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Objectives The aim of the study was to identify covariates
associated with 28-day mortality in septic patients admitted
to the emergency department and derive and validate a
score that stratifies mortality risk utilizing parameters that
are readily available.

Methods Patients with an admission diagnosis of
suspected or confirmed infection and fulfilling at least two
criteria for severe inflammatory response syndrome were
included in this study. Patients’ characteristics, vital signs,
and laboratory values were used to identify prognostic
factors for mortality. A scoring system was derived and
validated. The primary outcome was the 28-day
mortality rate.

Results A total of 440 patients were included in the study.
The 28-day hospital mortality rate was 32.4 and 25.2% for
the derivation (293 patients) and validation (147 patients)
sets, respectively. Factors associated with a higher mortality
were immune-suppressed state (odds ratio 4.7; 95%
confidence interval 2.0–11.4), systolic blood pressure on
arrival less than 90mmHg (3.8; 1.7–8.3), body temperature
less than 36.0°C (4.1; 1.3–12.9), oxygen saturation less than
90% (2.3; 1.1–4.8), hematocrit less than 0.38 (3.1; 1.6–5.9),
blood pH less than 7.35 (2.0; 1.04–3.9), lactate level more
than 2.4mmol/l (2.27; 1.2–4.2), and pneumonia as the
source of infection (2.7; 1.5–5.0). The area under the receiver
operating characteristic curve was 0.81 (0.75–0.86) in the

derivation and 0.81 (0.73–0.90) in the validation set. The
SPEED (sepsis patient evaluation in the emergency
department) score performed better (P= 0.02) than the
Mortality in Emergency Department Sepsis score when
applied to the complete study population with an area under
the curve of 0.81 (0.76–0.85) as compared with 0.74
(0.70–0.79).

Conclusion The SPEED score predicts 28-day mortality in
septic patients. It is simple and its predictive value is
comparable to that of other scoring systems. European
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Introduction
Sepsis remains a major challenge in current clinical

practice. There is an estimated worldwide incidence of

19 million cases annually [1]. It is the major cause of

mortality among patients in noncoronary ICUs in devel-

oped countries [2]. The Surviving Sepsis Campaign

introduced guidelines emphasizing early resuscitation

and antibiotic therapy. Early detection and aggressive

treatment of sepsis affects the outcome of septic patients

positively [3,4].

In developed healthcare systems, severe sepsis manage-

ment takes place primarily in an ICU setting. Initially,

however, most of these patients are managed in emer-

gency departments (EDs). The importance of effective

ED diagnostic and therapeutic intervention for severe

sepsis is underlined by the fact that the mean ED length

of stay is 5 h [5]. Septic patients might not necessarily

appear seriously ill at presentation but their condition

may deteriorate rapidly. The seriousness of a sepsis

presentation can be easily underestimated in a busy ED

environment.

Various scoring systems for septic patients have been

developed to identify patients at highest risk. Most scores

like the Acute Physiology and Chronic Health Evaluation

or the Sepsis-related Organ Failure Assessment were

developed in the setting of an ICU and require a diag-

nostic workup that cannot be provided in the ED [6,7].

Other scores that have been developed specifically for

the ED, such as the Mortality in Emergency Department

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without
permission from the journal.

170 Original article

0969-9546 Copyright © 2017 The Author(s). Published by Wolters Kluwer Health, Inc. DOI: 10.1097/MEJ.0000000000000344

mailto:alexander.loch@ummc.edu.my
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Sepsis (MEDS) score, have been shown to perform bet-

ter than single biomarkers like C-reactive protein or lac-

tate but failed to become part of routine clinical practice

[8,9]. The reasons for failure of these scoring systems to

be firmly established into clinical routine are complex.

They require a certain amount of diagnostic workup that

might be difficult to obtain in a setting of limited

resources and they are complex to calculate and to

interpret.

The aim of this study was to derive and validate a sepsis

score that is simple to calculate but can still accurately

predict mortality in septic patients. As for the general lack

of studies investigating septic patients in the ED that

were performed in South-East Asia, we were also inter-

ested in identifying risk factors that are specific for the

local population compared with North American or

European patients.

Methods
Setting

This study is a prospective observational study. Data

were collected from August 2011 to January 2012 at

University of Malaya Medical Centre. It is a tertiary

hospital in an urban setting, has 1240 beds, and treats

about 125 000 ED patients annually. Approval from the

local ethics committee was obtained before the study.

Data collection

All patients admitted to the ED during the study period

with a suspected or confirmed infection and who met at

least two criteria for the severe inflammatory response

syndrome (SIRS) were screened for eligibility. On arrival,

the patients’ vital signs (temperature, blood pressure,

heart rate, respiratory rate, and oxygen saturation),

laboratory data (leukocyte count, differential cell count,

platelets), and arterial blood gases (partial pressures of

oxygen and carbon dioxide, blood pH, blood lactate, and

bicarbonate levels) were recorded. The presence of the

following covariates was also recorded: chronic obstruc-

tive airway disease, diabetes, any malignancy, HIV/

AIDS, cerebrovascular accident, chronic cardiac failure,

chronic or end-stage renal failure, hepatitis B or C,

hypertension, organ transplant recipient, immunosup-

pressed state, and nursing home residency. We con-

sidered patients to be immunosuppressed if they had

either HIV/AIDS or any malignancy or had received a

transplanted organ or were on immunosuppressive ther-

apy. Patients were classified as having chronic kidney

disease if they had decreased kidney function (decreased

glomerular filtration rate) for 3 or more months [10].

The 28-day hospital mortality rate was used as the pri-

mary endpoint in this study. Patients discharged alive

before 28 days were contacted 28 days after admission to

determine whether they were still alive.

Inclusion and exclusion criteria

Adult patients (age≥ 18 years) who had either suspected

or confirmed infection and who met two or more SIRS

criteria were included. Patients were excluded if they (a)

needed immediate surgery with an anticipated departure

to the operating room in less than 6 h; (b) had a do not

attempt resuscitation order; (c) were dead on arrival at the

ED; or (d) were pregnant.

Definitions

SIRS criteria were defined according to the consensus

criteria of the American College of Chest Physicians/

Society of Critical Care Medicine Consensus Conference

as the presence of at least two of the following: body

temperature less than 36.0°C or more than 38.0°C; heart
rate more than 90 beats/min; tachypnea with a respiratory

rate of more than 20 breaths/min or partial pressure of

carbon dioxide of less than 32 mmHg; and a white blood

cell count of less than 4000/µl or more than 12000/µl or
more than 10% immature neutrophils [11]. The source of

infection was classified as one of the following: upper

respiratory tract, pneumonia, intra-abdominal, genito-

urinary tract, skin or soft tissue, unknown and other.

Derivation and validation sets

The patient population was divided into a derivation and

a validation set. Patients were assigned randomly to one

of the two sets, with two-thirds of the patients in the

derivation and one-third in the validation set. The deri-

vation data set was utilized to identify multivariate pre-

dictors of mortality and to develop the sepsis score. The

validation set was used only after the development of the

SPEED (sepsis patient evaluation in the emergency

department) score to test its predictive quality.

Statistical methods

The relationship between univariate variables and 28-day

mortality was examined using the χ2-test. Significant

univariate predictors (at a level of P< 0.05) of death were

included in a logistic regression model with likelihood-

ratio forward selection. A threshold of P less than 0.05

was applied for inclusion in the logistic regression model.

Variables that were independent predictors of 28-day

mortality in the logistic regression model were utilized to

derive the score. We assigned a certain point value to

each of the variables that were significant in the logistic

regression model by dividing the β-coefficient of these
variables by 0.5 and rounding it to the nearest integer. To

calculate the SPEED score for each patient, we summed

the points assigned to the presence of each variable. The

Hosmer–Lemeshow test was used to construct a cali-

bration figure to assess how well our model performed in

predicting mortality. We also calculated the Akaike

Information Criterion, which penalizes a model for

overfitting. Receiver operating characteristic (ROC)

curves and area under the curves (AUCs) for both the

validation and the derivation set were calculated. We
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compared the SPEED score ROC curve with that of the

MEDS score with the ‘pROC’ package for R and S+ ,

which is based on DeLong’s test of two correlated ROC

curves [12]. All other analyses were performed with IBM

SPSS Statistics for Windows, Version 22.0 (IBM Corp.,

Armonk, New York, USA) and the level of significance

was set at P less than 0.05.

Results
A total of 589 eligible patients were admitted to the ED

during the study period. Of them, 149 patients had

incomplete data sets and hence were excluded from data

analysis. These were almost exclusively patients with

missing arterial blood gas samples. The median length of

stay in the ED and hospital was 9 h and 6 days, respec-

tively. In all, 293 patients were assigned to the derivation

set and 147 patients to the validation set. Patient char-

acteristics, vital signs, and laboratory values on arrival for

the two sets are shown in Table 1. There were no sig-

nificant differences between the data sets (unpaired t-test
and χ2-test).

The mortality rate for the derivation set and the valida-

tion set was 32.4 and 25.2%, respectively. The variables

significantly associated with a higher 28-day mortality

rate (χ2 testing) are shown in Table 2.

The variables that were found to be significantly asso-

ciated with an adverse 28-day survival status in the χ2-test
were analyzed by a logistic regression model with

likelihood-ratio forward selection to identify independent

predictors of mortality (Table 3). Eight variables were

identified as independent predictors of higher mortality:

immunosuppressed state, hypotension, hypothermia, low

hematocrit, hypoxemia, acidosis, elevated lactate, and

pneumonia.

By dividing the β-coefficients for each of the variables by

0.5 and rounding the values to the nearest integer, we

assigned a specific value to each of the risk factors

identified by the logistic regression model. We then

calculated the SPEED score for each patient by summing

the points assigned to the presence of each risk factor in

the derivation set and subdivided this population into

four risk groups for 28-day mortality. Mortality rates for

the different subgroups ranged from 11.0% for patients

with a SPEED score of 0–3 to 93.8% for patients with a

SPEED score of more than 10. Figure 1 shows the

mortality rates for the different subgroups in the

Table 1 Patient characteristics, vital signs, and laboratory values on
arrival

Derivation
(n=293)

Validation
(n=147)

P-value
(unpaired t-test,

χ2-test)

Age [mean (SD)] 61.4 (18.8) 60.7 (18.6) 0.735
Chronic obstructive airway
disease (%)

9.0 8.0 0.802

Diabetes mellitus (%) 44.7 38.1 0.186
Cerebrovascular accident
(%)

11.9 8.1 0.226

Chronic cardiac failure (%) 18.4 14.3 0.276
Chronic/end-stage renal
failure (%)

10.2 5.4 0.091

Hepatitis B/C (%) 1.0 1.4 0.753
Hypertension (%) 47.8 44.2 0.480
Immunosuppressed status
(%)

10.2 15.0 0.147

Asthma (%) 9.6 11.6 0.512
Nursing home resident (%) 7.2 5.4 0.492
Systolic blood pressure
[mean (SD)]

126.3 (34.9) 127.8 (34.0) 0.680

Diastolic blood pressure
[mean (SD)]

74.1 (22.3) 73.7 (20.7) 0.833

Heart rate [mean (SD)] 111.5 (22.5) 112.3 (23.6) 0.731
Respiratory rate [mean
(SD)]

23.5 (5.7) 24.1 (5.5) 0.252

Temperature [mean (SD)] 37.4 (1.5) 36.9 (3.2) 0.073
O2 saturation [mean (SD)] 93.7 (11.6) 94.9 (7.0) 0.172
White blood cell count
[mean (SD)]

14.9 (7.8) 16.0 (8.4) 0.187

Platelet count [mean (SD)] 280.2 (229.3) 302.6 (289.3) 0.416
Hematocrit [mean (SD)] 0.36 (0.08) 0.36 (0.09) 0.619
Blood pH [mean (SD)] 7.39 (0.08) 7.38 (0.09) 0.506
pO2 [mean (SD)] 107.5 (104.8) 100.5 (73.1) 0.417
pCO2 [mean (SD)] 36.1 (19.0) 37.0 (19.4) 0.639
HCO3

− [mean (SD)] 23.9 (22.3) 21.9 (7.4) 0.16
Lactate (mmol/l) [mean
(SD)]

3.16 (3.5) 3.0 (3.4) 0.638

Pulmonary infection (%) 59.4 51.7 0.125
Urinary tract infection (%) 13.4 17.0 0.404
Intra-abdominal infection
(%)

6.1 6.8 0.789

Skin or soft tissue infection
(%)

12. 6 13.6 0.773

Unknown infection (%) 2.4 4.1 0.323
Pneumonia (%) 46.4 38.8 0.128
28-day mortality rate (%) 32.4 25.2 0.117

Table 2 Univariate covariates with a significant influence on 28-day
mortality

Variable
Variable present
[n (% mortality)]

Variable absent
[n (% mortality)] P-value

Age>75 years 75 (45.3) 218 (28.0) 0.006
Immunosuppressed state 30 (60.0) 263 (29.3) 0.001
Nursing home residency 21 (52.4) 272 (30.9) 0.043
Hypotension 44 (59.1) 249 (27.7) <0.001
Hypothermia 17 (64.7) 276 (30.4) 0.003
Hypoxemia 58 (51.7) 235 (27.7) <0.001
Low hematocrit 176 (40.3) 117 (20.5) <0.001
Acidosis 75 (49.3) 218 (26.6) <0.001
Elevated lactate 122 (46.7) 171 (22.2) <0.001
Pneumonia 136 (42.7) 157 (23.57) 0.001
Thrombocytopenia 50 (50.0) 243 (28.8) 0.004

Table 3 Independent variables associated with increased 28-day
mortality (binary multiple regression analysis)

Variable β Odds ratio
95% confidence

interval
Points
(β/0.5)

Immunosuppressed
state

1.55 4.71 1.946–11.415 3

Hypotension 1.332 3.79 1.730–8.306 3
Hypothermia 1.42 4.14 1.326–12.919 3
Hypoxemia 0.84 2.33 1.131–4.786 2
Low hematocrit 1.12 3.05 1.601–5.808 2
Elevated lactate 0.82 2.27 1.236–4.183 2
Pneumonia 1.01 2.73 1.493–5.001 2
Acidosis 0.70 2.01 1.040–3.897 1
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derivation and validation set. When comparing the rela-

tive risk for 28-day mortality, we found that patients with

a SPEED score of 4–6 had a 2.7-fold [95% confidence

interval (CI) 1.5–5.0], those with a SPEED score of 7–9

had a 5.2-fold (95% CI 2.9–9.2), and those with a SPEED

score of more than 10 had an 8.6-fold (95% CI 4.9–14.7)

increased risk compared with patients with a SPEED

score of 0–3.

The AUC curve for the sepsis score was 0.83 (95% CI

0.79–0.88) in the derivation set and 0.80 (0.73–0.87) in

the validation set (Fig. 2).

We calculated the Akaike Information Criterion, which

showed that the model with eight variables had the best fit

compared with its complexity. Moreover, we conducted a

Hosmer–Lemeshow test that yielded a P-value of 0.42. The

nonsignificant result of the Hosmer–Lemeshow measure

demonstrates that the proposed score is able to predict

mortality.

When applying the score to the validation set, we found

that it maintained its predictive value for 28-day mortal-

ity. As displayed in Fig. 2, the area under the ROC curve

was 0.81 (0.73–0.90) and the score was able to success-

fully establish a general trend of increasing risk for mor-

tality with higher values on the score.

We calculated both MEDS and SPEED score for the

entire study population. The SPEED score performed

better (P= 0.02) than the MEDS score when applied to

the complete study population with an AUC of 0.81

(0.76–0.85) as compared with 0.74 (0.70–0.79). The ROC

curves of the two scores are shown in Fig. 3.

Discussion
This is the first prospective study in South-East Asia

examining predictive covariates for 28-day mortality in

septic patients and creating a score predicting the 28-day

mortality rate. It was a single-center study carried out at

the ED of a tertiary urban hospital in a developing

country.

Fig. 1
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The derived clinical prediction rule was validated on

another smaller data set and was found to perform well.

Therefore, the score appears to be able to accurately

identify patients at higher risk for death. This may have

implications in terms of optimizing management.

However, whether or not the score truly has a potential

role in patient management needs to be investigated

further. At the present moment, the score is more ade-

quate to describe the behavior of a population and less so

of an individual patient. We see a further potential use of

the SPEED score in the standardization of disease

severity that can then be applied to study ED outcomes

or specific interventions.

Diagnostic options within the ED are often limited by

budget constraints and a lack of infrastructure for invasive

hemodynamic monitoring or imaging. Consequently, the

covariates collected and analyzed in our study are the

ones that can be easily and quite universally obtained in

an ED setting: patient’s characteristics, vital signs, and

laboratory values.

Severe sepsis is characterized by an overwhelming,

cytokine-mediated inflammatory response [13,14]. The

utilization of cytokines like tumor necrosis factor α and

interleukin 6 in the diagnosis and monitoring of patients

and attempts to develop immunoadjuvant therapies are

based on our current understanding of the pathophysiology

of sepsis [15]. A pre-existing immunosuppressed state is a

strong predictor of an adverse outcome. While various

different disease processes can lead to an immunosup-

pressed state, we found that in particular HIV/AIDS is

associated with a higher mortality. A concomitant HIV

infection has also therapeutic implications as the spectrum

of pathogens is different and the course of sepsis is often

more severe with distinct clinical and inflammatory char-

acteristics [16,17].

Lower respiratory tract infections like pneumonia have

been linked to higher mortality in several studies [18]. In

our study, pneumonia and the related covariate hypox-

emia also show a positive association with mortality,

whereas all other sources of infection that we classified

did not.

In keeping with other studies, we found that elevated

lactate levels and an acidotic blood pH were linked to a

worse prognosis. These parameters reflect the hypo-

perfusion of tissues in severe sepsis, and the clearance of

lactate has also been suggested as a predictor of survival

[19,20].

Other published predictive scoring systems in sepsis

identified risk factors similar to this study. However,

often covariates like differential blood cell counts

including platelet and banded neutrophils are being uti-

lized by these scores that might not be readily available

in EDs in developing countries [8]. The MEDS score is

the most widely used score for septic patients in the ED

and has been validated widely. Our scoring system is

even simpler than the MEDS score and relies only on the

most fundamental and readily available diagnostic tools.

The MEDS score’s AUC ranges in most studies from

0.75 to 0.85 [8,21]. In direct comparison, we found that

our score did perform better than the MEDS score with

an AUC of 0.81 (0.76–0.85) as compared with 0.74

(0.70–0.79), making it an interesting alternative. Table 4

provides a summary of how to calculate and interpret the

SPEED score in clinical practice.

Fig. 3
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Table 4 Calculation and clinical relevance of the SPEED score

SPEED score calculation Points
Immunosuppressed state (presence of HIV/AIDS, any
malignancy, transplant organ recipient or current use of
immunosuppressive therapy)

3

Hypotension (systolic blood pressure<90mmHg) 3
Hypothermia (body temperature<36.0°C) 3
Hypoxemia (pulse oxymetry<90%) 2
Low hematocrit (hematocrit<0.38) 2
Elevated lactate (blood lactate>2.4 mmol/l) 2
Pneumonia 2
Acidosis (blood pH<7.35) 1

SPEED score relevance % Mortality
Score <3 points 11.0
Score 4–6 points 29.7
Score 7–9 points 57.2
Score>10 points 93.8

SPEED, sepsis patient evaluation in the emergency department.
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Limitations

We acknowledge that our study is limited by its small

sample size and the collection of data in a single center

only. We acknowledge that the likely infective agents

responsible for sepsis in our setting might be different

from that of other countries and could confound the

utility of the score. Although our patients were pro-

spectively identified, a variety of components of the

scoring system were obtained by chart abstraction and

patients’ record review, posing the possibility for mis-

takes. Twenty-eight-day mortality was the endpoint in

our study. However, death due to causes other than

infection cannot be fully excluded. Risk factors with a

less strong influence on mortality might have been mis-

sed because of the comparatively low number of cases.

The application of the model to predict the outcome of

an individual patient is limited, and our score needs

further validation before being used in clinical practice.

Conclusion

This study developed and validated a clinical score to

predict 28-day mortality in septic patients utilizing only

data obtained from clinical history taking, vital signs, and

arterial blood gases that are readily available in the most

basically equipped EDs. Its predictive value is compar-

able to that of more complex scoring systems.
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