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Objectives. To evaluate the predictive accuracy of
the scoring system Rapid Acute Physiology score
(RAPS) in nonsurgical patients attending the
emergency department (ED) regarding in-hospital
mortality and length of stay in hospital (LOS), and to
investigate whether the predictive ability of RAPS
could be improved by extending the system.
Design. Prospective cohort study.

Setting. An adult ED of a 1200-bed university
hospital.

Subjects. A total of 12 006 nonsurgical patients
presenting to the ED during 12 consecutive months.
Methods. For all entries to the ED, RAPS (including
blood pressure, respiratory rate, pulse rate and
Glasgow coma scale) was calculated. The RAPS

system was extended by including the peripheral
oxygen saturation and patient age (Rapid Emergency
Medicine score, REMS) and this new score was
calculated for each patient. The statistical associa-
tions between the two scoring systems and in-hospital
mortality as well as LOS in hospital were examined.

Results. The REMS was superior to RAPS in
predicting in-hospital mortality [area under
receiver operating characteristic (ROC) curve
0.852 £ 0.014 SEM for REMS compared with
0.652 £ 0.019 for RAPS, P < 0.05]. An increase
of 1-point in the 26-point REMS scale was associated
with an OR of 1.40 for in-hospital death (95% CI:
1.36-1.45, P < 0.0001). Similar results were
obtained in the major patient groups (chest pain,
stroke, coma, dyspnoea and diabetes), in all age
groups and in both sexes. The association between
REMS and LOS was modest (r = 0.47, P = 0.0001).
Conclusions. The REMS was a powerful predictor of
in-hospital mortality in patients attending the ED
over a wide range of common nonsurgical disorders.

Keywords: cohort, emergency department, epidem-
iology, mortality prediction, scoring system.

Introduction

Several scoring systems for the assessment of the
severity of illness have been presented during the last
decades [1, 2]. They have mainly been directed to the
critically ill, and their common purpose is to measure
deviations in different physiological variables in
order to provide an objective measurement of the
severity of illness recognizable by physicians world-
wide. The wide range of uses of predictive instru-
ments has been described by Hyzy [3].
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Several scoring systems have been applied to
trauma patients [4-7], and Nguyen et al. recently
described three scoring systems obtained at ED
admission, but only for critically ill patients [8].
However, no scoring system has been specifically
developed for all nonsurgical patients presenting to
the emergency department (ED). A severity of
disease classification in the Emergency room com-
bined with an accurate description of the disease
could prognostically stratify acutely ill patients and
assist investigators comparing the success of new
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forms of therapy. This scoring index could also be
used to evaluate the use of hospital resources and
compare the efficacy of different EDs in a short as
well as long-term perspective. The system could also
have a potential as a triage instrument for nurses in
the ED.

The severity of illness classification system acute
physiology and chronic health evaluation (APA-
CHE 1II), described by Knaus et al. [2] uses a point
score based upon 12 routine physiological varia-
bles, together with age and previous health status
for use in intensive care patients. APACHE II has
been validated in both general [9-12] and surgical
[13-17] intensive care patients. However, the
APACHE 1II score includes several blood chemistry
variables and is therefore not suitable for rapid
scoring in the emergency room. The Mortality
Probability Model II0 (MPM) published in 1985
[18], was based on data from ICUs in the USA. It
was developed using logistic regression techniques
to identify and weight the variables that were then
included in the model. It has fewer parameters
than APACHE II but still to many to be quick
enough to use in the ED.

A multitude of other predictive models have been
constructed for a variety of situations. Many are
usually designed from and intended to be applied to
specific patient populations such as Mortality in
Emergency Department Sepsis (MEDS) score [19].

The Rapid Acute Physiology Score (RAPS) is an
abbreviated version of APACHE II including the
physiological variables pulse rate, blood pressure,
respiratory rate and Glasgow coma scale (GCS). It
has earlier been evaluated as a prehospital scoring
system in a group of helicopter-transported patients
[20].

The greatest advantage with the RAPS system as
a prognostic tool in the ED would be the simplicity of
the scoring procedure, since the four parameters
can easily be collected even in the emergency
situation. However, it would be of great value to
improve the predictive accuracy of RAPS without
making the system more complicated and less
available. Body temperature and peripheral oxygen
saturation are easy to obtain in the ED. Chronolo-
gical age is a well-documented risk factor for death
from acute illness independently of the severity of
disease [8].

Two main questions were raised before the start of
the study: first, could the abbreviated severity of

disease classification system RAPS, created to be
used in the prehospital setting, be useful in the ED to
predict in-hospital mortality and hospital length of
stay (LOS) in nonsurgical patients? Second, is it
possible to modify RAPS to provide a more powerful
scoring system for medical patients (Rapid Emer-
gency Medicine score, REMS) to predict in-hospital
mortality? To answer these questions data were
collected in more than 12 000 nonsurgical ED
patients attending the ED at our university hospital
during 1 year.

Materials and methods

From October 1995 to November 1996 data were
prospectively collected in 12 006 consecutive non-
surgical adult entries to the ED in the 1200-bed
University Hospital of Uppsala, Sweden. If the reason
for admission was cardiac arrest (n = 52) and the
patients could not be resuscitated they were exclu-
ded, since these patients per definition would
achieve a maximal score and thereby would skew
the analyses. Patients with more than one param-
eter missing in the protocol were also excluded
(n=203). If only one parameter was missing
(n = 1393), the data was later collected from the
medical record. If this single parameter was not
mentioned in the patients record (n = 82), it was
regarded as normal.

The data included were gender, age, the main
symptom presented at entrance, i.e. the reason for
attending the ED, and six physiological measure-
ments: blood pressure, pulse rate, GCS, respiratory
rate, peripheral oxygen saturation and body tem-
perature.

The nurse in charge of the patients applied the
6-point standard examination within 20 min fol-
lowing admission. The protocol was approved by the
local ethics committee.

Measurements

The APACHE II uses a point score based upon values
of 12 routine physiological measurements as well as
age and previous health status [8]. The variables
included in the APACHE II system are: body
temperature, mean arterial pressure calculated from
systolic and diastolic blood pressure, heart rate,
oxygenation of arterial blood (Pa02), arterial pH,
serum sodium, serum potassium, serum creatinine,
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hematocrite, white blood count and GCS. The
maximal APACHE II score is 71.

The RAPS was developed by taking those ele-
ments of APACHE II easily obtained in the prehos-
pital setting [20]. These variables were pulse rate,
blood pressure, respiratory rate and GCS. The
scoring procedure was identical to that of APACHE
I except for GCS, which relative weight was reduced
by two-thirds, compared with the APACHE II. The
scoring range for each variable was 0—4 and the
maximal score was 16 in the RAPS system.

Statistics

A multivariate logistic regression analysis was
performed to identify independent predictors of
in-hospital mortality. Based on that analysis REMS
was defined. The prediction of in-hospital death by
the RAPS and REMS systems was thereafter assessed
by univariate logistic regression. The Spearman
rank correlation method was used to determine
the relationships between both scorings systems and
LOS.

Validity was assessed by using the so-called split-
sample technique [21]. The total sample was split
into two equal parts and evaluated independently.

Discriminatory power for the scoring systems was
assessed by using receiver operating characteristic
(ROC) curves. The SEM and P-values for the ROC
curves, as well as comparisons between them were
calculated by the Hanley and McNeil methods [22,
23].

Calibration of the model is an evaluation of the
extent to which the estimated probabilities of mor-
tality of the model correspond to observed mortality
rates. Calibration of REMS was evaluated with the
Hosmer-Lemshow goodness-of-fit test [24, 25].

Statistical analyses were performed using the
STAT-VIEW 5.0 package. Hosmer-Lemshow good-
ness-of-fit statistics was carried out using the Statis-
tical Package for the Social Sciences (SPSS) for
Windows. P-values below 0.05 were considered as
significant.

Results

All six physiological measurements were available in
97.9% of the entries. Basic characteristics of these
11 751 patients constituting the cohort are given in
Table 1.
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Table 1 Baseline characteristics and hospital course for the
11 751 patients presenting to the emergency department (ED)

Age
Mean 61.9
SD 20.7
Minimum 15
Maximum 102
Median 67
Length of stay (days)
Mean 3.2
SD 5.7
Minimum 0
Maximum 117
Median 1
Sex (female, %) 51.6
Hospitalized (%) 55.9
In-hospital mortality (%) 2.4
Mortality within 48 h (%) 1.0

Univariate logistic regression showed all six
measured physiological parameters and age to be
significant predictors of mortality. When multivari-
ate analyses was performed, body temperature and
blood pressure did not independently predict mor-
tality, whilst the other four parameters did. How-
ever, blood pressure was not removed from the
scoring system as it is incorporated in both APACHE
IT and RAPS. Oxygen saturation contributed to the
predictive accuracy and age was the strongest
predictor in the multiple logistic regression analysis
(Table 2). The modified system REMS was therefore
defined as the sums of coma, respiratory frequency,
oxygen saturation, blood pressure and pulse rate
(maximal score being 4 for all) and age (maximal
score being 6; for details see Table 3).

The REMS was a powerful predictor of in-hospital
mortality (n = 285) resulting in a likelihood ratio
chi-square value of 487.3 (P < 0.0001) in the
logistic regression model and an OR of 1.40 for
each point increase (95% CI: 1.36-1.45). Similar
results were obtained when REMS was applied to
each of the major patient groups separately (chest
pain, dyspnoea, stroke and diabetes) (Table 4).

The RAPS was also a significant predictor of
in-hospital death with a likelihood ratio chi-square
value of 261.2 (P < 0.0001) and an OR of 1.47
(95% CIL. 1.41-1.54). Figure 1 shows the ROC
curves for REMS and RAPS. RAPS exhibited weak-
nesses in the sensitivity and specificity of predicting
death (0.652 = 0.019 SEM), being below the areas
for the most extensively evaluated scoring systems
such as APACHE II which often have AUCs between
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Table 2 Univariate and multiple logistic regression for all parameters in Rapid Acute Physiology score (RAPS) and for age, body

temperature and oxygen saturation. Odds ratios for in-hospital mortality given for an increase of 1-point in the score

Univariate analysis

95% confidence

Multivariate analysis

Variable 0Odds ratio interval (CI) P-value 0Odds ratio 95% CI P-value
0—4 saturation 2.86 2.46-3.32 0.0001 1.70 1.36-2.11 0.0001
0—4 respiratory frequency 5.01 3.71-6.76 0.0001 1.93 1.37-2.72 0.0002
0—4 pulse frequency 2.51 2.10-2.99 0.0001 1.67 1.36-2.07 0.0002
0—4 body temperature 2.46 1.98-3.06 0.0001 0.91 0.62-1.32 0.0607
0-4 coma 2.74 2.36-3.19 0.0001 1.68 1.38-2.06 0.0001
0—4 blood pressure 1.63 1.39-1.91 0.0003 1.14 0.92-1.41 0.226

0-6 age 1.45 1.25-1.70 0.0001 1.34 1.10-1.63 0.004

Table 3 The scoring procedure for the parameters in the Rapid Acute Physiology score (RAPS), peripheral oxygen saturation, body

temperature and for age

High abnormal range

Low abnormal range

Physiological variable +4 +3 +2 +1 0 +2 3+ +4
Body temperature >40.9 39-40.9 38.5-38.9 36-38.4 34-359 32-339 30-319 <30
Mean arterial pressure >159 130-159 110-129 70-109 50-69 <49
Heart rate >179 140-179 110-139 70-109 55-69 40-54 <39
Respiratory rate >49 35-49 25-34 12-24 10-11 6-9 <5
Peripheral oxygen saturation <75 75-85 86-89 >89

Glasgow coma scale <5 5-7 8-10 11-13 >13

Total sum of scoring points

Points to age has been assigned as follows (age, points): <45, 0; 45-54, 2; 55-64, 3; 66-74, 5; >74, 6.

Reasons for attending the ED  Odds ratio

95% CI P-value

Subjects (n)

Mortality (n)

Chest pain 1.47
Stroke 1.38
Coma 1.34
Dyspnoea 1.32
General weakness 1.20
Hyperglycaemia 1.46
Asthma 1.27
Fever 1.31
Cough 1.30
Arrhythmia 1.60
Vertigo 1.29
Syncope 1.24
Epileptic seizures 1.06
Hypoglycaemia 1.00
Nausea, diarrhoea, pain in
the leg etc.
Total 1.40

1.36-1.60 0.0001
1.25-1.53  0.0001
1.16-1.56  0.0001
1.25-1.40 0.0001
1.08-1.32  0.0007
1.12-1.89  0.0048
1.03-1.58 0.0261
1.03-1.67 0.0270
0.99-1.70  0,0600
0.97-2.63 0.0649
0.85-1.90 0.260
0.84-1.80 0.270
0.73-1.54 0.750
0.999

1.36-1.45 0.0001

3234
831
63
1261
722
324
290
112
181
419
729
304
245
22
3014

11 751

59
46

[T e
O

O NN W WU Ul oW

285

Number of subjects and number of deaths are given for each symptom. Subgroups with P-values

below 0.05 are given in bold characters.

REMS, Rapid Emergency Medicine score; ED, emergency department; CI, confidence interval.

Table 4 Odds ratios with 95%

confidence intervals and P-values
for in-hospital mortality resulting
from an increase of 1-point in the
REMS for different symptoms (i.e.
reasons for attending the ED) are

presented
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Fig. 1 Receiver operating characteristic (ROC) curves show
graphically the predictive power for each test. Sensitivity is plotted
on the vertical axis, whilst 1-specificity (equal to the false positive
rate) is plotted on the horizontal axis. The area under the curve
(AUC) determines the power of the test. Rapid Acute Physiology
score (RAPS, A) exhibited weaknesses in the sensitivity and spe-
cificity of predicting death (0652 = 0.019). The ROC curve for the
Rapid Emergency Medicine score (REMS) system (@) was superior
(area 0.852 + 0.014) to the AUC for RAPS (P < 0.05).

Table 5 Mean values with SD for age, length of stay (LOS) in
hospital and scoring sums for survivors and for those who died
during there hospital stay

Survived (n = 11 466) Dead (n = 285)  P-value
Age 61.5 + 20.7 80.2 £ 10.6 <0.0001
LOS 3.2+5.6 6.5+ 8.3 <0.0001
REMS 5.5+ 3.4 10.5 £ 4.9 <0.0001
RAPS 1.8+1.7 4.0 £39 <0.0001

REMS, Rapid Emergency Medicine score; RAPS, Rapid Acute
Physiology score.

0.8 and 0.9 in different settings [8]. The ROC curve
for the REMS system had an acceptable area
(0.852 + 0.014) and showed a superior discrimin-
ating power compared with RAPS (P < 0.001).

The differences regarding scores, age and LOS
between those who survived and those who died
during their hospital stay are shown in Table 5.

Two clear-cut off points could be defined in the
REMS (Fig. 2). First, all patients presenting with
REMS < 3 survived. Secondly, at 24- and 2 5-points
all the patients died. On the latter level there were
only four cases (Figs 2-3). The mortality and
frequency distribution are also presented for each
RAPS point (Figs 4-5).
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Fig. 2 In-hospital mortality in percentage and cases (n) for each
Rapid Emergency Medicine score (REMS) point.
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Fig. 3 Frequency distribution for Rapid Emergency Medicine
score (REMS).

The REMS seemed to be a robust system giving
similar ORs in different age groups, grouped as in
the APACHE age score, although REMS was not
evaluated in the youngest subgroup because of a
very low mortality (Table 6).

There were almost identical ORs for REMS
between men and women:1.40 (95% CI: 1.34-
1.47) for men and 1.41 (1.34-1.47) for women.

The REMS was validated by the so-called split-
sample method. The ORs and their 95% confidence
intervals for the two parts of the population were
almost identical and are presented in Table 7. Also
area under curve (AUCs) and goodness-of-fit tests
were comparable between the two groups.

The calibration of REMS was poor. The Hosmer—
Lemeshow goodness-of-fit statistic was performed
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Fig. 4 In-hospital mortality in percentage and cases (n) for each
Rapid Acute Physiology score (RAPS) point.
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Fig. 5 Frequency distribution for Rapid Acute Physiology score
(RAPS).

with deciles of risk and was found to have low
degree of fit with chi-square 62, df. =7
(P < 0.0001) (Table 8). There was a modest corre-
lation between REMS and LOS. Spearman’s rank
coefficient r¢ = 0.47, P < 0.0001), and a rather

poor correlation between RAPS and LOS (r; = 0.22,

P = 0.0001) (see Fig. 6).

Discussion

The present study showed that RAPS developed for
the prehospital setting was a predictor of in-hospital
death in nonsurgical patients admitted to the ED.
Moreover, the addition of peripheral oxygen satura-
tion and age to the RAPS system, resulting in REMS,
improved the predictive ability considerably. REMS
is equally powerful in the major patient groups, such
as chest pain, coma, stroke, diabetes or dyspnoea.
The REMS system offers rapid and easily performed
scoring procedure with parameters accessible in the
ED and is independent of later treatment.

The association between LOS in hospital and
REMS, on the other hand was of modest order. One
possible explanation may be that LOS reflects not
only the acute severity of illness, but also general
morbidity and cognitive function in the elderly
patients. Thus, the ability of REMS to predict the
LOS in hospital is limited.

As peripheral oxygen saturation is measured in
almost every patient in the ED, it would be very easy
to expand the RAPS system by adding this param-
eter. As age was the strongest predictor of mortality
in the multiple regression model, it seemed natural
to incorporate that variable weighted as originally
described in the APACHE II [8]. Blood pressure,
another APACHE 1I parameter, did not independ-
ently predict mortality in the present study. In the
original APACHE II work, however, BP was meas-
ured invasively and in most subjects continuously.
In the present study, precision may have been lost
by calculating mean blood pressure from a single
noninvasively measured systolic and diastolic blood
pressure.

Table 6 Odds ratios for each Rapid

Subgroups of Odds Emergency Medicine score (REMS)
the population ratio 95% CI P-value Subjects (n) Mortality n (%) point increase, number of subjects
and number of deaths for different

Age (years)

<45 - - - 2699 2 (0.07) age groups

45-54 1.60 1.38-1.86 0.0001 1476 7 (0.47)

55-64 1.27 1.05-1.53 0.015 1298 16 (1.2)

65-74 1.43 1.29-1.58 0.0001 2012 38 (1.9)

>74 1.23 1.18-1.28 0.0001 4265 222 (5.2)
Total 1.40 1.36-1.45 0.0001 11751 285 (2.4)
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Table 7 Validation of the Rapid Emergency Medicine score (REMS) with split-sample technique. Odds ratios for each point increase, area
under receiver operating curve (AUC) and goodness-of-fit (GOF) with chi-square values in both the sample sets

REMS in Odds Confidence Likelihood Number of Number of
population ratio interval (CI) ratio P-value AUC GOF cases dead
1 1.40 1.34-1.46 261 <0.0001 0.832 £ 0.016 35.3,df. =7 5876 145
2 1.41 1.34-1.48 226 <0.0001 0.862 + 0.018 31.7,df. =7 5875 140

Table 8 Calibration of the Rapid Emergency Medicine score
(REMS) with the Hosmer-Lemshow goodness-of-fit test [22]
comparing the observed mortality with the expected mortality
within deciles of risk

Deciles  Observed Expected Observed Expected

of risk  alive alive dead dead Total
1 1406 1403 0 3 1406
2 1531 1526 0 5 1531
3 1224 1224 8 8 1232
4 1167 1160 5 12 1172
5 1492 1524 53 21 1545
6 974 974 19 19 993
7 1660 1658 44 46 1704
8 1382 1371 50 61 1432
9 630 626 106 110 736

Length of stay (days)

0 5 10 15 20 25 30
REMS

Fig. 6 The linear correlation between Rapid Emergency Medicine
score (REMS) and length of stay.

The strength of the present work is a prospective
design of the study with a large sample of patients
collected in a consecutive way. The in-hospital
mortality in the total sample was low (2.4%), but
this was compensated for with the size of the data set
(11 751 subjects). Furthermore, all three major
demands to be considered when constructing a new
severity of disease classification system were fulfilled.

First, the validity was evaluated by the split-
sample technique [21] (a portion of the group from
which the data were originally collected, but from
which data were not used to develop the model).
This method has reached standard level and, as
such, is generally accepted by the medical commu-
nity. Secondly, the discriminatory ability was
assessed and presented in ROC curves and these
were compared using an established method.
Thirdly, the calibration of the scoring system, i.e.
the evaluation of the extent to which the estimated
probabilities of mortality of the model correspond to
observed mortality rates, was calculated with the
Hosmer-Lemeshow goodness-of-fit test [24]. Most of
the widely used scoring systems created for the ICU
setting are evaluated by this method.

Thus, the established methodology in this field
[26] was strictly followed in the process of develop-
ing the REMS.

The discrimination and validity were satisfactory
for the REMS, but the calibration of the model was
poor. Poor fit along with good discriminative ability
have been previously reported in several studies for
APACHE II and other intensive care scoring systems
[27-29]. Several explanations are proposed for this
outcome of the Hosmer-Lemeshow goodness-of-fit
test. Zhu et al. [30] claimed that large data sets
would give significance even with small differences.
Given the size of our study population, it may
therefore not be surprising that the goodness-of-fit
test was significant. Another answer could be
variation of the data quality. Teres and Lemeshow
could show great variation of data quality despite
low inter-rater variability [31]. In our study, no
check up for the inter-rater variability was per-
formed. The length of hospital stay can also influ-
ence the observed mortality. One study comparing
LOS and in-hospital as well as 30-day mortality,
revealed higher hospital mortality in a region with
longer LOS but identical 30-day mortality [32].
Knaus and coworkers included LOS as a variable in
their estimation of probability of hospital death and
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showed a higher mortality in hospitals with a longer
average LOS [33].

Another limitation in the present work was that
the data only represents patients from a nonsurgical
ED in a university teaching hospital. We must
therefore be cautious in generalizing the results
presented here to a nonuniversity or to a surgical
ED. The data are now 7-8 years old. Changes in
structure and process within EDs may generate
different results if the study were repeated now. The
methodology employed to determine validity was a
split-sample technique. There is a scope for further
validation using a more recent cohort of admissions.

One major advantage with REMS is its usefulness
across different nonsurgical patient groups. Disease-
specific scoring systems already exist, such as those
designed for acute coronary syndromes [34, 35],
stroke [36] and asthma [37], but most of these
specific systems require collection of data not being
easily available in the ED.

Further research will determine if REMS also
could be useful as a severity of disease classification
system for surgical patients in the ED. Specified
trauma scores are used [4-7], but other surgical
patients exist, such as those with acute abdominal
disorders.

The standard procedure in many hospitals to date
is that the nurse-in-charge triage the patients
regarding symptoms, e.g. patients with chest pain
are prioritized before those who are dizzy. A com-
bined system with symptoms and REMS could be of
value in this work providing both the nurse and the
physician with a better and more reliable tool for
triage in the ED. Specific cut-off points in the score
might define those who are critically ill and have to
be taken care of immediately.

Turner et al. claimed that scoring patients later in
their illness allows better predictability and decision-
making for individual patients [38]. To achieve
maximum benefit from severity of illness scores
these should be repeated on successive days follow-
ing admission. REMS is particularly well-suited for
this purpose and could have the potential of being a
system of continuous monitoring of patients during
transport, in the ED and later in the hospital to
follow the status of the patients.

In conclusion, the present study revealed REMS as
a powerful predictor of in-hospital mortality in
patients attending the ED over a wide range of
common nonsurgical disorders.
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