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Sepsis patients in the emergency department: stratification
using the Clinical Impression Score, Predisposition, Infection,
Response and Organ dysfunction score or quick Sequential
Organ Failure Assessment score?
Vincent M. Quintena, Matijs van Meursb,c, Anna E. Wolffenspergera,
Jan C. ter Maatena and Jack J.M. Ligtenberga
Objective The aim of this study was to compare the
stratification of sepsis patients in the emergency
department (ED) for ICU admission and mortality using the
Predisposition, Infection, Response and Organ dysfunction
(PIRO) and quick Sequential Organ Failure Assessment
(qSOFA) scores with clinical judgement assessed by the
ED staff.
Patients and methods This was a prospective
observational study in the ED of a tertiary care teaching
hospital. Adult nontrauma patients with suspected infection
and at least two Systemic Inflammatory Response
Syndrome criteria were included. The primary outcome was
direct ED to ICU admission. The secondary outcomes were
in-hospital, 28-day and 6-month mortality, indirect ICU
admission and length of stay. Clinical judgement was
recorded using the Clinical Impression Scores (CIS),
appraised by a nurse and the attending physician. The PIRO
and qSOFA scores were calculated from medical records.
Results We included 193 patients: 103 presented with
sepsis, 81 with severe sepsis and nine with septic shock.
Fifteen patients required direct ICU admission. The CIS
scores of nurse [area under the curve (AUC) = 0.896] and
the attending physician (AUC = 0.861), in conjunction with
PIRO (AUC = 0.876) and qSOFA scores (AUC = 0.849),
predicted direct ICU admission. The CIS scores did not
predict any of the mortality endpoints. The PIRO predicted

Introduction
Time is of the essence in the treatment of sepsis; early and
aggressive treatment is important to reduce mortality as
indicated in recent studies [1,2]. In 30–50% of patients,
sepsis treatment is initiated in the emergency department
(ED) [3,4]. Considering that ICU capacity is limited and
that not all sepsis patients will benefit from ICU admission,
the main challenge that ED physicians face is to effectively
stratify patients between patients requiring ICU treatment
and patients who can be treated on the general ward.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NCND), 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.

in-hospital (AUC = 0.764), 28-day (AUC = 0.784) and
6-month mortality (AUC = 0.695). The qSOFA score also
predicted in-hospital (AUC = 0.823), 28-day (AUC = 0.848)
and 6-month mortality (AUC = 0.620).
Conclusion Clinical judgement is a fast and reliable
method to stratify between ICU and general ward admission
in ED patients with sepsis. The PIRO and qSOFA scores do
not add value to this stratification, but perform better on the
prediction of mortality. In sepsis patients, therefore, the
principle of ‘treat first what kills first’ can be supplemented
with ‘judge first and calculate later’. European Journal of
Emergency Medicine 00:000–000 Copyright © 2017 The
Author(s). Published by Wolters Kluwer Health, Inc.
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Incorrect stratification may result in increased morbidity
and mortality, and increased length of stay [5,6].
There are multiple ways to stratify patients with sepsis,
such as stratification by using scoring systems, stratification
on the basis of the clinical judgement of the nurse and
attending physician, or stratification on the basis of the
sepsis categories defined by the Surviving Sepsis
Campaign [2]. However, stratification on the basis of
sepsis categories is not as accurate as clinical judgement or
an adequate scoring system [7]. Numerous scoring systems for patients with sepsis exist, which predict sepsisrelated mortality as well as sepsis severity. These include
the Predisposition, Infection, Response and Organ dysfunction (PIRO) score [8], the Mortality in Emergency
Department Sepsis (MEDS) score [9], the Mortality In
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Severe Sepsis in the Emergency Department (MISSED)
score [10], the Sequential Organ Failure Assessment
(SOFA) score [11] and the recent quick SOFA (qSOFA)
score introduced with the new Sepsis-3 definitions [6].
Of these scoring systems, the PIRO score is one of the
most comprehensive scoring systems, while at the same
time requiring data routinely available in the ED.
Moreover, it was developed as both a staging system and
to predict mortality, and is well known to stratify patients
on the basis of the severity of disease and risk of mortality
before ICU admission [8,12]. However, it may not be the
most practical bedside scoring system for the ED as it
requires information that is not readily available on
admission, such as biomarker levels, patient history and
living situation. Thus, effective stratification can be
delayed by having to wait for these details. This is a cause
of concern as early ICU transfer may lead to improved
patient outcomes [13]. The recent qSOFA score is a
simple score that could be calculated at the bedside.
However, this score has not yet been validated for
patients with sepsis in the ED [6]. The clinical judgement
of nurses and attending physicians are available at the
bedside during ED admission and do not lead to the
aforementioned delays. With this in mind, our aim was to
compare the stratification for ICU admission and mortality
using the PIRO and qSOFA scoring systems with clinical
judgement assessed by the ED staff. We hypothesized
that clinical judgement assessed by the ED staff would be
as accurate for predicting ICU admission and mortality as
the PIRO and qSOFA scoring systems for patients with
sepsis in the ED.

Patients and methods
Study design and setting

A prospective observational study was carried out in the
ED of the University Medical Center Groningen, a tertiary care teaching hospital with over 34 000 ED visits
annually. The study was approved by the Medical
Ethical Committee of the University Medical Center
Groningen, the Netherlands (METc 2013/297; METc
2012.177). Written informed consent was obtained from
all patients included in the study.
Study population and protocol

Adult nontrauma patients visiting the ED between
8 a.m. and 6 p.m. with suspected infection or sepsis were
screened for inclusion. Inclusion criteria included patients
of 18 years and older age, suspected or confirmed infection and two or more Systemic Inflammatory Response
Syndrome criteria as defined by the International Sepsis
Definitions Conference [14]. Patients were included from
August 2012 until April 2014. Because of changes in
research staffing, no patients were included between June
2013 and October 2013.
Vital parameters of patients were measured by a nurse upon
arrival to the ED. All vital parameter measurements were

performed using a bedside patient monitor (IntelliVue
MP30 System with Multi-Measurement Module; Philips,
Eindhoven, the Netherlands). Temperature was measured
using an electronic tympanic ear thermometer (Genius 2;
Mountainside Medical Equipment, Marcy, New York, USA).
After briefly assessing the patient and immediately after the
vital signs were available, the nurse and attending physician
were asked for their clinical impression of the patient. The
nurse and physician were asked for their impression separately
to ensure adequate blinding. Their clinical impression was
recorded using the Clinical Impression Score (CIS). The CIS
score, a singular integer, ranges from 1, indicating not ill, to 10,
indicating extreme illness [15].
For each patient, the PIRO score was calculated. The
PIRO score takes several factors into account: the (P)
redisposition, for example, age and patient history, the
type of (I)nfection, the (R)esponse to treatment and
factors that indicate (O)rgan failure, for example, lactate
and systolic blood pressure [8]. The PIRO score was
calculated using the results from routine blood analysis,
sociodemographic information gathered during admission
and the patient’s electronic medical record. These
medical records were subsequently monitored to allow
for follow-up and to collect demographic data and patient
history.
In light of the new Sepsis-3 consensus definitions, a posthoc analysis on our data was carried out to calculate the
qSOFA score. The qSOFA score is based on three items:
altered mental status, respiratory frequency and systolic
blood pressure. For each item, one point is scored.
Patients with a qSOFA score of at least 2 are considered
to have an increased mortality risk [6]. The qSOFA score
was calculated using the initial vital parameters measured
during admission to the ED.
All patients received hospital treatment for sepsis as per
our hospital’s standardized protocol. This protocol
included intravenous antibiotics, fluid resuscitation and
oxygen supplementation [16]. The protocol did not
change during the inclusion period.
Endpoints and definitions

The primary endpoint for this study was direct admission
to the ICU. The secondary endpoints were in-hospital,
28-day and 6-month mortality, indirect admission to the
ICU and length of stay. For transfer to the ICU, we
distinguished between direct and indirect admission.
Direct admission was immediate transfer from ED to
ICU. Indirect admission was transfer of a patient from
ED to first a general ward and thereafter during the
patient’s stay in the hospital to the ICU for any reason.
In-hospital, 28-day and 6-month mortalities were defined
as all-cause mortality during the patient’s stay in the
hospital and within the respective times from the day of
admittance. Length of stay was defined as the number of
days in the hospital; any amount of time spent in-hospital
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during a 24- h period was considered a full day. Low
oxygen saturation was defined as a peripheral SaO2 of
less than 90% on room air or less than 95% with at least 2 l
of oxygen supplementation per minute. Patients were
categorized into sepsis severity groups using the definitions of the Surviving Sepsis Campaign [2].
Statistical methods

For normally distributed data, the mean and SD were
calculated. The Shapiro–Wilk test for normality was used
to test for normality. For binominal variables, frequency
and percentage of cases were calculated. For nonnormally distributed data, the median and interquartile
ranges (IQR) were calculated. To compare the variance
between sepsis severity groups, the nonparametric
Jonckheere trend test was performed. Receiver operator
characteristic (ROC) curves and the area under the ROC
curve [area under the curve (AUC)] were calculated to
determine the relationship between clinical score and
endpoint. All AUCs were tested against the null
hypothesis (AUC = 0.5) using the Wilcoxon signed rank
test with continuity correction. For each combination of
clinical score and outcome parameter with a significant
AUC, we calculated cut-off point, sensitivity, specificity
and positive/negative likelihood ratios. Cut-off points
were chosen for maximum sensitivity and specificity, that
is, closest to the upper-left corner of the ROC. Missing
data were excluded from the analysis. All statistical analyses were carried out using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, New York,
USA), except for a comparison of AUCs, which was
performed using MedCalc, version 14.12.0 (MedCalc,
MedCalc Software bvba, Ostend, Belgium). A P-value of
0.05 or less was considered significant; all tests were two
tailed.

presenting with septic shock (13 days, IQR = 6–19) was
more than twice as long as that of patients presenting with
sepsis (6 days, IQR = 4–10).
ICU admission

Twenty-one of the 193 (10.9%) patients were admitted to
the ICU, of whom 15 (7.8%) were admitted directly from
the ED, whereas the remaining six (3.1%) were admitted
to the ICU indirectly from a nursing ward (Table 2). One
of the 21 patients presented with sepsis, but developed
respiratory insufficiency in the ED and needed transfer
to the ICU. Six of the 21 patients presented with severe
sepsis and were directly admitted to the ICU. Three of
these patients had respiratory insufficiency and required
mechanical ventilation, and three were transferred to the
ICU as a result of persistent haemodynamic instability,
despite treatment in the ED. Of the nine (4.7%) patients
presenting with septic shock, eight required direct ICU
admission, seven because of persistent haemodynamic
instability, requiring inotropic support and one because
of respiratory insufficiency. One of the nine septic shock
patients was sufficiently stabilized in the ED so that
general ward admission was possible. The chances in
direct ICU admission increased with greater sepsis
severity (P < 0.001).

In the septic shock group, four (44%) patients had low
oxygen saturation on admission. Although the respiratory
rates of all patients were available to the attending physician and nurse, they were not recorded in ten cases. In
one case, the peripheral oxygen saturation and the rate of
oxygen supplementation were not recorded.

We assessed the accuracy of the CIS, PIRO and qSOFA
scores in predicting overall and direct ICU admission. All
three scores predicted overall and direct ICU admission
(Tables 3 and 4). For direct ICU admission, there was no
significant difference between AUCs for the CIS scores of
the nurse (AUC = 0.896) and the attending physician
(AUC = 0.861). Furthermore, there was no significant
difference between AUCs of the CIS scores and the PIRO
(AUC = 0.876) and the qSOFA scores (AUC = 0.849).
When assessing for sensitivity and the positive likelihood
ratio of direct ICU admission, the CIS score scored higher
than the PIRO score (Table 4). The CIS score of the
attending physician for direct ICU admission also showed
a good negative likelihood ratio (0.1). However, the
qSOFA score showed the highest specificity for direct
ICU admission at the cost of a low sensitivity (66.7%). The
optimal cut-off point for direct ICU admission of the CIS
scores of both the nurse and the attending physician was 8.
Fifty-three of the 193 patients had a CIS score of the nurse
above the cut-off point, of whom 22.6% were directly
admitted to the ICU. Fifty-nine patients had a CIS score
of the attending physician above the cut-off point, of
whom 23.7% were directly admitted to the ICU. The
optimal cut-off point of the PIRO score was 13. Forty-two
patients had a PIRO score above this cut-off point, of
whom 28.6% were directly admitted to the ICU, and
32 patients had a qSOFA score above the predefined cutoff point of two; 29.4% of these patients were directly
admitted to the ICU.

The length of stay increased significantly with sepsis
severity (P = 0.002). The median length of stay of patients

Six of the 193 (3.1%) patients required an indirect
transfer to the ICU (Table 2), five patients as a result of

Results
Patient characteristics

Of the 193 patients enrolled in this study, 103 patients
presented with sepsis, 81 presented with severe sepsis
and nine patients presented with septic shock (Table 1).
The most frequently suspected foci of sepsis were
respiratory and urogenital. The CIS, PIRO and qSOFA
scores increased, respectively, with sepsis severity
(P = 0.001, < 0.001, and 0.002). However, although the
PIRO score differentiated between sepsis categories, we
did not observe a significant difference in CIS or qSOFA
scores with respect to these categories.
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Table 1

Demographics and distribution of covariates of the study population

Number of patients [n (%)]
Demographics
Age [mean (IQR)]
Sex [n (%)]
Male
Female
Vital signs at admission in the emergency department
Heart rate (bpm) [mean (IQR)]
Systolic blood pressure (mmHg) [mean ± SD]
Diastolic blood pressure (mmHg) [mean ± SD]
MAP (mmHg) [mean ± SD]
Respiration rate (rpm) [mean (IQR)]
Oxygen saturation (%) [mean (IQR)]
Supplemental oxygen [n (%)]
Temperature (°C) [mean (IQR)]
Suspected focus [n (%)]
Respiratory
Urogenital
Skin/soft-tissue/wound
Intra-abdominal
Catheter/tube/implant
Meningitis
Other or unknown focus
Treatment limitations [n (%)]
Do not resuscitate, ICU
Do not resuscitate, no ICU

N

Overall

Sepsis

Severe sepsis

Septic shock

193

193 (100)

103 (53.4)

81 (42.0)

9 (4.7)

193

60 (48–71)

60 (51–68)

60 (47.5–76)

64 (49–70.5)

193
193

108 (56.0)
85 (44.0)

49 (52.4)
54 (47.6)

53 (65.4)
28 (34.6)

6 (66.7)
3 (33.3)

193
193
193
193
183
192
192
193

110 (100–120)
124.5 ± 23.45
71.7 ± 15.38
89.4 ± 16.37
22 (18–27)
95 (92–98)
54 (28.5)
38.5 (37.9–38.9)

110 (100–120)
129.8 ± 19.46
74.2 ± 13.79
92.7 ± 13.47
21.5 (18–25.8)
95 (94–98)
29 (28.2)
38.5 (37.9–38.9)

110 (100–123)
122.9 ± 23.46
71.0 ± 15.66
88.5 ± 16.77
22 (18–27)
95 (91–98)
20 (24.7)
38.5 (38.0–39.0)

115 (105–135)
79.2 ± 13.63
48.7 ± 10.95
59.0 ± 10.89
30 (24–32.5)
90 (84.3–97)
5 (55.6)
37.6 (36.1–38.9)

193
193
193
193
193
193
193

83
64
8
32
4
2
27

(57.0)
(33.2)
(4.1)
(16.6)
(2.1)
(1.0)
(14.0)

193
193

19 (9.8)
23 (11.9)

46
36
4
18
3
2
13

(44.7)
(35.0)
(3.9)
(17.5)
(2.9)
(1.9)
(12.6)

31
25
4
11
1
0
13

6 (5.8)
10 (9.7)

(38.3)
(30.9)
(4.9)
(13.6)
(1.2)
(0.0)
(16.0)

6
3
0
3
0
0
1

12 (14.8)
13 (16.0)

(66.7)
(33.3)
(0.0)
(33.3)
(0.0)
(0.0)
(11.1)

1 (11.1)
0 (0.0)

Bpm, beats per minute; IQR, interquartile range; MAP, mean arterial pressure; rpm, respirations per minute.

Table 2

Results on the primary and secondary endpoints and clinical scores, including their distribution over the sepsis severity categories

Number of patients [n (%)]
Clinical outcome [n (%)]
Admission to ICU
Direct
Indirect
In-hospital mortality
28-day mortality
6-month mortality
Length of stay (days) [mean (IQR)]
Clinical scores [mean (IQR)]
CIS nurse
CIS physician
PIRO score
qSOFA score ≥ 2 [n (%)]

N

Overall

Sepsis

Severe sepsis

193

193 (100)

103 (53.4)

81 (42.0)

Septic shock
9 (4.7)

J-T P
–

193
193
193
193
193
193
193

21 (10.9)
15 (7.8)
6 (3.1)
8 (4.1)
7 (3.6)
27 (14.0)
7 (5–12)

4 (3.9)
1 (1.0)
3 (2.9)
3 (2.9)
2 (1.9)
12 (11.7)
6 (4–10)

9 (11.1)
6 (7.4)
3 (3.7)
4 (4.9)
4 (4.9)
12 (14.8)
8 (6–14.5)

8 (88.9)
8 (88.9)
0 (0.0)
1 (11.1)
1 (11.1)
3 (33.3)
13 (5.5–31)

< 0.001*
< 0.001*
0.468
0.100
0.137
0.205
0.002*

187
187
193
193

7.0 (5–8)
7.0 (6–8)
8.0 (5–12)
34 (17.6)

7.0 (5–7)
7.0 (6–7)
7.0 (5–10)
12 (11.7)

7.0 (6–8)
7.0 (6–8)
9.0 (6–13)
15 (18.5)

8.5 (8–9.8)
8.0 (8–8)
16.0 (12.5–18)
7 (77.8)

0.001*
0.001*
< 0.001*
0.002*

CIS, Clinical Impression Score; IQR, interquartile range; J-T, Jonckheere trend test; PIRO, Predisposition, Infection, Response, Organ failure; qSOFA, quick Sequential
Organ Failure Assessment.
*Significant result.

Table 3

Area under curve for the primary and secondary endpoints
CIS nurse

Admission to ICU
Direct
Indirect
In-hospital mortality
28-day mortality
6-month mortality

CIS physician

PIRO score

qSOFA score

AUC (95% CI)

P

AUC (95% CI)

P

AUC (95% CI)

P

AUC (95% CI)

P

0.866 (0.793–0.938)
0.896 (0.817–0.976)
0.741 (0.616–0.867)
0.643 (0.456–0.830)
0.706 (0.538–0.874)
0.530 (0.411–0.649)

< 0.001*
< 0.001*
0.045*
0.172
0.065
0.623

0.793 (0.700–0.886)
0.861 (0.794–0.927)
0.553 (0.340–0.766)
0.652 (0.476–0.828)
0.667 (0.471–0.863)
0.528 (0.419–0.637)

< 0.001*
< 0.001*
0.686
0.146
0.134
0.644

0.752 (0.628–0.876)
0.876 (0.791–0.961)
0.415 (0.196–0.634)
0.764 (0.648–0.880)
0.784 (0.657–0.912)
0.695 (0.592–0.798)

< 0.001*
< 0.001*
0.481
0.011*
0.011*
0.001*

0.811 (0.718–0.903)
0.849 (0.766–0.932)
0.670 (0.453–0.886)
0.823 (0.707–0.939)
0.848 (0.733–0.963)
0.620 (0.500–0.740)

< 0.001*
< 0.001*
0.157
0.002*
0.002*
0.046*

AUC, area under the receiver operator characteristics curve; CI, confidence interval; CIS, Clinical Impression Score; PIRO, Predisposition, Infection, Response, Organ
failure; qSOFA, quick Sequential Organ Failure Assessment.
*Significant result.

Sepsis stratification in the ED Quinten et al. 5

Cut-off points, sensitivity, specificity and likelihood ratios
for the Clinical Impression, PIRO and qSOFA scores

Table 4

Cut-off pointa
Admission to ICU
CIS nurse
8
CIS physician
8
PIRO score
14
qSOFA score
2
Direct admission to ICU
CIS nurse
8
CIS physician
8
PIRO score
13
qSOFA score
2
Indirect admission to ICU
CIS nurse
7
In-hospital mortality
PIRO score
12
qSOFA score
2
28-day mortality
PIRO score
12
qSOFA score
2
6-month mortality
PIRO score
10
qSOFA score
2

Sensitivity

Specificity

LR +

LR −

80.0
80.0
57.1
57.1

77.8
75.0
89.0
87.2

3.6
3.2
5.2
4.5

0.3
0.3
0.5
0.5

85.7
93.3
80.0
66.7

76.3
74.6
83.1
86.5

3.6
3.7
3.0
4.9

0.3
0.1
0.2
0.4

100.0

40.3

1.7

0.0

75.0
62.5

76.8
84.3

3.2
4.0

0.3
0.4

85.7
71.4

76.9
84.4

3.7
4.6

0.3
0.3

70.4
33.3

67.5
84.9

2.2
2.2

0.4
0.8

CIS, Clinical Impression Score; LR − , negative likelihood ratio; LR + , positive
likelihood ratio; PIRO, Predisposition, Infection, Response and Organ dysfunction;
qSOFA, quick Sequential Organ Failure Assessment.
a
Point in the receiver operator characteristics curve with the maximum specificity
and sensitivity for the outcome variable.

respiratory insufficiency and one because of haemodynamic instability. Notably, only the CIS score obtained
from the nurse at the ED significantly predicted indirect
ICU admission (AUC: 0.741; Tables 3 and 4).
Mortality

We assessed the CIS, PIRO and qSOFA scores for inhospital, 28-day and 6-month mortality (Tables 2–4).
Eight of the 193 patients died during their stay in the
hospital (Table 2). One of these eight patients died after
more than 28 days in the hospital. The CIS scores did not
significantly predict any of the assessed mortality endpoints (Table 3). Conversely, the PIRO and qSOFA
scores were predictors for mortality. For all three mortality endpoints, the PIRO score showed the highest
sensitivity and the qSOFA score showed the highest
specificity (Table 4).

Discussion
Time is of the essence in the treatment of sepsis; early
and aggressive treatment is imported to reduce mortality
[1,2]. The main challenge that ED physicians face is
effectively stratifying patients on the basis of the need for
ICU treatment. Especially, considering that ICU capacity
is limited, not all patients may benefit from ICU admission and incorrect stratification may result in increased
morbidity, mortality and length of stay [5,6]. In this
study, we compared stratification for ICU admission and
mortality using the PIRO and qSOFA scoring systems
with clinical judgement assessed by the ED nurse and
attending physician. We hypothesized that clinical judgement would be as accurate to predict ICU admission

and mortality as these scoring systems. The clinical judgement of the ED staff was recorded using the CIS. We
found that clinical judgement and the PIRO and qSOFA
scoring systems performed equally well as predictors of
direct ICU admission. Furthermore, we found that the
PIRO and qSOFA scores predicted for the mortality
endpoints, whereas clinical judgement did not.
All three scores performed equally well as predictors of
ICU admission. However, it must be noted that the
qSOFA score had a low sensitivity (66.7%), suggesting
that about a third of patients requiring ICU treatment
will be missed by this score. De Groot et al. [17] also
found that the PIRO and clinical judgement scores performed equally on the stratification between ICU and
general ward admission for an ED population with only
severe sepsis and septic shock. In our study, more than
half of the population included patients with (uncomplicated) sepsis. Comparing our results with the results of
De Groot, our results suggest that using clinical judgement and the PIRO score to stratify patients in a population including sepsis does not affect the accuracy of the
scores. The qSOFA score was not reported in the study
by De Groot and can therefore not be compared. Tsai
et al. [18] found that the PIRO score predicted ICU
admission with an AUC of 0.889, in patients unexpectedly transferred from the ED to the ICU. This AUC is
comparable with the AUC for direct ICU admission in
our results (AUC = 0.876). Our results show that the
PIRO and qSOFA scores compared with clinical judgement (measured using the CIS score) are equally good
predictors of ICU admission. Considering that clinical
judgement can be easily determined bedside within the
first 15 min after the patient’s arrival at the ED, this
suggests that clinical judgement is an important asset
early in the ED stratification process.
It should be noted that the relationship between clinical
judgement and ICU admission is not independent; in
everyday practice, a patient judged by the treating physician as critically ill or requiring a critical intervention
(e.g. ventilation, inotropes) may be more readily admitted
to the ICU. This dependency might have introduced a
bias that causes an overestimation of the performance of
the CIS scores. This bias is potentially limited by the fact
that our hospital’s ICU functions as a closed-format ICU.
This entails that an ED physician first needs to consult
the ICU physician for admission to the ICU. Furthermore,
neither CIS, PIRO nor qSOFA scores were communicated
to the ICU physician when requesting a transfer; the
scores, therefore, did not influence the decision to admit
a patient to the ICU.
Perhaps even more interesting than the prediction of
direct ICU admission is the prediction of indirect ICU
admission as it may provide an opportunity to preventively admit a patient to the ICU to prevent organ
failure or mortality. Our results suggest that both clinical
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judgement and the PIRO and qSOFA scores are poor at
predicting indirect ICU admittance. The exception was
the CIS score of the nurse (AUC =0.741). However, it
should be noted that only six of the 193 patients were
indirectly admitted to the ICU. This makes our study
underpowered to be conclusive on the prediction of
indirect ICU admission. A larger study designed to
compare clinical judgement with the PIRO and qSOFA
scores is required to be conclusive on predicting indirect
ICU admission. However, we speculate that changes over
time in scores or vital signs might be more accurate at
predicting indirect ICU admission (or patient deterioration) than scores or measurements on a single point in
time [16]. Therefore, we plan further studies to assess
changes in scores and vital signs over time.
The new Sepsis-3 definitions place more emphasis on
organ dysfunction [6]. Our results suggest that being alert
for organ dysfunction (included as elements in the PIRO
and qSOFA scores) may aid in predicting mortality.
However, to stratify between ICU and general ward
admission, the use of a scoring system that includes
indicators of organ failure does not add value.
Furthermore, the Sepsis-3 definitions no longer include
the group of patients with (uncomplicated) sepsis.
According to the Sepsis-3 definitions, the patients in our
study population with sepsis would have been designated as patients with infection (but not sepsis) without
organ failure [6]. However, our study results show that
ICU admission was 4% and mortality was 3% in the
sepsis group. Therefore, further studies should focus on
the best way to treat patients in this group (i.e. with
infection without organ failure) and on how to best detect
early signs of organ failure.
We compared clinical judgement with the PIRO and
qSOFA scores for the mortality endpoints. Clinical judgement did not significantly predict any of the mortality
endpoints, whereas the PIRO and qSOFA scores did
predict mortality. The PIRO score had the best sensitivity and the qSOFA score had the best specificity for
the in-hospital and 28-day mortality endpoints. Mortality
in our study was lower than expected on the basis of the
existing literature [3,7,19,20]. Especially, the in-hospital
mortality rate of 4.9% in the severe sepsis category and
the 28-day and 6-month mortality rates were lower than
those in previous studies. These low mortality rates may
be partially explained by the fact that we introduced a
novel sepsis bundle in our ED in 2008. The aims of this
bundle include earlier recognition of septic patients,
immediate nurse/physician contact at admission, administration of antibiotics within 60 min and routine fluid
resuscitation during the first 2 h (for as long as required)
[16]. Furthermore, it should be noted that the recent
literature reports considerably lower mortality rates
compared with earlier publications. This suggests an
increased global awareness of sepsis in addition to an
early and initially more aggressive treatment [1,21,22].

Although low mortality is a positive outcome for our
patients, the small number of events limits the power of
our results. However, the AUCs for in-hospital and
28-day mortality of PIRO and CIS scores in our study
agree with the results of previous studies [7,18]. The
AUC for the qSOFA score for non-ICU patients as set out
by the Third International Consensus Definitions for
Sepsis and Septic Shock is not (yet) known, and can
therefore not be compared with our results [6].
Our study has several limitations: first, the low mortality
rates in all groups, as described above. Second, this study
was carried out in a single tertiary centre with an established sepsis protocol, which may lead to higher overall
sepsis awareness and therefore a stronger performing CIS
score. Third, we did not correct for different experience
levels of the nursing staff or the attending physicians;
their experience levels ranged from junior to decades of
experience in emergency medicine. We will consider
correcting for experience levels in future studies as this
correction may further improve the predictive accuracy of
the CIS score. Fourth, this study was not designed to
measure or correct for nurse or physician fatigue. We do
not expect that this considerably affected our results as all
staff work maximum 9-h shifts, with a maximum of
48 h/week. In other hospitals, shifts may be longer and
the effects of fatigue larger. Fifth, daytime-only inclusion
of patients introduced a selection bias. Our visit logs
show that 65% of admissible patients visited our ED
within this timeframe. However, previous clinical evaluations in our department (unpublished data) showed
that patients visiting our ED outside this timeframe did
not have more severe sepsis. Hence, whether daytimeonly inclusion introduced a significant bias in our results
is questionable. Finally, treatment limitations dictated by
individual patient wishes or by severe comorbidity
(Table 1) introduced a bias that led us to underestimate
the performance of CIS, PIRO and qSOFA scores as
patients who might have required ICU treatment were
not transferred to the ICU.
As with any scoring system or biomarker used in medicine, they can only be used as a tool to guide the treating
physician. The stratification of patients into different
(risk-)groups is a sensible and effective way to triage and
to communicate with other physicians in a standardized
way. However, scoring systems on their own merits are
not a substitute for individual decision-making.
Therefore, scoring systems should always be evaluated
within the context of the individual patient and the
patient’s wishes, and not as a hard criterion for ICU
admission.
Conclusion

This study shows that clinical judgement is both fast and
reliable in stratifying sepsis patients between the ICU and
the general ward. Furthermore, our results show that the
PIRO and qSOFA scores do not add value to this
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stratification process. Therefore, compared with clinical
judgement, the PIRO and qSOFA scores perform better
as predictors of mortality. In patients with sepsis, we
therefore conclude that the principle ‘treat first what kills
first’ can be supplemented with ‘judge first and calculate
later’.

6

7

8

Acknowledgements
The authors thank the nursing staff and attending physicians in our emergency department for their assistance
during the acquisition of the data. They also thank Gaia
Beyduz for his work as a language editor.
V.M.Q. assisted with data acquisition, carried out data
analysis and drafted the manuscript. M.vM. participated
in the study design, assisted with data interpretation and
critically revised the manuscript. A.E.W. set up the study
design and performed data acquisition. J.C.tM. participated in the study design and critically revised the
manuscript. J.J.M.L. designed the study, assisted with
data interpretation, critically revised the manuscript and
has given final approval of the version to be published.

9

10

11

12

13
14

15

Conflicts of interest

There are no conflicts of interest.

16

References
1 ProCESS Investigators, Yealy DM, Kellum JA, Huang DT, Barnato AE,
Weissfeld LA, et al. A randomized trial of protocol-based care for early
septic shock. N Engl J Med 2014; 370:1683–1693.
2 Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving Sepsis Campaign: international guidelines for management of severe
sepsis and septic shock, 2012. Intensive Care Med 2013; 39:165–228.
3 Shapiro N, Howell MD, Bates DW, Angus DC, Ngo L, Talmor D. The
association of sepsis syndrome and organ dysfunction with mortality in
emergency department patients with suspected infection. Ann Emerg Med
2006; 48:583–590.
4 Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A. Inpatient care for
septicemia or sepsis: a challenge for patients and hospitals. NCHS Data
Brief 2011; 62:1–8.
5 Kennedy M, Joyce N, Howell MD, Lawrence Mottley J, Shapiro NI. Identifying
infected emergency department patients admitted to the hospital ward at risk
of clinical deterioration and intensive care unit transfer. Acad Emerg Med
2010; 17:1080–1085.

17

18

19

20
21
22

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA 2016; 315:801–810.
de Groot B, Lameijer J, de Deckere ER, Vis A. The prognostic performance of
the predisposition, infection, response and organ failure (PIRO) classification
in high-risk and low-risk emergency department sepsis populations:
comparison with clinical judgement and sepsis category. Emerg Med J 2014;
31:292–300.
Rubulotta F, Marshall JC, Ramsay G, Nelson D, Levy M, Williams M.
Predisposition, insult/infection, response, and organ dysfunction: a new
model for staging severe sepsis. Crit Care Med 2009; 37:1329–1335.
Shapiro NI, Wolfe RE, Moore RB, Smith E, Burdick E, Bates DW. Mortality in
Emergency Department Sepsis (MEDS) score: a prospectively derived and
validated clinical prediction rule. Crit Care Med 2003; 31:670–675.
Sivayoham N, Rhodes A, Cecconi M. The MISSED score, a new scoring
system to predict Mortality In Severe Sepsis in the Emergency Department: a
derivation and validation study. Eur J Emerg Med 2014; 21:30–36.
Vincent J, Moreno R, Takala J, Willatts S, De Mendon\cca A, Bruining H, et al.
The SOFA (Sepsis-related Organ Failure Assessment) score to describe
organ dysfunction/failure. Intensive Care Med 1996; 22:707–710.
Howell MD, Talmor D, Schuetz P, Hunziker S, Jones AE, Shapiro NI. Proof of
principle: the predisposition, infection, response, organ failure sepsis
staging system. Crit Care Med 2011; 39:322–327.
Ligtenberg JJ, Bens BW, ter Maaten JC. One more idea on preventable
ICU deaths. Crit Care 2012; 16:1.
Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001
sccm/esicm/accp/ats/sis international sepsis definitions conference.
Intensive Care Med 2003; 29:530–538.
van der Vegt AE, Holman M, ter Maaten JC. The value of the clinical
impression in recognizing and treating sepsis patients in the emergency
department. Eur J Emerg Med 2012; 19:373–378.
Quinten VM, van Meurs M, Ter Maaten JC, Ligtenberg JJ. Trends in vital signs
and routine biomarkers in patients with sepsis during resuscitation in the
emergency department: a prospective observational pilot study. BMJ Open
2016; 6:e009718.
de Groot B, de Deckere ER, Flameling R, Sandel MH, Vis A. Performance of
illness severity scores to guide disposition of emergency department patients
with severe sepsis or septic shock. Eur J Emerg Med 2012; 19:316–322.
Tsai JC, Cheng C, Weng S, Huang C, Yen DH, Chen H. Comparison of risks
factors for unplanned ICU transfer after ED admission in patients with
infections and those without infections. Sci World J 2014; 2014:102929.
Winters BD, Eberlein M, Leung J, Needham DM, Pronovost PJ, Sevransky JE.
Long-term mortality and quality of life in sepsis: a systematic review. Crit
Care Med 2010; 38:1276–1283.
ter Avest E, de Jong M, Brűmmer I, Wietasch GJ, ter Maaten JC. Outcome
predictors of uncomplicated sepsis. Int J Emerg Med 2013; 6:1–5.
Kissoon N. Sepsis guideline implementation: benefits, pitfalls and possible
solutions. Crit Care 2014; 18:207.
Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey AJ. Two
decades of mortality trends among patients with severe sepsis: a
comparative meta-analysis. Crit Care Med 2014; 42:625–631.

