
In order to assure adequate and effi‑ 
cient treatment in the emergency de‑
partment (ED) in spite of increasing 
patient numbers, early risk stratifica‑ 
tion is becoming increasingly impor‑
tant for guiding treatment priority. 
Clinical information obtained early‑ 
after presentation to the ED might be 
useful for improving risk stratifica‑
tion and characterizing the patient 
populations of different EDs. Data on 
risk stratification of unselected ED 
patients are sparse [5]. Therefore, the 
objective of this analysis was to as‑
sess the value of routine data ob‑
tained early after admission for risk 
categorization in terms of in‑hospital 
mortality.

In light of the trend towards increasing 
patient numbers and limited resources, 
effective triage systems, early risk strat‑ 
ification and good quality management 
with detailed standard operating proce‑
dures (SOPs) are becoming increasingly 
important, in order to be able to continue 
to assure adequate and efficient treatment 
in the ED [3, 6, 8, 9, 10, 28, 33, 36, 38, 42].

Triage systems such as the Manchester  
Triage System (MTS) and the Emergen‑
cy Severity Index (ESI) are predomi‑
nantly symptom‑based approaches. Es‑
sential clinical information usually ob‑
tained during the early minutes after pre‑
sentation to the ED and laboratory pa‑
rameters available after a short time pe‑
riod might be useful for improving risk 
stratification; however, these currently re‑
main unconsidered in the majority of ED 
patients. Prior research on risk stratifica‑
tion in nonsurgical ED patients with re‑
spect to this routine clinical information 
has often been conducted in small sub‑
populations with specific diagnoses, such 
as myocardial infarction or heart failure, 
or with specific symptoms [1, 5, 35]. As 
the initial evaluation of a patient is symp‑
tom based, the value of diagnosis‑based 
scores for risk stratification early after ad‑
mission is limited. For patients with cardi‑
ac chief complaints like chest pain or dys‑
pnoea, several studies have assessed risk 
factors for different endpoints [7, 16, 29, 
32] and some of these are commonly used 
for risk stratification in clinical routine. 
Data on characterization and risk stratifi‑
cation in the majority of patients with oth‑
er or no chief complaints, or unselected 
ED patients, are sparse [2, 5, 14, 15, 19, 20–
22, 34], even though these groups repre‑
sent the majority of ED patients.

The objective of this analysis was to as‑
sess the value of the routine vital and labo‑

ratory parameters obtained early after ad‑
mission and usually available within the 
first hour for their potential role in risk 
categorization in terms of the endpoint 
in‑hospital mortality.

The results of this study might aid im‑
provement of current risk stratification 
strategies and thus promote efficient re‑
source allocation in unselected nonsurgi‑
cal ED patients.

A. Slagman1 · J. Searle1 · J.O. Vollert1,2 · C. Müller3 · R. Muller4 · R. Somasundaram5 · 
M. Möckel1

1  Division of Emergency Medicine, Charité University Medicine, North Campi (CVK, CCM), Berlin, Germany
2  Thermofisher Scientific, Hennigsdorf, Germany
3  Department of Laboratory Medicine, Charité University Medicine, Berlin, Germany
4  James Cook University, Townsville, Australia
5  Division of Emergency Medicine (CBF), Berlin, Germany

Predicting in-hospital mortality 
using routine parameters 
in unselected nonsurgical 
emergency department patients

Notfall Rettungsmed 2015 · 18:501–509
DOI 10.1007/s10049-015-0055-3
Online publiziert: 4. September 2015
© Springer-Verlag Berlin Heidelberg 2015

Abbreviations

APACHE II  Acute Physiology and Chronic 
Health Evaluation II

CART  classification and regression tree

CRP  C-reactive protein

EPICS  Emergency Processes in Clinical 
Structures

ESI  Emergency Severity Index

GCS  Glasgow Coma Scale

HIS  hospital information system

MTS  Manchester Triage System

RAPS  Rapid Acute Physiology Score

RDW  red cell distribution width

REMS  Rapid Emergency Medicine 
Score

SOP  standard operating procedure

Originalien

501Notfall +  Rettungsmedizin 6 · 2015 | 

Electronic supplementary material

This article contains two tables and an 
additional figure which are available under 
doi: 10.1007/s10049-015-0055-3.

http://crossmark.crossref.org/dialog/?doi=10.1007/s10049-015-0055-3&domain=pdf&date_stamp=2015-9-25
http://crossmark.crossref.org/dialog/?doi=10.1007/s10049-015-0055-3&domain=pdf&date_stamp=2015-8-28


Materials and methods

Patients

This retrospective cohort study included 
all nonsurgical patients who attended one 
of the two participating EDs of the Uni‑
versity Hospital Charité Berlin (n = 34,333) 
between February 15, 2009 and Febru‑
ary 14, 2010. In a validation analysis, the 
data of all patients attending the same EDs 
from February 15, 2011 until February 14, 
2012 were included (n = 35,646).

The participating EDs are both central 
EDs at different sites of the Charité in Ber‑
lin, Germany. At both study sites, the de‑
cision whether patients are primarily sur‑
gical or nonsurgical is taken by the tri‑
age. All patients are initially assessed and 
treated in the ED; and then admitted to a 
special ward, transferred to another hos‑
pital or discharged home after a tentative 
diagnosis has been made and appropri‑
ate treatment initiated. Only adult (above 
18 years of age), internal and neurological 
ED patients were included in this study.

The routine data of all patients were re‑
trieved from the hospital information sys‑
tem (HIS) in an IT‑supported automated 
manner. Data preparation and statistical 
analyses were accomplished according to 
the guidelines on good clinical practice in 
secondary data analysis [17].The Charité 
ethics committee confirmed that the anal‑
ysis was acceptable with respect to stan‑
dard ethical rules in science and research. 
This study is an investigator‑initiated tri‑
al and received no funding. The study was 
registered on November 16, 2009 in the 
German Clinical Trials Register: univer‑
sal trial number: U1111‑1112‑5093.

Biomarker measurement

C‑reactive protein (CRP), creatinine, sodi‑
um and potassium were measured on the 
cobas device (Roche Diagnostics, Basel, 
Switzerland): CRP was determined using 
a human immunoassay with a coefficient 
of variation (CV) of 1.2 % at 3.4 mg/l. The 
CV of creatinine was 2.8 % at 98.2 µmol/l 
and was determined by the Jaffé Method. 
The CV for sodium was between 0.3 and 
0.4 % at different concentrations and the 
CV for potassium between 0.3 and 0.5 %. 
White blood cell count (WBC), red blood 

cell count (RBC) and platelets were mea‑
sured by flow cytometry on a Sysmex de‑
vice (XN series; Sysmex, Hyogo, Japan).

Statistical analysis

The primary endpoint was in‑hospital 
mortality as assessed for every patient 
during their entire hospital stay (inpa‑
tients). For patients who were discharged 
or transferred from the ED (outpatients), 
only the stay in the ED was assessed. 
These outpatients were regarded as sur‑
vivors. Demographic characteristics (age, 
gender), as well as chief complaints, vi‑
tal signs and laboratory parameters were 
assessed for their potential to predict in‑
hospital mortality. Only the first val‑
ue after admission to the ED was anal‑
ysed. In order to assess the bivariate as‑
sociation between predictors and in‑hos‑
pital mortality, receiver operating charac‑
teristic (ROC) curves and the area under 
these curves (AUROC) were used. For all 
variables associated with the investigated 
endpoint in bivariate analysis, a correla‑
tion matrix was constructed to check for 
multicollinearity (supplementary table 1 
“Correlation between all predictors in the 
final model as well as patient gender”). All 
analyses stated above were performed us‑
ing the statistical software SPSS (Statisti‑
cal Package for Social Science version 19; 
SPSS, IBM, Armonk, NY, USA). All anal‑
yses reported below were performed using 
SAS version 9.3 (SAS Institute, Cary, NC, 
USA). Relative risks (RRs) as well as the 
95 % exact binomial confidence intervals 
(CI) were calculated for each single pre‑
dictor in bivariate analyses. Eleven factors 
with the highest resulting RRs were fur‑
ther investigated in a multivariate mod‑
el by logistic regression analysis, as the 
model did not converge when log‑bino‑
mial regression was used [37]. However, 
since the investigated endpoint was rare 
in the overall cohort as well as in all inves‑
tigated subgroups, the odds ratios (ORs) 
obtained from logistic regression analyses 
are a good estimate of the RR. ROC curves 
for the final regression model were com‑
puted and all variables associated with the 
endpoint in bivariate analysis were addi‑
tionally subjected to classification and re‑
gression tree (CART) analysis to validate 
the findings from the logistic regression 

and to achieve improved interpretation of 
their effects.

Results

Patient characteristics

Patient characteristics and their associa‑
tion with in‑hospital mortality are shown 
in . Table 1.

In-hospital mortality

Overall, 34,333 patients were analysed 
in this study. Of these, 1.8 % died during 
their hospital stay (n = 634). Mortality 
was higher in men (2.1 %) than in wom‑
en (1.6 %; p = 0.003) and higher in those 
above 65 years of age (3.5 %) compared to 
younger patients (0.8 %; p < 0.001, . Ta-
ble 2). An additional dataset containing 
35,646 ED patients was used to validate 
the findings of the derivation dataset. In 
this validation dataset, the overall in‑hos‑
pital mortality was 2.1 % (765/35,646).

Diagnoses

The most frequent diagnosis—in both sur‑
vivors and non‑survivors—was stroke (In‑
ternational Classification of Diseases, ICD 
code: I63). Other frequent diagnoses in 
non‑survivors were sepsis, acute myocar‑
dial infarction and heart failure (. Table 3).

Multivariate analysis

In multivariate analysis, 26,235 observa‑
tions were analysed. The final model in‑
cluded nine predictors (. Table 4). A CRP 
value above 71.9mg/l and a red cell distri‑
bution width (RDW) value above 16.2 % 
had the highest ORs.

The ROC curve of this model includ‑
ing all nine factors covered an AUROC 
of 0.863 (95 % CI: 0.848–0.877). The AU‑
ROC for this model including the numer‑
ic variables instead of dichotomised values 
was 0.870 (95 % CI: 0.857–0.883).

Three-marker model

A model containing only the three best 
predictors for mortality (CRP, RDW, 
age) revealed an AUROC of 0.866 (95 % 
CI: 0.853–0.878; . Fig. 1a) when numeric 
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variables were modelled and an AUROC 
of 0.825 (95 % CI: 0.809–0.841) for the bi‑
nary predictors (. Table 5). The best pre‑
dictor within the model was CRP, with an 
OR of 5.56.

Validation of the 
three-marker model

An independent validation of the three‑
marker model was performed in a valida‑
tion dataset with 35,646 patients. Of these, 
32,493 observations with complete infor‑
mation were available. The AUROC for 
the three‑marker model with numeric 

variables in the validation was 0.837 (95 % 
CI: 0.825–0.850; . Fig. 1b). Logistic re‑
gression for the three binary parameters 
revealed almost identical ORs for CRP 
and RDW (. Table 5).
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Predicting in‑hospital mortality using routine parameters in 
unselected nonsurgical emergency department patients

Abstract
Background. To assure adequate and effi-
cient treatment in the emergency depart-
ment (ED) despite increasing patient num-
bers, early risk stratification might be helpful 
for directing resource allocation.
Objective. To determine whether routine 
clinical data can predict in-hospital mortality 
in nonsurgical ED patients and to specifically 
identify the best predictive parameters.
Materials and methods. This retrospective 
cohort study investigated 34,333 nonsurgical 
adult patients who attended one of the two 
participating EDs in Berlin, Germany, within 
1 year. Routine clinical data were analysed for 
their potential to predict in-hospital mortali-
ty using logistic regression as well as classifi-
cation and regression tree (CART) analysis. A 
validation dataset contained 35,646 patients 
of the following year.

Results. In-hospital mortality was 1.8 % 
(634/34,333). C-reactive protein (CRP) and 
red cell distribution width (RDW) were the 
best predictors of mortality. A model with 
nine predictors (CRP, RDW, age, potassi-
um, sodium, WBC, platelets, RBC and cre-
atinine) achieved an area under the receiv-
er operating characteristic curve (AUROC) of 
0.870 (95 % confidence interval, CI: 0.857–
0.883). A three-marker model (CRP, RDW, 
age) resulted in an AUROC of 0.866 (95 % 
CI: 0.853–0.878). In the independent valida-
tion dataset the AUROC for this three-mark-
er model was 0.837 (95 % CI: 0.825–0.850). 
CART analysis corroborated the importance 
of CRP and RDW, and a clinical algorithm for 
risk stratification was developed (Emergency 
Processes in Clinical Structures, EPICS score).

Conclusion. Two different statistical proce-
dures and independent validation revealed 
similar results, suggesting a combination of 
CRP and RDW as a score (EPICS score) for ear-
ly identification of high-risk patients. This 
might be particularly helpful in overcrowd-
ed situations and where resources are limit-
ed. The suggested score should be validat-
ed and potentially adapted to diverse ED set-
tings and patient populations in international 
multicentre trials.

Keywords
Risk stratification · C-reactive protein · ROC 
curve · Resources · Adult

Vorhersage der intrahospitalen Mortalität unselektierter internistischer 
Notfallpatienten anhand von Routineparametern

Zusammenfassung
Hintergrund. Um die adäquate und 
effiziente Behandlung von Notfallpatienten 
bei steigenden Patientenzahlen gewähr-
leisten zu können, könnte eine frühe 
Risikostratifizierung der Ressourcenallokation 
in der Notaufnahme dienen.
Ziel der Arbeit. Welche routinemäßig er-
hobenen Daten sind geeignet, die intra-
hospitale Mortalität von internistischen Not-
fallpatienten vorherzusagen?
Material und Methoden. In dieser retro-
spektiven Kohortenstudie wurden 34.333 er-
wachsene internistische Notfallpatienten 
ausgewertet, welche die Notaufnahmen 
Charité Campus Virchow Klinikum oder 
Benjamin Franklin binnen eines Jahres auf-
suchten. Klinische Routinedaten wurden mit 
logistischer Regression und „Classification 
and Regression trees“ (CART)-Analyse auf ihr 

Potential der Vorhersage der intrahospitalen 
Mortalität untersucht. Ein Validierungs-
datensatz des Folgejahres enthielt 35.646 
Patienten.
Ergebnisse. Die intrahospitale Mortalität 
war 1,8 % (634/34.333). C-reaktives Protein 
(CRP) und die Erythrozytenverteilungsbreite 
(RDW) waren die besten Prädiktoren der 
Mortalität. Ein Modell mit 9 Prädiktoren (CRP, 
RDW, Alter, Kalium, Natrium, Leukozyten, 
Thrombozyten, Erythrozyten, Kreatinin) er-
zielte eine AUROC von 0,870 (95 %-KI 0,857–
0,883). Ein 3-Marker-Modell (CRP, RDW, Alter) 
resultierte in einer AUROC von 0,866 (95 %-KI 
0,853–0,878), welche in der Validierung bei 
0,837 (95 %-KI 0,825–0,850) lag. Die CART-
Analyse bestätigte CRP und RDW als beste 
Risikoprädiktoren. Ein möglicher klinischer 
Anwendungsscore wurde entwickelt 

(„Emergency Processes in Clinical Structures“, 
EPICS-Score).
Diskussion. Zwei verschiedene statistische 
Verfahren und die unabhängige Validierung 
führten zu ähnlichen Ergebnissen, aus denen 
sich eine Kombination aus CRP und RDW als 
ein Score (EPICS-Score) ableiten lässt, um 
Hochrisikopatienten frühzeitig zu erkennen. 
Der entwickelte Risikoscore könnte nach 
der erforderlichen externen Validierung in 
internationalen Multizenterstudien und An-
passung an verschiedene Notfallsettings und 
Patientenpopulationen hilfreich sein, die 
Priorisierung der ärztlichen Behandlung ins-
besondere bei Überfüllung zu steuern.

Schlüsselwörter
Risikostratifizierung · C-reaktives Protein · 
ROC-Kurve · Ressourcen · Erwachsene
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Classification and 
regression tree analysis

All factors associated with the end‑
point in bivariate analysis were further 
analysed in a classification and regres‑
sion tree (CART) analysis. The identi‑
fied risk groups ranged in their respec‑
tive probabilities for in‑hospital mortality 
from 0.6 to 16.2 %. CRP with a cutoff val‑
ue of 7.2 mg/l was the best predictor for 
in‑hospital mortality. At the second lev‑
el, RDW with a cutoff value of 14.9 % had 
the best discriminatory power (. Fig. 2). 
In further splits, age was also identified as 
separating marker in two of the four risk 
groups (data not shown). The identified 
split groups were also applied to the val‑
idation dataset and resulted in absolutely 
comparable risk groups between 0.9 and 
15.1 % (. Fig. 3). The results of both deci‑
sion trees could be translated into a clin‑
ical scoring system (supplementary fig‑
ure 1 “The EPICS score” ; EPICS: Emer‑
gency Processes In Clinical Structures).

Sensitivity analyses

The proposed EPICS score was analysed 
for short‑term mortality and for inpa‑
tients only (supplementary table 2 “Sen‑
sitivity analyses in the derivation datas‑
et (n = 34,333)”). Of all 634 patients with 
a fatal outcome during their initial hos‑
pitalisation, 21.6 % (n = 137) died with‑
in the first day and 51.4 % (326) within 
1 week after admission. Risk categoriza‑
tion remained valid, but risks were lower 
for short‑term mortality and higher when 
only inpatients were analysed.

Discussion

This is the first study to identify CRP and 
RDW as the best predictors of in‑hospi‑
tal mortality in unselected medical ED pa‑
tients and also includes a validation of the 
identified predictors. With respect to dis‑
criminatory power, the inclusion of six 
further clinical parameters did not im‑
prove the prediction significantly, as as‑
sessed by the AUROC. The main discrim‑
inatory results could be reproduced in a 
second equally large dataset and in sensi‑
tivity analyses, thus validating the initially 
identified markers as a stable instrument 

Table 1 Patient characteristics in the subgroups of survivors and non-survivors
Survivors (n = 33,694) Non-survivors (n = 634)

Male gender; % (n) 48.7 % (16,393) 54.7 % (347)
Age (years); median (IQR) 56 (38–71) 71 (63–81)
BMI; median (IQR) 25 (23–29) 24 (21–28)
Nationality

German; % (n) 91.1 % (28,235) 95.4 % (562)
Turkish; % (n) 3.5 % (1,078) 1.4 % (8)
Other European; % (n) 3.3 % (1,025) 2.2 % (13)
Non-European; % (n) 2.1 % (648) 1.0 % (6)
Insurance

Public; % (n) 89.2 % (29,739) 91.9 % (578)
Private; % (n) 3.5 % (1,153) 7.8 % (49)
No German insurance; % (n) 7.3 % (2,417) 0.3 % (2)
In-hospital course

Outpatient/inpatient 38.3 % (12,897)/61.7 % (20,797) 100 % (634)
Length of stay (days); median (IQR) 5 (3–9) 7 (2–17)
ICU (days); median (IQR) 5 (3–9) 7 (2–17)
ICU; % (n) 6.3 % (2,129) 52.8 % (335)
IQR interquartile range, BMI body mass index, ICU intensive care unit.

Table 2 Mortality and stay in the intensive care unit, for all patients as well as in gender- and 
age-based subgroups

All patients 
(n = 34,333)

Womena 
(n = 17,582)

Mena 
(n = 16,744)

p-value 
(gender)

Age 
< 65 yearsb 
(n = 21,075)

Age 
≥ 65 yearsb 
(n = 13,216)

Mortality; 
% (n)

1.8 % (634) 1.6 % (287) 2.1 % (347) 0.003 0.8 % (176) 3.5 % (457)

ICU; % (n) 7.2 % (2,467) 5.6 % (991) 8.8 % 
(1,467)

< 0.001 4.6 % (966) 11.3 % (1,491)

aGender n(missing) = 7.
bAge n(missing) = 42: 1 patient with unknown age died.
ICU intensive care unit.

Table 3 The ten most frequent diagnoses in survivors and non-survivors
Survivors (n = 32,672) Non-survivors (n = 634)

ICD 
code

Diagnosis text Frequency ICD 
code

Diagnosis text Frequency

I63 Stroke 3.5 % (n = 1,163) I63 Stroke 7.4 % (n = 47)
I10 Essential (primary) hyper-

tension
3.2 % (n = 1,084) A41 Sepsis 6.9 % (n = 44)

I20 Angina pectoris 3.0 % (n = 1,013) I21 Acute myocardial 
infarction

6.2 % (n = 39)

R07 Pain in throat and chest 2.5 % (n = 848) I50 Heart failure 4.9 % (n = 31)
I48 Atrial fibrillation and 

flutter
2.4 % (n = 803) C34 Malignant neoplasm 

of bronchus and lung
4.7 % (n = 30)

G40 Epilepsy 2.3 % (n = 762) I61 Intracerebral haem-
orrhage

3.9 % (n = 25)

K29 Gastritis and duodenitis 2.2 % (n = 730) N17 Acute renal failure 3.3 % (n = 21)
R10 Abdominal and pelvic 

pain
2.1 % (n = 702) J18 Pneumonia, organ-

ism unspecified
2.8 % (n = 18)

I21 Acute myocardial infarc-
tion

1.8 % (n = 605) J15 bacterial pneumonia 2.8 % (n = 18)

K52 Other noninfectious gas-
troenteritis and colitis

1.7 % (n = 589) C25 Malignant neoplasm 
of pancreas

2.8 % (n = 18)

ICD International Classification of Diseases (version 10).
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for risk stratification. The CART analy‑
sis illustrating the risk actually observed 
in the resultant subgroups also identified 
CRP and RDW as the best predictors—
albeit with slightly different cutoff points. 
The resultant risk groups were also repro‑
ducible in the independent validation da‑
taset, thus confirming the stability of the 
identified groups. A risk score was sug‑
gested (EPICS score), but needs to be val‑
idated and potentially adapted in a pro‑
spective multicentre trial.

In-hospital mortality

Overall, 1.8 % of patients died during 
their initial hospital stay. The mortality in 
this study is low when compared to oth‑
er studies investigating ED patients and 
reporting a 4.7–6.1 % mortality [2, 11, 21, 
34]. However, all these studies applied cri‑
teria which already contained a risk selec‑
tion. The mortality of all in‑hospital pa‑

tients in our study was 4.7 % and thus 
comparable to other studies [18].

Predictors of in-hospital mortality

External validity
Both the original (n = 34,333) and the val‑
idation datasets (n = 35,646) of this study 
represent particularly large datasets of un‑
selected ED patients. Data from two Ber‑
lin EDs were analysed. One ED is locat‑
ed in the north of Berlin, in an area with 
a younger population, lower social status 
and a higher proportion of immigrants; 
the other is in the south of Berlin, in a dis‑
trict with a higher social status and an old‑
er population.

Internal validity
Only a few studies have investigated risk 
stratification of truly unselected, nonsur‑
gical ED patients based on routine param‑
eters available early after admission ([5]; 

. Table 6). The AUROCs of the devel‑
oped scores revealed values between 0.757 
and 0.930, and were thus comparable to 
the AUROC of our three‑marker mod‑
el (0.866). One limitation with respect to 
the clinical implication of scores devel‑
oped in other studies is that considerably 
more predictors were necessary in all bar 
one of the studies, thus substantially re‑
stricting their practical use in an ED set‑
ting [2, 11, 15, 21–23, 28, 34, 39]. Most of 
the scores performed well in the deriva‑
tion dataset, but some were not validated 
in independent validation datasets [11, 13, 
15]. Some studies showed that laboratory 
parameters were better predictors of in‑
hospital mortality as compared to the vital 
signs used in most of the aforementioned 
risk scores [4, 15, 26, 27]. The current 
study achieved an AUROC of 0.870 for a 
model with nine predictors and an AU‑
ROC of 0.866 for a model with three pre‑
dictors (CRP, age, RDW = EPICS score); 
thus both values indicate good discrimi‑
natory ability [31]. In the validation da‑
ta set, the AUROC was comparably good 
(0.837). Therefore, in comparison to oth‑
er studies, the CAR‑I score is practical; 
has been developed and validated in truly 
unselected ED patients; and its discrimi‑
natory ability is comparable to other ex‑
perimental scores.

Content validity of 
identified predictors
Some of our predictors were also identi‑
fied by other investigators. Age is includ‑
ed in most scores. CRP, an inflammatory 
marker, was not part of any of the predic‑
tion models in other studies, even though 
it has been identified as a prognostic 
marker in several studies, reviews and 
meta‑analyses in different patient popu‑
lations, as well as in healthy individuals 
[30, 41]. RDW was only integrated into a 
model by one study group. RDW reflects 
the variance in the volume of circulating 
red blood cells. A high value for RDW 
equates to a high variance in red blood 
cell volume (anisocytosis; [24]). Possi‑
ble causes for changes in the RDW value 
are chronic anaemia (i.e.: leukaemia, im‑
munhaemolytic anaemia), iron deficien‑
cy or disturbances of erythropoiesis (i.e.: 
erythropoietin resistance, renal failure; 
[24, 40]). In some studies the prognostic 

Table 4 Multivariate logistic regression of the strongest predictors; final regression model 
with nine biomarkers
Predictors and cutoff values ß-coefficient OR 95 % CI p-value

Intercept − 5.6695 < 0.0001
CRP ≥ 71.9 mg/l 1.3069 3.70 3.01–4.53 < 0.0001
RDW ≥ 16.2 % 1.0691 2.91 2.37–3.58 < 0.0001
Age ≥ 63 years 1.0358 2.82 2.25–3.52 < 0.0001
Potassium ≥ 5 mmol/l 0.6740 1.96 1.52–2.54 < 0.0001
WBC ≥ 1.601 x 10-8/l 0.6694 1.95 1.51–2.53 < 0.0001
Creatinine ≥ 129.97 µmol/l 0.6580 1.93 1.56–2.39 < 0.0001
Platelets ≥ 1.22 x 10-7/l 0.6421 1.90 1.45–2.49 < 0.0001
Sodium < 132 mmol/l 0.5161 1.68 1.33–2.11 < 0.0001
RBC < 3.72 x 10-12 /l 0.4443 1.56 1.23–1.94 0.0002
CI confidence interval, OR odds ratio, CRP C-reactive protein, RDW red cell distribution width, WBC white 
blood cell count, RBC red blood cell count.

Table 5 Logistic regression of the three-marker model in the original derivation and valida-
tion datasets
Predictors and cutoff values ß-coefficient OR 95 % CI

Derivation: three-marker model: binary predictors (AUROC: 0.825, 95 % CI: 0.809–0.841)
Intercept − 5.2629
CRP ≥ 71.9 mg/l 1.0489 5.56 4.65–6.65
RDW ≥ 16.2 % 1.4697 4.35 3.63–5.20
Age ≥ 63 years 1.7158 2.85 2.43–3.45
Validation: three-marker model: binary predictors (AUROC 0.783, 95 % CI: 0.768–0.799)
Intercept − 4.9766
CRP ≥ 71.9 mg/l 1.3819 3.98 3.38–4.69
RDW ≥ 16.2 % 1.3870 4.00 3.42–4.69
Age ≥ 63 years 1.0417 2.83 2.38–3.38
OR odds ratio, CI confidence interval, AUROC area under the receiver operating characteristic curve, CRP C-
reactive protein, RDW red cell distribution width.
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impact of RDW has already been shown. 
In a review by Patel et al., RDW was a 
strong predictor for mortality in popu‑
lation‑based studies of an older popula‑
tion [25]. O'Sullivan et al. identified RDW 
as one of six predictors in a model for in‑
hospital mortality [21]. In a study by Fu‑
kuta et al., CRP and RDW did not show 
any association [12] and the correlation 
was also low in our population, indicat‑
ing the independency of their abilities in 
risk prediction.

Sources of potential bias

The analysis of secondary data is associ‑
ated with limitations regarding missing 
values and data quality. Missing values in 
this study should be regarded as differen‑
tially missing, since measurement of lab‑
oratory values depends on initial symp‑
toms and the status of the individual pa‑
tient. Of the patients with missing labora‑
tory values, 48.8 % were outpatients with‑
out any blood sampling. These patients 
are likely to represent a low‑risk subpop‑
ulation with a low clinical impact on risk 
scores, particularly as missing laboratory 
data had a protective impact in addition‑
al regression analyses.

Additionally, not only patients admit‑
ted to the hospital, but also those trans‑
ferred to other hospitals and those sent 
home from the ED were investigated. 
However, these patients could have died 
shortly after having been discharged and 
could thus also have introduced bias in‑

Risk groups in the validation data set
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Fig. 3 8 Risk groups in the validation dataset when the identified predictors and cutoff values (deri-
vation: classification and regression tree, CART analysis) were applied. CRP C-reactive protein, RDW red 
cell distribution width
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to the reported effect measures. Follow‑
up data should be further considered in 
future research. Sensitivity analyses were 
performed to address potential bias. The 
advantage of using routine data is that no 
artificial population is specifically selected 
for study purposes; as such, a real‑life ED 
population was investigated.

Clinical utility

The benefit of risk stratification depends 
highly on the ED situation in general as 
well as on the patient population. Us‑
ing a risk stratification score in addition 
to established triage systems could help 
to identify patients in need of early ther‑
apeutic measures. The variables in our 
score are related to common and danger‑
ous diseases (heart failure, infection and 

sepsis). The most frequent diagnoses of 
38.2 % of all non‑survivors were attrib‑
utable to acute conditions (stroke, sepsis, 
acute myocardial infarction, intracere‑
bral haemorrhage, acute renal failure and 
pneumonia). The suggested score has the 
potential to identify these high‑risk pa‑
tients and therefore to improve their al‑
location to early diagnostic workup and 
subsequent treatment. Another impor‑
tant potential use of the identified param‑
eters is in benchmarking to better char‑
acterize the disease severity of the popu‑
lation of a specific ED, for adequate re‑
source allocation and comparison of EDs.

Practical conclusion

In this study two different statistical pro-
cedures and an independent validation 

revealed similar results, suggesting a 
combination of CRP and RDW as a score 
(the EPICS score) for early identification 
of high-risk patients. This score might 
prove particularly helpful in situations 
of overcrowding and where resourc-
es are limited. Based on future interna-
tional multicentre trials, the suggested 
score should be validated and potential-
ly adapted to the diversity of ED settings 
and patient populations. Whether the 
prioritized attention and fast initiation of 
treatment in patients with a higher risk is 
an appropriate measure to improve pa-
tients' outcome needs to be investigated 
in an interventional process trial compar-
ing a new risk stratification process guid-
ed by the EPICS score with current stan-
dards.

Table 6 Summary of relevant studies, identified risk predictors and discriminatory power in unselected and selected ED populations
Author Number of 

patients
Participants Score Endpoint AUROC

Goodacre et al. 2006 [13] 5583 Patients transported 
by ambulance and 
admitted to hospital

Age, oxygen saturation, Glasgow Coma 
Scale (GCS)

In-hospital mortality 
(39 %)

0.80

Van der Wulp et al. 2009 [39] 37,974 ED patients triaged 
with MTS

Manchester Triage System (MTS) ED mortality (0.08 %) Not calculated due 
to low mortality

34,258 ED-patients triaged 
with ESI

Emergency Severity Index (ESI) ED mortality (0.09 %)

Olsson et al. 2004 [23] 12,006 Nonsurgical ED pa-
tients

Rapid Emergency Medicine Score 
(REMS): oxygen-saturation, age + RAPS

In-hospital mortality 
(24 %)

0.852

Rapid Acute Physiology Score (RAPS): 
pulse rate, blood pressure, respiratory 
rate and GCS

0.652

Olsson et al. 2003 [22] 865 Nonsurgical ED  
patients admitted to 
medical department

REMS In-hospital mortality 
(11.3 %)

0.884
Apache II: 12 physiological measure-
ments, age, medical history

0.891

Hucker et al. 2005 [15] 2221 Internal and surgical 
ED patients

Age, heart rate, phosphate, albumin In-hospital mortality 
(9 %)

0.82

Prytherch et al. 2005 [28] 9497 Hospital discharge 
speciality: general 
medicine

Sex, admission mode, age, urea, sodium, 
potassium, haemoglobin, WBC, creati-
nine, urea/creatinine

In-hospital mortality 
(7.3–8.2 %)

0.757–0.779

Froom et al. 2006 [11] 10,308 Nonsurgical, in-hos-
pital ED patients

Albumin, alkaline phosphatase, aspar-
tate aminotransferase, urea nitrogen, 
glucose, lactate dehydrogenase, neutro-
phil count proportion, total leukocyte 
count and age

In-hospital mortality 
(5.6 %)

0.887

Silke et al. 2010 [34] 10,712 Internal ED Patients Age, heart rate, mean arterial blood pres-
sure, respiratory rate, body temperature, 
uric acid, potassium, haematocrit, WBC

5-day in-hospital 
mortality (6.05 %)

0.93

Asadollahi et al. 2011 [2] 
validation

4828 Internal and surgical 
ED patients

Age, uric acid, haemoglobin, WBC, plate-
lets, sodium, glucose

In-hospital mortality 
(4.7 %)

0.848

O‘Sullivan et al. 2012 [21] 20,848 Unselected Sodium, potassium, urea, RDW, WBC, 
 albumin, troponin

30-day in-hospital 
mortality (4.6 %)

0.900

AUROC area under the receiver operating characteristics curve area under the curve, ED emergency department, RDW red cell distribution width, WBC white blood 
cell count.
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