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Abstract 

Background: Sepsis is characterized as a life-threatening organ dysfunction caused by 

a self-damaging host response to an infection. If Emergency Medical Services (EMS) 

suspect sepsis, improved survival rates have been observed. The international sepsis 

guidelines name four sepsis screening tools. In EMS, two of them can usually only be 

used with a reduced number of parameters (e.g., without information on leukocytes). 

This dissertation examined which screening tool should be preferred to improve EMS’ 

quality of sepsis suspicions. As nation-wide analyses on sepsis incidence and case 

fatality for EMS users were missing, it also aimed to elaborate sepsis’ relevance in 

German EMS. 

Method: This German retrospective cohort study draws on EMS cases recorded in 

a) claims data from ten health insurance companies (n=221,420 cases) and  

b) documentations by paramedics and prehospital emergency physicians (n=110,419 

cases).  

Incidence and case fatality of sepsis were compared to those of stroke and myocardial 

infarction. Analyses also included documentation rates for vital signs and sepsis 

suspicions, and intersection analysis on which case screens positive with which tool. 

Linking the data sets allowed analysis of n=4,503 adult EMS cases regarding the tools’ 

ability to predict an inpatient sepsis diagnosis.  

Results: Among 221,420 cases, incidence of sepsis (1.6%) was similar to stroke (2.7%) 

and myocardial infarction (2.6%). Case fatality 30 days past EMS use was about three 

times higher for sepsis compared to stroke or myocardial infarction (31.6% versus 

11.8% and 13.4%). In absolute numbers, more cases died of sepsis. 

Of all cases documented by EMS (n=110,419), 8.2% had all screening-relevant 

parameters filled that could have been measured by EMS. Paramedics never 

documented any sepsis suspicion, emergency physicians coded “septic shock” in 0.1% 

of their cases.  

Depending on the screening tool retrospectively applied to the linked data (n=4,503), 

3.7 to 19.4% of all cases screened positive; 0.8% in all tools simultaneously. NEWS2 

had a superior sensitivity (73.1%), AUROC (0.773) and negative predictive value 
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(99.4%). qSOFA achieved the highest specificity (96.6%) and positive predictive value 

(10.7 %). Yet, qSOFA missed the most – 76.9% – of all septic cases.  

Conclusion: Paramedics and emergency physicians should document vital signs and 

conduct screenings more frequently: Even when vital signs were documented, EMS did 

not sufficiently interpret critical values as potential indicators of sepsis. Those low 

suspicion rates were in contrast to sepsis incidence and fatality. NEWS2 was best at 

predicting most cases’ inpatient sepsis diagnosis and with the best trade-off between 

sensitivity and specificity. Due to its comparably high sensitivity, it may also be an 

indicator to prioritize other preliminary diagnoses in NEWS2-negative patients. For 

EMS, future sepsis guidelines may omit recommendations to screen with MEWS or 

SIRS. 
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Zusammenfassung 

Hintergrund: Sepsis ist eine lebensbedrohliche Organdysfunktion, die durch eine 

selbst-schädigende Wirtsantwort auf eine Infektion gekennzeichnet ist. Stellten 

Rettungsdienste (RD) einen Sepsis-Verdacht, führte dies nachweislich zu verbesserten 

Überlebenschancen. Die internationale Sepsis-Leitlinien nennen vier Sepsis-Screening-

Instrumente. Zwei davon können im RD gewöhnlich nur mit einer reduzierten Anzahl an 

Parametern genutzt werden (z.B. ohne Informationen zu den Leukozyten).  

Daher wurde analysiert, welches Instrument zu bevorzugen ist, um die Qualität des 

rettungsdienstlichen Sepsis-Verdachts zu erhöhen. Da bundesweite Analysen zur 

Sepsis-Inzidenz und -Fallsterblichkeit bei RD-Nutzern fehlten, sollte zusätzlich die 

Relevanz der Sepsis im deutschen RD herausgearbeitet werden. 

Methode: Diese deutsche retrospektive Kohortenstudie basiert auf dokumentierten 

Rettungsdienstfällen in 

a) Abrechnungsdaten von zehn Krankenkassen (n=221.420 Fälle) und  

b) RD-Dokumentationen durch nicht-ärztliches und ärztliches Rettungsdienstperso-

nal (n=110.419 Fälle).  

Inzidenz und Fallsterblichkeit der Sepsis wurden mit denen von Schlaganfall und 

Myokardinfarkt verglichen. 

Es wurden auch die Dokumentationsquoten für Vitalparameter und für den Sepsis-

Verdacht sowie Schnittmengen ausgewertet, welche Fälle mit welchen Instrumenten ein 

positives Screening-Ergebnis erhalten. 

Durch die Verknüpfung der Datensätze konnte für n=4.503 Fälle erwachsener RD-

Nutzer überprüft werden, wie gut die Instrumente eine stationäre Sepsis-Diagnose 

vorhersagen.  

Ergebnis: Unter den 221.420 Abrechnungsfällen war die Inzidenz der Sepsis (1,6%) 

vergleichbar zu Schlaganfall (2,7%) und Myokardinfarkt (2,6%). Die 30-Tage-

Fallsterblichkeit nach RD-Nutzung war rund dreimal höher für Sepsis als für 

Schlaganfall oder Myokardinfarkt (31,6% versus 11,8% und 13,4%). Auch in absoluten 

Zahlen starben mehr Fälle mit Sepsis. 
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Von den 110.419 vom RD dokumentierten Einsätzen hatten 8,2% eine vollständige 

Dokumentation der Vitalparameter, die der RD für die Screening-Instrumente erheben 

hätte können. Nicht-ärztliches Personal dokumentierte nie einen Sepsis-Verdacht, 

Notärzte einen “septischen Schock” in 0,1% ihrer Fälle. Abhängig vom Screening-

Instrument, das retrospektiv an den verknüpften Datensatz angewandt wurde 

(n=4.503), waren 3,7 bis 19,4% aller Fälle positiv; 0,8% bei allen Instrumenten 

gleichzeitig. Der NEWS2 war hinsichtlich der Sensitivität (73,1%), AUROC (0,773) und 

des negativen prädiktiven Werts (99,4%) überlegen. qSOFA hatte die höchste Spezifität 

(96,6%) und den höchsten positiven prädiktiven Wert (10,7 %). Zugleich übersieht der 

qSOFA am häufigsten septische Fälle (76,9% unerkannt). 

Conclusio: Nicht-ärztliches und ärztliches Personal sollte Vitalparameter häufiger 

dokumentieren und regelmäßig Screenings durchführen. Sofern Vitalparameter erhoben 

wurden, führten auffällige Werte zu selten zu einem dokumentiertem Sepsis-Verdacht. 

Diese niedrigen Sepsis-Verdachtsquoten standen im Kontrast zu Sepsis-Inzidenz und  

-Fallsterblichkeit. NEWS2 erwies sich als am besten geeignet, um die meisten Fälle mit 

einer stationären Sepsis-Diagnose vorherzusagen und mit dem besten Kompromiss 

zwischen Sensitivität und Spezifität. Auf Grund seiner vergleichsweisen hohen 

Sensitivität kann NEWS2 auch ein guter Indikator sein, um für NEWS2-negative 

Patienten andere Verdachtsdiagnosen zu priorisieren. Zukünftige Leitlinien könnten für 

den RD auf Screening-Empfehlungen mit MEWS und SIRS verzichten.



Introduction 1 

1 Introduction 

Sepsis is a life-threatening syndrome which the current international guidelines define 

as an “organ dysfunction caused by a dysregulated host response to infection” ([1], p. 

801). This host response does not only cause organ dysfunction(s), but can progress to 

failure of one or multiple organs, causing an estimated 20% of all global deaths [2]. 

Apart from its high case fatality rate, sepsis often results in longtime burden for sepsis 

survivors and high overall costs, e.g. by complications such as amputations or sequel in 

other medical, psychological and cognitive domains [2-4]. There is a great potential to 

save lives and maintain patients’ quality of life if sepsis was recognized and treated 

earlier [5-8]. 

In 2016, a German expert-based consensus statement for emergency medical care 

judged sepsis as one out of six time-critical emergencies, emphasizing its urgency in-

line with stroke, ST-elevation myocardial infarction, sudden cardiac death and others 

[9]. An exemplary look at the emergencies myocardial infarction and stroke shows that 

related long-established quality improvement programs in the health care setting and 

awareness campaigns have often resulted in positive effects, in particular reduced 

fatality rates (cf. [10]). In 2017, to achieve similar goals for sepsis, the World Health 

assembly defined sepsis as a top priority, urging its member states to improve sepsis 

prevention, identification, documentation and treatments [11]. Yet, sepsis knowledge 

among health providers and the public is still lower than for myocardial infarction and 

stroke [12-14]. With “(…) no gold standard diagnostic test” ([1], p. 803) and sepsis being 

time-critical, there have been various attempts to improve its early recognition by better 

and earlier screening (cf. [1])  

Given that the vast majority of sepsis cases start outside of the hospital [15-17], it is 

beneficial that Emergency Medical Services’ (EMS) detect sepsis early: If EMS suspect 

sepsis, 

• adequate treatment starts more frequently within the EMS [18], 

• hospital admission rates are higher [19], 

• time to sepsis assessment and treatment within the hospital is likely shorter [19-

22], 

• ICU admission rates are lower [19] and 
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• patients may benefit in terms of mortality [23-26]. 

Yet, a majority of sepsis cases remain unrecognized by EMS [27, 28]. One cause for 

non-recognition may be insufficient sepsis knowledge and low awareness in EMS (cf. 

[14]). To raise EMS’ awareness of and interest in sepsis, it may be helpful to evaluate 

and communicate how frequent and deathly sepsis is among EMS patients compared to 

better-known emergencies like myocardial infarction and stroke. Therefore, the first two 

research questions addressed in this dissertation are: 

1. Among Emergency Medical Services patients, how does sepsis incidence 

compare to the incidence of myocardial infarction and stroke? 

2. How does hospital and 30-day case fatality for sepsis compare to that of 

myocardial infarction and stroke? 

The international sepsis guidelines recommend screening tools with a strong emphasis 

on the assessment of vital signs and consciousness [29]. Thus, another reason for low 

sepsis suspicion rates may be deficiencies in the assessment and documentation of 

such parameters: Studies highlighted that EMS’ non-documentation of vital signs was 

associated with lower sepsis suspicion rates, which in turn was connected to longer 

time-spans to respective treatments (e.g., antibiotics) in the hospital and higher mortality 

risks [20, 21, 23, 24]. Accordingly, this dissertation analyzes the documentation rates of 

vital signs and sepsis suspicion. 

In Germany, about 59% of all EMS cases within the observation period were cared for 

by paramedics only, the rest in conjunction with emergency physicians [30]. Those two 

groups of staff usually differ in the education and training received as well as in the 

amount of exposure to severe cases (cf. [31]). Therefore, it was also tested whether the 

documentation rates differ between both groups of staff. Additionally, we hypothesized 

that EMS staff considers documentation of vital signs more dispensable in non-septic 

cases. These considerations led to the following questions: 

3. How often do EMS staff document screening-relevant parameters (e.g., body 

temperature)? 

4. How do documentation rates for screening-relevant parameters differ 

between paramedics and prehospital emergency physicians? 
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5. How do documentation rates differ between patients who receive an 

inpatient sepsis diagnosis following their EMS use versus those without 

such a diagnosis? 

6. How often do paramedics versus emergency physicians document sepsis 

suspicions? 

To aid sepsis recognition and care, the international Surviving Sepsis Campaign (SSC), 

regularly updates its sepsis guidelines. Due to their hitherto influence on national 

guidelines (e.g. in Germany and Japan [32, 33]), this dissertation takes an in-depth look 

at their update: Since 2021, they mention four screening tools for sepsis [29]: 

• the quick Sequential [Sepsis-related] Organ Failure Assessment (qSOFA [34]),  

• the Systemic Inflammatory Response Syndrome criteria (SIRS [35]),  

• the Modified Early Warning Score (MEWS [36]) and  

• the National Early Warning Score-2 (NEWS2 [37]).  

In 2021, for the first time, the guidelines recommended “against using qSOFA, 

compared with SIRS, NEWS, or MEWS as a single screening tool for sepsis or septic 

shock” ([29], p.1182). This phrasing, not to use qSOFA as a “single tool”, has led to 

diverging interpretations whether qSOFA should only be used in combination with one 

or more of the other tools, may still be used by certain subgroups of care-givers within 

the care chain or whether it should not be used at all (cf. [38, 39]). At the same time, the 

guidelines also state: “Neither SIRS nor qSOFA are ideal screening tools for sepsis.” 

([29], p.1182). Overall, the SSC guidelines do not state which screening instrument to 

prefer or how their screening results differ. At the same time, current national guidelines 

often recommend only one tool, e.g., the qSOFA in Germany and Japan or the NEWS2 

in England [9, 32, 33, 40]. Additionally contributing to insecurity, all sepsis screening 

studies cited in the international SSC guidelines refer to hospital settings only (e.g., 

emergency departments and intensive care units) [29]. As screening tools are 

population and setting sensitive, this leaves questions about the tools’ utility for EMS to 

suspect or predict an inpatient sepsis early. Furthermore, the guidelines only cited one 

study which compares MEWS, NEWS, SIRS and qSOFA within the same dataset using 

the same method, but it refers to the screening tools’ ability for hospital patients to 

predict in-hospital mortality and intensive care unit transfer [41] – not sepsis. Yet, other 

diseases that mimic sepsis are life threatening as well [42-44]. Drawing conclusions 
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from the tools’ ability to predict severe outcomes such as mortality to how well the tools 

will predict sepsis may be inadmissible. Additionally, the guidelines recommend two out 

of four tools that are not completely feasible for EMS, as EMS usually lack information 

such as the amount of urine output or on leukocytes [45, 46]. Thus, it is questionable 

how valuable MEWS and SIRS are despite reduced amounts of parameters. This 

ambiguity pertaining to the four screening tools resulted in the following questions: 

7. How often do EMS patients screen positive to which screening tool 

mentioned in the SSC guidelines? 

8. How are the screening tools’ predictive abilities for an inpatient sepsis 

diagnosis?  

9. How often do the screening tools identify the same or different EMS cases 

as potentially septic (true and false positive) or truly septic (true positive)? 

In summary, the doctoral thesis sheds light on sepsis incidence and case fatality for 

EMS users, the quality of documentation of screening-relevant variables and sepsis 

suspicion rates, as well as the screening tools’ ability to predict an inpatient sepsis 

diagnosis following EMS use. 
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2 Methods  

The presented questions were answered as part of a retrospective cohort study by 

analyzing single and linked data sets based on health claims data and EMS 

documentations. 

2.1 Data sources and linkage 

The study used pseudonymized 

a.) health claims data by ten German statutory health insurance companies plus 

b.) EMS documentation by paramedics (PM) and emergency physicians (EP) from the 

German federal states of Bavaria and Baden-Württemberg  

A total of 221,429 EMS cases were recorded in the health claims data (dataset #1). The 

respective health insurance companies are open to any insured, independent from the 

federal state the insured resides in. 

The EMS documentation by paramedics and emergency physicians (dataset #2) relies 

on electronic medical records of 110,419 cases. Documentation from other federal 

states could not be included, mostly due to a lack of primary data digitalization and/or 

federal laws on data protection (cf. [47]). The documentation by paramedics and 

emergency physicians related to discrete EMS cases: In regions for which the study 

obtained both paramedics’ and emergency physicians’ data, it was local standard for 

paramedics not to forward any documentation to the EMS administration, if an 

emergency physician joined the EMS case. In all other regions where no emergency 

physician data could be acquired, paramedics were obliged to hand in their own 

documentation of the complete case – whether an emergency physician was involved in 

the EMS case or not.  

For 5,465 EMS cases, linkage of datasets #1 and #2 was possible, resulting in dataset 

#3. Linkage was achieved for EMS cases documented by paramedics from the federal 

states Bavaria or Baden-Württemberg and billed by any of the ten participating health 

insurance companies. As some cases lacked pseudonymized personal identifiers (in 

German: “Krankenversichertennummer”) to link cases deterministically, linkage relied 

on probabilistic linkage, described in depth in [48, 49]. Due to different variables, only 
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data filled out by paramedics – not by emergency physicians – was linkable with health 

claims data.  

All cases in datasets #1 to #3 could result in in- or outpatient care, could be with or 

without conveyance (including EMS’ on-site care only). Datasets are described in more 

depth in Supplement S1 and S2. 

2.2 Operationalization of sociodemographic characteristics 

Gender existed as a binary code. Age was operationalized as the year 2016 (= year of 

the EMS case) minus the year of birth.  

2.3 Operationalization of incidence and case fatality  

Incidence as well as hospital and 30-days case fatality rate for EMS cases with sepsis, 

myocardial infarction and stroke based on health claims data and patients of all ages. A 

case was considered to have the respective diagnosis, if the inpatient diagnosis was 

coded for a hospital stay starting on the day the EMS was used. The operationalization 

of an inpatient sepsis diagnosis relied on a method developed for German statutory 

health claims data to detect severe sepsis and septic shock ([50], refined by [51]; see 

[52], Online Resource 2 for list of ICD codes). During the observation period, 2016, the 

former sepsis definition had not required any organ dysfunction yet. The sepsis 

operationalization within this dissertation, however, took into account the current sepsis 

definition, which stipulates the requirement of one or more organ dysfunction [29]. Thus, 

it included two approaches 

1) explicit codes for severe sepsis and septic shock (Code R65.1: “Systemic 

Inflammatory Response Syndrome of infectious origin with organ failure, severe 

sepsis” or R57.2: “septic shock”, cf. ICD-10-GM [53]), and 

2) sepsis codes (e.g., B37.7: “Candidal sepsis”) that had to be present in combination 

with an organ dysfunction code (e.g., J960: “Acute respiratory failure”; ibid.). 

Inpatient diagnosis of myocardial infarction (ICD codes I21, I22) and stroke (ICD I63, 

I64) had to fulfill the requirement to follow an EMS use directly, too. All diagnoses of 

interest could be based on primary or secondary ICD codes. 
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Case fatality rates only drew on cases with death or with an ongoing insurance status 

during the respective observation period. Survival information also covered deaths 

occurring during or past an EMS case or after hospitalization. For case fatality rates and 

inpatient diagnoses, the latest possible, individual end of the observation period was 

December 31st, 2017. 

2.4 Operationalization of sepsis-relevant documentation and sepsis suspicions 

For the calculation of documentation rates in dataset #2, screening-relevant parameters 

(e.g., body temperature) ticked as “not measured”/”not measurable” were transformed 

to missing values. A parameter was considered as recorded if it was filled at least once 

(e.g., during EMS arrival or upon transfer to the next provider). Some regional EMS data 

sets did not allow to distinguish whether the parameter “supplemental oxygen” was 

unticked as a missing value or due to not applying in the individual case. Thus, 

documentation rates for supplemental oxygen remain unreported. 

If vital signs were physiologically implausible, the data were transformed to missing 

values: This only applied to a temperature outside the range of 30-43° Celsius (which 

was implausible in 0.09% of all cases) and respiratory rates apart from 0-150 per minute 

(implausible: 0.01% of all cases). All other vital signs were judged as plausible by two 

experts (see [52], Online Resource 3 for minimum and maximum values before 

imputation). 

EMS staff documented a sepsis suspicion according to the data standard “Minimale 

Notfalldatensatz” (abbreviated MIND; translated: “minimal emergency dataset”; [54]). 

EMS in Baden-Württemberg stated to have used the version MIND3BW (not publicly 

available anymore). This implies that the code 1803 only refers to “septic shock” – 

during that time there was no option to check “sepsis” or “severe sepsis” in this federal 

state. This resulted in emergency physicians’ data referring to the suspicion of “septic 

shock” only. For paramedics of Baden-Württemberg, free texts for preliminary 

diagnoses were available for analysis, in addition to the code “septic shock”. For 

Bavaria, where only paramedics’ data was provided for analysis and the version 

MIND3.1 was used, the code related to a suspicion of “high fever infection/sepsis/septic 

shock”. 
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2.5 Operationalization of screening tools 

All screening results were calculated retrospectively. The screening tools qSOFA, 

MEWS, SIRS and NEWS2 

• draw on the assessment of vital signs and consciousness during EMS use 

(=screening)  

• and were tested on how well they predict an inpatient sepsis diagnosis within the 

hospital stay directly following EMS use (=reference standard). 

In alignment with guidelines [29, 55], we report diagnostic accuracy measures for all 

adult patients (≥18 years). The Modified Early Warning Score (MEWS) or SIRS 

variables were used without urine output, paCO2 and leukocytes (overview on screening 

tools in [52], Online resource 4). For consciousness, NEWS2 demands a so-called 

ACVPU scheme with the “C” as an abbreviation for new “confusion” [56] – while the 

available dataset contained the common AVPU scheme [57]. Additionally, some 

German EMS coded the value “analgesically-sedated/narcosis”. Since any observation 

worse than “A” (Alert) in the ACVPU scheme has to be transferred into a point score of 

three, this was done accordingly for the AVPU (including those with “analgesically-

sedated/narcosis” as a score of three). 

As only a minority of cases had all screening-relevant variables filled and missing value 

analysis showed no monotone pattern for screening-relevant parameters, adult patients’ 

missing values were imputed ([52], Online Resource 3 for details on the multiple 

imputation). During multiple imputation, parameters were entered as independent and 

dependent variables, respectively, and underwent five imputations. Metric variables 

(e.g., temperature) were imputed using linear regression, the categorical variable 

“consciousness” was imputed using logistic regression.  

To ease comparability with external studies and to test whether the overall trend for the 

compared four screening tools is consistent independently from how missing values are 

treated, a sensitivity analysis with three additional methods to treat missing values was 

conducted (see Supplement). Cases for which all screening-relevant parameters were 

missing in the raw data were excluded from imputation and from the sensitivity analysis.  
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For qSOFA and SIRS, a score of ≥ 2, for MEWS ≥4 and for NEWS2 ≥ 5 was judged as 

positive screening result. 

2.6 Analysis 

For descriptive and interferential analysis and visualization, IBM® SPSS® Statistics 

Version 26, Microsoft Excel and PowerPoint (Office Professional Plus 2016) and for 

Venn diagrams RStudio (Version 4.0.2) were used. Pairwise deletion was used for all 

analyses, except the analysis of documentation rates for screening-relevant variables. 

For group comparisons, independent samples were analyzed with Pearson’s Chi²-tests 

(cf. Supplement S3), dependent samples with McNemar’s Chi²-tests (cf. S4). The 

significance level was set at α=0.05, without correction for multiple testing. An 

additionally conducted sensitivity analysis revealed that conclusions for the 

comparability between screening tools were not affected by Bonferroni correction for 

multiple testing for which the corrected α was set at 0.0083 (as an α of 0.05 is divided 

by 6 comparisons of the four screening tools).  
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3 Results 

The following results relate to all EMS patients independent from any conveyance or 

hospital use. Within the health claims data (data #1) and the linked data (dataset #3), 

58.3 %, respectively, 64.4 % of all cases resulted in an inpatient hospital stay 

(Supplement, Table S2). 

3.1 Sociodemographic characteristics 

In all datasets, the gender distribution was about equal. For patients’ age, the mean was 

≥55.0 and the median ≥58 (ibid.). 

Out of all 221,429 EMS cases, 3,470 cases result in an inpatient sepsis diagnosis 

(dataset #1; Figure 1). Cases with an inpatient sepsis tend to be older and are more 

frequently male than cases without sepsis (Supplement, Table S2).  

 

Figure 1: Study population (from Piedmont et al. [52] p.1327)
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3.2 Incidence and case fatality 

Among all EMS cases, 1.6 % [1.5; 1.6] resulted in an inpatient sepsis (dataset #1; 

n=3,470/221,429; Figure 1). The incidence of 2.7 % [2.6; 2.7] for an inpatient stroke and 

2.6 % [2.5; 2.6] for an inpatient myocardial infarction was slightly higher than the sepsis 

incidence (ibid.).  

The absolute number of deaths during the hospital stay or 30-days past EMS use was 

higher for sepsis (>1,094 cases) than for myocardial infarction or stroke (each <766; 

Figure 2). 

 

Figure 2: Comparison of the absolute numbers of deaths during the hospital stay or 
within 30-days following EMS use by inpatient diagnosis sepsis, myocardial infarction 
and stroke (Interpretation: Out of 3,465 cases with a diagnosis of an inpatient sepsis, 
1,095 die within the hospital stay; dataset #1; own representation: Piedmont)  

With an in-hospital and 30-days case fatality of 31.6 % [30.1; 33.2] and 31.7 % [30.2; 

33.3], sepsis was more often deadly than stroke and myocardial infarction, which had a 

case fatality of 13 % or lower (Figure 3). 
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Figure 3: Comparison of case fatality (percent) for inpatient sepsis, myocardial infarction 
and stroke following EMS use (Dataset #1; incl. 95% confidence intervals; from Piedmont 
et al. [52], p. 1329) 

 

3.3 Sepsis-relevant documentation and suspicion 

Considering vital signs in dataset #2, 91.8 % of all cases documented by EMS staff 

(101,366 out of n=110,419) did not have a complete documentation of all parameters 

contained in qSOFA, NEWS2 or the reduced version of MEWS and SIRS. The least 

documented parameter was temperature (17.8 % [17.6; 18.0] filled; see Supplement 

Table S3).  

Vital signs were more frequently coded by emergency physicians, except the Glasgow 

Coma Scale (an assessment for consciousness [58]) which was documented more 

frequently by paramedics. However, for all parameters, there was only a low association 

between documentation rates and the type of staff (indicating a weak effect of Cramer-V 

≤0.1 for the comparison of paramedics versus emergency physicians). Especially 

temperature had low documentation rates by both paramedics and emergency 

physicians alike (<20 % of all cases, ibid.). 

The linked dataset #3 (n=5,465), allowed analysis whether documentation rates differed 

between EMS cases that resulted in an inpatient sepsis versus those without: For most 

parameters, the documentation rates did not differ significantly between septic and non-
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septic patients. The only exception is temperature which was recorded for 46.0 % of all 

cases with sepsis versus 21.5 % without; yet this association had a low effect size of 

V=0.07 (ibid.).  

In dataset #2, there was not a single EMS case for which paramedics documented a 

sepsis suspicion (n=0 out of 106,935). None of their available free text entries contained 

a sepsis suspicion. Out of all cases documented by Emergency physicians (EP), the EP 

checked a suspicion of „septic shock“ in 0.1 % of all cases (5 out of n=3,483). 

 

3.4 Screening results 

The following screening results are based on the imputed screening-relevant 

parameters only. For results based on different methods to treat missing values, please 

see Supplement, Table S5. 

For adult patients in the EMS data (dataset #2, n=91,884) and in the linked data (data 

set #3, n=4,504), qSOFA resulted in the lowest proportion of cases screening sepsis 

positive, while NEWS2 resulted in the highest proportion (Supplement, Table S4).  

In dataset #3, sepsis incidence among adults is 1.7% [1.4; 2.1]. Of all cases in this 

dataset, 24.2 % [23.0; 25.5] were screening-positive in one or more of the screening 

tools (ibid.). Only 0.8 % [0.6; 1.1] screened sepsis-positive in all screening tools 

simultaneously. qSOFA achieved the highest specificity (Sp: 96.6 % [96.1; 97.1]) and 

positive predictive value (PPV: 10.7 % [9.8; 11.6%]), whereas NEWS2 achieved the 

highest sensitivity (Se: 73.1 % [71.8; 74.4]), AUROC (77.3 % [71.6; 83.1]) and negative 

predictive value (NPV: 99.4% [99.2; 99.6]). For MEWS and NEWS2, AUROC’s and 

NPV’s confidence intervals overlap slightly (ibid.). Out of all tools, qSOFA had the 

lowest sensitivity (Se: 23.1% [21.8; 24.3]). 

Each tool uniquely identified a few cases as potentially septic which no other tool 

labeled as such (Figure 4A). NEWS2 was the tool with the highest percentage for 

uniquely screening sepsis positive: 8.2 % [7.4; 9.0%];] of all cases were only screening 

positive with NEWS2. Out of the total 78 inpatient sepsis cases, 16.7% [8.4; 24.9%] 

(n=13) were identified by NEWS2 only, but by no other screening tool (Figure 4B). 
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Figure 4: Schematic representation of intersections between screening tools (imputed, 
linked dataset #3; patient age ≥ 18 years; from Piedmont et al. [52], p. 1331) 

(A) Percent and in square brackets absolute number of positive screenings (consisting 
of true-positives and false-positives) out of n=4,503 cases (of those, n=78 had a 
confirmed inpatient sepsis diagnosis) 

(B) Percent and in square brackets absolute number of true-positive cases out of all 
patients with a confirmed inpatient sepsis diagnosis (n=78)  
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4 Discussion 

Following a systematic literature search for sepsis screening in the prehospital setting 

(cf. [52], Online Resource 6), it may be concluded that this is the first study worldwide to 

allow comparisons of the screening tools’ predictive ability for an inpatient sepsis of all 

EMS patients. To the best of our knowledge, it is also the first analysis of EMS cases’ 

sepsis incidence and fatality with health claims data throughout Germany and the first 

multi-regional analysis of documentation rates for vital signs and sepsis suspicion with 

German EMS data. 

4.1 Incidence and case fatality 

Considering research question #1, the observed sepsis incidence of 1.6% was 

comparable to an incidence of 2.1-4 % for EMS patients in the emergency department 

[28, 59, 60] or EMS patients according to all hospital discharges [61]. Different to our 

results, in the U.S. study the incidence rate for sepsis was slightly higher than for 

myocardial infarction and stroke [61].  

Those small variations in the sepsis incidence may derive from methodological or 

country-specific differences: For example, 

1. the current incidence refers to all EMS patients which means the denominator 

includes 

a. patients not receiving any inpatient care (including those cared for on-site only) 

and  

b. patients independent of age; 

2. different ICD coding schemes applied (e.g., ICD-10-GM in our study versus ICD-

9-CM [61]); 

3. cultural settings differed: In Germany, the barrier to use EMS is rather low. In 

general, patients only have to pay 10 Euro per EMS transport and – depending on 

the region and contracts – there can be financial incentives for dispatch centers 

and EMS to dispatch vehicles [62]. This may lead to an increased denominator 

and decreased incidence rate compared to other countries. At the same time, in 

Germany, EMS patients have comparably high proportions of transports to 

hospitals and inpatient admissions [63-66] which might increase the chance of 

being diagnosed as septic. Other potential influences – such as quality and extent 
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of prevention measures, comorbidities, out- and inpatient care – also likely differ 

from one country to another.  

Confirming a sepsis diagnosis requires hospital resources (cf. [1]). For instance, septic 

patients refusing to be transported might have been missed. In alignment with other 

studies (e.g., [61]), the dissertation does not allow extracting sepsis incidence during 

EMS care, but it shows how many cases were septic within the hospital stay connected 

to their EMS use. To ease comparability with other studies and between diagnoses, we 

counted sepsis, myocardial infarction and stroke separately, albeit causal relationships 

are possible: Myocardial infarction and stroke may be a concomitant or sequel of sepsis 

and vice versa [4, 67-69].  

Relating to research question #2, a U.S. study equally identified that the case fatality 

rate and absolute number of deaths was considerably higher for sepsis than for 

myocardial infarction and stroke [61]. In this dissertation, the sepsis hospital case 

fatality rate of 31.6% was higher than in two North American EMS studies (19.6% [61]; 

28% [60]). Considering studies on all hospitalized patients – meaning EMS and non-

EMS users –, there seems to be a tendency towards higher sepsis hospital case fatality 

rates in Germany compared to other industrialized countries, though cross-national 

comparability is limited [3, 70]. As other EMS studies lack 30-day follow-up including 

deaths past hospital discharge (e.g., [46]), external validity of this dissertation’s 30-day 

case fatality is limited. Altogether, international comparisons on mortality and 

performance improvement programs for sepsis (cf. [71]) could be an indicator that the 

German EMS’ case fatality rate is improvable.  

In an own mixed-methods study, German health professionals also stated that one 

barrier hindering sepsis prevention and early detection is that sepsis is too seldom 

communicated and receives less public attention than other emergencies such as 

myocardial infarction [72]. To raise EMS staff’s and public’s awareness for sepsis, it 

may be worth communicating this dissertation’s results on sepsis incidence and case 

fatality compared to myocardial infarction and stroke.  
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4.1.1 Strength and weaknesses of sepsis operationalization, incidence and case 

fatality 

Since this is the first study for EMS patients’ sepsis incidence and case fatality 

throughout Germany, the possibility of external validation is limited. A strength of the 

current study is that it analyzed the sepsis incidence based on a large data set of more 

than 200,000 EMS cases. Yet, health claims data encompasses the disadvantage that it 

contains billable EMS cases only. In Germany, health insurances cover EMS cases as 

so called “transportation costs” (German; “Fahrtkosten”) and when they are due to 

compulsory medical reasons (cf. [73], § 60; in German: “aus zwingenden medizinischen 

Gründen“) connected to another – usually physician based –billable service by health 

insurance companies [74]. Care on site by paramedics only, without any transport or 

emergency physician joining, is usually not billable (ibid.). There have even been 

jurisdictions that health insurance companies did not have to bill a case with an 

emergency physicians on-site when a patient with critical health state refused to be 

transported [75]. Thus, health claims data has a slightly decreased denominator, e.g., 

due to EMS calls without any patient to be found on-site or patients refusing to be 

transported to hospitals. Cases that are neither payed for by insurance companies nor 

patients, count as “Fehleinsätze” (equaling “faulty emergency runs”). Nationwide 

statistics highlight that the amount of so called “Fehleinsätzen” is lower than 6% [30].  

Considering the “reference standard” sepsis, diagnosing sepsis remains a challenging 

task (cf. [1, 76]) which may lead to sepsis being completely unrecognized and 

undocumented during a hospital stay [16, 77, 78] – even in cases of septic shock [51]. 

Manual, retrospective chart reviews by sepsis experts also indicate that a 100% 

interrater-agreement on which patient is truly septic can hardly be achieved [51, 79].  

Additionally, ICD coding strategies for sepsis may be heterogeneous from one hospital 

to another and may be influenced by financial motives [51]. One strength of the current 

study is the use of data from various health insurance companies billing diverse 

hospitals and EMS providers nationwide, which may reduce the selection bias which 

would occur in single center studies. To further reduce the variability in sepsis 

documentation among hospitals, we used an ICD strategy that did not rely on sepsis 

codes only, as studies indicate sepsis undercoding in Germany [50, 51]. During the 

observation period, some of it could be “due to regulations for the coding of sepsis to 
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avoid overcoding: Patients without blood culture sampling cannot be coded as sepsis. In 

case of negative blood cultures, patients need to fulfill 4/4 SIRS criteria. Since in only 

about 2/3 of cases blood cultures are collected and only half deliver positive results [25], 

this may result in an underestimation of sepsis cases. Above that, 12% of severe sepsis 

patients have negative SIRS criteria [26] and thus are excluded from coding by the 

German coding regulations.” ([50], p.8). 

Out of a multiplicity of ICD coding strategies (cf. [80]), one commonly used approach is 

to combine infection codes with organ dysfunction codes. Among this approach, there 

are two frequently used methods, one developed by Martin et al. [81] and one by Angus 

et al. [82]. We used the Martin method [81] as operationalized for ICD-10 GM codes by 

Fleischmann-Struzek et al. [50] and refined by Schwarzkopf et al. [51] due to four 

reasons: It… 

1. allows the identification of cases according to the current sepsis definition (with a 

mandatory organ dysfunction); 

2. was validated with German health claims data and manual chart reviews as reference 

standard [50, 51];  

3. has a higher positive predictive value than the Angus method [16, 50, 51, 83, 84]; 

4. was the most balanced in terms of over-/underestimation compared to the Angus 

method and another method tested which either overestimated sepsis incidence by 

2.7-fold, respectively, underestimated by 2.2-fold in German claims data compared 

to the reference standard defined by manual chart reviews [50].  

In the validation studies for EMS-users and EMS-non-users in Germany, the Martin 

method only achieved a sensitivity of 41.9% [30.9; 51.9] [50] or 40.5% [30.3; 51.5] [51]. 

Thus, this sepsis operationalization likely misses some septic cases in the current EMS 

study as well.  

Considering the case-fatality, this dissertation’s observation periods were chosen to 

allow comparison with other studies [60, 61] and to reduce non-causal attributions 

between a disease, respectively, syndrome and death that may be especially prone to 

occur in long-term follow-up periods. One strength is that this dissertation additionally 

provides case fatality rates for 30-day follow-up, making case fatality better comparable 
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between diagnoses by avoiding potential biases due to varying average lengths of 

hospital stays for sepsis, myocardial infarction or stroke. 

4.2 Sepsis-relevant documentation and suspicion  

Considering research question #3, the analyzed vital sign documentation was 

comparably sparse in other European studies [22], also in cases of infection [85] or 

sepsis [23]. Yet, some studies from other continents report much lower rates of missing 

values for screening-relevant vital signs (e.g., 0-4% missing values [45]). This indicates 

the high potential to improve documentation rates in Germany. Even during the study 

period, the German Medical Society for Intensive and Emergency care (Deutsche 

Interdisziplinäre Vereinigung für Intensiv- und Notfallmedizin) defined the 

documentation of all screening-relevant parameters as mandatory part of the “Minimale 

Notfalldatensatz” (MIND) [54]. Obviously, both types of EMS staff – emergency 

physicians and paramedics – did not follow this recommendation, as identified as part of 

research question #4. 

It remains questionable whether the mere obligation to fill those parameters leads to 

trustworthy results. Influences like time-consuming patients’ or their affiliates’ demands, 

emergent medical needs (cf. [23]), short driving times, technical problems or EMS staffs’ 

attitude towards documentation might all result in mandatory fields being filled out with 

“nothing abnormal detected” values – independent from the real patient status. It may 

be beneficial to digitalize EMS documentation and program automatic, quickly visible 

reminders in case parameters are unfilled [86], but not to force EMS with mandatory 

fields to document all parameters. In addition, digital support to integrate vital sign 

measurements automatically into the EMS data set seems helpful (e.g., automatic 

integration of body temperature measured with electrical thermometer into the EMS 

data set). Currently, digitalization in German EMS is improvable [47, 87].  

In reference to research question #5, documentation of vital signs such as temperature 

or respiratory rate is improvable for both septic and non-septic cases. A German survey 

pointed out that Emergency care providers strongly associated sepsis with increased 

body temperature [14] and EMS’ measurement of temperature increased the odds of a 

sepsis suspicion [23]. This dissertation’s results may seem hopeful insofar that cases 

resulting in an inpatient sepsis diagnosis had significantly higher documentation rates 
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for body temperature than cases without sepsis. At the same time, this potential 

consideration of an infection or sepsis is not represented in the documentation of sepsis 

suspicions and EMS still did not record any temperature for 54.0% of all inpatient sepsis 

cases. In other German and Dutch studies [22, 88], EMS patients with community-onset 

sepsis had low documentation rates for temperature, too. Notably, abnormal 

temperature is frequently not present in sepsis cases [89] and results on the predictive 

ability of elevated body temperature for an infection or sepsis are inconclusive [38, 60]. 

Thus, EMS ought to be sensitized that temperature is merely one valuable parameter 

and that only a complete patient assessment and combining parameters may improve 

the quality of sepsis suspicions. 

Considering research question #6, other national and international studies have 

reported low sepsis recognition or suspicion rates by EMS staff, too [27, 28, 90]. In a 

German mono-site study, EMS missed 82% of all septic cases [28]. Yet, it is 

outstanding, that in the current dissertation, paramedics never recorded a sepsis 

suspicion. At the same time, the study elicited that sepsis suspicion rates are also low 

among emergency physicians. During the observation period, the sepsis definition 

according to the German guideline did not yet require any organ dysfunction (cf. [91]), 

while the international guidelines had just issued this new requirement in February 2016 

[1]. Due to the German standard and since new guidelines take time to be implemented 

in regular care, one could have expected that this broader sepsis definition – not 

requiring an organ dysfunction –, would lower the threshold or barrier to document a 

sepsis suspicion. It is even more remarkable that also within regions with the pre-set 

option to code “high fever infection/sepsis/septic shock” no one checked this broad 

option including an unspecific high fever. 

Altogether, EMS staff benefits from feedback and information on their patients’ hospital 

diagnoses to gain experience in prehospital sepsis detection (cf. [92]). This current 

study underpins that education and quality assurance measures for better 

documentation and sepsis suspicions should address both types of EMS staff – 

paramedics and emergency physicians – alike. 
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4.2.1 Strength and weaknesses of sepsis-relevant documentation and sepsis suspicion 

The study contains the limitation that it remains unknown whether EMS orally forwarded 

any sepsis suspicion. It is also possible that EMS documented a sepsis suspicion in free 

texts that were unavailable for data analysis in one of the two federal states. At the 

same time, it is a strength of the study that it was able to show the lack of such free text 

entries in the other federal state. This leads to the conclusion that sepsis is likely too 

infrequently suspected in general. 

Unfortunately, the emergency physician data set (as part of dataset #2) is small. There 

is a possibility that sepsis suspicion rates were higher, if physicians had been able to 

code “sepsis without shock” as well. Thus, transferability of the results for emergency 

physicians is limited. There are no German statistics which proportion of septic patients 

is cared for by paramedics only and which is also cared for by prehospital emergency 

physicians. Thus, we were only able to show that sepsis (or septic shock) suspicion 

rates are low in both groups of staff, yet the average sepsis suspicion rates for German 

EMS patients remains unknown. 

The study also contains the weakness that the EMS data derives from two federal 

states only. Yet, as elaborated in the previous sections, external studies from other 

German federal states and countries support the validity by finding equally low 

documentation rates for sepsis-relevant parameters and sepsis suspicion rates.  

4.3 Screening results 

Comparing the rates of sepsis suspicions to the rates of positive sepsis screening 

results revealed that critical vital signs are not sufficiently converted into any sepsis 

suspicion. Some of it might be due to a lack of national recommendations for EMS’ 

sepsis screening tools during the first part of the observation period. The use of the 

qSOFA was only recommended by a German consensus statement for EMS since 2016 

[9] and by the German sepsis guideline (for all health care providers) since 2018 [32]. At 

the same time, SIRS criteria were already a common recommendation to aid diagnosing 

sepsis [91], which – if the SIRS criteria had been applied – should have led to higher 

sepsis suspicion rates in the EMS data. Surveys show that a lack of knowledge 

considering qSOFA and general sepsis symptoms is still common in EMS staff [14] and 
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prehospital providers in general [93]. This makes it likely that EMS’ sepsis screening 

remains too frequently unconducted nowadays.  

In conclusion to research questions #7-9, the present study highlighted that the 

screening tools differ widely in terms of which patients they identify as potentially septic 

and how well they predict sepsis. They “cannot be used interchangeably” ([52], p.1333).  

Recommendations on which screening tool to use should consider a bundle of aspects: 

• Feasibility and suitability for the respective setting 

• Accuracy in the prediction of an inpatient sepsis 

• Desired trade-off between true and false positive rates (AUROC) 

• Patient safety during screening (screenings have to be safe to administer)  

• Costs  

Screening tools should also demonstrate that they improve health outcomes and that 

their benefits overweigh the screenings’ harms, including the harms caused by potential 

subsequent actions based on the screening results [94]. Other authors propose that 

screening tools should also be judged based on their “immediate and long-term burdens 

on the healthcare system” ([95], p.5). Currently, many of those aspects remain 

unknown, as sepsis studies on the screening tools’ effect usually focus on potential 

benefits for septic or infected patients [18, 20-25, 96]. Thus, we compare the tools 

considering the remaining aspects in Table 1. 
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Table 1: Comparison of screening tools’ advantages and disadvantages (own 
representation: Piedmont; image attribution: Thumbs-up icons by vectorspoint – 
Flaticon) 

 

Focusing on the tools’ predictive abilities for an inpatient sepsis diagnosis, MEWS or 

SIRS provided little additional value: qSOFA or NEWS2 have better results in different 

accuracy measures. A meta-analysis from non-EMS settings also highlighted qSOFA’s 

high specificity for a sepsis diagnosis, e.g., when compared to SIRS [97]. In the current 

study, qSOFA also had the highest specificity and positive predictive value, which 

makes it the comparably best tool “to quickly identify patients at high risk of having or 

developing sepsis” ([52], p.1331). qSOFA also has advantages in terms of feasibility 

which makes it comparably easy to remember by heart and to calculate, and all 

parameters are assessable during EMS care (Table 1). Unfortunately, qSOFA was the 

screening tool resulting in the highest number of septic patients overlooked. 

Additionally, other studies have shown that valuable intervention periods could remain 

unused as septic patients often turn qSOFA-positive late – on average later than they 

turn SIRS-positive – and frequently only when an organ dysfunction is clearly 

established [97, 98]. Considering sepsis’ high lethality and risk of sequels [4],  
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we recommend against the use of the qSOFA alone as a single method to screen for 

sepsis early – in alignment with the SSC guidelines [29]. 

In contrast, NEWS2 is the best tool to predict as many septic patients as possible 

(highest sensitivity). It also has the best trade-off between sensitivity and specificity. 

Other prediction models using artificial intelligence (AI) in the hospital setting have 

resulted in similar AUROCs as for NEWS2 in our current prehospital study [99]. 

Considering the potential harm of an overlooked sepsis or delayed sepsis treatment [4] 

“the use of the NEWS2 may be justified despite it having the lowest specificity of all 

tools.” ([52], p.1331) 

Considering the usability of NEWS2 in real world settings, it ought to be kept in mind 

that it is a rather complex tool (cf. Table 1), needing an elaborate screening chart. 

Paramedics being questioned about the NEWS (a former version of the NEWS2; cf. 

former NEWS: [100]; current NEWS2: [37]) stated that the screening tool itself should 

be implemented in their electronic report form to encourage its use, but they showed 

some ambivalence towards automatic screening calculations [101]. As a study from the 

hospital setting concluded that 19% of all nurses mis-calculated the NEWS2 [102], it 

may still be worth to increase the feasibility of the NEWS2 by better digitalization and 

automatic calculation options. Naturally, the option for automatic score calculations may 

be a chance to lower the barrier for sepsis screening altogether, independent of any 

specific screening tool used. 

One disadvantage of the NEWS2 might be that the current as well as an English and a 

Finnish study showed that it labeled every fourth to fifth EMS patient as positive [103, 

104]. Thus, it seems worth to examine the effects on true-negative patients who might 

be down-prioritized due to Emergency Departments’ (ED) limited resources conflicting 

with the high proportion of NEWS2 positive patients. This high proportion of patients 

screening positive in combination with a positive predictive value of (only) 6.5% in our 

study might also result in harms for false-positive patients such as an increase in 

antibiotics, conflicting with Antibiotic Stewardship [105, 106]. Another issue could be 

alarm fatigue in subsequent caregivers: One study has identified hospitals’ low interest 

in EMS’ NEWS results as a potential barrier hindering its effects [101], although it 

remains unknown whether this non-interest is related to the specific screening tool or 

applies to any screening tool. Another qualitative study with staff outside of acute 
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hospital settings found that communicating a NEWS2 score – compared to 

communicating symptoms only – helps to prompt the adequate response by the 

subsequent provider and shorten processes [107]. In a study in which general 

practitioner calculated the NEWS2 for patients for which they considered hospital 

admission, also 19% of all patients had NEWS2 scores of ≥ 5 [108]. On average this 

high sepsis suspicion rate based on the NEWS2 did not result in alarm fatigue but in 

faster EMS conveyance and hospital-internal processes (ibid.). It was also observed 

that the wide-spread implementation of NEWS in the out-of-hospital setting coincided 

with a reduced mortality in patients suspected to have sepsis; a trend that was not 

found outside of the implementation region [26]. 

The external validity of our results is limited: Our systematic literature search in PubMed 

and Cochrane Library revealed that out of 21 publications found, none compared all four 

screening tools in the prehospital setting ([52], Online Resource 6). Hand search yielded 

one study which unfortunately did not report any accuracy measure for a NEWS2 score 

threshold of ≥5 and was limited to EMS cases with infections diagnosed in the 

Emergency department [45]. Another study from England compared all but SIRS, only 

contained patients transported to the ED and excluded some patients not receiving 

regular ED care [46]. Despite all those methodological differences, both studies showed 

– for the three out of four tools tested in the respective study – the same tendencies as 

identified in the current dissertation: qSOFA was the most specific and NEWS2 the 

most sensitive tool (Supplement, Table S6).   
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4.3.1 Strength and weaknesses of screening results 

One major strength of the current study is that it is the first to 

• compare all screening tools 

• regarding their ability to predict sepsis – not other severe outcomes –, 

• independent of any preliminary diagnosis by EMS, 

• referring to established score thresholds and  

• giving distinct recommendations for prehospital Emergency Medical Services. 

This strength becomes especially apparent as a single screening tool’s accuracy 

measures extracted from one study compared to a single screening tool’s results from 

another study likely leads to false conclusion, e.g., due to different patient selections, 

pretest-probability, sepsis operationalization, or – as Supplement S5 indicates – 

different ways to treat missing values per individual study. 

We cannot rule out that some patients acquired an infection or manifested a sepsis 

during hospitalization, but past EMS use. At the same time, such cases would influence 

equally the predictive ability of all screening tools. It seems plausible that the screening 

tools’ predictive ability were better if the reference standard of an inpatient sepsis was 

limited to those with an early sepsis diagnosis within hospitals. However, several 

studies concluded even for all hospital cases – including non-EMS user – that the vast 

“majority of sepsis starts in the community setting and is present on admission” ([52], p. 

1332) (community onset: 90.3% [15]; present on admission: 86.8% [16]; hospital-

acquired: 23.6% [17]). It is also known that septic ED patients arriving by EMS have 

more organ failures and higher sepsis acuity than septic patients arriving by other 

means [20, 109, 110]. Thus, it is likely that, among EMS users, the percentage of 

community-onset sepsis is even higher than the proportion reported in studies for all 

inpatient sepsis cases.  

Another limitation is that the current data set of 4.503 adult EMS cases only contained 

78 cases with an inpatient sepsis (cf. [111]). Yet, in total, after adding the Canadian [45] 

and English study [46], the superior rankings for NEWS2 and qSOFA were based on 

30,113 EMS cases with 3,166 diagnosed as septic. External validation with more septic 

patients and using the same patient selection criteria would still be useful. 
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The current dissertation is limited to testing the SSC screening recommendations, 

though more than twenty different prehospital screening tools have been identified [45, 

90]. This focus was chosen as the selected tools underwent a review and consensus 

process by the Society of Critical Care Medicine and the European Society of Intensive 

Care Medicine and as the SSC screening recommendations have been adopted by 

many national guidelines (e.g., [32, 33]). Thus, this dissertation’s close reference to the 

international guidelines may support future guideline developers and EMS providers. 

A number of observations support the conclusion that imputation was the best method 

available in light of the documentation deficiency for screening-relevant parameters and 

that the screening results are plausible: With the imputed method, 

1.) the screening results are in line with tendencies in other studies [45, 46]. 

2.) the proportion of NEWS2-positive patients is very similar to an English study [103]. 

Since NEWS2 uses many parameters that are also part of qSOFA, MEWS, and 

SIRS, there is a high chance that the imputation quality was accomplished for all 

screening tools. 

3.) own sensitivity analysis for different methods to handle missing values showed a 

persistent ranking for the compared four screening tools, e.g., with NEWS2 being 

the most sensitive tool (see Supplement, Table S5). 

4.) the comparison between observed and imputed vital signs depicted in [52], Online 

Resource 3, revealed little variance between imputed and original data. 

As a limitation, all presented methods to handle documentation deficiencies are inferior 

compared to complete, trustworthy documentation by EMS staff. Better documentation 

rates in Germany are urgently needed, but – as previously discussed – there will 

probably always remain some cases for which EMS studies need imputations.  
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4.4 Implications for practice  

As practical implications to achieve better documentation rates have already been 

discussed in section 4.2, this section focus on the practical use of screening tools. For 

EMS looking for a rule of thumb, it may be summarized:  

• If a patient is qSOFA-positive, the probability of a subsequent clinical sepsis 

diagnosis is higher than for cases positive in other screening tools: Sepsis can be 

“ruled in” for qSOFA positive patients. 

• If a patient is NEWS2 negative, sepsis is unlikely: Sepsis can be excluded, 

respectively “ruled-out”, with a higher probability than in cases negative in other 

screening instruments. 

• If a patient is NEWS2 positive, sepsis should be considered as differential 

diagnoses.  

Since qSOFA has the highest specificity, positive likelihood ratio, and positive predictive 

value of all tools, EMS may use it to guide qSOFA-positive patients into sepsis-

adequate hospitals and pathway (following the acronym “spin”: Specific test – when 

positive –, rules in the disease).  

In case of NEWS2 positive patients, EMS ought to communicate this result along with 

the reminder that sepsis could be a pertinent differential diagnosis. EMS staff as well as 

staff in the Emergency department should be educated that NEWS2 positive patients 

have an increased probability of sepsis and mortality [104, 108, 112, 113]. Given the 

current evidence and EMS’ experiences with NEWS2 in England [114], we currently 

consider it valuable to prefer screening tools with a high sensitivity at this – often – first 

stage of assessment within the care chain in order to reduce the high case fatality [23-

25].  

If a patient screens positive in any screening tool, EMS should also be aware of the 

crucial role they may play in collecting information that subsequent providers might not 

have access to otherwise, e.g., by focusing on surrounding factors on-site such as 

present immunosuppressant or infection medication, questioning patients or bystanders 

about recent infections or searching for the site of infection and additional clues for 

higher severity than the screening tool may reveal, such as “mottled or ashen 

appearance, non-blanching petechial or purpuric rash, cyanosis of skin, lips or tongue.” 
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([115], p.97; cf. [116]). All of this may influence their choice which specific hospital to 

pre-alert and convey to. Independent from which screening tool is used, regular re-

evaluation is mandatory to decide whether a sepsis pathway is (still) appropriate. Since 

the highest PPV of all tools was only 10.7% [9.8; 11.6], achieved by qSOFA, it needs to 

be clear that neither a positive qSOFA, nor a positive NEWS2 should automatically 

result in antibiotic treatment (cf. [114]). Naturally, EMS staff may refrain from labeling a 

patient with “sepsis suspicion”, if – after a detailed assessment – other diagnoses are 

very likely to be the sole cause of a positive screening result (cf. sepsis mimics in [42]).  

Concerning the question who to screen the international guidelines state: “For hospitals 

and health systems, we recommend (…) sepsis screening for acutely ill, high-risk 

patients (…).“ ([29], p. e1065) It does not clarify how to identify those patients. In 

contrast, the Royal College of physicians recommends for the National Health System 

in the United Kingdom to implement the NEWS2 as a standardized “routine recording” 

for all patients of at least age 16 and without pregnancy ([37], p. xvii). For the decision 

who to screen, it needs to be considered: 

• EMS seldom recognize sepsis or infection [27, 28, 90]; for example, EMS only 

documented the suspicion of an infection in 12% of all patients diagnosed as 

infectious in the ED [60] 

• A qualitative study from Sweden identified: “Another problem with these screening 

tools could be (…) that they are only used when AC [ambulance clinicians; author's 

note] already suspects sepsis based on other information.” ([92], p. 2) 

• Our and another study [23] showed that even cases with an inpatient sepsis 

diagnosis often lack a complete EMS’ vital sign assessment – which would help to 

identify high risk patients – and that alarming vital signs are often not converted 

into a sepsis suspicion. 

Thus, the recommendation to only screen patients which EMS consider infectious, 

severely sick or septic might simply result in too many septic patients being overlooked 

and intervention periods unused. 
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4.5 Implication for medical guidelines and research  

Considering that screening tools’ accuracy and feasibility are strongly influenced, 

among others, by the availability of health status information (like laboratory results) and 

setting-specific pre-test probability, future guidelines and research on screening likely 

benefit from being more setting-specific. 

Own qualitative interviews revealed the prehospital providers’ impression that it lacks 

one explicit, scientifically soundly tested method for early prehospital sepsis screening; 

in German: “Jeder macht das anders, (…) aber es gibt keine wissenschaftlich fundierte 

Lösung.“ ([72], p.8); translated: “Everyone does it differently, (…) but there is no 

scientifically sound solution”. Too many different tools recommended at a time or 

frequent changes in recommendations may lead to insecurity and disinterest, hindering 

implementation in regular care. This phenomenon, that too many choices can lead to 

not choosing any option, has been observed in other scientific fields, such as customer 

research [117]. A review of 20 qualitative studies also concluded that contradictory 

guidelines are a major barrier for health professional’s adherence to infection-related 

guidelines [118]. Our study in conjunction with the one from Canada [45] and England 

[46] indicate that it may be worth for EMS guidelines to omit recommendations for 

MEWS and SIRS. 

It would be a shortcoming to believe that, once screening recommendations are 

established, they will remain stable over time. Recommendations are always influenced 

by preference weights or values clinicians, patients and other decision makers place on 

“the probabilities of the respective health states” ([119], p. 88), the screenings’ 

consequences and surrounding factors. One example connected to the surrounding 

factors: In many countries, a shift towards patients using EMS more frequently in non-

severe cases has been observed (cf. [63, 120]). This change in self-selection to use 

EMS influences sepsis prevalence in EMS, which in turn impacts the screening tools’ 

predictive abilities (for the theoretical background on the prevalence’s impact see: 

[121]). As an example for the changes in values, the more Emergency departments 

suffer from overcrowding, the more highly specific but less sensitive tools might be 

preferred to reduce waiting-times and harms for patients screening negative and health 

professionals’ workload. In consequence, there may be a need for ongoing research to 
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quantify the impact of society’s or health professional’s decision for or against a certain 

screening tool or for a pre-selection of patients to screen [122]. 

To achieve the desired guidelines’ effects on real care, there seems to be an ongoing 

need for research on how to lower the barrier for using any sepsis screening tool at all – 

to reduce the amount of health professionals basing their sepsis suspicions solely on 

previous experiences [92] or “gut feeling” ([93], p. 617). In a Korean study, only 60% of 

the EMS staff confirmed that they are “willing to actively engage in the management of 

sepsis in the prehospital setting” and they were not completely convinced that they “will 

positively influence the behavior of the medical team in the emergency department” 

([123], p. 51). If there were more high-quality studies like randomized controlled trials 

showing screening’s benefits (cf. [90]), this might motivate EMS. Additionally, research 

focusing on more patient-relevant outcomes could be helpful, such as quality of life, 

reduction of physical, cognitive and social impairments (cf. [4]). 

Further studies should urgently also cover the screening tools’ effects on all – septic 

and non-septic – patients and on potential adverse events, e.g., due to side-effects of 

antibiotics (cf. [29, 124, 125]), antibiotic resistance (cf. [29, 126]), administration of fluids 

despite being contraindicated (cf. [42]) or risks for non-septic patients being down-

prioritized. At the same time, many potential adverse effects may be minimized if all 

providers are well trained that a positive screening result always calls for further 

assessment to rule out sepsis mimics.  

Additional options to enrichen or even replace screening tools ought to be studied: 

There may be benefits from integrating additional data documented prior to EMS use 

(e.g., immunosuppressive diagnoses, medications, co-morbidities, gender according to 

Electronic Health Records or data from wearables) or during EMS use (e.g., point of 

care tests) into the screening tools. Research on new point-of-care tests, biomarkers or 

gene expressions might also change the way we predict or detect sepsis in the future. 

So far, AI models in hospitals showed predictive abilities similar to those of regular 

screening tools, even comparable to NEWS2 in our prehospital study [99, 127]. There 

are also indicators that they are rarely integrated in regular care [128]. Nonetheless, it 

seems plausible that AI improves early sepsis recognition in the future, leading to more 

personalized screenings.  
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5 Conclusions 

To raise EMS’ and public’s sepsis awareness, it may be worth communicating the study 

result that sepsis is almost as frequent as myocardial infarction or stroke, but more 

frequently deadly. As shown, both paramedics and emergency physicians need to 

increase the proportion of patients with complete health status documentations as a 

prerequisite to improve their sepsis suspicion rates. The presumptions that EMS staff 

document vital signs more frequently for cases receiving an inpatient sepsis diagnosis, 

was falsified. As currently the majority of EMS patients lack complete vital sign 

assessments, EMS need to be better trained and motivated, why they should conduct 

complete vital sign documentations for all of their patients. Surrounding factors such as 

better digitalization, quality assurance programs and feedback loops may support 

improvements in documentation and sepsis suspicion rates. 

The study elaborated that even for those vital signs already recorded, EMS often 

missed to translate critical signs into a sepsis suspicion. In conjunction with other 

studies [23, 27, 28, 60, 90, 92] and guidelines [37], this leads to the conclusion that 

EMS should routinely use sepsis screening tools for all adults. Though this unrestricted 

patient selection has already been implemented in England [37, 114], there remains a 

need for studies to assure that routine screening – especially with highly sensitive 

screening tools – does not result in harms. 

This is the first study comparing all four screening tools currently mentioned in the SSC 

guidelines [29], using consistent methods and recommended screening thresholds for 

all adult EMS patients. Intersection analysis and accuracy calculation for the four 

screening tools revealed that EMS staff should be aware that the screening tools differ 

widely in terms of their abilities to predict sepsis. Due to its feasibility and highest 

specificity and positive predictive value in our and other studies [45, 46], qSOFA may be 

valuable to quickly identify patients with an increased sepsis risk. At the same time, 

EMS needs to be well trained that qSOFA missed 77% of all septic patients and should 

not be used as a stand-alone tool. NEWS2 qualified as the best tool to predict most 

septic patients and has shown to improve septic patients’ mortality [26]. Due its 

comparably high sensitivity and negative predictive value, NEWS2 may also be a good 

tool to “rule out” patients, meaning, to detect those that are NEWS2-negative and likely 

non-septic. Altogether, we see an urgent need to train EMS and hospital staff on the 
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interpretation of a positive NEWS2 and to offer digitalized, automatized screening score 

calculations. For future guidelines, the current study and others [45, 46] indicate that 

EMS may omit SIRS and MEWS, as they were inferior to NEWS2’s or qSOFA’s 

accuracy measures.  

All study results apply to the EMS setting and cannot be transferred to other settings 

automatically. In contrast to the current international and national guidelines [29, 32], 

health professionals could benefit from more setting-specific screening 

recommendations.  

To date, there seems to be an unused potential of EMS to contribute to better, faster 

sepsis care and survival [18, 20-25]. At the same time, similar potentials for early sepsis 

screening and care are unused in settings prior and past EMS care as well [72, 93, 

129]. Additionally, patients may benefit if the public had better knowledge about sepsis 

prevention, symptoms and about calling an EMS early when sepsis starts to manifest 

[130]. In summary, EMS are not the only ones able to contribute to a reduction of 

sepsis-related deaths, but EMS may make an impact by awareness and screening.  



References 34 

References 

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, 
Bellomo R, Bernard GR, Chiche J-D, Coopersmith CM, Hotchkiss RS, Levy MM, 
Marshall JC, Martin GS, Opal SM, Rubenfeld GD, van der Poll T, Vincent J-L, 

Angus DC. The Third International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3). JAMA. 2016;315(8):801–10. 

2.  Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, 
Colombara DV, Ikuta KS, Kissoon N, Finfer S, Fleischmann-Struzek C, Machado 

FR, Reinhart KK, Rowan K, Seymour CW, Watson RS, West TE, Marinho F, Hay 
SI, Lozano R, Lopez AD, Angus DC, Murray CJL, Naghavi M. Global, regional, 
and national sepsis incidence and mortality, 1990–2017: analysis for the Global 
Burden of Disease Study. Lancet. 2020;395(10219):200–11. 

3.  Fleischmann C, Scherag A, Adhikari NKJ, Hartog CS, Tsaganos T, Schlattmann 
P, Angus DC, Reinhart K. Assessment of Global Incidence and Mortality of 
Hospital-treated Sepsis. Current Estimates and Limitations. Am J Respir Crit Care 
Med. 2016;193(3):259–72. 

4.  Fleischmann-Struzek C, Rose N, Freytag A, Spoden M, Prescott HC, Schettler A, 
Wedekind L, Ditscheid B, Storch J, Born S, Schlattmann P, Günster C, Reinhart K, 
Hartog CS. Epidemiology and Costs of Postsepsis Morbidity, Nursing Care 
Dependency, and Mortality in Germany, 2013 to 2017. JAMA network open. 

2021;4(11):e2134290. 

5.  Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R, 
Feinstein D, Zanotti S, Taiberg L, Gurka D, Kumar A, Cheang M. Duration of 
hypotension before initiation of effective antimicrobial therapy is the critical 

determinant of survival in human septic shock. Crit Care Med. 2006;34(6):1589–
96. 

6.  Ferrer R, Martin-Loeches I, Phillips G, Osborn TM, Townsend S, Dellinger RP, 
Artigas A, Schorr C, Levy MM. Empiric antibiotic treatment reduces mortality in 

severe sepsis and septic shock from the first hour: results from a guideline-based 
performance improvement program. Crit Care Med. 2014;42(8):1749–55. 

7.  Bloos F, Rüddel H, Thomas-Rüddel D, Schwarzkopf D, Pausch C, Harbarth S, 
Schreiber T, Gründling M, Marshall J, Simon P, Levy MM, Weiss M, Weyland A, 

Gerlach H, Schürholz T, Engel C, Matthäus-Krämer C, Scheer C, Bach F, Riessen 
R, Poidinger B, Dey K, Weiler N, Meier-Hellmann A, Häberle HH, Wöbker G, 
Kaisers UX, Reinhart K. Effect of a multifaceted educational intervention for anti-
infectious measures on sepsis mortality: a cluster randomized trial. Intensive Care 

Med. 2017;43(11):1602–12. 

8.  Seymour CW, Gesten F, Prescott HC, Friedrich ME, Iwashyna TJ, Phillips GS, 
Lemeshow S, Osborn T, Terry KM, Levy MM. Time to Treatment and Mortality 
during Mandated Emergency Care for Sepsis. N Engl J Med. 2017;376(23):2235-

44. 



References 35 

9.  Fischer M, Kehrberger E, Marung H, Moecke H, Prückner S, Trentzsch H, Urban 
B. Eckpunktepapier 2016 zur notfallmedizinischen Versorgung der Bevölkerung in 
der Prähospitalphase und in der Klinik. Notfall + Rettungsmedizin. 
2016;19(5):387–95. 

10.  Park M, Kim K, Lee JH, Kang C, Jo YH, Kim DH, Kang KW, Lee SH, Park C, Kim 
J, Chung H, Park H, Jang S. Awareness and knowledge of sepsis in the general 
Korean population: comparison with the awareness and knowledge of acute 
myocardial infarction and stroke. Clin Exp Emerg Med. 2014;1(1):41–8. 

11.  Seventy-Third World Health Assembly. Resolution WHA70.7. World Health 
Organization; 2017. 

12.  Al-Orainan N, El-Shabasy AM, Al-Shanqiti KA, Al-Harbi RA, Alnashri HR, 
Rezqallah RA, Mirghani AA. Public Awareness of Sepsis Compared to Acute 

Myocardial Infarction and Stroke in Jeddah, Saudi Arabia: Questionnaire Study. 
Interact J Med Res. 2020;9(2):e16195. 

13.  Phua J, Lim HF, Tay CK, Aung NW. Public Awareness of Sepsis and Stroke in 
Singapore: A Population-Based Survey. Ann Acad Med Singap. 2013;42(6):269-

77. 

14.  Metelmann C, Metelmann B, Scheer C, Gründling M, Henkel B, Hahnenkamp K, 
Brinkrolf P. Sepsis erkennen im Rettungsdienst : Ergebnisse einer 
interprofessionellen Befragung zur präklinischen und frühen innerklinischen 

Sepsiserkennung. Anaesthesist. 2018;67(8):584–91. 

15.  Fay K, Sapiano MRP, Gokhale R, Dantes R, Thompson N, Katz DE, Ray SM, 
Wilson LE, Perlmutter R, Nadle J, Godine D, Frank L, Brousseau G, Johnston H, 
Bamberg W, Dumyati G, Nelson D, Lynfield R, DeSilva M, Kainer M, Zhang A, 

Ocampo V, Samper M, Pierce R, Irizarry L, Sievers M, Maloney M, Fiore A, Magill 
SS, Epstein L. Assessment of Health Care Exposures and Outcomes in Adult 
Patients With Sepsis and Septic Shock. JAMA network open. 2020;3(7):e206004. 

16.  Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, Iwashyna TJ, Kadri SS, 

Angus DC, Danner RL, Fiore AE, Jernigan JA, Martin GS, Septimus E, Warren 
DK, Karcz A, Chan C, Menchaca JT, Wang R, Gruber S, Klompas M. Incidence 
and Trends of Sepsis in US Hospitals Using Clinical vs Claims Data, 2009-2014. 
JAMA. 2017;318(13):1241–9. 

17.  Markwart R, Saito H, Harder T, Tomczyk S, Cassini A, Fleischmann-Struzek C, 
Reichert F, Eckmanns T, Allegranzi B. Epidemiology and burden of sepsis 
acquired in hospitals and intensive care units: a systematic review and meta-
analysis. Intensive Care Med. 2020;46(8):1536–51. 

18.  Seymour CW, Cooke CR, Mikkelsen ME, Hylton J, Rea TD, Goss CH, Gaieski DF, 
Band RA. Out-of-hospital fluid in severe sepsis: effect on early resuscitation in the 
emergency department. Prehosp Emerg Care. 2010;14(2):145–52. 

19.  Hunter CL, Silvestri S, Stone A, Shaughnessy A, Miller S, Rodriguez A, Papa L. 

Prehospital sepsis alert notification decreases time to initiation of CMS sepsis core 
measures. Am J Emerg Med. 2019;37(1):114-7. 



References 36 

20.  Studnek JR, Artho MR, Garner CL, Jr., Jones AE. The impact of emergency 
medical services on the ED care of severe sepsis. Am J Emerg Med. 
2012;30(1):51-6. 

21.  Borrelli G, Koch E, Sterk E, Lovett S, Rech MA. Early recognition of sepsis through 

emergency medical services pre-hospital screening. The American journal of 
emergency medicine. 2019;37(8):1428–32. 

22.  Dankert A, Kraxner J, Breitfeld P, Bopp C, Issleib M, Doehn C, Bathe J, Krause L, 
Zöllner C, Petzoldt M. Is Prehospital Assessment of qSOFA Parameters 

Associated with Earlier Targeted Sepsis Therapy? A Retrospective Cohort Study. 
J Clin Med. 2022;11(12). 

23.  Roest AA, Stoffers J, Pijpers E, Jansen J, Stassen PM. Ambulance patients with 
nondocumented sepsis have a high mortality risk: a retrospective study. Eur J 

Emerg Med. 2017;24(1):36–43. 

24.  Guerra WF, Mayfield TR, Meyers MS, Clouatre AE, Riccio JC. Early detection and 
treatment of patients with severe sepsis by prehospital personnel. J Emerg Med. 
2013;44(6):1116–25. 

25.  Seymour CW, Cooke CR, Heckbert SR, Spertus JA, Callaway CW, Martin-Gill C, 
Yealy DM, Rea TD, Angus DC. Prehospital intravenous access and fluid 
resuscitation in severe sepsis: an observational cohort study. Crit Care. 
2014;18(5):533. 

26.  Tavaré A, Pullyblank A, Redfern E, Collen A, Barker RO, Gibson A. NEWS2 in 
out-of-hospital settings, the ambulance and the emergency department. Clin Med. 
2022;22(6):525-9. 

27.  Polito CC, Isakov A, Yancey AH, Wilson DK, Anderson BA, Bloom I, Martin GS, 

Sevransky JE. Prehospital recognition of severe sepsis: development and 
validation of a novel EMS screening tool. Am J Emerg Med. 2015;33(9):1119–25. 

28.  Wehler M, Händel T, Neubauer J. Recognition of sepsis through emergency 
medical service: Abstract Session F32. European Emergency Medicine Congress. 

12.-16.10.2019, Prague, Czech Republic. 2019. 

29.  Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, 
Machado FR, McIntyre L, Ostermann M, Prescott HC, Schorr C, Simpson S, 
Wiersinga WJ, Alshamsi F, Angus DC, Arabi Y, Azevedo L, Beale R, Beilman G, 

Belley-Cote E, Burry L, Cecconi M, Centofanti J, Coz Yataco A, De Waele J, 
Dellinger RP, Doi K, Du B, Estenssoro E, Ferrer R, Gomersall C, Hodgson C, 
Moller MH, Iwashyna T, Jacob S, Kleinpell R, Klompas M, Koh Y, Kumar A, 
Kwizera A, Lobo S, Masur H, McGloughlin S, Mehta S, Mehta Y, Mer M, Nunnally 

M, Oczkowski S, Osborn T, Papathanassoglou E, Perner A, Puskarich M, Roberts 
J, Schweickert W, Seckel M, Sevransky J, Sprung CL, Welte T, Zimmerman J, 
Levy M. Surviving sepsis campaign: international guidelines for management of 
sepsis and septic shock 2021. Intensive Care Med. 2021;47(11):1181-247. 



References 37 

30.  Schmiedel R, Behrendt H. Leistungen des Rettungsdienstes 2016/17. Analyse des 
Leistungsniveaus im Rettungsdienst für die Jahre 2016 und 2017.  Reihe M, Heft 
2902019. 

31.  Bundesärztekammer. Indikationskatalog für den Notarzteinsatz: Handreichung für 

Telefondisponenten in Notdienstzentralen und Rettungsleitstellen Stand: 
22.02.2013. 

32.  Brunkhorst F, Weigand M, Pletz M, Gastmeier P, Lemmen S, Meier-Hellmann A, 
Ragaller M, Weyland A, Marx G, Bucher M, Gerlach H, Salzberger B, Grabein B, 

Welte T, Werdan K, Kluge S, Bone H, Putensen C, Rossaint R, Quintel M, Spies 
C, Weiß B, John S, Oppert M, Jörres A, Brenner T, Elke G, Gründling M, Mayer K, 
Weimann A, Felbinger T, Axe rH. S3-Leitlinie Sepsis – Prävention, Diagnose, 
Therapie und Nachsorge: AWMF-Registernummer: 079 - 001 Langversion 3.1. 

2018. 

33.  Egi M, Ogura H, Yatabe T, Atagi K, Inoue S, Iba T, Kakihana Y, Kawasaki T, 
Kushimoto S, Kuroda Y, Kotani J, Shime N, Taniguchi T, Tsuruta R, Doi K, Doi M, 
Nakada T-A, Nakane M, Fujishima S, Hosokawa N, Masuda Y, Matsushima A, 

Matsuda N, Yamakawa K, Hara Y, Sakuraya M, Ohshimo S, Aoki Y, Inada M, 
Umemura Y, Kawai Y, Kondo Y, Saito H, Taito S, Takeda C, Terayama T, Tohira 
H, Hashimoto H, Hayashida K, Hifumi T, Hirose T, Fukuda T, Fujii T, Miura S, 
Yasuda H, Abe T, Andoh K, Iida Y, Ishihara T, Ide K, Ito K, Ito Y, Inata Y, 

Utsunomiya A, Unoki T, Endo K, Ouchi A, Ozaki M, Ono S, Katsura M, Kawaguchi 
A, Kawamura Y, Kudo D, Kubo K, Kurahashi K, Sakuramoto H, Shimoyama A, 
Suzuki T, Sekine S, Sekino M, Takahashi N, Takahashi S, Takahashi H, Tagami 
T, Tajima G, Tatsumi H, Tani M, Tsuchiya A, Tsutsumi Y, Naito T, Nagae M, 

Nagasawa I, Nakamura K, Nishimura T, Nunomiya S, Norisue Y, Hashimoto S, 
Hasegawa D, Hatakeyama J, Hara N, Higashibeppu N, Furushima N, Furusono H, 
Matsuishi Y, Matsuyama T, Minematsu Y, Miyashita R, Miyatake Y, Moriyasu M, 
Yamada T, Yamada H, Yamamoto R, Yoshida T, Yoshida Y, Yoshimura J, 

Yotsumoto R, Yonekura H, Wada T, Watanabe E, Aoki M, Asai H, Abe T, Igarashi 
Y, Iguchi N, Ishikawa M, Ishimaru G, Isokawa S, Itakura R, Imahase H, Imura H, 
Irinoda T, Uehara K, Ushio N, Umegaki T, Egawa Y, Enomoto Y, Ota K, Ohchi Y, 
Ohno T, Ohbe H, Oka K, Okada N, Okada Y, Okano H, Okamoto J, Okuda H, 

Ogura T, Onodera Y, Oyama Y, Kainuma M, Kako E, Kashiura M, Kato H, Kanaya 
A, Kaneko T, Kanehata K, Kano K-I, Kawano H, Kikutani K, Kikuchi H, Kido T, 
Kimura S, Koami H, Kobashi D, Saiki I, Sakai M, Sakamoto A, Sato T, Shiga Y, 
Shimoto M, Shimoyama S, Shoko T, Sugawara Y, Sugita A, Suzuki S, Suzuki Y, 

Suhara T, Sonota K, Takauji S, Takashima K, Takahashi S, Takahashi Y, 
Takeshita J, Tanaka Y, Tampo A, Tsunoyama T, Tetsuhara K, Tokunaga K, 
Tomioka Y, Tomita K, Tominaga N, Toyosaki M, Toyoda Y, Naito H, Nagata I, 
Nagato T, Nakamura Y, Nakamori Y, Nahara I, Naraba H, Narita C, Nishioka N, 

Nishimura T, Nishiyama K, Nomura T, Haga T, Hagiwara Y, Hashimoto K, Hatachi 
T, Hamasaki T, Hayashi T, Hayashi M, Hayamizu A, Haraguchi G, Hirano Y, Fujii 
R, Fujita M, Fujimura N, Funakoshi H, Horiguchi M, Maki J, Masunaga N, 
Matsumura Y, Mayumi T, Minami K, Miyazaki Y, Miyamoto K, Murata T, Yanai M, 

Yano T, Yamada K, Yamada N, Yamamoto T, Yoshihiro S, Tanaka H, Nishida O. 
The Japanese Clinical Practice Guidelines for Management of Sepsis and Septic 
Shock 2020 (J-SSCG 2020). J Intensive Care. 2021;9(1):53. 



References 38 

34.  Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, 
Rubenfeld G, Kahn JM, Shankar-Hari M, Singer M, Deutschman CS, Escobar GJ, 
Angus DC. Assessment of Clinical Criteria for Sepsis: For the Third International 
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 

2016;315(8):762–74. 

35.  Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, 
Sibbald WJ. Definitions for sepsis and organ failure and guidelines for the use of 
innovative therapies in sepsis. The ACCP/SCCM Consensus Conference 

Committee. American College of Chest Physicians/Society of Critical Care 
Medicine. Chest. 1992;101(6):1644–55. 

36.  Gardner-Thorpe J, Love N, Wrightson J, Walsh S, Keeling N. The value of 
Modified Early Warning Score (MEWS) in surgical in-patients: a prospective 

observational study. Ann R Coll Surg Engl. 2006;88(6):571-5. 

37.  National Early Warning Score (NEWS) 2: Standardising the assessment of acute-
illness severity in the NHS. Updated report of a working party. London2017. 

38.  Bauer W, Galtung N, Wunsch-Rolshoven Teruel Iv, Dickescheid J, Reinhart K, 

Somasundaram R. Screening auf Sepsis in der Notfallmedizin – qSOFA ist uns 
nicht genug. Notfall + Rettungsmedizin. 2023. 

39.  Gaddis M. Detecting Sepsis in an Emergency Department: SIRS vs. qSOFA. 
Missouri Medicine. 2021;118(3):253-8. 

40.  Sepsis: recognition, diagnosis and early management. 
https://www.nice.org.uk/guidance/ng51/resources/sepsis-recognition-diagnosis-
and-early-management-pdf-1837508256709 Accessed September 09 2022. 

41.  Liu VX, Lu Y, Carey KA, Gilbert ER, Afshar M, Akel M, Shah NS, Dolan J, Winslow 

C, Kipnis P, Edelson DP, Escobar GJ, Churpek MM. Comparison of Early Warning 
Scoring Systems for Hospitalized Patients With and Without Infection at Risk for 
In-Hospital Mortality and Transfer to the Intensive Care Unit. JAMA network open. 
2020;3(5):e205191. 

42.  Long B, Koyfman A. Clinical Mimics: An Emergency Medicine-Focused Review of 
Sepsis Mimics. J Emerg Med. 2017;52(1):34–42. 

43.  Heffner AC, Horton JM, Marchick MR, Jones AE. Etiology of illness in patients with 
severe sepsis admitted to the hospital from the emergency department. Clin Infect 

Dis. 2010;50(6):814–20. 

44.  Klein Klouwenberg PMC, Cremer OL, van Vught LA, Ong DSY, Frencken JF, 
Schultz MJ, Bonten MJ, van der Poll T. Likelihood of infection in patients with 
presumed sepsis at the time of intensive care unit admission: a cohort study. Crit 

Care. 2015;19(1):319. 

45.  Lane DJ, Wunsch H, Saskin R, Cheskes S, Lin S, Morrison LJ, Scales DC. 
Screening strategies to identify sepsis in the prehospital setting: a validation study. 
CMAJ. 2020;192(10):E230-E9. 

https://www.nice.org.uk/guidance/ng51/resources/sepsis-recognition-diagnosis-and-early-management-pdf-1837508256709
https://www.nice.org.uk/guidance/ng51/resources/sepsis-recognition-diagnosis-and-early-management-pdf-1837508256709


References 39 

46.  Goodacre S, Sutton L, Thomas B, Hawksworth O, Iftikhar K, Croft S, Fuller G, 
Waterhouse S, Hind D, Bradburn M, Smyth MA, Perkins GD, Millins M, Rosser A, 
Dickson JM, Wilson MJ. Prehospital early warning scores for adults with 
suspected sepsis: retrospective diagnostic cohort study. Emerg Med J. 

2023;40(11):768-76. 

47.  Piedmont S, Brammen D, Branse D, Focke K, Kast W, Robra B-P. Auf dem Weg 
zur integrierten Qualitätssicherung im Rettungsdienst. Notfall + Rettungsmedizin. 
2018;21(8):682-9. 

48.  Fischer H, Rohrig R, Thiemann VS. A Generic IT Infrastructure for Identity 
Management and Pseudonymization in Small Research Projects with 
Heterogeneous and Distributed Data Sources Under Consideration of the GDPR. 
Stud Health Technol Inform. 2019;264:1837-8. 

49.  Goldhahn L, Swart E, Piedmont S. Verknüpfung von Abrechnungsdaten 
gesetzlicher Krankenkassen und Einsatzprotokollen des Rettungsdienstes: 
Brückenschlag durch Krankenversichertennummer? Gesundheitswesen. 
2021;83(S 02):S102-S12. 

50.  Fleischmann-Struzek C, Thomas-Rüddel DO, Schettler A, Schwarzkopf D, Stacke 
A, Seymour CW, Haas C, Dennler U, Reinhart K. Comparing the validity of 
different ICD coding abstraction strategies for sepsis case identification in German 
claims data. PloS one. 2018;13(7):e0198847. 

51.  Schwarzkopf D, Rose N, Fleischmann-Struzek C, Boden B, Dorow H, Edel A, 
Friedrich M, Gonnert FA, Gotz J, Grundling M, Heim M, Holbeck K, Jaschinski U, 
Koch C, Kunzer C, Le Ngoc K, Lindau S, Mehlmann NB, Meschede J, Meybohm 
P, Ouart D, Putensen C, Sander M, Schewe JC, Schlattmann P, Schmidt G, 

Schneider G, Spies C, Steinsberger F, Zacharowski K, Zinn S, Reinhart K. 
Understanding the biases to sepsis surveillance and quality assurance caused by 
inaccurate coding in administrative health data. Infection. 2023. 

52.  Piedmont S, Goldhahn L, Swart E, Robra B-P, Fleischmann-Struzek C, 

Somasundaram R, Bauer W. Sepsis incidence, suspicion, prediction and mortality 
in emergency medical services: a cohort study related to the current international 
sepsis guideline. Infection. 2024. 

53.  ICD-10-GM, Version 2016. 

https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/klassifikationen/i
cd-10-gm/vorgaenger-bis-
2020/icd10gm2016_zip.html?cms_calledFromDoc=593296&cms_dlConfirm=true 
Accessed September 06 2024. 

54.  Minimaler Notfalldatensatz MIND3.1 Codierte Werte. 
https://www.divi.de/joomlatools-files/docman-files/mind-
notfalleinsatzprotokoll/MIND3.1_Codes20170227.pdf (2017). Accessed April 15 
2024. 

55.  Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, Nadel S, 
Schlapbach LJ, Tasker RC, Argent AC, Brierley J, Carcillo J, Carrol ED, Carroll 

https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/klassifikationen/icd-10-gm/vorgaenger-bis-2020/icd10gm2016_zip.html?cms_calledFromDoc=593296&cms_dlConfirm=true
https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/klassifikationen/icd-10-gm/vorgaenger-bis-2020/icd10gm2016_zip.html?cms_calledFromDoc=593296&cms_dlConfirm=true
https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/klassifikationen/icd-10-gm/vorgaenger-bis-2020/icd10gm2016_zip.html?cms_calledFromDoc=593296&cms_dlConfirm=true
https://www.divi.de/joomlatools-files/docman-files/mind-notfalleinsatzprotokoll/MIND3.1_Codes20170227.pdf
https://www.divi.de/joomlatools-files/docman-files/mind-notfalleinsatzprotokoll/MIND3.1_Codes20170227.pdf


References 40 

CL, Cheifetz IM, Choong K, Cies JJ, Cruz AT, Luca Dd, Deep A, Faust SN, 
Oliveira CFd, Hall MW, Ishimine P, Javouhey E, Joosten KFM, Joshi P, Karam O, 
Kneyber MCJ, Lemson J, MacLaren G, Mehta NM, Møller MH, Newth CJL, 
Nguyen TC, Nishisaki A, Nunnally ME, Parker MM, Paul RM, Randolph AG, Ranjit 

S, Romer LH, Scott HF, Tume LN, Verger JT, Williams EA, Wolf J, Wong HR, 
Zimmerman JJ, Kissoon N, Tissieres P. Surviving Sepsis Campaign International 
Guidelines for the Management of Septic Shock and Sepsis-Associated Organ 
Dysfunction in Children. Pediatr Crit Care Med. 2020;21(2):e52-e106. 

56.  Williams TA, Tohira H, Finn J, Perkins GD, Ho KM. The ability of early warning 
scores (EWS) to detect critical illness in the prehospital setting: A systematic 
review. Resuscitation. 2016;102:35–43. 

57.  Advanced Trauma Life Support for Doctors. Chicago: American College of 

Surgeons Committee on Trauma; 1997. 

58.  Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A 
practical scale. Lancet. 1974;2(7872):81-4. 

59.  Tusgul S, Carron P-N, Yersin B, Calandra T, Dami F. Low sensitivity of qSOFA, 

SIRS criteria and sepsis definition to identify infected patients at risk of 
complication in the prehospital setting and at the emergency department triage. 
Scand J Trauma Resusc Emerg Med. 2017;25(1):108. 

60.  Lane DJ, Wunsch H, Saskin R, Cheskes S, Lin S, Morrison LJ, Oleynick CJ, 

Scales DC. Epidemiology and patient predictors of infection and sepsis in the 
prehospital setting. Intensive Care Med. 2020;46(7):1394–403. 

61.  Seymour CW, Rea TD, Kahn JM, Walkey AJ, Yealy DM, Angus DC. Severe sepsis 
in pre-hospital emergency care: analysis of incidence, care, and outcome. Am J 

Respir Crit Care Med. 2012;186(12):1264–71. 

62.  Bericht an den Haushaltsausschuss des Deutschen Bundestages nach §88 Abs. 2 
BHO über die Finanzierung der Versorgung mit Rettungsfahrten und 
Flugrettungstransporten. Bundesrechnungshof; 2018. 

63.  Piedmont S, Reinhold AK, Bock J-O, Swart E, Robra B-P. Which health-related 
reasons lead to prehospital emergency care and how does subjective emergency 
status connect to subsequent care? Notfall + Rettungsmedizin. 2021;24(S1):21–
31. 

64.  Pekanoja S, Hoikka M, Kyngas H, Elo S. Non-transport emergency medical 
service missions - a retrospective study based on medical charts. Acta 
Anaesthesiol Scand. 2018;62(5):701-8. 

65.  Vloet LCM, de Kreek A, van der Linden EMC, van Spijk JJA, Theunissen VAH, 

van Wanrooij M, van Grunsven PM, Ebben RHA. A retrospective comparison 
between non-conveyed and conveyed patients in ambulance care. Scand J 
Trauma Resusc Emerg Med. 2018;26(1):91. 



References 41 

66.  Hodell EM, Sporer KA, Brown JF. Which emergency medical dispatch codes 
predict high prehospital nontransport rates in an urban community? Prehosp 
Emerg Care. 2014;18(1):28-34. 

67.  Liu E-S, Chiang C-H, Hung W-T, Tang P-L, Hung CC, Kuo S-H, Liu C-P, Chen Y-

S, Mar G-Y, Huang W-C. Comparison of long-term mortality in patients with acute 
myocardial infarction associated with or without sepsis. Int J Infect Dis. 
2019;79:169–78. 

68.  Boehme AK, Ranawat P, Luna J, Kamel H, Elkind MSV. Risk of Acute Stroke After 

Hospitalization for Sepsis: A Case-Crossover Study. Stroke. 2017;48(3):574–80. 

69.  Kakihana Y, Ito T, Nakahara M, Yamaguchi K, Yasuda T. Sepsis-induced 
myocardial dysfunction: pathophysiology and management. J Intensive Care. 
2016;4:22. 

70.  Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, Rudd KE, 
Schlattmann P, Allegranzi B, Reinhart K. Incidence and mortality of hospital- and 
ICU-treated sepsis: results from an updated and expanded systematic review and 
meta-analysis. Intensive Care Med. 2020;46(8):1552–62. 

71.  Damiani E, Donati A, Serafini G, Rinaldi L, Adrario E, Pelaia P, Busani S, Girardis 
M. Effect of performance improvement programs on compliance with sepsis 
bundles and mortality: a systematic review and meta-analysis of observational 
studies. PloS one. 2015;10(5):e0125827. 

72.  Piedmont S, Baier L, Ullrich N, Fitz I, Sprünken E, Toubekis E, Albrecht V, 
Neugebauer E. Einflussfaktoren auf die eigene Anwendung der Sepsis-
Kompetenz und ihre Förderung bei Patientinnen und Patienten: Ergebnisse einer 
Mixed-Methods-Studie mit Gesundheitsfachpersonen. Z Evid Fortbild Qual 

Gesundhwes. 2024. 

73.  Sozialgesetzbuch (SGB) Füntes Buch (V) - Gesetzliche Krankenversicherung. 
1988. 

74.  Bedarfsgerechte Steuerung der Gesundheitsversorgung. Sachverständigenrat zur 

Begutachtung der Entwicklung im Gesundheitswesen; 2018. 

75.  Bundessozialgericht. Urteil vom 06.11.2008 - B 1 KR 38/07 R. In: 
Bundessozialgericht, editor. 

76.  Prescott HC, Iwashyna TJ. Improving Sepsis Treatment by Embracing Diagnostic 

Uncertainty. Ann Am Thorac Soc. 2019;16(4):426-9. 

77.  Mellhammar L, Wullt S, Lindberg Å, Lanbeck P, Christensson B, Linder A. Sepsis 
Incidence: A Population-Based Study. Open forum infectious diseases. 
2016;3(4):ofw207. 

78.  Valik JK, Ward L, Tanushi H, Müllersdorf K, Ternhag A, Aufwerber E, Färnert A, 
Johansson AF, Mogensen ML, Pickering B, Dalianis H, Henriksson A, Herasevich 
V, Nauclér P. Validation of automated sepsis surveillance based on the Sepsis-3 
clinical criteria against physician record review in a general hospital population: 



References 42 

observational study using electronic health records data. BMJ quality & safety. 
2020. 

79.  Schamoni S, Lindner HA, Schneider-Lindner V, Thiel M, Riezler S. Leveraging 
implicit expert knowledge for non-circular machine learning in sepsis prediction. 

Artif Intell Med. 2019;100:101725. 

80.  Jolley RJ, Sawka KJ, Yergens DW, Quan H, Jetté N, Doig CJ. Validity of 
administrative data in recording sepsis: a systematic review. Crit Care. 
2015;19:139. 

81.  Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the 
United States from 1979 through 2000. N Engl J Med. 2003;348(16):1546–54. 

82.  Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. 
Epidemiology of severe sepsis in the United States: analysis of incidence, 

outcome, and associated costs of care. Crit Care Med. 2001;29(7):1303–10. 

83.  Wang HE, Addis DR, Donnelly JP, Shapiro NI, Griffin RL, Safford MM, Baddley 
JW. Discharge diagnoses versus medical record review in the identification of 
community-acquired sepsis. Crit Care. 2015;19:42. 

84.  Iwashyna TJ, Odden A, Rohde J, Bonham C, Kuhn L, Malani P, Chen L, Flanders 
S. Identifying patients with severe sepsis using administrative claims: patient-level 
validation of the angus implementation of the international consensus conference 
definition of severe sepsis. Medical care. 2014;52(6):e39-43. 

85.  Casu S, Blau J, Schempf B, Häske D. If you don’t take a temperature, you can’t 
find a fever. Notfall + Rettungsmedizin. 2019;22(6):509–13. 

86.  Subbe CP, Bramley R. Digital NEWS? How to amplify the benefits of NEWS in a 
digital healthcare system. Clin Med (Lond). 2022;22(6):534-8. 

87.  Neunte Stellungnahme und Empfehlung der Regierungskommission für eine 
moderne und bedarfsgerechte Krankenhausversorgung. Reform der Notfall- und 
Akutversorgung: Rettungsdienst und Finanzierung. Regierungskommission für 
eine moderne und bedarfsgerechte Krankenhausversorgung; 2023. 

88.  van der Wekken LCW, Alam N, Holleman F, van Exter P, Kramer MHH, 
Nanayakkara PWB. Epidemiology of Sepsis and Its Recognition by Emergency 
Medical Services Personnel in the Netherlands. Prehosp Emerg Care. 
2016;20(1):90–6. 

89.  Henriksen DP, Havshoj U, Pedersen PB, Laursen CB, Jensen HK, Brabrand M, 
Lassen AT. Hospitalized acute patients with fever and severe infection have lower 
mortality than patients with hypo- or normothermia: a follow-up study. QJM. 
2016;109(7):473-9. 

90.  Smyth MA, Brace-McDonnell SJ, Perkins GD. Identification of adults with sepsis in 
the prehospital environment: a systematic review. BMJ open. 2016;6(8):e011218. 



References 43 

91.  Brunkhorst FM, Weigand M, Pletz M, Gastmeier P, Lemmen SW, Meier-Hellmann 
A, Ragaller M, Weyland A, Marx G, Bucher M, Gerlach H, Salzberger B, Grabein 
B, Welte T, Werdan K, Kluge S, Bone HG, Putensen Ch, Rossaint R, Quintel M, 
Spies C, Weiß B, John S, Oppert M, Jörres A, Brenner T, Elke G, Gründling M, 

Mayer K, Weimann A, Felbinger TW, H A. Leitlinien der Deutschen Sepsis-
Gesellschaft und der Deutschen Interdisziplinären Vereinigung für Intensiv- und 
Notfallmedizin: Prävention, Diagnose, Therapie und Nachsorge der Sepsis. 
Deutsche Sepsis-Gesellschaft und Deutsche Interdisziplinäre Vereinigung für 

Intensiv- und Notfallmedizin; 2010. 

92.  Olander A, Bremer A, Sundler AJ, Hagiwara MA, Andersson H. Assessment of 
patients with suspected sepsis in ambulance services: a qualitative interview 
study. BMC emergency medicine. 2021;21(1):45. 

93.  Mulders MCF, Loots FJ, van Nieuwenhoven J, Maaten JCt, Bouma HR. Use of 
sepsis-related diagnostic criteria in primary care: a survey among general 
practitioners. Family practice. 2021;38(5):617–22. 

94.  Herman C. What makes a screening exam "good"? The virtual mentor : VM. 

2006;8(1):34–7. 

95.  Trevethan R. Sensitivity, Specificity, and Predictive Values: Foundations, 
Pliabilities, and Pitfalls in Research and Practice. Frontiers in public health. 
2017;5:307. 

96.  Suspected sepsis: recognition, diagnosis and early management. (A) Evidence 
reviews for stratifying risk of severe illness or death from sepsis. NICE guideline 
NG51. National Institute for Health and Care Excellence; 2024. 

97.  Serafim R, Gomes JA, Salluh J, Póvoa P. A Comparison of the Quick-SOFA and 

Systemic Inflammatory Response Syndrome Criteria for the Diagnosis of Sepsis 
and Prediction of Mortality: A Systematic Review and Meta-Analysis. Chest. 
2018;153(3):646–55. 

98.  Prasad PA, Fang MC, Abe-Jones Y, Calfee CS, Matthay MA, Kangelaris KN. Time 

to Recognition of Sepsis in the Emergency Department Using Electronic Health 
Record Data: A Comparative Analysis of Systemic Inflammatory Response 
Syndrome, Sequential Organ Failure Assessment, and Quick Sequential Organ 
Failure Assessment. Crit Care Med. 2020;48(2):200-9. 

99.  Hassan N, Slight R, Weiand D, Vellinga A, Morgan G, Aboushareb F, Slight SP. 
Preventing sepsis; how can artificial intelligence inform the clinical decision-
making process? A systematic review. Int J Med Inform. 2021;150:1–9. 

100.  National Early Warning Score (NEWS). Standardising the assessment of acute-

illness severity in the NHS. Royal College of Physicians; 2012. 

101.  McLelland G, Haworth D. A qualitative investigation into paramedics’ thoughts 
about the introduction of the National Early Warning Score. British Paramedic 
Journal. 2016;1(1):9–14. 



References 44 

102.  Kolic I, Crane S, McCartney S, Perkins Z, Taylor A. Factors affecting response to 
national early warning score (NEWS). Resuscitation. 2015;90:85–90. 

103.  Scott LJ, Redmond NM, Garrett J, Whiting P, Northstone K, Pullyblank A. 
Distributions of the National Early Warning Score (NEWS) across a healthcare 

system following a large-scale roll-out. Emergency medicine journal : EMJ. 
2019;36(5):287–92. 

104.  Hoikka M, Silfvast T, Ala-Kokko TI. Does the prehospital National Early Warning 
Score predict the short-term mortality of unselected emergency patients? Scand J 

Trauma Resusc Emerg Med. 2018;26(1):48. 

105.  Recommendation 2002/77/EC on the prudent use of antimicrobial agents in 
human medicine (OJ L 34, 5.2.2002, pp. 13–16). European Council; 2002. 

106.  Core Elements of Antibiotic Stewardship. Centers for Disease Control and 

Prevention. https://www.cdc.gov/antibiotic-use/core-elements/index.html Accessed 
August 03 2024. 

107.  Brangan E, Banks J, Brant H, Pullyblank A, Le Roux H, Redwood S. Using the 
National Early Warning Score (NEWS) outside acute hospital settings: a 

qualitative study of staff experiences in the West of England. BMJ Open. 
2018;8(10):e022528. 

108.  Scott L, Redmond N, Tavaré A, Little H, Srivastava S, Pullyblank A, Scott LJ, 
Redmond NM, Tavaré A, Little H, Srivastava S, Pullyblank A. Association between 

National Early Warning Scores in primary care and clinical outcomes: an 
observational study in UK primary and secondary care. British Journal of General 
Practice. 2020;70(695):e374-80. 

109.  Wang HE, Weaver MD, Shapiro NI, Yealy DM. Opportunities for Emergency 

Medical Services care of sepsis. Resuscitation. 2010;81(2):193–7. 

110.  Groenewoudt M, Roest AA, Leijten FMM, Stassen PM. Septic patients arriving 
with emergency medical services: a seriously ill population. Eur J Emerg Med. 
2014;21(5):330–5. 

111.  Collins GS, Ogundimu EO, Altman DG. Sample size considerations for the 
external validation of a multivariable prognostic model: a resampling study. Stat 
Med. 2016;35(2):214-26. 

112.  Goulden R, Hoyle MC, Monis J, Railton D, Riley V, Martin P, Martina R, Nsutebu 

E. qSOFA, SIRS and NEWS for predicting inhospital mortality and ICU admission 
in emergency admissions treated as sepsis. Emerg Med J. 2018;35(6):345-9. 

113.  Silcock DJ, Corfield AR, Gowens PA, Rooney KD. Validation of the National Early 
Warning Score in the prehospital setting. Resuscitation. 2015;89:31-5. 

114.  Inada-Kim M. NEWS2 and improving outcomes from sepsis. Clin Med (Lond). 
2022;22(6):514-7. 

https://www.cdc.gov/antibiotic-use/core-elements/index.html


References 45 

115.  Suspected sepsis: recognition, diagnosis and early management (NG51). NICE 
guideline. National Institute for Health and Care Excellence; 2024. 

116.  Obermaier M, Weigand MA, Popp E, Uhle F. Sepsis in der prähospitalen 
Notfallmedizin. Notfall + Rettungsmedizin. 2021;25(8):541-51. 

117.  Scheibehenne B, Greifeneder R, Todd PM. Can There Ever Be Too Many 
Options? A Meta-Analytic Review of Choice Overload. Journal of Consumer 
Research. 2010;37(3):409-25. 

118.  Houghton C, Meskell P, Delaney H, Smalle M, Glenton C, Booth A, Chan XHS, 

Devane D, Biesty LM. Barriers and facilitators to healthcare workers' adherence 
with infection prevention and control (IPC) guidelines for respiratory infectious 
diseases: a rapid qualitative evidence synthesis. Cochrane Database Syst Rev. 
2020;4(4):CD013582. 

119.  Robra BP. Harms and Benefits of Cancer Screening. Recent Results in Cancer 
Research. 2021;218:85-104. 

120.  Piedmont S, Reinhold AK, Bock JO, Rothhardt J, Swart E, Robra B-P. Apart from 
the Medical Complaints, Why do Patients Use Emergency Medical Services? 

Results of a Patient Survey. Gesundheitswesen. 2022;84(7):638-46. 

121.  Walter U, Robra B-P, Schwartz FW. Prävention. In: Schwartz FW, Walter U, 
Siegrist J, Kolip P, Leidl R, Busse R, et al., editors. Public Health. München: Urban 
& Fischer; 2022. p. 336-65. 

122.  Felder S, Mayrhofer T. Medical Decision Making. A Health Economic Primer. 3 ed. 
Berlin, Heidelberg: Springer 2022. 

123.  Park J, Hwang SY, Shin TG, Jo IJ, Yoon H, Lee TR, Cha WC, Sim MS. 
Emergency medical service personnel need to improve knowledge and attitude 

regarding prehospital sepsis care. Clin Exp Emerg Med. 2017;4(1):48-55. 

124.  Lode H. Safety and tolerability of commonly prescribed oral antibiotics for the 
treatment of respiratory tract infections. Am J Med. 2010;123(4 Suppl):S26-38. 

125.  Sanyaolu LN, Oakley NJ, Nurmatov U, Dolwani S, Ahmed H. Antibiotic exposure 

and the risk of colorectal adenoma and carcinoma: a systematic review and meta-
analysis of observational studies. Colorectal Dis. 2020;22(8):858-70. 

126.  Llor C, Bjerrum L. Antimicrobial resistance: risk associated with antibiotic overuse 
and initiatives to reduce the problem. Ther Adv Drug Saf. 2014;5(6):229-41. 

127.  Muralitharan S, Nelson W, Di S, McGillion M, Devereaux PJ, Barr NG, Petch J. 
Machine Learning-Based Early Warning Systems for Clinical Deterioration: 
Systematic Scoping Review. Journal of medical Internet research. 
2021;23(2):e25187. 

128.  Fleuren LM, Thoral P, Shillan D, Ercole A, Elbers PWG. Machine learning in 
intensive care medicine: ready for take-off? Intensive Care Med. 2020;46(7):1486-
8. 



References 46 

129.  Guirgis F, Black LP, DeVos EL. Updates and controversies in the early 
management of sepsis and septic shock. Emerg Med Pract. 2018;20(10):1-28. 

130.  Born S, Fleischmann-Struzek C, Abels W, Piedmont S, Neugebauer E, Reinhart K, 
Toubekis E, Wegwarth O, Schwarzkopf D. Most patients with an increased risk for 

sepsis-related morbidity or death do not recognize sepsis as a medical 
emergency: results of a survey study using case vignettes. Crit Care. 
2023;27(1):446. 

 

 

 



Supplement 47 

Supplement 

List of Supplements 

Table S1: Characteristics of included data sets (own representation: 
Piedmont)………………………………………………………………………..…...48 

Table S2: Sociodemographic characteristics (analysis on case level, thus, multiple 
counts per patient possible; modified from Piedmont et al. [52], Online 
Resource 1)…………………………………………………………………………..49 

Table S3: Completeness rates (%) for screening relevant variables (from Piedmont 
et al. [52], p. 1328)…………………………………………….…………………….51 

Table S4: Screening results with qSOFA, MEWS, SIRS and NEWS2 for all cases with 

patients ≥ 18 years (from Piedmont et al. [52], p. 1330).…………………….52 

Table S5: Screening results with qSOFA, MEWS, SIRS and NEWS2 (percentages and 
[95%-CI]) differentiated by method of treating missing values (varying 
sample sizes, based on linked dataset #3; patient age ≥ 18 years; from 
Piedmont et al. [52], Online Resource 5)...……………………………………..53 

Table S6: Test results comparing study by Lane et al. from Canada [45], Goodacre et 
al. from England [46] and own current study (based on method #1, treating 
missing values as “healthy values”, and on method #4 with imputed 
values; own representation)………………………………………………………55 

 

  



Supplement 48 

Table S1: Characteristics of included data sets (own representation: Piedmont) 

 Content Sample and sub-

sample 

Observation 

periods 

Dataset #1:  

health claims data 

Billed EMS cases with 

ground and aerial vehicles 

indicating emergencies, 

excluding cases conducted 

with non-urgent vehicles only 

(in German: 

“Krankentransporte”) and 

intra-/inter-hospital transfers; 

data also include follow-up 

information such as inpatient 

diagnoses and mortality 

during/past EMS care 

Total: N=221,429 

(all ages); 

• resulting in 
inpatient sepsis: 
n= 3,470;  

• not resulting in 
inpatient sepsis: 
n= 217,959 

• year 2016: EMS 
cases 

• 2016 - 2017: 
EMS cases’ 
individual follow-
up (for inpatient 
diagnoses and 
case fatality) 
until 31st of 
December 2017 

Dataset #2:  

EMS data 

EMS cases documented by 

EMS providers (Emergency 

physicians and paramedics); 

data include, e.g., vital signs 

and sepsis 

suspicion/preliminary 

diagnosis during EMS care 

Total: N=110,419 

(all ages); 

• recorded by 
paramedics: 
n=106,936; 

• by emergency 
physicians: 
n=3,483; 

number of patients 

with/without 

inpatient sepsis 

only known for 

subsample  

(= dataset #3)  

• year 2016 

Dataset #3:  

health claims 

linked with EMS 

data 

EMS cases with linkable 

EMS and health claims data; 

only data filled out by 

paramedics was linkable with 

health claims data 

Total: N=5,465 (all 

ages);  

• resulting in an 
inpatient 
sepsis 
according to 
their health 
claims data: 
n=87; 

• not resulting in 
an inpatient 
sepsis: 
n=5,378  

• year 2016: EMS 
cases  

• 2016 - 2017: 
EMS cases’ 
individual follow-
up 
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Table S2: Sociodemographic characteristics (analysis on case level, thus, multiple counts per patient possible; modified from  
Piedmont et al. [52], Online Resource 1) 

 All cases With inpatient sepsis Without inpatient sepsis 

Age Female % of  cases 

with 

inpatient 

care 

following 

EMS use 

Age Female Age Female 

Five-

number 

summary1 

Mean2 % Five-

number 

summary1 

Mean2 % Five- 

number 

summary1 

Mean2 % 

Dataset 

#1:  

Health 

claims data 

0; 38.0;  

62.0; 

79.0; 

109.0 

57.6;  

[57.5; 

57.7] 

47.5%;  

[47.3%; 

47.7%] 

58.3%; 

[58.1%; 

58.5%] 

0; 64.0; 

75.0; 82.0; 

98.0 

71.8 

[71.3; 

72.3] 

37.9% 

[36.3; 39.5] 

0; 38.0;  

62.0; 79.0;109.0 

57.4;  

[57.3; 57.5] 

47.6% 

[47.4; 47.8] 

Valid n  

(out of  

n=221,429 

cases total) 

n=221,368 

(excluding missings: n=61) 

n=221,429 

(all valid) 

n=3,470 (all valid) Cases without inpatient sepsis 

(n=217,898, excl. missings: n=61) 

Dataset 

#2:  

EMS data 

0; 40; 66; 

80; 116 

59.4;  

[59.3; 

59.6] 

50.0%;  

[49.7%; 

50.3%] 

Cannot be calculated 

Valid n 

(out of  

n=110,419 

cases total) 

n=110,263  

(excluding missings: 

n=156) 

n=96,413  

(excluding 

missings: 

n=14.006) 
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Dataset 

#3:  

Linked 

health 

claims data 

+ EMS 

data3 

0; 35; 58; 

77; 102 

55.0;  

[54.4; 

55.7] 

46.5%;  

[45.2%; 

47.8%] 

64.4%; 

[63.2%; 

65.7%] 

26.0; 62.0; 

73.0; 79.0; 

94.0 

70.5 

[67.5; 

73.4] 

32.2% 

[23.1; 42.5] 

0; 34.0; 57.0; 

77.0; 102 

54.8 

[54.1; 55.4] 

46.7% 

[45.4; 48.1] 

Valid n 

(out of  

n=5,465 

cases total) 

n=5,465  

(all valid) 

n=87 (all valid) n=5,378 

(all valid) 

Legend:  

1  Five-number summary (in order): minimum, f irst quartile (P25), median (P50), third quartile (P75), maximum 

2  Lower and upper bounds of  95% conf idence intervals in square brackets  

3  As f illing rates for gender and age were better within the health claims data than in the EMS data, those calculations for the linked dataset #3 relied on 

claims data.  
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Table S3: Completeness rates (%) for screening relevant variables (modified from 
Piedmont et al. [52], p. 1328) 

 

EMS Dataset #2 (n=110,419);  

dif ferentiated by EMS staf f  

linked Dataset #3 (n=5,465); 

dif ferentiated by resulting inpatient sepsis 

diagnosis 

All EP 

(n=3,483) 

Paramedics 

(n=106,936) 

p-

value 

Cramer-

V 

All With 

inpatient 

sepsis 

(n=87) 

Without 

inpatient 

sepsis 

(n=5,378) 

p-

value 

Cramer-

V 

Temperature2,3,4 

17.8% 

[17.6; 

18.0] 

19.8% 

[18.5; 

21.2] 

17.7% 

[17.5; 18.0] 

<0.01 

0.01 

21.8% 

[20.8; 

23.0] 

46.0% 

35.8; 

56.4] 

21.5% 

[20.4; 

22.6] 

<0.01 0.07 

Respiratory 

rate1,2,3,4 

27.9% 

[27.6; 

28.1] 

53.3% 

[51.6; 

54.9] 

27.0% 

[26.8; 27.3] 
0.10 

32.5% 

[31.2; 

33.7] 

40.2% 

[30.4; 

59.7] 

32.4% 

[31.1; 

33.6] 

0.12 0.21 

Glasgow Coma 

Scale1 

77.7% 

[77.5; 

78.0] 

67.8% 

[66.2; 

69.3] 

78.1% 

[77.8; 78.3] 
0.04 

80.3% 

[79.2; 

81.3] 

80.5% 

[71.2; 

87.7] 

80.3% 

[79.2; 

81.4] 

0.97 <0.01 

Oxygen 

saturation4 

79.2% 

[79.0; 

79.5] 

85.4% 

[84.2; 

86.5] 

79.0% 

[78.8; 79.3] 
0.03 

80.5% 

[79.4; 

81.5] 

86.2% 

[77.8; 

92.2] 

80.4% 

[79.3; 

81.4] 

0.18 0.02 

Systolic blood 

pressure1,2, 4 

79.0% 

[78.8; 

79.3] 

86.9% 

[85.7; 

88.0] 

78.8% 

[78.5; 79.0] 
0.04 

78.9% 

[77.8; 

80.0] 

85.1% 

[76.5; 

91.4] 

78.8% 

[77.7; 

79.9] 

0.16 0.02 

Heart rate2,3,4 

81.7% 

[81.5; 

82.0] 

88.7% 

[87.6; 

89.7] 

81.5% 

[81.3; 81.7] 
0.03 

82.5% 

[81.5; 

83.5] 

86.2% 

[77.8; 

92.2] 

82.5% 

[81.5; 

83.5] 

0.36 0.01 

Consciousness  

[AVPU 

scheme]2, 4 

86.3% 

[86.1; 

86.5] 

68.6% 

[67.0; 

70.1] 

86.9% 

[86.7; 87.1] 
0.09 

88.0% 

[87.1; 

88.8] 

89.7% 

[82.0; 

94.8] 

88.0% 

[87.1; 

88.8] 

0.63 0.01 

Legend:  

1 part of  qSOFA,  

2 part of  MEWS,  

3 part of  SIRS,  

4 part of  NEWS2 

EP=Emergency physicians
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Table S4: Screening results with qSOFA, MEWS, SIRS and NEWS2 for all cases with 
patients ≥ 18 years (from Piedmont et al. [52], p. 1330) 

Imputed EMS dataset #2; n=91,884; unknown number of cases with inpatient sepsis 1 

 qSOFA MEWS SIRS NEWS2 

% of positive screening results per 

respective tool 

4.3%  

[4.2; 4.4] 

13.9%  

[13.7;14.2] 

6.0%  

[5.9; 6.2] 

22.6% 

[22.3; 22.9] 

Imputed linked dataset #3; n=4,503 of which 78 cases had an inpatient sepsis 
 

qSOFA MEWS SIRS NEWS2 

% of positive screening results per 

respective tool [95% CI] 

3.7% 12.5% 6.1% 19.4% 

[3.2; 4.3] [11.6; 13.5] [5.4; 6.8] [18.3; 20.6] 

Sensitivity  23.1% 48.7% 28.2% 73.1% 

(Se; percent, [95% CI]) [21.8; 

24.3] 
[47.3; 50.2] 

[26.9; 

29.5] 
[71.8; 74.4] 

Specificity 96.6% 88.1% 94.3% 81.6% 

(Sp; percent, [95% CI]) [96.1; 

97.1] 
[87.2; 89.1] 

[93.6; 

95.0] 
[80.4; 82.7] 

Area under the ROC curve 0.598 0.684 0.613 0.773 

(AUROC, Scores dichotomous,  

[95% CI]) 

[0.526; 

0.670] 

[0.615; 

0.753]  

[0.541; 

0.684] 

[0.716; 

0.831] 

Positive predictive value  

[95% CI] 

10.7% 

[9.8; 11.6] 

6.7% 

[6.0; 7.5] 

8.0% 

[7.2; 8.8] 

6.5% 

[5.8; 7.3] 

Negative predictive value  

[95% CI] 

98.6% 

[98.3; 

99.0] 

99.0% 

[98.7; 99.3] 

98.7% 

[98.3; 

99.0] 

99.4% 

[99.2; 99.6] 

Positive Likelihood Ratio (LR+) 6.8 4.1 5.0 4.0 

Negative Likelihood Ratio (LR-) 0.8 0.6 0.8 0.3 

 
1 As the EMS records (dataset #2) lack information on the reference standard of an inpatient sepsis, this 
section only lists the percentages for positive screening results but cannot provide information on the 
tools’ accuracy. 
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Table S5: Screening results with qSOFA, MEWS, SIRS and NEWS2 (percentages and [95%-CI]) differentiated by method of treating 
missing values (varying sample sizes, based on linked dataset #3; patient age ≥ 18 years; from Piedmont et al. [52],  
Online Resource 5) 

  

  

Method #1 

Cases with missing values treated 
as “healthy” values (n=4,979) 

Method #2 

Cases with at least two screening-
relevant variables per tool filled in 
all screening tools (n=2,061) 

Method #3 

Cases with at least two screening-
relevant variables f illed for the 
respective screening tool 

Method #4 

Cases with imputed data 
(n=4,503) 
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(n
=

3
,8

7
3
) 

(n
=

4
,2

3
5
) 

(n
=

2
,1

0
1
) 

(n
=

4
,2

5
8
) 

% of 
positive 

screen-
ing 

results 

2.3% 6.6% 3.7% 15.5% 4.0% 11.6% 8.6% 22.0% 3.0%  7.8% 8.7%  18.1%  3.7% 12.5% 6.1% 19.4% 

[1.9; 
2.7] 

[5.9; 
7.3] 

[3.1; 
4.2] 

[14.5; 
16.5] 

[3.1; 
4.8] 

[10.2; 
13.0] 

[7.4; 
9.8] 

[20.2; 
23.8] 

[2.4; 
3.5] 

[7.0; 
8.6] 

[7.5; 
9.9] 

[17.0; 
19.3] 

[3.2; 
4.3] 

[11.6; 
13.5] 

[5.4; 
6.8] 

[18.3; 
20.6] 

Se 
18.4% 37.9%  21.8% 63.2% 26.0% 56.0% 38.0% 84.0% 23.2% 44.0%  36.5%  73.3%  23.1% 48.7% 28.2% 73.1% 

[17.3; 
19.5] 

[36.6; 
39.3] 

[20.7; 
23.0] 

[61.9; 
64.6] 

[24.1; 
27.9] 

[53.9; 
58.1] 

[35.9; 
40.1] 

[82.4; 
85.6] 

[21.9; 
24.5] 

[42.5; 
45.5] 

[34.5; 
38.6] 

[72.0; 
74.7] 

[21.8; 
24.3] 

[47.3; 
50.2] 

[26.9; 
29.5] 

[71.8; 
74.4] 

Sp 
98.0% 93.9% 96.7% 85.4% 96.6% 89.5% 92.1% 79.6% 97.4%  92.9% 92.0%  82.9%  96.6% 88.1% 94.3% 81.6% 

[97.6; 
98.4] 

[93.3; 
94.6] 

[96.2; 
97.2] 

[84.4; 
86.3] 

[95.8; 
97.4] 

[88.2; 
90.8] 

[90.9; 
93.3] 

[77.8; 
81.3] 

[96.9; 
97.9] 

[92.1; 
93.7] 

[90.9; 
93.2] 

[81.8; 
84.0] 

[96.1; 
97.1] 

[87.2; 
89.1] 

[93.6; 
95.0] 

[80.4; 
82.7] 

PPV 13.9% 10.0% 10.4% 7.1% 15.9% 11.7% 10.7% 9.3% 13.9% 10.0% 10.4% 7.1% 10.7% 6.7% 8.0% 6.5% 

NPV 98.5% 98.8% 98.6% 99.2% 98.1% 98.8% 98.4% 99.5% 98.6% 98.9% 98.3% 99.4% 98.6% 99.0% 98.7% 99.4% 

AURO

C 

0.582 0.659 0.593 0.743 0.613 0.728 0.650 0.818 0.603 0.684 0.643 0.781 0.598 0.684 0.613 0.773 
[0.514
; 
0.650] 

[0.591
; 
0.728] 

[0.525
; 
0.660] 

[0.683
; 
0.803] 

[0.522
; 
0.704] 

[0.643
; 
0.812] 

[0.561
; 
0.740] 

[0.758
; 
0.877] 

[0.526
; 
0.680] 

[0.612
; 
0.757] 

[0.555
; 
0.731] 

[0.723
; 
0.840] 

[0.526
; 
0.670] 

[0.615
; 
0.753]  

[0.541
; 
0.684] 

[0.716
; 
0.831] 

LR+ 9.1 6.3 6.6 4.3 7.6 5.3 4.8 4.1 8.9 6.2 4.6 4.3 6.8 4.1 5.0 4.0 

LR- 0.8 0.7 0.8 0.4 0.8 0.5 0.7 0.2 0.8 0.6 0.7 0.3 0.8 0.6 0.8 0.3 
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positive in all four screening tools positive in all four screening tools positive in all four screening tools positive in all four screening tools 

0.5% 1.2% 
Not applicable due to dif ferent 
sample sizes per tool 

0.8% 
(Se: 5.7%; Sp: 99.6%; PPV: 
20.8%; NPV: 98.3%, AUROC: 
0.527) 

(Se: 10.0%; Sp: 99.1%; PPV: 
20.8%; NPV: 97.8%; AUROC: 
0.545) 

(Se: 7.7%; Sp: 99.3%; PPV: 
16.7%; NPV: 98.4%, AUROC: 
0.535) 

positive in any of  the screening 
tools 

positive in any of  the screening 
tools 

positive in any of  the screening 
tools 

positive in any of  the screening 
tools 

17.4% 26.2% 

Not applicable due to dif ferent 
sample sizes per tool 

24.2% 

(Se: 65.5%; Sp: 83.5%; PPV: 
6.6%; NPV: 99.3%, AUROC: 
0.745) 

[Se: 88.0%; Sp: 75.4%, PPV: 
8.2%; NPV: 99.6%; AUROC: 
0.817) 

(Se: 76.9%; Sp: 76.7%; PPV: 
5.5%; NPV: 99.5%, AUROC: 
0.768) 

Legend: 
Se: Sensitivity;  
Sp: Specif icity;  
PPV: Positive predictive value;  
NPV: Negative predictive value;  
AUROC: Area under the ROC curve;  
LR+: Positive Likelihood Ratio;  
LR-: Negative Likelihood Ratio
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Goodacre et al. [46] and Lane et al. [45] treat missing values for screening-relevant 

parameters as healthy values. Therefore, Table S6 includes this dissertation’s missing 

value method #1 (=“missings as healthy values”) and #4 (“imputation”). Lane et al. only 

had small proportions of missing values (0-4% per parameter) [91], while Goodacre et 

al. do not report them [70].  

Table S6: Test results comparing study by Lane et al. from Canada [45], Goodacre et al. 
from England [46] and own current study (based on method #1, treating missing values 
as “healthy values”, and on method #4 with imputed values; own representation)  

Screening 

tool 

Study Sensitivity Specificity PPV NPV C-statistics 

qSOFA Lane et al.  0.40  

[0.38; 0.42]  

0.94  

[0.94; 0.95] 

0.66* 0.85* 0.60 

[0.56; 0.64] 

Goodacre et 

al. 

0.10 

[0.07; 0.13] 

0.995 

[0.993; 

0.996] 

0.34 

[0.25; 

0.44] 

0.98 

[0.97; 0.98] 

Not reported for 

the same score 

threshold 

own current 

study, method 

#4 

0.23 

[0.22; 0.24] 

0.97; 

[0.96; 0.97] 

0.11 

[0.10; 

0.12] 

0.99 

[0.98; 0.99] 

0.60 

[0.53; 0.67] 

own current 

study, method 

#1 

0.18 

[0.17; 0.20] 

0.98 

[0.976; 

0.984] 

0.14* 0.99* 0.58 

[0.51; 0.65] 

MEWS Lane et al. 0.53 

[0.51; 0.55] 

0.77  

[0.77; 0.78)  

0.39* 0.86* Not reported for 

the same score 

threshold  

Goodacre et 

al. 

0.55 

[0.50; 0.60] 

0.90 

[0.896; 

0.907]; 

0.13 

[0.12; 

0.15] 

0.99 

[0.98;0.99] 

Not reported for 

the same score 

threshold 

own current 

study, method 

#4 

0.49 

[0.47; 0.50] 

0.88 

[0.87; 0.89] 

0.07 

[0.06; 

0.08] 

0.99 

[0.987; 

0.993] 

0.68 

[0.62; 0.75] 

own current 

study, method 

#1 

0.38 

[0.37; 0.39] 

0.94 

[0.93; 0.95] 

0.10* 0.99* 0.66 

[0.59; 0.73] 

SIRS Lane et al. 0.45 

[0.43; 0.47] 

0.72 

[0.71; 0.73] 

0.31* 0.83* 0.24 

[0.21; 0.27] 

Goodacre et 

al. 

Not reported 
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own current 

study, method 

#4 

0.28 

[0.27; 0.30] 

0.94 

[0.94; 0.95] 

0.08 

[0.07; 

0.09] 

0.99 

[0.98; 0.99] 

0.61 

[0.54; 0.68] 

own current 

study, method 

#1 

0.22 

[0.21; 0.23] 

0.97 

[0.96; 0.97] 

0.10* 0.99* 0.59 

[0.53; 0.66] 

NEWS2 Lane et al. Not reported at all Not reported for 

the same score 

threshold  

Goodacre et 

al. 

0.78 

[0.74; 0.82] 

0.83 

[0.83; 0.84] 

0.12 

[0.10; 

0.13] 

0.993 

[0.991; 

0.994] 

Not reported for 

the same score 

threshold 

own current 

study, method 

#4 

0.73 

[0.72; 0.74] 

0.82 

[0.80; 0.83] 

0.07 

[0.06; 

0.07] 

0.99 

[0.992; 

0.996] 

0.77 

[0.72; 0.83] 

own current 

study, method 

#1 

0.63 

[0.62; 0.65] 

0.85 

[0.84; 0.86] 

0.07* 0.99* 0.74 

[0.68; 0.80] 

Legend: 

* Conf idence intervals unreported in original publication 
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profile?journal=INFECTION&year=2022&fromPage=%2Fjcr%2Fbrowse-journals 

(accessed: April 19, 2024) 
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