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1. Introduction 

Sepsis is a challenging condition: the high prevalence and the 
complexity of its clinical presentation lead to high morbidity and mor-
tality. The most updated definition of sepsis and septic shock, Sepsis-3 
introduced in 2016, changed the previous paradigm and highlighted 
the importance of the pathophysiological alterations and their prog-
nostic implications. Sepsis is defined as a dysregulated inflammatory 
response to an infection, which leads to organ dysfunction, while septic 
shock is defined as a subset of sepsis in which underlying circulatory and 
cellular metabolism abnormalities are profound enough to substantially 
increase mortality [1]. This allowed to overcome the Sepsis-2 definition, 
based on the systemic inflammatory response syndrome (SIRS) criteria, 
considered poorly specific [2]. With the Sepsis-3 definition, SIRS criteria 
were sidelined and the sequential organ failure assessment (SOFA) score 
was introduced for the identification of organ dysfunction. Nevertheless, 
even the SOFA score presents some drawbacks, mainly related to the fact 
that it was developed for the ICU setting (e.g. it requires several clinical 
data and laboratory tests which are not available in the early phase of 
the diagnostic process). These features precluded its use as a diagnostic 
tool in the Emergency Department (ED) and led to the introduction of 
the quick SOFA (qSOFA). Such “quick version” of the SOFA score was 
developed with the aim of helping clinicians in the early identification of 
patients at risk of sepsis - especially in the ED – and was validated both 
retrospectively [3] and prospectively [4]. The goal seemed to be 
reached: qSOFA, in fact, is simple, does not require lab test and can be 
easily assessed. Unfortunately, even though it showed an improved 

specificity compared to SIRS criteria, several limitations have emerged 
during its use, mainly related to its relatively low sensitivity. As a matter 
of fact, the latest Surviving Sepsis Campaign guidelines have recom-
mended against its use as a single screening tool [5]. Due to this 
complexity, many study protocols have been designed to simplify the 
diagnostic approach and the assessment of sepsis risk through the design 
and validation of different scores based on both clinical parameters and 
biomarkers; one study introduced an original diagnostic approach based 
on a nomogram build with a combination of clinical variables and bio-
markers [6]. Therefore, several limitations impair the reliability of these 
ad hoc developed scores, and many authors proposed to recur to the 
national early warning score (NEWS) and the modified early warning 
score (MEWS) for the identification of patients with sepsis [7,8]. Even 
though they are not specifically intended for septic patients, their per-
formance in such population seems encouraging. NEWS, emerged as the 
best predictor of adverse outcome in a large cohort of patients with 
different acute conditions, evaluated in the ED, and this result further 
supports its use in this setting [9]. 

Here, we aim at concisely reviewing the most used scores in the ED, 
as well as the information they provide in terms of sepsis identification, 
clinical deterioration and prognostic value. We would like to provide ED 
physicians with pragmatic information useful to enhance both knowl-
edge and understanding of the different scores that can be used in the 
diagnosis of sepsis to promote their proper and aware utilization. In 
particular, we highlight the usefulness of MEWS and NEWS in identi-
fying and managing patients with sepsis, especially in the ED. Table 1 
portrays the scores analysed in this review. 
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1.1. Clinical use of the scores 

To optimize scoring information, with a pragmatic approach, it is 
extremely relevant that clinicians pay attention to some fundamental 
principles: the performances of all the scores depend on the population 
considered (unselected vs selected based on clinical suspicion) and the 
timing of data collection (single evaluation vs time course). 

The further step aims at focusing which question the score will 
answer to; facing sepsis, in our opinion, the three most relevant ques-
tions can be summarized as follows:  

- Does my patient have sepsis?  
- Does my patient need intensive care admission or critical care 

interventions?  
- Is my patient with sepsis at risk of death? 

1.2. Does my patient have sepsis? 

This is the most difficult challenge for physicians since no diagnostic 
test or biomarker can be considered as a gold standard for the diagnosis 
of sepsis. Moreover, Sepsis-3 definition is focused on organ dysfunction 

and often it fails in identifying early manifestations of sepsis [10]. The 
recognition of sepsis is sometimes made difficult also by the broad 
spectrum of clinical manifestations related to the source of infection, the 
etiological agent, the type of organ dysfunction, the time since symp-
toms onset. Other variables that deserve attention are the setting in 
which the patient is evaluated (ED vs general ward) as well as the 
presence of confounders – e.g. organ dysfunction may be caused by 
non-infectious disease – and the host characteristics (amongst the others 
immunosuppression, pre-existing conditions, medications taken). 
Consequently, scores interpretation suffers of the same problems, 
implying that clinical suspicion still plays a pivotal role in the diagnosis 
of sepsis. Serafim R et al., published a systematic review and 
meta-analysis of 7 studies of good quality, comparing qSOFA≥2 and 
SIRS≥2 in sepsis diagnosis outside the ICU [11]. Despite some limita-
tions, such as the different size of the samples and the lack of homoge-
neity of the criteria for the diagnosis of sepsis, they found a better 
sensitivity for SIRS≥2 and a better specificity for qSOFA≥2; considering 
the Forest plot of sensitivity for the diagnosis of sepsis, SIRS≥2 emerged 
as the best predictor (risk ratio 1.32). Usman OA et al., conducted a 
study involving 64,995 unselected ED patients; the most relevant limi-
tations of the study were the use of Sepsis-2 criteria, the retrospective, 

Table 1 
The table shows the main scores useful in the diagnosis and risk stratification of sepsis and septic shock.  

Sistemic inflammatory response 
syndrome (SIRS) 

Temperature > 38 ◦C or < 36 ◦C 
Heart rate > 90 beats/minute 
Respiratory rate > 20 acts/minute or paCO2 < 32 mm Hg 
White cell count < 4000 or > 12,000 /μL, or >10 % immature (band) forms 

Sequential organ failure assessment 
(SOFA)  

0 1 2 3 4 
paO2/FiO2 (mm Hg) > 400 ≤ 400 ≤ 300 ≤ 200 with 

respiratory 
support 

≤ 100 with respiratory 
support 

Platelets x 103/mm3 > 150 ≤ 150 ≤ 100 ≤ 50 ≤ 20 
Bilirubin (mg/dL) < 1.2 1.2–1.9 2.0–5.9 6.0–11.9 ≥ 12.0 
Hypotension No 

hypotension 
Mean 
arterial 
pressure <
70 mmHg 

Dopamine ≤
5 or 
Dobutamine 
(any dose) 

Dopamine > 5 or 
Epinephrine ≤ 0.1 
or Norepineprhine 
≤ 0.1 

Dopamine > 15 or 
Epinephrine > 0.1 or 
Norepineprhine > 0.1 

Glasgow coma score 15 13 – 14 10 – 12 6 – 9 < 6 
Creatinine (mg/dL) or urinary 
output 

< 1.2 1.2 – 1.9 2.0 – 3.4 3.5 – 4.9 or 
< 500 mL/d 

5.0 or 
< 200 mL/d 

quick SOFA (qSOFA): Respiratory rate (> 22 acts/min) 
Mental status (Glasgow coma score < 15) 
Systolic blood pressure < 100 mm Hg 

National Early Warning Score (NEWS)  3 2 1 0 1 2 3 
Respiratory rate (acts/min) ≤ 8  9 – 11 12 – 

20  
21 – 
24 

≥ 25 

Oxygen saturation (%) ≤ 91 92 – 93 94 – 95 ≥ 96    
Any supplemental oxygen  Yes  No    
Temperature ( ◦C) ≤ 35  35.1 – 

36.0 
36.1 
– 
38.0 

38.1 – 
39.0 

≥

39.1  

Systolic blood pressure (mm Hg) ≤ 90 91 – 
100 

101 – 
110 

111 
– 
219   

≥ 220 

Heart rate (beats/min) ≤ 40  41 – 50 51 – 
90 

91 – 110 111 
– 
130 

≥ 131 

Level of consciousness    Alert   Verbal, Pain or 
Unresponsive 

Modified Early Warning Score 
(MEWS)  

3 2 1 0 1 2 3 
Systolic blood pressure (mm Hg) < 70 71 – 80 81 – 100 101 

– 
199  

≥

200  

Heart rate (beats/min)  < 40 41 – 50 51 – 
100 

101 – 
110 

111 
– 
129 

≥ 130 

Respiratory rate (acts/min)  < 9  9 – 
14 

15 – 20 21 – 
29 

≥ 30 

Temperature ( ◦C)  < 35  35 – 
38.4  

≥

38.5  
Level of consciousness    Alert Voice Pain Unresponsive  
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single centre design with a predominately African-American population. 
With these limitations, the authors evaluated the diagnostic perfor-
mances, in terms of sensitivity and specificity, of SIRS≥2, qSOFA≥2 and 
NEWS≥4 on 930 patients that were diagnosed by severe sepsis and 
septic shock at the end of the diagnostic workup. The results confirmed 
the good sensitivity (86.1 %) and relatively low specificity (79.1 %) of 
SIRS, the poor sensitivity (28.5 %) and the high specificity (98.9 %) of 
qSOFA, the good sensitivity and specificity of NEWS (84.2 % and 85 % 
respectively). The ROC curve analysis demonstrated the better diag-
nostic performance of NEWS, with an area under the curve (AUC) of 
0.91, which was significantly higher than the ones of both SIRS and 
qSOFA (0.81 and 0.88, respectively, p < 0.001 for all comparisons) [12]. 
Oduncu AF et al., obtained similar results, in a prospective study 
involving 463 patients with either suspicion or diagnosis of infection in a 
single Turkish ED [13]. In conclusion, to answer the question, if our ED 
patient suffers from sepsis, NEWS – despite not specifically designed for 
sepsis – seems to perform better than both SIRS and qSOFA. 

1.3. Does my patient need intensive care admission or critical care 
interventions? 

Moskowitz A et al., introduced the novel outcome of “received crit-
ical care intervention” and compared the related predictive performance 
of both SIRS and qSOFA criteria [14]. This single centre retrospective 
study involved more than 24,000 patients admitted to the ED with 
suspected infection. Their results confirmed the poor sensitivity of 
qSOFA, especially if evaluated early - immediately after ED admission - 
in predicting the need of critical care intervention (sensitivity 13 %). In 
the same conditions, the SIRS criteria showed a sensitivity of 66 %. 
Moreover, 13.4 % of patients with a baseline qSOFA of 0 or 1 received a 
critical care intervention within 48 h. The main limitation of the study is 
related to poor sensitivity of the retrospective evaluation of the mental 
status. Nonetheless, these data demonstrated that qSOFA could not be 
considered a useful tool in early identification of impelling clinical 
deterioration of septic patients and it is not suitable to assist clinical 
decision-making. Churpek et al., conducted a single-centre prospective 
study demonstrating that both NEWS and MEWS were more accurate 
compared to SIRS and qSOFA in predicting the composite outcome of 
either mortality or ICU transfer in a cohort of patients with sepsis outside 
the ICU, either in the ED or hospital wards [15]. Also, the persistence of 
NEWS derangement seems to predict both ICU length of stay and mor-
tality: Whebell SF et al., proposed the “score to door” time and 
demonstrated the significant correlation between this time and hospital 
mortality (adjusted OR 1.02, 95 % CI 1.0–1.04, p = 0.026). Therefore, 
timely assessment and close reassessment of NEWS are strongly rec-
ommended [16]. In addition, one should bear in mind that early iden-
tification of clinical derangement is facilitated by the continuous 
collection of clinical parameters, which may overcome the bias related 
to a “spot” collection: as soon as the patient worsens, a prompt identi-
fication of vitals deterioration allows the clinician to anticipate critical 
care interventions [17]. In conclusion, NEWS seems to be the most 
reliable tool for identifying which septic patients may benefit from ICU 
admission and critical care intervention, whereas both SIRS and qSOFA 
do not seem suitable for this purpose. 

1.4. Is my patient with sepsis at risk of death? 

According to the study of Churpek et al. [15], when mortality alone 
was considered as outcome, NEWS emerged as the best predictor in such 
specific septic population (AUC 0.77, 95 % CI 0.76–0.79) followed by 
MEWS (AUC 0.73, 95 % CI 0.71–0.74), qSOFA (AUC 0.69, 95 % CI 
0.67–0.7) and SIRS (AUC 0.65, CI 0.63–0.66). Freund et al., evaluated 
the prognostic accuracy of Sepsis-3 criteria for in-hospital mortality: 
patients with suspected infection were enrolled in the ED [4]. The AUC 
analysis confirmed qSOFA≥2 as the most appropriate model for pre-
dicting mortality (AUC 0.80) compared both to SIRS≥2 (AUC: 0.65) and 

SOFA (deterioration ≥ 2 points - AUC: 0.77). The systematic review and 
meta-analysis published by Song JU et al., based on 23 previously 
published studies, evaluated sensitivity and specificity of SIRS criteria 
and qSOFA in predicting mortality in infected patients outside the ICU, 
mainly in the ED; the study showed a sensitivity of 0.86 vs 0.51 and a 
specificity of 0.29 vs 0.83 for SIRS≥2 and qSOFA≥2 respectively [18]. 

In conclusion, NEWS, MEWS and qSOFA emerged as good predictors 
of mortality in patients with sepsis, although qSOFA≥2 requires caution 
due to its low sensitivity. The SIRS criteria showed a worse performance 
than the other scores mentioned. 

2. Discussion 

In summary, MEWS and especially NEWS are promising tools for the 
diagnosis and risk stratification of sepsis in the ED; although not spe-
cifically designed for sepsis, they both confirmed good diagnostic and 
prognostic performances (better than qSOFA and SIRS) in many studies. 
These scores, designed to identify impelling clinical deterioration in 
different acute conditions, are more time consuming compared to 
qSOFA but they emerged as a unique tool for risk stratification of hos-
pitalized patients. These features support their wide diffusion and 
require the implementation of education programs to increase the 
competence of physicians and nurses about their proper use [7]. 
Moreover, the availability of their automated computation within 
electronic health records can strengthen their advantages, encourage 
their utilization among the other scores and enable strict monitoring 
over time. On the other hand, SIRS criteria are sensitive but poorly 
specific predictors of diagnosis of sepsis and mortality; some of them in 
fact, are signs of infection and are not necessarily expression of dysre-
gulated host response to the infection. Moreover, many patients with 
acute conditions other than sepsis may show 2 or more SIRS criteria. 
qSOFA is an effective predictor of mortality and it is not a diagnostic tool 
(it is not part of the definition of sepsis) due to its low sensitivity [19]. 
This implies that a qSOFA≥2 should be considered expression of a severe 
clinical condition rather than of an «early sepsis»; thus, the use of qSOFA 
alone may lead to delayed diagnosis and initiation of treatment with 
negative prognostic impact. For these reasons, also patients with 
qSOFA=1 should rise concern. 

Nowadays we still lack the «ideal» score: machine learning and the 
combination of scoring systems with biomarkers seem to be the most 
promising scenarios for next years. 
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