomes longer.

It may be argued that this influence of pre-ICU data on the assessment
of severity of illness and predicted mortality has no major consequences,
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because the 24h time period for data collection is clearly defined and similar
for ICUs all over the world. Thus, APACHE scores and mortality predictions
would be well comparable for describing case-mix and outcomes among
ICUs (benchmarking). However, the true importance of our findings lies in
the fact that major differences exist in the location where initial stabilization
of patients takes place. For example, patients with septic shock are
stabilized in the ED in some hospitals,?' whereas they would be transferred
immediately to the ICU in other hospitals.3” 202203 Especially in the early
phase of stabilization, physiological parameters may be very disturbed
leading to high APACHE scores. Because the APACHE prognostic scores are
calculated from data exclusively from the first 24 hours after ICU admission,
this would contribute to higher APACHE scores and predicted mortality if
stabilization took place in the ICU, but not if performed in the ED. Calculated
severity of illness with the APACHE-IV score and predicted mortality risk will
be lower in hospitals where patients are routinely stabilized in the ED before
transfer to the ICU, compared to hospitals where patients are immediately
transferred from the ED to the ICU and stabilized there.?°* As a result, the
higher calculated SMRs may be falsely interpreted as a difference in the
quality of care, while they can be fully explained by the fact that only data
from the ICU are used for scoring. In our population, we found a substantial
difference in SMR of 0.63 versus 0.55 depending on using or not using the
ED data. In ICU literature this occurrence is referred to as lead-time bias.”38

Our findings imply that whenever the quality of care among ICUs is
compared using the SMR, a correction should be applied, or a margin of
error of approximately 13% should be used if hospitals differ in their policy
to stabilize patients. Our study was performed only in patients admitted
to the ICU from the ED. However, in patients admitted from the operating
rooms, wards, or in patients transferred from other hospitals comparable
differences in measured severity of illness and SMRs may be found if policies
in stabilizing patients differ.?’

In the ICU APACHE-IV model, the calculated predicted mortality risk is
already adjusted for the source of admission, e.g., from the ED. However,
this adjustment doesn’t correct for the influence of initial stabilization in
either the emergency department or the ICU. In both situations, the patient
is admitted from the ED with identical adjustment for source of admission.
Future studies should investigate whether the APACHE-IV model could be
improved to account for differences in hospital policy to stabilize patients.

We show that patients with higher ICU APACHE-IV scores had a larger
absolute difference in predicted mortality compared to patients with a lower



ICU APACHE-IV score. This may be explained by more intense resuscitative
treatments in the ED. Unfortunately, the data available about therapies
started in the ED was limited to only fluid therapy.

Small increases in delta APACHE-IV were found with more fluid
administration in the ED and with an ED LOS of >3.9hours. We can only
speculate why a longer ED LOS led to a larger difference in APACHE-IV. Likely,
patients with a prolonged ED LOS got more treatments in the ED, such as
fluid administration, but also unregistered resuscitative therapies, which
caused bigger changes in physiological signs than in patients who had a
short ED LOS. However, we expected to find larger differences between
the ICU APACHE-IV and ED APACHE-IV with more intensive ED treatment
and a longer ED LOS. Nonetheless, this study analyzed a selective group of
patients from the ED who may not have responded sufficiently to therapy
and therefore may have been admitted to the ICU. This selection of ED
patients may explain why we found only small increases in delta APACHE-IV
in patients with a prolonged ED LOS.

Despite several strengths like the sample size and the multicenter design,
our study also has some limitations. First, in approximately 18% of patients
admitted from the ED to the ICU, no ED data were available. Patients could
not be linked between databases for various reasons: i.e., transfers to other
hospitals, patients who first went for surgery and not directly to the ICU,
patients who bypassed the ED and went for coronary intervention, and
possible registration problems. We cannot exclude that this may lead to
some selection bias. Nonetheless, patient characteristics and mortality of
patients who could not be linked between both databases were comparable
with characteristics of included patients. Also, in our ED database, only initial
values from ED admission were present. It may well be that even more
deviating values could have been measured during ED treatment. Therefore,
our findings likely underestimate the actual so-called lead-time bias in our
patients. Furthermore, in our study, we did not include patients admitted to
the ICU from an ED in another hospital. In those cases, the period between
ED admission and ICU admission is prolonged, which potentially leads to
more considerable differences in calculated APACHE IV scores and thus more
lead-time bias.?’

CONCLUSIONS

In summary, including the initial vital signs and laboratory results from the
ED in the APACHE-IV score changed the predicted mortality risk and SMR,
highlighting the influence of treatment given at the ED prior to IC admission.



In addition, a longer ED LOS was associated with an increase in delta APACHE
IV score, leading to a spuriously high SMR when this is not considered. Our
findings are essential when comparing hospitals regarding quality of care
and case-mix adjusted outcomes. APACHE IV scores and SMRs are not
directly comparable in patients admitted from the ED if hospitals differ
in their policy to stabilize patients in the ED before ICU admission. Future
research should focus on refining models to adjust for these differences.
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The effect of ED treatment on severity scoring in ICU patients

SUPPLEMENTARY FILE 3

Patient characteristics of excluded patients who could not be linked with
the Emergency Department Database (N=323)

Characteristics
(N=323)

Intensive Care Unit

Intensive Care Unit

Age, years, median (IQR)

Sex, male, N (%)

In hospital mortality, N (%)
Vital signs, median (IQR) {missing}

MAP, mmHg

HR, bpm

RR, /min.
Temperature, °oC
GCS

Urine, 24hours, L
Creatinine, pmol/L
Urea, mmol/L
Haematocrit, L/L
Leukocytes, x1079/L
Sodium, mmol/L
Albumin, g/L
Glucose, mmol/L

65 (53-74)

221 (68.4)

55 (17.0)

Lowest values <24h
63 (53-72) {2}

71 (59-83) {3}

12 (10-15) {4}
36.3(35.3-36.9) {2}
15 (6-15)

1.2 (0.8-1.9) {28}

82 (66-108) {26}

7.0 (5.6-9.7) {30}
0.36 (0.32-0.41) {12}
10.9 (8.1-14.4) {54}
137 (135-139) {17}
29 (25-34) {161}

6.2 (5.4-7.1) {18}

Highest values <24h
99 (88-116) {3}

103 (88-119) {1}

24 (22-27) {5}
37.4(36.7-37.9) {4)

91 (71-120) {27}

0.41 (0.35-0.45) {13}
12.1 (9.2-16.9) {55}
140 (138-142) {18}
30 (25-34) {161)

9.1 (7.0-11.8) {19}

Bilirubin, pmol/L 10 (7-16) {149}

a-PO2, mmHg 88 (73-107) {103}

a-PCO2, mmHg 38(35-44) {103}

a-pH 7.40 (7.30-7.40) {103}

Mechanical ventilation, N (%) - 170 (52.6)

FiO2 (%), median (IQR) - 40 (30-50) {90}

ICU: Intensive Care Unit, IQR: Interquartile Range, N: number, MAP: mean arterial
pressure, mmHg: millimeter mercury, HR: heart rate, SpO2: peripheral oxygen
saturation, RR: respiratory rate, °C: degrees Celsius, GCS: Glasgow Coma Scale, L:
Liter, a-PO2: arterial partial pressure of oxygen, a/v-PCO2: arterial or venous partial
pressure of carbon dioxide, a/v-pH: arterial acid base, FiO2: Fraction of inspired
oxygen.

From the ICU, both the lowest and highest values are given from the first 24hours
after admission, if available.
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SUPPLEMENTARY FILE 4

Patient demographics including triage categories, top five presenting:
complaints, top seven reasons for admission to the ED, diagnostics in the
ED and fluid administration.

Demographics N =1398
Arrived by ambulance, N (%) 985 (81.4) {188}
Triage category in the ED, N (%) {16}
Green/blue (non-urgent) 67 (5.0)
Yellow (less urgent) 340 (25.2)
Orange (urgent) 636 (47.2)
Red (Immediate) 305 (22.6)
Top five chief complaints in the ED, N (%) {246}
Feeling unwell 222 (15.9)
Dyspnoea 216 (15.5)
Intoxication 154 (11.0)
Abdominal pain 130 (9.3)
Thoracic pain 84 (6.0)
Miscellaneous 592 (42.3)
Top seven reasons for ICU admission, N (%)

Drug overdose 205 (14.7)
Sepsis 188 (13.4)
After cardiac arrest 136 (9.7)
Peripheral vascular surgery -surgical 87(6.2)
Infection 82 (5.9)
Pulmonary embolism 80 (5.7)
Cardiovascular 75 (5.4)
Miscellaneous 545 (39.0)
Diagnostics in the ED, N (%)

Blood cultures 335(19.4)
ECG 992 (57.3)

Radiology 962 (68.8)



The effect of ED treatment on severity scoring in ICU patients

Fluid administration in the ED

0ml 1085 (62.7)
0-500ml 241 (13.9)
>500ml 404 (23.4)

ED: Emergency Department, ECG: Electrocardiogram

Numbers between {} represent missings.
Triage categories are based on the Manchester Triage System or the Dutch Triage

Standard.
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Chapter 9

SUPPLEMENTARY FILE 5

Calibration plots for both the ICU APACHE-1V score and the ED APACHE-IV score

Calibration Plot

Observed in-hospital mortality

,00 ,20 ,40 ,60 ,80 1,00
Predicted mortality by the ICU APACHE-IV

Calibration Plot

1,00[ e

Observed in-hospital mortality

,00 ,20 ,40 ,60 ,80 1,00

Predicted mortality by the ED APACHE-IV

254



The effect of ED treatment on severity scoring in ICU patients

SUPPLEMENTARY FILE 6

The change in predicted mortality is presented if the ED Acute Physiology
and Chronic Health Evaluation (APACHE)-IV is compared to the ICU APACHE-
IV score. Both scores are presented per category that predicted mortality
changed, with the number of patients in each group.

ED APACHE-IV

120 Bscore
W 'CU APACHE-IV
score

Mean APACHE-IV score

<-5% -5-5% 5-10% >10%
Change in predicted mortality

Number of patients per group:

<-5%: N=1(0.1%)

05 - 5%: N=1066 (76.9%)
5-10%: N=202 (14.6%)
>10%: N=118 (8.5%)
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GENERAL DISCUSSION

Vital signs serve as the cornerstone of risk assessment of undifferentiated
patients presenting to the Emergency Department (ED), but the
interpretation of physiological variables deserves more attention. A correct
interpretation of physiological variables may lead to earlier treatment (i.e.,
fluid resuscitation, vasopressors) and better disposition decisions, which
may potentially lead to better outcomes, especially in older patients who
are at higher risk for adverse outcomes.

In Chapter 1, | have described four objectives of this thesis regarding the age-
adjusted interpretation of physiological variables for risk stratification in ED
patients, developing a new age- and sex-adjusted risk tool for the hospital,
and describing potential bias if risk tools are used for comparing the quality
of care among departments. There are several key findings. First, risk tools
should consider using age and sex-adjusted numerical scores instead of
single cut-off values, as clinically relevant thresholds don't exist for almost all
vital signs and biomarkers. Secondly, the International Early Warning Score
(IEWS), a recalibrated NEWS including age and sex, substantially improves
mortality prediction in the ED with better classification of patients into low
and high risk. This score should replace the NEWS for better risk stratification
in the ED. Thirdly, standardized mortality ratios (SMRs) are not directly
comparable in patients admitted from the ED if hospitals differ in their policy
to stabilize patients in the ED before ICU admission. This finding is important
if the quality of care is compared among ICU departments.

10.1 Age- and sex-adjusted interpretation of physiological variables

Due to higher baseline risks, absolute mortality risk increases substantially
more in older compared to younger patients with changing vital signs and
biomarkers [Chapters 2 and 3]. These more marked increases in risk imply
that deviating vital signs, such as a low blood pressure, have a different
meaning in older patients. For example, a systolic blood pressure (SBP) of
110mmHg has a two times higher odds for mortality than an SBP above
140mmHg. Although these higher odds would still result in a low absolute
mortality risk for younger patients, this blood pressure significantly impacts
the outcome of elderly patients on cohort level. The same principle applies
to other vital signs and most biomarkers; if deviating from their reference
values, the impact is more considerable for older patients. Therefore,
clinicians should be aware of these differences between young and old
patients so that treatment and disposition decisions may be improved in
the ED by earlier recognition of vital threads. This awareness can be created



using an age-adjusted risk tool such as the International Early Warning Score
(IEWS), which we have developed and described in Chapter 8.

Points in numerical risk tools, such as early warning scores, should be based
on regression coefficients, which are the logarithm of odds ratios."”> 204
Because the odds ratios for deviating vital signs for young and old patients
are comparable, the same number of points must be assigned for young
and old patients for deviating vital signs, as we have done for the IEWS in
Chapter 8. For deviating biomarker values, however, young and old patients
do not always have similar relative risk increases. For biomarkers of renal
function and homeostasis (e.g., urea, creatinine, sodium) and hemoglobin,
age should be considered an effect modifier [Chapter 3]. For increasing urea
and creatinine, relative mortality has more marked increases in younger
than older patients. The same concept is genuine for deviating sodium and
hemoglobin levels. Different reference intervals can explain the effect of age
on the interpretation of these biomarkers. Both sodium and hemoglobin
levels decline with increasing age in a healthy population, whereas reference
intervals for urea and creatinine increase due to physiological changes.®> 7%
77 Remarkably, most laboratories use the same reference intervals for young
and old patients. Using age-adjusted reference intervals for these biomarkers
may improve the interpretation of test results.5? More importantly, the effect
of age on the associations between these biomarkers and outcomes imply
that these biomarkers should be used differently in risk tools for young
and old patients. Different points must be assigned depending on age if
these biomarkers are used for risk stratification. Because biomarkers may
be expensive, not rapidly available or easily repeated, we did not consider
them in the development of IEWS.

Male sex was found to be an independent predictor of mortality in different
ED settings.”>%> However, in these studies, it was not reported whether
disease severity in males and females was similar at ED presentation. In
Chapter 9, we have shown that despite similar characteristics and disease
severity at ED arrival, male patients have higher adjusted risks for mortality
and high dependency care unit admission than female patients. If healthcare
providers are aware of these sex differences in clinical outcomes, they may
be able to anticipate the clinical course better and provide better treatment
choices for both men and women. It is therefore essential to consider these
sex differences in risk stratification. For this reason, we have included sex
in the newly developed IEWS.



10.2 Using thresholds for physiological variables

Many acute care guidelines and risk stratification tools use single thresholds
for physiological variables, suggesting that one cut-off may discriminate
between a good and bad prognosis. However, we have demonstrated in
Chapters 2 and 3 that these thresholds do not exist, and mortality increases
gradually with deviating vital signs or biomarkers. For mean arterial pressure
(MAP), respiratory rate (RR), and temperature, we found single cut-offs at
which the prognosis suddenly deteriorates. However, using these single
cut-offs would ignore a further increase of risk with more extreme values,
so we recommend not using single cut-offs in risk scores. Instead, risk tools
should include numerical scores.

Remarkably, an SBP between 110-140mmHg is associated with increased
mortality, while an SBP of 120mmHg is considered normal in a healthy
population. This result shows that high blood pressure in the ED is normal,
probably caused by an adrenergic response due to stress or pain. The
absence of this blood pressure response could mean that the patient is
critically ill. Another explanation may be that many people have hypertension
and thus are used to higher SBP values. As shown in Chapter 4, the difference
between the baseline SBP and initial SBP in the ED was associated with
30-day mortality. Therefore, a seemingly normal blood pressure in the ED
may in fact be relative hypotension and may not be recognized as such,
possibly leading to under-treatment and higher mortality, especially in older
patients. Although the study described in Chapter 4 was not designed to
assess whether the delta SBP was a better predictor for mortality than
the initial SBP in the ED, | believe that the baseline SBP is an important
variable that should be considered, if available, as the deviation from a
patients’ normal SBP may be relevant. In addition, we showed in Chapter 6
that tachycardia may not be helpful to detect hypotension in the ED, which
emphasizes the importance to know which blood pressure value is normal
for a patient.

10.3 Risk stratification tools

Risk stratification tools are commonly used for risk assessment in the ED.
Early warning scores are designed for prognostication and can be used as
early as in the ED and add to the clinical impression of a patient's disease
severity.'® However, most early warning scores contain methodological
weaknesses in development and validation.”®® Also, they are often not
sex- and age-adjusted or they use single thresholds for age in the score. In
Chapter 7, we demonstrated that adding age to the National Early Warning
Score (NEWS) resulted in better mortality prediction for all age categories.
However, in the development of NEWS, points for vital sign disturbances



were allocated based on clinical consensus rather than on a statistical
approach, which has led to discalibration.’® 3 For this reason, we have
developed the IEWS, a recalibrated sex- and age-adjusted score, which
outperforms the most widely adopted NEWS.

Despite their widespread implementation, many professionals are resistant
and skeptical towards formal predictions by risk scores, which is a well-
known socio-psychological phenomenon.?%> Although one may argue that
clinicians could assess patients’ risk by experience or clinical gestalt, it is well
established that even experts are biased in their perception of risk.¢8 20
207 In making predictions and judgments under uncertainty, people do not
appear to follow the calculus of chance or the theory of statistical prediction.
Instead, they rely on a limited number of heuristics which sometimes yield
reasonable judgments and sometimes lead to severe and systematic errors.
168,208,209 pegple tend to express great confidence in their biased decisions,
called the illusion of validity.?'>2"" For this reason, it is crucial to use a formal
risk estimate hand in hand with clinical gestalt. Furthermore, these scores
were not designed to replace clinical gestalt but to delay or support it.
A low-risk score may allow the clinician more time before assessing the
patient, which can especially be beneficial in overcrowded EDs, whereas, for
a high-risk score, clinical input may be urgently needed. The IEWS provides
an objective risk that may help with clinical decision-making and add to
the clinical appearance. The IEWS allows clinicians to select the patients
who need an urgent clinical assessment or delay this assessment if the
risk of the patient is low. Reducing alarm fatigue is especially important
in EDs that become more and more overcrowded. With [EWS, fewer acute
assessments are necessary, because many young patients have low risks,
whereas older patients are more often at high risk for adverse outcomes.
The IEWS, therefore, reduces alarm fatigue compared to NEWS by improving
the recognition of patients who really need timely clinical input. This timely
input can lead to earlier clinical decisions which may positively affect
patients’ outcome. Furthermore, it may also help to support the clinician in
early initiation of comfort or palliative care if the calculated mortality risk
is high in frail elderly.

Using the IEWS may lead to better treatment and disposition decisions.
Consequently, this may lead to lower mortality rates and shorter hospital
admission periods. Another advantage of a well-calibrated score is that it can
be used for case-mix correction when comparing outcomes of patients in
national and international research or quality improvement projects, which
is already done with the Acute Physiology and Chronic Health Evaluation
(APACHE)-1V for ICU patients. However, as we demonstrated in Chapter 9, the



calculated severity of illness and predicted mortality risk differ for a given
patient if the same initial treatment is given before or after ICU admission
or if the ED stay is longer, resulting in a phenomenon called lead-time bias in
the literature.?”38 These findings imply that a correction or a margin of error
should be applied whenever the quality of care among ICUs is compared
using the standardized mortality ratio (SMR). Similar lead-time bias might
be present in the ED if patients receive different treatments prehospital,
depending on the setting. For example, if patients are more often intubated
prehospital in one region because of longer distances, the physiological
variables measured in the ED will be affected, and so will the predicted
mortality risk. With more hospitals joining the Netherlands Emergency
department Evaluation Database (NEED), quality of care can be compared
among EDs in the near future. Consequently, it is essential to understand
differences in the prehospital setting to correct for lead-time bias.

10.4 Limitations

The limitations of each study included in this thesis have been discussed
in the relevant chapters. Some general limitations will be mentioned here.
Most studies in this thesis used the NEED as the main data source. Due
to the retrospective design, we cannot exclude the risk of selection and
information bias. For this reason, we have validated many findings in
multiple cohorts. For the development of IEWS, we tried to reduce bias by
using multiple imputations for missing variables. Furthermore, although
we have demonstrated that the IEWS improves mortality prediction in ED
patients, the treatment paradox has likely affected our findings due to the
retrospective design. This bias rests on the assumption that those at high
risk receive aggressive treatment, leading to an apparent overestimation of
risks because the outcome is often averted.*® For example, fever was not
associated with higher mortality, as demonstrated in Chapters 2 and 8. A
better-provided quality of care, or the treatment paradox, may be partly
responsible for this lower risk of patients with fever.2'> However, many other
physiological explanations have been suggested that could explain the
higher risk for patients with hypothermia, which should not be ignored.?"
Validation of our findings in hospital settings with almost no treatment
paradox, such as rural areas in developing countries, will help to understand
the treatment paradox’s effect.

10.5 Future perspectives

This thesis mainly focused on investigating differences between men and
women and young and old regarding the risk for adverse outcomes. More
importantly, we have developed a new tool for prognostication in the ED
reducing alarm fatigue and improving prognostication. The next step should



be the implementation of the IEWS in Western countries and investigate
whether this will lead to better patient outcomes. This implementation
may be done together with other measures that might contribute to
better recognition of elderly patients at risk. For example, frailty screening
instruments, such as the Clinical Frailty Score (CFS) or APOP, may help
further guidance of disposition decisions in older patients.?'*2'> However,
it is crucial that newly introduced risk tools or screening instruments do
not lead to more administration for healthcare workers and should instead
reduce workload. | believe that the biggest challenge for the future ED is
implementing better risk stratification tools, such as the IEWS, without
requiring physicians to calculate the score by multiple clicks or by hand. This
could be achieved by implementing the scores automatically in monitors or
Electronic Health Records. Prediction models can also be developed using
Artificial intelligence (Al). However, so far, Al does not outperform simple
logistic regression,®* and most models are poorly reported and at high risk of
bias such that the reported predictive performance is likely optimistic.2'® The
advantage of a simple risk score, such as IEWS, is that clinicians understand
what the predicted risk is based on. As long as acute care is delivered by
humans, not by robots, the latter is essential for humans to adopt the score
in clinical practice.

Although we have shown that the IEWS performs well in two Western
countries, a prediction model applied in a new healthcare setting or country
often produces predictions that are miscalibrated.’®* °°® This may lead to
incorrect and potentially harmful clinical decisions.'® For this reason,
further validation is desired to assess the generalizability of the IEWS across
multiple settings. In new healthcare settings, the IEWS might need to be
updated before it can safely be applied in that new setting."”® Instead of
developing and updating the IEWS in local settings, an international dataset
including data from multiple countries and healthcare systems might allow
better generalisability and implementation of risk scores, such as IEWS,
across different populations.'®® However, this may be a long shot due to
privacy and ownership challenges. A more promising solution for better
generalisability across multiple settings may be federated learning, a data-
private collaborative learning method where multiple EDs could train a
machine learning model on their own data at the same time, and then send
their model updates to a central server to be aggregated into a consensus
model.?" In this way, data do not need to be shared among institutions.
International and interdisciplinary collaborations are necessary for further
improvements of prediction models used in the acute care. The NEED could
contribute to this fast-growing and developing landscape.






SUMMARY



11.1 SUMMARY

Chapter 1 describes the background and aims of this thesis. The growing
number of older patients presenting to Emergency Departments (EDs)
requires better risk stratification to guide treatment and disposition
decisions. Therefore, it is essential to understand the effect of age on the
associations between physiological variables and outcomes.

More importantly, most risk tools are not age or sex adjusted and are not
based on a statistical approach. An age and sex adjusted risk tool could
improve risk stratification in the ED.

This thesis is divided into three parts and has four aims, regarding age-
adjusted interpretation of physiological variables for risk stratification in ED
patients, developing a new age- and sex-adjusted risk tool for the hospital,
and describing potential bias if risk tools are used for comparing the quality
of care among departments.

11.2 PART |
Age and sex adjusted interpretation of physiological variables in Emergency
Department patients

In Chapter 2 and 3, we studied the associations between vital signs,
biomarkers and relevant clinical outcomes in ED patients of different age
categories. Data from the Netherlands Emergency department Evaluation
Database (NEED) were used including patients >18 years.

The risk for mortality increased gradually with decreasing SBP and
decreasing peripheral oxygen saturation (Sp0O,). Diastolic blood pressure
(DBP), mean arterial pressure (MAP) and heart rate (HR) had quasi-U-shaped
associations with mortality. Mortality did not increase for temperatures
anywhere in the range between 35.5-42.0°C, with a single cut-off around
35.5°C below which mortality increased. Single cut-offs were also found for
MAP <70mmHg and respiratory rate >22/min.. However, using these single
cut-offs would ignore the further risk increase with more extreme values
of these vital signs. For all vital signs, older patients had larger increases in
absolute mortality compared to younger patients.

Mortality increased gradually for increasing C-reactive Protein (CRP), and had
a U-shaped association for creatinine, sodium, leukocytes, and hemoglobin.
Age significantly affected the associations between most studied blood tests
and mortality.



In summary, the use of a single cut-off for each physiological variable in
risk stratification tools and acute care guidelines deserves scrutiny. The
association between blood tests and (adjusted) mortality depends on age.
Risk tools should consider using age-adjusted numerical scores.

In Chapter 4 we assessed how often baseline systolic blood pressure (SBP)
could be retrieved from the Electronic Health Record (EHR) in older ED
patients, and whether the difference between the baseline SBP and initial
SBP in the ED (ASBP) was associated with 30-day mortality. In two Dutch
EDs, baseline SBPs were found in 220 out of 300 patients (73.3%). In 72
patients with normal initial SBPs in the ED, fifteen had a negative ASBP with
20% mortality. A negative ASBP was associated with 30-day mortality (AHR
4.7; 95%-Cl 1.7-12.7).

Baseline SBPs are often available in older ED patients. The ASBP has
prognostic value and may be used as an extra variable to recognize
hypotension.

Chapter 5 describes sex differences regarding disease presentations,
disease severity and case-mix adjusted outcomes in the ED. The NEED was
used as a data source.

Patient characteristics at ED presentation and diagnoses were comparable
between sexes. In-hospital mortality was higher for males at 2.2% compared
to 1.7% for females. Males had a higher adjusted risk for mortality (AOR
1.34; 95%-Cl 1.24-1.46) and for high dependency care unit admission (1.46;
95%-Cl 1.37-1.56). This higher risk was present for all triage categories and
almost all presenting complaints.

Sex-adjusted risk scores may improve risk stratification in the ED.

In Chapter 6 we assessed the association between SBP and heart rate (HR)
in ED patients of different age categories. The NEED was used as a data
source and a a cohort including patients with a suspected infection. Findings
were validated in a Danish Multicenter Cohort (DMC).

No clinically relevant unadjusted or adjusted associations were found
between SBP and HR in any age category or subgroup of ED patients. No
increase in HR existed with a decreasing SBP during ED treatment in ED
patients with a suspected infection.



In conclusion, no clinically relevant association existed between SBP
and HR in ED patients of any age category, neither in subgroups nor in a
different international setting. As a result, hypotension and shock cannot
be recognized solely by tachycardia.

11.3 PARTII
Development and external validation of an age and sex adjusted Early
Warning Score

In Chapter 7 we investigated how age affects the predictive performance
of the National Early Warning Score. The DMC was used as a development
cohort including 14,809 patients >18 years. External validation was
performed in the NEED.

For NEWS alone, severe underestimation of risk was observed for persons
>80 while overall Area Under Receiver Operating Characteristic (AUROC)
was 0.82 (Cl: 0.80-0.84) in the DMC and 0.75 (Cl: 0.75-0.77) in the NEED.
When combining NEWS with age, underestimation of risks was eliminated
for persons >80 and overall AUROC increased significantly to 0.86 (Cl: 0.85-
0.88) in the DMC and 0.82 (Cl: 0.81-0.83) in the NEED.

In summary, combining NEWS with age improved the prediction performance
regarding in-hospital mortality, mostly for persons aged above 80 and can
potentially improve decision policies at arrival to EDs.

In Chapter 8 we developed and externally validated the International Early
Warning Score (IEWS), a recalibrated NEWS including age and sex. The NEED
was used as the development cohort and the DMC as the external validation
cohort. Model performance to predict in-hospital mortality was evaluated
by discrimination (AUROC), calibration curves, reclassification and clinical
usefulness by decision curve analysis.

The in-hospital mortality rate was 2.4% (N=2314) in the NEED and 2.5%
(N=365) in the DMC. Overall, the IEWS performed significantly better than
NEWS with an AUROC of 0.89 (95% confidence Intervals (Cl) 0.89-0.90)
versus 0.82 (Cl 0.82-0.83) in the NEED and 0.87 (Cl 0.85-0.88) versus 0.82
(Cl 0.80-0.84) at external validation. For each age category discrimination
improved with IEWS compared to NEWS. Calibration for NEWS predictions
underestimated risk in older patients and overestimated risk in the youngest,
while calibration improved for IEWS with a substantial improvement of
reclassification of patients from low to high risk and a standardized net
benefit of 5-15% in the relevant risk range for all age categories.



In conclusion, the IEWS, a recalibrated NEWS including age and sex,
substantially improves mortality prediction for all ages in ED patients. The
better classification into low and high risk may potentially contribute to
better decision policies and the IEWS should therefore replace NEWS in the
ED in Western countries.

11.4 PART Il
Bias in the use of risk tools to compare quality of care

The aim of Chapter 9 was to assess to what extent predicted mortality risk
would be affected if the Acute Physiology and Chronic Health Evaluation
(APACHE)-1V score was recalculated with the initial physiological variables
from the ED. Secondly, to evaluate whether ED Length of Stay (LOS) was
associated with a change (delta) in these APACHE-IV scores. Data from two
Dutch quality registries were linked: the NEED and the National Intensive
Care Evaluation (NICE) registry.

The Standardized mortality ratio (SMR) changed from 0.63 (95%CI 0.54-0.72)
to 0.55 (95%Cl 0.47-0.63) if ED physiological variables were considered in
calculating the APACHE-IV score. ED LOS >3.9hours was associated with a
slight increase in delta APACHE-IV of 1.6 (95% Cl 0.4-2.8) compared to ED
LOS <1.7hours.

In summary, predicted mortality risks and SMRs calculated by the APACHE
IV scores are not directly comparable in patients admitted from the ED
if hospitals differ in their policy to stabilize patients in the ED before ICU
admission.

11.5 PART IV
General discussion

Chapter 10 constitutes the general discussion and clinical implications of
the main findings, general limitations and future perspectives.






DUTCH SUMMARY (NEDERLANDSE
SAMENVATTING)



12.1 NEDERLANDSE SAMENVATTING

Hoofdstuk 1 beschrijft de achtergrond en doelen van dit proefschrift.
Vanwege het groeiende aantal oudere patiénten op de Spoedeisende Hulp
(SEH) is betere risicostratificatie nodig om behandelingen en dispositie
beslissingen te ondersteunen. Om die reden is het belangrijk om te begrijpen
wat het effect van leeftijd is op de associatie tussen fysiologische variabelen
en uitkomsten.

Belangrijk daarbij is dat bestaande risicotools niet gecorrigeerd zijn voor
leeftijd of geslacht en meestal niet gebaseerd zijn op een statistische
benadering. Een leeftijd en geslacht gecorrigeerde risicoscore zou
risicostratificatie op de SEH kunnen verbeteren.

Dit proefschriftis verdeeld in drie delen en heeft vier doelen die betrekking
hebben op leeftijd gecorrigeerde interpretatie van fysiologische variabelen
voor risicostratificatie op de SEH, de ontwikkeling van een nieuw leeftijd
en geslacht gecorrigeerde risicoscore, en de beschrijving van potentiéle
bias wanneer risicoscores gebruikt worden om kwaliteit van zorg tussen
afdelingen te vergelijken.

12.2 DEEL 1
Leeftijd en geslacht gecorrigeerde interpretatie van fysiologische variabelen
in Spoedeisende Hulp patiénten

In hoofdstuk 2 en 3 onderzochten we de associatie tussen vitale parameters,
biomarkers en relevante klinische uitkomsten van SEH-patiénten van
verschillende leeftijdsgroepen. Data van de Netherlands Emergency
department Evaluation Database (NEED) werd hiervoor gebruikt.

Het risico voor mortaliteit nam gradueel toe met afnemende systolische
bloeddruk en perifere zuurstof saturatie. Diastolische bloeddruk,
gemiddelde arteriéle druk (MAP) en hartfrequentie hadden U-vormige
associaties met mortaliteit. Het risico op overlijden nam niet toe voor
lichaamstemperaturen tussen de 35.5 en 42.0 graden Celsius, terwijl er
wel een plotselinge verandering was van risico onder 35.5 graden Celsius.
Deze afkapwaardes, waarbij het risico plots verandert, bestonden ook
voor een MAP van <70mmHg en een ademhalingsfrequentie van >22/min.
Echter, het gebruik van deze afkapwaardes in risicostratificatie zou verdere
toename van het risico negeren met nog extremere waardes van deze vitale
parameters. Voor alle vitale parameters hadden oudere patiénten grotere
toenames in het absolute risico op overlijden dan jongere patiénten.



Mortaliteit nam gradueel toe voor C-reactief proteine (CRP), en mortaliteit
had een U-vormige associatie met creatinine, natrium, leukocyten, en
hemoglobine. Leeftijd had een significante invioed op de associaties tussen
de meeste bloeduitslagen en mortaliteit.

Samenvattend, het gebruik van een enkele afkapwaarde voor fysiologische
variabelen in risicostratificatie scores en spoedeisende geneeskunde
richtlijnen verdient aandacht. De associatie tussen bloeduitslagen en
(gecorrigeerde) mortaliteit is afhankelijk van leeftijd. Risicoscores zouden
leeftijds gecorrigeerde numerieke scores moeten gebruiken.

In Hoofdstuk 4 onderzochten we hoe vaak een individuele referentiewaarde
voor systolische bloeddruk (SBP) achterhaald kon worden in het
elektronische patiéntendossier van oudere patiénten, en of het verschil
tussen deze bloeddruk en die gemeten op de SEH (ASBP) geassocieerd was
met 30-dagen mortaliteit. Van twee Nederlandse SEH's werden referentie
SBP waardes gevonden in 220 van de geincludeerde patiénten (73.3%). Bij
72 patiénten met een normale initiéle SBP op de SEH hadden 15 patiénten
een negatieve ASBP met een mortaliteit van 20%. Een negatieve ASBP was
geassocieerd met 30-dagen mortaliteit (Adjusted Hazard Ratio 4.7; 95% ClI
1.7-12.7).

Individuele referentiewaardes voor SBP waren vaak beschikbaar bij oudere
SEH-patiénten. De ASBP heeft prognostische waarde en kan gebruikt worden
als een extra variabele in het herkennen van hypotensie.

Hoofdstuk 5 beschrijft de geslachtsverschillen in ziektepresentatie, ziekte
ernst, en case-mix gecorrigeerde uitkomsten op de SEH. De NEED werd
gebruikt als databron.

Patiéntkarakteristieken tijdens de SEH-presentatie en diagnoses waren
vergelijkbaar tussen beide geslachten. Ziekenhuismortaliteit was hoger
voor mannen met 2.2% vegeleken met 1.7% voor vrouwen. Mannen hadden
een hoger gecorrigeerd risico voor mortaliteit (AOR 1.34; 95%-Cl 1.24-14.6)
en voor Medium Care/Intensive Care opname 1.46; 95% 1.37-1.56). Dit
hogere risico was aanwezig voor alle triage categorieén en voor bijna alle
ingangsklachten.

Geslacht gecorrigeerde risicoscores kunnen risicostratificatie op de SEH
verbeteren.



In Hoofdstuk 6 onderzochten we de associatie tussen SBP en hartfrequentie
(HF) voor SEH-patiénten van verschillende leeftijdscategorieén. De NEED
en een cohort van patiénten met een verdenking op een infectie werden
gebruikt als databron. Bevindingen werden gevalideerd in een Deens
multicenter cohort (DMC).

Er werd geen relevante associatie gevonden tussen bloeddruk en hartslag
in verschillende leeftijdsgroepen of subgroepen van SEH-patiénten, ook
niet in het DMC. Er werd geen toename in HF gevonden met een afname
in bloeddruk tijdens de SEH behandeling bij patiénten met een verdenking
op een infectie.

Conclusie, er bestaat geen associatie tussen SBP en HF bij SEH-patiénten
van verschillende leeftijdsgroepen, ook niet in subgroepen of in een andere
internationale setting. De oorzaak hiervan is mogelijk de velen confounders
die een rol spelen op de SEH. Als gevolg kan een dalende bloeddruk niet
herkent worden met alleen een tachycardie.

12.3 DEEL Il
Ontwikkeling en externe validatie van een leeftijd en geslacht gecorrigeerde
Early Warning Score

In Hoofdstuk 7 onderzochten we het effect van leeftijd op de voorspellende
waarde van de National Early Warning Score (NEWS). Het DMC werd gebruikt
voor de ontwikkeling van het model, 14,809 patiénten =18 jaar konden
geincludeerd worden. Externe validatie van het model werd gedaan in de
NEED.

Voor NEWS werd ernstige onderschatting van het risico geobserveerd bij
patiénten >80 jaar. Voor de gehele populatie was de AUROC 0.82 (0.80-0.84)
in het DMC en 0.75 (0.75-0.77). Wanneer NEWS werd gecombineerd met
leeftijd, bestond er geen onderschatting meer van het risico in de oudere
patiéntencategorie. Daarnaast nam de AUROC significant toe naar 0.86
(0.85-0.88) in het DMC en 0.82 (0.81-0.83) in de NEED.

Samenvattend, het combineren van NEWS met leeftijd verbetert de
voorspellende waarde met betrekking tot ziekenhuismortaliteit, met
name voor personen ouder dan 80 jaar. NEWS met leeftijd kan potentieel
behandelbeslissingen en dispositie verbeteren bij aankomst van de patiént
op de SEH.



In Hoofstuk 8 ontwikkelde we een Internationale Early Warning Score
(IEWS), een gekalibreerde NEWS inclusief leeftijd en geslacht. De NEED
werd gebruikt voor ontwikkeling van het model en het DMC werd gebruikt
voor externe validatie. Model prestatie om ziekenhuismortaliteit te
voorspellen werd geévalueerd door discriminatie (AUROC), calibratiecurves,
reclassificatie en klinische bruikbaarheid met beslissingscurves.

Ziekenhuismortaliteit was 2.4% (N=2314) in de NEED en 2.5% (N=365) in het
DMC. De IEWS presteerde significant beter dan de NEWS met een AUROC van
0.89 (0.89-0.90) vergeleken met 0.82 (0.82-0.83) in de NEED, en 0.87 (0.85-
0.88) vergeleken met 0.82 (0.80-0.84) in het DMC. Voor elke leeftijdscategorie
verbeterde de discriminatie met IEWS vergeleken met NEWS. Calibratie van
voorspellingen met NEWS onderschatte het risico in oudere patiénten en
overschatte het risico van jongere patiénten. Calibratie verbeterde met IEWS
en zorgde voor een substantiéle verbetering van reclassificatie van patiénten
in laag en hoog risico, en gestandardiseerde net benefit van 5-15% in het
klinisch relevante risico bereik van alle leeftijdsgroepen.

Concluderend, de IEWS, een gekalibreerde NEWS inclusief leeftijd en
geslacht, verbetert mortaliteit voorspelling substantieel voor alle leeftijden
bij SEH-patiénten. Betere classificatie in laag en hoog risico kan potentieel
leiden tot betere klinische beslissingen en de IEWS zou daarom de NEWS
moeten vervangen op de SEH in Westerse landen.

12.4 DEEL 111
Bias in het gebruik van risicoscores om kwaliteit van zorg te vergelijken

Het doel van Hoofdstuk 9 was om te onderzoeken in welke mate de
voorspelde mortaliteit beinvlioed zou worden als de Acute Physiology and
Chronic Health Evaluation (APACHE)-IV score werd herberekent met de
initiéle fysiologische variabelen op de SEH. Daarnaast was het doel om te
onderzoeken of de SEH-ligduur geassocieerd was met een verandering (delta)
in deze APACHE-IV scores. Data van twee Nederlandse kwaliteitsregistraties
werden gekoppeld: de NEED en de National Intensive Care Evaluation (NICE)
registratie.

De gestandardizeerde mortaliteitsratio (SMR) veranderde van 0.63 (95%Cl
0.54-0.72) naar 0.55 (95% 0.47-0.63) wanneer fysiologische variabelen van
de SEH werden meegenomen om de APACHE-IV score te berekenen. Een
SEH-ligduur van >3.9uur was geassocieerd met een lichte toename in delta
APACHE-IV van 1.6 (95% Cl 0.4-2.8) vergeleken met een SEH ligduur van
<1.7uur.



Samenvattend, de voorspelde mortaliteitsrisico’s en SMRs berekent met
de APACHE-IV score zijn niet direct vergelijkbaar van patiénten opgenomen
vanuit de SEH als ziekenhuizen verschillen in hun beleid om patiénten te
stabiliseren op de SEH voor IC-opname.

12.5 DEEL IV
Algemene discussie

Hoofdstuk 10 bestaat uit de algemene discussie en klinische implicaties van
de bevindingen, algemene limiaties en toekomstige perspectieven.



Dutch summary (Nederlandse samenvatting)
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